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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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Annortanus. M3naraercs Metoyka ycrieHus (pyHIaMEHTOB MEJIKOTO 3aJI0KEHHS PEKOHCTPYHPYEMBIX 3/1aHHH C UCTTONB30BAaHHEM
WMHBEKIMOHHBIX CBail. BHauase ycraHaBInBaeTCst KOHCTPYKTHBHOE PEIICHUE CYIIECTBYIOMMX (DyHTIaMEHTOB, KOHCTPYKTHBHAsI
CXeMa 37IaHusl, a TaKKe Harpy3KH, MepeiaBaeMble Ha CTPOUTEIIbHBIE KOHCTPYKIMH JI0 ¥ TIOCJIE €ro peKoHCTpyKIwu. OxHoBpe-
MEHHO BBITIOIHSETCS OLICHKA TPYHTOBBIX YCIIOBHH CTPOMTEIHHOH TIIONIAJKH PEKOHCTPYHPYEMOTO 3/IaHUS; BBISBIISIETCS HE-
CyIIMIA CJIOW IPyHTA JUTst 3aNTyOJIeHHsT HYDKHUX KOHIIOB MHBEKIIMOHHBIX cBail. Ha OCHOBE MOTyYEeHHBIX JAHHBIX ITPOU3BOANTCS
OIIEHKA 3arpy>KeHHs] OCHOBaHUS (DYHJAMEHTOB PEKOHCTPYHPYEMOTO 3/I1aHHMS M yCTaHABIIMBAETCSI HEOOXOMMOCTD MX YCHIICHUS
(v manpHelnIel skeruTyararms 6e3 ycrienus). B ciydae ycrmnenust pyHIaMeHTOB 3/1aHusT BBIOMPASTCsI CIIOCO0 Mepeiadu J10-
TIOJTHATEIILHOM Harpy3KH Ha MHBEKIMOHHBIE CBaM. 3aTeM 000CHOBBIBAETCS MX HECYINAst CHOCOOHOCTH M pacyeTHBIE HATPY3KH,
JIOITyCKaeMble Ha cBar. [1pon3BotuTCst KOHCTpyHpoBaHHe (DyHIaMEHTOB C YUETOM MX yCHIICHHS! MHBEKIIMOHHBIMHU CBAsIMH, KO-
TOpBIE B TabHEHIIIEM Ha3bIBAIOTCSI KOMOMHUPOBAHHBIMU. BBIMOIHSIOTCS TOBEPOYHbIE pacyeThl 0CHOBAHMSI KOMOMHHPOBAHHBIX
(yHIAMEHTOB 110 TIEPBO ¥ BTOPOH IpyTITIaM IPeieIbHBIX COCTOSIHHI. B cCOOTBeTCTBIY C HOPMaTHBHBIMH JIOKYMEHTAMH BEILYTCS
PpacyeTsl OCHOBHBIX KOHCTPYKTHBHBIX JIEMEHTOB (PyHJAMEHTOB Ha IPOYHOCTb, HEOOXOTMMBIX 7151 00€CTIeUeHHS MX ITOJTHOLIEHHOM
paboThI ¢ yueToM ycuiieHus1. Ha 3akimoanTennsHOM dTane pa3padarsIBacTcst paboydast JOKyMEHTAIHs 110 YCHIICHHUIO (hyH/IaMEHTOB
PpeKOHCTpyHpyeMoro 31anust. [IpeicraBieHHbIe B padoTe 3Tambl IPOSKTHPOBAHUS YCHIICHUS (hyHIaMEHTOB PEKOHCTPYHPYEMBIX
371aHUH C NCTIOTB30BaHNEM HHBEKIIMOHHBIX CBai MTO3BOJISIIOT MPABHIIBHO 1 ITOCIIE/IOBATELHO OPTraHN30BaTh PA0OTY CIEIHAIIIICTOB.

KiiroueBble €j10Ba: PEKOHCTPYKIHS 37aHUM, QyHIAMEHTBI MEJIKOTO 3aJI0KCHHUS, METOMKA YCUICHUS (DyHIaMEHTOB,
HHBEKIIMOHHBIC CBaK, KOMOWHUPOBAHHBIC (DYHIaMEHTHI.

Volume 17, Issue 1, 2021 75



Anatoly I. Polishchuk, Nadezda S. Nikitina, Arkady A. Petukhov, Ivan V. Semyonov

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].

FOUNDATION REINFORCEMENT
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.
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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
isrevealed. When assessing the loading of the base
of the foundations, the conditions are checked

(Fig. 1):
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where p — average pressure along the foot of
the foundation (before and after reconstruction
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Parameter R — 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 R, 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]:
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of the building), kPa; R — design resistance
of the compacted soil of the base, kPa; p_,
p,,, —Tespectively, the maximum and minimum
pressure along the foot of the foundation before
and after the reconstruction of the building, kPa.

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
Jfor a building with a basement; p, ., p . —
respectively, the maximum and minimum
pressure on the base of the foundation, kPa, |,
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; h_— thickness of the soil
layer above the foot of the foundation from the
basement side, m; h_basement floor structure
thickness, m, d, — basement depth, m

where K , K coefficients taking into account
changes in density characteristics p (specific
gravity v, ) and specific cohesion ¢ of base soils
under the foundation during the period of operation
of the building; My , Mq , M, — coefficients adopted
according to SP 22.13330.2016 depending on the
characteristics of the angle of internal friction of
the soil ¢, base, compacted by pressure p from
the building in use:

O =¢n - Ky, 3)
¢, — angle of internal friction of natural (non-
compacted) foundation soil, degrees; K, -
coefficient taking into account the change in the
characteristic of the angle of internal friction for
the period of building operation; K — 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 K, K, K, established
experimentally for clayey soﬂs 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 Ky, Kw, K accepted by [13, table 16.3;
16, table 6.1].

The value of the coefficient K varies from 1 to 1.4,

depending on how fully the ultlmate foundation
settlement s for the building under consideration
is realized during its operation. The largest value
of the K coefficient is taken when the calculated

+0.000

2 )

(actual) settlement of the foundation s of the
existing building, established at the actual pressure
p, 1s less than 20% of the maximum permissible
s (s<0.2s ). If the calculated (actual) foundation
settlement s is more than 70% of the maximum
permissible su (s > 0.7 s ), then the value of the K
coefficient is taken to be one (K =1). The Values
of the coefficients K _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

+0.000

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

Volume 17, Issue 1, 2021
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10,000

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

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).

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
F, is understood as the limiting resistance of
the near-pile basement soil to their movement
under load. To estimate F, 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 F, 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:

n
Fd:YC.(YCR.R.A+u.ZYCf.fi.hi>' (4)
i=1

Considering the data for determining the bearing
capacity of injection piles 7, 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

i

N2 +0.000

2 = 2
// ////
A

%
A

3

P
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allow to fully use the values of the coefficients y
and 7, fprovided 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 7,
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 /' 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 F, 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 N, and N, 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 AN from the building
AN =N, — N, 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
Jfoundation; 3 — injection pile; N, is the load
on the foundation before the reconstruction of
the building; N,— load on the foundation after
the re-construction of the building; N, is the
load transferred to the slab part of a separate
foundation under conditions of building
reconstruction; N_ — the same, transferred to
injection piles; p,—pressure on the sole of a
separate foundation before its strengthening;
P, —pressure along the bottom of a separate
foundation after its strengthening
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difference between these loads N, and N,. Then, the
calculation of the proportion of loads transmitted to
the base soil by the base of the foundation N, and
injection piles N . The share of Nfis calculated taking
into account the strength (bearing capacity) of the
foundation soil and the pressure pf (load N,) 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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