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The real technical condition of a building or structure can be assessed only on the basis of its instrumental
examination. Capital repair plans and schedules are mainly drawn up without any instrumental control of load-
bearing structures, foundation maintenance and hydrogeological surveys of ground foundations, whose influence
on the operation of foundations in urban areas has increased dramatically. Densely built-up urban areas trigger the
deformation and destruction of existing and, to a greater extent, old buildings. Therefore, it is advisable to monitor
the condition of structures with an interval of no more than 3-5 years, rather than 10 years (according to effective
regulations). Planning repairs on the basis of the condition of structures, rather than using a traditional method of
determining the percentage of wear, ensures more accurate engineering solutions when scheduling repairs, by
spending money on strengthening structures rather than painting deformed walls. This approach allows cutting
unproductive financial and time costs. Saving financial resources by preventing the failure of structures eliminates
the need for their restoration. Such a solution is most appropriate and effective in the context of the implementation
of modern approaches to Integrated Land Development Programmes (“Programmes”).
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INTRODUCTION

he problems of scheduling capital repairs start
I from selecting the facilities in need of repair,
the starting date and duration of repairs and re-
constructions, the intended purpose and their fund-
ing. These issues always arouse debates and trigger
conflicts of interests at all levels of real estate ma-
nagement. However it is the deficit of cash that cre-
ates severe endless problems. By “problems” we can
and should understand the fact that significant funds
granted by the state, together with the additional fi-
nancing from Capital Repair Funds, and the result
that we obtain can in no way be called an “effective
investment” in this most important industry that
shapes up our living environment. Freshly painted fa-
cades of renovated buildings cannot hide the prob-
lems that determine the true “technical condition of
real estate facilities”, that management companies
and their contractors are willingly or unwillingly trying
to hide by performing “camouflage repairs” [1].

Historically, the responsibility for the technical
condition of real estate is assumed its owner. Ho-
wever, this means that there is no necessary control
of the technical condition of all types of the housing
stock and social facilities in residential urban quar-
ters built up 50-80 years ago. At the same time, the
problem of dilapidated housing has not been solved
for many years [2].

The system of visual inspections of buildings
and structures of urban real estate is based on the
data presented as a percentage of building struc-
tures in need of repairs and elements featuring de-
formations, cracking or destruction, which means
“physical wear” of structures and the entire building.
Such a formal approach to complex engineering
problems, which in certain combinations of

conditions, loadings, deformations and age-related
weakening of load-bearing structures, “inevitably”
turns into a state of active and progressive destruc-
tion of the building as a whole, is unacceptable to-
day. It is difficult for any professional to track such
changes in structures, which are often invisible, and
it is not possible for non-specialists of management
companies and real estate management services of
official owners. The prevailing opinion is that an in-
strumental survey of the technical condition of real
estate is absolutely necessary if there are legal re-
quirements. Spending money on the time consum-
ing and expensive process of instrumental examina-
tion is considered impractical today, if there are no
visible reasons and concerns [3].

PROBLEM STATEMENT

If the building examination is necessary in case
when a construction facility is prepared for major re-
pairs or reconstruction, a change in ownership or the
functional purpose, the inter-repair cycle of 40-50
years will be complied with. An approach to the mon-
itoring of the physical and technical condition of
structures has been developing since the 70s. It as-
sumes two visual examinations of facilities during the
year of operation. When dangerous factors of da-
mage emerge, instrumental checks of deformations,
strength or other parameters are recommended, al-
though this requirement is also rarely met [4].

It is obvious that:

o effective regulations (SNiPs, SP — Construc-
tion regulations, SN — Construction norms)
neither oblige, nor encourage the owner (this
has been in effect only since 2000) to reduce
the time between the examinations of con-
struction facilities [5];
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¢ the assessment of the physical condition of building struc-
tures, measured in the “percent of wear”, does not corre-
spond to the assessment of its real condition, since it takes
into account their age and fails to take into account the real
conditions of their operation;

e currently, there is an insufficient number of professionally
trained specialists equipped with modern equipment and
measurement methods in the field of the technical control of
the condition of the urban housing [6];

e over the past 20 years, the conditions of the real estate opera-
tion have changed significantly due to the impact of the at-
mosphere and other growing man-induced impacts.

Over the past decade, the totality of the factors, influencing the
real estate management sector, has been supplemented by the ef-
fect of groundwater on buildings and structures. As a result, proper-
ties of soil bases change. This happens under the influence of hy-
drogeological conditions changing in urban areas at a different
pace. Such changes are triggered by the intensive development of
urban areas via densification and implementation of such design
solutions as underground or high-rise elements of buildings.
A pressure drop in layers of soil radically affect water flows in aqui-
fers and, thereby, dramatically change the bearing properties of
soils under existing facilities. Vibro-shock vibrations of soils and
buildings, triggered by construction works and transport vehicles,
for example, impact piling technologies, prohibited in urban areas,
multiply this effect. The situation is aggravated by frequent (hidden)
emergency breakthroughs of aquifers.

St. Petersburg and Moscow construction communities have
drafted and updated TSN (Local Estimated Cost Standards)
50-302-96 (1997) and TSN (Local Estimated Cost Standards)
50-302-2004 (2004), namely, their section “Construction (design) of
foundations of civil buildings and structures”. As well as SP 50-101-
2004, designated for buildings erected near existing (or adjacent)
facilities. These norms provide for the mutual influence of such ob-
jects, that intensify the loading of soil, foundations and frameworks
of buildings, so that it exceeds initially designed load values. Such
zones of dangerous influence have radii up to 30-50 m.

In other words, the practice of construction under the condi-
tions of dense urban development shows that the problem of inte-
raction in the course of the implementation of complex design and
engineering solutions (at the stages of “survey — design — construc-
tion”) is particularly relevant today.

These standards explain the fundamentals of such engineering
interaction. An accurate statement of the stress-strain state of any
facility can only be obtained by making instrumental examination of
the contact area of the facilities under construction. Destructive
processes in soil foundations are constant and continuous, but their
substantial intensification and diversification are proportionate to
the increase in the pace of urban construction. At the same time,
recommendations and instructions concerning the mandatory tech-
nical control in the area of contact load is of serious concern, since
it is not carried out at any stage of the land development process.
This control is performed neither at the survey stage, nor at design
and construction stages. Rather, surveys are only conducted at the
stage of the building operation, as in the aftermath of 40-50 years
the need for capital repairs forces the owner to analyze the techni-
cal condition of a facility [7].

MAIN PART

Let's consider what economic result this practice of technical
control over the condition of buildings may generate at the present
stage of development of the construction industry and the sector of
housing and utilities.

In the central cities of Russia, major buildings were built in
the 1960-1980s, the most productive (industrial) construction
term of the Soviet period. Their age exceeds 45-50 years; there-
fore, they require major repairs and technical maintenance.
These buildings are located mainly in the central zones of urban
areas, where developers are now seeking to build new facilities.
The decision on the expediency of the repair, reconstruction or
demolition of a particular building can only be made based on
the results of a very thorough instrumental examination, taking
into account the data on new hydrogeological surveys. Extensive
technical surveys need to be conducted in large residential ar-
eas, where the growing bearing capacity of soils exceeds
the design values. At such a stage, before deformations start
growing and before the structural failure process is triggered,
only a special examination and instrumental measurements can
register the initial phase of the stress amplification and prevent
the destruction process. Modern engineering technologies ena-
ble engineers to quickly, efficiently and inexpensively stop
the process of building failure 8, 9].

This determines the economic benefit of advanced stress con-
trol before the onset of deformations and the failure of building
structures, thereby preserving structural integrity. It is this fact that
ensures the long-term structural strength of a building and the ab-
sence of significant costs for a long period of its operation. The in-
tegrity of foundations and the building frame contributes to
the preservation of heat-hydro-insulation, elements of engineering
networks, roofing structures and finishing coatings [10]. It drasti-
cally reduces the estimated costs of current and major repairs, but,
most importantly, eliminates huge costs of restoring collapsed
structures. The cost of such an approach to the problem of real
estate maintenance becomes the cost of an instrument kit needed
for examination and control. These non-recurring costs range from
3.5 to 6 million rubles, and the cost of performing control measure-
ments is from 30 to 80 rubles per square meter of the total area [11].

The productivity of the examination of buildings using a modern
set of equipment can average 4-8 facilities a month and up to 100
facilities a year. Surveys of urban residential houses, if conducted
once in two years, can provide city administrations with accurate
information necessary for planning major repairs, given that
the number of facilities requiring repair and restoration measures,
exact types and amounts of required work, their estimated cost and
timing of are available. The surveys of buildings operated by ma-
nagement companies can be funded from the capital repair fund.

The main condition of effectiveness is that the activities of com-
panies in control of the technical condition of buildings are based
on their state ownership. The costs of their maintenance and opera-
tion are easily covered by the reduced costs of repairs, reduced
inefficient costs of minor repairs of buildings that have hidden and
undetected structural defects [12]. Accurate engineering calcula-
tions make it possible to identify bearing capacity resources of
building structures and timely strengthen them to prevent further
destruction. If the load-bearing capacity of building frames is main-
tained, conditions are created for increasing the inter-repair cycles,
funds are made available for more necessary types of work at other
facilities [13].
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This management system is most effective is applied to inten-
sive reconstruction and construction within the framework of Inte-
grated Local Development Programs.

Figure presents statistical data on the types of work performed
within the framework of the capital repair of residential buildings.
With a total annual cost of 890 million rubles, the absolute priority in
terms of financing is given to the repair of the structures that are in
the pre-emergency condition. These are roofing, facade and repair
of heat supply systems. The repair of the foundation structures was
included into the cost of repair of the basement walls, amounting to
0.2 % of the total cost. Specialists are aware that the lack of funding
needed to repair the foundations, wall frames and ceilings indicates
the lack of due attention to them and, as a consequence, the failure
to perform their examination. This fact is confirmed by the rapid
failure of new finishing layers and the need for repeated annual re-
pairs. This fact is also confirmed by the cost of instrumental surveys
specified in the top row of the table, which amounts to $1.53 million
rubles, or 0.2 % of the total cost amount. This amount corresponds
to the cost of surveys of three to five construction facilities out of
200, initially selected for examination.

In other words, the planning of major repairs is not preceded by
instrumental surveys of construction facilities [14]. This means that
the engineering solutions made in respect of the facilities selected
for repairs, their real technical condition, the need for the reinforce-
ment of load-bearing structures, are made without analyzing relia-
ble information. This certainly provokes inappropriate financing,
reduces its effectiveness, and makes it largely useless. The main
problem triggered by this approach is that the number of building
failures is not reduced by such repairs, and the number of houses
with substantial defects is constantly increasing. That means that

funds are being spent, but the condition of the housing stock be-
comes worse even faster [15].

The purpose of the Programme is reorganization, renewal and
modernization of residential urban areas to make them safer and
more comfortable. Towards this end, the main component is the re-
organization of areas, redevelopment of blocks and, most impor-
tantly, decision making on the preservation, repair or reconstruction
of existing residential and public buildings. It is possible to develop
engineering solutions on the demolition of objects, the use of which
is no longer feasible or simply dangerous due to their technical
condition [16]. The construction of new buildings is impossible with-
out the preparation of new sites and the demolition of old buildings.
These problems are extremely difficult to resolve without prelimi-
nary in-depth instrumental surveys of a large number of buildings
and structures.

CONCLUSIONS

Given the experience accumulated in the construction and op-
eration of real estate facilities, particularly, residential buildings, one
should realize that the success and economic efficiency of building
management, to a significant extent, depends on the accuracy and
completeness of information about the technical condition of each
construction facility. Such information can only be obtained on the
basis of the results of instrumental control performed using modern
instruments and equipment operated by qualified specialists.
The cost of such a survey is disproportionately smaller than the an-
nual cost of inefficient repairs. The development of capital repair
plans based on the data about the condition of facilities allows pre-
venting any pre-emergency situations and performing timely

Capital repair costs by the type of work (in rubles)

Instrumental examination

Conversion of an unventilated roof to a ventilated one

Construction control

Drafting the project design, budget, and engineering documentation
Repair of in-house ventilation and air conditioning engineering systems
Repair of in-house engineering drainage systems

Repair of in-house engineering systems of hot water supply

Repair of in-house engineering heat supply systems

Repair of in-house engineering systems of cold water supply
Repair of in-house power supply engineering systems

Roof repair

Blind area repair

Repair of basements

Facade repair

Repair of the foundation of an apartment building

Installation of collective (utilities) measurement devices

Facade insulation

| 1523561

I 242354117

l 5341142.66
I 32212551.93
| 486465.04

N 33732726.81
M 10372712.54
I 232559666.8

I 33770864.24

I 33286401.03
I 289682616.3
| 102315.02

| 1100717.36

/N — 195301014.03

| 165311.61

| 685713.12

M 13584581.46

0 100000000

200000000 300000000

Costs broken down by the types of repair and construction works within the framework of the capital repair of the housing stock of Voronezh

in 2019-2020 according to Rosstat
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structural reinforcements, and adequately distributing the amount
of funding among the facilities.

The implementation of the Programme requires the engineering
information to be prepared at the stage of development of master
plans in the process of designing the urban infrastructure.
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