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A methodological approach to the evaluation of
obsolescence of residential buildings

The co-authors have proven that the analysis of values of obsolescence indicators applicable to buildings and
other facilities in the urban environment allows to make resource-saving decisions in terms of their integrated
renovation.

At the same time, the need to develop a methodology for evaluating the functional obsolescence of a residential
building is also substantiated, as itis the mostimportant component of the concept of comfort of a residential building.
A brief analysis of the concepts of “comfort” and “accessibility” in relation to residential buildings is performed.
The characteristic of comfort is proposed to be defined using the consolidated indicator of functional obsolescence
and physical deterioration of a building. A specific mathematical formula for calculating the parameters of comfort
is provided, depending on the consolidated characteristics of indicators of physical deterioration and obsolescence
of a building.

The proposed analysis of principal obsolescence evaluation methods, applicable to residential buildings, allows to
identify the main weaknesses of currently used methods.

As a methodological approach to evaluating the obsolescence of a residential building, a systematic approach is
proposed that allows a comprehensive, structural and quantitative assessment of obsolescence indicators through
the use of mathematical methods, including the method of expert assessments and a modified verbal-numerical
scale, initially developed by Harrington.

A systematic hierarchical relationship between general and specific indicators of obsolescence of a building is
identified. A systematic approach is employed to develop a procedure for identifying the integral obsolescence of
a building with regard taken of the hierarchical relationship between its specific and general indicators.

Pie and bar charts are used to analyze alternative building obsolescence evaluation methodologies. A detailed
description of the proposed option is provided in the form of specific examples.

Keywords: comfort, obsolescence, systematic approach, specific and general indicators of obsolescence, expert
method, Harrington’s scale, options, pie chart, histogram
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everal programmes and decrees, issued by a building, to determine and grade the “comfort” in-

the government of the Russian Federation, fo- dicator (Fig. 1) [2].

cus on a comfortable urban environment and It should be noted that there is a regulatory do-
set the construction industry trends. The core task is cument!, that can be used to assess the degree of
to modernize the existing buildings, public utility infra- physical damage to a residential building to evaluate
structure and erect new residential buildings in the its physical deterioration. As for the obsolescence of
shortest possible time. The concepts of “affordable” buildings, which is described as the process of be-

and “comfortable” are present in the titles of docu-
ments that govern new construction projects and ap-
ply to the reorganization and reconstruction of exist-
ing facilities.

In the Housing, a federal targeted program,
the definition of "affordability" is interpreted as
the ability to buy an apartment of 54 m? for a fam- c=[1-f(Ph,M)], Q)
ily of three people, using their total monetary in-
come over a 3-year period. Such a characteristic
is enshrined in the policy setting document, and it
can serve as a criterion of availability of residential
premises for various population groups.

The definition of comfort is not specified in regu-
latory documents. In a broad sense, the word com-
fort means convenience of life and the living envi-
ronment [1-3].

We propose to calculate the extent of comfort

using the aggregate indicator of phy3|cal and moral 1 VSN 53-86 (p). Rules for assessing the physical deteriora-
deterioration of a construction facility, for example, tion of residential buildings.

coming outdated in terms of modern requirements
and standards, no regulatory requirements govern
this notion.

We use the following formula to determine the in-
dicator of comfort according to [2]:

where C is the indicator of comfort; Ph is the wear
and tear indicator; M is the obsolescence indicator;
f(Ph, M) is the aggregate indicator of physical dete-
rioration and obsolescence of a building.

Obsolescence is a gradual loss of consumer
(technical, decorative, environmental, etc.) proper-
ties by an item of real estate.

The guantitative value of the obsolescence of
buildings allows to make more informed decisions
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P> about their renovation and the choice of urban areas for compre-
hensive reconstruction (VSN 53-86 (p)) [4, 5].

Three main methods are used to analyze obsolescence: calcu-
lation, approximate assessment and the objective method.

Unfortunately, none of these methods can be called effective,
since each has a number of weaknesses.

The weakness of the calculation method is that the lag can be
eliminated using various design/technological solutions and mate-
rials, and its value can be expressed differently.

The method of rough estimation cannot provide an accurate
characteristic of the extent of obsolescence of a building, since
the scales and tables applied for this purpose ignore changes in
the standards of thermal protection of buildings that undergo ongo-
ing changes.

The weakness of the objective method is the constant change
in housing requirements. They could remain unchanged for centu-
ries, but in the present-day world they cannot survive a period of
ten years, hence a constant change in norms, followed by the recal-
culation of comfort indicators.

Given the shortcomings of these methods, it is advisable to ap-
ply the method of expert assessments, whose implementation as-
sumes a different approach to calculating the obsolescence of
a building.

For a more objective assessment of obsolescence, a system-
atic method is proposed that employs expert assessments and
Harrington's verbal-numerical scale (Table) [6]

Initially, specific indicators of obsolescence of buildings are
identified, which are an integral part of the general ones, they are
used to refine and clarify them [7].

The Harrington’s scale for assessing obsolescence indicators

The values of specific indicators of obsolescence can be deter-
mined by the normative or, more often, by the expert method, due
to the absence of certain strict norms and criteria.

We estimate the values of specific indicators on a 5-point scale,
where one point is the lowest value, meaning minimal obsoles-
cence or its complete absence, and five points is the maximal
score which corres ponds to the most significant obsolescence.

In addition, the expert method identifies the significance, or
the “weight” of particular indicators in relation to each other.

A set of methods, that encompasses a geometric representa-
tion of the general indicator as a circular diagram with a unit radius,
or as a histogram with a unit height equal to one, is used to calcu-
late the obsolescence of a building. At the same time, it is advisable
to use the previously discussed Harrington’s verbal-numerical
scale to identify the quantitative values of general indicators of ob-
solescence [7].

An exactly the same set of methods is used to evaluate
the obsolescence of a building as a whole based on the identi-
fied general indicators of obsolescence (Fig. 2) [7].

The implementation of the proposed methodologies is de-
scribed using the examples provided below.

EXAMPLE 1. HARRINGTON’S PIE CHART MATCHING
METHOD

The essence of the methodology consists in converting
the indicators of the lower level into the aggregate indicator of
the higher level, implemented using a joint graphical and analyti-
cal combination of a single pie chart and the Harrington’s scale,
or the “convolution” method [7].

Linguistic assessments Point scores Numerical grades
Very high —“very bad” 5 0.8...1

High - “bad” 4 0.63...0.8
Medium - “satisfactory” 3 0.37...0.63
Low - “good” 2 0.2...0.37
Very low - “excellent” 1 0...0.2

Comfort C

Depreciation M

Physical Depreciation Ph

Fig. 1. Comfort parameters that represent the aggregate of obsolescence and physical deterioration
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M
Fi - . F;
F11 - .. F1k F51 - .. F5k
Fig. 2. The structure of indicators characterizing the moral (functional) deterioration of a building: M — obsolescence of a building; F,—F; —
general indicators of obsolescence; F,—F 5 — specific indicators that form the general indicators of obsolescence of a building
The general indicator of obsolescence in this case will be pre- a particular indicator under consideration, which is also determined
sented as the sum of the areas of individual sectors of a pie chart by the method of expert estimates [9].
corresponding to specific indicators of obsolescence (Fig. 3). Let's take the following data as an example:
The opening angle of each sector (B4, B,, B3) corresponds to the The significance, or the “weight” indicator:
value of its “weight”, significance, i.e., fractions of one, and the ra-
) ) ) ) . e sector angle 1 — B; = 0.35;
dius of this sector will be a numerical or point value on the Har-
rington’s scale. All these indicators are established by an expert * sector angle 2 — B, = 0.25;
method. e sector angle 3 — B; = 0.40.
The correspondence between the point and numerical scores As for the point and the corresponding numerical score on the
is presented in Table 1. Harrington’s scale:
For example, in Fig. 3, general indicator F* is presented as the e corresponding to sector 1: the point score — 2, the numerical
sum of the areas of three specific indicators, expressed by corre- score — r. = 0.37:
sponding sectors 1, 2, and 3. One needs to know two parameters, ! o h ) h ical
L] N —
including the radius and the opening angle, to determine the area corresponding to sector 2: the point score — 4, the numerica
of the sector. The radius will be a numerical estimate, which is de- score —r, = 0.80;
termined by the normative method or, in the absence of norms, by e corresponding to sector 3: the point score — 5, the numerical
the expert method, and the opening angle is the “weight” of score —ry = 1.00.
Harrington’s
scale scores
Numerical
scores on the 1
Harrington’s
scale
3
2
Fig. 3. Graphical analytical implementation of the methodology used to evaluate the general indicator of obsolescence of a building: 1-3 —
sectors representing specific indicators of obsolescence | 4
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Based on these data, we will find the general obsolescence,
i.e., exponent F through area S of the corresponding sectors:

S(F) = (S(Fy) + S(Fp) + S(Fy)) 1/m;

S(Fy)=mnr2-0.35=mn-0.37%2-0.35 = 0.05m;

S(F,) =mry,?-0.25 = -0.802-0.25 = 0.16m;

S(F3) =mrg?-0.40 =m - 1.00%- 0.40 = 0.4m;

S(F) = (0.05m + 0.16m + 0.4m)1/mt = 0.61.

The overall obsolescence rate, as the sum of sectors 1-3 is
equal to 0.61 or 61 %, which corresponds to the Harrington’s score
of three, or “average”.

EXAMPLE 2. THE METHOD OF COMBINING HISTOGRAMS
WITH THE HARRINGTON’S SCALE

The essence of this method is to reduce the partial indicators of
obsolescence to the columns of the histogram. In this case, the gen-
eral indicator of obsolescence will be presented as the sum of
the areas of columns of these histograms.

Since the column of a histogram is a rectangle, then to find its
area, you need to know the values of the lengths of its sides.
The constituent parts of the histogram are two axes X and Y, along
which the numerical values of the parameters of specific indica-
tors are presented. Using the values of the “weight” parameters
and the numerical values of the estimates on the Harrington’s
scale, taken from the example presented above, we will depict
the rectangular histograms of specific indicators of obsolescence
Fi, Fy, Fs.

Then numerical data are taken from Example 1.

A graphical display of these histograms is shown in Fig. 4.

According to the figure, numerical values of specific indicators of
obsolescence were plotted along the Y axis according to the Har-
rington’s scale, and along the X axis we find the numerical values

corresponding to the “weight” of each particular indicator. In this
case, general indicator of obsolescence F will be found as the sum
of the areas of 3 rectangular histograms:

S(F) = S(Fy) + S(F) + S(Fa);

S(F,)=0.35-0.37 =0.13;

S(F,) =0.25-0.80 = 0.20;

S(F5) =0.40 - 1.00 = 0.40;

S(F)=0.13+0.20 + 0.40 = 0.73.

The general indicator of obsolescence as the sum of the areas of
histograms 1-3 is 0.73 or 73 %, which corresponds to the score of
four, meaning “high”.

Further studies are planned, including a full-scale experiment
to be held with the involvement of a group of qualified experts to
develop the final methodology designated for the assessment of
the obsolescence of buildings.

CONCLUSIONS

1. Principal methods of evaluating the obsolescence of buildings
are considered by the co-authors.

2. Two options are proposed for evaluating the obsolescence of
buildings. They entail the graphical analytical method supplemented
by the expert method, pie charts, bar graphs and the Harrington’s
scale.
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MeToponorn4yeckum Nnoaxon K pac4yety
MOpasibHOro U3HOca XWJbiX 3g4aHUN

B cTatbe nokasaHo, 4To y4eT 3Ha4eHuin nokasaresnein MopasbHo-
ro U3Hoca 30aHui 1 Opyrux 06bEKTOB UHPPACTPYKTYPbl rOpos-
CKOW cpefbl NO3BOMSET NpUHMMAaThL 6onee pecypcocbeperatoLye
pEeLLeHUs Mo NX KOMMIIEKCHOW peHoBaLuK.

[pn 3TOM Takxe O6OCHOBLIBAETCA HEOOXOOMMOCTb pa3paboT-
K1 MeTofAa OrnpefesieHns MopanbHOro (pyHKLMOHANbHOM0) U3HO-
ca XWIoro 3aHNs Kak BaXKHENLLEN COCTaBNSAOLLEN NMOHATUS KOM-
(POPTHOCTU XWOro 3AaHus. BbINOMHEH KpaTkuin aHann3 NoHATUMA
«KOMMOPTHOCTb» U «[OCTYMHOCTb>» MO OTHOLLEHUIO K XWibiM 34a-
HUAM. XapaKTepuUCTUKY KOMMOPTHOCTU NpepnaraeTcs onpege-
NATb Yepes3 COBOKYMHbIN MoKasaTtesnb MopanbHOro (pyHKLUMoHanb-
HOro) 1 M3M4eckoro maHoca 3paHus. NpvBedeHa KOHKpeTHas
mMaremaTmyeckas opmyna BbIYMCNEHNS NapaMeTpoB KOMAOPT-
HOCTU B 3aBMCUMOCTU OT COBOKYMHOW XapaKTepUCTUKK nokasare-
1en hr3NYECKOro N MopasibHOro N3Hoca 3haHus.

BbINOMHEHHBIN B CTaTbe aHanu3 OCHOBHbIX METOLOB onpepnerne-
HUA MOpanbHOro U3HOCa XWuJbix 30aHVI NO3BOSWI BbISBUTb OC-
HOBHbl€ HEOOCTATKU CYLLEeCTBYHOLLINX METOOOB.

B KavecTBe MeTOAO0SI0rNYECKOro NOAX0Aa K YCTAHOBIEHNIO MO-
panbHOro M3HOCa XWMOro 3AaHWs MpeasiaraeTcsi CUCTEMHbIN
noaxof, MO3BONSAOLUMA KOMMAEKCHO, CTPYKTYPHO U KONMMYecT-
BEHHO OLleHMBaTb MokasaTenn MopasibHOro M3Hoca NocpencT-
BOM MPUMEHEHUs MaTeMaTUyecknx MeTOAOoB, BKIOYas MeTon
3KCMEPTHbIX OLEHOK M MOANMULMPOBAaHHYIO Bep6asbHO-41C0-
BYIO LLKaNy XappuHrToHa.

MpvBegeHa cucTeMHasi uepapxmyeckas CBsidb O6LLUMX U HaCTHbIX
nokasarenen MopanbHOro nsaHoca 3gaHus. Ha ocHoBaHum cuc-
TEMHOro noaxonda NpPeanoXeH NOpsAoK ornpefesieHns nokasare-
J1er MOpanbHOro N3Hoca 3AaHns C y4eTOM Mepapxm4eckon CBAsu
€ro YacTHbIX M O6LLMX NokasaTenen.

BbinonHeH aHan“3 BapuaHToB ornpefeneHns MopasnbHOro U3HO-
ca 34aHui Kak ¢ NPUMEHEHNEM KPYroBbIX AMarpamm ¢ paguycom,
paBHbIM enHVLE, TakK U C MPUMEHEHVEM CTONGYATbIX AUarpaMm.
Moppo6Has peanusauusi npefnaraeMbiX BapuaHTOB M3NOXeHa
B KOHKPETHbIX NprMepax.

KntoueBble cnoBa: KOMOPTHOCTb, MOPasibHbI M3HOC, CUCTEM-
HbIV 104X0, YaCTHbIE M 00LYME r1oKasaTesiv, IKCEPTHbIN METOZ,
LuKana XappuHrToHa, BapuaHTbl, Kpyrosasi guarpaMma, ctosb4a-
Tas guarpamma
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