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There are presented analysis results of the new multi-story residential building construction's impact on the existing develop-
ment, constructive and technological measures for the arrangement of an excavation, deeper than the existing foundations’
footing level, with minimal costs and minimal negative impact on the surrounding buildings. In particular, its excavation stages,
results of the excavation shoring strength calculation, as well as proposals for the technical condition monitoring of existing
buildings in the process of new construction were introduced. The calculation of the new construction's impact, including the
arrangement of the pit, was performed in a plane, nonlinear formulation by the finite element method (FEM). Numerical mod-
eling of the system "base - foundations of the existing building - shoring construction" was performed using an elastic-plastic
soil model with the Mohr-Coulomb strength criterion.

Keywords: soaked loess base, excavation shoring, spread foundation, pile foundation, settlement, stress-strained state, finite
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EdexTuBHI pilleHHs BJIAIITYBAHHSA KOTJIOBAHIB Yy TiCHii 320y10Bi

Bunnukos 10.J1.!, Xapuenko M.O. % Axonsin M.K.>*, Anickin A.*

123 Hanjonansnuii ynisepcuter «llonraBcbka nositextika imeni FOpis Konapariokay,
4 Tlipniunmii ynisepcuret, Bapaxaun, Xopsaris
*Anpeca miis muctyBanHs E-mail: armenia3579@gmail.com

BuknazieHo pe3ynbTaTi aHaji3y BIUIMBY Ha iCHYI04Y 3a0y10BY HOBOTO OyIiBHUIITBA 0AraTomoBEepPX0OBOI0 XKUTIOBOTO Oy IUHKY,
KOHCTPYKTHUBHI i TEXHOJIOT1YHI 3aX0/H 3 YIalITyBaHHs OUIBII MNTHOOKOT0, HK PIBEHB MiOIIBH ICHYIOYNX (YHIAMEHTIB KOT-
JIOBaHy, 32 MiHIMaJbHHUX 3aTPaT Ta MiHIMAJBHOTO HETATHBHOTO BIUIMBY Ha OTOYYIOUy 3a0yH0BY, 30KpeMa, CTaiiHICTh HOro
BIIKOTTyBaHHsI, IaHi PO3PaxyHKY MII[HOCTI €JIEMEHTIB OrOPO/UKEHHS KOTJIOBaHY, a TAKOX MPOIMO3HUIIiT 111010 MOHITOPHHTY Te-
XHIYHOTO CTaHy iCHyIOUHX OyniBelb y npoieci OyaiBHUNTBA. [ pyHTH MaliJaHINKy — epeBaKHO 3aMOKIIi JIECOBAHI CYTJIMHKH.
OyHgaMeHTH iCHyI0UnX OyIUHKIB — CTPIYKOBI, @ HOBOTO — i3 33/IaBJICHUX ITAJIb, 00’ €IHAHNX 32113006 TOHHIMH POCTBEPKAMHU:
CTPiYKOBUMH i/l CTIHAMHU Ta OKPEMHMH IIiJ{ KOJIOHaMH. P0O3paxyHOK BIUIMBY HOBOTO OyIiBHHITBA, 30KpeMa i BIalITyBaHHs
KOTJIOBaHY, BUKOHAHO Y IUIOCKii HemiHiifHII noctaHoBLi MeTonoM ckiHdeHHHX eneMeHTiB (MCE). MonenroBaHHsI cucTeMu
«ocHOBa — (pyHAAMEHTH iCHYIOUOi OyaiBJIi — KOHCTPYKLiSi OTOPODKEHHS» BUKOHAHO 13 3aCTOCYBAHHSIM MPY)KHO-TUIACTHYHOT
Mozeni IpyHTy 3 Kputepiem minHocti Kymona — Mopa. Haseneno npukinanu pesynsratiB mozemoBants MCE nedopmariit
IPYHTOBOT'O MacCHBY Ha Pi3HMX CTaJifX yJalITYBaHHSA OrOPODKEHHS KOTJIOBaHY. Po3paxyHKaMu eJIeMEHTIB OrOPOIXKEHHS KO-
TJIOBaHY 3 YpaxyBaHHSM CTaJiifHOCTI BUMMAaHHS IPyHTY Ta BpaxyBaHHSAM MiHIMaJIbHMX 3aTpaT, BCTAHOBJICHO, L0 OTOpO-
JDKEHHSI KOTJIOBaHY MOXJIMBO BJIAIITYBATH 3 MIMYHTOBUX maib (nByraBpu Ne30III) 3 kpokoMm | M Ta MK HHUMH AepeB’sTHOI
3abipku. OOrpyHTOBAHO, 11O TS 30UIBIIEHHS CTIHKOCTI i 3MeHIIeHHs JeopManili BepTUKAIBHUX €JIEMEHTIB OTOPOJDKEHHS
KOTJIOBaH Ha MOYaTKOBHX CTAIisIX CJiJ pO3pOOJIATH KOTIOBAH Mijl 3aXMCTOM TPYHTOBOI OepMH, a Hajalli — 3 BCTAHOBJICHHAM
00BSI3yBaJIbHOI OAIKH, PO3KOCIB, MiIKOCIB 1 MOCTYIOBUM MiABEACHHSM IiUIOTH 1 30BHIIIHBOI CTIHM MapKiHTy. 3a pe3yibTa-
TaM{ MOJEJIIOBAaHHSI BU3HAUCHO, 1[0 MAKCHMAJIbHI TOPU30HTANIbHI IIEPEMILIICHHS OTOPODKEHHS KOTJIOBaHY Ha PI3HHX CTaIisIX
foro BiaITyBaHHs KoJKMBaroThes Bix 0.8 10 2.3 cM y 30Hi icHytounx OyiBesib. MakcuManbHi BEpTHKAIbHI MEPEMIlLIeHHs 0C-
HOB (pyHAaMeHTiB icHyt0unX OyaiBens ckinamu 0.8 cM, 1110 He NepPeBHIIYE AOMYCTUMHX 32 HOPMaMU BEJIMYMH.

KorouoBi c;10Ba: 3aMoKIIa JIecOBaHA OCHOBA, OTOPO/PKEHHS KOTIIOBaHy, ()yHIaMEHT Ha IIPUPOIHIA OCHOBI, MAIILOBUH (QyHIa-
MEHT, OCIIaHHs, HallpyXeHO-e(opMOBaHMIA CTaH, METO]] CKIHUCHIX €JIEMEHTIB
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Introduction

One of the current problems of modern construction
in dense urban development is the danger of additional
absolute and relative uneven deformation of the exist-
ing buildings' foundations, structures, and underground
utilities due to new construction. Geotechnical experi-
ence shows that due to the impact of construction and
operation of new facilities, the bases of the surrounding
buildings' foundations are sometimes significantly de-
formed, and occasionally further operation of these
buildings becomes dangerous [1-8].

Thus, a classic case of such influence in a weak soils
environment was a five-story residential building built
on piles, on the corner of Povitroflotsky and Peremohy
avenues in Kyiv. Additional loading of its pile base
from the side of the new five-storey building-insert on
a slab foundation led to the emergency condition of the
load-bearing structures of the adjacent part of the exist-
ing building.

Another problematic geoengineering task was not
only to improve the design, installation, and execution
of works in a deeper (compared to the level of the ex-
isting foundations' footing) excavation in the area of ex-
isting development [5, 7, 9, 10], but also to minimize
the cost of protective measures.

Review of the research sources and publications

Limit additional absolute and relative bases' defor-
mations of the surrounding structures' foundations, lo-
cated in the influence area of deep pits or communica-
tions, depending on the type of these objects and their
technical condition category [2, 5-7].

In the case of designing bases and foundations, as
well as underground components of new buildings and
structures or objects to be reconstructed, under condi-
tions of dense urban development, geoengineering
monitoring is performed to assess the impact of new
buildings on the stress-strain state (SSS) of the sur-
rounding soil, in particular, and foundations of the sur-
rounding buildings. Under these conditions, graphical,
analytical, graph-analytical, numerical, and other meth-
ods proved efficient in practice [1, 2, 4-7, 9-16].

If the excavation of the foundation pit with free slopes
for the new construction is not justified by calculations,
usually the excavation shoring of different types and
technologies is used, for example [5,7,9-11, 13, 14, 16]:

— sheet piling (thin wooden, metal, reinforced con-
crete, plastic flat or profile retaining walls, the stability
of which provided by the deep immuration in the
ground or in combination with ground anchors, stiffen-
ers, struts, etc.); retaining berms and unloading trenches
have gained some popularity as a supplement to sheet
piling, especially in conditions of weak soils; this op-
tion has a limit on the pits depth up to 5 - 6 m;

— excavation shoring such as "wall in the ground";
makes it possible to dig excavation of a considerable
depth;

— shoring from tangent and secant drilled piles makes
it possible to dig excavation of considerable depth;

— soil-cement excavation shoring made by deep soil
mixing or jet cementation technology; has a limit on the
excavation depth up to 5... 6 m;

— application of the Top-Down technology (vertical
elements of shoring are arranged by the "wall in soil"
technology, from drilled secant or drilled tangent piles),
etc.; enables excavation of the deepest pits, including
ones in the dense urban development.

As arule, the choice of each design and the technolog-
ical solution is influenced by several factors: geoengi-
neering and hydrogeological conditions; technical state
of existing buildings; economic; constructive, organiza-
tional-technological, many others [5, 7, 9-11, 13-16].

Definition of unsolved aspects of the problem

Each time the geoengineer must estimate the SSS of
a rather complex and variable system in the develop-
ment process, which includes the soil mass with the ac-
tual and projected groundwater level, existing founda-
tions and superstructure of buildings in a certain tech-
nical condition, underground engineering networks, ex-
cavation at different stages and elements of its shoring,
foundations of the new building and its load-bearing
structures, take into account the cost of the proposed
design solutions.

In particular, the efficiency and reliability of the
above system are influenced by certain actual parame-
ters of the excavation shoring, which are statistically
variable: the increment and penetration depth of the
shoring elements; geometric location of the capping
beam; eccentricity of the excavation wall axis to the
axis of the shoring’s vertical element; geometric pa-
rameters of the existing surrounding buildings' founda-
tions; physical and mechanical properties of the soils
massif; technological issues during jacking the vertical
elements; dynamic effects on the excavation edge;
flooding of the excavation, etc.

Correct consideration of the possible variability of
these factors, as well as the development of the excava-
tion staging, can minimize the possible impact of new
construction on surrounding buildings and existing net-
works with the required level of reliability and at the
same time have minimal costs compared to alternative
methods of excavation in certain conditions.

The existing regulative system of scientific and tech-
nical monitoring of buildings and structures [17] has
not taken into account the features of the above-men-
tioned geoengineering problem yet.

Problem statement
Therefore, the purpose of the study is to minimize the
impact of new construction to regulatory standards uti-
lizing the actual construction site in dense development
(number of surrounding residential buildings is more
than one) with soaked loess loans and the excavation's
bottom level deeper than the level of the existing foun-
dations' footing at the cheapest possible excavation
shoring solution.

In particular, the following tasks are highlighted:

— determining the area of the possible impact of new
construction on the surrounding buildings;

— analysis of the new construction impact on the sur-
rounding buildings with the definition of the allowable
additional impact during performing the excavation;

— development of constructive and technological
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measures to minimize the possible impact of new con-
struction on the surrounding buildings and existing un-
derground networks;

— substantiation of the excavation workflow with
minimization of the impact on existing buildings;

— calculation of strength and deformability of the ele-
ments of the excavation shoring taking into account the
variability of the actual geometric parameters;

— development of recommendations for monitoring
the technical condition of existing buildings in the pro-
cess of new construction.

Basic material and results
The site of the full-scale object is located at the corner
of Pushkin and Vatutina streets in Poltava (Fig. 1). The
roadway of Vatutina street is 5.5 m away from the ex-
cavation, and Pushkina st. - 5.3 m.

The new building is one-section, eight-story, with
public facilities on the ground floor and underground
parking. The multi-story part is adjoined by a one-story
underground car park through a contraction joint. The
height of the underground floor is 3.9 m, and the depth
of the excavation is over 4.0 m.

In construction terms, the new building is a framed
monolithic structure from the foundation to the slab
above the ground floor. Above that, it's a frameless struc-
ture with longitudinal and transverse load-bearing walls
and interflooring of precast slabs. Its foundation is piles
C140.35-8 (section 0.35x0.35 m, length 14 m), con-
nected by a reinforced concrete spread grille under the
walls and separate reinforced concrete grilles under the
columns. The consequence class of the building is CC2.

From the analysis of the general plan and constructive
parameters of the new building, it is possible to gener-
alize that for the underground parking construction, it
is necessary to dig an excavation 4.8 m deep (to a datum
of 152.3 m) with vertical slopes.

Excavation and the new building foundations' perfor-
mance will have an impact on existing buildings. Thus,
the zone of negative influence (Fig. 1), in particular, in-
cludes the existing six-story residential building on Va-
tutina St. 9/68, five-story residential building on Push-
kina St. 66A (at a distance of 7.2 m from the excava-
tion), the roadway of Pushkina St. with a network of
underground communications (taking into account the
pillar crane area) and the roadway of Vatutina St., etc.

The building on Vatutina St. 9/68 has 6 floors, includ-
ing the attic, and under the whole building, there is a
basement (depth of the underground part - 2.2 m). Its
shape in plain view is rectangular with overall axial di-
mensions 23.25x13.36 m and 18.5 m height. The struc-
tural scheme is frameless.

The load-bearing walls are longitudinal external and
internal.

The foundations of load-bearing and self-supporting
walls are spread monolithic reinforced concrete, shal-
low laying, on a natural base, the foundations footing
depth from the ground level is 2.2 - 2.5 m. The bearing
stratum of the base (Fig. 2) is an engineering geological
element (EGE) heavy silty loam, stiff (EGE-2) loam
with a thickness of up to 1.8 m. The spread foundation

edge is 0.5 - 0.8 m away from the excavation. The gen-
eral technical condition of the building is defined as "2"
- satisfactory, and therefore the allowable additional
settlement of its base from the influence of the new
building should not exceed 20 mm, and their relative
unevenness - 0.0015 [2].

Figure 1 — Layout schematic of the site in:
a — full-scale conditions before the excavation;
b — in plain view;
¢ — in spatial dimension (design proposal)
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A five-storey building on Pushkina St66A was built
according to the 1-511 series, with a technical under-
ground under the entire building. It has a rectangular
shape in plan view with overall dimensions in the axes
of 12.0x33.6 m. The load-bearing elements are external
and internal longitudinal walls. Structural scheme -
frameless with longitudinal load-bearing walls and
stairwells in the form of stiffening cores. Foundations
of walls - spread, precast reinforced concrete, a shallow
foundation on a natural base. The bearing layer of their
footing is EGE-2 (Fig. 2). The building is 7.2 m away
from the edge of the future excavation. The general
technical condition of the object - "2" - is satisfactory
(as one that contains structures with the technical con-
dition of category "2", but there are no structures of re-
sponsibility category Al, A or B with the technical con-
dition of category "3" or "4"). Permissible additional
settlement of its base from the influence of the new
building should not exceed 10 mm, and their relative
unevenness - 0.0015 [2].

[t
]

Figure 2 — Geotechnical cross-section of the site

Struts of I-
beams 30 Sh1
with increment

Geomorphologically, the site is confined to the Pol-
tava loess plateau. The thickness of the loess strata does
not exceed 8 m on site. However, in the case of the soil
massif soaking, settlement from the net weight is ab-
sent. Lithologically, the section up to a depth of 20 m
is represented by silty heavy loams (EGE-2 and EGE-4
- stiff) and light (EGE-3 - fluxional, IGE-5a - soft-firm,
IGE-5b - fluid-firm), as well as light silty, semi-hard
clay (EGE-6). The layers are covered with bulk soil
(EGE-1) with a thickness of 0.8 - 1.8 m. The soil strata
are sufficiently sustained for the depth and area of the
massif.

At the time of surveys and investigations, the ground-
water level was recorded at 4.2 - 4.5 m below the
ground surface (approximately at the level of the future
excavation's bottom), it is expected to rise to 2.0 m.

According to the results of the existing buildings' in-
vestigation, the sections of the greatest influence of the
new construction on these buildings and communica-
tions are highlighted (Figs. 3 and 4).
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Figure 3 — Scheme of the design sections
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Figure 4 — Section 1-1 (6-storey building and tower crane for new construction along the axis «A»)

68

Academic journal. Industrial Machine Building, Civil Engineering. — 1 (56)’ 2021



As an example we will consider results of only the
basic calculations of the excavation shoring, influence
of new construction on the existing building, checks of
deformations during excavation, and an underground
part of a new building on section 1-1 (passes through
the six-storeyed building). Its foundations are 0.5 - 0.8
m from the edge of the excavation and the depth of the
excavation in this section is 4.8 m (Fig. 4).

To reduce the load on the shoring, its depth was re-
duced by performing a preliminary ("pioneer") excava-
tion with a depth of 1.8 m near the building. At the same
time along with the existing building on Vatutina St.,
9/68 there will be removed almost the entire bulk layer.
Then from the bottom of the "pioneer" excavation ver-
tical elements of the shoring will be pressed down
(metal piles of I-beams 30Sh1 10 m long, with an in-
crement of 1.0 - 1.5 m), between which a wooden fence
and a capping beam will be installed. The proposed
technology has the lowest cost compared to Larssen
sheet piling and is arranged in the shortest time com-
pared to drilling piles or "wall in the ground" (no need
to wait for concrete to cure and it is possible to excavate
the soil immediately after immersion of metal piles). It
is expedient to create the offered protection on the fol-
lowing stages:

1 — immersion from the ground surface of pressed
piles for a new building (before the arrangement of the
excavation); erection of the vertical shoring elements
along the contour of the excavation except for the area
near the building (Fig. 5);

2 — digging the "pioneer" excavation to a depth of 1.8
m from the surface; pressing the piles of a shoring from
I-beams 30Sh1 between excavation and the base of the
existing building (fig. 6);

3 — excavation to the design depth under the protec-
tion of a soil berm 3.2 m wide with a slope of 45 - 50 °
(Fig. 7);

4 — an arrangement in the upper part of the shoring
(0.5 m from the surface) of the capping distribution
beam of I-beams 30Sh1, installation of I-beams 30Sh1
struts with an increment of 4 m on pre-arranged grilles
of the future building (Fig. 8);

5 — works performance on arrangement of spread
grilles under the parking wall, the parking floor ar-
rangement, which will act as a spacer system and will
accept the load from the shoring, it is also advisable to
perform vertical reinforced concrete structures (pylons,
walls) to the struts level and only after gaining strength
with concrete to remove the struts and continue to per-
form monolithic work (Fig. 9).

Excavation shoring

of I-beams 30Sh1

with an increment
of1m

piles for the
building’s
columns

load from the

existing
foundation

piles for
parking walls

Figure 5 — Stage 1 of the excavation shoring erection in section 1-1

A

Figure 6 — Stage 2 of the excavation shoring erection in section 1-1
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Figure 7 — Stage 3 of the excavation shoring erection in section 1-1

Grille over

‘L” axis

Figure 8 — Stage 4 of the excavation shoring erection in section 1-1

Parking floor

Figure 9 — Stage 5 of the excavation shoring erection in section 1-1
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Similar studies were performed in cross-sections 2-2.

In the area where there are no communications and
existing buildings, the criterion of calculation was
taken as the strength and stability of the excavation
shoring system. Horizontal displacements in this area
should not exceed 10 cm. In the area of communica-
tions and buildings, horizontal displacements are lim-
ited so that the vertical deformations of the existing

building foundations do not exceed the normative de-
pending on the technical building's condition.

The spatial view of the excavation shoring is shown
in Fig. 10.

The calculation of the new construction influence
(namely the excavation in sections 1-1 and 2-2) was
performed in a plane nonlinear formulation by the finite
element method (FEM).

Building on
Vatutina st., 9/68

Building on
Pushkina st., 66 A

Figure 10 — Spatial view of the excavation and its shoring

To solve the problem, a software package for finite
element analysis of geoengineering problems was used.
Numerical modeling of the system "base - foundations
of the existing building - construction of the shoring"
was performed using a well-tested elastic-plastic model
of the soil with the Coulomb - Mohr criterion of
strength to solve similar problems.

Under these conditions, when using an elastic-plastic
model of the soil with the strength criterion of
Coulomb - Mohr, the known hypotheses of soil me-
chanics are accepted, such as:

1) the soil within each finite element is taken as a ho-
mogeneous isotropic medium;

2) at deformations, the integrity of a massif remains;

3) shapeshifting deformations are nonlinear;

4) vectors of the principal plastic deformations (and
their velocities) and the principal stresses at a complex
stress state are assumed to be coaxial;

5) load - simple (components of the stresses deviator
increase in proportion to one parameter);

6) the coaxiality of stress and strain tensors are pre-
served.

The design schemes of the FEM for sections 1-1 mod-
eling the influence of new construction at each stage are
given in Fig. 5 - 9. In addition, at the initial stage, the
initial stress state was modeled from the net weight of
the foundation soils and existing buildings, but the de-
formations that occurred were zeroed because this SSS
is the initial for further calculations.

Calculations of the excavation shoring elements, tak-
ing into account the stages of excavation, in particular,
it is established that the shoring should be made of sheet
piles (I-beams 30Sh), which should be pressed in incre-
ments of 1 m, with a wooden fence between them.

To increase the stability and reduce the deformation
of the vertical elements, the development of the exca-
vation is provided in the initial stages under the protec-
tion of the soil berm, and further - with the installation
of capping beams, braces, struts, and gradual supply of
the floor and outer wall of the parking lot.

Similar results of the massif's deformations at differ-
ent stages of excavation shoring by FEM modeling
were obtained for section 2-2 and in the area of the pil-
lar crane.

For example, for section 2-2, excavation with mini-
mization of the influence on the existing building is jus-
tified in the following stages:

1 — before the excavation from the surface of the site
jacking the piles for the new building; immersion of
vertical elements of shoring (I-beams 30Sh1) on an ex-
cavation contour; its excavation to the design mark un-
der the protection of the berm from the ground (at an
angle of about 55° with a width of 2.4 m at the base and
1.0 m at a depth of 2.4 m from the planning level);
beyond the contour of the excavation arrangement

of I-beams 30Shl capping beam at a depth of 2.4 m
from the surface.
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2 — installation of struts (I-beam 30Sh1), which on
one side rest in the embedded part in the grilles (set in
the process of concreting the grilles), and on the other
one — in the capping beam; removal of the soil berm,
due to which the load from the shoring is partially trans-
ferred to the foundations of the new building.

3 — works on the arrangement of spread grilles under
a parking wall, the installation of its floor which will
carry out a role of a spacer system and will accept load-
ing from the shoring, it is also recommended to execute
vertical reinforced concrete designs (pylons, walls) to
the level of struts and only after concrete cures to re-
move struts and to continue performance of monolithic
works.

For unloaded zones along axes 1, 9, and A it is advis-
able to arrange the excavation in stages:

1 — arrangement of excavation shoring from a plat-
form surface from I-beams 30Shl 12 m long pressed
piles with an increment of 1.0 m;

2 —the pit excavation to a design depth of 4.8 m under
the protection of a soil berm 2.0 m wide and 2.0 m high
with a horizontal platform 1 m wide at the top;

3 — arrangement of a capping beam at a depth of 2.4
m from the surface, after which it is possible to cut the
ground berm with grips up to 6 m and erect under-
ground monolithic structures, including vertical (walls
and pylons), etc.

There is also a shoring in the area of the pillar crane
in the A axis — for the period of construction and instal-
lation works (the crane is located on the edge of the ex-
cavation between the axes 2 and 6) under the protection
of a soil berm and struts with an increment of 4 m from
double I-beams 30Sh1.

In fig. 11 some photos of the excavation shoring pro-
cess are shown, and in Fig. 13 there are presented tech-
nological solutions for the erection of the underground
part of the building in the area of the elements of the
shoring.

*F e

POCOPHONE
SHOT ON POCOPHONE F1

Figure 11 — Photo of the excavation shoring installation near the existing 5-story building

In order to minimize additional settlement of the ex-
isting building, it is planned to remove the strut of the
excavation shoring only after installing not only the
grille, but also after erecting a certain part of the vertical
outer and transverse inner monolithic walls.

To confirm the calculated data on additional settle-
ments of the foundations’ base of the existing build-
ings, it is necessary to perform field observations in the
excavation process.

The purpose of monitoring is to preserve the opera-
tional reliability and suitability of residential buildings
bordering the new development zone. Its main task is
periodic geodetic, including automated, surveys to
quickly detect the deterioration of the technical build-
ings' condition or the approximation of actual (meas-
ured) sediments and slopes to their limits, control over
the technology of excavation, and so on. Therefore, the
following composition of geotechnical and geodetic

monitoring in the process of construction of a new
building was adopted:

— installation of settlement (wall) points and auto-
mated measuring and information system;

— system of instrumental (deformations measurement
of foundations' bases by wall points) and visual (photo
fixation) observations of existing structures;

— evaluating the results of observations and compar-
ing them with the predicted data;

— development, if necessary, of measures to eliminate
unacceptable deviations and negative consequences;

— control over the implementation of decisions.

The frequency of monitoring can be adjusted at dif-
ferent stages of new building construction with the de-
terioration of the technical condition of buildings or the
approach of the measured settlements and slopes to the
limit values.
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Figure 12 — Deformations of the soil mass according to the FEM modeling
at the stages of excavation shoring performance:

a — execution of the "pioneer" excavation (maximum elevation of the bottom of the pit - up to 13 mm); b — arrangement of
the excavation under the protection of the soil berm (maximum deformation - up to 3.2 mm at the bottom of the excavation);
¢ — arrangement of a strut and removal of a soil berm (the maximum deformations - to 68 mm at the bottom of excavation
from soil heaving); d — arrangement of the parking floor and spread grille and removal of the strut (maximum deformation -
up to 68 mm at the bottom from the soil heaving, ie did not increase compared to the previous stage)
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Figure 13 — Technological scheme of performance of the underground part
of the building in the area of the shoring

Conclusions

Thus, on a typical full-scale object (multi-apartment
residential building on piles) in the conditions of dense
development (six- and five-story residential buildings
on the shallow foundations and urban infrastructure)
and soaked loess soil, it was minimized to regulatory
requirements, the possible impact of new construction
in a deeper excavation compared to the existing foun-
dations level.

1. According to the results of the calculation of the ex-
cavation shoring stability in section 1-1 (depth 3 m tak-
ing into account the "pioneer" excavation with a depth of
1.8 m), it is established that its shoring can be made of
vertical elements (I-beams 30Sh1) 10 m long with an in-
crement of 1.0 m and struts with an increment of 4 m
(from I-beams 30Shl), between the elements, it should
be created a wooden fence of boards with a thickness of
50 mm and connect with a capping beam (I-beam
30Shl). The maximum additional settlement of the ex-
isting residential building foundations will not exceed 8
mm. This excavation technology is the cheapest.

2. According to the results of the calculation of the
excavation shoring stability in section 2-2, it is deter-
mined that the shoring should be made of vertical ele-
ments (I-beams 30Sh1) 12 m long with an increment of
1.0 m and struts with an increment of 6 m, between the
elements, a wooden fence of boards 50 mm thick
should be made and connected by a capping beam (I-
beam 30Sh1). The depth of the excavation is 4.7 m. The
maximum additional settlement of the foundations of
the existing building reaches 8.5 mm. In addition, it was
found that after the arrangement of the parking floor
and spread grille under its walls in the case of removal
of the strut the foundations' settlement may increase to
12.5 mm, which is more than the maximum allowable
value of 10 mm. Therefore, when carrying out work,
the struts should not be removed until the vertical base-
ment wall is erected to the bottom of the strut.
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