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TECHNOLOGY FOR RESTORING THE DEFORMED STATE
OF PRISMATIC AND OTHER TYPES OF BUILDINGS
THROUGH FOUNDATION BASE STIFFNESS CONTROL

Purpose. The article is aimed at presenting effective technologies and engineering methods developed for re-
storing the deformed state of buildings and structures that have undergone uneven foundation settlements, with a
particular focus on eliminating tilts and ensuring further safe and reliable operation of such objects. Methodology.
The proposed restoration approach is based on controlling the stiffness of foundation soils by means of drilling hori-
zontal boreholes with variable geometric parameters beneath the less-settled portion of the structure. Partial soil re-
moval causes a regulated reduction of base stiffness, enabling the structural system to gradually return to its design
position. The stiffness adjustment is justified through the deformational characteristics of the soil and expressed by
the ratio between average foundation pressure and corresponding settlement. In cases of complex tilt behavior, addi-
tional stabilization is ensured through horizontal soil reinforcement using soil-mixing technology to form rigid soil-
cement elements. The implementation of the method is supported by specialized technological equipment, including
multi-speed horizontal and vertical drilling systems designed to operate under varying soil conditions. Findings.
The method demonstrates efficiency in eliminating tilts of buildings of prismatic configuration in transverse, longi-
tudinal, and combined directions. It also proves effective for removing related deformation forms such as sagging,
bending, distortion, and torsional displacement. More than 70 buildings and structures of different types were suc-
cessfully restored in various regions of Ukraine without interrupting functional activity or relocating residents.
Originality. The restoration effect is achieved not by applying forces directly to the building structures, but by con-
trolled modification of the soil base stiffness, which significantly reduces structural risks and eliminates the need for
heavy jacking or structural detachment. Practical value. The proposed technologies ensure safe, economically fea-
sible restoration of buildings, extending their service life and guaranteeing stable operation under real urban and
geological constraints.

Keywords: deformations; restoration of the deformed state; foundation base stiffness; horizontal boreholes; regu-
lation of foundation settlements

Introduction deformations are tilts.

Particularly severe consequences of defor-
mations are inclinations of buildings and struc-
tures, when they or their parts (block-sections) are
locked together in various configurations through
deformation joints. The tendency of inclined build-
ings is that the tilt increases due to the appearance
of eccentricity of the center of gravity and redistri-
bution of pressure from the foundations to the soil
with its increase toward the side of the tilt. In the
case of opposing tilts, the width of the deformation
joints decreases. The increase of opposing tilts
over time leads to the closure of gaps between ad-
jacent buildings (deformation joints) and, conse-

Construction and operation of buildings and
structures on territories composed of weak and
structurally unstable soils, as well as in mining re-
gions, is complicated by the fact that, as a result of
negative technogenic impacts on foundation bases,
a large number of damaged building structures
arise. Most often, the damage to buildings and
structures occurs due to uneven deformations of
the soil bases and, consequently, uneven settlement
of foundations. In this case, different types of de-
formations of buildings and structures occur-
bending, sagging, relative displacement of struc-
tural elements, and others — but the most complex
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guently, to the appearance of mutual pressures.
Mutual pressure increases over time, leading to
deformation of structural elements and the devel-
opment of an emergency state of buildings (Fig. 1).
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Fig. 1. Emergency building No. 6
on Voronezka Street in Zaporizhzhia

Tilts are dangerous not only in cases of mutual
inclination of adjacent buildings but also in cases
of individual structures. When eccentricity of a
building’s center of gravity occurs, bending mo-
ments arise, leading to significant deformations of
various types, which increase over time until
emergency situations develop. Therefore, to pre-
vent such occurrences, it is necessary to eliminate
building and structure tilts in a timely manner.

The second problem associated with restoring
deformed buildings is as follows. Research and
inspection practices of damaged buildings show
that the main causes of damage are uneven defor-
mations of soil bases due to technogenic impacts
on soils, which cause uneven foundation settle-
ments. Therefore, when restoring deformed build-
ings, in order to ensure their further reliable opera-
tion, it is often necessary to strengthen the bases
(Ilerpenxo, Kpucan, B. 1., Kpucan, B. B., &
Konosan, 2022; Paznyii, & Bunnaukos, 2023; Yao,
K., Yao, Z., Song, et al., 2016). Strengthening of
the bases should be carried out immediately after
eliminating the deformed state of the buildings.

A sufficient number of studies are devoted to
the issue of deformations of building structures, in
which the causes of deformation and methods of
their elimination are described (IIToxapes, 2008).

There are various types of building defor-
mations: sagging, bending, tilting, etc. Most of
them result from uneven settlement of foundations
during operation due to uneven soil deformations
caused by deterioration of soil properties for vari-
ous reasons. In scientific sources, it is noted that

one of the most dangerous types of deformations is
tilt, because it occurs in different directions, which
may lead to opposing inclinations of buildings,
structures, and their parts. When opposing tilts
come into contact, mutual pressures arise, which, if
the contacting buildings are not separated prompt-
ly, lead to significant consequences up to destruc-
tion. An example of such a situation is shown in
Fig. 1.

Taking into account the complexity of this type
of deformation, we will demonstrate the essence of
this article using its example. There are various
technologies for eliminating tilts. One of the most
researched and commonly used methods is the
elimination of inclinations and separation of con-
tacting structures using jacking systems (Tpery0,
Mockanina, Haymenko, & Minsascbkuii, 2008).
This method is also applied in the elimination of
tilts of engineering structures. However, the use of
jacking systems for restoring deformed structures
has significant disadvantages: first, the influence of
high concentrated forces on building structures,
which causes several difficulties, for example, the
need to strengthen the foundation-wall section; the
need to detach the foundation part of the building
from the above-foundation structure by cutting
them apart; and other inconveniences (bosoTos,
30108, B. /I. & 30T0B, M. B., 2004).

The object of influence during restoration of
the deformed state using jacking systems is the
building structure itself. More safe and effective
are restoration methods based on technologies that
affect the foundation bases directly.

Purpose

The purpose of this article is to present the ef-
fective technologies and methods we have devel-
oped for restoring deformed buildings, which en-
sure their further reliable operation.

Methodology

At the level of invention (Patent of Ukraine No.
65455A) (Cremypa, Illokapes, ITaBios, & Tperyo0,
2003), we developed a method for eliminating the
deformed state of buildings, in particular the elimi-
nation of tilts, by partially removing excess soil
that prevents the building foundation from return-
ing to its horizontal position. This is achieved by
drilling horizontal boreholes of variable parameters
in the soil base beneath the less-settled part of the
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foundation, i.e., on the side opposite to the direc-
tion of the tilt. Partial removal of soil from beneath
the foundation is equivalent to changing the stiff-
ness of the soil base (Alsirawan, Koch, & Alnmr,
2023; Fischer, 2022).

The stiffness of the soil base is a deformation
characteristic that indicates the ability of the base
to resist applied loads and is characterized by the
stiffness coefficient. The stiffness coefficient of
any area of the foundation base surface represents
the force that must be applied to a unit area in or-
der to displace it by a unit distance. Under vertical
load acting from the building, the stiffness coeffi-
cient is determined by the formula:

K=P/S, 1)

where: P — the average pressure under the

foundation base, and S — is the settlement of the
foundation under pressure P.

Since the drilling of horizontal boreholes is a
controlled process in accordance with the calculat-
ed borehole parameters, this method is essentially
reduced to regulating the change in the stiffness of
the soil base.

Findings

The innovative method developed for restoring
the deformed state of building structures by con-
trolling the stiffness of the foundation bases is well
adapted for eliminating deformations in buildings
of prismatic shape. However, in its application,
certain situations arise that must be taken into ac-
count, and special technologies should be applied
to regulate these conditions. The explanation of
this statement will be demonstrated using the ex-
ample of eliminating tilts in prismatic buildings.

Buildings of prismatic shape may tilt in trans-
verse, longitudinal, and complex directions, that is,
simultaneously in two directions close to a diago-
nal. Figures 2-3 show examples of tilts in the
transverse direction (Fig. 2) and in the longitudinal
direction (Fig. 3). According to the developed
method, the restoration of such buildings to their
design position is carried out by drilling horizontal
boreholes. To eliminate a transverse tilt along the
length of the building, horizontal boreholes of var-
iable parameters (i.e., stepped boreholes) are
drilled under the foundation in the transverse direc-
tion. To eliminate a longitudinal tilt, horizontal
boreholes (also stepped) may likewise be drilled
under the foundation, in this case along the length

of the building (block-section). However, such a
drilling scheme is significantly more complex due
to the possible length of the building, and may not
always be feasible — for example, due to the adja-
cency of neighboring buildings or block-sections.
Therefore, drilling is carried out across the build-
ing with varying borehole parameters (diameters,
spacing) along the drilling front.
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Fig. 2. Technological scheme of building leveling
in the transverse direction:

a) parameters of the transverse tilt

and variable-cross-section borehole
b) change in the required stiffness of the foundation base;

c) diagram of the required technological settlements
of the foundations;
1 — horizontal borehole;
2 —horizontal soil reinforcement

It must be taken into account that, when elimi-
nating tilts in this way, the facades A-B will un-
dergo active lowering. However, due to the plastic
deformation of the soil, the facades C-D may also
begin to move, which must be prevented. In this
case, stabilization of the C-D facades is recom-
mended to be performed by strengthening the soil
beneath them through the installation of rigid hori-
zontal soil-cement elements (item 2, Fig. 2, 3) us-
ing the horizontal reinforcement method based on
the soil-mixing technology, according to the tech-
nological scheme shown in Fig. 4 (FOxumeHxo,
2014).
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Fig. 3. Technological scheme for eliminating the longitudinal tilt of the building:
a) parameters of the longitudinal tilt and the borehole layout scheme;
b) change in the required stiffness of the foundation base;
c) diagram of the required technological settlements of the foundation;
1 — horizontal boreholes; 2 — horizontal soil reinforcement

Fig. 4. Technological scheme of horizontal soil reinforcement of the foundation base:
a) fragment of the horizontal reinforcement technology; b) exposed horizontal soil-cement elements
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In work (Ilokapes, Cremypa, Camuenko, &
IMasmos, 2012), an example is provided of restoring
the deformed state of a ten-story building by level-
ing through horizontal borehole drilling and
strengthening of the foundation base using horizon-
tal soil reinforcement by soil-mixing technology.

To implement the developed restoration tech-
nologies, under the scientific and technical leader-
ship of Ph.D. Samchenko R. V., technological
equipment was designed and manufactured based
on the related inventions, including horizontal
drilling machines for boreholes (FOxumenko,
[MTaBnos, Camuenko, & Cremypa, 2013) and ma-
chines for horizontal soil strengthening after the
elimination of the deformed state, when necessary,
as determined by the methodology also developed
by him. Additionally, vertical drilling machines
(Patent of Ukraine) (Camuenko, Cremypa,
[lokapes, & HOxumenko, 2012) were developed
for constructing retaining walls of foundations and
protecting the walls of pits or trenches from which
horizontal borehole drilling and soil strengthening
of the foundation bases are carried out in con-
strained restoration conditions.

During the investigation of the operation of
these drilling machines in the course of restoration
technologies, certain shortcomings were identified,
the main of which was the use of single-speed axi-
al and rotational movements. This is significant
when applying these technologies under conditions
of varying soil properties. Therefore, the machines
were improved and now provide three-speed
modes for both axial and rotational motion, which
are discussed in detail in the dissertation research
of Ph.D. Yukhymenko A. I. This has made it pos-
sible to determine rational operating modes during
restoration technological processes under condi-
tions of changing soil properties.

Originality and practical value

The presented technologies make it possible not
only to eliminate tilts of structures, but also to re-
move deformation forms such as sags, bends, sepa-
ration of contacting buildings, as well as to elimi-
nate distortions and torsional deformations of
buildings.

Using these technologies, more than 70 build-
ings and structures of various purposes have been
restored in different regions of Ukraine and under
different soil conditions. At the same time, the res-
toration of the deformed state was carried out

without relocation of residents, without interrup-
tion of industrial or functional activity, and without
increasing the deformation of the structures.

Conclusions

A unified method has been developed for re-
storing the deformed state of buildings and struc-
tures by controlling the stiffness of the foundation
bases, which makes it possible to regulate founda-
tion settlements; this universal method ensures the
restoration of various structural systems under dif-
ferent types of deformations, as confirmed by the
successful restoration of more than 70 buildings
and structures, while the applied technologies en-
sure their normal further operation and consequent-
ly extend their service life.
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TEXHOJIOI'TA BIJHOBJIEHHA JTE®@OPMOBAHOI'O CTAHY
BYIBEJb IIPU3MATUYHOI TA IHIIUX ®OPM
YIIPABJIIHHA ’/KOPCTKOCTI OCHOB

Mera. CraTTs cpsiMOBaHa Ha IPEICTaBICHHs e(DEKTUBHUX TEXHOJIOTIH Ta IHKEHEPHUX METOJIB, PO3POOICHUX
JUIsL BIZTHOBIICHHS 1epOpMOBaHOT0 cTaHy OyJiBesb i CHOpYy/, IO 3a3HAJIM HEPIBHOMIPHHUX OCifiaHb (yHIaMEHTIB, 3
OCOOJIMBUM aKI[CHTOM Ha YCYHEHHS KPEHIB Ta 3a0€3MEUYCHHs MO0l Oe3redHol 1 HaaiiHOl eKCIuTyaTallii TaKux
00’exTiB. MeToanka. 3ampornoHOBaHUM MigXiJ 0 BIJHOBJCHHS IPYHTYEThCS HAa KepyBaHHI >KOPCTKICTIO IPYHTIB
OCHOB IIUISIXOM OYpiHHS TOPU30HTAJIBHUX CBEPUIOBHMH 31 3MIHHMMHU I'€OMETPUYHUMH MapaMeTpaMu MijJ MEHII OcCi-
JIOI0 YAaCTHHOIO criopyAx. YacTKoBEe BUIAJICHHS IPYHTY BUKJIMKAE PETYIbOBAHE 3MEHIICHHS XOPCTKOCTI OCHOBH, IO
JI03BOJIsIE KOHCTPYKIi1 MOCTYMOBO IOBEPHYTHUCS IO MPOEKTHOTO MOJIOKEHHS. PerymoBaHHS XKOPCTKOCTI OOTPYHTO-
BY€TbCS JIeOpMalifHIMU XapaKTEPUCTUKAMH IPYHTY Ta BHUPAKAETHCS BITHOLICHHSIM CEPEJHBOTO TUCKY IIiJ Mi-
JOIBOIO (DYHIAMEHTY JO BiNIMOBITHOTO OCIMaHHSA. Y BHUMIAIKax CKIamHOi (OpMHU KpeHY JOAaTKOBa CTaOimi3amis
3a0e3neuyeThcs TOPU3OHTAIBHUM apMyBaHHSIM IPYHTIB 332 TEXHOJIOTIEIO I'PYHTOLIEMEHTALI] 3 ()OPMYBaHHIM XKOPCT-
KHUX IPYHTOLIEMEHTHUX €JIEMEHTIB. Peaitizallisi METOy 3A1HCHIOETHCS 32 TOMIOMOTOI0 CIICIiali30BaHOTO TEXHOJIOT1Y-
HOTO 00JIaJHaHHSI, 30KpeMa 0araTOLIBUKICHUX TOPU30HTAJIBHUX 1 BEPTHKAIBHUX OypOBUX YCTaHOBOK, aalTOBa-
HUX JI0 poOOTH B yMOBax 3MIHHUX BJIaCTHBOCTEi IpyHTIB. Pe3ysnbTaTn. Merox nposeMoHCTpyBaB epeKTUBHICTD B
YCYHEHHI KpeHiB OyliBesib MPU3MATHIHOI GOPMHU B MONEPEUHOMY, MO3/I0BXKHBOMY Ta KOMOIHOBaHOMY HAIpSIMKaXx.
BiH Tako 1okaszaB pe3yJIbTaATUBHICTh IIPH YCYHEHHI CYMyTHIX nedopmariii, TaKUX K MPOTWHH, BUTUHHU, TIEPEKOCH
Ta KpyTiHHs. [lonax 70 OyniBenb 1 criopyn pi3HOTO MPU3HAUYEHHS OyJIO YCHILIHO BiJIHOBJEHO B Pi3HUX perioHax
VYkpainu 0e3 npunMHEeHHs IXHbO1 (PYHKIIOHAIBHOT NisIbHOCTI Ta Oe3 BiaceneHHs Mmemkaniis. HaykoBa HoBH3HA.
EdexT BiTHOBICHHS AOCATAETHCS HE MUIIXOM MPUKIAICHHS CHJI Oe3IocepeIHbO A0 KOHCTPYKINH OyaiBii, a yepes
KEpOoBaHy 3MiHY )OPCTKOCTI I'pPyHTOBOI OCHOBH, 1110 CYyTTEBO 3MEHIIIYE€ KOHCTPYKTUBHI PHU3UKU Ta yCcyBae NMOTpedy y
3aCTOCYBaHHI JJOMKPAaTHHX CHCTEM a00 po3pi3aHHI KOHCTPYKTUBHHX eyieMeHTiB. [IpakTuyHa 3HaunMicThb. 3amnpo-
TIOHOBaHI TEXHOJIOTIT 3a0e31euyoTh Oe3redHe Ta eKOHOMIYHO JIOIUIbHE BiJIHOBJIEHHS OyliBelb, OJOBXKYIOTh TEP-
MiH iX eKcIuTyaTalii Ta rapaHTyloTh CTaOUIbHY pOOOTY B yMOBaxX pealbHUX MICBKHUX 1 F€0JIOTIYHIX OOMEKEHb.

Kntouosi cnosa: nedopmariii; BiTHOBIEHHS 1e()OPMOBAHOTO CTaHY,; KOPCTKICTh OCHOB; TOPU30HTAIBHI CBEPAIIO-
BHHH; PETYJIIOBaHHS OCiTaHb (GyHIAMEHTIB
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