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Abstract

Introduction. Modern buildings operate under changing climate and loading conditions, where foundation degradation
leads to cracks, uneven precipitation and load-bearing capacity loss. Regular monitoring and inspections enable timely
risk detection, accident prevention and repair cost reduction. The aim of the study is to develop methods for assessing
operational safety across various foundation conditions, including calculating precipitation and performance limits.
Materials and Methods. The study included visual inspection, structural scheme identification, instrumental diagnostics,
building inspection with preparation of the architectural drawings, defect detection and documentation, installation of pits
with preparation of measuring drawings of epy foundations for open pits and identification of the strength characteristics
of the foundation material, opening structures and testing building materials to identify their strength characteristics with
subsequent verification calculations of the load-bearing elements.

Research Results. Based on the results of the verification calculations and identified structural defects, the condition of
the building elements and the building as a whole has been established. Recommendations have been developed for en-
suring the normal operation of a building as well as for strengthening or repairing structures.

Discussion and Conclusion. Comprehensive technical inspection of the building using advanced non-destructive testing
methods and verification calculations revealed the current technical condition of the foundation elements and foundations.
Based on the results of the technical inspection, taking into account the results of the verification calculations, it can be
concluded that for further normal operation of a building in some areas, it is necessary to take measures in order to
strengthen the foundations or strengthen foundations soils. The scientific significance lies in the developed and testing of
the methodology for comprehensive assessment of the load-bearing capacity of foundations taking into account real-
world operating conditions, which makes it possible to increase the accuracy of forecasting the durability of buildings on
weak soils. The practical value of the results lies in the formation of specific recommendations for strengthening founda-
tions. The findings can be used in inspecting similar civil and industrial facilities.
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AHHOTAIIMA

Beeoenue. CoBpeMeHHBIE 31aHHsI IKCIUTYaTUPYIOTCS B YCIOBHSX NU3MEHSIOIIEI0Cs KIMMarta v Harpy3oK, I7ie U3MEHEHHs
TEXHHUYECKOTO COCTOSHUS (PyHIaMEHTOB MOTYT HPUBECTH K TpELIMHAM, HEPABHOMEPHBIM OC3JIKaM M IOTepe Hecyluei
CHOCOOHOCTH. PeryispHbIii MOHUTOPHHT U 00CIIEI0BaHUE MTO3BOJISIIOT BOBPEMSI BBISIBIISITH PUCKH U NPEJOTBpAILATh aBa-
UM, CHIKAs 3aTpaThl Ha peMOHT. Llenbio nccneoBaHus B JaHHOM CTaThe SBISIETCS pa3padOTKa METOAOB OIICHKH JKC-
IUTyaTalliOHHOW OE30TMaCHOCTH MIPH PA3IMIHBIX TEXHHUECKUX COCTOSHUAX (PYHIAMEHTOB 3MaHUS, BKIIFOYAs pacdeT oca-
IIOK U TIPeIeTIOB PabOTOCIIOCOOHOCTH.

Mamepuanst u memoost. ViccrienoBaHue BKIIOYACT B ce0sl BU3YAIBHBIA OCMOTP, OTIPEIEIeHNEe KOHCTPYKTHUBHOM CXEMBI
3IaHUSL, THCTPYMEHTAIBHYIO THArHOCTHKY, BRIITOJHEHNE OOMEPHBIX padoT MO 3MaHUI0 C COCTABICHNUEM apXUTEKTYPHBIX
YyepTekell, BhIABICHUE U (PUKCALUIO IeeKTOB, yCTPOUCTBO MYp(dOoB ¢ cocTaBIeHHEM OOMEPHBIX uepTexel (pyHIaMeH-
TOB I10 OTPBITHIM IIyp(aM U OTpeieTIeHUE MPOYHOCTHBIX XapaKTEPUCTUK MaTepraia (yHIaMEeHTOB, BHIIIOJIHEHNUE BCKPBI-
TUI KOHCTPYKIMH U UCTIBITAHUN CTPOUTEIIBHBIX MaTEePUaJIOB C ONPEIeICHUEM UX IPOYHOCTHBIX XapaKTEPHCTHK C TOCIIe-
JIYIOIINM BBITTOJTHEHUEM TTIOBEPOYHBIX PACYETOB HECYIIHX AJIEMEHTOB.

Peszynvmamut uccnedosanus. Ha ocHOBaHUU pe3yJIbTAaTOB IIOBEPOYHBIX PACUETOB U BBISBICHHBIX JE(PEKTOB IO KOH-
CTPYKIVSIM YCTaHABIHMBAIOCH COCTOSHHE CTPOWTENBHBIX 3JIEMCHTOB W 3[aHUA B IenoM. Pa3paboTaHbl peKOMeHIanuu
IU1A o0ecTiedeHHsT HOPMaJIbHOHM SKCIUTyaTalluy 3IaHUs U PEKOMEH/IAINH 110 YCHIICHHUIO WM PEMOHTY KOHCTPYKITHIA.
Obcyscoenue u 3axnrouenue. [IpoBeeHHOE KOMIUIEKCHOE TEXHUIECKOE O0OCIIEIOBaHNE 3JaHIs C IIPUMCHEHHEM CO-
BpEMEHHBIX METOJIOB HEPa3pyIIAIOIIETO KOHTPOJIS H IIOBEPOYHBIX PACUETOB MO3BOJIMIO BBIIBUTH TEKYIICEe TEXHUYC-
CKOE COCTOSTHIE KOHCTPYKTHBHBIX 3JIEMEHTOB ()yHIaMEHTOB M OCHOBaHHU. [1o pe3ynbraTaM MpOBEACHHOTO TEXHUYE-
CKOTO 00CIIeJOBAaHUSI C yUYETOM PEe3yJbTAaTOB MOBEPOUYHBIX PAacu&TOB MOXHO CJENaTh BHIBOJ, YTO IS JaibHe e
HOpPMaJILHOM 9KCIUTyaTal[iK 3J[aHus Ha OT/IENIbHBIX y4acTKaX TpeOyeTcs BBIMOIHUTD MEPOTIPUATHS [0 YCUIIEHUIO QyH-
JIAaMEHTOB MJIM YKPEIJICHUIO TPYHTOB OCHOBaHMW. Hay4Has 3Ha4MMOCTb HCCIIeIOBaHMS 3aKII0YAETCs B pa3paboTKe U
anpoOaiyyu METOANKHA KOMIIJICKCHOM OIIEHKH Hecylleil CrioCOOHOCTH OCHOBaHUI U ()YHIaMEHTOB C Y4E€TOM PealbHBIX
YCIIOBHH SKCIUTyaTaliy, YTO MMO3BOJISIET OBBICUTh TOYHOCTh IPOTHO3a JIOJITOBEYHOCTH 3/IaHUH Ha cIa0bIX IpyHTaXx.
[IpakTHdeckasi IEHHOCTh Pe3yJIbTaTOB COCTOUT B (POPMHUPOBAHUH KOHKPETHBIX PEKOMEHIAINH 110 yCHICHUIO (QyHIa-
MeHTOB. [loydeHHBIE BEIBOIBI MOTYT OBITH HCIIOJIB30BAHEI ITPH 00CIIEIOBAHUN aHATOTHYHBIX 00BEKTOB IPaXKTaHCKOTO
1 IPOMBIIIUICHHOTO Ha3HAYCHUS.

KiroueBble cioBa: (byHZ[aMCHTBI, HHXCHCPHO-TCXHUYCCKOC 06CJ'IC,Z[OBaHI/IC, MOBCPOYHBIC paC'IéTbI, TEXHHUYCCKOE COCTO-
SIHUCE, I[C(bOpMaLlI/IOHHLIC U MMPOYHOCTHBIC XapAKTCPUCTHUKHU

Jast untupoBanus: Pummun B.U., EBnokumenko A.C., Kenko E.C., Bopo6seB A.E., CaBennseB E.C. Ananu3 skcrnya-
TAlMOHHON 0€30IIaCHOCTH 3/IaHHs IPU BAPUALMAX TEXHHIECKOTO COCTOsIHUS (PyHIaMenToB. Cospementble meHOeHyul 6
cmpoumenscmee, 2padocmpoumenvcmee u nianuposke meppumopuii. 2026;5(2):7-21. https://doi.org/10.23947/2949-
1835-2026-5-2-7-21

Introduction. Modern buildings are being operated in changing climatic conditions, dynamic loads and heteroge-
neous weak soils (bulk sands, water-saturated clays) leading to deformations of foundations, cracks, uneven precipita-
tion and further to emergencies. The methods currently employed tend to focus on new structures, with no considera-
tion of the operational characteristics of structures. The aim of the study is to develop a methodology for assessing the
operational reliability of building foundations on various types of soils, calculating precipitation and identifying the
technical condition of structures. To this end, the following tasks were set: to conduct an instrumental examination,
perform verification calculations for Group | and Group Il of limiting conditions, and to develop recommendations for
strengthening foundations [1-4].
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Materials and Methods. The work on the technical inspection of foundations and bases of a building included in-
stalling pits with preparing dimensional drawings of the foundations for the excavated pits and identifying the strength
characteristics of the foundation material. The depth of the pits was identified taking into account the establishment of
the actual depth of the existing foundations, their structures, strength of materials, etc. Soil samples were mostly taken in
the range of 10-60 cm below the soles of the foundations of the undisturbed structure (3 samples for each pit), laboratory
tests of the samples were performed based on the standard methods in compliance with the current state standards. The
deformation and strength characteristics of the soils were identified according to Appendix B of SP 22.13330.2011 "Foun-
dations of Buildings and Structures".

Based on the results obtained from the excavated pits, verification calculations of the bases of the foundations
for Group Il of limiting states (deformations) were performed. The calculations were conducted taking into account
Clause 5.3.18 of SP 22.13330.2011.

While performing the verification calculations of the foundations, the following parameters were set: the calculated re-
sistance of the foundations, permissible load on the foundations, pressure on the soles of the foundations considering the
existing loads.

The inspection of vertical and horizontal load-bearing structures, staircases and roofs included a study of the condition
of the load-bearing elements, including measurements with preparing architectural drawings of structural components at the
excavation sites.

Defects were identified and photofixed in the interior of the building (in the areas of actual access) with preparing
diagrams of the location of defects on the floor plans and fixing defects on the facades of the building with the application
of defective areas on the sketch drawings of the facades.

Through the course of the technical inspection, the strength characteristics of building materials of load-bearing struc-
tures were identified by means of non-destructive testing methods. The concrete strength class was identified based on
the direct measurements of concrete strength using non-destructive methods according to GOST 22690 "Concretes. Iden-
tifying the Strength by Means of Mechanical Methods of Non-Destructive Testing™ (by means of the shock pulse method)
and taking into account the requirements of Clause 8.3.5 of SP 13-102-2003 "Rules for Inspection of Load-Bearing Build-
ing Structures of Buildings" (the actual concrete strength class was set as B = 0,8-Rsc)>? [1-3].

The strength characteristics of the reinforcement structures were identified based on an expert assessment considering the
profile of the reinforcement, the year of construction of the building as well as the data of SNiP 2.03.01-84* "Concrete and
Reinforced Cconcrete Structures”. The calculated resistance of the rod reinforcement is assumed to be equal to Rs = 510 MPa,
Rsc = 450 MPa — for fittings of the A600 periodic profile.

Tests of metal structures were not performed. The strength characteristics of rolled steel elements were identified
according to SP 13-102-2003 and available reference data. While calculating the steel elements, the value of the calculated
tensile strength of steel is assumed to be equal for columns made of rolled channels Ry = 230 MPa (for steel C235), for
beams made of rolled I-beams, corner support tables and steel strips Ry = 240 MPa (for steel C245). For the calculation
of welded joints, it is assumed that manual electric arc welding with E42 electrodes has been performed.

Based on the results of the excavations, measurements, and calculation of the strength characteristics of the materials,
piecemeal verification calculations of horizontal and vertical load-bearing structures were performed.

Verification calculations of structures were performed according to Group | of limiting states (in terms of the load-bearing
capacity) according to Section 10 of SP 13-102-2003. Verification calculations of steel structures were performed in com-
pliance with SP 16.13330.2011 "Steel Structures”, of reinforced concrete in compliance with SP 52-101-2003 "Concrete and
Reinforced Concrete Structures without a Prestressing Reinforcement".

The verification calculations were performed considering the useful load for the ceiling above the 1st floor identified
using SP 20.13330.2011 "Loads and Impacts" and amounting to 200 kg/m? (standard value). The useful snow load on the
surfacing is assumed to be 180 kg/m? (snow region I11). The standard load from the partitions is assumed to be 50 kg/m?2.
The weight of the floors is 150 kg/m? (standard value). Since the roof was not opened, the load from the pie was assumed
based on the expert assessment.

1 Bondarenko VM, Rimshin VI Dissipative Theory of Force Resistance of Reinforced Concrete. Moscow: Student; 2015. 111 p.
2 Kurbatov VL, Rimshin VI, Dironas MV Control and Supervision in Construction and Housing and Communal Services. Mineralnye Vody; 2024.
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While performing the verification calculations, the loads from the own weight of the structures were identified based
on the excavations and measurements. The specific weight of the materials was identified based on the expert assessment:
concrete yr = 24 KN/m?; reinforced concrete y¢ = 25 kN/m?; steel ys = 78,5 KN/m?3; bricks y: = 18 kN/m?; claydite-concrete
vi = 12 kN/m?; cement-sand screed y; = 18 kN/m3; backfilling soil y; = 16 kN/m3.

Given the fact that selective excavations were performed, the load on the structures in some areas was identified based
on the expert assessment. The forces in the structures were identified by means of the methods of structural mechanics.
Based on the results of the verification calculations of the vertical and horizontal load-bearing structures, the following
parameters were established: values of the actual load-bearing capacity of vertical and horizontal load-bearing structures,
coefficient of utilization of the load-bearing capacity of the existing elements of vertical and horizontal load-bearing
structures. The condition of the structures and the structure as a whole was identified based on the technical inspection
and verification calculations. The inspection of the load-bearing structures, identification of the strength of the materials,
and verification calculations were performed in compliance with the current regulatory documents [4-10].

The technical inspection of the building was performed in stages. Preliminary examination involved familiarization
with the available documentation, general inspection of the facility, continuous visual inspection of the building struc-
tures, identification of defects and damage based on the external signs with a necessary measurements and fixation. A
detailed continuous inspection involved performing measurements, measuring the strength characteristics of the ma-
terials of the load-bearing structures, performing openings of the load-bearing structures, setting up pits, performing
measurement drawings of foundations and structures at the opening sites, performing engineering and geological in-
spections of the bases of foundations, designing measurement drawings of the floor plans, facades, sections, roof plan
as well as the load-bearing layout schemes floor and coating structures, measuring the necessary geometric parameters
of building structures, elements, nodes and foundations, instrumental identification of defect and damage parameters,
performing verification calculations, analyzing the inspection results, writing a technical report with the conclusions
based on the inspection results, preparing recommendations to ensure further normal operation of the building. The
preliminary insoection included a preparatory period when the initial data was being collected and analyzed. Based on
the preliminary inspection, the locations of the pits, openings and measurements of the strength characteristics of
structures were established. The Onyx 2.6 device was used to identify the strength characteristics of the building ma-
terials by non-destructive methods. A total station inspection of the structures was performed by means of a Trimble
M3 total station (5”)%4 [11-14].

Technical inspection of the building. A brief description of the inspection object

The administrative building under study was built in 1995 (two-storeyed, with no basement). The height of the rooms
on the first floor from the floor level to the bottom of the floor slabs is about 3900 mm, the height of the second floor is
about 2570 mm. The structural scheme of the building is a frame one. The structure is made in the form of two rectangular
volumes with the overall dimensions of about 25.0%9.4 m and 37.2x9.8 m. The spatial rigidity and stability of the building
is provided by the frame frames with rigid coupling of the columns with the foundations and hinged coupling of crossbars
with the columns. The joint work of the frame elements is provided by rigid horizontal disks - prefabricated slabs of floor-
to-ceiling and surfacing. The area around the building is planned, the courtyard is paved. An asphalt concrete blind area
is made along the contour of the building. The drainage of meltwater and rainwater in an asphalt-paved area is provided
by the vertical layout. The layout of the building is shown in Fig. 1.

The foundations for the frame columns are made of columnar monolithic reinforced concrete. The basement parts of
the exterior walls are supported by monolithic reinforced concrete foundation beams laid on the column foundations.
The wall panels of the aboveground part of the building above the basement are supported by solid concrete blocks via
rolled steel elements (at the ground floor level), on the underlying panels (at the second floor level) and on steel support
tables welded to the columns (at the first and second floor levels). The walls of the staircase block are supported by the
concrete floors laid on the ground.

The main columns of the frame are made of composite cross-section of rolled steel channels No. 30, connected by
strips of 200 x7 mm with a pitch of about 700 mm. The main columns take the loads from the floors above the ground

% Rimshin VI, Bondarenko VM, Bakirov RO, Nazarenko VG Reinforced Concrete and Stone Structures. Moscow; Stroyizdat: 2007.
4 Inspection and Testing of Buildings and Structures. Moscow; 2012.
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floor and the coating, as well as from prefabricated expanded clay wall panels. Half-timbered steel columns made of
paired channels No. 30 are arranged between the main columns of the frame. Half-timbered columns serve to support the
exterior wall panels and withstand wind loads. There are no steel vertical connections along the frame columns.

The enclosing walls are made of prefabricated expanded clay wall panels 340 mm thick. The panels are made mainly
of non-load-bearing (hinged) panels supported by steel support tables welded to the main columns of the frame and the
half-timbered columns. The individual wall panels are self-supporting, supported by solid concrete blocks through steel
linings made of rolled elements (at the ground floor level) and on the underlying panels (at the second floor level). The
basement of the exterior walls is made of precast solid concrete blocks supported by monolithic reinforced concrete
foundation beams. The facades are lined with brick about 120 mm thick. The facade cladding along the axes A, D and 9
is made of ceramic tiles in the form of factory wall panel cladding. The brickwork of the cladding is supported by prefab-
ricated solid concrete blocks. The interior walls of the staircase block at the ground floor level are made of solid clay
brick masonry on a cement-sand mortar. The wall thickness, including cladding, is about 310—460 mm. The partitions
with a thickness of 90-410 mm are made of solid clay brick masonry, foam concrete blocks on cement-sand mortar and
frame-sheathing of plasterboard sheets.

lf———e SesEB s R SuEE SR “‘F L:T T T
Il |
: o | i
g | : .
E»E.-D i: <
3 |
3 | | | |
o 1P : P T R s
C é-n o ‘ !
M ‘ ‘
o |
{l | I
AR e el o il fos B o H

Fig. 1. Scheme of the building under study in the axes 1-13/A-G

The ceiling of the building is made according to a beam scheme of prefabricated reinforced concrete multi-hollow
slabs measuring 6.0x1.2x0.22(h) m and 6.0x1.8x0.22(h) m supported by I-beam steel crossbars No. 50 and No. 50B2, as
well as monolithic sections supported by reinforced concrete girders along axes A, G and 9-13.

Vertical communication throughout the building is provided by a two-marched prefabricated reinforced concrete stair-
case located in axes 7-9/F—G. The staircase from 0.000 m to +0.680 m is made of monolithic reinforced concrete. Safe
movement along the staircase is ensured by fences made of steel elements.

The coating is made flat. Reinforced concrete multi-cavity slabs with a span of 6.0x1.2x0.22(h) m and
6.0x1.8x0.22(h) m are supported by steel crossbars of the I1-beam frame No. 50 and No. 50B2, as well as monolithic
sections supported by reinforced concrete girders with cross-sectional dimensions of 120x220(h) mm along axes
A and G. Cross-section crossbars consisting of two rolling elements are united by steel bars.

Precipitation drainage is provided by sloping the roof surface in the direction of the funnels of the external down-
pipes. The roof is made of soft rolled material arranged on a layer of cement-sand screed and insulation. Along the con-
tour of the roof there is a parapet made of solid clay bricks laid on a cement-sand mortar.

The exterior condition of the building is deemed satisfactory.

Results of the survey of bases and foundation soils. The column foundation along pit No. 1 in axes 9/A for the column is
made in the form of a slab of monolithic reinforced concrete with overall dimensions of about 2.1x1.8x0.36(h) m. The
coupling of the frame column with the foundation is provided by means of a column made of monolithic reinforced
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concrete measuring approximately 1x1x1.45(h) m. Reinforced concrete foundation beams with the overall dimensions of
about 500x570 mm are arranged under the exterior walls. At the level of the top of the foundation beam, horizontal
waterproofing is made from a layer of roofing material. The depth of the foundation from the level of the planned ground
level is about d = 1.55 m. The layout of pit No. 1 and sections 1-1 and A-A are shown in Fig. 2.
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Fig. 2. Scheme of the layout of the pit No. 1 and section 1-1 and A-A

The column foundation along pit No. 2 in the 5/G axes for the column is made in the form of a slab of monolithic
reinforced concrete with overall dimensions of about 2.4x2.4x0.6(h) m. The coupling of the frame column with the
foundation is provided by means of a column made of monolithic reinforced concrete of 1.2x1.2x1.05(h) m. The depth
of the foundation from the level of the planned ground level is about d = 2.65 m. Fig. 3 shows the layout of pit No. 2
and section A-A.
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Fig. 3. Scheme of the layout of the pit No. 2 and section A—-A

The columnar foundation along pit No. 3 in axes 1/H for the column is made in the form of a slab of monolithic
reinforced concrete with overall dimensions of about 1.6x1.6x0.7(h) m. The conjugation of the frame column with the
foundation is provided by means of a column made of monolithic reinforced concrete measuring 1.2x1.2x0.9(h) m. Re-
inforced concrete foundation beams with overall dimensions of about 500%570 mm are arranged under the exterior walls.
At the level of the top of the foundation beam, horizontal waterproofing is made from a layer of roofing material. The
depth of the foundation from the level of the planned ground level is about d = 1.6 m. In Fig. 4 shows the layout of pit
No. 3 and section A-A.

The column foundation along pit No. 4 in axes 1/A for the column is made in the form of a slab of monalithic rein-
forced concrete with the overall dimensions of about 1.8x1.8x0.6(h) m. The coupling of the frame column with the foun-
dation is provided by means of a column made of monolithic reinforced concrete measuring 1.0x1.0x1.0(h) m. Reinforced
concrete foundation beams with the overall dimensions of about 500x570 mm are arranged under the exterior walls. At
the level of the top of the foundation beam, horizontal waterproofing is made from a layer of roofing material. The depth
of the foundation from the level of the planned ground level is about d = 2.0 m. Fig. 5 shows the layout of pit No. 4 and
section A-A.

The foundation of the pit No. 5 in axes 7/F in sections A—A and B-B for the walls of the staircase block is made in
the form of concrete floors on loose soil. The thickness of the floors is about 150 mm. There is no waterproofing of the
floors. The depth of the foundation from the level of the planned ground level is about d = 1.05 m. Fig. 6 shows the layout
of the pit No. 5 and section A-A.
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The column foundations for the columns of the frame and the foundation beams for the self-supporting exterior walls
are made of monolithic reinforced concrete of a strength class of at least B20. The foundation for the walls of the staircase
block is made in the form of concrete floors on the ground. The depth of the soles of the columnar foundations from the
level of the planning mark is 1.05-2.65 m.

According to the opened pits No. 1, 3, 4, horizontal waterproofing is performed on top of the foundation beams from
a layer of the roofing material. There is no waterproofing of the foundations and floors on the ground. The floors of the
ground floor rooms are made of monolithic concrete 150-400 mm thick. No foundation defects have been identified. The
concrete strength of columnar foundations and foundation beams, measured by means of non-destructive testing methods,
corresponds to class B20 with a calculated compressive strength of R, = 11.5 MPa.

In the pit No. 1 sandy bulk soils at a depth of 0.1-0.6 m from the base of the foundation have the following average
values of the physical characteristics: soil density p = 18.8 kN/m?*; humidity w = 0.184; dry soil density pg = 15.9 kN/m?;
soil particle density ps = 26.7 kN/m?; porosity coefficient e = 0.67; degree of water saturation Sy = 0.73. The granulometric
composition is > 2 mm — 4.8%; > 0.5 mm — 8.2 %; > 0.25 mm — 24.7 %; > 0.1 mm — 46.7 %; < 0.1 mm — 15.6%.
The underlying bulk soils are represented with high-quality dark gray-yellow fine sands of medium density, moist, clayey
with inclusions of red brick crumbs, lime mortar and limestone rubble stone.

The minimum normative values of the strength and deformation characteristics of the underlying soils (according to
Appendix B of SP 22.13330.2011) are as follows: specific adhesion as = 1 kPa; angle of internal friction ¢, = 31°; modulus
of deformation E = 26 MPa.

While calculating the bases of the foundations for Group Il of limiting conditions, the standard values of long-term
loads were used. At the same time, for useful short-term loads on floors and from snow, long-term parts were taken by
multiplying by reduction coefficients 0.35 and 0.7, respectively. While performing verification calculations of founda-
tions, the calculated resistance of the bases of the foundations, the permissible load on the foundations, operating or design
pressure on the soles of the foundations taking into account the accepted useful load were established 567 [15-21].

® Technical Operation of Residential Buildings. Moscow; 2012.
& Rimshin VI, Ketsko ES, Truntov PS A Large Construction Dictionary. Volume 2 P-Ya. Moscow: ASV; 2022. 626 p.
" Rimshin VI, Ketsko ES, Truntov PS A Large Construction Dictionary. Volume 1 A-O. Moscow: ASV; 2022. 572 p.
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In the pit No. 1 in the 9/A axes with the overall dimensions of the columnar foundation about 2.1x1.8x0.36(h) m and
a depth of about d = 1.55 m, the calculated resistance according to the minimum normative values of the strength charac-
teristics of fine sands at as = 1 kPa and ¢, = 31° is R = 0.023 MPa. The collection of the loads on the foundation in the pit
No. 1 is shown in Table 1.

Table 1
Collection of the loads. Pit No. 1
Loads | Ap,m* | guMPa | g,MPa [ Ni,kN | N,kN
Loads from the surfacing
Constant
Weight of the surfacingand roofing | 135 | 0.0056 | 00066 | 756 | 89.1
Temporary
Surfacing | 135 | 00009 | 00013 | 119 | 170
Loads from the ceiling above the 1st floor
Constant
Weight of the ceiling, floors | 135 | 00052 | 00061 | 702 | 824
Temporary
Temporary useful loads and partitions | 135 | 00012 | 00015 | 162 | 208
Total loads on the foundation

Weight of the ceiling 173.9 209.3

Weight of the walls and columns 256.6 294.9
Weight of the foundation 117.4 131.8

Total loads 547.9 636.0

Area of the sole of the column foundation, m? 3.78
Base pressure from the normative loads, MPa 0.15

Research Results. Based on the results of the verification calculations, the calculated resistance of the base soils
is 0.23 MPa. The maximum permissible load on the foundation, taking into account a certain calculated resistance of
the soil of the base and the dimensions of the foundation, should not be over 0.23 MPa. The average pressure at the
base of the foundation, taking into account the accepted regulatory ceiling load of 2 kN/m?, is about 0.145 MPa. The
requirement of clause 5.6.7 JV 22.13330.2011 is met.

Similar verification calculations were performed for the pits No. 2—4. The calculation results are shown in Table 2.

Table 2
Results of the verification calculations for the pits

No Compliance with
of a ] it R, MPa Nmax, MPa p, MPa Normative load, kN/m? Clause 5.6.7
P SP 22.13330.2011
1 0.23 <0.23 0.145 2 Is met
2 0.13 <0.13 0.175 2 Is not met
3 0.18 <0.18 0.188 2 Is not met
4 0.28 <0.28 0.195 4 Is met

R is the calculated ground resistance of the foundation, Mpa; Nmax is the maximum permissible load on the foundation taking into
account the identified calculated ground resistance of the foundation and the dimensions of the foundation; p is the average pressure along
the base of the foundation taking into account the accepted regulatory load on the floors, MPa.

In the pit No. 5 in axes 7/F (Section A-A), with a base width of about 0.38 m and a foundation depth of about

d =0.15 m (the wall rests on a concrete floor about 150 mm thick), the calculated resistance is equal to (in according to Table
B.9 of SP 22.13330.2011) Ro = 180 kPa (soil dumps with no compaction at a humidity level of no more than 0.5),
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is R = 0.09 MPa. In accordance with Table B.9 of SP 22.13330.2011, the calculated resistance of the underlying bulk soils
for a conditional foundation with a sole width of 1.0 m and a depth of 2.0 m is Ry = 180 kPa. The collection of the loads on
the foundation in the pit No. 5 (section A-A) is shown in Table 3.

Table 3
Collection of the loads. Pit No. 5 (Section A—A)
Loads | Arp, m? ‘ Os, MPa ‘ Op, MPa ‘ Ni, KN | Np, KN
Loads from the staircase structure
Constant loads
Weight of the staircase structure | 28 | 00035 | 00039 | 98 | 108
Temporary loads
Temporary useful | 2.8 \ 0.0011 \ 0.0013 \ 2.9 | 35
Total loads on the foundation, MPa
Staircase structures 9.8 10.8
Weight of the wall 36.3 39.9
Weight of the foundation 14 1.6
Temporary useful 2.9 35
Total load 50.5 55.8
Width of the sole of the column foundation, m 0.38
Normative load pressure on the foundation, MPa 0.13

In the pit No. 5 in axes 7/F (Section B-B), with a base width of about 0.25 m and a foundation depth of about
d = 0.15 m (the wall rests on a concrete floor about 150 mm thick), the calculated resistance is equal to (in according to
Table B.9) Rg = 180 kPa (soil dumps with no compaction at a humidity level of no more than 0.5), is R = 0.09 MPa. The
collection of loads on the foundation in the pit No. 5 (section B—B) is shown in Table 4.

Based on the results of the verification calculations, the following has been established. In section A-A, the calculated
resistance of the base soils is 0.09 MPa. The maximum permissible load on the foundation, taking into account a certain
calculated resistance of the soil of the base and the dimensions of the foundation, should not be over 0.09 MPa. The
average pressure at the base of the foundation, taking into account the accepted standard load on the staircase of 3 kN/m?2,
is about 0.13 MPa. The requirement of Clause 5.6.7 SP 22.13330.2011 is not met.

Table 4
Collection of the loads. Pit No. 5 (Section B-B)
Loads Ny, kN Np, kN
Weight of the wall 23.4 25.8
Weight of the foundation 0.9 1.0
Total load 24.3 26.8
Width of the sole of the column foundation, m 0.25
Normative load pressure on the foundation, MPa 0.0975

In section B-B, the calculated resistance of the base soils is 0.09 MPa. The maximum permissible load on the foun-
dation, taking into account a certain calculated resistance of the soil of the base and the dimensions of the foundation,
should not be over 0.09 MPa. The average pressure at the base of the foundation is about 0.1 MPa. The requirement of
Clause 5.6.7 SP 22.13330.2011 is not met.

As there are loose soils with a low design resistance (below the design pressure) in certain sections of the building at
the base of the foundations, the condition of the foundations for the columns of the frame and the walls of the staircase
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block is characterized as unsatisfactory — Category Il (limited operability). According to the results of the technical
inspection, given the results of the verification calculations (Table 5) it can be concluded that for the further normal
operation of the building in some areas, it is necessary to take measures in order to strengthen the foundations or the bases

of the foundations.

Table 5
Results of the verification calculations of the soils of the foundations and structures of the foundations
Load-bearin Design
. g . g Permissible . Coefficient of the
. capacity of the resistance Existing load on -
Location of the . load on the . Coefficient of the|  use for the
. foundation of the . the foundation, . .
foundation . foundation use for the soil foundation
structures based on| foundation . MPa
. . soils, MPa structures
the material, MPa| soils, MPa
Column foundation| Determined by the Determined by
in the pit No. 1 in | reinforcement of 0.23 0.23 0.145 0.63 the foundation
the axes 9/A the structures soil
Column foundation| Determined by the Determined by
in the pit No. 2 in | reinforcement of 0.13 0.13 0.175 1.35 the foundation
the axes 5/D the structures soil
Column foundation| Determined by the Determined by
in the pit No. 3 in | reinforcement of 0.18 0.18 0.188 1.04 the foundation
the axes 1/Zh the structures soil
Column foundation| Determined by the Determined by
in the pit No. 4 in | reinforcement of 0.28 0.28 0.195 0.7 the foundation
the axes 1/A the structures soil
Ribbon foundation
in the pit No. 5 in
P 15 0.09 0.09 0.133 148 0.1
the axes 7/E
(Section A-A)
Ribbon foundation
in hte pit No. 5 in
15 0.09 0.09 0.1 1.09 0.07
the axes 7/E
(Section B-B)

Discussion and Conclusion. A comprehensive technical inspection of the building by means of modern methods of
non-destructive testing and verification calculations has revealed the current technical condition of the structural elements
and foundations.

Based on the results of the technical inspection, it can be concluded that the condition of the building is deemed
satisfactory — Category Il (operational), except the foundations under the columns of the frame and the walls of the
staircase block, with its condition characterized as unsatisfactory — Category 11 (limited operational).

It has been found that in order to ensure the normal operation of the building in areas with bulk soils (pits No. 2,
No. 3, No. 5), it is necessary to take measures to strengthen the foundations or bases. Ribbon foundations for the walls
of a staircase block can be reinforced by means of widening the sole or strengthening the foundations of the bases,
column foundations for columns — by means of installing a column foundation or strengthening the foundations of
the bases. It is recommended that the base of the foundations of the walls of the staircase block is widened by means
of installing a monolithic reinforced concrete cage (at least 300 mm wide) or a liner. The final overall dimensions of
reinforcement structures should be identified by means of calculations. The pile base for the frame columns can be
made of vertical drilling piles. A joint operation of piles and foundation structures should be ensured by tying the
reinforcing frames of piles with foundation structures and their subsequent concreting. Base soils can be strengthened
by injecting cement or special mortars into the soil.
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The above method of comprehensive assessment of operational safety in various technical conditions of building foun-
dations increases the forecast of operability, load-bearing capacity and durability and is applicable to similar structures.
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