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The work is devoted to the changes in the nature of sliding deformation in
swelling soils, depending on the change in soil consistency. Slip resistance tests
were performed with both single-plane shear test rigs and torsion test rigs. At a soft
plastic consistency, there is no peak sliding resistance in the constant speed sliding
displacement test. Torsion tests show that in the case of soft plastic soils, sliding
deformation occurs along the entire height of the test specimen without localization
of the deformation and the formation of a displacement surface. In the case of
overconsolidated clay soil, in the case of a constant velocity uniplane shear test, the
dependence of the shear stress-shear strain is extreme, the shear resistance reaches
a peak value. Then, during further displacement, the sliding resistance decreases to
reach the minimum residual sliding resistance value. During the sliding test, when
the deformations reach a certain critical size, deformation localization occurs,
a localization zone is formed, after which the upper part of the sample moves
relative to the lower stationary layer. Moreover, both the upper and lower parts are
not subject to sliding deformations.
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Research Methods. In swelling soils the mechanism of the land slide process
development essentially depends on the conditions of the occurrence, as well as on
the further post-genetic processes. Due to the swelling and decondensation of
swelling soils, their rheological features essentially change (slide resistance, creep
properties).

In the Armenian Republic territory ultra-dense argillaceous, reddish clay
formations of montmorillonite composition, widespread in Erebuni and Nubarashen
areas, are the tipical representatives of the swelling soils. Those clay formations,
which during the history of their geological development and as a results of sediment
accumulation were subjected to higher natural pressures than they are at present, are
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considered to be ultra-dense. In the conditions of natural humidity, they have high
structural cemented bonds, resulting in high sliding resistance. In the areas of those
soils, distribution of creep processes development is mostly absent. When the noted
soils are moisturized, they are subjected to swelling, as a result of which the slide
resistance gets sharply smaller, resulting in landslide phenomena.

In over-dense argillaceous clays, as a result of weathering processes,
periodically swelling-shrinking, an elimination of rigid structural bonds takes place
and this causes their decondensation over the time, as well as embrittlement in a
certain soil area. As a result of the further hydration, in the certain area of the upper
horizons, the embrittled soil is in soft-plastic, fluid-plastic state, causing plastic
landslides and landslide-flows develop in the gummy-plastic soil mass.

Let us refer to the characteristics of sliding deformation in swelling clays,
connected with their consistency changes due to hydration. The slide resistance
values of the soil are the main ones, with which we make the estimation of the natural
slopes stability. Due to hydration, with the consistency change, for the purpose of
revealing the mechanism of soil mass slide deformation, in Erebuni—Nubarashen
area for three different consistency states GT 1.2.11 of the reddish over-dense swel-
ling clays with a single-deck automated cutting tester. The experiments of the slide
resistance determination were realized with the sample diameter of d = 71.4 mm and
height h = 35 mm. The clays of hard consistency, GT1.2.11 with a single-deck
automated cutting tester were tested for 0.5 mm/min with the slide speed movement,
and the water saturated samples with soft-plastic consistency were tested in the
conditions of unconsolidated fast mode with 1.0 mm/min speed movement [1-4].

The samples were tested: in natural humidity; after the swelling deformation
stabilization, caused by the additional humidity; in the embrittled state of the soil,
due to swelling-shrinking in multiple intervals after the additional humidity.
The values of the soil hydrophysical properties are brought in Tab. 1.

Table 1

The soil hydrophysical properties

Borehole / . 3 . -
Depth Density, g/cm P?;gf)'ty Humidity, Plasticity Consistency,
N/ Depth, | soil, | mineral, | skeleton, ' w I
e WL | Wp Ip
m p Ps Jo

1/8.0-9.0 | 2.05 2.66 1.67 0.593 | 0.227 |0.482|0.257/0.241 <0
1/8.0-9.0 | 1.77 2.68 1.23 1.170 | 0.435 - - - 0.739
1/1.5-2.0 | 1.28 2.68 1.16 1.310 | 0.101 - - - <0
1/15-20 | 1.67 2.68 1.15 1.330 | 0.456 - - - 0.826

As it is seen from Tab. 1, the soil, taken from the depth of 8.0-9.0 m, where
swelling shrinking opportunities are absent, under natural installation conditions it
is in a super dense state. In the noted soils in water saturated state the consistency
index is small from [2, 5],

I.= (W*Wp)/ (WLfWP)<0,
in other words, in water saturated state it is in a state of rigid consistency.
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The relative free swelling deformations of super dense clays were determined.
Free swelling relative deformations results are brought in Tab. 2.

Table 2
Free swelling relative deformations
Borehole N / Depth, m 1/8.0-9.0 1/8.0-9.0 1/8.0-9.0
Swelling relative deformation, dsw 0.175 0.185 0.175

Results and Discussion.

1. Let us represent the test results of the sliding resistance test of the soils that
have been repeatedly softened as a result of swelling shrinking from the upper parts
of the soil thickness, and which appeared in a soft plastic state after the further water
saturation with kinematic mode and twisting method.

GT1.2.11 a single-deck automated cutting tester with kinematic mode,
0 =0.05MPa; 6=0.1 MPa; ¢ = 0.15 MPa under the influence of compressive loads,
the sliding stress z-sliding displacement As dependences are obtained (Fig. 1, a—).
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Fig. 1. The test results of the determination of
the sliding stress sliding displacement depen-
dence in the kinematic mode of the soil in a
fluid plastic state after water saturation of the
reddish swelling clay soil, subjected to repeated
swelling shrinking and embrittlement, in case
of the following values of the normal stresses:
a) o = 0.05 MPg;

b) 0 =0.1 MPag;

¢) 6 =0.15 MPa.

Table 3

The results of the slide resistance test of clay soil

Normal stress, Slide resistance,

Interior friction coefficient, Connectivity,

o, MPa 7, MPa tge C, MPa
0.05 0.022
0.1 0.0275 0.114 0.0163

0.15 0.0335
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In Tab. 3 the average results of the slide resistance test are brought, in Fig. 2
we have the diagram of the slide resistance.
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Fig. 2. The diagram of sliding resistance tested in kinematic mode after water saturation of reddish
swelling clay soil in an embrittled state, as a result of regular swelling shrinking.

The equation of the sliding resistance will be expressed in the following way:
7= 0.114 tgp + 0.0163 (MPa).

The results of the sliding resistance test by torsion method and standard way
are given in Tab. 4, and the diagram of sliding resistance is brought in Fig. 3.

Table 4

The results of the sliding resistance test of clay soil by torsion method standard mode

Normal stress, Slide resistance, Interior friction Connectivity
o, MPa zst., MPa coefficient, tgp C, MPa

0.05 0.0263

0.1 0.0325 0.125 0.02

0.15 0.03875
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Fig. 3. The diagram of sliding resistance determined by torsion method standard mode.
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The equation of the sliding resistance determined by torsion method will be
expressed in the following way:

7. = 0.125 tgp + 0.02 (MPa).

2. Let us represent the test results of the sliding resistance by kinematic mode
and torsion method after stabilization of swelling deformation from water saturation
of reddish swelling clays.

After water saturation, stabilization of free swelling deformation with GT1.2.11
single-deck automated cutting test machine with kinematic mode, ¢ = 0.05 MPa;
o =0.1 MPa; ¢ = 0.2 MPa, in case of the influence of the compaction loads sliding
stress z-sliding displacement As dependences are brought in Fig. 4, a—c, the sliding
resistance diagram is brought in Fig. 5, the test results are brought in Tab. 3.
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Fig. 4. The results of sliding stress-sliding displacement test in kinematic
mode after stabilization of swelling deformation free from water saturation:
a) 0=0.05MPa; b)o=0.1 MPa; c)c=0.2 MPa.
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In Tab. 5 the results of sliding resistance test are brought, in Fig. 5 the diagram
of sliding resistance is brought.

Table 5
The results of sliding stress-sliding displacement test in kinematic
mode after stabilization of swelling deformation free from water saturation
Normal stress, Slide resistance, Interior friction Connectivity
o, MPa wst, MPa coefficient, tgp C, MPa
0.05 0.035
0.1 0.0428 0.183 0.0253
0.15 0.0622
0.07
0.06
0.05 -
0.04
©
a
= 0.03 =
= g
0.02
0.01
0
0.000 0.050 0.100 0.150 0.250
o, MPa

Fig. 5. The diagram of sliding resistance by kinematic mode after water saturation
free swelling deformation stabilization.
The equation of sliding resistance will be expressed in the form of
7 = 0.183 tgep + 0.0253 (MPa).
Tests of determination sliding resistance in swelling state were realized

by M-5 type torsion test machine [1, 4, 6]. The results of the sliding resistance
determination by torsion method are brought in Tab. 6, and the diagram of the sliding
resistance is brought in Fig. 6.

Table 6

The results of the sliding resistance determination by torsion test machine in swelling state

Normal stress, Slide resistance, Interior friction Connectivity
o, MPa 7., MPa coefficient, tgp C, MPa
0.05 0.0215
0.1 0.03125 0.146 0.0151
0.15 0.04375
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The normal stress dependence equation of the sliding resistance, determined
in standard mode by torsional method, will be expressed in the form of

7. = 0.146 tgps;, + 0.0151 MPa.
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Fig. 6. The diagram of the sliding standard resistance, determined by torsional method
after stabilization of the awelling deformation free from water saturation.

As it can be seen from the results of the sliding test, in the kinematic mode of
soil in soft plastic state after water saturation of soft plastic fluid plastic and ultra-
dense reddish swelling clays after stabilization of swelling deformation after water
saturation of swelling clay soil, which has been thickened as a result of swelling
shrinking for several times in the upper part of the soil thickness, sliding stress
7-sliding displacement As dependence (Figs. 1, 4) do not have an extreme character.
Up to a certain sliding displacement, an increase is observed in sliding displacement,
after which the sliding resistance remains constant, in other words, the soil has no
sliding peak resistance.

In the whole process of torsion, all the observations of the deformation process
show that plastic deformations occur along the entire height of the specimen, the
localization of the sliding deformation is missing.

Comparing the sliding resistance values determined by the kinematic mode
test with the sliding resistance values, determined by standard method with torsion
mode, we come to conclusion that the values of the sliding resistance soil, tested by
torsion method with standard mode are smaller from the values of the sliding
resistance determined by kinematic mode test.

3. Let us represent the test results of the sliding by kinematic mode and torsion
method of the swelling reddish clays taken from 8.0-9.0 m depths in ultra-dense
(ultra-consolidated) state.

Below we represent the results of the sliding stress-sliding displacement test
in kinematic mode of ultra-dense (ultra-consolidated) reddish swelling clay soil
without water saturation in case of compressive stresses ¢ = 0.1 MPa; ¢ = 0.2 MPa;
o = 0.3 MPa (Fig. 7, a—c).

As it is seen from Fig. 7, the stress-sliding displacement has got an extreme
nature. When the displacement deformation accumulates getting to a critical value,
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the sliding resistance reaches the peak value, after that during the further
displacement the sliding resistance drops reaching the residual value of the sliding
resistance. It is important to note that peak sliding resistance depends on the sliding
test speed, with the increasing speed the sliding peak resistance increases, the
residual sliding resistance does not depend on the test speed.
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Fig. 7. Curves of sliding stress-sliding displacement dependence of naturally formed argillaceous
reddish swelling clay soil, tested with water saturation free in kinematic mode in case of:
a) 0 =0.1 MPa; b) 6=0.2 MPa; c) 6 = 0.3 MPa.
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In Tab. 7 the results of the sliding peak and residual resistance are brought.
In Fig. 8 the diagrams of sliding peak and residual resistance diagrams are brought.

Table 7
The sliding peak and residual resistance of clay soil
Normal |Peaksliding| Residual Peak Residual Peak Residual
stress, resistance, sliding interior friction| interior friction| connectivity | connectivity
o, Tmax, resistance, | coefficient, coefficient, Cmax, Cnmin,
MPa MPa Tmin, MPa tg@max tg@min MPa MPa
0.1 0.122 0.0292
0.2 0.149 0.0525 0.260 0.242 0.0963 0.0042
0.3 0.174 0.0775
0.2 i 0.1
|
0.15 ' 0.08 -
0.06
©
g 0l g 0.04 E>
©0.05 < 0.02 ,
0 0
0000 0100 0200 0.300 0.400 0.000 0.200 0.400
o, MPa o, MPa
a b

Fig. 8. The diagrams of sliding resistance: a) peak sliding resistance; b) residual sliding resistance.

Tests to determine the sliding resistance were carried out in a standard way
with M-5 type torsion tester [1]. The results of the determination of the sliding
resistance, determined by the torsion method, are brought in Tab. 8, and the diagram
of the sliding resistance is brought in Fig. 8.

Table 8

The results of the determination of the sliding resistance in a standard way
with M-5 type torsion tester

Normal stress Sliding resistance, Interior friction Connectivity,
o, MPa 7st, MPa coefficient, tgpst. Cst, MPa
0.1 0.0575
0.2 0.0925 0.300 0.0292
0.3 0.1175

The views of the torsion tests, the whole process of the deformation show that
the accumulations of torsional deformation along the entire height of the sample,
reaching a certain critical value, the localization of sliding deformation takes place,
after which along the localized slip plane a displacement of the upper layer with
respect to the lower part is observed. Moreover, the upper part and the lower part of
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the displacement zone are not subjected to sliding deformations. Comparing the
values of sliding resistance determined by the kinematic mode test with the values
of sliding resistance determined by the standard torsional method, come to
conclusion, that the values of the sliding resistance determined by the standard
torsional method are small from the values of the sliding resistance determined by
the kinematic mode test.
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Fig. 9. The diagram of the sliding resistance determined by M-5 type
torsion tester with standard way.

As it is seen from Tab. 1, the soils taken from depths of 8.0-9.0 m in natural
installation conditions are in ultra-dense (ultra-consolidated) state.

In Tab. 9 the parameters of the swelling soils sliding resistance in three
different states, interior friction coefficient (tgep) and connectivity (C) are shown, in
Tab. 10 the values of the sliding resistance relativities are shown.

Table 9

The parameters of the swelling soils sliding

The values of the reddish clay sliding Reddish clays sliding resis- Reddish clays sliding

resistence being in ultra-dense state, tance values, as a result of | resistance values, after the
sliding peak and residual resistance periodic swelling deformation | water saturation swelling
swelling-shrinking, embrittled, deformation
water saturated
tg@max Crnax tg@min Chmin tgpsat. Csat. tgpsat.sw. Csat.sw.
0.260 | 0.0963 | 0.242 | 0.0042 0.114 0.0163 0.183 0.0253

As it is seen from Tab. 10, because of swelling, comparing with natural form
of ultra-dense clay, the interior friction coefficient decreases for 1.42 times,
connectivity decreases for 3.8 times, as a result of swelling-shrinking embrittled,
water saturated state tested soil interior friction coefficient decreases for 2.12 times,
the connectivity decreases for 5.9 times. Test researches have shown that after the
periodically swelling — shrinking determined interior friction coefficient, comparing
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after water saturated swelling stability clay interior friction coefficient, it gets
smaller for 1.60 times, connectivity gets smaller for 1.55 times.

Table 10
Shear resistance ratio of soils
Correlations of the reddish clay sliding The correlations of the | The correlation between
resistance values in ultra-dense state (sliding | sliding resistance values the sliding resistance
peak and residual resistance values — tg@max, of reddish clay in the values after the reddish
Cmax, tgpmin, Cmin) and the sliding resistance | super-dense state (peak | clay water saturated state
values because of periodically swelling- sliding resistance values) and the values of the
shrinking embrittled, water saturation and swelling-sliding re- sliding resistance in
sistance values in water | swelling-shrinking water
saturated state saturated state
tggmax/tg@sat. Cmax/Csat. |tg@min/tgesat. | Cmin/Csat. |tg@max/tg@sat.sw.| Cmax/Csat.sw. |tg@sat.sw./tg@sat | Csat,sw./Csat.
2.28 5.9 2.12 0.258 1.42 3.8 1.60 1.55

From here it follows that the ultra-dense clays of Erebuni, in the presence of
water as a result of swelling, swelling-shrinking, from a hard consistency passes to
a soft-plastic consistency, the sliding resistance values decrease sharply. Due to this,
landslide phenomena with a viscous-plastic mechanism are spread widely, where
sliding surfaces are absent.

Received 05.11.2024

Reviewed 10.12.2024
Accepted 24.12.2024

REFERENCES

=

Meschyan S.R. Experimental Rheology of Clayey Soil. Yerevan, Gitutyun NAN RA (2008), 495.
Trofimov V.T., Korolev V.A,, et al. Soil Science. Moscow, MGU (2005), 1024.

3. Boldyrev G.G. Methods for Determining the Mechanical Properties of Soils with Comments to
GOST 12248-2010. 2™ edition. Moscow, PRONDO (2014), 812.

Meschyan S.R. Rheological Processes in Clay Soils. Yerevan, Hayastan (1992), 395.

Hairoyan S.G. Impact Shrinkable Fractuning of Shear Strength in Clay. Madrid (2005), 6-14G-005.
Maslov N.N. Physical and Technical Theory of Creep of Clay Soils in Construction Practice.
Moscow, Stroyizdat Publishing House (1984), 176 (in Russian).

N

o ok~
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NEARNI GUJELNFU UUKLE NPN86ULE P UBluULhOU D
UNULRULUKUSUNFGBNFLLELL NFQRUUL K<GSEIULLNY,
UuNLvUhUSELShU3Ph ONONUNFEFSUUAL NUSUULUINJIUTO

Udthnthnid
Whmwmwipp thpywd L nipwd hnnpnid uwhnn ndnpiwghwbtiph

pinyph thnthnpunipyuipn” jupjud hnnh htmbnquijubtnipyub thnihnpunt -
pynLithg: Uwypupdwbd phiwnpnipjub thnpdupyniddtp ppujubugyty o
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htwytiu kY hwppenipubt jupjuwoph thnpdupljiwi vwppbph, wbwbtu g
nnpuwl thnpdwupydwb vwpptiph Yypu: uthniy yuumhyh hbmbnnquiju-
tinipjwd nhiypnid Yyunwlubh wpugnipyudp vwhbne hnpadwpdwd dudwbmy
s uwhtint ququiphwjtimuyhtt nhdwunpnipnil: Snpuhnt thnpawpynidttpp
gnyg Ll mwhu, np thwthnil wyjjuunmhl hnntph nhypnid uvwhnn nidnpiwghwt
wtinh £ nibtitinid thnpawtdnioh nne pupapnipyubd ypu' winwbg nEidnpdwughuygh
wtnuybwgdwd b wmbnupyupddwb dwibptiuh  dbwygnpdwb: Quithwquiig
hinwgywod juyt hnnh niypnid, tpp thnpdwpyynid £ hwumuwnni wpugni -
ppudp dhuynniwbh Jupjuoph hwudwn, Jupjuopughtt jupiwd jupagwont -
eynLip jupyudpughtl upyudnipyniithg duypwhtn £, b tnpdwb nphdwnpni-
piip hwubnid £ hp wowgtjugnyt  wipdtipht:  Wjtnihtiml, htnwgqu
uindniiny, uwhnn nhdwunpnipniip Wugnd £ dhish dwgnpmuyht vwhnn
nhiwnpnipyubt tjuqugnybt windtiph hwubdtin: Uwhnn thnpaupdwd dudw-
twy, tpp nidnpdwghwiitpp hwubtnid G npnpujh Yppmpujutt wipdbph,
wmtnh E nLitiinid nipnpdughuyh mbtnuytwugnid. dlwgnpynid L wmbinuytwgdwa
gnuh, nphg htimn tdniph Ytiphtt dwup wupdynid £ umnphtt unipuggwd ptipnh
hudtidwwn: Ctn npnd, W ytpht, W vnnphtt hwnygwdtitipp st Ghipupynid
uwhnn ntibnpiwghwtinh:

C.T. AIIPOSIH, JI. T. TPUIOPSIH, 1. M. TUTPAHSIH, A. B. XAYATPSIH

XAPAKTEP JTEQ@OPMALIMN CKOJIBXEHWA B HABYXAIOIINX
I'PYHTAX, 3ABUCAILIMM OT X KOHCUCTEHLIMN

Pe3smome

Pabora mocBsIieHa HM3MEHEHHIO XapaKTepa CKOJB3SIHMX raedopMaiuii B
HaOyXakoIuX TPyHTaxX B 3aBHCHMOCTH OT HM3MEHCHHS KOHCHUCTCHIMM TPYHTA.
VcibITaHus Ha COMPOTHBIICHUE CKOJBKEHHIO TIPOBOIMIINCE KaK Ha OJTHOIIIOCKOCT-
HBIX HCIBITATCIIBHBIX CTCHAAX HAa CABUI, TaAK M Ha HMCHBITATCJIBbHBIX CTCHIAX Ha
kpydeHue. IIpy MSTKOW IJIACTHYHOW KOHCHCTEHIMH ITHKOBOE COMPOTHBIICHHE
CKOJIBXXCHUIO IIPpHU UCHBITAHUU Ha CKOJILXXCHUC IIPU MOCTOSIHHOM CKOpPOCTHU OTCYT-
CTBYCT. WcneiTanus Ha KPY4Y€HHUEC MMOKA3bIBAIOT, YTO B CIIy4a€ MATKUX IJIACTUYHBIX
TPYHTOB JehopMains CKOJBKEHHUS MPOUCXOAUT O BCEH BBICOTE HCIBITYEMOTO
obpasiia 0e3 nokanu3auu aedopmaiuu 1 00pa3oBaHMs MOBEPXHOCTH CMEIICHUS.

B ciiydya€ NEPCYIUIOTHEHHOTO TJIMHUCTOIO TpyHTa IIPpU HUCHBITAHUM Ha
OJTHOTIIOCKOCTHOM CJIBUT C TIOCTOSTHHOM CKOPOCTBIO 3aBUCHMOCTH HANPSKCHHS
caBHTa OT JiehopMarivu CBHUra SBISIETCS SKCTPEMATBHOM, COMPOTHUBIICHUE CIBHUTY
JOCTUTIa€T MAKCHMAJIBHOI'O 3HAYCHU. 3aTeM nmpu )IaJ'ILHefIHIeM NEpEMCUICHNU
COITPOTHUBJICHHUE CKOJIBXKCHHUIO YMCHBIIACTCA 10 JOCTUXKCHUA MUHUMAJIBHOI'O 3HAYC-
HUSI OCTATOYHOT'O COTMPOTHBIICHHS CKOJNBXKEHHUIO. [IpH UCTIBITAHUY HA CKOJIBKCHHE,
Koraa Je(opMaIiii JOCTHTAl0T ONPEAEIeHHON KPUTHUYECKOW BEMYMHBI, POWUC-
XOIUT JoKamu3anus aedopmanun — o0pa3yercsi 30Ha JIOKAIU3alMU, MOCIe Yero
BEPXHsISI YacTh 00pasiia MepeMeIacTcs OTHOCUTENFHO HUXKHETO HEMOIBHKHOTO
cnosi. TIpu 5TOM Kak BEpXHsSI, TAK W HUXKHSS YACTH HE TOJBEPIKEHBI CKOJIB3SIIUM
nehopMarivsiM.



