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ABSTRACT: Soft soil and unstable structural soil occupies more than 30% of a surface of the territory of Kazakhstan on which build 
different engineering constructions. The existing methods of strengthening of such soil are known rather well, but aren't always 
applicable or effective. Experience of strengthening of loessial collapsible soil by the mixed chemical and mechanical method is 
given in article. It is shown that at production of the new soil basis mix of local soil and lime is applied. The composition of mix was 
selected so that after layer-by-layer laying and mechanical consolidation physical and mechanical properties of soil of the basis 
exceeded parameters which receive when using only of local soil. Special field and laboratory researches on studying of properties of 
the received condensed layer are carried out. Data on formation in the received mix of the initial structural durability exceeding the 
initial structural durability of collapsible soil are experimentally obtained. Analytical calculations have shown efficiency of use of mix 
from clay and lime for improvement of properties of the basis. 

RÉSUMÉ : Les sols structurellement instables occupant plus de 30% de la surface du territoire du Kazakhstan sur qui construisent de 
differents ouvrages d’art. On connait bien les methods existant du renforcement de tells sols mais elles ne sont pas toujours efficacies. 
Dans l’article on procede l’experience du renforcement des fondations de loess par la method melangee chimico-mecanique. On montre 
que sous un agencement un coussin phréatique on a appliqué une mélange du sol et de la chaux. La composition de la mélange 
s’approchait de la maniere pour qu’apres l’étend par couche et d’épaissement mécanique les indicateurs du sol de la fondation dépassent 
les parametres qui recoivent a l’utilisation seulement du sol local. On a fait  les expériences spéciales  champetres et laboratoires selon 
l’étude des priorités de la couch épaissée recue. Les résultats ont montré l’augmentation essentielle des parametres mécaniques. On a 
recue les données sur la formation de la solidité structural dans les sols qui dépassent la solidité initiale naturelle de la ramolissement do 
sol. Les comptes analitiques montrent  l’éfficacité des agencements de la fondation de la melange une argile - une chaux. La capacité du 
sol de la fondation s’augmente, la largeur demandée de la semelle du fondement et la profondeur de la zone de l’état tendu et déformé se 
diminue. 
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1.  INTRODUCTION  

Kazakhstan – intensively developing state. Natural and 
geographical conditions of the republic allow to support 
development at the good level. In too time extensive territories 
have different climatic and geological conditions. Severe winter 
conditions in a northern part are replaced on hot and droughty 
conditions in the south. The massif in the North and the South 
is replaced by steppe territories in the central part. It creates 
difficulties at design and construction of construction objects. 
Loessial macro porous soil is spread in the southern part of 
Kazakhstan. They are created as a result of different 
endogenous processes in mountain and foothill territories. They 
have generally aeolian origin and form geological layers from 
several meters to tens of meters. Without special events for 
elimination of additional sags to use such soil as the bases of 
constructions there is no opportunity. Traditionally for 
elimination of collapsible soil carry out replacement of soil by 
neprosadochna. For this purpose carry out mechanical 
consolidation or chemical influence like solidification, slotting 
collapsible thickness by the pile bases. However all actions 
have high cost that raises the price of construction in these 
regions. Development of more economic and effective methods 
of elimination of collapsible properties of soil is one of 
important tasks of Geotechnics in Construction laboratory of 
the Kazakh Leading Academy of Architecture and Civil 
Engineering.     

 

2. GEOLOGICAL REGION STRUCTURE 

 Engineering-geological conditions of the considered platform 
are given in an example of the city of Chimkent, Young 
Kazakhstan. Up to the depth of 26,0 m, take part in a geological 
and lithological structure of the platform: from the Earth's 
surface – bulk soil. Below, up to the depth of 11,8-20,8 m, 
alluvial and prolyuvialny averages and the top quarter nary clay 
deposits lie. They are created by loam brown, macro porous, a 
firm consistence. These layers are spread by pebble soil with 
sandy filler to 30%, with lenses of loam and sand dusty 0,3 m, 
small extent of water saturation. A certain depth of layers 
makes 1,9-9,5 m. Underground waters, on the platform aren't 
opened with wells up to 26,0 m in depth. On classification and 
collapsible properties on the platform two engineering-
geological element (IGE) are allocated: IGE 1 – loam macro 
porous, collapsible, firm, 10,0-12,3 m. The possible size of sag 
of loam from a body weight when soaking on compression tests 
of 5,0 cm. Type of soil conditions of the platform - the first; 
IGE 2 – pebble soil with sandy filler to 30%, small extent of 
water saturation, with an opened power of 1,9-9,5 m. 
Soil of engineering-geological elements is characterized by the 
following values of indicators physical, strength, deformation 
and collapsible properties: 
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 Table 1. Main physical properties of soil of the basis. 

Name of indicators, 
measurement unit 

IGE 1 

Range of 
change of 

values 

Calculated 
values 

1 2 3 
Density of firm particles, g/cm3 2,69-2,72 2,70 
Density, g/cm3 1,47-1,79 1,64 
Density in a dry state, g/cm3 1,30-1,57 1,44 
Humidity is natural, % 7,7-19,1 7,7-19,1 
Humidity degree 0,25-0,62 0,25-0,62 
Porosity, % 41,6-52,0 46,9 
Void ratio 0,71-1,09 0,88 
Plastic limit, % 17,8-20,7 19,0 
Liquid limit, % 25,4 -28,6 26,9 
Plasticity index 5,9-9,2     7,9 
liquidity index <0 <0 

 
Table 2. The main of strength and deformation properties of soil of the 
basis. 
№ 
I
G
E 

Name  
soil 

At a water-saturated state Еус 
МП

а 

Епр 
МП

а 
γI/γII,  

кН/м3 
φI/φII, 

degree. 

сI/сII

, 

кПа 

Е,  
МП

а 

1 
Loam 

collapsible 
18,6 
18,6 

20 
21 

5 
5 

3,6 5,9 
15,
6 

2 Pebble soil 
22,1 
22,1 

36 
38 

0 
0 

36,3   

 
where: № IGE - number of an engineering-geological element; 
E - the deformation module at a water-saturated state; 
Eus - the deformation module at established humidityи. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2. Change of initial collapsible pressure on basis depth. 
 
 
3. CHOICE OF THE ENGINEERING DECISION 
 
According to data of engineering-geological researches soil 
belongs to the I type on collapsible properties. Therefore we 
apply a soil pillow with chemical fixing in the form of binding 
material to elimination of collapsible properties of the basis – 
lime. For formation of a soil pillow in the project the soil mix 
strengthened by lime is recommended. Almost all types of lime 
are applied to fixing of soil, however depending on a type of 
lime the effect happens different. Lime can be entered into soil 
in the form of extinguished Ca (OH)2 lime ("pushonka", limy 
dough) and in the form of not extinguished CaO (ground 
"kipelka"). When processing soil the following physical and 
chemical processes happen lime: treatment of initial soil 
colloidal shattered hydrate of an oxide of calcium; 

consolidation and crystallization of hydrate of an oxide of 
calcium with formation of rigid structural communications 
between soil particles; absorption by a fine and colloidal part of 
soil of ions of calcium and folding in strong units; partial 
carbonization of hydrate of an oxide of calcium with formation 
of rigid structural communications from carbonic lime (calcite); 
formation of silicates of calcium at interaction of hydrates of an 
oxide of calcium with mobile forms of a kremnekislota. It is 
established that it is more economic to apply ground not 
extinguished lime to strengthening of the remoistened soil. Not 
extinguished lime gives the knitting effect for 7, 5% it is more, 
than extinguished. When using the limy test it is necessary to 
consider that curing requires long time, besides, limy dough 
when curing can shrink [3]. At lime application of soil the large 
role is played by humidity of a zatvoreniye. Optimum humidity 
of soil, according to I. V. Egorov, is defined as: 

 
W0=Wopt + 1,5+0,2D,             (1) 

 
Where: Wopt – the optimum humidity of soil determined by a 
standard method; D – amount of lime. 
At introduction to water-saturated soil of not extinguished 
ground lime there is a process of clearing to allocation of heat: 

 
CaO+H2O = Ca(OH)2 +15,5 kcal.     (2) 

 
 Hydrate of an oxide of calcium is distinguished in a fine state, 
when clearing 1 kg of lime 277 kcal are allocated, and volume 
increases by 2–3,5 times. When using as additive of chloride 
calcium connections like Sorrel's cement can be formed: nCaO 
• CaCl2 • 6H2O. Introduction of salts of sodium also increases 
durability the izvestkovannykh of soil. Researches of different 
authors show that curing process the izvestkovannykh of soil is 
considered as result of interaction of a hydroxide of calcium 
with fine silicon dioxide. At usual temperatures this reaction 
proceeds slowly and considerably accelerates at the increased 
temperatures and humidity. Increase of durability the 
izvestkovannykh of soil in time is caused by lime binding 
processes by air carbonic acid in hydrosilicate of calcium and in 
a calcium carbonate, and process of formation of hydrosilicates 
proceeds sometimes quicker, than a karbonatization. This 
increase of durability of subjects is more, than less dosage of 
lime. Traditionally at lime application of clay breeds the 
consumption of lime is in limits of 5-10% of the mass of mix. 
Fixing of dusty soil requires 8–12%. The clay soil processed by 
lime gains durability more slowly, than the soil processed by 
cement because of duration of processes of crystallization of Ca 
(OH)2 and carbonization of breed. It needs to be considered at 
design of works. Acceleration of process of set of durability of 
the soil processed by lime requires use of special chemical 
additives (liquid glass – 2%, chloride calcium – 0,5–1,5%). In 
the project the lowered not extinguished lime, and also the 
crushed coal or carbide slag is applied. The prepared material 
has to include calcareous blocks (lime in calcareous blocks 
shouldn't be less than 70%), which before use need to be 
humidified with dispersion in 3-4 days. Before application 
material needs to be sifted repeatedly. The size of a sieve 
shouldn't exceed 5 mm. The ripened material has to consist of 
the lowered not extinguished lime which in a proportion 3/7 is 
mixed with clay. After mix maintain 8 hours in a warehouse, 
only after that it can be used. As clay it is possible to use natural 
loam. But at him there shouldn't be an organic impurity and the 
size of lumps shouldn't exceed 15 mm. Mix has to have the 
following proportions: 2:8 or 3:7 (the ripened lime and clay). 
 
4. LABORATORY RESEARCHES. 
 
The purpose of laboratory researches to determine parameters 
of durability of the received mix loam – lime. For tests the 
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samples of soil of the broken addition with natural humidity and 
density which are selected from a soil pillow are used. Because 
samples of soil supported fractions of material to 20 mm, use of 
traditional shift devices wasn't possible. For carrying out 
experiments the device of a design of KAZGASA is used shift. 
The area of a sample makes 1280 cm2. height of a sample is 
350 mm. The general view of the device is shown in the figure 
3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. General view of the shift device of KAZGASA 
 
Operation of the device is organized in the kinematic mode. 
Deformation is set and tension is controlled. The design of the 
device allows to control vertical and tangent tension at any 
moment, and shift deformations. The movement of the lower 
mobile holder of the device is created by means of a hydraulic 
jack. The technique of carrying out tests conforms to 
requirements of GOST 12248-2010 "Soil. Methods of 
laboratory definition of characteristics of durability and 
deformability" [6]. Experiments are made at a normal tension 
0,1; 0,2; 0,3 MPa. Take the deformation speed which isn't 
exceeding 0,01 mm/min. for criterion of conditional 
stabilization of deformation of a cut. 
Results of test of soil are given in the figure 4 and figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Resistance to mix shift clay soil-lime. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Chart of a limit state 

 
The received values: angle of internal friction of tg φ = 0,445, at 
the same time φ = 24,0º; cohesion C=47,3 kPa. Thus it is 
received that the angle of friction has increased by 24%, 
cohesion has increased almost by 10 times. 
 
5. FIELD RESEARCHES 
 
The purpose of field researches to define the module of 
deformation of the received mix loam – lime. The main field 
tests of soil are executed in a body of a soil pillow at a depth 
0.2m and 1.0m from a surface. Tests are carried out round by a 
flat stamp of 600 cm2. The sizes of a stamp conform to 
requirements of GOST 20276-2012. Load of stamps was put by 
means of a hydraulic jack from the NRG 7016R pump station 
of the Russian firm "Gidrosfera". As basic system has been 
accepted - the Volvo excavator. Lump of basic system 40t. The 
general view of carrying out tests is shown in the Figure 6. 
The size of vertical loading were measured by means of an 
electronic dynamometer of DIN 10 established between a jack 
and a persistent frame with the price of division of 1,0 kgfs. 
Pressure upon a stamp about 50,0 kPa (0,50 kg/cm2) were 
carried out in steps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Д 
 

 
 

Figure. 6. Field tests by a stamp static loading. 
 
Deformation of a stamp were measured by means of two 
sensors of movement. Sensors of movement were established 
on the special supporting system independent of the load device. 
The stamp draft speed which isn't exceeding 0,1 mm during 
from 0,5 to 3 hours was accepted to criterion of conditional 
stabilization.  
The module of deformation of soil E, MPa, has been calculated 
for the line section of schedule S = f(P) on a formula: 
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E = (1-ν2)*kp*k1*d*Δp/Δs,        (3) 

 
ν - Poisson's coefficient accepted equal 0,4 - for clays; 
Кр - the coefficient accepted depending on deepening of a 
stamp of d/D; 
d - stamp arrangement depth concerning the surface of soil, cm; 
D - diameter of a stamp, cm; 
Ki - the coefficient accepted for a rigid round shtamkp equal 
0,79; 
ΔР - change of pressure upon a stamp, MPa, equal Rn-P0;  
ΔS - the change of draft of a stamp corresponding ΔР, cm, 
defined on the averaging straight line. 
Deformation of a stamp (stamp draft) value of indications of 
two devices was defined as an arithmetic average. The module 
of deformation of soil was defined according to GOST 20276-
2012. Results of test of soil are given in the figure 7 and 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Results of test by a flat round stamp (600 cm2) at a depth of 20 
cm from a surface of a soil pillow. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Results of test by a flat round stamp (600 cm2) at a depth of 
100 cm from a surface of a soil pillow. 

 
Results of tests show essential increase in the module of the 
general linear deformation of Eo in comparison with the 
deformation module for the condensed loam which was equal 
15,6mpa. Increase in the module has made 1.5-1.7 times. 

 
 
Таблица 3. Table of results of field tests by a stamp D= 600 cm2 

Venue of test 
 

Change of tension on a sole of the 
base, kgf/cm2 

0,0-1,0 1,0-3,0 3,0-5,0 
On a surface of a soil pillow 

37,65 26,2 15,8 

At a depth of 20 cm from a 
surface 26,35 21,1 21,1 

At a depth of 100 cm from a 
surface 29,1 14,7 8,5 

Average values 31.03 20.67 15.1 

       
 CONCLUSION 
 
1. For collapsible soil I of type on collapsible properties for 
elimination of effect of sag application of the soil pillow created 
from low-water-permeable material is recommended. The local 
clay soil condensed to the maximum density at optimum 
humidity is usually applied. However his mechanical 
characteristics not always are sufficient. 
2. As material of a soil pillow to apply mix from clay soil and 
lime in a proportion 2/8 or 3/7. Tests in laboratory and field 
conditions have received that mechanical properties of material 
of such pillow for 20-50% exceed properties of the pillows 
arranged from the local clay material condensed to the 
maximum density. 
3. The clay soil processed by lime gains durability more slowly, 
than the soil processed by cement because of duration of 
processes of crystallization of Ca (OH) 2 and carbonization of 
breed that needs to be considered when working on construction 
of a soil pillow. For acceleration of process of set of durability 
of the soil processed by lime use of special chemical additives 
(liquid glass – 2%, chloride calcium – 0,5–1,5%), and also 
various hydrophobic «Akvatron» mixes, the «Penetron», etc. is 
possible. 
4. Use of not extinguished lime is considered the most effective. 
Not extinguished lime is capable not only to dry the moistened 
soil, but also to considerably change some of their engineering-
geological properties. Negashenny lime after hit in soil interacts 
with water and a fine part him therefore it exerts impact on soil, 
reduces the maintenance of humidity and connects among 
themselves separate small disperse particles. 
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