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Abstract. The article presents the methodology for conducting field tests of lime-soil cushions to
examine the technology of their construction, gain strength, their operation under rigid stamps,
and the characteristics of stress-strain state development. The results of field studies showed that
the lime-soil mixture can be used as a structural material in the preparation of bases on loess- loess
soils in the conditions of the Republic of Tajikistan. Field tests showed that the lime-soil mixture
achieved a dry density of 1.53-1.56 t/m3, while the deformation modulus increased by 5-10 times
compared to natural loess soils.

Keywords: lime-soil mixture, loess-sedimentary soil, strength indicators, deformation indicators,
water resistance, static tests, optimal moisture, stamp, depth marks, flexure gauge.

1. Introduction

In recent years, due to the high rates of industrial, civil, agricultural, and water management
construction, intensive development of territories composed of loess loess soils of varying
thickness has been carried out. Ensuring the reliability and stability of the buildings and structures
being constructed in such complex engineering-geological conditions is a very complex task. The
complexity of this problem is further aggravated by the region's high seismicity, when additional
subsidence deformations (seismic subsidence) can manifest during earthquakes [2-8].

In addition, intensive development of adyr territories is currently underway, characterized by
dissected relief and a large thickness of loess soils. Solving this problem requires considering a
complex of engineering measures that ensure the elimination of the sedimentary properties of loess
soils on one side and the seismic stability of slopes on the other. At the same time, an important
condition is that during construction, it is necessary to make the best possible use of the existing
terrain relief from the point of view of the architectural layout of the territory.

Currently, specialists have developed effective methods for preparing bases, as well as work
is being carried out to further improve them on shrinking soils, including in conditions of complex
relief and high seismicity. However, despite the successes achieved, the problem of building
buildings and structures in such conditions remains relevant and requires further comprehensive
research.

The results of laboratory studies of lime-soil mixtures indicate the effectiveness of their use as
artificial foundations for various buildings and structures constructed on loess- loess soils. It
should be noted that in this direction, the features of working compacted cushions made of local
loess soils for high-rise buildings have been sufficiently studied. Studying this issue has important
practical significance and will allow for the rational design of lime-soil cushions in the future, as
well as determining the area of their application, therefore, the main goal of the field experimental
experiments was to study the operation of lime-soil cushions under natural conditions.
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2. Materials and methods

Experimental studies were conducted under field conditions at the 7 km experimental site of
the Dushanbe-Vakhdat highway, where loess- loess soils are widespread, as well as at two field
plots located in the territory of the “Kyzyl Kala” farm in the Jaloliddin Balkh district.

Geomorphologically, the area is adjacent to the III right-bank terrace of the Kafirnigan River.
The terrain is uneven, with artificial excavations 4-5 m deep.

Quaternary age alluvial deposits, represented by loess-like macroporous loams and sandy
loams, yellow-brown in color, of medium density, from slightly moist to moist, participate in the
geological structure of the described area. Loess-like soils are covered in places by loose soil with
a thickness of up to 1 m. The exposed thickness of loess-like soils is 46.5 m, with a total thickness
of more than 100 m. Loess-like soils are lined with gravel deposits. Groundwater was not exposed
by a well drilled to a depth of 46.5 m. Taking into account the data of previously conducted
surveys, groundwater lies at a depth of more than 50 m.

Individual soil horizons are characterized by low values of the total deformation modulus,
approximately 3-5 MPa. The research data allow for the characterization of soils from highly
compressible to weakly compressible. Strongly and moderately compressible soils predominate.
The internal friction angle is 27° and the clutch is 0.0033-0.0083 MPa; the average values are
29-28°, 0.0050-0.0066 MPa, respectively.

The physical properties of the soil of the experimental site are presented in Table. 1.

These properties of the soil of the experimental site relate to the research conducted by the
“TajikGIINTIZ” institute in Dushanbe. To clarify the characteristics of the soil in the experimental
plot, a depth of 4.5 m was dug, samples were taken every meter, and appropriate laboratory studies
were conducted according to the standard methodology.

Table 1. Indicators of the physical condition of the soil of the experimental site
at the 7 km of the Dushanbe-Vakhdat highway

Sampling l?ensuy of SOI.I Dry Natural Porosity | Number Watqr
No denth. m soil particles, | density deﬁsﬁy humidity | coefficient | plasticit saturation
P, t/m? t/m? | soil t/m3 Y P Y| coefficient
1 1 2.67 1.52 1.29 0.18 0.910 0.07 0.53
2 2 2.67 1.76 1.45 0.20 0.820 0.06 0.68
3 3 2.68 1.81 1.46 0.23 0.866 0.07 0.71
4 4 2.68 1.85 1.46 0.26 0.752 0.06 0.95
5 5 2.68 1.95 1.54 0.27 0.786 0.06 0.98
6 6 2.68 1.98 1.57 0.26 0.740 0.06 0.99
7 7 2.69 2.04 1.62 0.26 0.682 0.07 1.08
8 8 2.69 2.08 1.68 0.23 0.654 0.07 1.0
9 9 2.69 2.04 1.62 0.26 0.665 0.08 1.0

3. Results and discussion

The research results showed that the soils are mainly represented by loams and sandy loams.
The upper 3.0 m soil layer is considered sedimentary and is characterized by a small bulk density
of dry soil (1.30-1.47 g/cm®) and a low moisture content of 7-9 %. The density of the soil is
1.35-1.50 g/cm?, and the particle density fluctuates within the range of 2.66-2.68 g/cm?.

According to research data, groundwater up to a depth of 18.0 meters has not been excavated.
The construction site is composed of sandy loam soils, the explored thickness of which is 18.0 m.

In terms of shrinkage, the soils belong to the II-type. The thickness of the sedimentary layer is
10-12 m. The amount of settlement from the soil’s own weight when soaked to the specified
thickness is 18 cm, and under a load of 0.2 MPa — 45 cm.

To more thoroughly study the engineering-geological conditions of the experimental areas, a
pit with a cross-section of 2 m? and a depth of 10 m was drilled. During the drilling process,
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monoliths were selected from various depths and the corresponding physical and mechanical
properties of the soils were determined.

It should be noted that the soils of the experimental plot No. 1 before the start of the tests were
transferred to the 1st type of soil condition by surface wetting through a pit.

The physical and mechanical properties of the soils of experimental plots No. 1.2 are presented
in Table 2 and 3.

Experimental studies were conducted at an experimental site located at the 7th km of the
Dushanbe-Vahdat highway to develop the technology for installing lime-soil cushions, determine
their strength parameters, and determine the influence of climatic factors on the stability of the
above-mentioned cushions.

For this purpose, models of lime—soil cushions measuring 2.0x1.0 m were removed from the
experimental plot; 1.5%1.5 m and thickness, respectively, 1.0 and 1.3 m. (Fig. 1).

The No. 1 cushion was intended for determining strength parameters, while the No. 2 cushion
was intended for studying water resistance and frost resistance.

The cushions were installed by layered compaction using a 35 kg hand roller. The thickness
of the layer during filling was taken as 8-10 cm, and the number of passes on one track was taken
as 10. The thickness of the deposited layers, as well as the number of passes, are selected
depending on the characteristics of the compacting mechanism of the hand roller. The adopted
technology for constructing a pillow made it possible to achieve a dry soil density of
1.53-1.56 t/m>.

The mixture required for the construction of a lime-soil cushion was prepared in a SO-26B
mortar mixer as follows: the natural moisture content of the soil selected near the experimental
site was prepared in portions and poured into the mortar mixer. After loosening the soil, ground
quicklime was added as a powder and mixed with water until a uniformly moistened mass was
obtained. The amount of lime soil and water required to prepare the mixture was determined by
calculation.

A

, 1000, 2500 L .
P 4 4 .

Fig. 1. Layout of the experimental site: 1 — lime—soil cushion (1.0 m);
2 — lime-soil cushion (1.3 m); 3 — loess soil layer

Table 2. Physical and mechanical properties of the soil of the experimental site No3

Soil . . . . . |Internal Internal
Sampling| particle Sm'l Dry S.O]] Nat}l r.al Nam?a‘ PorOS} ty |Plasticity friction| kPa |friction Flowability
No .-~ |density,|density, humidity, [porosity,|coefficient,| number, .
depth |density, 3 3 angle, clutchc| angle, |indicator I,
pe /mPlpge /MY W /% | n% e I
Ps¢ /M @ )
1| 2.0 2.67 | 141 | 1.30 7.8 51.31 1.053 6.5 300 | 7.5 30 <0
2| 40 2.67 | 135 | 1.24 8.9 53.55 1.153 3.7 30° — 29 <0
3] 6.0 2.68 | 1.40 | 1.33 4.8 50.37 1.015 7.5 28° - 30 <0
4| 8.0 2.67 | 1.37 | 1.29 5.6 51.68 1.069 6.2 30° - 30 <0
5| 100 | 2.67 | 149 | 1.41 5.5 47.19 | 0.893 5.0 30° - 30 0

The amount of filled mixture was selected taking into account ensuring homogeneous
compaction. For this, the pillow was divided by height into several parts and the required amount
of mixture was determined for each part.

After installing the pillow, samples were taken from the body to determine the density of the
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dry mixture.

Around the No. 2 pillow, a rolling was carried out to investigate the influence of multiple water
saturation and drying cycles on the mixture stability.

To study the strength gain of the lime—soil cushion (pillow No. 1), cube-shaped samples
measuring 10x10x10 cm were selected from its body and tested for uniaxial compression
(Figs. 2, 3).

Table 3. Physical and mechanical properties of the soils of experimental site Ne3

Soil . . . ..
. . Soil |Dry soil| Natural | Porosity |Plasticity Internal .
No Sampling| p artlple density, d;}llsity, humidity, coefﬁcieﬁt, number, kPa friction F lo'wablhty
depth | density, e I W % I clutchc ) indicator, I,
pep /M’ Pt/ M | Pgp /M o e P angle, ¢
1 1.5 2.67 1.34 1.28 53.93 1.17 6.7 30 <0
2 3.5 2.68 1.33 1.34 52.61 1.11 8.0 7.1 29 <0
3 5.5 2.67 1.38 1.38 47.19 0.893 6.4 30 <0
4 7.0 2.68 1.43 1.42 46.50 0.864 5.6 2.3 30 0.86
5 8.0 2.67 1.56 1.46 44.73 0.837 5.2 30 0.95
6 10 2.68 1.69 1.52 41.56 0.79 4.7 30 1

Field tests were carried out under natural climatic conditions. During the test period, the
average air temperature ranged from 18-26 °C, and relative humidity varied between 45-60 %.
Each load stage was monitored for 2 hours until conditional stabilization (0.01 mm). During
soaking tests, a constant water level of 0.2-0.3 m was maintained above the surface, and the degree
of saturation of foundation soils ranged between S, = 0.80-0.95. These details ensure
reproducibility and allow more accurate interpretation of the mechanical behavior of the lime-soil
cushions.

The main objective of the experimental studies conducted in the experimental plots of the
“Kyzyl Kala” deposit was to study the operation of lime-soil cushions under hard stamp bases and
to identify the developmental features of deformations occurring in their bodies.

18
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=
=

Time, day
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Fig. 2. Increase in the strength of the lime-soil mixture ~ Fig. 3. Destruction of cube-shaped samples
based on the test results of samples selected from the body during one-axis compression tests
of the lime-soil cushion 1-at optimal moisture content of
the samples; 2-the same, water-saturated samples

To conduct the tests, 3 trenches were constructed in the 1st section, and in the second section,
one pit measuring 4x12 m in plan and 1.5 m deep was constructed (Fig. 4).

Considering the high strength and deformation properties of the lime-soil mixture, the
thickness of the cushions was taken as 0.5 and 1.0 m. The construction of the cushions was carried
out by deposition of a 25 cm thick layer of lime-soil mixture with optimal moisture content,
followed by compaction with a 6.0 t roller to a dry mixture density of 1.6 t/m?.

Studies of the operation of natural and artificial bases with an upper compacted layer made of
lime-soil mixtures were conducted using round rigid stamps with an area of F = 10000 cm®
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(Dgp, = 112 cm) according to the standard methodology. Stamp loading and deformation
measurements were performed in accordance with GOST 20276-2012 and GOST 30416-2012,
which correspond to the principles of ISO 22476-2.

During the experiments, 2 stamps were simultaneously loaded through a metal platform with
reinforced concrete blocks (Fig. 5). The stamps were placed at a distance of at least 5 Dg; from
each other. Stamp displacements were measured at 4 points.

12.0

0 40 0 - drainage
5 ——wells 220
° ° o iwith 2 depth of H=2 m

trench ] A adeptho
: O _________________ @ - o
1 wmamn
F=10m?
0 o ] o]
trench2 trench 3 trench 4

4 4.0 40
+ A—rD —Y 0

Fig. 4. Trench diagrams during testing

Reference system r/c blocks. loading platform

stamp F=1.0 m2

ground-covered pillow

I v S | |

7

water level ‘ | | | | |

24 _ AR . a bush of deep-sea
6077/ st

Fig. 5. Diagram of conducting stamp tests

To measure the layered deformations of the foundation soils in experiments 5 and 6, helical
depth marks were used, which were set at intervals of 0.5; 1.0; 1.7; 2.24 m. The movement of
stamps and base soils was recorded by Maximov's deflection gauges installed on a rigid
benchmark system.

The loading of the stamps was carried out in stages of 50 kPa, with each stage holding until
the conditional stabilization of the precipitate, which we accepted as equal to 0.01 mm for 2 hours
of observations.

In the 1st section, lime-soil cushions were laid with a thickness of 0.5 and 1.0 m (Fig. 4).
Before loading the stamps, the soil was soaked to a value of S, > 0.8. In addition, during the
testing process, a constant water level of 0.2-0.3 m was maintained in the reservoir to determine
the possibility of water penetration into the body of the pillow and the change in its strength and
deformation characteristics.

In the II section /pit 4/, cushions were laid with a thickness of 1.0 m. Initially, the stamps were
loaded to maximum load, and then the soil was soaked. The water level in this pit was also
maintained constantly.

Based on the results of static tests, a graph of the dependence of stamp settlement on pressure
was constructed, as well as diagrams of the development of layered movements of soils at the
depth of the stamp base (Figs. 6, 7). Based on these dependencies, the design resistances of the
artificial foundation soils and the depth of the active zone were determined.
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Fig. 6. Dependence of stamp settlement Fig. 7. Development of soil sediments

on pressure P at depth (pit 3)

To clarify the engineering significance of the obtained results, a comparative quantitative
analysis was performed. The uniaxial compressive strength of the lime—soil mixture increased by
approximately 25-35 % compared to untreated loess soils. The deformation modulus of the treated
material exceeded the natural soil values by 5-10 times. In stamp tests, the settlement under
equivalent loads decreased by 20-30 %. These quantitative improvements demonstrate the
efficiency of lime-soil cushions in reducing compressibility and increasing load-bearing capacity
of foundations in loess terrains.

These results are consistent with international studies conducted in China, Iran, and Italy,
where lime stabilization has demonstrated similar reductions in compressibility and improvements
in seismic performance.

4. Conclusions

1) The conducted model-experimental studies allow us to study the qualitative picture of the
nature of the work of limestone-soil cushions in the loess soil massif.
2) Field tests of lime-soil cushions showed that they can be used as a structural material as an

artificial base on type I loess soils.

3) Quantitative data on the load-bearing capacity and deformability of cushions made of lime-
soil mixtures can only be obtained based on extensive field tests.

4) The deformability indicators of lime-soil mixtures exceed the same indicators of soils by
5-10 times, which allows them to be classified as structural materials. For practical application,
the recommended parameters of lime-soil mixtures are: optimal moisture 12-15 %, lime content
8-10 %, and achieved dry density 1.53-1.60 t/m?.
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