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Abstract. It should be noted that the change in the strepgtameters of loess soils when they
are saturated with water differs from the convemdlosoils not only in quantity, but also in
quality. The article contains the results of a gtafithe effect of soaking time on the strength
of loess loam.

1. Introduction

Loess is a soil in the form of a cover the depthwbfch may vary from several meters to 50-100
meters. Their distinctive feature is subsidenceckvirs a sharp violation of the soil structure. Whe
construction takes place on the undermining aredssabsidence soils, their strength characteristics
are of particular importance.

Loess soils are widely spread in the South andstheh-East of Ukraine, the Northern Caucasus
and the Central Black Earth Region of Russia. Degieir long-term study, the loess soils as the
bases of constructions have not been fully invastid,

As is known due to the unstable structure the Ieeds dramatically change their physical and
mechanical properties under the influence of maistu

Strength properties of sagged loess soils are ctegized, as noted by a number of researchers [2,
3, 6, 7, 8, etc.] by two indicators: the angle mernal friction” ¢” and the adhesion capacif@” .
With the increase in the humidity of the subsidgal until its complete saturation with water and
taking into account the dynamic loads, the adhesapacity is reduced by 3 to 10 times and the angle
of the internal friction is reduced 1.1-1.4 timé&%ith the increase in the degree of density, the
adhesion and the angle of internal friction incesas

Based on numerous laboratory studies, it has beemdfthat soaking plays an essential role in
changing clay soil strength properties. In ordinalay soils the reduction of strength is insigrafit.
When the sagged loess soils are wet, there is g shecrease in the adhesion values and not
significantdecrease in the angles of the internal friction wuthe wedge effect of water molecules in
thin films and softening of cementation bonds betwihe soil particles.

It is known that the subsidence, as a rule, lastgdr compared to the settlement at natural
humidity. For example, subsidence deformationhefstamp base usually last for tens of days. While
the settlement of the load stages stabilizes witiew hours, the foundation subsidence of a
construction lasts for several months; however,silement of soils is a faster process. Thus, the
loess subsidence takes quite a long time and itbeamegarded as a rheological process with a
gradually decreasing speed.
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Basing on the processing and generalization ofim&dion the authors analyzed the features of the
formation of sagged loess soils. The results ofdneths of experiments using consolidometers to
determine the relative subsidence of loess soite weed in this paper.

2. Material and methods
In order to solve the problem, the authors caroridexperimental studies of water saturated sutigidi
soils.

As is known, there are various methods for deteingirthe indices of soil strength, tests on
uniaxial crushing using triaxial compression desidstabilometers), penetration using box shear
apparatus, etc. The most widely used method iddébermination of shearing resistance.

Strength indices of sagged loess soils depend oy fiaators, including methods of preparation of
samples fotesting duration of soaking, shear rate, etc.

For loess soils that have subsidence propertiesgltine soaking the value of the compressing
vertical pressure, which is connected with theahipressure or the subsidence threshold is oftgrea
interest.

3. Main part

Largescalefield studies on soaking large strata of subsidioids in the presence of the experimental

foundations performed in various ground condititlasye made it possible to establish the general
nature of the development of subsidence in subseirdiepths and to reveal particular cases of their
manifestation

Therearethreeidentified zones (Figure 1):

| — deformable zone, within which there is a subsik of the soil under the joint action of the load
from the foundation and the own weight of the sibiextends from the base of the foundation to the
depth atwhich the vertical stresses from the foundation leadand the soil's own weight ; are
equal to the initial subsidence pressBig, i.e.oz + 61z = P,,.

Il - passive zone with almost no deformations af sothe process of soaking, since the total
stresses due to the own weight of soi} and the foundation loag) in it are smaller compared to the
initial subsidence pressukR,.

Il - subsidence zone of soil from its own weighthan which there is a subsidence of the soil from
its ownweight It begins at the depth where the vertical stresdehe soil's own weight are equal to
the initial subsidence pressurg £ = P,,) and it ends at the lower boundary of the subsidatrata.
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Figure 1. Typical zones

Depending on the foundations size, the load, tiekiless of the subsiding soil and other factors
five specialcases can be distinguished from the general case:

a) when the thickness of a layer of subsiding geilsot significant, zones Il and Ill may be absent
and the subsidence of foundations will occur onlythie deformable zone caused by the foundation
load and the soil’'s own weight;

b) whenthe sizes of foundations are rather small and a lalyiekness of the soil is not very
significant, zone lll may be absent and the sulmgideccurs only in the deformable zone;

c) when the load from the foundation is relativiely or it is absent and a layer thickness of the
soil is not verysignificant zones | and Il are absent and the subsidenaalafiging its soaking is not
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observed;

d) when thdoundationsand the loads are significant, zones | and Il meag a result of which the
soil subsidenceccursfrom the soil's own weight within the entire zone;

e) when the load from the foundation is relativiely or when there is no foundation, zone | is
absent and thsoil subsidence occurs only from the soil's own weight.

In the process of bases preparation by compactiegsubsiding soils with heavy tamping,
installation of soil bedding, as well as ramming thits, reducing the pressure on the ground to the
size of the subsidence pressure, fixing the uppétaser, the general case of deformation of siils
transferred intespecialcases of d and e. Similarly, when the loess swispreliminary soaked, the
general nature of deformation of the subsiding isdifansferred into special cases of a, b and ehwh
the possibility olsubsidencen the soil's own weight is completely excludedame Il

Soil conditions for subsidence are divided into tyes:

Type | is thetype of a layer of subsiding soil with no soil subsidercaused by the soil's own
weight or when the subsidence does not exceed 5Tbe.subsidence is mainly observed in the
deformable zone (cases a, b, d).

Type Il is the type of layers of subsidence soiithwthe soil subsidence caused by the soil's own
weight occurringdirectly in the lower part of the subsidence stratum wihvalue amounting to > 5
cm. In the presence of an external load the subs&leithin the deformable zone is also possible.

To determineC andg, the compaction loads were initially less thanithial subsidence pressure
for a series of sampléakenfrom the depth of 2.0 m. The soil characteristiese as followsy,= 1.60
glent; € = 0.939;W, = 0.17;W = 0.30;the relative subsidence & = 1.2 and 3 kp/cfnwas 0.014,
respectively; 0.037 and 0.052.

Part of the water saturated soil samples (seri@ga%)pre-compacted at the following pressures:
=0.2;0.4; 0.6 kp/cﬁand the shear tests were carried out at the sesssipes.

For some watesaturatedsoil samples (series 2) the samples were pre-occtegbat the pressure of
P = 0.6 kp/cm and then shifted at the pressureéPof 0.2; 0.4 and 0.6 kp/cmThe third group of soil
samples (series 3) of natural moisture and in thtemsaturated condition were compacted and cut at
the pressure d® = 1.0; 2.0; 3.0 kp/cfn A number of samples (series 4) with the same tn@s/alues
were pre-compacted at the pressure of P = 3.0 Kpdem cut at the pressure Bf= 1.0; 2.0, 3.0
kp/cnR (Table 1).

Table 1. Overall results of shear tests of loess loam

Tests Initial Moisture of soil
pressure at
compaction ShearP, natural water saturated

P, kp/cnt  kplent
C, kplenf ¢, degrees C, kplcnf ¢, degrees

1 0.2,0.4,0.6 0,2;0,4,;0,6 - 0.05 16
2 0.6 0.6, 0.4, 0.2 - - 0.07 16
3 1.0;2.0; 3.0 1.0;2.0; 3.0 0.30 21 0.11 20
4 3.0 3.0, 2.0, 1.0 0.5 20 0.13 19

It can be seen from the table that the sampleitsf of series 1 and 3 have lower values of the
specific adhesiof and slightly highep as compared to the results obtained using theprglry soil
compaction method (series 2 and 4). To a certa@néxhis is explained by the fact that the density
too compacted samples at final vertical pressBres0.6 and 3.0 kg/cfrwill be greater than at the
compaction pressures P = 0.2; 0.4; 1.0 and 2.0n¥pat which the cut is carried out in the
experiments of series 1 and 3.

When assessing the strength of loess, dependirtheoduration of soaking, there is a different
resistance to shear. In the course of the manifestaf subsidence deformation the soil strength
decreases sharply, since at the beginning of sgakia softening of the cementation bonds occurs
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most intensively. After the manifestation of a sdbace deformation accompanied by compaction of
the soil, as well as the manifestation of additiamatacts between the particles and the formaifan
new structure its strength somehow increases.

For example, the strength parameters of water ateifoam at the moment of soaking were as
follows: C, = 0.13 kp/crhandg, = 18°; 24 hours after soakiigy = 0, 16 kp/crpandg, = 20°, and
after 48 hour<; = 0.20 kp/crhande3 = 20°40".

This change of strength indices of loess soilseis/ ymportant and should be taken into account
when assessing the bearing capacity and, especialgtability of slopes and back slopes.

To clarify what was said, special experiments wengied out. In this experiments the loess loam
were used. The shear tests were carried out wikirsg under the load d® = 1.0; 2.0, 3.0 kp/cfn
The soaking time varied from 5 minutes to 24 hd@uieble 2).

Table 2. Influence of soaking time on strength indices @s®loam

Soaking timd, hour Strength indices of sail
C, kp/cnt ¢, degrees
1/12 0.05 17
1/2 0.07 18
1 0.08 18.5
6 0.09 19
12 0.10 19.5
24 0.125 20

As it can be seen from Table. 2, when soaked faniButes, i.e. at the initial moment of
manifestation of the subsidence deformation, theimmim values of strength paramet€&s= 0.05
kp/cnt andg = 17° were obtained. After 24 hours of soakidg: 0.125 kp/crhandg = 20°, the
shrinkagedeformationsincrease 5 ... 10 min after soaking. Subsequetiily,increase rate in the
manifestation of subsidence deformations changaglh Strength parameters are also affected by
the shear duration (fast is t = 15, 30 and 60cglacated shift is t =5 min and a slow one).

With a rapid shift the value of the specific adbesand the angle of the internal friction are
reduced. To a&ertainextent this is due to the fact that during thdtshiere is a violation of both
primary and secondary strengthening adhesion. Wittapid shear due to the process speed of
experiment (t = 15 ... 60 s) the contact betweenpdrticles of the soil changes all the time ared th
adhesion of the hardening does not have time tatfomanifestation. In the Research Center of
Construction it was also stated that in case ofmdr shift, there is a change in the strength of
parameters compared to a slow one.

4. Conclusion
In contrast to conventional clay and non-subsidiogs the loess soils require a special approach
when assessing their strength. The values of thagth parameters of loess soils are affected dy th
methods of preparing soil samples for testing,dbiation of their soaking, the shear rate and other
factors. Therefore, the evaluation of the stremthoils must be carried out according to the mgtho
that corresponds to the real conditions of the lsadle of the construction. This is a common task fo
geological engineers, as well as for design enginee

Using the recommendations on the proposed valu€s ahdey, it becomes possible to carry out
more accuratassessmerdf the bearing capacity of the base under theitiond of high seismicity
and dynamic impact. Besides, the design of basssntess more reliable and the economic efficiency
increases. The accumulated experience in thisa@mede useful both for engineers and designers in
the field of foundation engineering as it is ainedmproving the safety of construction, improving
the quality of buildings, and shortening the degigre.
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