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This article deals with the condition of existing residential buildings 50-60 years, which are
outdated and are subject to immediate technical inspection and reinforcement. The most important
factor for the safe operation of such buildingsisthe quality of construction factor, sincein the 50-60s
the construction was carried out with many of the shortcomingsthat are presently present.

As areal example of such a house wher e there were shortcomings in construction, a resdential
house in Drohobych was consider ed, where a four-storey building collapsed. The design scheme and
basic structures of the building are described. Main defects and damage to the building, including
those that appeared after the collapse, are presented. Using the finite element method in LIRA-SAPR,
the models of the parts of the residential building that remained after the collapse were calculated.
Testswere carried out on specimens of brickstaken directly at the site of the collapse, on the basis of
which the strength of masonry was determined. The theoretical results of the calculations are
compared with the actual condition of the building parts.

Key words. construction errors; apartment building; defects in existing structures, modeling;
design scheme.

Problem statement

Every year in Ukraine the problem of the state of the existing housing stock becomes more and
more acute. More than 70 % of the state's housing stock is outdated and many buildings are in a state of
disrepair. The largest percentage of emergency buildings are 50's — 60’ s buildings, namely the so-called
“Khrushchevky”, 3-5-storey, panel and brick, which according to the plan were designed as temporary
housing for 25 years. In the 1950s, due to the large shortage of living space, the goal was to build a lot,
cheap and fast, which laid down the major problems in the future operation and safety of buildings that
are beginning to emerge today.

Relevance of theresear ch

The most common shortcomings, defects, and damages of such buildings include:

— absence or damage of the drainage system aong the perimeter of the building in areas with
high groundwater level;

— absence or damage of waterproofing of foundations;

— use of a small brand brick without equipment in the arrangement of the bearing walls of the
basements;

— damageto the system of organized drainage and drainage;

— freezing of walls dueto lack of insulation;

— poor performance of overlapping disks, hamey fastening and anchoring of precast concrete
slabs of overlapping;

— non-compliance with modern design requirements and standards.
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The prablems described lead to complex and tragic consequences, namely the destruction and
collapse of buildings and great human and material losses. An example of thisis the collapse of part of a
4-storey apartment building on the street. Hrushevskogo, 101/1 in the city of Drohobych.

For mulating the pur pose and obj ectives of the article
The main purpose is to analyze the consequences of mistakes of construction of houses of 50-60
years on the example of a real house in Drohobych. The task was to evaluate the condition of the
building after an emergency, to determine the main defects of the building structures and to compare them
with the results of theoretical calculations on the basis of the finite element method in PC “Monomakh-
SAPR” and PC “LIRA-SAPR”.

Analysis of recent resear ch and publications

Many scientists and engineers are studying the current state of buildings and structures. Famous
works of [Gladyshev, 2017] which describes the performance of instrumental surveys of structures for
various purposes in the conditions of dense construction, as well as the development of progressive
structural solutions that significantly extended the life of existing buildings and structures. In the works
of [Barashikov, 1998], [Klimenko, 2005], [ Suhanov, 2005] indicative procedure for testing and inspection
of building structures. Ways to determine internal defects in the walls of rooms are described in detail in
the work of [Pevnev, 2009]. Options for repairing defects in building structures are reviewed and
presented in the work of [Fizdel, 1970].

Presentation of the main material
The structural design of the examined building is rigid with longitudinal and transverse |oad-
bearing brick walls and horizontal overlapping disks. A residential building, L-shaped with four
entrances (Fig. 1). The building has one staircase in each of the entrances. The height of the residential
floor from the floor to the ceiling is 2.5 m. Covering a tent type with an attic height to the bottom of the
ridge4 m.
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Fig. 1. Scheme of the building
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The main structures of the building:

— foundations soles — strip monolithic soles width 0.8-1.0 m;

— external foundation walls in the part with basements of monolithic concrete at a height of 1.45 m
(0.6 mthick), abovethe brick height of 1.05 m (0.64 m thick);

— theinner walls of the basement are brick without equipment, 0.38 m thick;

— external walls— brick plastered, 0.51 m thick;

— internal walls— brick plastered, bearing a thickness of 0.38 m;

— floor slabs— precast reinforced ribs (ribs up);

— balconies — monoalithic reinforced concrete on metal beams;

— jumpers — precast concrete;

— ladders and stairs — precast concrete;

— tent attic structures — wooden rafters, racks, struts, beds.;

— roof — ashestos-cement wavy sheets on a wooden crate.

The main defects of the building:

— collapse of building structures of a part of abuilding of all 4 floors (Fig. 2);

— basement walls and basement walls, no waterproofing;

— visible loss of stability of the middle bearing wall of the basement, vertical cracks in the wall
with opening up to 10 mm in height of the bearing brick wall with the destruction of the masonry (Fig. 3).
No brickwork of the basement walls. Wrapping of walls, vysolyas, fungus damage, destruction of bricks,
as well as weathering and loss of strength of seam solution;

— strong humidity of basements, absence of a floor. The floor is a soil foundation that is in the
wet state;

— the destruction of the plinth, in some places the lack of equipment, the equipment of the
brickwork, the destruction of the brick, the wall wall, the vysoly, the defeat of the fungus, the weathering
of the solution from the seams;

— vertical and horizontal cracks on walls and sidewalls throughout the building;

— sagging, insufficient area of support of the slabs of the staircase, sagging of slabs of
overlapping and crossings on which they were carried out due to collapse of structures;

— there are cracks under the floor dlabs in the ceiling level, as well as fresh cracks between the
seams of the floor slabs, indicating the breach of the flooring discs as a result of the impulse that may
have caused the collapse of the building structures of part of the building;

— sagging structures of a wooden tent roof over the collapsed part of the building;

— thereis no drainage on the perimeter of the building.

Fig. 2. The collapse of part of the building
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Fig. 3. Visible loss of resistance, aswell as vertical and horizontal cracks
in the middle bearing wall on axis B in axes 6-8

The basic mistakes of building construction wereidentified:

— lack of drainage and waterproofing in the examined building. Executed engineering-geol ogical
surveys have shown that during the period of intense atmospheric precipitation or melting of the snow
cover a temporary water horizon of type “top” can be formed on the soils of IGE-2 (loam semi-solid),
which could lead to flooding of the house, so during construction it was necessary to provide measures
for drainage of the territory and waterproofing of the foundations, which was not done during the
construction of the building;

— low grade of brick and mortar, which is confirmed by laboratory tests.

The desigh models of theright and left parts of the building were created, on the basis of which the
distribution of stresses in the middle bearing and the most |oaded walls of the right part, along axis B, in
axes 1-10 (Fig. 4) was obtained.

Fig. 4. Thedistribution of stressesin the middle bearing walls along the axis B,
in the axes 1-10, after the collapse

The sdected walls in Fig. 4 basement floors along axis B, axes 67, 7-8 are fragmented and
analyzed further in Fig. 5.
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Fig. 5. Distribution of stressesin the basement walls of the right part of the building along axis B,
in axes 67 and 7-8

The maximum stresses in the basement walls along axis B, in the axes 6-7, 7-8 exceed the
allowable values of compressive strength of masonry R = 29,56 t/m.

Ny = —38...101 /m? > R = 29.56 1/m?".

As can be seen from the calculations — the compression stresses that occur in the walls of the
middle bearing wall of the right side of the building, along the axis B in the axes 6-8, significantly exceed
the bearing capacity of the brickwork. This phenomenon is also confirmed by the results of the survey of
the building where the emergency walls wereidentified (Fig. 3).

To analyze the possible impact of the collapse on a part of the building, in axes 1-3, AD, a
dynamic calculation was made of the possible impulse that caused the collapse, which allowed to obtain
the character of the movement of the building structures from fluctuations, in particular in Fig. 6 shows
the nature of the movement from the 2nd translational form of oscillations.

Fig. 6. The nature of the movement of building structures of the left part of the house
after the collapse of the 2nd trandational oscillation

Such character of displacements is confirmed by the results of the survey presented on the scheme
of location of defects with fixed fresh cracks between slabs of overlapping and at the top of partitions at
the junction with the overlapping disk of the 4th floor of the l€ft part of the building (Fig. 7).
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Fig. 7. Comparison of the nature of the movement of the building structures
of the left part of the house after the collapse fromthe 2nd trandational oscillation with the actual placement
of fresh cracks formed after the collapse of part of the building

Throughout the building, there are cracks under the floor slabs in the ceiling, as well as fresh cracks
between the seams of the floor dlabs, indicating the movement and disturbance of the flooring discs dueto
the impact caused by the collapse of the structures in axes 4-5, AB. These defects were further
confirmed by the results of the dynamic calculation, using the finite element method in the PC
“Monomakh-SAPR”, which allowed to obtain a similar nature of the movement of the overlapping disks
of the building.

Conclusions

Mistakes in the construction of residential buildings 50-60 years affect the current state of the
housing stock, alarge part of which isin a state of disrepair and is a danger to human life. An example of
this is the collapse of a part of a house in Drohobych, on the street. Grushevskogo, 101/1, where the
possible cause of the collapse was the destruction of the brickwork of the middle load-bearing wall of the
house due to the low brand of brick and mortar, due to strong moisture due to lack of drainage and
waterproofing.

Buildings 5060 years, designed for up to 50 years, today require detailed surveys of their technical
condition, in order to ensure their safe operation.
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Prospects for further research
The above studies confirm the relevance of the topic, as the existing condition of the housing stock
is a problem of national importance. It is necessary to constantly monitor existing buildings and, on the
basis of technical inspections, take measures to prevent emergency situations to ensure the life and health
of people.
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Haunionanshuii yHiBepcuret “JIbBiBChKa MoMiTEXHIKA”
1 . oy )
katenpa OyaiBeTbHUX KOHCTPYKIIiH Ta MOCTIB,
Zkadeapa apXiTEKTYPHOTO POEKTYBAHHS Ta HUKEHEPil

CTAH ICHYIOUHUX KUTJOBUX BY AIBEJIb 50-60-x POKIB 3ABY/J1I0BA
TA IOMWJIKH iX BYJIIBHULITBA
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PosrisaHyTo TpoOseMu craHy SKUTIOBUX OymiBenb 50-60-x pokiB 3a0ymoBH, sKi 3acTapiid Ta
MUSIraloTh  HEraHUM TEXHIYHUM OOCTE)KEHHSM Ta mocwieHHto. [l Oe3nevyHol ekcrutyaTamii Takux
OyniBenb HaHiCTOTHIMMM € (QakTop sKocTi OyaiBHUNTBA, OCcKUIbKH y S50—60-Ti poku OyIiBHUITBO BUKO-
HyBayocs 13 OaraTbMa HeNoNiKaM, sIKi MpOosBISIIOThC Tenep. Y S50-Ti pokH, uepe3 BeNHMKUil Opak KHUTIOBUX
Ioll, 3a MeTy OyJlo MocTaBlieHO OyayBaTtu OaraTo, JEUIeBO 1 MIBHIKO, IO 3aKJIajJl0 OCHOBHI MpPOOIEMH
MalOyTHBOI eKcILTyaTalii Ta 0e3neku Oy/iBeNb, SIKi MOYaIy MPOSIBIISITACS HUHI.

Sk peasbHMI MPHUKIIAA TAKOrO OYAWHKY, B SIKOMY NPOSIBHIIMCS HEIOJIKH OYIiBHUITBA, PO3TJISIHYTO
KUTIOBUH OyauHOK y M. JIporobuui Ha Byn. I'pymescekoro, 101/1, me craBcs o0OBajl YaCTHHH YOTHPH-
MOBepXoBOi  OyxiBii. ONMCaHO KOHCTPYKTHBHY CXEMY Ta OCHOBHI KOHCTpPYKIIi Oy/iBIli, BKa3aHO OCHOBHI
ne(eKTH Ta TMOIIKOMKEHHS OYmiBIIi, pa3oM i3 THMH, fAKi 3’ SBWIHCS MICisd oOBay. I3 BHKOPHUCTaHHAM
Merony ckinueHHux enemeHTiB y 1K “JIIPA-CAITP” ta IIK “MOHOMAX-CAIIP” BHKOHaHO pO3paxyH-
KOB1 MOJIENi YacTHH XHUTIOBOI OYAiBII, SIKI 3ayMIIUcs micis oOBayy. BukoHaHO BUNPOOYBaHHS 3pa3KiB
LIETJIM, B3SATHX OE3MOCEepPeIHbO Yy Micili 00Baly, HA OCHOBI YOr0 BH3HAYCHO MIIHICTh KJIAIKU. TeopeTHdHi
pe3yNbTaTh pO3paxyHKiB MOPIBHSIHO i3 (PaKTHYHUM CTAHOM YacTUH OY/iBIIi.

[MpuunHOIO 00Bally CTano pyHHYBaHHS IETJISTHOI KJIAJKUA CepelHbOI HECydoi CTIHM OYAMHKY uepes
HU3BKY MapKy LI Ta PO3YMHY, BHACHIJOK CHJIBHOTO 3BOJIOXKEHHS 4epe3 BIJCYTHICTb JPEHaXy Ta
rigpoizomsmii. BukoHaHi 1HXEHEPHO-TEOJIOTIYHI BHIIYKYBaHHs IIOKa3ajiH, L0 B I€pioJl IHTEHCHBHHUX
aTMoc(epHHX omaiB abo TaHEHHs CHIrOBOTO IMOKPUBY MOXE YTBOPIOBATHCS TUMYAaCOBUI BOAHUI TOPU3OHT
Ty “BepxoBomka® Ha rpyHrax II'E-2 (CyrnMHOK HamiBTBEpIMit), 10 MOXKE MPU3BOIAUTU IO ITiATOILIEHHS
OynMHKY, TOMY Mix 4Yac OymiBHMIITBA Tpeba Oyno mependayuTd 3aXOmu i3 JOPEHYBaHHS TEPUTOpIi Ta
Tizpoi3onsmii pyHIaMeHTiB, 1o He 0y0 3po0iIeHo Ml yac OyIiBHHULITBA.

Bymuakn 50-60-x pokiB, siki mpoekTyBanmcs Ha TepMiH 10 50 pokiB, ChOrogHI MOTPEOYIOTH
JIeTaIbHUX 00CTEKEHb TEXHIYHOTO CTaHy 3 METO0 3a0e3IeueHHs X Oe3eyHol eKCIuTyaTallii.

Kiro4oBi c1oBa: momuiku OyAiBHULTBA; )KUTJI0BHIl OyIMHOK; 1e(eKTH HAsIBHUX KOHCTPYKILI;
MOJIeJTIOBAHHS;, PO3PaxXyHKOBA cXeMa.



