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Abstract. The article highlights the results of the technical inspection of the Central State Historical
Archive of Ukraine building on the 3a Soborna sq., Lviv. The building was built around 1620. It is an
architectural monument of national importance and an integral part of the architectural complex, including
the Bernardine church. The building is attached to the northern wall of the church, and from the east, it is
surrounded by walls with an entrance tower. The portals of the 17th century have been preserved in the
interior and fragments of 18th century paintings. In the plan, the building has a complex configuration, and
its body covers a square inner courtyard. The building is made of brick, three- and partly four-story. The
walls are reinforced with stone buttresses. Tracking indicators of the technical condition of the load -bearing
structural elements of the building makes it possible to determine the technical condition of individual
elements and the building as a whole [1].

Most often, the destruction of the object does not occur instantly — this requires a long-term influence of
certain factors over time. Scheduled inspections carried out in time make it possible to establish the safety of
further operation, to detect defects in the early stages and to prevent emergency technical conditions of buildings
and structures [2...5]. In addition, it can significantly affect the cost of construction and installation work and
increase the term of further safe operation. Very often, in buildings subject to inspection, atypical constructive
solutions are adopted, which are difficult to find in modern literature, and individual recommendations and
approaches to solving the problem must be developed. During the inspection of the Central State Historical
Archive of Ukraine on Sobornia Square in Lviv, elements of load-bearing structures belonging to an emergency
technical condition were discovered. In order to prevent the destruction of the entire building, the detected defects
must be eliminated during major repairs by strengthening. The article provides recommendations for removing
the building from an emergency state.
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1. INTRODUCTION

According to [1], the technical condition of the object as a whole is determined
depending on the technical condition of the load-bearing structural elements and
enclosing structures by assigning it to one of the technical condition categories:
«1» — normal; «2» — satisfactory; «3» — unsuitable for normal operation; «4» — emergency.
Ensuring the durability and reliability of buildings and structures [6], especially if they are
architectural monuments, is always relevant. Timely conducting planned and technical
inspections of building elements, identifying defects and eliminating the cause of their
occurrence makes it possible to restore the load-bearing capacity by carrying out capital
repairs and increasing the durability of the building [7, 8]. Repairing works in compliance
with regulatory requirements [9, 10, 11] will ensure the perception of all active loads and
allow further safe operation of the building. It should be understood that carrying out capital
repair work is a complex process, especially in the conditions of existing buildings.
Therefore, it is important to carry out repair work, taking into account the preservation of
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architectural monuments [12, 13, 14]. At the time of the survey, the building has been in
operation for more than 300 years, it should be taken into account that some of the elements
have exhausted their normative service life, especially the wooden elements [15, 16].

The building is frameless with load-bearing longitudinal and transverse walls,
complex in plan with nominal dimensions of 44,390 x 54,030 m. Partly with a basement
and a courtyard (Fig. 1). The foundations and walls of the basement are designed with strips
of hewn stone on a lime solution. The framework of the building consists of external brick
walls with a thickness of 75...100 cm and internal brick walls with a thickness of 45 and
75 cm. The framework of the building consists of external brick walls with a thickness of
75...100 cm and internal brick walls with a thickness of 45 and 75 cm. The construction of
that period is distinguished by the construction of buildings with massive brick walls up to
1.48 m thick. The excessive thickness of the walls was explained by the lack of a theory of
calculation of stone structures at that time. The thickness of the walls behind the floors was
taken according to the rule, according to which the thickness of the walls decreased from
the bottom up. Wall cuts were usually made inside the building. The bearing capacity of the
walls was used by 30-50%.

Figure 1. General view of the main facade of the building

Load-bearing walls are placed along the letter and number axes. The building has three
and partly four floors. The basement height is 2.45 m, the first floor is 5.75 m and 4.74 m, the
second and third floors are 5.3 m, the fourth floor is 3.1 m. The ceiling is brick-arched vaults,
and the roof is galvanized steel on wooden rafters.

The condition of the load-bearing structures was determined based on a detailed visual
inspection, instrumental examination and recording of existing deformations and damages.

The work aims to evaluate the technical condition of load-bearing structures, determine
the nature and causes of defects and damage, as well as their impact on the load-bearing capacity
and operational condition, and propose options for strengthening structures using a specific
example.

The object of the study is the Central State Historical Archive of Ukraine, located in
the central part of the city. Lviv. In the plan, the building has a complex configuration, and its
body covers a square inner courtyard. The building is made of brick, three- and partly four-
story. The walls are reinforced with stone buttresses. The portals of the 17th century have been
preserved in the interior and fragments of 18th century paintings.

Research methods. On the basis of the conducted engineering and geological surveys
and the initial project documentation, it is necessary to calculate the limit states of the first and
second groups to determine the strength, stiffness and crack resistance and develop
recommendations for strengthening brick walls.
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2. RESEARCH RESULTS

During the technical survey, the surrounding area was investigated to identify probable
natural and man-made actions on the condition of the foundations, a study of human
engineering activities within the area and the entire district (construction of various engineering
communications, dynamic and aggressive actions, etc.).

In 20052006, a drainage system was built around the perimeter of the courtyard, which
collects rainwater, melted snow and surface groundwater, which is drained into drainage wells
located at the corners of the courtyard. Next, the water is diverted to the sewage well, located
at the G axis along the network on Valova Street (see Fig. 2).
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Figure 2. Water drainage scheme from the archive building
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The survey revealed that the bottom of the well near the G axis is practically
destroyed, and all the water penetrates under the foundations (Fig. 2, 1-1). An additional
reason for the jamming of the bases under the foundations can also be the destruction
of the elbows of the downpipes (Fig. 2, 2-2) in the places where they adjoin the
drainage wells of the storm sewer. Water removes clay and dusty soil particles from
the foundations layer by layer — mechanical suffusion occurs, destroying the soil structure
and its subsidence. When the minerals of the soil skeleton of the base are dissolved,
chemical suffusion takes place, which worsens the physical and mechanical properties
of the soil. The presence of such damage over a long period reduces the bearing capacity
of foundations (soils) and foundations. Uneven subsidence of the base was detected,
as evidenced by the deflections of the floor of the first floor between axes 4...5 along
axis D (Fig. 3), as well as in the places where water or sewage communications pass between
axes 4...5and G...D.

Figure 3. Oblique cracks in the wall with a width of up to 2 cm, floor deflection within
the first floor between axes 4...5

Wetting of the bases under the foundations is facilitated by the loose connection of
the gutters to the drainage pipes on the roof and at the point where these pipes enter the
drainage wells of the sewage system. The basement of the building is not plastered. Minor
cracks were found. No emergency cracks were found in the plinth.

According to the classification features of the technical conditions, part of the base
in axes 3...4 along the G axis is in an emergency 4 and unsuitable for normal operation
condition — 3 technical condition. The rest of the base is in a satisfactory condition —
2 technical conditions.

The foundations belong to the 2nd technical condition — satisfactory.

For further safe operation, the bottom and walls of the drainage well should be
restored along the G axis; an audit of the drainage system; check the tightness of the
connection of drainage pipes on the roof and at the point of entry into the sewage system,
in places of floor subsidence, disassemble stone slabs and check the integrity of the pipe, if
necessary, replace the pipe. The load-bearing walls of the building are made of brick, with
a thickness of 75...100 cm between the first and third floors and 45 cm on the fourth floor.
Partitions are made of brick with a thickness of 14 cm.

126 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (117), 2025 https://doi.org/10.33108/visnyk_tntu2025.01


https://doi.org/10.33108/visnyk_tntu2025.0

Svitlana Vikhat, Yurii Vybranets, Oleksiy Gayda, Olga Meshcheryakova

The examination revealed a vertical crack on 2/3 of the height with an opening
width of up to 4 cm along the G axis within the first floor (Fig. 4). The crack continues
to the arched lintel and ceiling. Cracks in the wall along the G axis, extending to the
lintels and overlaps, were found along the entire length of the wall (Fig. 5, Fig. 6). Also,
cracks in the wall extending to the floor were found on the parallel wall along the B axis.
Oblique cracks with an opening of up to 1 cm were found in the partition along the D axis
between axes 4...5.

Figure 4. A vertical crack on Figure 5. Cracks in the arched Figure 6. Cracks in the wall and in
2/3 of the height, up to 4 cm vaults of the floor and the lintel the arched lintel along the G axis
wide, along the G axis along the G axis

Most of the second and third-floor premises are after renovation, so no cracks
were found there. In those rooms where the repairs have not yet been completed along
the G axis, a crack was found in the place where the wall adjoins the floor (Fig. 7).
According to the employees of the archive, before the repair, there were such cracks
in all rooms of the second and third floors along the G axis. See the scheme of
defects (Fig. 8).

Figure 7. A crack at the junction of the arched ceiling and
the wall within the 2nd floor along the G axis

Identified cracks reduce the load-bearing capacity of the walls. The nature of the cracks
and the geometric measurements that were performed indicate the loss of verticality of the wall
along the G axis.
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Figure 8. Scheme of defects along the B and G axes

External walls are subject to constant wetting due to the loose connection of downspout
pipes along their length. During the inspection, flaking of the plaster from the outer side of the
wall was found, and thawing and weathering of the brickwork were found in some areas.

According to the classification of technical conditions for stone and reinforced stone
structures, the condition of the brick load-bearing elements along the G axis is classified as an
emergency — 4 technical conditions, and the rest of the walls belong to 2 technical conditions —
satisfactory.

For further safe operation, it is necessary to strengthen the wall along the G axis
according to the previously developed working project, to fill the cracks along the D axis
between axes 4...5 with an injection solution, to appoint further observations of the development
of cracks in the wall along the G axis.

The ceiling is brick arched vaults. At the time of the survey, considerable defects were
found in the arched ceilings of the first floor: cracks were found along the entire length between
the axes B...G and 3...5 (Fig. 9), cracks in the wall along the G axis continue to the ceiling and
arched lintels. A crack with an opening of up to 2 cm was also found in the place where the
wall adjoins the ceiling within the 2nd floor along the G axis (Fig. 10). The nature of the cracks
indicates the deviation of the wall along the G axis from the vertical.

Figure 9. Cracks in the arched ceiling within the 1st ~ Figure 10. A crack with a width of up to 2 cm. in the
floor in the axes B...G place where the wall adjoins the ceiling within the
2nd floor along the G axis
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In general, the condition of the floor above the first floor in axes B...G 3...5 is classified
as unsuitable for normal operation — 3 technical conditions for stone and reinforced stone
structures. The rest of the floor is in a satisfactory technical condition.

To bring the building out of emergency and further safe operation, it is necessary:

- torestore the bottom of the sewer well at the G axis with C15/20 class concrete with
local reinforcement with preliminary soil compaction and the installation of a crushed stone
pillow;

- carry out an audit of the drainage system;

- in places of floor subsidence, disassemble the stone slabs and check the integrity of
the pipe, if necessary, pipe should be replaced,

- check the tightness of the connection of drainage pipes on the roof, along their length
and at the point of entry to the drainage wells of the storm sewer;

- appoint further observations on the development of cracks in the wall along the G axis

- cracks along axis D between axes 4...5 should be filled with an injection solution;

- strengthen the wall along the G axis;

- fence off dangerous areas with warning tape, move valuable documents to a safe place;
It is recommended that the walls along the G axis be strengthened with the help of metal
elements (see Fig. 11), according to the additional developed working project.
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Figure 11. Scheme of strengthening the walls

With the implementation of recommendations on strengthening and compliance with
the provisions on the safe and reliable operation of buildings and structures, the further
operation of the building will generally be safe.
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3. CONCLUSIONS

Based on the results of the survey and analysis of the technical condition of the building

structures, it was established that the technical condition of the brick walls along the «G» axis is
emergency — category «4»: the requirements of the first group of limit states are violated, the
analysis of defects and damage shows the impossibility of guaranteeing the integrity of the
structures before their repair or reinforcement. Due attention should be paid to proper
maintenance and operation, and project organizations with relevant experience in strengthening
and reconstructing similar objects should be involved. Carrying out the strengthening of the walls
according to the developed proposals will ensure the strength and reliability of the structure, as
well as the normalized service life according to the requirements of current design standards.
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VJIK 69.059.4

PE3YJIbTATH TEXHIMHOI'O OBCTEKEHHS ICTOPUYHOI'O
APXIBY YKPAIHU, 11O HA IIJIOLII COBOPHINA Y JIbBOBI

Ceitiana Bixors!; IOpiii Buopaneun'; Ouexciii aiigal;
Ouibra Memepsikosal

Hayionanvnuii ynieepcumem «JIvgiecora nonimexnixay, Jlvsie, Yxpaina
2Teproninbcokutl HayionansHull mexuiunuti yuieepcumem imeni leana Ilynios,
Tepnoninw, Ykpaina

Pesztome. Buceimneno pesynomamu mexuiynozo oocmedcenus 0yoieni Llenmpansnozo Oepoicasnozo
icmopuunoeo apxigy Yxpainu no eyn. CobopHii, 3a ¢ m. Jlveosi. Byodisns 30ydosana 6nuzexo 1620 p. [lam smra
apximexmypu HayioHAIbHO20 3HAUEHHS, 60HA € CKAA0080I0 APXiMEeKmypHO20 KOMHIEKCY, 00 K020 6X00Umb i
Kocmen bepuapounis. bydisns npubyo0oeana 00 NiGHIYHOL CMIHU KOCMENY, a 31 CX00Y OMOYeHa Mypamu 3 8 I3HOH0
eediceto. B inmep ‘epi 36epeenucs nopmanu XVII cm. i ¢ppaemenmu posnucie XVII cm. Y nnani 6ydisns mae
CKIAOHy Kougieypayito, il Kopnyc oxonmoe kaopamue sHympiuwHe noogip ’s. Cnopyoa myposana 3 yeaiu, mpu- i
yacmroeo yomupunosepxoga. Cminu yYKpinieHi kam asHumu KOHmp@opcamu.

Biocmeswcenna nokasnuxie mexHiuHO20 CMAHy HeCyyux KOHCMPYKMUBHUX eleMeHmig 0yoieni Oae
MOJMCTUGICMb  BU3HAYAMU MEXHIYHULL CMAH OKpeMux enemenmie ma 0yoieni 6 yinomy [1]. Hatiuacmiwe
DPVIHY8aHHA 00 €Kma He 8i00Y8arOMbCA MUMMEBO — O/ Y020 NOMPIOEeH MPUBANULL BNIUE NEGHUX (PAKMOpIE )
yaci. Buacno npogedeni nianogi obOCmediceHHs O0aiomb MOICIUBICIL 6CMAHOBUMU Ge3neyHiCmb no0aIbuol
excniyamayii, euasumu oegekmu Ha panHix cmaodiax ma 3anobiemu aeapitinum mexuiynum cmanam 6yoieens i
cnopyo [2...5]. Kpim moeo, ye mooxce cymmego Gnaunymu Ha 8apmicms 60y0i@eibHO-MOHMANCHUX poOim i
30ibMWUMU MepMiH nodarvuiol besneunoi excniyamayii. [lyace wacmo 6 6y0i6sx, siKi RIOIsA2A0Mb 00CMENCEHHIO,
NPULHAINO HEMUNOBL KOHCMPYKMUGHI DIUWEeHHS, W0 CKIAOHO 3HAUMU 6 cyudcHiu aimepamypi. Joeodumwvcs
PO3poOIIMU THOUBIOYANbHI PEKOMEHOAYTl ma nioxoou 0o supiwents npobremu. Ilpu o6cmescenni [Jenmpanvrozo
deporcagnozo icmopuunozo apxigy Vkpainu no eyn. Cobopuiii y m. JIb606i 6us61eHO Hecyyi KOHCMPYKMUBHI
eieMenmu, ujo 8i0HOCAMbCA 00 ABAPIIHO20 MeXHIYHo20 cmaHy. Abu 3anobiemu pyiHyeantwo eciei 0y0ieni cio
VCYHYmU 8UAGJeHI OegheKmu uLiAxom RIOCUNEHHs NPU KanimaibHOMy PeMOHMI. 3anpononosano pekomeroayii 0
susedents Oy0ieii 3 asapiliHo20 CIMAHY.

Kniouosi cnoea: kamezopis mexniuno2o cmamy, mexmiune o0Cmedsicents, Hecyya 30amuicms, mpiuHu,
@yHoamenm, cmina.
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