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Abstract. The paper describes the technique of strengthening shallow foundations of reconstructed buildings using injection 
piles. First, the constructive solution of the existing foundations, the structural scheme of the building, as well as the loads 
transferred to the building structures before and after its reconstruction are established. At the same time, an assessment of the 
soil conditions of the construction site of the reconstructed building is carried out; a bearing soil layer is revealed for deepening 
the lower ends of injection piles. Based on the data obtained, the loading of the base of the foundations of the reconstructed 
building is assessed and the need for their reinforcement (or further operation without reinforcement) is established. In the case 
of strengthening the foundations of the building, the method of transferring the additional load to the injection piles is selected. 
Then their bearing capacity and design loads allowed on the piles are substantiated. The construction of foundations is carried 
out, taking into account their reinforcement with injection piles, which are hereinafter called combined. Verification calculations 
of the base of the combined foundations are performed for the first and second groups of limit states. In accordance with the 
regulatory documents, strength calculations of the main structural elements of foundations are carried out, which are necessary 
to ensure their full operation, taking into account the reinforcement. At the final stage, working documentation is developed to 
strengthen the foundations of the reconstructed building. The stages of the design of strengthening the foundations of reconstructed 
buildings using injection piles presented in the work allow to properly and consistently organize the work of specialists.

Keywords: reconstruction of buildings, soil conditions, shallow foundations, injection piles, calculation and design 
methods, foundation reinforcement, combined foundations.
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Аннотация. Излагается методика усиления фундаментов мелкого заложения реконструируемых зданий с использованием 
инъекционных свай. Вначале устанавливается конструктивное решение существующих фундаментов, конструктивная 
схема здания, а также нагрузки, передаваемые на строительные конструкции до и после его реконструкции. Одновре-
менно выполняется оценка грунтовых условий строительной площадки реконструируемого здания; выявляется не-
сущий слой грунта для заглубления нижних концов инъекционных свай. На основе полученных данных производится 
оценка загружения основания фундаментов реконструируемого  здания и устанавливается необходимость их усиления 
(или дальнейшей эксплуатация без усиления). В случае усиления фундаментов здания выбирается способ передачи до-
полнительной нагрузки на инъекционные сваи. Затем обосновывается их несущая способность и расчетные нагрузки, 
допускаемые на сваи. Производится конструирование фундаментов с учетом их усиления инъекционными сваями, ко-
торые в дальнейшем называются комбинированными. Выполняются поверочные расчеты основания комбинированных 
фундаментов по первой и второй группам предельных состояний. В соответствии с нормативными документами ведутся 
расчеты основных конструктивных элементов фундаментов на прочность, необходимых для обеспечения их полноценной 
работы с учетом усиления. На заключительном этапе разрабатывается рабочая документация по усилению фундаментов 
реконструируемого здания. Представленные в работе этапы проектирования усиления фундаментов реконструируемых 
зданий с использованием инъекционных свай позволяют правильно и последовательно организовать работу специалистов.
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BASIC PROVISIONS

During the reconstruction of buildings, the loads 
on the building structures often increase and 
the pressure along the bottom of the existing 
foundations increases. Such operating conditions 
of buildings can lead to a loss of the bearing 
capacity of the base, significant settlement of 
foundations, the development of cracks in walls 
and other building structures. Therefore, from 
time to time there is a need to strengthen the 
foundations and harden the soils of the base of 
the reconstructed buildings.
One of the ways to increase the bearing capacity of 
the foundation of shallow foundations is to change 
their operation scheme by transferring part of the load 
from the building to additionally arranged piles [1–
5]. At the same time, in order to strengthen shallow 
foundations in clayey soils, injection cylindrical piles 
are increasingly being developed. They are arranged 
by pressing a metal injector into clay soil, followed 
by feeding a fine-grained mobile concrete mixture 
under pressure and pressing the wells [6–12].

F O U N D AT I O N  R E I N F O R C E M E N T 
DESIGN METHODOLOGY

The design technique for reinforcing shallow 
foundations using injection piles includes the 
following main stages:
1. Based on the results of the survey and the use of 
archival documentation, the constructive solution 
of the existing foundations, the structural scheme 
of the building, as well as the loads transferred 
to the building structures before and after the 
reconstruction of the building are established;
2. Assess the soil conditions of the construction 
site of the building to be reconstructed and identify 
the load-bearing soil layer for deepening the 
lower ends of injection piles used to strengthen 
the foundations;
3. Assess the loading of the shallow foundations of 
the building to be reconstructed and establish the 
need for their reinforcement (or further operation 
without reinforcement);

4. Choose a method for installing injection piles 
and transferring an additional load to them in case 
of strengthening the foundations of the building;
5. Substantiate the bearing capacity of the injection 
piles, as well as the design loads allowed on these 
piles.
6. Carry out the design of the foundations, taking 
into account their reinforcement with injection 
piles.
7. Perform verification calculations of the base of 
the reinforced foundations (combined) for the first 
and second groups of limiting states (for bearing 
capacity and deformations). The settlements of 
the foundations established in this case after their 
reinforcement and the transfer of an additional 
load should not exceed the permissible values;
8. Perform calculations of the main structural 
elements of foundations for strength (selection 
of reinforcement of reinforcement elements, 
designation of sections of thrust beams, 
calculation of foundations for punching, etc.), 
necessary to ensure their full operation, taking 
into account reinforcement; the solution to these 
issues is carried out in accordance with the 
regulatory documents (SP 16.13330.2017, SP 
63.13330.2018, etc.).
9. Prepare working documentation for strengthening 
the foundations of the re-constructed building. 

MAIN DESIGN RESULTS AND THEIR 
APPLICATION

Constructive solution of existing foundations. 
The constructive solution of the foundations of 
the buildings under reconstruction is established, 
as a rule, according to the results of the 
examination of building structures and soils of 
the foundation. In this case, it is recommended to 
use design, executive and archival documentation 
for the building being reconstructed (conclusions, 
technical reports, inspection reports, etc.). 
Inspection of foundations is carried out more 
often from pits, which are laid in the most 
characteristic places of the building plan. Other 
methods, instruments and equipment are also 
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used to inspect foundations, base soils. When 
examining foundations in prepared pits, their 
geometrical parameters are determined (depth, 
base width, thickness of the slab part, dimensions 
of the pocket foundation or wall part of the 
foundation, etc.) At the same time, during the 
examination, the strength characteristics of 
the foundation materials are determined and 
their defects are identified (the presence of 
concrete chips, brickwork, cracks, corrosion 
of reinforcement, violation of waterproofing, 
etc.). The strength of the foundation material 
is established by destructive or non-destructive 
methods.
Based on the results of a survey of foundations 
(including base soils), taking into account the 
identified defects and damages, an assessment of 
their technical condition is given in accordance 
with the recommendations of GOST 31937–2011. 
Details of the assessment methods can be found 
in the papers [13, 14, 16].
At the design stage of foundation reinforcement, 
it is important to determine the loads transmitted 
to the foundations of the building before and 
after its reconstruction. Loads, as a rule, are 
installed at the level of the foundation cutoff, 
the external planning mark or the basement floor 
level (basement, technical floor). Constant loads 
(weight of bearing and enclosing structures, 
weight and pressure of soil, etc.), transferred 
to the foundations of the building before its 
reconstruction, are determined by the results of 
the survey of the building and the use of archival 
data (including measurements, identification 
of types building materials). Temporary loads 
are established depending on the purpose of 
the building (taking into account the weight 
of equipment and devices, people, furniture, 
etc.) and the area of its construction (snow, 
wind, seismic, etc.). The loads transferred 
to the foundations of the building after its 
reconstruction are usually established according 
to the data of the adopted design decisions, 
taking into account the technical condition of 
the design assignment.

Assessment of soil conditions. Assessment of 
the soil conditions of the construction site of a 
building being reconstructed is understood as 
a generalization of the results of studies of soil 
properties and composition of underground water 
performed at the stage of surveys (geotechnical, 
geotechnical, including archival, etc.), and 
identifying the possibility of their use as foundation 
base. Assessment of soil conditions of construction 
sites of reconstructed buildings is carried out 
based on the results of studying materials of 
geomorphology, lithological structure and 
engineering-geological sections, as well as 
physical and mechanical properties of soils and 
hydro-geological conditions of construction, 
which are given in reports (conclusions) for 
engineering and geological surveys. Assessment 
of soil conditions usually begins with an analysis 
of archived soil data from the site in question. The 
reliability and efficiency of the decisions on the 
foundations and foundations of the reconstructed 
buildings and structures taken in the project largely 
depend on the quality and completeness of the 
survey materials [14, 15].
One of the main issues in assessing the soil 
conditions of the construction site of a building 
being reconstructed is the choice of the bearing 
layer of the foundation soil for injection piles, 
into which it is assumed that their lower ends 
are buried. As a rule, this layer should be the 
strongest, less compressible in comparison with 
other engineering-geological elements (soil layers) 
within the length of the piles and the compressible 
thickness of the base of the pile foundations.
Assessment of the loading of the foundation base. 
The assessment of the loading of the base of the 
foundations (shallow foundation) is understood as 
the analysis of the initial data and the results of 
the calculation, in which the correspondence of the 
size of the base of the considered foundation to the 
existing loads (N, M, Q) and the soil conditions of 
the construction site of the reconstructed building 
is revealed. When assessing the loading of the base 
of the foundations, the conditions are checked 
(Fig. 1):
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pmax ≤ 1,2Rcs

		           pmin ≥ 0,                           (1)
p ≤ Ryn

where p – average pressure along the foot of 
the foundation (before and after reconstruction 

Figure 1. Design diagrams of the projected 
foundations of reconstructed buildings:

a – a free-standing foundation for a building 
without a basement; b – strip foundation 

for a building with a basement; pmax, pmin – 
respectively, the maximum and minimum 

pressure on the base of the foundation, kPa; l, 
b – respectively, the length and width of the base 
of the foundation, m; d – foundation depth, m; h  
– foundation height, m; Q, N, M – loads acting 

on the foundation; hs – thickness of the soil 
layer above the foot of the foundation from the 
basement side, m; hcf basement floor structure 

thickness, m; db – basement depth, m

of the building), kPa; Rcs – design resistance 
of the compacted soil of the base, kPa; pmax, 
pmin  – respectively, the maximum and minimum 
pressure along the foot of the foundation before 
and after the reconstruction of the building, kPa.

Parameter Rcs – it is such a pressure on the 
ground of the foundation along the foot of the 
foundation, which takes into account the effect of 
its compression by the load from the weight of the 
building. In order to determinate Rcs, we use the 
method the basis of which is formula (5.7) from 
SP 22.13330.2016 with the existing prerequisites 
and restrictions. The method takes into account the 
changes in soil properties caused by compaction 
and watering (soaking), which lie at the base of 
the foundations of long-term buildings. In general, 
the design resistance of the compacted soil of the 
base Rcs is determined by the formula [16]:

where Kγ , Kc coefficients taking into account 
changes in density characteristics ρ (specific 
gravity γII) and specific cohesion c of base soils 
under the foundation during the period of operation 
of the building; Mγ , Mq , Mc  – coefficients adopted 
according to SP 22.13330.2016 depending on the 
characteristics of the angle of internal friction of 
the soil ͞φ͞II  base, compacted by pressure p from 
the building in use:

φII – angle of internal friction of natural (non-
compacted) foundation soil, degrees; Kφ – 
coefficient taking into account the change in the 
characteristic of the angle of internal friction  for 
the period of building operation; Ks – coefficient 
taking into account the degree of implementation 
(use) of the maximum foundation settlement 
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during the period of the building's operation. The 
rest of the notation is the same as in formula (5.7) 
SP 22.13330.2016.
Coefficient values Kγ, Kφ, Kc established 
experimentally for clayey soils. They are selected 
depending on the ratio of the average pressure p 
along the base of the operating foundation to the 
design resistance of the natural (uncompacted) 
soil of the foundation R, which was taken during 
the initial design of the object (p/R). Values of 
coefficients Kγ, Kφ, Kc accepted by [13, table 16.3; 
16, table 6.1].
The value of the coefficient Ks varies from 1 to 1.4, 
depending on how fully the ultimate foundation 
settlement s for the building under consideration 
is realized during its operation. The largest value 
of the Ks coefficient is taken when the calculated 

(actual) settlement of the foundation s of the 
existing building, established at the actual pressure 
p, is less than 20% of the maximum permissible 
su (s < 0.2su). If the calculated (actual) foundation 
settlement s is more than 70% of the maximum 
permissible su (s > 0.7 su), then the value of the Ks 
coefficient is taken to be one (Ks = 1). The values 
of the coefficients Ks are taken according to [13, 
table. 16.4; 16, table 6.2].
In the event that one or two of the conditions (1) 
are not met, then a decision is made on the need 
to strengthen the foundation (strengthening the 
base) of the reconstructed building.
Method for setting up injection piles. After 
assessing the loading of the base of the foundation 
(shallow foundation) and making a decision on the 
need to strengthen it, one of the two main methods 

Figure 2. Methods for arranging injection piles when reinforcing strip foundations of reconstructed 
buildings: a, b – respectively, under the sole of the existing strip foundation and adjacent to its 

perimeter; 1 – existing strip monolithic reinforced concrete foundation; 2 – existing strip rubble 
(brick) foundation; 3 – injection pile; 4 – a tapered hole in the slab part of the existing foundation; 

5 – transverse metal beam, arranged through a hole in the wall part of the existing strip foundation; 
6 – longitudinal reinforced concrete beam; 7 – bearing layer of solid (low-compressive) soil
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of installing injection piles and transferring to 
them and below the soils of the base part of the 
load from overhead building structures is selected. 
Such piles can be installed directly under the 
base of the existing foundation (first method) 
or adjacent along its perimeter (second method) 
(Fig. 2, 3). The foundation arranged in this way is 
often called combined. In this case, the combined 
foundation can be single-pile (if one pile is 
arranged under a column or pillar), cluster (if two 
or more piles are arranged) and in the form of a 
pile field (if ten or more piles are arranged under 
the existing foundation).
In the first method, injection piles, arranged 
directly under the base of the foundation, transfer 
part of the external load to the bearing layer 
of the solid foundation soil within the contour 
(perimeter) of the base of the existing foundation 
(Fig. 2a, 3a).

Figure 3. Methods for installing injection piles when strengthening individual foundations of 
reconstructed buildings: a, b – respectively, under the sole of the existing separate foundation and 

adjacent to its perimeter; 1 – existing separate monolithic reinforced concrete foundation;
2 – existing separate precast reinforced concrete foundation; 3 – injection pile; 4 – a tapered 

hole in the slab part of the existing foundation; 5 – reinforced concrete cage, arranged along the 
perimeter of the foundation; 6 – bearing layer of solid (low-compressive) soil

According to the second method, piles are arranged 
along the contour or along the perimeter of the sole 
of the existing foundation (strip and separate). Part 
of the external load on the supporting solid layer 
of the foundation soil is transferred to the injection 
piles adjacent to the foundation. The junction of 
the piles with the body of the foundation (the base 
of the foundation) is usually arranged rigid and 
equal in strength (Fig. 2b, 3b) [16, 17].
Justification of the bearing capacity of piles. 
Let us consider the assessment of the bearing 
capacity of injection piles. Their bearing capacity 
Fd is understood as the limiting resistance of 
the near-pile basement soil to their movement 
under load. To estimate Fd, the bearing layer of 
the foundation soil is selected according to the 
engineering-geological section, in which the lower 
ends of the piles are arranged (see above). The 
choice is made in favor of the most durable soil 
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layer, less compressible in comparison with other 
upstream engineering-geological elements. Weak 
soils (varieties of clayey soils of fluid-plastic and 
fluid consistency, loose sands, peat, etc.) are not 
recommended to be used as a bearing layer of the 
base of combined foundation.
The value of the bearing capacity of the hanging 
pile Fd can be pre-determined analytically by the 
physical and mechanical characteristics of the 
base soil using the formula (7.8) according to SP 
24.13330.2011 – Pile foundations:

Considering the data for determining the bearing 
capacity of injection piles Fd according to condition 
(4), the following should be noted. At the initial 
stage of performing work on their device, a metal 
injector is pressed into the ground without its 
excavation, which is similar to the method of 
immersing piles by indentation. But the supply of 
fine-grained mobile concrete under pressure into the 
well (through the injector) and its further pressure 
testing have common features of the technological 
processes of the injection pile device. Therefore, 
the peculiarities of the injection pile device do not 

allow to fully use the values of the coefficients γcR 
and γcf provided in the regulatory and other technical 
literature. Thus, formula (4) for injection piles 
often leads to significant reserves of their bearing 
capacity, and, often, does not reflect the features of 
the device technology. Consequently, the values of Fd 
established by the calculation according to (4) should 
be considered as preliminary, which need additional 
verification. It should also be noted that the method 
for determining Fd according to (4) is used more often 
for conditions of new construction and does not take 
into account the stress-strain state of the soil of the 
foundation of the building being reconstructed. In 
recent years, methods for determining the bearing 
capacity Fd of injection piles for foundations of 
reconstructed buildings have been developed, 
which are based on the results of experimental and 
theoretical studies. The results of these studies can 
be found in the papers [7, 9, 10, 13].
Foundation design. When designing foundations, 
taking into account their reinforcement, first analyze 
the data on loads N1 and N2 at the floor elevations 
of the first (basement) floor before and after the re-
construction of the building (Fig. 4). The planned 
number of injection piles required to strengthen the 
foundation, as well as the choice of the method of 
transferring additional load ΔN from the building 
ΔN = N2 – N1, to them significantly depends on the 

Figure 4. Scheme of distribution of external 
load from the reconstructed building between 
the elements of the foundation: a – before its 
strengthening; b – after reinforcement with 
injection piles; 1 – column; 2 – separate 

foundation; 3 – injection pile; N1 is the load 
on the foundation before the reconstruction of 
the building; N2 – load on the foundation after 

the re-construction of the building; Nf is the 
load transferred to the slab part of a separate 

foundation under conditions of building 
reconstruction; Nsv – the same, transferred to 
injection piles; pf – pressure on the sole of a 
separate foundation before its strengthening; 
pус – pressure along the bottom of a separate 

foundation after its strengthening
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difference between these loads N1 and N2. Then, the 
calculation of the proportion of loads transmitted to 
the base soil by the base of the foundation Nf and 
injection piles Nw. The share of Nf is calculated taking 
into account the strength (bearing capacity) of the 
foundation soil and the pressure pf (load N1) from 
the building before its reconstruction [12, 17]. Next, 
they begin to design the foundations, taking into 
account its reinforcement with injection piles (Fig. 
4). Assign the geometric dimensions of additional 
structural elements of the reinforcement (beams, 
clips, grillages, struts, tides, etc.). In the presence 
of significant defects in the pocket foundation (for 
individual shallow foundations) or in the wall, slab 
parts of the foundation (for strip foundations), their 
preliminary restoration is envisaged.
Verification calculations of the base of foundations. 
Verification calculations of the base of foundations, 
taking into account their reinforcement by injection 
piles, are performed according to the first and 
second groups of limiting states (in terms of bearing 
capacity and deformations). The complexity of 
such calculations lies in the fact that the base of 
the existing foundation is in a stressed state, as 
it experiences pressure from the reconstructed 
building, which must be taken into account in the 
design. At present, a limited number of methods for 
calculating the settlement [8, 18] and the bearing 
capacity [2, 6, 10] of the base of foundations, 
taking into account their strengthening, have been 
developed, which have not yet been included in 
the regulatory documents of Russia. Therefore, 
quite often in the design of the foundations of 
reconstructed buildings, taking into account their 
strengthening, regulatory and technical literature 
is used, prepared for the design of foundations in 
conditions of new construction [2, 3, 5, 19].
Strength calculation of foundation elements 
and their design. The structural elements of 
the reinforced foundation and the nodes of their 
interface are calculated in accordance with the 
methods given in the normative and technical 
literature (SP 63.13330.2018; SP 16.13330.2017; 
SP 14.13330.2018; Reference book of geotechnics, 
2016, etc.), taking into account those in force on 
these elements are actual loads and actions. Such 

structural elements include reinforced concrete 
clips, stiffening belts, beams, building elements, 
as well as metal (steel) struts, struts, shelves, 
anchors, etc. Taking into account the calculations 
performed, they are designed [17, 20, 21].
Preparation of working documentation. Design 
of reinforcement of foundations of reconstructed 
buildings with injection piles provides for the 
preparation of working documentation. The 
documentation includes detailed drawings for 
the performance of work, specifications for the 
materials used, a work production project (WPP), 
etc. The working documentation also indicates 
measures for unloading the building structures 
of the aboveground part of the building, as well 
as safety measures during production work to 
strengthen the foundations.

CONCLUSION

It has been established that in the conditions of 
reconstruction of buildings in clay soils, a method 
of strengthening (increasing the bearing capacity) 
of shallow foundations by transferring part of 
the load from aboveground building structures 
to additionally arranged injection piles is widely 
developed. At the same time, their device is 
performed by pressing a metal injector into the 
ground, followed by injecting a fine concrete 
mixture into the well. Fine-grained mobile 
concrete mixture is supplied to the wells formed in 
this way under pressure, which performs pressure 
testing. The experience of the reconstruction of 
buildings shows that by now the main approaches 
to the design of reinforcement of shallow 
foundations known from technical and regulatory 
literature have been developed. However, for 
the conditions of reconstruction and restoration 
of buildings, the issues of justifying the bearing 
capacity of injection piles used to strengthen, 
design combined foundations, methods of their 
verification calculations have not yet received 
proper development. The solution of these issues 
will make it possible to properly and adequately 
organize the work of specialists.
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