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Abstract. The solution to the problem of subsidence in the foundations of transport structures is becoming more
and more urgent every year. This is due to the fact that when loess soils are soaked, irregular subsidence occurs,
leading to complete or partial destruction of engineering structures and capital pavements on highways. Insufficient
consideration of the deformability of structurally unstable soils, the lack of effective preparation of the foundations of
structures leads to damage. The article presents an engineering and geological survey of the road section in Almaty
(Kazakhstan). The analysis of changes in physical and mechanical properties of collapsing soils is given. According
to the results, the type of ground conditions on the subsidence of the designed road section is determined. Taking
into account specific properties of soils the efficiency of constructive and technological solutions for construction is
justified, several measures are proposed. One of them is the reinforcement by geogrid as the material can bear a big
weight of the soil layer and prevents it from displacement due to transport loading and other external factors. These
solutions help to eliminate the destruction of the structure, excluding traffic accidents that can cause injury or loss of
life.
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Introduction

Engineering-geological surveys provide
information about the presence of dangerous
geological processes, such as waterlogging,
ground subsidence. Thus, it is possible to develop
recommendations for taking measures to mitigate or
prevent the development of geological risks that can
lead to damage or destruction of the object [1-3].

A distinctive feature of collapsing soils is their
ability to subsidence in the stressed state from their
weight or external load from the foundation when
the moisture content increases. Soil subsidence is
caused by the peculiarities of formation and existence
of these soils, as a result of which they are in an under
consolidated state [4-6]. Under the consolidated
condition of loess soils can be maintained throughout
the whole period of thickness existence, if there is no
increase in moisture and load. In this case, there can be
additional compaction of the soil in the lower layers
under the influence of its weight. But since subsidence
depends on the magnitude of load, under compaction
of loess soils concerning the external load exceeding
the stresses from its weight of soil will remain [7-9].
The possibility of subsequent compaction of loess

soil, which is under compacted by external load or
its weight, with increasing humidity is determined
by the ratio of reduction of its strength when wetting
and the magnitude of the acting load. Soil subsidence
is a complex physical and chemical process. Its main
manifestation is compaction of soil due to movement
and more compact stacking of individual particles
[4].

Due to the increase in the degree of density of
the soil after subsidence, its strength characteristics
increase somewhat. With further increase in pressure,
the process of loess soil compaction in water-
saturated state continues, and with it, its strength
also increases. To ensure the design reliability of
structures on collapsing soils, researchers note the
importance of conducting tests to determine and
predict the magnitude of expected subsidence, one of
which is compression testing.

Today compression testing is one of the
most common types of tests used in laboratories
to determine soil deformation parameters.
Compression is defined as the compression of
the ground that eliminates lateral expansion and

compacts the specimen without destroying it. The
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choice of structural and technological solutions for
construction on collapsing soils is open. Based on
the above, this study proposes structural and tech-
nological solutions for the construction of roads on
collapsing soils.

Materials

The object (automobile road) is located on the
territory of Karasai district of Almaty region (Figure
1). Field work consisted of engineering-geological
survey areas and production engineering and
geological survey, which was carried out by the
drilling of 9 wells with the selection of the required
number of monoliths and soil samples undisturbed
Alluvial-proluvial deposits of the Quaternary age
(Q), represented by loams of different consistency
overlain by a soil-vegetation layer, take part in the
geological-lithological structure of the site.

Physic mechanical properties there were
7 engineering and geological elements (EGE)
subtracted:

- EGE-1 - Top soil;

- EGE-2 — Asphalt concrete (pavement);

- EGE-3 — Bulk soil;

- EGE-3a — Bulk soil. Presented loam with solid
content of gravel and pebbles;

- EGE-4 — Loam brown solid light subsiding;

-EGE-5 - Loam brown light semisolid not
subsiding;

-EGE-6 — Loam brown light soft plastic not
subsiding.

Standard values of the physical and mechanical
indicators of strength and deformation properties of
main EGEs are presented in Table 1.

Methods

Testing of collapsing soils has its own peculiarities
[10-13]. The characteristics of subsidence are
determined by relative strain, in compression devices
(Figure 2). EGE 4 soil samples were subjected to tests.
A specified load is applied using a moving die in the
device and stresses are generated in the soil specimen
under the influence of the external load. In the
compression device, pressure is continuously applied
to the specimen until conditional stabilization of the
specimen is achieved.

The sequence of basic operations includes:

- weighing the sample in the working ring,
followed by coating the ends with wet filters;

- placing the specimen into a compression device;

- adjustment of the specimen loading mechanism,
installation of devices for measuring vertical
deformations of the specimen, recording initial
readings of the devices;

- stepwise loading of the specimen.

Physical properties of the soil for testing are
presented in Table 2.

Results and Discussion

The results of tests of loam are shown in Figure 3
and Table 3.

According to compression tests, the loams
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Figure 1 — The object
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Table 1 - Physical and mechanical properties of the soil ground

Engineering and geological elements
Parameter name
EGE-4 EGE-5 EGE-6
Natural humidity, % 135 18.8 22.0
Humidity at the boarder:
- flow, % 25.7 26.9 25.4
- rolling out, % 16.3 17.4 17.0
Plasticity index, % 9.6 9.5 8.4
Index of liquidity, % -0.3 0.15 0.60
Soil stability 1.99 2.14 2.0
Soil particles density, g/sm? 2.70 2.70 2.70
Dry soil density, g/sm? 1.75 1.80 1.64
Void ratio 0.545 0.502 0.653
Specific cohesion, kPa 37.0/25.0* 42.0/25.0* 25.0
Angle of internal friction 25/19* 25/19* 19
Modulus of deformation, MPa 24.4/17.0* 30.5/17.0* 17.0/12.2*
Design strength, kPa 379 318 <98
*characteristics are given for soil at a water-saturated state
Conclusions

Figure 2 — Test

exhibit subsidence properties from additional loads.
The initial subsidence pressure is 0.495 kg/cm?. The
coefficient of relative subsidence at a specific pressure
of 0.5 kg/cm? is 0.009 to 0.011; at a specific pressure of
1.0 kg/cm? is 0.012 to 0.020; at a specific pressure of
2.0 kg/cm? is 0.018 to 0.028; at a specific pressure of
3.0 kg/cm? is 0.024 to 0.028.

According to the obtained test results, it is
necessary to take into account that EGE-4 soils have
subsidence properties when designing a highway
[11, 14-16]. Engineering-geological conditions on the
subsidence refer to the I (first) type. The remaining
loamy soils are not subsidence.

The most important task for transport structures
is to ensure the stability of foundations and
soil embankments with high strength and low
deformation characteristics of soils under constant
dynamic impact. When designing automobile roads
on subsidence soils, first of all, it is necessary to take
into account the possibility of increasing humidity
of such soils due to: their soaking from external
sources from above; their soaking from below due
to groundwater level rise; gradual accumulation
of moisture in the ground due to surface water
infiltration; simultaneous soaking from above and
gradual accumulation of moisture in the ground.
As the results of the study determined that the soil
conditions of the site, formed by collapsing soils refer
to type I, it is possible mainly subsidence of soils
from the external load. It is necessary to provide for
measures:

1. Provide waterproofing of foundations from
aggressive soils.

2. Perform joint protection against corrosion.

3. Provide measures to prevent the penetration
of surface water and man-made water into the
foundations.

4. Provide for runoff and channel-regulating
structures and measures to prevent flooding and
under flooding adjacent to unregulated medium and
small rivers, as well as to protect crossings under
highways.

Design and  engineering solutions for
embankments are also important (Figure 4). The
design of the pavement consists of fine-grained
asphalt, coarse-graded asphalt, stone sand, sand and
gravel mixture.

183
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Table 2 — Data for testing

Depth of well
Physical properties of the soil before the experiment
15m 25m 3.0m
Moisture on the boundary strength, % 24.1 28.5 27.3
Humidity on the border of rolling, % 16.5 17.5 19.1
Plasticity, % 7.6 11.0 8.2
Natural humidity, % 16.2 14.4 18.3
Soil density, g/cm? 2.04 2.03 2.13
Soil particles density, g/cm? 2.70 2.70 2.70
The density of the dry soil, g/cm? 1.76 1.77 1.80
Porosity, % 35 34 33
Voids Ratio 0.538 0.522 0.500
The coefficient of water saturation 0.813 0.745 0.989
Flow index -0.04 -0.28 -0.10
Sample height, mm 25 25 25
Natural state
0.5 0.009 0.006 0.011
1.0 0.009 0.013 0.019
2.0 0.008 0.006 0.004
3.0 0.007 0.005 0.004
Soaked state
0.5 0.040 0.039 0.039
1.0 0.028 0.040 0.028
2.0 0.016 0.019 0.013
3.0 0.014 0.006 0.013
Relative subsidence 0 0.000 0.000 0.000
0.5 0.010 0.011 0.009
1.0 0.016 0.020 0.012
2.0 0.021 0.028 0.018
3.0 0.026 0.028 0.024
Parameter
P | 15m 25m 3.0m | 15m 25m 3.0m 15m 25m 3.0m 15m 25m 3.0m
kg/cm? e h € E, kg/cm?
The natural state
0.0 0.000 | 0.000 | 0.000

0.5 0.533 | 0.519 | 0.494 | 0.075 | 0.050 | 0.095 | 0.003 | 0.002 | 0.004
1.0 0.529 | 0.512 | 0.485 | 0.150 | 0.155 | 0.250 | 0.006 | 0.006 | 0.010
2.0 0.520 | 0.506 | 0.481 | 0.288 | 0.255 | 0.315 | 0.012 | 0.010 | 0.013 | 102.6 | 1416 | 217.0
3.0 0.513 | 0.501 | 0.476 | 0.400 @ 0.345 | 0.385 | 0.016 | 0.014 | 0.015
The soaked state
0.0 0.000 | 0.000 | 0.000
0.5 0.518 | 0.502 | 0.480 | 0.325 | 0.320 | 0.325 | 0.013 | 0.013 | 0.013
1.0 0.504 | 0.482 | 0.466 | 0.550 | 0.645 | 0.555 | 0.022 | 0.026 | 0.022
2.0 0.488 | 0.463 | 0.454 | 0.816 | 0.955 | 0.765 | 0.033 | 0.038 | 0.031 @ 55.15 | 47.14 69.8
3.0 0.473 | 0.458 | 0.440 | 1.050 | 1.050 | 0.985 | 0.042 | 0.042 | 0.039
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Lle2iHdi monbipaKkmapoa KypbiabiC CanyFa apHAAFaH #06asnbiK HaHe MexXHOA02UAbIK wewimoep
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Y1.H. ymunes ameiHAarel Eypasus yammesik yHusepcumemi, KazakcmaHs, Hyp-CyamaH, Camnaes Keweci, 2,
2E.A. bBekemos amobiHOGFbI KaparaHObl yHUsepcumemi, KazakcmaH, KaparaHoel, YHusepcumem Keuleci, 28,
3KazaK b6ac caynem-Kypbiasic akademuscel, Kazakcma, Aamamei, Peickynbekos Keweci, 28,

*aemop-KoppecrnoHOeHm.

AHOAamna. Kenik KypbiabicmapbiHbiH He2izdepiHoe wezydiH nalioa 60y npobaemacsiH wiewy ol calibiH 83eKmi 60bi
Keneoi. byn nécc monbipaKmMapsiH CynaHObIPY Ke3iHOe bipKesnKi emec weaysnep opbiH Abir, UHHEHEPIK KYPblabiMoap
MeH asmomobusb #oa0apbiHOaFbl Kypoesi #abbiHOapObiH MOsbIK Hemece iwiHapa 6y3olaybiHa aKkeneodi. Kypolabimosl
MYpPAaKCbI3 MOnbIpaKkmolH 0eqpopMayudabiK KabinemiH ¥emkinikmi ecenke anmay, Kypolasic HeziziHiH muimoi dalibiH-
danybl 6onmaysi 3aKbIMFA aKenedi. MaKkanada Aamamel KanacsiHOarsl (KazakcmaH) aemomobusib #0sbiHbIH y4aCKeCiH
UHXCeHepiK-2e0n02UAbIK 3epmmernyi YCbiHbiAFaH. LLle2iHOi monbipakmapobiH (hU3UKA-MEXAHUKAbIK KacuemmepiHiH
e3zepyi #alinbl Manday WacanraH. AnbIHFOH Hamuxcenep 6olbIHWa #06aanaHFAH HOA YyYaCKeCiHiH weayi 6olbiHwa
moneipak #ardalinapeiHel Mypi aHbIKMAnobl. TonbIPAKMbIH 63iHOIK KacuemmepiH ecKkepe ombipbir, KypblabiC Ke3iH-
0eai KypblibIMObIK HaHE MeXHOs02UANbIK wewimoepdiH muimdiniai HezizdeneeH, bipKkamap wWapanap YCbIHbIAFAH.
OnapOovbiH 6ipi 2ecepudmi HeiFalimy 60abin mabeinadel, cebebi 6y mamepuan MonslipaK Kab6amoeIHbIH Y/KEH CAAMAFbI-
HQa WbeIOan, Keqik canamarbl MeH 6acka 0a cblpmKbl pakmopaapFa 6alinaHbICMbl OHbIH bIFbICYbIHA X0 bepmelidi. byn
wewimoep KypbinbiMHbIH 6Y3biay, #OA-K6MiK OKUFANAPbIHLIH KecipiHeH adamoapObiH #apakKam any Hemece eqaimiHe
aKesny MYMKiHOi2iHiH 6010bipmaybIHa KemeKmeceoi.

Kinm ce3dep: weziHOi monbipaK, hu3uKa-mMexaHUKAAbIK Kacuemmep, #os HabbIHbl, CbiFbiMOAY CbIHAFbI, MEexHOs0-
2uAneIK wewimoep, #obanay, 2eo2pud, Kemepziw Kabinemminik, ¥yKkmeme, blifandblablK, 2uOPOOKWaynay, esauey.
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*aemop-KoppecrnoHOeHm.

AHHOmMayusA. PeweHue npobaemsl 803HUKHOBEHUS MPOCAOKU 8 OCHOBAHUAX MPAHCMOPMHbLIX COOPYHEHUU CMaHo-
8UMCHA C KaXObIM 2000M 8CE aKMyasbHel. Imo C8A3aHO ¢ meM, Ymo Mpu 3aMa4usaHuUU NECCO8bIX 2PYHMO8 MPOoUCX0-
0sm HepasHoMepHble NPOCAdKU, Npueodawue K NoaHOMY UAU YaCmMU4YHOMY Pa3pyweHUr UHXEHEPHbIX COOpyHceHUl
U KanumanbHsix nokpsimuli Ha aemomobusbHbix 0opoaax. HedocmamouHeil yuem degpopmamusHoli cnocobHocmu
CMpPYyKmMypHo-HeycmoUl4ugblx 2pyHmos, omcymcmaue 3gh@pekmusHol no02omosKU OCHOBAHUA COOpyxeHul npuso-
oum K nospexcoeHUAM. B cmamoe npedcmassneHo UHXeHepHo-2eon02udeckoe 06c1edo8aHue y4acmeka asmomobusie-
Holi dopoeu 8 2.Aamamel (KazaxcmaH). [lpusedeH aHAAU3 U3MEHeHUS (hU3UKO-MexaHUYeCcKux ceolicme npocadovHbix
2pyHmos. Mo pesynemamam onpedeseH mun 2pyHMOBbIX yca08uli Mo npocadoyHoCMuU MPOeKmMuUpyemMozo y4yacmxa
dopoeau. C yyemom crieyugpuyeckux cgolicme 2pyHmMa 060CHOBAHA 3PHeKMUBHOCMb KOHCMPYKMUBHO-MexXHos102u4Ye-
CKUX peweHuli npu cmpoumesnscmee, npedsaoxeH PA0 meponpuamull, 0OHUMU U3 KOMOpPbIX A8AAemcA yKpernaeHue
2eopewemkoli, mak KaK Mamepuas esidepxusaem 60sbWoli 8ec 2pyHMOB8020 €104 U npedomepaujaem e2o cMmeuwjeHue
U3-30 MPaHCMopmHoU Ha2py3KU U UHbIX BHEWHUX haKmopos. [JaHHbIe peuleHus no3e0a0m UCKAYUMb paspywieHue
KOHCMPYKYUU, O0OPOXHO-MPAHCMOPMHbIE Mpoucwecmesus, Komopbie Mo2ym roeseys 3a coboli mpasmel unu aubesns
nooel.

Knrouesoie cnosa: npocadoyHelli 2pyHmM, puU3UKO-MexaHu4eckue ceolicmea, OOpOXHCHOE MoKpbimue, ucrneimaHue Ha
cHamue, mexHoso2U4ecKUe peweHus, MPoeKmuposaHue, 2eopewiemkd, Hecywds crnocobHoCcmeb, HA2py3Kd, 80X -
HOCMb, 2UOPOU30AAYUSA, USMeEpeHUe.
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