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3MOBNanbHbIN TPYHT, YAenbHoe
cLuenneHune, yron BHYTPEHHEro
TpeHus, HecyLas cnocobHOCTb,
aprunnurononobHas rnuHa,
nec4aHuK.

PaccMoTpeHa npobriema BRVsSIHUA BOAOHACHILLEHWSI HAa 3HAYEHUS MPOYHOCTHBIX Xa-
PaKTEPUCTUK 3MOBMANbHBIX aprunnMTonodo6HbIX MuH U necyaHukos. MNpu BogoHackILLe-
HUM TaKUX TPYHTOB MOXET HabnodaTbCs 3HAYMTENbHOE YXYOLIEHWEe WX MPOYHOCTHbIX
CBOWCTB. OTO OCMOXHSIET MPOLIECC YCTPOMCTBa (PyHAAMEHTOB Ha TakMX OCHOBaHusX. Lle-
Nblo AaHHol paGoTbl ABMSETCA CPaABHUTENbHbIN aHanmu3 3HaYeHWU NPOYHOCTHLIX XapaKTe-
PUCTUK aprunnmMTonofoGHbIX TMUH M NECYaHUKOB T. [epMM Npu NPUPOAHON BNEXHOCTU U B
MOSTHOCTBIO BOAOHACHILLEHHOM COCTOSIHUM. [nsi JOCTMXKEHMS! MOCTaBNEHHOW Uenu Gbinm
peLleHbl crieaytolme 3agaqu: 1) BbINOMHEH aHanma usy4eHHoCTV Bonpoca; 2) paspaboTaHa
meToauka nabopaTopHbIX MCMbiTaHwii; 3) obpaboTaHbl pesynbTaTel NaGopaTopHbIX UCTbI-
TaHWI 1 BLIMOMTHEHO X CPaBHEHWE C MMELLMMMCS OaHHBIMU UCTIbITaHUIA Ha MOMeBoii cpes;
4) chopMynupoBaHbl BbIBOAbI MO KccreaoBaHuio. Mo pesynstataMm naGopaTopHbIX UCTbI-

TaHWA Ha OAHOMIOCKOCTHOW Cpe3 AN BOAOHACLILLEHHbIX aprunnmuTonofobHbIX rMuH 6bino
BbISIBIIEHO CHUXEHWE yrna BHYTPEHHero TpeHns Ha 28 %, Ans necyaHukoB — Ha 23 %. CHu-
XEeHWe 3Ha4YeHW yAenbHOro CLEenneHns B pesynbTaTe BOAOHACHILLEHVS AMS aprunmuTono-
[o06HOM muHbl cocTtaBuno 29 %, ans necyaHuka — 33 %. o apxmMBHbIM AaHHBIM MOMNEBbIX
UCMbITAHUIA LIENKOB apruniMTonodobHON MMUHBI Ha CPe3 Yror BHYTPEHHEro TPEHWUst CHU-
3uncs Ha 24,2 %, a yoenbHoe cuenneHne CHU3UNoch Ha 65,4 %. PesynbTaTbl nonesbix u
nabopaTopHbIX WUCMbITAHUA MOKa3anu CyLECTBEHHOE CHWDKEHUE 3HAYeHWd NMPOYHOCTHBIX
XapaKTepUCTUK apruniTonoAoOHbIX MUH U NECYaHNKOB MpW HacbILLEHU BOAON. ABTOPbI
PEKOMEHAYIOT BBIMOMHATL pacyeTbl PyHAAMEHTOB Ha CUIbHOBbLIBETPENbIX aprunnmMTono-
OOOHbIX FMWHaX 1 necyaHukax r. NepMmn ¢ y4eToM BO3MOXHOIO yXYALIEHWUS CTPOUTENbHBIX
CBOWCTB AaHHbIX rPpyHTOB. OLeHKa YCTOWYMBOCTY CKIMOHOB, CIIOXEHHbIX BbIBETPEnbIMUA ap-
TMANUTONOAOGHBIMM FNIMHAMKU U MecyaHnkamm, TpebyeT KOMMIeKCHOro noaxoda W yveta
BO3MOXHOIO M3MEHEHNSA CBOVCTB AAHHbIX TPYHTOB MPY BOJOHACILLIEHUN.

Introduction

Mudstone-like clays and sandstones of the eluvial weathering crust are widespread in Russia,
China, Europe, North and South America. The specific properties of these soils are a conse-
quence of the uneven weathering of ancient sedimentary rocks, which changed their most impor-
tant construction properties — strength and deformability [1-8]. As a result of weathering, eluvial
soils with new chemical, mineralogical and granulometric composition, structure and texture are
formed [9, 10]. If the eluvial soils contain a significant amount of clay minerals, then at their
saturation, a significant deterioration in strength properties can be observed, which complicates
the process of building foundations on such bases [11].

It should be noted that the existing studies cover soils formed in different geological times
and having a different history of loading and different engineering properties. In this regard, the
equations obtained by the authors [12—19] should be applied with caution to other regions. There-
fore, the study of the engineering and geological features of eluvial mudstone-like clays and
sandstones of the Permian age is relevant for the city of Perm and the Ural region.

The purpose of this work is to compare the values of the strength characteristics of mud-
stone-like clays and sandstones of the city of Perm at natural humidity and in a fully water-
saturated state.
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To achieve this goal the following tasks have been solved:

1) the analysis of the problem study has been performed;

2) laboratory testing methodology has been developed;

3) the results of laboratory tests have been processed and compared with the available data
of field section tests;

4) conclusions on the study have been formulated.

Main part
Methods of experimental research

To determine the values of strength characteristics (internal friction angle and specific cohe-
sion) of mudstone-like clays and sandstones, laboratory tests were performed according to the con-
solidated scheme in a single-plane shear device at natural humidity and in a fully water-saturated
state according to the unconsolidated scheme. The obtained results of laboratory tests were com-
pared with the available data of field section tests of mudstone-like clay pillars, which were carried
out at the natural moisture content of mudstone-like clay according to the consolidated scheme and
in the fully water-saturated state according to the unconsolidated scheme.

The results obtained and their analysis

The results of laboratory tests of mudstone-like clays and sandstones on a single-plane sec-
tion are given in Table 1.

Table 1

Values of strength characteristics of mudstone-like clays and sandstones according
to cross-section data in laboratory conditions
Tabnuua 1

3Ha4YeHUs1 IPOYHOCTHBIX XapaKTEPUCTHK aPTUITUTONOJOOHBIX IVIMH U IECUaHUKOB
10 JTAHHBIM Cpe3a B JTa0OPATOPHBIX YCIOBUSX

Specific cohesion of soil, kPa (average value) | Angle of internal friction, deg. (average value)
Type of the soil at natural humidity in a water-saturated at natural humidity in a water-saturated
state state
Mudstone-like clay 36 26 25 18
Sandstone 19 13 26 20

Single-plane section tests for mudstone-like clays revealed a 28 % decrease in the internal
friction angle and a 23 % decrease in sandstones as a result of water saturation. The reduction in
specific cohesion as a result of water saturation for mudstone-like clay averaged 29 %, for sand-
stone — 33 %.

The results of field tests of mudstone-like clay pillars on a single-plane section are presented
in Table 2.

Table 2 shows that when mudstone-like clay is saturated with water in the field, a decrease
in the values of the angle of internal friction and specific cohesion is observed. The angle of
internal friction is reduced by 24.2 % and the specific adhesion is reduced by 65.4 %. Thus, the
results of field tests are in good agreement with the results of laboratory tests, which also
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showed a significant decrease in the values of the strength characteristics of mudstone-like
clays at water saturation.

Table 2
Values of strength characteristics of mudstone-like clays based on the field cross-section data
Tabnuua 2

3HaueHus1 IPOYHOCTHBIX XapaKTEPUCTUK apTUUIUTONOJOOHBIX TJIMH 110 JaHHBIM cpe3a
B TOJIEBBIX YCIIOBUSAX

Specific cohesion of soil, kPa (average value) | Angle of internal friction, deg. (average value)
Type of the soil at natural humidity in a water-saturated at natural humidity in a water-saturated
state state
Mudstone-like clay 52 18 33 25

Such a decrease in the values of strength characteristics can be explained by the fact that elu-
vial soils are subject to swelling and soaking during water saturation. Particles in mudstone-like
clays and sandstones are bound together by clay cement. With the water saturation of such soils, the
ion-electrostatic transient contacts are destroyed, which leads to the disintegration of aggregates and
microaggregates [10]. With water saturation of eluvial soils, the films of bound water around clay
particles increase in volume, particles reorient relative to each other, soil porosity increases, its
strength decreases and deformability increases. After the eluvial soil dries, it shrinks, but the pri-
mary structure is not completely restored. Thus, Permian eluvial soils are swelling soils and have a
high resistance to shear forces under natural humidity, but during water saturation they lose their
original structural bonds, break up into slab-like separates and become soaked.

Importance for the design of foundations on eluvial soils

The bearing capacity of the soil foundation is one of the most important factors that deter-
mine the structure of the foundation of a building or structure. For many years, the load-bearing
capacity of the basement on weathered and fractured eluvial soils has been the object of many
studies [13—19]. As a result, a number of theoretical and experimental solutions were developed
to predict the bearing capacity of piles on weathered eluvial soils. However, an accurate as-
sessment of bearing capacity of the pile and a reliable interpretation of the load transfer mecha-
nism from the pile to the eluvial soil is still a complex problem and requires consideration of
many factors. In the study [14] it was proved that bearing capacity of piles on weathered eluvial
soils will be influenced by: structural features of the soil mass, the properties of the pile contact
with the soil, and the depth of the pile embedding in the eluvial soil. The necessity to take into
account all these factors complicates the solution of the problem of the interaction of pile with
weathered mudstone-like clays and sandstones of the Permian age. Based on the results ob-
tained in this work and earlier studies [13] it is recommended to perform calculations of foun-
dations on strongly weathered mudstone-like clays and sandstones of Perm taking into account
the possible deterioration of the construction properties of these soils.

Significance for Assessing the Stability of Slopes Composed of Eluvial Soils

One of the urgent problems in the active development of slope areas is the issue of ensuring
the stability of slopes composed of eluvial soils, and their accident-free operation. Examples of
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accidents on slopes include slope slides and deformations of buildings in Perm (28b Gashkova
Street, 19 Ivanovskaya Street, 5 Kim Street, 2 Chekhov Street, 86 Frezerovshchikov Street, 30b
Gagarin Blvd. and others). Assessment of the stability of slopes composed of weathered mud-
stone-like clays and sandstones requires an integrated approach and consideration of possible
changes in the strength and deformation properties of these soils. The problem of water cut of
such slopes requires the search for optimal methods of stability calculation as well as the devel-
opment of rational solutions to eliminate the current emergency situations.

Conclusion

Laboratory tests on the single-plane section revealed a 28 % reduction in the angle of inter-
nal friction for water-saturated mudstone-like clays, and a 23 % decrease in the angle of internal
friction for sandstones. The reduction in specific cohesion as a result of water saturation was
29 % for mudstone-like clay and 33 % for sandstone. According to archival data of field tests of
mudstone-like clay pillars for the section, the angle of internal friction decreased by 24.2 %, and
the specific adhesion decreased by 65.4 %. Thus, the results of field and laboratory tests showed
a significant decrease in the strength characteristics of mudstone-like clays and sandstones at
saturation with water.

Permian mudstone-like clays and sandstones are swelling soils and have high shear resistance
under natural humidity, however, during water saturation, they lose their initial structural bonds,
break up into slabby ones and soak. Therefore, it is recommended to perform calculations of foun-
dations on strong-grained mudstone-like clays and sandstones of Perm city taking into account the
possible deterioration of the construction properties of these soils. Assessment of the stability of
slopes composed of weathered mudstone-like clays and sandstones requires an integrated approach
and consideration of possible changes in the properties of these soils during water saturation.

@unancuposeanue. Vcciedosanue He umeso CHOHCOPCKOU NOOOEPIHCKUL.
Kongpnukm unmepecos. Aemopul 3aa61s10m 06 Omcymcmseuy KOHGAUKMA UHMePecos.
Bxnao aemopos. Bce asmopul coenanu pasHuiil 6K1a0 8 N0O20MOBKY NYOIUKAYUU.
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