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This article is devoted to the problems of the existing residential buildings of 70-80 years of
construction of the last century, which have been in operation for about 50 years and are subject to
immediate technical inspection. The most important factor for the safe operation of such buildings is
the quality of construction, as in this period the construction was performed with many shortcomings
that are manifested today.

The article describes the problem of joints of loggias with the building in the design and
construction of multi-storey buildings with load-bearing brick walls. Poor ligation of bricks in the
masonry, as well as the lack of quality ligation of the transverse walls of loggias with load-bearing
longitudinal walls of the building leads to the formation of cracks on the entire height of the
loggias, which completely cut them at the abutment, which creates an emergency collapse of
building structures.

A real example of such a problem in the existing 9-storey building with brick load-bearing walls,
where the shortcomings of construction were manifested, namely the poor quality of masonry at the
junction of loggias to the load-bearing walls of the building.

The structural scheme is also described, as well as the main structures of the building. The
main damages and defects are shown. Using the PC “LIRA-SAPR” created a calculation model and
compared the results of calculations with the existing condition of the considered area of the building.
Recommendations for strengthening the emergency section of the building are given.

Key words: construction errors, brickwork, defects of brick walls, loggia, modeling, calculation
scheme.

Problem statement

The presence in Ukraine of a large existing housing stock of different years of construction allows
for a long time of operation to observe, study and analyze the shortcomings of the design, construction
and operation of buildings, as well as their individual elements. In particular, a major problem today is
the condition of existing loggia structures, which are often in a state of emergency and can pose a danger
to human life and health. To prevent such emergencies, it is necessary to conduct scheduled inspections
of such buildings and structures with further development of design solutions for the reconstruction and
reinforcement of damaged building structures.

Relevance of the research
Emergency structures of loggias pose a significant danger not only to people who are in the

building, but also to passers-by and vehicles that may be damaged as a result of their destruction or
collapse.
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The most common mistakes in the construction and operation of loggia structures in buildings with
brick load-bearing walls include:

— application of the type of brick and mortar grades that do not correspond to the design;

—poor ligation of brickwork, no ligation of the longitudinal walls of the building with the
transverse walls of the loggia;

— subsidence of foundations due to flooding and soaking;

— masonry defects due to violation of the rules of work in winter conditions;

—non-compliance with modern requirements and design standards.

All these construction errors, individually or in combination, often lead to damage or destruction of
the load-bearing structures of loggias, which, in turn, makes the building an emergency. An example of
such a situation is the condition of loggias in an existing building with load-bearing brick walls on the
street. Volodymyra Velykoho, 44 in the city of Lviv.

Formulating the purpose and objectives of the article

The aim was to determine the reasons for the formation of cracks, as well as deformations of the
loggia in a building with load-bearing longitudinal and transverse brick walls on the example of an
existing residential building of the 70s in Lviv. The task was to determine the condition of the inspected
part of the building and to provide recommendations for strengthening the building structures. To
perform the task, studies of load-bearing structural elements were carried out, as well as the main defects
and damage of building structures were determined, followed by their comparison with the theoretical
results of calculations based on the finite element method.

Analysis of recent research and publications

Many engineers and scientists study and inspect the condition of existing buildings and structures.
A detailed survey of the existing emergency building is considered in the paper (Demchyna, 2019).
Methods of conducting the survey to determine the technical condition of buildings and structures are
described in the works (Barashykov, 1998, 2018; Klimenko, 2005; Sukhanov, 2005; Hladyshev D., 2012,
2016; Hladyshev H., 2017; Mazheiko, 2010; Hryhorovskyi, 2019). Methods for establishing and
determining defects in the walls of the premises are presented in detail in (Pevnev, 2009). Options for
eliminating defects in load-bearing building structures are described in (Fyzdel, 1970). Restoration of a
panel house after the explosion in the city of Kharkiv is presented in the publication (Shmukler, 2013). To
better understand the operation of the structure, as well as the causes of damage to building structures, it
is necessary to create calculated finite element models using modern calculation systems (Barabash,
2013).

Presentation of the main material

Structural scheme of the building, part of which was inspected, with longitudinal and transverse
brick load-bearing walls and horizontal overlapping disks. Residential building (Fig. 1).

The building has a stair and elevator unit. The height of the living floor from floor to ceiling is 2.5 m.
The height of the building to the top of the parapet is 28.4 m.

The main structural elements of the building:

— foundations — prefabricated concrete blocks on foundation slabs;

— load-bearing internal walls — brick, 510 mm thick;

— load-bearing walls of loggias — brick, 380 mm thick;
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— floor slabs of the building — prefabricated reinforced concrete round-hollow;
— loggia floor slabs — prefabricated reinforced concrete ribbed;

— loggia fencing — prefabricated reinforced concrete panels, glazing;

— crossbeams — prefabricated reinforced concrete;

— stairs and stair landings — prefabricated reinforced concrete.

Fig. 1. Scheme of the building

The main defects of the building (Fig. 2):

— vertical crack along the height of the building at the junction of the load-bearing walls of the
loggia and the house with a width of up to 40 mm;

— poor-quality ligation of brickwork of the longitudinal load-bearing walls of the building with the
transverse load-bearing walls of the loggia;

— deviation horizontally from the building of the load-bearing structures of the loggia;

— diagonal crack when making a load-bearing wall of a loggia with a difference of seams to 20 mm
(Fig. 4).

In (Fig. 2) you can see a vertical crack in the height of the building, the width of which is greatest
at the highest point of the building and reaches 40 mm. The crack is mainly in height between the rows
of masonry, but there are also cracks in the body of the brick in a row, which serves as a link between the
wall of the loggia and the load-bearing wall of the building.

The brickwork of the loggia is three-row with a bandage in one row, which connects the loggia
with the perpendicular load-bearing wall of the house. Prefabricated ribbed reinforced concrete floor slabs
rest on the end bearing load-bearing brick walls of the loggia and are not attached to the building. This
means that the connection of the loggia with the house is solved by only one row of masonry, which is
nested in height in three rows.

After the formation of a through crack at the height of the building, the loggia begins to work as a
free-standing part, respectively, there is a danger of its destruction.
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To better understand the operation of the structure after the formation of cracks and taking into
account its structural scheme and white loading, a calculated finite element model was created in the PC
“LIRA-CAD” and the movement of the loggia was obtained (Fig. 3).

The structure of the loggia is designed so that the loads are unevenly distributed, namely on the
outside (from the side of the facade) enclosing reinforced concrete panels and glazing create a running
load, which causes skew of the loggia structure, because it is not attached to the building properly.

To obtain a more accurate reproduction of the existing structure of the loggia, after the formation of
through cracks, in the calculation scheme between the outer load-bearing wall of the building and the 5
upper floors was modeled deformation seam (at this height visually visible crack opening).

A diagonal crack, which is located at the level of the 6th floor, is also fixed in the end bearing wall
of the loggia (Fig. 4). The reason for this crack is that after the connection between the walls of the loggia
and the walls of the house collapsed, the loggia began to deviate from the building, due to the fact that the
facade of the loggia has constant running loads from reinforcing concrete wall panels and glazing.

(Fig. 4) shows the distribution of vertical stresses Ny, as well as the diagonal crack that cuts the
brickwork at the seams.

External loads are applied to the facade of the loggia, which, in turn, due to the occurrence of a
through vertical crack, leads to uneven stress distribution.
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Fig. 4. Comparison of stress distribution Ny with a diagonal crack

According to the comparison, the nature of the stress distribution corresponds to the nature of the
development of the diagonal crack.

Based on a visual inspection of the visible part of the building structures and the results of
calculations, it can be concluded that the cause of cracks is poor quality masonry load-bearing walls of
the loggia and load-bearing walls of the building, which caused an emergency condition of the building.

This situation requires fencing of the area near the loggia, a ban on residents to go to the loggia and
the urgent development of a project to strengthen building structures to eliminate the emergency situation.

Reinforcement of the considered building structures can be made of metal structures, namely
clamps and straps, which should connect the structure of the loggia with the load-bearing wall of the
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building. When implementing the reinforcement project, it is necessary to take into account all regula-
tions in force at the moment.

Conclusions

The disadvantages of building houses of 70-80 years with brick load-bearing walls are manifested
today in the state of the existing housing stock, most of which is in disrepair and poses a danger to human
life and health. An example of this is the emergency condition of the loggias of the house in Lviv, on the
street. Volodymyra Velykoho, 44, which need immediate strengthening to prevent their collapse.

Prospects for further research

The above confirms the relevance of the issues raised, as the current state of the housing stock of
Ukraine is a problem of national importance. It is necessary to constantly monitor the condition of
existing buildings and on the basis of technical inspections and, if necessary, their reconstruction projects
to take measures to prevent accidents in order to ensure human life and health.
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HamionamsHuit yHiBepcuteT “JIbBiBChKA MONTITEXHIKA”,
1 . . .

kadezapa OyniBeIbHUX KOHCTPYKIIiH Ta MOCTIB,

? kadpespa apXiTEKTYPHOTO MPOEKTYBAHHS T {HKEHepii

ABAPIMHHMM CTAH JIOJKINA Y BYJIBJISIX
I3 HECYYUMH LETJISSHUMHA CTIHAMH

© Hemuuna B. I'., Bosuwok JI. 1., 2020

Ils craTtTa mpucBsiueHa TpoOieMaM CTaHy ICHYIOUHX JKHTIOBHX OyaiBens 70—-80 pokiB 3a0ynoBu
MHUHYJIOTO CTOJITTA, SIKi €KCIUTYaTyIOThCs ONU3bKO S50-TH POKIB Ta MiIJISATalOTh HETaHHOMY TEXHIYHOMY
obOcTexxeHHI0. HaiicyTTeBimmM ist 6e3MeYHO1 eKCIuTyaTamii Takux OyniBeib € (akTop SKOCTI OyIiBHHUITBA,
OCKUIBKM y BKa3aHUH mepio OyIiBHHITBO BHKOHYBAajoCs i3 OararbMa HEIONIKaMH, SIKi TPOSIBISIOTECS Y
TENepIlIHil Jac.

VY cratTi onmcaHo mpoOieMy BY3JiB CTUKYBAHHS JIOJKil i3 Oy[iBJICIo Y NPOEKTYBaHHI Ta CIOPY/I-
JKeH1 0araTomoBepXxoBHUX OyiBelb 13 HECYYMMH IETIASHUME cTiHaMu. HeskicHa mepeB’s3ka Meriu y KIaili,
a TaKOX BIACYTHICTh SIKICHOI IepeB’sA3KH MOTIEPEYHHX CTIH JIOKIN 13 HECYYUMH MOB3I0BXKHIMU CTiHAMHU 0y-
JIBJII IPUBOJWTE A0 YTBOPSHHSI TPIIIUH HA yCIO BUCOTY JIOJUKIiM, SIKi MTOBHICTIO BIAPI3al0OTh X HA MPUMHUKAHHI
JI0 HECYYHX CTiH, III0 CTBOPIOE aBapilfHy CHTYallilo i MOXe MPU3BECTH 10 00Bay OyAiBeIbHUX KOHCTPYKIIIH.

PosrnsHyTO peanbHUil MPHUKIA[ Takoi MpoOieMH y icCHyroWid 9-moBepxoBiil OymiBmi i3 LETIITHUMHU
HECYYHMH CTiHAMHU, JI¢ TIPOSBUIIUCS HEIOMIKN OYHiBHUAITBA, a caMe HEIKICHOTO BUKOHAHHS KJIAJKH Y MICIIIX
MIPUMUKAHHS JIOJDKIN 10 HECYYUX CTiH OYHiBIIL.

OnmcaHo KOHCTPYKTHBHY CXEMY, a TAKOX OCHOBHI KOHCTpYKuii OyaiBmi. [IokazaHO OCHOBHI MOIIKOA-
JKEHHS Ta JePEeKTH.

Jns Ounemoro po3yMiHHS poOOTH KOHCTPYKIIi MICIsA yTBOPEHHsS TPIIIMH Ta i3 ypaxyBaHHIM ii
KOHCTPYKTHUBHOI CXeMHU Ta 3aBaHTAKCHHS Oil1a CTBOpPEHA PO3paxyHKOBa CKiHYEHHO-eIeMeHTHa Mojens y [TK
“JIIPA-CAIIP” ta oTpumaHo nepeMinieHHst J01xii. KOHCTpyKIlist J0/Ki1 3alpOEKTOBaHAa TAKUM YHUHOM, IO
HaBaHTa)XCHHS PO3IOJIICHI HEPIBHOMIPHO, a caMe 10 30BHi (i3 CTOpOHH (acary) OropopKyBallbHI 3ai30-
OCTOHHI TaHeNl Ta 3aCKJICHHS CTBOPIOIOTH JO/JATKOBE NOTOHHE HABAHTAXEHHS, SKE CHPHUYMHIOE HepeKic
KOHCTPYKIIi JIO/Kii, OCKiNbKHM BOHA HE NMPHUKPIIUICHA 10 OY/iBIi HAJICKHUM YHHOM.

Ha ocHOBI mpoBefeHOTO Bi3yallbHOTO OOCTE)KEHHS BHAMMOI YacTHHH OyIiBETbHHX KOHCTPYKIIH Ta
PE3yIIbTaTIB PO3paxXyHKIB BU3HAYCHO, 10 IIPUYNHOIO YTBOPEHHS TPILIMH € HEsIKICHA ITepeB’a3Ka KK HECYyInX
CTIiH JIOJUXKii Ta HECY4HX CTiH Oy[iBIIi, [0 CTIPUYIMHIIIO aBapifHUI CTaH PO3MVITHYTOI IUISTHKA OY/AiBIIi.

ITomano pekoMeHaIlii 3 MOCUJICHHS aBapiitHOI JiUTSTHKY CTIOPY/IH.

Kurouosi cinoBa: momuiaku OyIiBHHUTBA, LErVIAHA KJAaaKa, JedeKTH HerIsiHUX CTiH, JIOMXKis,
MO/IeJTIIOBAHHS, PO3PaXyHKOBA cXxeMa.



