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EARTHQUAKE — RESISTANT SLOPE OF BULK STRUCTURES
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CEACMOYCTONUYUBBLIA OTKOC HACbIMHbIX COOPYXEHUN

Abstract. The article results of various studies, currently the authors are engaged in research on the
method of slope positioning, this method differs from others, since this method does not require expensive
equipment and technologies for production, it is an economically very profitable method. The development
of the slope position method is associated with the stability of the slope, where bulk structures are widely
used in construction of various significance.

This method has always been built under justification, and with various calculated steepness, has
real resistances to various seismic impacts. The slope position method always has its own experience
in dealing with antiseismic measures that are built with inexpensive technologies and equipment.
Many experts thought that in this method it would be considered a very voluminous work, to the
expected concussions, but this method was very relevant at this time and stable. Which were erected
by this method (dams, dams, embankments, bridges, supports, etc.) were distinguished by seismic
resistance, since the soils inside had different purposes and they should be resistant to various
shocks.

The external factor is: the load on the slope surface and the dynamic impact (amplitude, frequency,
period, duration of shaking, etc.). The stability of the slope steepness is also affected by: the height of the
slope, the method of its construction, as well as the liquefaction of the soil that occurs under the influence
of strong shocks. Taking into account all these factors allowed the authors to propose a computational
method for assessing the seismic resistance of the slope slope structures. Comparison of the calculation
data with the results of experimental studies showed good convergence.

Keywords: slope, soil, antiseismic action, strength, load, diaphagram.

AHOamna. Makanada epmypni 3epmmeynepdiH Hamuxenepi KenmipineeH, onap 6yn odic
backanapmeH carnbicmbipraHda KapanalibiMObIbiFbIMEH, Kypdeni xabObikmap MeH mexHoroausinapob!
Kaxem emnelimiH 3KOHOMUKanbIK natdacbiMeH xoHe m.6. 6yn adicmi Kenbey mypakmblfbifbliHa acep
ememiH chakmopnapObi ecernke arny HezidiHOe dambimy ap mypni Makcammarbl yUiHOI KypblribicmapbiH
canyda KeHiHeH KorndaHblnambiHObIFbIH ecKkepe ombipbir, Kenbey opHanacy adiciH xemindipy 6olbiHWa
3epmmey xypaizyee 6oadsbi.

CoHObIKmaH, HeeiddernieeH xoHe ecernmerieeH Kesbey, ocipece celiCMUKarnblK ocepriepae Xakcbl
Kapcbinbl  kepcemedi den ecenmelmi3. JKorapbida almbinFaHdal, b6yn edicmi KondaHy apmbiK
mexaHusmOepdeH aynak bosiyra MyMKiHOIK 6epedi XoHe KypblrbICMbIH XaHa MexHOoI02usinapbiH Kaxem
emneloi xoHe m.6. xeke MmamaHOapObiH Kerbey opHanackaH ke3de obbekm KenemiH yiralmy myparbl
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nikipiHe katiwbl, 6i3ze 06bEKMIHIH KyminemiH acepriepae KambiCmbl MypakmbiiblFbiHa KO XemKi3y mek
emeMakbl faHa eMec, COHbIMEH Kamap OHbIH Yy3aK Mep3iMOi XeHe MIHCI3 KbiamemiMeH akmanaobl.
¥cbiHbinFaH odicrieH carnbiHFaH Kypblnbicmap (kon xaranaynapbl, 6ezemmep, KenipnepdiH wemki
mipekmepi xoHe m.6.) xep cinkiHiciHe mesimodinieimeH epekweneHedi, elimkeHi onaplarbl epyHm
KyminemiH cinkiHicmepzae me3imOi 6onadbi. Cbipmkbl c¢hakmop: kenbey 6emiHOezi Xykmeme XoHe
OuHamukarnblK acep (amnnumydachl, Xuirniei, Ke3eHi, CinkiHic y3akmbifbl xoHe m.6.). KenbeydiH mik
mypakmblinbiFbiHa 0a acep emedi.
Tyliin ce3dep:eHic, 2pyHm, aHmucelcMuKarnbiK ic-waparnap, 6epikmik, Kywcanmak, duagpazspamma.

AHHOmMauyus. B cmambe npedcmaesneHbl pe3ynbmambl pasHbiX uccriedosaHuli, 8 OaHHOe epemsi
asmopbl 3aHuUMaromcsi uccriedosaHusiMu 0 MEMOOUKE OrOJIOXKeHUe omKoca, 3mom mMemod omJsiudaemcsi
om Opyaumu, mak Kaka amom memod He mpebyem OopoealueHHble obopydosaHue u mexHosnoauli Ons
npou3eodcmea, 3KOHOMUYECKU OYeHb 8bl200HbIU Memod. Paszsumue Memoda OnosioXeHUE OmKoca,
c8si3aHO € ycmouU4ueocmu omkoca, 20e WUPOKO OJIb3Yemcsi HacCbIMHbLIMU COOPYXEeHUSIMU 8
cmpoumersibcmee pa3nuyHol 3Ha4uMocmu.

Omom memod ecezda 803800usicsi N0G 060CHOBaHUEM, U Pa3fUYHbIMU PacyemHbIMU Kpymu3Hamu,
obnadaem pearbHbIMU COMPOMUSBIIEHUSAMU K pasfiudyHbIMU celicMudyeckumu eosdelicmeusimu. Memod
orosioxeHue omkoca ecezfa umeem ceol onbim pabomam K aHMuCelCMUYECKUM Mepornpusmusmu
Komopable 803800umcsi HeAopo20CMOAWUMU mexHonoausmu u obopydosaHusimu. MHozaue crnieyuanucmal
Oymanu 4mo 8 smom memolde cHumamb 6ydem e8ecbma 0O6beMHOU pabomol, K oxudaembiMu
compsiceHUsiMu, Ho amom MemoQd 6bls1 O4YeHb akmysbHbIM 8 0aHHoe epeMsi U ycmolyuebiM. Komopsbie
g8o3goouswue amumM MemodoM (nnomuHbl, O0ambbi, Hachkinu, MOCMbI, OMopbl U m.0.) omyu4anuch
celicMocmoUlKocmbIo, MakK Kak 8Hympu epyHmu UMenu pasfuyHo20 Ha3Ha4YeHusi U OHU OO/MKHbI 6bimb
yemoUYusbIMU K pasuyHbIMU COMPSICEHUSIMU.

BHewHum chakmopom sierisiemcs: Hagpy3ska Ha noeepxHocmu omkoca u duHamu4yeckoe gosdelicmeue
(amnnumyda, yacmoma, nepuod, MPoGOHKUMEeNbHOCMb compsceHus U m.n.). Ha ycmoliyusocmb
KpYMmu3Hbl OMKOca makXe e/usitom: 8bicoma OmkKoca, crocob e2o 8038€0eHUs, a MaKxe paXuxeHue
2pyHmMa, 803HUKalouwleao 8 ycriogusix 8030elicmeusi CuslbHbIX COMPSACeHUU. Ydem ecex amux ¢hakmopos
10360/1Us1 @asmopam npPeodnoXums pacyemHbili Memoo OUeHKU celicMoCmOoUKOCMU KPYmuU3HbI OMKOCHbIX
coopyxeHuli. CpasHeHue OaHHbIX pacyema C pesynibmamamu 3SKCrepuMeHmarbHbIX uccredosaHull
r1oKa3arsno Xopouwlyr cXo0UMOCMb.

Knroyeeble csioea: omkoc, epyHm, aHmucelicMuyecKkue Mepornpusimue, NPOYHOCMb, Haspy3ka,
Ouachpaepamma

Introduction. In the plans of the state development of the Republic of Kazakhstan for the
near future, special attention is paid to capital construction. It is planned to build main
automobile and railway lines of national and international importance, as well as the develop-
ment of 8 large, medium-sized and, especially, small hydroelectric power stations, etc. [1].

Thus, according to the program for the development of the transport infrastructure of the
Republic of Kazakhstan until 2020, repair and reconstruction of highways with a length of 30
thousand kilometers are planned in the country. Km and railway lines — 8.2 thousand Km. The
implementation of this program will not only significantly improve the condition of roads and
railway lines, but also increase their seismic resistance [2]. Ground structures often turn out to
be poorly resistant to earthquakes, and for this reason they require the use of various antiseismic
measures.

Antiseismic measures should include: compaction of soil, replacement of weak soils with
stronger ones, loading of the slope surface, slope alignment, changing the shape of the slope,
drainage device, use of various fences in the slope (diaphragms, screens), etc. Analysis of these
measures shows that each of them has certain disadvantages associated with limited use, not the
perfection of technology, the high cost, and most importantly, with difficulties in achieving the
goal. This circumstance dictates the conduct of additional studies, taking into account all
possible factors that affect the dynamic stability of slopes.

Materials and methods of research. 1 picture showed the stability of a volume with a
thickness of z1, which lies on a slope with a different slope a is expressed as:
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K3 = S, @

where T is the shear strength of the selected volume;

Q is the force shifting the selected volume.

This method has always been built under justification, and with various calculated steepness,
has real resistances to various seismic impacts. The slope position method always has its own
experience in dealing with antiseismic measures that are built with inexpensive technologies and
equipment. Many experts thought that in this method it would be considered a very voluminous
work, to the expected concussions, but this method was very relevant at this time and stable.
Which were erected by this method (dams, dams, embankments, bridges, supports, etc.) were
distinguished by seismic resistance, since the soils inside had different purposes and they should
be resistant to various shocks.

(ac) in the form [3]:

7. = 0,64 %, Hk,, (2)

where ks is the seismicity coefficient.
Soil shear resistance under the action of seismic acceleration ac is expressed as [4]:

Sow = Oquntg P+ Co, (©)
where odine are the dynamic stresses from the external load on the slope (p) and the ground’s
own weight (ywH).

In cases of concussion under conditions exceeding the threshold value, i.e.
as>an (Where as, an - respectively seismic and threshold accelerations):

Sa,w (t): (Udine - VB.hz,t) tg(pw+cv,t (4)
In the absence of an external load on the ground surface, i.e. (p=0):
Sa,w(t) = (VW.H - VB.hz,t)tg(pw+Cv,t (5)

¥

Figure 1. Calculation scheme of slope stability

Consequently, the coefficient of seismic stability reserve of slope structures in accordance
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with expression (1) is represented as [5]:

— 0,64 v Hkg (6)
OdintgPw+Cy

If we denote the weight of the selected element by P, then the force Q shifting the element in
accordance with Fig.1 will be written as:

QO =Psina @)
force T, ensuring the stability of the slope:
T =P.cosa (8)

Under conditions of marginal equilibrium as = an, the ground shear resistance in its simplest
form, i.e. in the absence of adhesion (cv= 0) according to (3), is represented as:

m

Sow =T.tgPw, C))
where 7= 04ine-
If we take into account that
P.sina =P.cosa. tge,, (10)
we have:
tga =tge,, (11)
or
a=q, (12)

Expressions (11) and (12) indicate the slope of the slope and the resistance of the soil under
various conditions. This means that the slope stability coefficient:
—_l
k= o~ (13)
rie o — the slope angle.
Based on the equalities (6) and (13), the earthquake-resistant steepness a of a slope structure
can be defined as:

(0aintgPw+cv)tgow (14)

tga =
9 0,64 v, Hk;

(14) the formula determines the seismic slope steepness, in various seismic vibrations. Any
steepness can withstand various seismic vibration vibrations, which may contain slope stability.
In accordance with formula (14), the earthquake-resistant slope steepness, in general, depends
on the intensity of the impacting earthquake (ks) and the strength characteristics of the
soil (¢, c,).. The second part of the dependence indicates the possibility of ensuring the
stability of the structure at a given steepness by increasing the strength indicators of the soil.

In addition to the above, the role of the normal stress (oy;,,), consisting of the external load
(p) and the ground’s own weight (yw.H), is also important. By adjusting the values of a;,, it
will also be possible to ensure a stable slope steepness.

In cases when there is no load on the slope surface, i.e. when p =0, formula (14) takes the
form:

— tgow Sy
9a= Sorr, C99w +0) (15)

It is known that under conditions of seismic impact at as >an, the parameters of soil strength
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change (decrease) due to a decrease in the connectivity of cw,t and as the weighing effect of
dynamic pressure h(z,t) increases [6].

Dynamic pressure under certain conditions can have a catastrophic effect on the stability of
the slope. Thus, under the condition 4zt = odin, the value of ¢(v,7) will also be closer to zero.
Such an extreme condition indicates that any slope steepness in the conditions under
consideration will not be able to ensure the stability of the structure and as a result of soil
liquefaction, landslides are formed, under certain conditions in huge sizes, with all the
consequences that follow from this.

It should be noted that formula (14) forms the basis of the proposed method for assessing the
seismic resistance of the slope slope structures. With its help, it is possible to predict the seismic
resistance of any slope under the influence of earthquakes. This method is very simple and
convenient in practical use.

The following are experimental studies of the factors determining the earthquake-resistant
steepness of slope structures[7].

Results and their discussions. In accordance with expression (14), the earthquake-resistant
slope of the slope depends on internal and external factors, such as: the strength parameters of
the soil (¢, cy,); the vertical component of the stress from the ground's own weight and
external load (odin); density-soil moisture (n-w); dynamic pressure (hz); acceleration of
oscillatory motion and its components (a4, f£7). In addition, in cases where seismic
acceleration (ac) prevails over the threshold value inherent in the soil (an), i.e. In the presence
of the condition as>an, the change in soil adhesion (c¢v,7) and dynamic pressure (hz, t) during the
shaking also affects the slope of the slope.

To confirm the dependence (14), experimental studies were conducted to study the above-
mentioned factors, the results of which are given below.

The density of the soil. Experiments carried out on loess and sand slopes under various
dynamic influences on them showed a direct dependence of the slope slope on the state of the
soil density (Fig. 2). The expression of the soil density in its relative value allows us to extend
the data to other similar soils, as shown in Figure tga=f (D), which indicates a stable the slope of
the slope, consisting of soils of different densities [8].
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Figure 2. Dependence of the stable slope steepness on the porosity of loess soil

Soil adhesion. A violation of the slope stability under dynamic influences occurs only after a
violation of the general adhesion of the soil, and, in cases when the soil is in a moistened state,
plastic connectivity. In this case, the role of internal friction manifests itself only after a
violation of the connectivity of the soil.

The relationship between the stable slope of the slope and the adhesion of the soil can be
traced in Table.1., where are the vibrations of loess soils numbered 2, 4, 5 and 7 under shaking
with an acceleration of 3000 mm/s2.

Table 1. Dependence of the stable slope slope on soil adhesion

Total coupling,
Soil Mpa
0,01 0,02 0,03 0,04 0,05 0,06 0,07
Ne 2 0,19 0,20 0,24 0,27 0,29 0,36 0,45
Ne 4 0,25 0,30 0,35 0,41 0,48 0,58 -
Ne 5 0,13 0,16 0,18 0,22 0,32 0,37 0,50
Ne 7 0,09 0,14 0,21 0,31 0,40 0,47 0,60

It should be noted that any increase in the amount of soil adhesion not only contributes to the
stability of the slope, but also, by increasing the threshold acceleration, also increases the
seismic resistance of soils in the body of the embankment (Fig. 3).
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Figure 3. Dependence of the stable slope angle on soil adhesion

Dynamic impact. One of the main directions of our research was to clarify the role of
dynamic impact (as) and its components in frequency (f) and amplitude (A) in the stable slope
slope (tga).

The relationship between the steady slope of the slope and the intensity of the shaking can be
seen from Fig.4, which illustrates the dependence of the steady slope of loess slopes on the
intensity of vibrations. According to this figure, this dependence is represented as a curve
tga=f(ac). Hence, one can also see the role of soil density [9-12].

lga
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Figure 4. Dependence of the type tga=f(ac) for different soil

External load. We have also conducted a number of experiments to study the effect of
external load on slope stability, some of the results of which are reflected in the table 3.
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Table 2. Dependence of the stable slope slope on the external load (ac=2689 mm/s2)

Soil External load, Mpa

5,0 10,0 15,0 20,0 25,0 30,0
Ne 3 0,31 0,40 0,51 0,60 0,66 -
Ne 6 0,44 0,46 0,53 0,57 0,63 0,68
Ne 9 0,37 0,39 0,40 0,40 0,42 0,44

As follows from the data in the table, the external load on the slope surface in all cases has a
positive effect on its stability during shaking.

Dynamic pressure. Many of the above data relate to slope fluctuations under ac <an
conditions and characterize stable slopes of slope structures. At the same time, we should not
lose sight of the opposite case, i.e. as>an, when the soil composing the slope is represented by
insufficient strength, moreover, it is saturated with water and is subject to strong fluctuations
[13-16].

Table 3. The relationship between the steady slope of the slope and dynamic pressure

Soil Dynamic pressure, cm

10 20 30 40 60
Ne 3 - - 0,58 0,36 0,25
Ne 5 0,43 0,30 0,19 0,10 0,06
Ne 7 0,52 0,21 0,08 - -
Ne 8 - 0,50 0,30 0,21 0,19

Conclusion. The proposed method “Earthquake-resistant steepness of slope structures” was
confirmed by experimental studies conducted with various soils under various effects of seismic
accelerations (ac), including:

1. Based on the consideration of the stress state of the soil layer from the condition of
interaction of seismic waves and the surface of the elastic half-space, an expression is obtained
for determining tangential seismic stresses in the conditions of a plane problem.

2. The earthquake-resistant slope steepness o primarily depends on the magnitude and
components of the current seismic acceleration, as it increases, the slope steepness decreases;

3. The strength of soils is essential in the seismic stability of the slope steepness (¢, cv,t);

4. As a result of numerous experiments conducted on moistened loess soils, it was found that
the earthquake-resistant slope steepness depends on internal, such as: strength indicators of the
soil, its moisture density, dynamic pressure, and external, such as: the vertical component of
stresses from the soil's own weight and external load, acceleration of oscillatory motion and its
constituent factors.

5. The density of the soil and the presence of clay particles in its composition contribute to
the stability of the slope steepness.

6. Any increase in soil moisture requires a slope position.
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