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A considerably distinctive deformed five-storeyed three-section brick residential house erected over 40 years ago on driven
prismatic piles combined by a strip grid foundation by a standardized project is under investigation. The geotechnical mon-
itoring results of the building's technical condition are presented. Methods and results of the instrumental control analysis
of the piles' actual length and visual evaluation of their integrity are presented. The causes of the foundations base's excess
deformation were determined: the inability of the piles' tips to reach the designed mark; the piles' destruction during their
immersion in dense sands; rupture of the primary thermal network, which led to "negative friction" effect on the piles' lateral
surface, etc.
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[lomano pe3ynbTaTH T€OTEXHIYHOTO MOHITOPHUHTY TEXHIYHOTO CTaHy AOCTATHBO XapaKTEPHOTro Ae(GOpPMOBAHOTO I’ SITUIIO-
BEPXOBOT'0 TPUCEKUIHHOTO LErISHOTO JKUTIOBOrO OYyIUHKY, 3BeleHOTO moHaa 40 pokiB TOMy 3a THIIOBUM IPOEKTOM Ha
3a0MBHUX NMPU3MATHYHUX MAJIX, 00’ €THAHUX CTPIUKOBHM 3aJ11300€TOHHUM POCTBEpKOM. BHKOHAHO BisyaibHE Ta iHCTpY-
MEHTAJIbHE 00CTE)XEHHS HECYyYHX OyAiBeIbHUX KOHCTPYKLiH. /loBegeHo, 110 KOHCTPYKTHBHY CXeMy OyIiBJi HE MOJKHA BBa-
XKATH JKOPCTKOI0. BusBiIeHO nedeKTn i MOIKOKeHHS, 0 BIUIMBAIOTh HA HECydy 3JIaTHICTb Ta JIOBIOBIUHICTH OKPEMHX
KOHCTPYKTHBHHX €JIEMEHTIB i OyiBIIi B IIJIOMY, 30KpeMa BepTUKAJIbHI TPIIHHY 13 IIUPUHOIO PO3KPHUTTS 10 20 MM y 30B-
HIITHIX Ta BHYTPIIIHIX CTiHAX, TPIIIUHU B 301pHMX NepeMUUKax y IiJBaii, OOpHUB IONEPEHH0 HANPYKEHUX TSKIB Ta iH.
BusnaueHo ¢akTuyHi mapameTpy 0CHOB i pyHIaMeHTiB. OIICaHO METOUKY Ta BUKJIAJEHO PE3yNIbTaTH aHaNli3y IHCTpyMe-
HTaJBHOTO KOHTPOJIIO (DAaKTHYHOI JOBXHMHHU IaJb 1 Bi3yalbHOI'O OIIHIOBAaHHA iX HiiicHOCTi. Po3paxoBaHO MpOeKTHY Ta
(akTHYHY HeCydy 3[4aTHICTh Najlb 1 OCiTaHHA iX OCHOB. Y CTaHOBJIECHO MPUYMHU HAJHOPMOBUX Aedopmaiiii ocHoB (hyHIa-
MEHTIB, 30KpeMa: HEMOXJIMBICTb JOCATHYTH BICTPSAMH MaJlb MPOSKTHOT MO3HAYKH, 1110 NPHU3BEIO JI0 3HAYHOTO 3MEHIICHHS
X Hecy4oi 3JaTHOCTI; pyHHYBaHHS NNk y NPOIECi IX 3aHYpEHHs y IMiTbHI MICKM HAaMUBY; TIOPUB MaricTpaiabHOI TEII0BOT
Mepexi, KOTpUH NPU3BIB 10 MOSBH €(EeKTy «HETaTHBHOTO TEPTs» 3a OIYHOIO MOBEPXHEIO Mallb; Jisl IHepUiHHUX CHII Bix
BUOYXiB y Kap’epi. TexHi4HUI cTaH NaTboBHX (PyHAAMEHTIB BU3HAYEHO SIK He3amnoBUIbHUHA. Po3pobieHo pexomenpamii
11010 ITOJAIbIIOT eKcIuTyaTanii Oyaisii. OOpaHO KOHCTPYKTHBHO-TEXHOJIOTIYHE PIllIeHHs TOCUIICHHS 11 (pyH/IaMEeHTIB, 30K-
peMa IOCHIICHHS TAJIbOBUX (DYHAMEHTIB Ii/IBEICHHSM ITiJ] iCHYI04i pOCTBEPKU MOHOJITHOT 32113006 TOHHOT ITUTH TOBIIH-
Hoto He MeHme 400 MM, 3aXBaTKaMH Ta IOeTarHo. J[Jsi BKIIIOYEHHS IUTUTH «B PoOOTY» ofpa3y micis ii BlamTyBaHHS Iie-
pendadeHo yuIiibHeHHS! OCHOBH ITif INTUTOIO.

KawuoBi ciioBa: rpyHTOBa OCHOBA, IMICOK, CIA0KH IPYHT, 3a0MBHA MPH3MAaTHYHA Tajs, MOHOJITHHI 3ai300€TOHHUI
POCTBEpK, OCiJaHHS, TPIlIUHA, METAJICBUI TSDK, TEXHIYHUH cTaH Oy/iBIIi, T€OTEXHIYHUH MOHITOPHHT.
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Introduction

The group of deformed structures [1] includes
buildings that have undergone unacceptable settlement
and deformation during the period of their construction
and especially exploitation, which, however, do not
interfere with its operation but limiting the possibility
of its strengthening in time.

The absolute and specific settlement of the
foundation's base, heeling and other deformations of
the buildings and structures occur out of fairly typical
errors, which are usually combined into four groups [1—
7], in:

— geotechnical surveys (insufficient field and
laboratory investigation, wrong determination of soil
properties, neglecting of strata, layers, soft soil lenses
within the base of a building, incorrect estimation of
spatial heterogeneity of soil massif, neglecting of
annual and seasonal fluctuations in groundwater level,
other dangerous geotechnical processes, etc.) [1 — 9];

— poor design (in particular, the failure to account for
the specific properties of soils within the compressible
strata of the base, variation of the soil base's physical
and mechanical properties, underestimation of the
composition and essence of the load transfer on the
foundation and base, the form complexity and deficient
building's rigidity, cancellation or decreasing the
number of pile static tests at the site, etc.) [1-14];

— violations of the building operations rules (such as
the use of so-called “critical technologies” of soil
structure distortion within its cyclic wetness change,
partial freezing of foundation soil, poor arrangement of
sand and soil beds, excess soil extraction from the pit,
pile driving above the designed mark, under-
compaction of the backfill soil in the pit hollows, etc.)
[1-8];

— violations of the buildings and structures operation
rules (for example, prolonged and accidental leaks from
water-bearing communications, unreasonable increase
in loads, construction works near the facility in the
context of dense urban development, etc.) [1-4].

Constructive and technological solutions for the
strengthening or reconstruction for each such object is
a complex and relevant task of modern geotechnics,
which is made by the investigation results of [1-3, 7]:

— regularities of geotechnical conditions change
(GTC) of the site and stress-strained state (SSS) of
building base;

— design features and operating conditions of the
facilities;

— nature and causes of buildings' deformation;

— buildings foundations' stability under operation
while its reconstruction (restoration).

Review of the research sources and publications

Prof. B. Dalmatov considered the settlement of each
foundation base to be the sum of five components: set-
tlement due to the compaction of the natural structure
soils at the increasing stresses from the foundations'
weight; settlement associated with decompression of
the upper soil strata that lies below the bottom of a
foundation pit, due to the reduction of stresses during

excavation; settlement due to the soil squeezing (extru-
sion) from beneath the foundation caused by the pro-
gression of plastic deformations; settlement of the dis-
ruption, which progresses due to the soil compressibil-
ity increase at its natural structure distortion during ex-
ecution; settlement caused by changes in the stress state
or deformation of the soil base during the building
(structure) operation [3, 15].

At the same time, prolonged geodetic surveys of the
building's foundations settlement on pile foundations
[7-10, 14, 16, 17] showed that both absolute and
relative stabilized values of settlement are in most cases
smaller than its calculated and normative limit values.
Naturally, the deformed structures group includes
buildings on pile foundations (foundations that are
constructed without soil excavation) slightly less
frequently than similar objects on a natural base
(foundations built with soil excavation [7]).

In addition to the above, the causes of excessive
absolute and relative settlement of pile foundations
base (and occurrence and propagation of cracks and
other noticeable deformations in load-bearing
structures as a consequence) are most often [1 — 10, 14]:

— unjustified application of increasing correction
coefficients to the results of compression tests of soft
(highly compressive) soils (long geodetic surveys of
settlement on soft, including wetted loess soil, indicate
that the calculations of settlement should be performed
[7, 10, 13, 14));

— catching the bottom tips of piles into strata (layers)
of soft soil (furthermore, under these conditions
stabilization of settlement can be realized more than 10
— 15 years of building operation [7, 10, 14]);

— pile driving above the design mark, a characteristic
problem is determining the depth of pile driving and the
presence of the defect in it;

— overestimation of the piles bearing capacity due to
failure to observe the optimum time of its “rest” after
immersion or misinterpretation of “load on the pile - its
subsidence “graphs;

— excessively close placement of adjacent piles in
planar view, which, when driven especially in the
sands, leads to “ejection” upwards of previously driven
ones, and under the construction load the structure
undergoes respective settlement;

— nonuniform loading of piles in the grid's structure,
etc.

Definition of unsolved aspects of the problem

It is problematic to account for the influence of these
factors on the magnitude of pile foundations base
deformation, especially by methods of classical soil
mechanics [6, 12]. Therefore, the choice of structural
and technological solutions for the reinforcement
(reconstruction) of each deformed building on the pile
foundation is made only after a careful assessment of
the technical condition of the object's load-bearing
structure and the investigation of the parameters of its
base and foundations, by engineering inspection and
defining the causes of excess deformations of the
foundations' base.

Problem statement
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So, the research aims to evaluate technical condition
of load-bearing structures of a sufficiently deformed
characteristic (with numerous, mostly vertical, force
cracks) full-scale object, five-storeyed three-section
brick residential building on driven prismatic piles
combined by a strip grid foundation, and determine the
parameters of bases and foundations by engineering
inspection and defining the causes of excess
deformation of the foundations' bases.

Basic material and results

The research algorithm, the so-called geotechnical
monitoring [3, 5], included the following steps:

— visual and instrumental inspection of load-bearing
structures;

—measurements in the scope required for the
verification of these structures' calculations ;

— verification calculations of load-bearing structures;

— assessment of the technical condition of load-
bearing structures based on inspection and verification
calculations;

—determining the parameters of bases
foundations, including the actual length of piles;

— defining the causes of excessive deformation of the
building foundations' base;

— development of recommendations for the further
operation of the building and the choice of structural

and

and technological solutions to strengthen its
foundations.
The five-storeyed residential building with a

basement and a technical floor is located in Horishni
plavni, Poltava region. It was erected in 1977 according
to a typical project, consists of three-block sections: 87-
049 / 71 — the left end, which has undergone significant
deformations (Figs. 1 and 2); 87-046 — ordinary; 87-
048 /71 — the right end.

In structural terms, the building is a structure with
longitudinal bearing walls. The height of the floors is
2.8 m, and the basement (from the floor to the bottom
of the slab panel) is 2.1 — 2.2 m. The walls are made of
solid one and a half silicate brick on a cement-sand
mixture. The thickness of the outer longitudinal bearing
and end walls without facing is 510 mm. The thickness
of the inner longitudinal load-bearing walls with the
plaster layer is 400 mm. The load-bearing walls in the
basement of the house from the -2.800 to -1.600 mark
are made of 2 rows of FBS 24.5.6-T blocks, and of
brick masonry higher. Spatial rigidity is provided by
the transverse staircase walls and inter flooring discs.
The building's structural design can't be considered
rigid. The class of consequences of the building — SS-
2. The main thermal network with a diameter of 2x150,
125, 100 mm laid through the basement. Its inlet to the
basement is located below the left block section (axis
1-2) from the side of the staircase wall. Below the
section, there is a 90° rotation of the pipeline that passes
through the entire basement and comes out on the
opposite end of the house.

There were defects and damages during the
construction and operation of the building affecting the
load-bearing capacity and durability of individual
elements and the building as a whole, such as:

— vertical cracks with opening width up to 20 mm in
the outer and inner walls;

— pile's destruction due to deviation from the design
position;

— cracks in precast spandrel beam in the basement;

— wetting of the basement structures of the building at
the exit point of the main thermal pipeline due to its
rupture;

— destruction of paving on the perimeter of the
building;

— break of pre-stressed tension bars.

Thus, vertical cracks (Fig. 3) were detected at the
entire height in the outer load-bearing walls, mainly at
the places of the spandrel beam supporting and over
(under) the openings.

Cracks are typical for buildings with reinforced
concrete spandrel beams that cause deformation of the
window unit by turning it as a single rigid element.
Cracks indicate significant deformation of the
foundations' base of the left end section in the direction
of separation from the main part of the building. The
cracks propagation significantly reduces the spatial
rigidity of the section because, for separated parts of the
outer and inner walls, the spatial rigidity is no longer
provided by the transverse walls of the stairwell. There
are no cracks on the outer and inner walls of the
staircase, which confirms the previous statements.

Figure 1 — Fragment of the left block section
on the axis B

Figure 2 — View of the left side block section
in the axes A-B and on the axis A
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Figure 3 — Vertical cracks with opening width:
a—7mm;b—15mm;c— 12 mm; d -4 mm

Minor cracks in the walls and between the floor slabs
occurred immediately after the house was occupied in
1977, but it suffered the greatest deformations in 1993
under the left block section I-II, in the axes 1 — 2 after
the rapture of thermal pipeline in the spot of 90° turn.
At the same time, to reduce deformations, the pre-
stressed tension bars (Figs. 1, 2) of 36 mm diameter
reinforcing bars were arranged with struts to create
tension in it. Horizontal beams of the rectangular cross-
section of two welded channels No. 24 are installed
along the end walls, and the attachment of the weights
to the beams is through an equal angle 140x10, which
is installed in the corners of the building. Given the fact,
that the free length between the points of attachment
should not exceed 15 — 20 m (in our case it was 67.2
m), the cracks were opened in the future, since at
considerable length the elastic absolute deformations in
the steel of tension bars are very large. At the level of
overlapping of the third and fifth floors, there was a
break in the metal tension bar (Fig. 4), indicating a poor
design of the reinforcement. Gypsum tell-tales were
placed on the inner load-bearing wall, starting from the
third floor, in the area of the stairwell. Cracks in it
indicate the further development of deformations (Fig.
5). On the end wall of the left block section cracks are
missing.

Therefore, the technical condition of the outer and
inner bearing walls is classified as unsatisfactory.

Figure 4 — Break of the upper tension bar
along axis A at the level of the fifth floor overlap

Figure 5 — Crack in the tell-tale (fifth floor)

Overlappings are the precast concrete void slabs 5.4
m long. There were cracks in the joints between the
slabs in the basement and on the fifth floor, some joints
unfilled with the mixture, which reduces the spatial
rigidity of the building. The technical condition of the
overlaps is classified as satisfactory.
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The foundations are driven prismatic piles
SNIP 9-35 (9 m length, 350x350 mm section),
combined by a strip grid of 400 mm height. Under the
inner load-bearing wall, the grid width is 400 mm, and
under the outer wall, it is 500 mm. The increment of
the piles under the inner wall is 1100 mm, under the
outer wall is 1360 — 1530 mm, and under the end walls
— 1590 — 1610 mm.

Lithologically, within the boundary of the site under
the bulk layer (EGE-1a) and fine sands (EGE-2¢ and
EGE-2p, respectively, of medium density and dense
with modulus of deformation, respectively, E = 19.5
and 35 MPa) with a total depth of about 7 m, there is a
layer of buried soils (EGE-3) - layered sandy loams,
with layers of silt and clay, fluxional (E = 6.5 MPa,
organic matter content — 8%), which are underlined by
medium-sized alluvial sands of 9 — 10 m deep (EGE-4,
E = 45 MPa, and from a depth of about 18 m -- by the
clay of the Kharkiv formation. A sand wash on the site
for construction was carried out in the the 1970 — 1973
period. From the graphs of static probing, it is possible
to conclude that these sands have stabilized and self-
compacted by the time of the investigation.
Groundwater level (WL) at the time of the survey was
6.8 — 7.3 m from the earth's surface. Its annual and
seasonal fluctuations reach 1.5 m from this level.

Unfavorable engineering-geological processes have
been identified within site: dynamic impact on sandy
soils from career explosions, which can lead to their
dynamic liquefaction; mechanical suffusion during the
operation of water-bearing communications; rather
thick (up to 2.3 m) soil with impurities of organic
matter.

The project provided for penetrating the buried soil
with CHmop 9 — 35 piles, that reached IGE-4. In this
case, the calculation revealed that: the load on the pile
under the inner and outer bearing wall is 404.5 and
390.6 kN, respectively; pile's bearing capacity is
Fd =1334.8 kN; allowable design load N = 953.4 kN;
the subsidence of the base of such foundation is
S=1,44 cm.

Considering the above and the worst possible
scenario, under which accompanied by the rapture of
the thermal pipeline could have the effect of “negative
friction” on the lateral surface of the pile, the magnitude
of which can reach 317 kN (soil layers EGE-2¢ and
EGE-2p), allowable calculated load on the pile N =
499.5 kN which still exceeds the pile load from the
structures 404.5 kN. Therefore, the actual length of the
piles in the foundation was checked. It should be added
that during static probing, the probe was not always
able to pass the thickness of the washed sands, in
particular EGE-2p, which is dense. It is problematic to
penetrate these layers with the hammering with a
diesel-hammer pile with a cross-section of 350x350
mm.

Thus, continuity and length control of the piles was
performed acoustically using the software package Pile
Integrity Tester PIT — W (Pile Dynamics in the USA).
The PIT complex — W (US production) has a marginal
relative error in determining the linear dimensions of
structures of + 5%. The relative error of determining the

propagation time of the signal in the frequency range is

f =19 kHz is £ 1%. The complex underwent
metrological  verification in the center of
standardization,  metrology, and certification.

The RIT™ Solestog is based on the Pulse Reflection
Method (PRM). Initially, it sends an impulse that
strikes lightly on the surface of the pile. To do this, a
special hand hammer is utilized. The impulse-induced
acoustic wave propagates along the pile. The pile's
shape and its material's quality affect the reflected
waves, which are recorded as they return to the surface.
All surface vibrations are recorded to obtain
information on all major reflected signals. Next, to
judge the integrity of the pile, the reflected waves are
analyzed, accounting for its nature and intensity.

6 exploratory shafts were made for these tests, and the
pile body was cleared by 20 cm, 3 of them located in
the damaged left block section (axis I — II), 2 — in the
row block section (axis II — III) and 1 — in the right
block sections (axis III — IV in Fig. 6). The pile length
control process is shown in Figure 7.

To confirm the results of visual and instrumental
control of the pile's integrity and its length, the pile
heads “cutting” possibility was checked. For this
purpose, the pile head's reinforcement design was
compared with the actual one (the first 300 mm of the
head were reinforced with 50 mm grids, and then a 700
mm spiral began with a 100 mm shear increments,
going into a 200 mm shear cross spiral). The concrete
protective layer was previously removed.
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Figure 6 — The piles view as a part of the grid: a —
Nel (pile Ne119); b — Ne2 (pile Ne105)
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Figure 7 — Performing pile length control work

Compared to the nondestructive testing stage, during
the investigation of the pile's reinforcement, the
exploration shaft was deepened, revealing cracks in the
pile body (Fig. 8). The pile was destroyed since the
protective layer of concrete was split in a stretched
zone. The concrete in the compressed area split and
crumbled. The increment of the transverse reinfor-
cement was 200 mm. It shows that the pile was not
driven to the designed mark, it was “cut down”.
The minimum length of the “cut” part was 600 mm.
In this state, the pile does not withstand vertical com-
pressive loads. The results of the instrumental control
analysis of the pile's length and visual assessment of
their integrity are summarized in Table 1.

Table 1 — Instrumental control results
of piles' length and integrity

Shaft/ | Actual
e No pile Notes
P " |length, m
The pile damage due to deviation
from the design position while
driving. The pile operates on
1/119% Pile de- |eccentric compression due to the
stroyed [considerable eccentricity of
loading and pile's body deflection
from vertical. The crack opening
in the pile - 40 mm.
2/105* B.5 -
3/9% 4.5 -
4/77  B.S -
5/171 6.0 -
6/33 1.5 -

* the selected shafts and piles in it, located in the left end block
section, which was most deformed

The pile reinforcement check confirms the
assumption that part of the pile failed to be driven to the
design mark. The piles' lengths discovered in the
instrumental survey are true. To establish the possible
difference in settlement, a test calculation was
performed for pile # 119 (shaft # 1) of a 4.5 m length
with a cross-section of 350x350 mm. A vertical tie of
this pile to the geotechnical column is shown in Fig. 9.
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Figure 8 — The piles' view as grid component
in pile reinforcement investigation:
a— pile Ne119 in shaft Nel;
b — pile Ne105 in shaft No2 (the reinforcement
increment in the survey was 100 mm, therefore, the
pile's tip reached the design mark)

The following results were obtained in the
calculation. Settlement of the pile is S = 2.2 — 2.5 cm
based on the calculation method. Thus, the difference
between the settlement of piles with a length of 9 m and
4.5 mis about 1 cm, which could not cause actual over-
deformation.

However, given the occurrence of “negative friction”
effect due to self-compacting and mechanical suffusion
in the upper layers of the bulk sands after rupture of the
main thermal pipeline, which was intensified by inertial
forces from the explosions in the quarry, the bearing
capacity of the pile decreased to Fd =375.7 kN, it is up
to N = 268.0 kN, which is less than the vertical force
from the structures of the building 404.5 kN.

When the permissible load on the pile was exceeded,
the pile's foundation base settlement was already in the
nonlinear stage, which led to the appearance and
development of existing deformations of the building.
Provided that if all the piles' tips reached the design
mark, then, of course, such deformation would not
occur.
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Figure 9 — The vertical tie of the pile to
geotechnical column according to SNIP 4.5 — 35

Therefore, the technical condition of the pile

foundations of the building was classified as
unsatisfactory.
As the survey found that some piles were

significantly damaged, the length of others did not
correspond to the design, it is not possible to guarantee
the absence of water-bearing communications for the
future and to eliminate the negative impact of the
explosions in the quarry on the wash sands, it was
decided to develop a project to strengthen the pile
foundations.

It's worth noting that if similar sections of the water
supply network crashed in other sections of the
building, it would get comparable damage. Therefore,
to ensure the prolonged operation of the building for the
period of reconstruction and afterward, the decision
was made to develop an appropriate project, which
would include a set of measures, that would include:

—reinforcement of the pile foundations of the left face
block section in the I-II axes by underlaying at least 400
mm thickness of monolithic reinforced concrete slab
under the existing grids. The underlaying of the slab
must be done in four stages, starting from axis II,
moving to axis I. To put the plate into operation as soon
as it is performed, the base under the slab should be
compacted by gravel and pounded with vibrating
plates;

— strengthen the outer and inner bearing longitudinal
walls to prevent the reduction of its spatial rigidity by
dividing them into separate blocks (columns) by cracks.
For this purpose it is possible to use already existing
inefficient metal structures of reinforcement or to
execute reinforcement with outer metal linings from
rolling profiles;

— to chipper and rip cracks open with M 100 cement
sand mixture (alternatively, injection of these cracks
with M 100 solution);

— eliminate depressurization of the main thermal
pipeline at the exit from the right end block section in
axes [1I-1V;

— replace the metal of main thermal pipelines, which
have been in operation for 37 years, since its standard
service term is only 30 years and it is not possible to
guarantee its hermiticity or to move the pipeline from
the basement of the house;

— strengthen reinforced concrete spandrel beam in the
inner bearing wall of the basement in axes I-II on axis
B;

— restore the protective layer of concrete piles in
which their reinforcement was investigated;

— to restore the design perimeter walk along the
building and to organize vertical planning of the
territory for surface water abstraction.

Finally, it should be noted that such a project was
completed and successfully implemented. Now the
building is operated normally.

Conclusions

Thus, according to the results of geotechnical
monitoring of the technical condition of a considerably
distinctive deformed five-storeyed three-section brick
residential house erected over 40 years ago on driven
prismatic piles combined by a strip grid foundation by
a standardized project, the following conclusions are
made.

1. In structural terms, the building is a structure with
longitudinal bearing brick walls. Its spatial rigidity is
provided by the transverse walls of the staircase, as well
as the inter-floor disks. The structural design of the
building cannot be considered rigid. The main thermal
network passes through the basement of the building.

2. During the erection and operation years, defects
and damages occurred in the building's structures
affecting both the bearing capacity and the durability of
the individual structural units and the whole building,
that can be classified as follows:

— vertical cracks with opening widths up to 20 mm in
the outer and inner walls;

— vertical cracks with opening widths up to 20 mm in
the outer and inner walls
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— destruction of the pile due to deviation from the
design position;

— cracks in precast spandrel beams in the basement;

— wetting of the building's basement structures at the
exit point of the main thermal pipeline due to its
rupture;

— the destruction of the building's perimeter paving ;

— pre-stressed tension bars' breakoff.

3. The causes of the occurrence and development of
excessive deformations in load-bearing units of the
structure are a complex of factors, that includes:

— the inability to reach the design mark by the piles'
tips during the construction, which led to a significant
reduction of its bearing capacity;

— the destruction of piles during its driving in dense
wash sands;

— rupture of the main thermal pipeline, which led to
the occurrence of the “negative friction” effect (pile
overloading due to the settlement of the surrounding
soil, causing forces to act downwards on the pile) along
the lateral surface of the piles;

— the impact of inertial forces from career explosions.

4. The technical condition of the pile foundations was
estimated as unsatisfactory, and therefore, to ensure the
further operation of the building, an appropriate project
was developed to provide a set of measures, the main
of which is the pile foundations' strengthening under
the left end block section by extending at least 400 mm
thick monolith reinforced concrete plate under the
existing grids, by the divisions, and in stages. To
incorporate the plate “into the framework” it is
necessary to compact the base under the plate
immediately after its completion.
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