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Effectiveness of reinforcement on soil subsidence

Abstract. The application of methods of improvement of ground bases in subsidence
areas is an urgent issue today. This is evidenced by the continuing difficulties with the
operation of transport structures. This study presents experimental studies of soil
reinforcement. An important factor is to determine the properties of the soil, so the paper
presents the results of laboratory tests. The angle of internal friction and the deformation
increases to a greater extent when the reinforcing element is embedded in the ground,
which will increase the bearing capacity of the foundations and reduce the deformability
and settlement of the soil mass. The use of a reinforcing element in the ground not only
makes it possible to improve the physical and mechanical properties of the soil but also
gives an economic effect. It allows you to reduce the cost of the volume of earthworks.
The results obtained in this study have considerable potential for eliminating problems
arising from the construction of structures in subsidence areas.
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1. Introduction

When planning new construction complexes, it is necessary to consider the complex engineering
and geological conditions of collapsible soils [1]. Before erecting structures in such areas, it is necessary
to apply various methods to increase the soil's bearing capacity and stability [2]. The bearing capacity of
such soils is low, so before making foundations on them, applying different soil stabilization methods is
necessary [3]. Three groups of methods are used for the improvement of soil bases: constructive methods
of base improvement; compaction of soil bases; and consolidation of soil bases [4-5]. Indirect methods [6]
of determining collapsibility are used at the earliest stages of the investigation of loess soils in the territory
under study to determine the propensity of soils to collapse. Based on their assessment of the choice of
methods of further research of soils and justification of appointments of field and laboratory tests, the
approximate evaluation of the volume of work. But unlike direct methods, they don't allow for estimating
the numerical collapsibility value of loess soils. And one of the methods for improving soil base is
applying geosynthetics.

Geosynthetics is a common classification terminology for all kinds of synthetic materials used in
various construction branches, including road construction [7]. This term includes geotextiles, geogrids,
geonets, geomembranes, and geocomposites.

Using geosynthetics opens new opportunities to solve various problems in the design and
construction of roads and the most complex engineering structures. First, polymeric fabric helps evenly
distribute the weight load on the whole area of the object. In addition, the material prevents liquid and
moisture from penetrating the road base, thus saving it from destruction and erosion. Also, a multilayer
construction of a road object constructed with geosynthetic materials is less subject to mechanical
damages - potholes, holes, cracks, and ruts [8].

Geonets are filament meshes made of glass fiber to reinforce asphalt concrete pavements and
weak subgrade soil. Using geonets increases the operational reliability and service life of road structures,
improves work conditions and quality, simplifies construction technology, reduces construction time,
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reduces the consumption of traditional road-building materials, and uses local soil [9]. Geonet is used to
construct and reconstruct highways and temporary roads on weak substrates to strengthen slopes and
inclines.

The main advantages of geotextiles are good extensibility and excellent water-transmissibility,
while their high strength and deformation resistance make it possible to initially reduce the roadbed's
thickness. All the above advantages in the characteristics and properties of geotextiles influenced the
choice of this material as a study material and its application in the structural and technological solution.

2. Methods and materials

2.1 Laboratory determination characteristics of soil

2.1.1 Determining particle size distribution (grain) composition using a sieve method

To determine the granulometric (grain) composition of soils by sieve method, the following
apparatus and equipment were used: sieves with the size of holes 10; 5; 2; 1; 0,5; 0,25; 0,1 mm; laboratory
scales; technical scales with a relative error of weighing of not more than 0.1%; porcelain mortar; pestle
with a rubber tip; porcelain cup; rubber bulb; brush. The average sample of soil g; was selected by
quarting and then weighed on the scales. The sieves were mounted by the column and placed on the
pallet to increase the size of the holes. The selected sample was transferred to the top sieve of the first set
(diameter of holes from 10 to 0,5 mm), closed with a lid, and sieved with light lateral blows with the
palms of his hands until the soil was completely sorted. Soil fractions lingering on the sieves were poured,
starting from the upper sieve into a mortar, then were additionally grinded with a pestle with a rubber
tip, again sieved on the same sieves.

The completeness of the sieving of soil fractions was checked by shaking each sieve over a sheet
of paper. Each fraction of the soil trapped on the sieves was weighed separately (df). The soil loss during
sieving was allocated to the fractions in proportion to their mass.

2.1.2 Determination of granulometric (grain) composition of soils by the areometric method

To determine the granulometric composition of the grounds were applied the following
instruments, equipment, materials, and reagents: areometer with a scale of 0.995 - 1 - 1.030 and the
division price of 0.001; a set of sieves with a pallet; sieves with the size of holes 10; 5; 2; 1.0; 0.5; 0.25; 0.1
mm; scales; mortar and pestle made of porcelain; pestle with a rubber tip; porcelain cup; a desiccator
with a silica gel indicator; drying cabinet; conical flat-bottomed flask with a capacity of 500 cm3; funnels
of about 4 and 14 cm in diameter; measuring cylinder with a capacity of 1 1 and a diameter of (60 + 2)
mm, a thermometer with an accuracy of 0.5°C.

Without splashing out and foaming, the suspension has been shaken with a stirrer for 1 minute
until sediments are completely stirred from the bottom of the cylinder. The time of areometer reading
was determined after the end of suspension shaking. Then for 10-12 seconds before measuring the density
of the suspension, the areometer was carefully lowered into it, which should float freely without touching
the walls and the bottom of the cylinder, and the reading was taken by the areometer R. The duration of
areometer reading was not more than 10 s (Figure 1).
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Figure 1. The measurement of slurry density

The temperature of the suspension was controlled by temperature measurement with an error of
up to 0.5°C during the first 5 min (before the experiment) and then after each measure of the density of
the suspension with an areometer. If the temperature differed from 20°C, a temperature correction was
added to the areometer readings. The data obtained by the areometer method are shown in Table 1.

Table 1. Obtained data in determining the grain composition of the soil

Time, min Areometer t, °C
1 10.04 23
30 9.98 23
180 9.98 23

Then was calculated the percentage of soil fractions larger than 10; 10-5; 5-2; 2-1 mm and the mass
of the dry average soil sample. To determine the moisture content of the soil by drying to constant weight,
the following equipment was used: a drying cabinet; laboratory scales; metal or glass beakers.

Samples of soil for moisture determination were selected from 15-50 g, then placed in a pre-dried,
weighed numbered beaker and sealed tightly with a lid. When sampling from a disturbed specimen, the
soil was thoroughly mixed to ensure that the moisture was evenly distributed throughout the specimen.
The soil sample in the buster was weighed. The open buster was placed in a heated desiccator. The soil
was dried to a constant weight at (105+2)°C. After each drying, the closed bust was cooled to room
temperature and weighed. The sample was dried until the difference in mass of the soil with the box at
the next two weightings did not exceed 0.02 g.

2.1.3 Determination of the upper limit of plasticity - liquid limit by the balancing cone method

The liquid limit was defined as the moisture content of the paste prepared from the studied soil,
at which the balancing cone is immersed under the action of its own mass for 5 seconds to a depth of 10
mm. Equipment used: drying cupboard; laboratory scales; metal boxes; Vasiliev's balancing cone with a
cylindrical cup; metal box 7-8 cm in diameter; spatula; mortar with the pestle; sieve with a 1 mm hole;
fine grater; petroleum jelly.

To determine the liquid limit, disturbed specimens were selected for which preservation of
natural moisture is required. When tested using an air-dry soil sample, it was ground in a porcelain
mortar, not allowing the soil particles to be crushed and at the same time removing vegetation residues
larger than 1 mm. It was sifted through a 1 mm mesh sieve. Soil passed through the sieve, moistened
with distilled water to a thick paste, stirred with a spatula, and kept in a sealed glass jar.

The prepared primer paste was thoroughly mixed with a spatula and placed in a cylindrical cup
in small portions densely (without air cavities). The surface of the paste was smoothed with a trowel
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flush with the edges of the cup. A balancing cone lubricated with a thin layer of vaseline was brought to
the surface of the ground paste so that its tip touched the paste. The cone is then gently released, allowing
it to sink into the paste under its own weight. Immersion of the cone in the paste for 5 s to a depth of 10
mm shows that the soil has moisture corresponding to the yield boundary (Figure 2).

5

Figure 2. Dipping the cone into the paste

After reaching the fluidity limit, samples of 15-30 g were taken from the past to determine the
moisture content in accordance with the requirements.
2.1.4 Determination of the lower limit of plasticity - plastic limit

The plastic limit (plasticity) should be defined as the humidity of the paste prepared from the
studied soil, at which the paste rolled out in a roll with a diameter of 3 mm begins to break up into pieces
of 3-10 mm. Equipment used: drying cabinet; laboratory scales; metal boxes; vasiliev's balancing cone
with a cylindrical cup; porcelain or metal cup 7-8 cm in diameter; spatula, mortar with the pestle; sieve
with a 1 mm hole according to the current normative documentation; fine grater; vaseline. To determine
the plastic limit, disturbed specimens were used, for which the preservation of natural moisture is
required.

The prepared primer paste was thoroughly mixed, and then a small piece was taken and rolled
out with the palm of the hand on a glass or plastic plate until the bundle of about 3 mm in diameter was
formed (Figure 3).

P o N M y
Figure 3. Rolling out harnesses

Rolling continued until the bundle disintegrated along transverse cracks into 3-10 mm long
pieces. The pieces of the disintegrating bundle were collected in boxes covered with lids. When the
weight of soil in the beakers reached 10-15 g, the moisture content was determined.

Results of determining the lower limit of plasticity number are represented in Table 2.
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Table 2. Results of determining the lower limit of plasticity number

IP=WL- WP,
No. of box m,g ml, g m0, g wL, % wLaver, % o
8 54 13.8 12.7 15.06
504 5.1 13.0 11.9 16.18 15.1 7.9
17 55 14.0 14.0 14.12

2.2 Experimental tests of quasi-collapsing soils performed in a uniaxial compression apparatus

The tests were conducted with the odometer. In turn, the conducted research consisted of two
parts: a study of quasi-collapsing soil [10] and an investigation of collapsing soil reinforced with
geotextile. The second part was conducted to determine the effect of quasi-soil reinforcement by
geotextile on collapsing. For this purpose, a nonwoven geotextile was selected (Figure 4).

The load was applied one kilogram at a time up to 5 kg. To obtain collapsing, the specimen was

soaked at 3 kg during the experiment. After each loading, strain values were taken from watch-type
indicators (WTIs).

Figure 4. Non-woven geotextile
3. Results and Discussion
The results of soil grain composition by sieve method are presented in Table 3.

Table 3. Results of determining the grain size distribution of soil [11]

No. of sieves Msieve, g Misieversoil, & Misoil, % sieved soil, g
500 849.5 943.6 94.1 12.54
250 781.0 979.5 198.5 26.5
100 810.1 1256.4 446.4 59.52
50 803.5 813 9.5 1.27
>50 781.3 782.8 1.5 0.2

The percentage content of each fraction of the soil are: coarse fraction - 1-0.25-66.6%; medium
fraction - 0.25-0.05-66.1%; small fraction - 0.05-0.002-66.1%. The results of determining the moisture
content of the soil are presented in Table 4.
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Table 4. Results of determining the moisture content of soil by drying to constant weight

No. of box m, g mi, g mo, g w, % Wep, %
8 5.4 18.9 16.8 18.4
19 5.2 19.0 17.7 104
12 5.2 18.3 16.4 17 18.24
5 5.4 20.1 16.9 27.8
504 5.1 15.8 14.2 17.6

The results of determining the upper limit of plasticity are shown in Table 5.

Table 5. Results of determining the upper limit of plasticity

No. of box m,g mi, g mo, g wr, % WeLaver, %
19 5.2 20.2 17.4 22.95
12 5.2 19.8 17.0 23.73 23%
5 5.4 17.4 15.2 22.45

Results of determining the lower limit of plasticity number are represented in Table 6.

Table 6. Results of determining the lower limit of plasticity number

No. of box m, g mi, g mo, g wi, % WeLaver, % Ir=WL- Wp, %
8 54 13.8 12.7 15.06
504 5.1 13.0 11.9 16.18 151 79
17 55 14.0 14.0 14.12

Change of quasi-soil coefficient of relative collapsing when changing the percentage ratio of
components (soil - quicklime) with and without geotextile reinforcement presented in Table 7 [12].

Table 7. Results of coefficient of relative collapsing

Coefficient of relative
collapsing without geotextile
reinforcement, &

Percentage proportion of Coefficient of relative collapsing

soil and lime in quasi-soil with geotextile reinforcement, ¢

Soil 60% - Quicklime 40% &g = 0.03>0.01 &g = 0.021 > 0.01
Soil 50% - Quicklime 50% &g = 0.035>0.01 £g = 0.03 > 0.01
Soil 40% - Quicklime 60% &g = 0.04 > 0.01 &g = 0.0315 > 0.01

4. Conclusion

When designing structures on collapsing soils, the possibility of increasing their moisture content
due to soaking the soil from external sources (rainwater, meltwater) from above should be considered. It
is necessary to provide a set of measures, including the elimination of collapsible properties (water
protection and structural measures).

Itis necessary to apply to the pavement «capping layer» structure in areas where the groundwater
level is close to the bottom of the embankment for a more rigid resistance to loads from the above
structure. It also reduces the chance of differential settlement in the slab by supporting it more
homogeneously than an unimproved subgrade. It is also much easier to compact a subbase on a capping
layer than on saturated clay, meaning that by installing a capping layer, delays in constructing the
subbase due to wet weather can be reduced.

In this investigation has been laboratory proven that reinforcement of the collapsing soil with
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geomaterials, namely geotextiles, increases the bearing capacity of the soil and improves its deformation
properties. The coefficient of relative collapsing for samples with a ratio (soil 60% - 40% lime) is
&1=0.03>0.01 (not reinforced with geotextile), es1=0.021>0.01 (reinforced with geotextile), for samples with
a ratio (soil 50% - 50% lime) is &s1 =0. 035>0.01 (not reinforced with geotextile), £1=0.03>0.01 (reinforced
with geotextile), for samples with the ratio (soil 40% - 60% lime) equal to &1=0.04>0.01 (not reinforced
with geotextile), £5=0.031>0.01 (reinforced with geotextile).

References

1. Hamdy D.B. A sustainable approach for improving the behavior of collapsible soil using marble dust
// Innovative Infrastructure Solutions. — 2022. — Vol. 7, Issue 4. — P. 260.

2. Haeri S.M., Valishzadeh A. Evaluation of Using Different Nanomaterials to Stabilize the Collapsible
Loessial Soil // International Journal of Civil Engineering. — 2021. — Vol. 19, Issue 5. — p. 583-594.

3. Niu L., Ren W., Zhang A. et al. Experimental study on the influence of soluble salt content on
unsaturated mechanical characteristics of undisturbed Ili loess // Bulletin of Engineering Geology and
the Environment. — 2021. — Vol. 80, Issue 9. — p. 6689-6704.

4. Hameedi M.K. Field study on soft soil improvement using continuous flight auger (CFA) piles //
International Journal of GEOMATE. — 2021. — Vol. 21, Issue 86. — p. 159-166.

5. Seiphoori A., Zamanian M. Improving mechanical behaviour of collapsible soils by grouting clay
nanoparticles // Engineering Geology. — 2022. — Vol. 298. — P. 106538.

6. Krieger N.I.,, Kuznetsov A.G., Muntz O.L Indirect methods for assessing the subsidence properties of
loess rocks // Proc. PNIIS. - Moscow: Stroyizdat, 1971. — VOL. 12 p. 191-260.

7. Kurguzov K.V., Fomenko LK., Sirotkina O.N. Evaluation of bearing capacity of piles. calculation
methods and problems // Proceedings of the Tomsk Polytechnic University. Engineering of georesources.
—-2019. -T. 330, Ne10. — p. 7-25.

8. Muzdybayeva T., Alipbeki O., Chikanayev A., Abdykarimova S. Road pavement using geosynthetics
on the territory of rural settlements // International Journal of GEOMATE. —2022. — 23 (96). — pp. 61-68.
9. Hufenus R., Rueegger R., Banjac R., Mayor P., Springman S., Bronnimann R. Full-scale field tests on
geosynthetic reinforced unpaved roads on soft subgrade / // Geotextiles and Geomembranes. — 2006. —
Vol. 24, No. 1. — P. 21-37. DOI: 10.1016/j.geotexmem.2005.06.002

10. Mustakimov V., Study of Collapsing Soils Reinforced by Vertical Elements. Deutschland: Lambert
Academic Publishers, 2016, p.36—45.

11. Zhankina A. Investigation of methods to improve soil bases in collapsible areas: Thesis for the Degree
of Doctor of Philosophy (PhD). — Astana, 2022. — p.156.

12. Tulebekova A., Jumabayev A. Aldungarova A. Zhankina A. The use of geosynthetics for
strengthening the soil base: a laboratory experiment to develop practical skills of postgraduate students
// World transactions on engineering and technology education. — 2022. — Vol.20. —Issue 4. — pp. 286-291.

A. TyaeGexosal, I'. TambipOeprenosa?, A. Kankunal, I'. baiisakosa3
Y1.H. I'ymures amvindazvl Eypasus yammork yrusepcumemi, Acmana, Kasaxcman
2Kasaxcmarn zeocurmemuxarvix kozamol, Acmana, Kasaxcman
3/. Cepixoaes amoindazor Lvizvic Kasaxcmarn mexnuxarox yriusepcumemi, Ockemer, Kazaxcman

TonbIpakThIH MIOTyi Ke3iHAeri apMaTypaHbIH TUiMAiAiri

Anaarma. [lleringi aymakTap/a TOIbIpak Heri3gepiH >KaKcapTy a4icTepiH KoaAaHy OyTiHIi TaHAa
©3eKTi Maceae 004bII TaObLAaAbl. byraH KeaiK KYpBLABICTApBIH IaiijadaHyaFrsl KUBIHABIKTAP 4914
604a aaaapl. bya >KyMpIcTa TOIBIPAKThl HBIFAITY OOIBIHINA DKCIIEPUMEHTTIK 3epTTeyAep YCHIHBLAFAH.
TonplpakThIH KacueTTepiH aHBIKTAy MaHBI3AB (PaKTOp OO0ABII TaOblaaAbl, COHABIKTAH >KYMBICTa
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3epTXaHaABIK 3epTTeyAepaiH HoTiKeadepi KeatipiareH. Imiki yiikeaic Oypsimisl MeH aedpopmariys
apMaTypaAblK 9JeMeHT JKepre eHreH Ke3Je >KOrapblaaliabl, Oy ipreTacTblH KOTEPTilTIiriH apTThIpaAbl
JKoHe >Kep MaccachIHBbIH AepopMaliusAcel MeH IeryiH asaiiTagbl. TonmbplpakTa apMaTypaAblK 9A€MeHTTi
KOAJaHy TOIIBIPAaKThIH (pU3MKa-MeXaHMKaAbIK KacleTTepiH JKaKcapTyFa MYMKIHAIK Oepill KaHa KoiiMaii,
DKOHOMMKAABIK acep Oepedi. bya >kep >KyMbICTapBIHBIH KYHBIH TOMEHAeTyre MYMKiHAIK Oepeai. Ocebl
3epTTeyse aAblHFAaH HOTVDKeAep INeriHAi ayMakTapaa KypbIAbICTap cady Ke3iHge TybIHAAWTHIH
npo0.1eMasapAbl >KOIO YIIIiH aliTapAbIKTall 91eyeTKe 1e.
Tyi1in ce3aep: TorbIpak, reOCMHTETHKA, IIIOTY, apMaTypa, KacueTTepi.
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Kasaxcman

P PeKTUBHOCTb apMUPOBAaHM Ha IIPOCAjd0OYHOCTb IPYHTA

Annoramms. Ilpumenenne MeTOA0B yAyYIeHNMs TPYHTOBBIX OCHOBaHMII Ha ITPOCAJOYHBIX
TEePPUTOPUAX SBASETCS aKTyaAbHON IPOOAeMON Ha CerogHsAIHU AeHb. OO DTOM CBUAETeAbCTBYIOT
COXpaHAIOIIeCcs] TPYAHOCTUM C 9KCIIAyaTalliell TPaHCIIOPTHBIX COOpyXeHmit. B aannoir pabote
IpeACTaBAeHbl DKCIIepMMEeHTaAbHble JCCAeJ0BaHMs II0 YKpeIlAeHMIO I'PyHTOB. BakHpiM (axTopom
SABASIeTCA OIpejeaeHNe CBOJICTB IPyHTa, II09TOMY B paboTe IIpeACTaBA€Hbl pe3yabTaThl Aa00paTOPHBIX
uccAeAOBaHMIA. YT0A BHYTPEeHHEIO TpeHus 1 gepopMaliusl yBeAndnBaloTCs B 00AbIIIeil cTelleH!, KOrja
apMUpPYIOIINII DA€MeHT BHeAPseTCs B IPYHT, YTO YBEAMYUT HECYIIYIO CIIOCOOHOCTh (yHAaMeHTa I
YMEHBIINUT AepOPMUPYEMOCTh M OCeJaHue TPYHTOBOTO MaccuBa. JIcrmoab3oBaHme apMMpPYIOIIETO
9JeMeHTa B TPYHTe He TOABKO IT03BOASAET YAYUIIINTh PU3NKO-MeXaHIJIecKe CBOJICTBa IPYHTa, HO I AaeT
HKOHOMMUYECKNIT 9PPeKT. DTO MO3BOASET CHUBUTh CTOMMOCTh O0ObeMa 3eMASHBIX padoT. PedyabTars,
IoAy4eHHble B JaHHOM MCCAeJ0BaHNY, MMEIOT 3HaYMTeAbHBIN ITOTeHI[MaA AAs ycTpaHeHus Ipo0aeM,
BO3HUMKAIOIINX PV CTPOUTEALCTBE COOPY>KEeHMI Ha ITPOCaA0YHbBIX TEPPUTOPIIX.

Karouesble ca0Ba: TpyHT, TeOCUHTETHKA, IIpOCcalka, apMUpOBaHye, CBOJCTBa.
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