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Abstract. The existing approaches for reducing the
differential settlements of buildings and structures have
their own advantages and disadvantages. Lowering of
a building or part of it is one of the promising methods
to reduce the differential settlements of shallow
foundations resting upon weak silt-loam soils. The
effect is achieved by drilling-out vertical boreholes in
the immediate vicinity of the foundation from the
minimal settlements. Method: Russian and foreign
scientists have been involved in the development of
calculation procedures for horizontal and inclined
drilling-out of boreholes. It has been important to
determine drilling parameters when using this
technology and how soil characteristics and stress state
of soils around the borehole influence the reduction of
differential settlements. The paper discusses the
influence of the strength characteristics of soils on the
stress state of the soil massif around the borehole, as
well as the influence of the borehole radius on the
formed areas of limit state. The analytical solution is

based on the well-known ratio used to determine the
stress state around the borehole during pressure tests.
Tangential and radial stresses are determined from this
ratio; next, they are checked according to the condition
of the strength law, and thus, the stress state around the
borehole becomes evident. Result: The stress state of
the soil around the boreholes has been calculated by the
given method; it has made it possible to calculate the
areas of soil destruction and determine the parameters
of boreholes and their geometry depending on the
purposes when regulating the settlements of slab
foundations. It has been established that drilling behind
the foundation contour in relation to drilling in the
foundation contour makes it possible to increase the
radius of the plastic deformation zone up to two times
under the same soil conditions and well geometry.

Keywords: differential settlement; tilt; drilling-out;
shallow foundations; drilling parameters; cuff
technology; tangential stresses; radial stresses
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AnHoranusa.  CymecTBymomue — MOAXOABI IO
CHWKCHUIO HEPaBHOMEPHOCTH OCaJOK 3JaHud u
COOPY’KEHHH UMEIOT CBOM JJOCTOMHCTBA M HEJJOCTATKH.
OmHUM W3 NEPCHEKTHBHBIX METOJIOB MO CHUKEHHUIO
HEpaBHOMEPHOCTH OCaAOK (PyHIAMEHTOB MEJIKOTO
3aJI0)KEHHS, B OCHOBaHHH KOTOPBIX 3aJIEraroT ciadble
IBIJIEBOTO-TJIMHUCTBIE TPYHTHI, SIBISIETCSI OITyCKaHHE
3JIaHUSI MM ero 4YacTh. D(PQEKT J0CTHraeTcs: myTeM
BBIOYypUBaHU BEPTUKAJIBHBIX CKBO)XUH B
HEIOCPEJICTBEHHOM ONMM30cTH OT (yHAaMEeHTa Co
CTOPOHBI HaMMEHbUIMX OcCalok. Merox. B pasHoe
BpeMs paspaboTkamu METOJUK pacyera
TOPU3OHTAIFHOTO W HAKJIOHHOTO  BHIOYpHBaHHUS
CKB@KHH 3aHMMAJINCh OTE€UYECTBEHHbIE U 3apyOeKHBIC
yueHble. BaxHbIM BOIpOCOM, @pU NPUMEHEHHUU
JAHHOM  TEXHOJOTWH,  OCTaeTCsa  OIpeAeNeHHE
rmapamMeTrpoB  OypeHHs,  BIHMSHHE  TPYHTOBBIX
XapaKTepUCTUK U HANPsDKEHHOTO COCTOSHUS IPYHTOB,
BOKPYT  CKB@KHWHBI, Ha  IpOIECC  CHIKEHHS
HEpaBHOMEPHOCTH OcaJiKu. B cTaThe paccmaTpuBaeTcs
BIIMSIHUE TIPOYHOCTHBIX XapaKTEPUCTHK TI'PYHTOB Ha
HanpsHKEHHOE COCTOSHUE MPYHTOBOI'O MacCHBA BOKPYT
CKB@)KHHBI, & TAKXKE BIUSHHUE Paauyca BEIOypHBaeMOi
CKBa)KMHBI Ha ()OPMHUPOBAHKE 00IACTEH MPEAETEHOIO
COCTOSIHMSI. AHAJIMTUYECKOE pEIICHHE OCHOBAaHO Ha
WCIIOJIb30BAHUM ~ M3BECTHOTO  COOTHOLICHUS  JUIsl

OIPENIeNICHUsI  HAMPSDKEHHOTO  COCTOSIHUSL  BOKPYT
CKB&XHMHBI IPH IPECCHOMETPUYECKUX HCIIBITAHUSIX.
Uz JIaHHOTO COOTHOLICHHS OTIPEeNIeISFOTCS
TaHI'CHIIUAJIbHBIC u paanalibHbIC HaIlpsKCHUA,
KOTOpBIE 3aTeM IPOBEPSIOTCS IO YCIOBHIO 3aKOHA
OPOYHOCTH, TEM CaMbiM (OPMHpPYETCS KapTHHA
HAIllPSHKEHHOTO  COCTOSHHMSA ~ BOKPYT  CKB@XKHHBI.

Pesynbrar. ITo IIpeCTaBICHHOM METOJIUKE
BBITIOJTHEHBl ~ pacueTshl HAIMPSDKEHHOTO  COCTOSIHUS
rpyHTa BOKPYT CKBaXHH, MTO3BOJISIOIINE

PacCUMTHIBAThH 30HBI pa3pyIIEHUs TPYHTA U TEM CaMbIM
OTIPEeNeNATh TapaMeTPhl CKBAXHH M TEOMETPHIO HX
PacroyIOKEeHUsI B 3aBUCHUMOCTH OT TOCTaBJICHHBIX
meNnedl, TMpH PperylupoOBaHMHM OCAJOK  IUIMTHBIX
(byHIAMEHTOB. YCTaHOBJIGHO, 4YTO OypeHue 3a
KOHTYpOoM (pyHIaMeHTa MO OTHOIICHUIO K OYPEHHIO B
KOHTYype (hyHIAMEHTa TO3BOJISIET YBEIHYUTH PanycC
30HBI TUIACTUYECKUX AedopManuil 10 JABYX pa3 Ipu
OIMHAKOBEIX TPYHTOBBIX YCIOBHSX W TECOMETPHUU
CKB&)KHHBI.

KnaroyeBble cjioBa: HEpaBHOMEpHas OCaaKa, KPEH;
BBIOYpHUBaHHMsS  TpyHTa;  (QYHAAMEHTHI  MEIKOTrO
3a]0KEHHsI;, MapaMeTpsl  OypeHus,  MaHKeTHas
TEXHOJIOT S, TaHTeHIAJIbHbIC HalpsDKeHUS,
paaranbHbIe HAPSKEHHS
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Introduction

BBeaenue

Differential settlements of foundations during construction and operation of
buildings and structures is one of the challenges which the construction industry
faces [7]. Thus, cracks and distortions appear in relatively flexible buildings, and
tilts — in stiff buildings and structures which are considered in the paper. The
differential settlements can be caused by different reasons [13].

It is important to determine the problem and detect the reasons of differential
deformations resulting in the building tilts. This helps plan the strategy for the
chosen method and technology for reducing the differential settlement and bringing
it to standard and (or) safe values [10]. A large number of methods used for
correcting the building tilt are known; each method has its own advantages,
disadvantages and limitations when used [16].

Pulatov A.P.! pointed out that two methods of aligning the geometric
position of buildings are normally used in construction: the first is the use of special
mechanisms and adjustable foundations installed in the foundation-basement of the
building during construction or aligning period [18; 19] the second — aligning
structures without any mechanisms and structural members of foundations, but by
creating extra deformations of the soil bed from smaller settlements [1; 7; 9; 11].

None of these approaches is universal. Each methods used must be
economically viable and technologically justified in terms of its effectiveness and
safety [20].

When the soil bed is composed of weak silt-loam soils, typical for the south
of the Tyumen Region, the method of vertical drilling-out of soil, i.e. weakening
of the soil bed from minimal settlements, is one of the most promising ways to
correct the spatial position of buildings and structures. Widely used horizontal
drilling or drilling slightly inclined to the horizon in weak water-saturated soils, as
well as in the constraint environment typical for built-up areas has significant
drawbacks. It is difficult to execute the work safely in given high level of
groundwater and ensure safe operation for adjacent buildings [4].

The formed areas of plastic deformations (soil destruction) around the
vertical boreholes or the ones slightly inclined to the vertical, with a certain distance
between them, located in the area of minimal foundation settlements is the principle
difference of the proposed method from the other ones [6; 8].

It should be noted that differential settlements which lead to the building tilt
are almost always characterized by their unregulated state in weak silt-loam soils.
Therefore, before using a particular technology, it is necessary to stabilize the

1 Pulatov A.P. [Work of foundations when leveling structures by drilling horizontal and inclined wells]. Candidate
thesis of technical sciences. Kiev, 1986
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vertical displacements of the foundation from the maximum settlements and then
reduce differential settlements and thus, eliminate the tilt.

1. Method

1. Metoa

The authors believe that destruction of soil is caused by the developed areas
of plastic deformations and shears around the borehole [2; 3; 14; 17]. The main
factors affecting the stress-strain state of the soil around the boreholes are as
follows: physical and mechanical characteristics of the soil bed, borehole geometry
and stress state in the soil bed. The influence of groundwater is not taken into
account.

In general case, within the framework of the approach studied, there exist
three main design cases for locating boreholes:

1. A single borehole beyond the stresses from the foundation slab (with
stresses from the soil own weight).

2. A borehole in the contour of the foundation slab.
3. A borehole beyond the contour of the foundation slab.

The first design case was considered by the authors in the corresponding
paper published earlier [19].
b

7 q e
|
g flccan| 1 Z
‘\'{\ } =/ _borehole boundaries
|| — 1-1
+ = ] / —
B2 I
: ] \
/= } \ | /)
zg Ozp 02p+02g %Z/ Ozp+02g : \ \\cie_ $ /
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Figure 1. Design cases for locating a cylindrical
borehole versus the foundation (developed by the authors)

Pucynok 1. Pacuemmnvie cnyuau pacnonodxcenus YyuliuHOpU4ecKoll
CK8AMNCUHBL OMHOCUMENbHO yHOaMeHma (pa3pabomano aemopamil)
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To formulate the problem, let us consider case 2, i.e. location of the borehole
in the contour of the foundation slab. In here, stresses from the soil own weight
(04) and stresses from the foundation slab (o,,) are taken into account (fig. 1).

An axially symmetrical scenario is used for solution of the problem for the
reason that the borehole in the soil is conventionally an ideal cylindrical cavity
symmetrically loaded in its height [12].

The boundary conditions are established by reference to the absence of other
factors influencing the stress state of the considered soil massif, except the stress
from the soil own weight and pressure from the foundation slab.

In order to determine the stress-strain state of the soil around the formed
borehole, modified formulas given in the works of Ter-Martirosyan Z.G.,
Boldyreva G.G. [14; 21] are used; they help evaluate the stress-strain state of the
soil massif during pressure tests (1).

2
B AR
Gr_l—,u*(y*z-l_%p)*(l_l_r_z)
2
H To
oﬁ=1_u*(y*z+ozp>*(1—r—2>> (2)
1+u 1§
U =T ezt o) —pm e

where, 6, = p*o — stresses in soil from the foundation;

P — foundation pressure;

a — coefficient taking into account distribution of stresses in depth; it is
determined according to Building Regulation (SP 22.13330.2016), Table. 5.18;

z — depth to determine the stress;
r — borehole radius;
ro — radius of the plastic deformation area around the borehole.

The formulas (1) make it possible to determine tangential — o, and radial
— o, Stresses.

Thus, substituting the determined stresses to the strength law (2), the
following formula can be obtained:
(o, — 0y) 2)
(o, +09+2%C*ctgyp)

The computational program "GsMonitor" has been developed to determine
the areas of the soil limit state around the borehole of a given configuration.

sing =

"GsMonitor" operation algorithm.
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It follows from the formulas (1) that the whole of parameters included can
now be functions of depth, namely:

_ 4@ o
=N CRHON G o
(2) ;
Oy = 15—5(2) * (y(z) * 7 + Gzp(Z)) * (1 — :%)

In order to simplify the formula, let us denote the total value of the stressed
soil in the specified depth by:

w2
O T@

The stress from the foundation can be determined using the data given in
Table 5.18, SP2.

Taking into account the formulas (1), the following formula which

incorporates physical properties of the soil and geometric dimensions of the
borehole is obtained:

(V@ x 2+ 0,p(2)); 0p(2) =P a2) (4)

r? ©)
s(z) + c(2) * ctgp(z)
Thus, it is possible to determine explicitly the borehole and plasticity radii:

singp(z) =

c

ré =12 (Simp + ;cosgo) - 1y = f(r,z = const) (6)
c -1

r2=1¢ (simp + gcos<p) -1 = f(ry,z = const) (7)

Thus, by establishing the borehole depth z, it is possible to calculate the
values of the specified radii.

The single-valued positive solution for the depth coordinate z is determined
by the ratio of the functional connections dependent upon this variable. In order to
determine the stress from the foundation at a specified depth, data from a
two-dimensional table are needed. If bilinear interpolation of multidimensional
data is used, one can record the assumed formula for the coefficient a(z) for values
with any foundation parameters:

2SP 20.13330.2016 [Loads and impacts. Updated edition of SNiP 2.01.07-85*] (with Amendments N 1, 2)—
docs.cntd.ru. URL: https://docs.cntd.ru/document/456044318 (date of application: 23.03.2021).
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2z
&= 7; b = const
a(z) = a(é,n) = L = Bo + B1§ + Ba2n + B3ém (8)
n= E ;L = const

By establishing z, one can determine (&,1); next, the interval boundaries,
with the values of the specified variables between them, are determined. Let it be
definite:

ay; = aléy,mq)
Ja’zz = a(&2,1m2) {51 <¢<é 9)
ap = aléy,n2)’ W =n=mn;
k0»’21 = a(&z,m1)
To evaluate the indeterminate f;, a system of 4 linear equations with 4
indeterminate values is obtained. Its expanded matrix is as follows:

1&miéamlaan
1 &aM2821m5 |22
1,726,101 (10)
1&,M1é,m, | %21

Having solved it by the Jordan-Gauss method, the indeterminate dependency
coefficients are obtained. When substituting the specified actual values (&,1), the
required value of the coefficient and the values of stresses from the foundation at a
given depth are obtained? [5].

Next, the functions related to the above dependencies are obtained for soil
parameters and stresses. Let us pay particular attention to the real possibility for
the equation to be solved (8). Let us rewrite it as follows:

2

) c To
h 0 11
sing + p cosQ 2 (11)
Under the condition:
2

T
§=—<1 (12)

Tr

Minimizing the trigonometric part of the equation as a formula with phase,

we obtain:
C\2 C
hd ; — 5 - _ 13
’1 + (s) sin(p +6) = 5;tgb . (13)

3 Pulatov A.P. [Work of foundations when leveling structures by drilling horizontal and inclined wells]. Candidate
thesis of technical sciences. Kiev, 1986.
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It follows that:

o 1)
sin(p +0) = - <1
@ @ o

Taking into account that the expanded formula can be changed in an arbitrary
way depending on the depth, namely:

)

1+ () “5)

One can come to the conclusion that the last inequality is true for any
dependence on distance due to the above assumptions. Thus, the solution is relevant
for any diameter and depth of the borehole, but it should be noted that it may not
fall within the specified distance interval.

2. Results

2. PesyabTar

Let us consider the software algorithm using a test example.

I GsMonitor v7 for 10-10-2020

Pagmyc miacTHaHOCTH 1 Cnpaexa }

KomcTanTsi cueTa
2r0=04»

figrorsm 1p,1p) (4] 10

C (cuennenme , xIla) |4 3
Gam (ya. Bec rp., kH/m3) [« 18,5
Mu (Koa¢ . Iyaccoma) [4] 0,35
r (Paguyc maacr, M) (4] 0.3
r0 (Pagayc cke., M) [« %
z(Pacer Boas ckB., M) [« | 15
b (mmpmaa dpymx, M) [« 14
L(Tuma byma, ) 4] 2
P (Taex. pymm, xIla) 4] 275
E (Moga aed. rp., mIla) ﬂ 15
N (To4ek pazd. uaTEpB.) W v Brog
04516 ~

Cnoc.3ax.ce- rpyaTa

r = f(z. r0=0,2); z, r, r0 B MeTpax

>

I e I
L= = L L L= L L L L L L

0 2 4 6 8 10 12 1 16 18 20 2 2
(193239 04516 ~ z
@ s mes 19,8969 0,471

" Tepemen. + Bec 20,4699 0,4427 Coxp.rpapua | Pacuer n dafin |
& Mocr+ mamra 21,0428 04384
21,6158 10,4343
(o 3 !
Mepeyen. + mnta 221887 04303 TMapaw. 3anan Sigma(z); Sigma - KT, z 6 werpax
Tun rpadmsa 227617 04265 & Sigma(z) s00f° ; : :
& r =f(z, r0 = const, c(z).filz 233346 04228
it (2).fi(z)) 239076 04192 © mu/(1-mu)*Hanp. 45011
© r =f{r0, z = const, c(z).fi(z)) 24,4806 04157 .‘ :
© r0=f(r,z = const, c(z),fi(z)) 25,0535 04123 ~ C) £ 4001
Pt E :
© 0 =1(z,r =const, c(z).fi(z)) §§’f§§i g,:g?s - 6) 10l
B 405! : :
1 =flc, r0=const, z=coust, i@) | |367724 04027 v 00| |
© r =f(fi, r0=const, z—const, c(z)) 273454 03997 - -
10 = f(c, r=const, z=const, fi(z)) 27,9183 0,3963 ~ mu(z)/(1-mu(z) 0 5 10 15 2 %
10 = f(fi, r=const, z=const, c(z) A4
< >
Bcn. pac. coxp.

Figure 2. GsMonitor Dialog Box (developed by the authors)

Pucynok 2. /luanocosoe oxno npoepammur GSMonitor (paspabomarno asmopamu)
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Initial data and boundary conditions:

1. Borehole: located vertically in the contour of the foundation slab,
d = 0.4 m; the borehole is affected by stresses from the foundation slab and
the soil own weight.

2. Soil conditions: homogeneous clay soil possessing the following
characteristics ¢ =10° c¢=25kPa, y=185kN/m3 E =15 MPa,
groundwater is not considered.

3. Foundation: pressure under its footing P = 275 kPa, slab dimensions
bxL (14x26 m).

The soil characteristics, radius of the borehole, foundation geometry and
pressure under the foundation footing are displayed in the dialog box in the upper
left corner (fig. 2). The required design diagram and the type of graph are selected
below. The calculations being completed, an illustration appears in the center of
the window: a borehole (blue) and areas of plastic deformations of soil (red) around
it. The selected type of graph is displayed in the upper right corner; e.g. Figure 4
shows the radius of the plastic deformation area versus the depth. Based on the
scenario obtained for the stress state around the borehole, the parameters of
drilling-out, i.e. spacing, length and diameter of the boreholes can be chosen as the
initial data for the technology of weakening in order to eliminate the building tilt.

3. Design case

3. PacueTHbli cayyaid

A block of flats located in the city of Tyumen in Belyaeva Street can serve
an example of significant differential settlements. The building was constructed in
2014-2016. The building consists of two blocks of 9 and 14 floors respectively
[19].

The foundation slabs of both blockss are made of mass concrete B30, 1.0 m
in thickness. The outer walls of the substructure are made of FBS blocks, 600 mm
in thickness; the inner walls are 500 mm in thickness. The outer walls of the
superstructure are made of insulated brick, with a total thickness of 820 mm; the
inner walls are 510 mm in thickness.

Further, the 14-floor block is going to be considered as it suffers from the
greatest differential settlement.

The average pressure under the foundation slab footing from the design load
Is — p? = 285kPa.
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Figure 3. Building section (developed by the authors)

Pucynox 3. Paspe3 30anus (pazpabomano asmopamu)

After the results of geodetic survey, the deviation from the facade vertical of
the 14-floor block of the building has been 660 mm with the limit value after
Building Regulation — 9 cm, the relative difference in settlements has reached the
value As/L =0.019 > [As/L] =0.0024 SP 22.13330.2016 (table D1). The
engineering-geological characteristics of the soil bed are given in table 1.

Table 1/ Taoauna 1

Physical and mechanical characteristics of foundation soils

DOu3uKo-MeXaHuYeCKHe XaAPaKTEPUCTUKHU I'PYHTOB OCHOBAHUA

Layer number | Thickness, m Soils E, MPa |y, KN/m? | c, kPa | ¢, degrees
Ne cnost MomHocTh, M I'pyHTHI E,Mlla | y, kH/M® | c,klla | @, Tpan
1 21 Soft-plastic loam 8.4 195 18 12

) CyTIIMHOK MSITKOILIA-CTHYHBIN ) )
5 47 Fluid and fluid-plastic loams 27 178 10 10
) CyTIIMHOK TeKy4YHii ¥ TEeKydJeIIIaCTHYHbIH ) )
Interlacing of fine sands with sandy loams
3 46  |andloams 206 | 196 | 9 27
IlepecnanBanne MEIKOTO IECKa C CYNEChIO U
CYTTIMHKOM
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Developed by the authors / Paspabomano asmopamu

To eliminate the excess differential settlements, it has been decided to drill
out vertical boreholes in the contour of the foundation slab from the minimal
settlements. In here, rotary core drilling has been carried out in the foundation slab
followed by drilling-out of boreholes in the soil bed (fig. 3). The plasticity areas by
depth in the given conditions have been determined for further choice of spacing
and depth of the boreholes by modeling in the "GsMonitor" software.
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According to the algorithm given above, the stress-strain state around the
borehole is illustrated in (fig. 4).

0» 2r0=0.3 »m.

r = f(z, r0=0,15); z, r, r0 B MeTpax

) O m

' ' '
' ' ' '
' ' ' ' ' *
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¥ ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' '
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a b

Figure 4. a) Areas of plastic deformation around the borehole (in red);
b) Graph of the plastic area radius versus the borehole depth (developed by the authors)

Pucynox 4. a) 3onvl niacmuueckux oeghopmayuii 60Kpye CK8ANCUHDBL
(kpachvim yeemom); b) I'pagpux 3asucumocmu paouyca 30Hvl NIACMULHOCTU
om 2nybunwl ckeaxcunvl (pazpabomano aemopamu)

Next, the data obtained have been analyzed for the spacing and depth of
drilling to be chosen. As can be seen in fig. 4, the area of plastic deformation
decreases sharply, i.e. by 34 % from a depth of 10 meters from the level of the
foundation footing. This is due to two factors: the changed physical and mechanical
characteristics of soils at the stratum and the decreased effect of stresses in the soil
from the foundation slab. Thus, it can be concluded that the effective drilling depth
Is z =10 m. Taking into account the collapsible borehole walls and filling them
with soil, the intersection of plastic deformation areas around the boreholes is
required to be considered for the spacing in the drilling procedure [2].

The maximum radius of the plastic deformation area is r =0.32 m in the
design case. Here, the borehole spacing equal to two radii of plasticity 2*r = 0.64 m
Is obtained. Yet, in order to ensure the slab strength, the drilling frequency has been
2 m. This frequency of drilling-out in the contour of the foundation slab has been
insufficient for correcting such a significant building tilt. The boreholes are slowly
"tightened" with soil retaining stability of their walls. The data of monitoring
confirm this (fig. 5).

Thus, 4 cycles of drilling-out have resulted in the average extra settlement to
be Sextra = 4 Cm
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Data on actual settlements of geodetic marks for the 14-floor block
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- anticipated development - intrusion of mortar (fixing - first drilling-out (4 cycles, L= 6m,
of settlements the soil bed from the outdoors) d = 300mm. total of 160 boreholes
have been drilled out)

Figure 5. Settlements monitored at the construction facility in Tyumen during the
performance of work aimed at reducing the differential settlements (developed by the authors)

Pucynok 5. Monumopune ocaook Ha oovexkme 6 . Tromenu npu
npouszeoocmee pabom no CHUNCEHUIO HEPABHOMEPHOCMU 0CAVOK (pa3pabomano agmopamu)

I11 — design case

In the third case, the location of the well relative to the foundation was
considered, in the same soil conditions. So in the second case, the well was located
in the contour of the foundation slab, and in the third design case outside the
contour of the foundation. Well d = 0.3 m was taken for comparative analysis. and
length z =25 m, foundation width b=14m, clay soil with the following
characteristics: ¢ = 28 kPa, ¢ = 220. The pressure under the sole was taken from
100 to 300 kPa, with a step of 100 kPa. The influence of groundwater on the stress
state of the well was not considered.
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Figure 6. Graph of dependence of the radius of plastic deformation zones in depth
for a well located in the foundation contour: (a) GsMonitor program; the picture of plastic
deformation zones (in red) around the well at a pressure of 300 kPa under the basement
base corresponds to the yellow graph (developed by the authors)

Pucynok 6. I’ pagux 3asucumocmu paouyca 304 niacmudeckux oegpopmayuii
1o 21yOuHe 05l CKANCUHBL, PACNONOINICEHHOU 8 KOHMYpe (PyHOamMeHma: a) npocpamma
GsMonitor, kapmuna 301 niacmuyeckux degpopmayutl (KpACHbIM YEEmMom) 80Kpy2
CKBAdICUNBL NPU 0asieHuu oo nodowsou gynoamenma 300 klla, coomeemcmayem
arcenmomy epaghuxy (paspabomaro asmopamu)

From the graph in figure 2, it follows that an increase in pressure under the
basement base leads to an increase in plastic zones around the well, this factor is
especially significant when drilling out a well outside the basement contour, that
IS, with its asymmetric loading. With the same initial data (soil characteristics and
borehole geometry), moving the borehole out from under the foot of the foundation
gives an average increase in the zone of plastic deformation by a factor of two. It
should be noted that moving the well beyond the foundation contour forms
asymmetric zones of plastic deformation around the well.

Thus, it should be stated that the third design case is the most effective from
the point of view of destruction of the soil around the well and the achievement of
the ultimate goal — controlled additional foundation settlement and roll correction.

Thus, it should be stated that the third design case is the most effective from
the point of view of destruction of the soil around the well and the achievement of
the ultimate goal — controlled additional foundation settlement and roll correction.

As a criterion for the effectiveness of the use of drilling technology, the
following condition is accepted:

Vsp > Vh
where, Vsp — volume of soil falling into the zone of plastic deformation;
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Vh — well volume.

So, if the condition is met and the volume of the soil exceeds the volume of
the well, then we can assume that the well is completely filled and its drilling has
maximum efficiency.

As the initial data, homogeneous soil is used; in one case, the adhesion of the
soil C = 25 kPa and the angle of internal friction changes in the range from 0 to 30
degrees, in the other case, the angle of internal friction ¢ = 200 is fixed and the
adhesion of the soil changes from 0 to 30 kPa. The rest of the characteristics are
taken constant:

specific gravity of soil y = 18 kN/m?;

deformation modulus E = 6 MPa;

Skr=1.2 m — distance from the center of the well to the edge of the
foundation;

D = 0.3 m — borehole diameter;

P =100 kPa — pressure under the sole.

The method of correcting the tilts in buildings and structures by drilling-out
of soil is promising and, in many cases, effective. Obviously, it is simpler and less
labor-consuming than other technologies. However, the results obtained have
revealed that drilling in the contour of the foundation slab under axially
symmetrical loading does not lead to significant development of plastic
deformation areas in the soil around boreholes.

12
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Figure 7. Graph of the dependence of the volume of soil
in a plastic state on the angle of internal friction (developed by the authors)

Pucynok 7. I pagpuk 3aeucumocmu 06véma epynma
8 NIACMUYECKOM COCMOSHUY OM Y2lld 6HYMPEeHHe20 mpeHus (pa3pabomano agmopamis)
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Figure 8. Graph of the dependence of the volume of soil
in a plastic state on the angle of internal friction (developed by the authors)
Pucynox 8. I'paghux 3asucumocmu 06véma epynma
8 NIACMUYEeCKOM COCMOSHUY OM Y2lld 6HYMPeHHe20 mpeHus (pazpabomano agmopamis)

Besides, this does not lead to destruction of their walls and filling the
boreholes with soil. It has been theoretically demonstrated with the developed
software "GsMonitor" and the results of geotechnical monitoring at a built block
of flats. To improve efficiency, it is necessary to design boreholes with a small
spacing; this can significantly weaken the strength of the foundation slab and is
economically viable.

The boreholes located beyond the contour of the foundation slab will
probably increase the effectiveness of the proposed method of vertical drilling-out
of soil. The asymmetric stress state in the soil massif around the borehole is created
for spreading the areas of plastic shear deformation (destruction) of soil.

Conclusion

BoIBOaBI

1. One of the most effective ways to eliminate complex non-stabilizing heels
of multi-storey buildings on slab foundations in conditions of weak water-saturated
silty-clayey soils is a combined technology of cementation using lip technology on
the side of the roll and weakening of the base by drilling vertical wells from the
opposite side with subsequent consolidation.

2. Drilling of wells must be carried out along the foundation slab behind its
contour, in order to form an asymmetric stress state of the soil around the wells,
with a decrease in the spacing of the wells in the corner zones. With a certain choice
of the pitch and diameter of the wells, zones of overlapping plastic deformations
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appear around the wells and the surfaces of deep displacements of the base towards
the wells are formed with their filling and, as a result, the trim of the aboveground
part is corrected.

3. The applied method of tilting correction must be carried out according to
the previously completed design documentation, with the obligatory adjustment of
the technology in the process of work on the basis of continuously conducted
geodetic control and the forecast of possible scenarios of the object's behavior, with
previously worked out emergency solutions.

4. For the control parameter of drilling out, i. E. technological criterion, the
condition of approximate equality of the total volume of drilled soil and the volume
of the base wedge to be removed can be adopted to correct the geometric inclination
of the building.

5. In conditions of weak water-saturated soils, it is recommended to stop
work on weakening the base, when the residual heel is within the limits specified
in the current standards, taking into account the time required for the final fixing
of the base, in order to avoid the appearance of counter-roll.
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