HeaBmXnMOoCTb: SKOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

TPAROPETYNINPOBAHUE W YNIPABJIEHUE XXUINLLHO-KOMMYHAJIbHBIM KOMIJIEKCOM

UDC 69.059.25

Selection of rational technical solutions
for the repair of residential buildings

The unsatisfactory technical condition of the majority of apartment buildings is explained by the fact that most of
them were constructed during the period of rapid housing development (from the early 1960s to the late 1970s
of the 20th century), the main objective of which was to erect buildings in the shortest possible time with minimal
financial and material resources. This inevitably affected the quality of buildings, since inexpensive, low-quality, and
short-lived materials were used in their construction. Moreover, the wide range of normative (design) service lives
of the main structures, elements, and systems implies the need for their almost continuous repair or replacement.
At present, virtually all apartment buildings erected during the period of mass industrial housing construction are
included in regional programmes for the capital repair of common property in apartment buildings. In this con-
text, the selection of technical solutions for capital repairs is of critical importance, particularly those that involve
the use of materials and products with design service lives corresponding to the residual service lives of non-
replaceable elements. The paper presents a methodology developed by the authors for determining the residual
resource (residual service life) of structures, elements, and systems of residential buildings.
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ne of the key factors determining the unsatis-

factory technical condition of a significant

part of the housing stock in the Russian Fed-
eration is the heterogeneity of structural reliability,
caused by the different normative service lives of in-
dividual structures, elements, and engineering sys-
tems that together form a building as an integrated
object. During operation, these components are sub-
jected to unequal loads and environmental impacts,
which leads to uneven wear and premature deterio-
ration of the performance characteristics of certain
parts of the building.

Current regulatory and technical documents es-
tablish design (normative) service lives for the main
structural elements and engineering systems of
residential buildings. At the same time, the values
of normative durability vary significantly depending
on the functional purpose of the elements, the mate-
rials used, and operating conditions. The discrep-
ancy between the actual service lives of individual
systems and their normative values often necessi-
tates repair works of varying levels of complexity.

Information on the normative service lives of
structures, elements, and engineering systems of re-
sidential buildings, as regulated by current stan-
dards, is partially presented in Table [1-3].

In practice, the established normative service
lives often differ significantly from the actual ser-
vice lives [4]. This is due to the fact that normative
durability indicators are usually determined under
laboratory conditions during the development and
preparation of new materials and products for in-
dustrial production. In the course of such tests, real
operating conditions of buildings are not always
fully taken into account, including the effects of cli-
matic factors, operational loads, installation specif-
ics, and the level of technical maintenance. This
leads to discrepancies between design and actual
durability indicators. As a rule, these values are

obtained using accelerated aging methods. In this
case, testing is carried out under ideal conditions in
climatic chambers, excluding the influence of exter-
nal factors characteristic of real operation, where
the actual service lives of the same material or
product may differ even within a single building [5].

Such a variation in the normative service lives of
structures, elements, and systems is explained by
two main factors: the intention to reduce construc-
tion costs during the period of mass housing devel-
opment and the lack of technological capabilities
at domestic construction industry enterprises to

Normative (Design) Service Lives of Selected
Structures, Elements, and Systems of Residen-
tial Buildings of Capital Group I

Name of the structure N'ormanve.
(element, systern) (Des.|gn) Service
Life, years

Precast and cast-in-place reinforced 200
concrete foundations
Reinforced concrete exterior walls 125
Precast reinforced concrete interstory 150
floors
Floors:

« parquet; 50

« linoleum 10...15
Roofs:

« roll roofing made of roofing felt; 10...12

- roofing steel (carbon steel); 20

« galvanized roofing steel 50
Heating systems (piping and heating 40
devices)
Water supply systems (excluding shut- 15
off and mixing valves)
Ceramic sanitary fixtures 20
Interior plaster 40
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produce high-quality and durable materials and products [6]. At
the same time, it is well known that the main direction for improving
technical solutions is the minimization of the dispersion of normative
service lives of individual structures, elements, and systems, that is,
when:

oy= Z(s,—rs,)zd, = min, )

i

where S; — is the normative averaged service life of the /-th ele-
ment (structure or system); T,, — is the average service life of the el-
ement (structure or system) based on statistical observation data;
d, — the share of the replacement cost of the i-th element (structure

or system) in the total replacement cost of the building [7]:
Ts/ = Zr'Srd/' (2)

Apartment buildings included in the current regional pro-
grammes for the capital repair of common property, with a total ar-
ea estimated at approximately 2 billion m?, were in the vast majority
of cases constructed without taking into account modern require-
ments for the durability of structures and the coordination of service
lives of individual elements and engineering systems [8]. During
the period of their construction, priority was generally given to re-
ducing construction time and costs, which subsequently led to ac-
celerated wear of certain structural and engineering components
and the need for capital repairs.

However, when carrying out capital repairs, materials, ele-
ments, and structures are used whose range today is virtually un-
limited, often without due consideration of the requirement for equal
durability and without mandatory accounting for the residual re-
source of elements, structures, and systems that are not replaced
during capital repair. It is evident that when elements (structures or
systems) with a normative service life shorter than the residual re-
source (service life) of non-replaceable elements are used (which
usually occurs in order to reduce repair costs), the effectiveness of
the repair is significantly reduced. Conversely, the use of elements
(structures or systems) with normative service lives exceeding
the residual resource of non-replaceable elements leads to unpro-
ductive expenditures that unjustifiably increase the estimated cost
of repairs.

This circumstance acquires particular significance in the context
of implementing state policy in the field of capital repairs, since
the overwhelming majority of regional programmes for the capital
repair of common property in apartment buildings were developed
and approved without proper consideration of the actual technical
condition of the buildings included in these programmes. Such
an approach initially reduces the validity of the planned repair mea-
sures and does not allow full consideration of the real needs of
the housing stock for restoration and modernization.

It should be noted that current legislation on capital repairs pro-
vides for mandatory monitoring of the technical condition of apart-
ment buildings, the results of which are intended to serve as the ba-
sis for the formation, revision, and updating of regional programmes.
However, in practice, this mechanism is largely declarative in nature
and does not ensure the acquisition of objective and reliable infor-
mation regarding the actual condition of structural elements and
engineering systems of buildings.

According to data from the Internet portal “Housing and Utilities
Reform”, in 2014 — at the time when most regional capital repair
programmes began to be implemented — comprehensive technical
monitoring of apartment buildings was carried out in full in only 56

constituent entities of the Russian Federation. In most regions, how-
ever, reporting on monitoring activities was based not on compre-
hensive technical inspections of the actual condition of buildings,
but on data from technical inventory authorities. Such information,
as a rule, does not reflect the real level of physical deterioration of
structures and engineering systems and therefore cannot be con-
sidered a reliable basis for managerial decision-making.

As a result, regional programmes for the capital repair of com-
mon property in apartment buildings developed in the absence of
state technical accounting data and instrumental inspections inher-
ently contain a high risk of inefficient use of budgetary and extra-
budgetary funds allocated for capital repairs. This manifests itself
both in the performance of excessive works not justified by the ac-
tual condition of buildings and in the underestimation of the need
for timely repair of certain structural and engineering elements.

It should be emphasized that only three regional program-
mes — those of Perm Krai, Belgorod Region, and Chelyabinsk Re-
gion — explicitly state that the lists of works (services) for the capital
repair of common property in apartment buildings must be deter-
mined based on the results of comprehensive inspections of
the housing stock, with defect reports prepared for each individual
building. In our view, this approach is the most justified and consis-
tent with the objectives of ensuring the reliability and durability of
buildings.

Thus, it follows that one of the key conditions for improving
the effectiveness of regional capital repair programmes is an orien-
tation toward the normative (design) service lives of structures, ele-
ments, engineering systems, and equipment of apartment buildings
subject to capital repair, with mandatory consideration of their ac-
tual and residual service life. Only by adhering to this approach can
rational allocation of capital repair funds and achievement of the re-
quired level of reliability of the housing stock be ensured.

The authors propose a methodology for selecting technical so-
lutions for the capital repair of buildings that takes into account
the residual resource of structures, elements, and systems that are
not replaced during repair and construction works [9].

The residual resource of a building element (structure or engi-
neering system) is understood as the portion of its operational life
corresponding to the period from the moment of operation time t to
the transition to a limit state under normative operating conditions
[10, 11]. This indicator reflects the potential duration of further reli-
able operation of the element after a certain period of use.

If the total operating time of an element (structure or system)
from the start of operation to failure or transition to a limit state is
denoted by &, then the value of the residual resource &_ after an op-
erating time 1 can be determined as the difference between the to-
tal operating time and the actual time in service: & = & — 1, provided
that & > 1.

For the quantitative assessment of the residual resource of
building elements, special probabilistic indicators are used in reli-
ability theory. In particular, it is recommended to apply the indicator
of the mean residual resource T(t), which represents the mathemat-
ical expectation of the residual resource value of an element after
its operation for a time period t' [12]. This indicator makes it pos-
sible to estimate the expected duration of further failure-free opera-
tion of the element.

" On determining the requirements for the procedure for determining the residual re-
source (service life) of the object of examination : Letter of Rostekhnadzor dated Decem-
ber 23, 2021 No. 11-00-15/15945. URL: https://www.consultant.ru/document/cons_doc_
LAW_405324 (rus.).
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Along with this, the indicator of the y-percent residual resource
Ty(’t) is used. It is defined as the time interval counted from the mo-
ment T during which an element that has operated without failure up
to time t retains its operable condition with probability y [13].
The value of the y-percent residual resource is determined from
the following relationship:

Plt + T, (7)]
P

(©)

where P(t) is the probability of failure-free operation up to time .

If it is assumed that P_(f) = P(t + 1)/P_ is the probability of failure-
free operation of an element (structure or system) within the time
interval [t, T + t], then the mean residual resource can be expressed

as:
0

T(t) = J'Pt(t)dt or T()=

00

1

0
0] I P.(t)dt, (4)

T

and the residual resource is determined as the root of the equation
P.(t) = y with respect to t (i.e., t = Ty(r)) for a predetermined value
of v, which corresponds to the normative (design) service life.

The value of the mean residual resource of an element (struc-
ture or system) in this case is determined using the following ex-
pression, taking into account the reliability function P(t):e’zﬁzz

T(r)= et J‘e_z‘/? dt. (5)
0
Since:
I et gr = %e‘z‘ﬁ (1+2v7), ©6)
0
then

T(1) :%(H—Zﬁ). (7)

The procedure for determining the y-percent residual resource
can be illustrated by the following example. Let us assume that
v=90 % after a certain period of normative operation of a water-
proofing layer made of asphalt mastic on a flat roof with a reinforced
concrete base, that is, the value of the reliability function of the wa-
terproofing layer is y = 0.9. The normative (design) service life of
the waterproofing layer is approximately 7 years (2,500 days).

In this case, the failure-free operating time of the coating is de-
termined from the expression:

p(t)=e Vg,

T
It follows that for a given normative (design) service life of
the waterproofing layer and a given reliability level v/t + 1—\/;:

= 0.10536, solving the equation with respect to t yields the value
Tgo(t) = 11.5.

2 GOST R 27.002-2009. National Standard of the Russian Federation. Dependabili-
ty in Engineering. Terms and Definitions. URL: National Standard of the Russian Federa-
tion (rus.).

Thus, the residual resource and the y-percent residual resource
can be determined using the following relationships:
T-1

; (8)
P‘L’

T()=T,-7 (9)

T(t) >

After determining the residual resource of all elements, struc-
tures, and systems that are not replaced during capital repair, mate-
rials and products are selected for replacement such that their nor-
mative (design) service life does not exceed the residual resource of
the non-replaceable elements, structures, and systems, while ensur-
ing a guaranteed reliability level of the renovated building®.
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Bbi60p pauMoHanbHbIX TEXHUYECKUX
peLueHnii NpU PpeMOHTE XUJbIX 3gaHUNA

HeynoBneTBOpUTENbHOE TEXHUYECKOE COCTOAHME GOMbLUNHCT-
Ba MHOrOKBapPTUPHbIX [JOMOB 0ObACHAETCH TEM, YTO 60sbLUAS UX
YacTb 6bl1a MOCTPOEHA B MEPUOA CKOPOCTHOIO XXWIINLLIHOMO CTPO-
uTenbcTBa (Hayano 60-x — koHel, 70-x rr. XX B.), OCHOBHbIMU 3a-
JavyaMu KOTOpOro 6b1510 BO3BOAUTL 34aHUSA B KpaTyanLume CpoKu
C MUHMManbHbIMX 3aTpaTaMn (OUHAHCOBbLIX U MaTepuasnbHO-
TEXHUYECKNX PecypcoB. OTO HE MOFJIO He cKasaTbCs Ha Kaye-
CTBEe 3[aHUIN, NOCKOJIbKY AN UX BO3BEAEHUSA UCMONb30Ban1Ch
JeLleBble, HU3KOKA4YeCTBEHHbIE Y HEQONMTOBEYHbIE MaTepuarnsbl,
a pas6bpoc 3HAYEHUIN HOPMATUBHbIX (PACHETHbIX) CPOKOB CITyX-
6bl OCHOBHbIX KOHCTPYKLWIA, 3IEMEHTOB M CUCTEM HACTOJIbKO
BENVK, YTO NpeanoniaraeT NPakTMHeCKN NOCTOSAHHBIA UX PEMOHT
WUnu 3amMeHy. B HacTosLLee BpeMsi MpakTU4eCcKn Bce MHOrOKBap-
TUPHblE AOMa, BO3BEAEHHble B Nepuof MaccoBOro MHOYCTpU-
anbHOMO XMUSMLLHOIO CTPOUTENBLCTBA, BKIIOYEHbI B pErnoHarsb-
Hble NMporpamMmbl KanuTanbHOrO PEMOHTA 06LLEero nmyllectesa
B MHOTFOKBapTUPHbIX AOMaX, U MPUHLUMNNANbLHOE 3Ha4YeHne nve-
€T BbI6OP NP MPOBEAEHMMN KanuTanibHOro PEMOHTA TaKUX TEXHU-
YECKWUX pELLEHWIA, KOTopble NpedycMaTpvBany 6bl NPYUMEHEHME
MaTepuasioB U U3ENUI C PaCHETHBIMU CPOKaMU CryX6bl, afek-
BaTHbIMW OCTATO4YHbIM CPOKaM CIyX6bl HECMEHSAEMbIX 3N1eMEH-
ToB. B cTatbe nanaraetca paspaboraHHas aBTopaMm MeToamka
onpefenieHns 0cTaTtoyHOro pecypca (OCTaTo4YHOro CPoKa CryX-
6bl) KOHCTPYKLIMIA, 9NIEMEHTOB U CUCTEM XUIbIX 3OaHUN.

KnroueBble crioBa: HOPMaTUBHLIV CPOK CI1yXO6bl, OCTATOYHbIV
pecypc, raMma-rpoLEeHTHbIN OCTaTOYHbIV PECYPC, KannTasbHbIi
PEMOHT, MHOrOKBapTHPHbIE AOMa
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