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ABSTRACT: The paper examines the issues of bases from the compacted soil pads, pile foundations and bases stabilized by vertical
reinforcing elements. The results of the modeling of vertical armo-elements on loess subsiding soils and foundation pads are given in
the paper. The methods of determining of the basic calculating parameters of bearing armo-element capacity and foundation pad are
presented by the authors. The results of practical use of this method of bases and foundation construction in soil conditions of Uzbekistan are also given in the paper.
RÉSUMÉ: Ce document examine les problèmes des bases à partir de plaques de sol compactées, de fondations de pieux et de bases stabilisées par des éléments de renforcement verticaux. Les résultats de la modélisation des armo-éléments verticaux sur les sols de loess et les
coussinets de fondation sont donnés dans le document. Les méthodes de détermination des paramètres de calcul de base de la capacité des
armoéléments porteurs et du patin de fondation sont présentées par les auteurs. Les résultats de l'utilisation pratique de cette méthode de
bases et de la construction de fondations dans les conditions de sol de l'Ouzbékistan sont également donnés dans le papier.
KEYWORDS: compacted soil, stabilized , reinforcing elements, bearing capacity, vertical armo-elements, loess subsiding soils,
seismic-protective damping layer .
1 INTRODUCTION.
When design and constructing buildings and structures on loss subsiding soils in seismic conditions, the designers
often face the problems of lowering non-uniform sediments,
subsidence and increasing the rigidity of the base. The use of
the most common method of arrangement of artificial bases in
the form of compacted ground pads does not fully meet the
requirements of reliability and lead to the rise in the cost of a
zero-cycle erection in construction. Besides, the production of
earth work is closely connected with seasonality i.e. oversaturation of soil moisture in winter – spring periods or on the contrary, its disadvantage in summer period of the year. In the process
of buildings exploitation due to water leakage from communication network foundation pads are saturated by water whech
leads to the lowering of its stiffness and increase visco-plastic
properties. Experts in geotechnics know what exactly such
properties of soils, despite their compactness may reduce their
reliability during earth quakes.
2. THE ALTERNATIVE METHODS OF ARRANGEMENT
TO PREPARE ARTIFICIAL BASES
The alternative methods of arrangement to prepare artificial bases, particular, the method of the tamped foundation
trenches, ground piles, the method of pre-soaking and etc., in
Uzbekistan, due to technical, technological and specific characteristics, these methods practically were not used in construction. Because of the cramped city conditions the method of soil
compactness by heavy tampers began to apply rarely.
The alternative variant in urban construction is still
the method of construction bases and foundations with the use
of pill foundations.
However, as practice shows, for small-story buildings
of no more than 5-9 floors the use of pile foundations leads to
the rise in the cost of a zero-cycle construction. Even in soil
conditions with highly location of groundwater and weak water
– saturated soils, instead of driven piles which had been tradi-

tionally used before, the method of compacted ground pads
construction and continuous or solid slab foundations were
gradually begun to use. Moreover, in this case, as the material
for ground pads, finely crushed stone or grave preparation are
used.
In recent years, alongside with ground pads in construction, the method of a base preparation, using vertical armoelements (VAE) have been widely used.
Vertical armo-elements from the compacted or
strengthened soils are fundamentally different from rigid reinforced concrete piles. In our opinion, there are the following
differences between them.
Reinforced concrete piles in conjunction with the raft foundation make up simple foundations under a building or structure.
At calculation of pile foundations, practically almost all external loads are distributed to the piles. Ground, -cement –
grounded and concrete piles are not a construction and relate to
the elements of foundation soils strengthening, which perform
the function of its reinforcement. The VAE unlike reinforced
concrete piles do not work on the bending loads and allow to
redistribute the stresses in the solid mass of grand. The VAE
allow to regulate contact pressure and stiffness (deformability
of a ground base under foundation). The VAE unlike conventional piles on working conditions in the soil do not fall on stable and hanging piles. This is due to the fact that the VAE are
relatively small solid and accordance with it, they are much
more deformable than reinforced concrete piles (the strength of
the VAE material is much higher than soil strength of reinforced concrete). For this reason, under the influence of external loads in the base, there is more extensive stress dissipation
with the depth. At the initial moment of loading, the external
load is distributed in the foot of pile grid foundation. At further
increasing of loads the VAE themselves are gradually joined in
works, through which grounds are included in deeper layers of
base. There is also a significant difference between the looking
conditions at the contact of the side surface of the VAE and the
surrounding soil. For example, for cementsoil piles the distinct
side service does not exist and the diameter of the piles is ap-
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proximately take from the center to conventional borders, equal
to the diameter of the screw (a working body) or the zone of
water – cement jet influence (injection technology). At the
“contact, there is” sticking hardening of surrounding soil to the
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by a damping sandy layer. In practice, the thickness of thise
layer is taken 15-25 cm (Fig. 1). The width of the damping
layer is assumed to be equal to 1,4*b, where “b” Is the width of
the pile grid.
In [1.2], the engineering methods of calculation are
shown to determine the bearing capacity and deformability of
the reinforced VAE. For example for loess soils with physical
properties as:
Density = (1.60 –1.8) g/cm3 ; ratio of porosity is e=0.88 –
0.95; humidity is W = (17÷19) %, and the number of plasticity
Ip = (6 ÷ 8). with deformation and strength characteristics of :
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Approximately the bearing capacity of a single concrete VAE with the length of More than 3m can be determined
by empirical formula :
А∗
(1)
=
L – respectively the cross area and the length of the VAE. For
example, for the same type of loess soils in Uzbekistan, coefficient K=0.5 and m=0.003m3/KH. The distance between the
VAE is determined by calculating the expression:
А∗
(2)
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Fig.1 The cross section of the raft foundation and VAE

soil cement pile and therefore interaction terms are changing.
As our researches have shown, when calculating the bearing
capacity of soil cement piles on loess soils, it is necessary, to
consider not friction but also hanging down of a certain soil
volume, located at the same distance from the wall of an armoelement. The area of influence depends on the structural and
physical properties of soils and ranges (2-5) D. In the process of
subsidence due to overhanging, there is a reduction of the gravitational pressure of soils that prevents subsidence deformation.
For this reason at designing bases, strengthened by vertical
elements the distance between them should be taken for calculation.
The deformability of bases under foundation besides
others depends on the Thickness of a damping layer. Of fundamental importance is the correct selection of the mechanical
model of the reinforced soil material. In particular, the strength
of both compacted and fixed ground obeys to the Kulon-Mohr
theory of strength the VAE unlike cohesive soil and nonecohesive compacted soils characterized by highly structural strength
and is characterized by the increased adhesion. The strength
limit of these materials is defended similarly to the prism
strength of concrete, according to the results of uniaxial compression. The strength of the VAE corresponds to prism
strength of material which must be at least 700 kPa. The calculated model of such materials can be adopted as elastic-plastic
one.
The longitudinal stiffness both of cement soil and
concrete VAE is considered provided when conditions are performed: the ratio of the diameter to its length is D/L ≥ 0.05.
In dependence on volume of loads and the power of
the weak subjected to soils reinforcement partial (on the fixed
depth) or reinforcement of the entire depth of the spread weak
soils.
Reducing the impact of reinforced concrete raft foundations of strength and longitudinal rigidity, the VAE are archived

Where Psl – initial subsidence pressure (kPa) or calculated resistance of a weak ground base: q-external distributed
load on the pile grid and B-is the width of the pile grid.
The calculation of pile grids is made on the model of Winkler-Pasternak as a beam on an elastic foundation with two
parameters C1 and C2 , coefficient of sub-grade reaction (elasticity) are determined by the known expression [2], as the average pressure ratio P under the title block to the sagging S.
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The VAE in these calculations, both elastic deformable supports and installed along the beam with LVAE step.
The deformability (rigidity) of elastic supports is determined
with the help of rigidity coefficient K as the ratio of the force N
to the displacement (settlements) S , according to the expression:
=
(4)
Coefficient of the VAE rigidity is more exactly determined by
the results of experiments in natural conditions, by static loads
with measurements of the VAE displacement. The deformability (rigidity) of the VAE depends on the diameter, the length of
the pile and deformation characteristics of soil. The damping
layer from sand is considered as an elastically-plastic body.
Table 1. shows the numerical results of foundation
calculation on too considered variants.
Table 1.
Name
Vertical Displacement Max/Min mm
Q = (K H)
My (K H m)

Foundations
on a natural
base

Foundations
– rafts ;
bases –the
VAE

Coefficient
Of efficiency

54 / 46

21 / 13

2.5 / 3.5

140
650

163
300

0.85
2.2

In seismic areas, a sandy layer among others acts as a damper.
It allows to reduce the impact of shear loads transmitted to the
building. Since, a sandy layer of the damper obeys the low of
elastic-plasticity under shock loads, it at the moment loses its
original strength and transmits into another more stable equilibrium position. In thus case, it is expected to reduce the thickness of the damper, lowering contact stresses under the raft and
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increasing the loads on the VAE. In essence, besides other functions, mentioned above, the VAE serves the role of a short-term
support at impact of dynamic forces, occurring during earthquakes. The construction of the VAE join and a raft are presented in fig.1 with the aim to reduce the coefficient value of
friction and permeability, sandy soils of the damping layer are
mixed with loam (15-20% on composition). To reduce concentration of contact stress, occurring at the level of the VAE cap, a
supporting concrete slab is provided, it is also serves as a leveling layer. The note of the VAE level is controlled by using the
level. The difference of notes should note exceed 1-2 cm
By this technology more than one hundred buildings
from 2 to 7 floors buildings have already built. As surveys
showed, such buildings, even in the case of accidental soaking
of a soil base are exploited without damages. Over the last 5
years of operation, such buildings were also suffered 4-6 magnitudes of earth quakes. As the surveys of buildings after earth
quakes showed, damages of buildings, where the bates stabilized with the use of the VAE were applied, they were much
lower than in buildings build on compacted ground pads.
Technical – economic comparison of ground pads and
traditional strip foundation have shown savings of resources
and construction cost of zero cycle erection of a buildings make
up to 20-35%.
For comparison, when constructing buildings from 3 to floors,
cross-section of rafts does not exceed 60 and 70 cm. The advantage of this method, besides the above-mentioned, is lack of
the influence of seasonal prevalence (winter and spring rainy
seasons of the year) and water saving, needed to achieve optimal moisture in dry hot climate.
3. CONCLUSION
On the result of simulation of the VAE behave our and as
well as on the results of field observations of buildings we can
draw the following conclusions:
1. Stabilization of grounds by VAE allows to reduce significantly the emergence of uneven saggings and increase the
bearing capacity of a weak base, composed of loess soils.
2. For soil conditions of the 1-st and 2-nd types on subsidency
(Hsl <10 – 15 m In dependence of operating loads: the

length of the VAE can be taken by calculation, but not less
than 3-4 m).
3. The approximate calculation of bearing capacity of the
concrete VAE with the diameter D and the length L for the
described soils can be determined by expression (1)
4. In case of application of cement-soil piles, it is expedient to
concrete the upper head to the depth of 1-2 m by lean concrete. Since, it is in thus area, maximum horizontal deformation came into existence.
5. The presented calculation model of the VAE interaction and
the surrounding it soil and foundation grills with coefficient
of sub-grade reaction allows to make calculation with the
use of the known software packages
On the results of the carried out researches, the authors have
prepared the text-book on designing bases stabilized by the
VAE and advice on application of thus method can be found at
140147 Republic of Uzbekistan, Samarkand, Lolazor 70, Samarkand state Architectural and Civil engineering Institute,
LLC “Geofundamentproject” or at the State Comity for Architecture and Construction of the republic of Uzbekistan.
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