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ABSTRACT

Introduction. The subject of this study is volumetric and spatial elements of a building and their locations. Practical
significance of the study is to accelerate decision making in the selection of properties for further practical work of
arrangement. The purpose of the study is to find the possibility of comprehensive evaluation of architectural solutions for
hypothetical changes, such as functional purpose. Scientific novelty: the possibility of simplifying prospective changes at
the design stage is considered.

Materials and methods. The spectrum of changes to buildings over time is described — from operational needs, through
renovations to major renovations. The basis of the work is rich in frequent changes material on buildings for research and
risky innovation. A range of changes, statistically frequently occurring in civil engineering buildings, is presented. Empirical
and theoretical research methods have been used in an integrated way.

Results. A list of the techniques is given which the architect can use to facilitate possible future changes in a building
or premises, related to a change of activity, a change of tenant or owner. The characteristics of the parties involved in
considering each of the features of the property are described. Two simplified examples are used to assess the architectural
solutions affecting the possibility of future changes. An assessment package for determining a building’s readiness for
prospective change, using office-type ordinal diagrams, is given.

Conclusions. The appraisal apparatus can be used to compare properties that are to be converted (due to sale or rent).
The application of the presented appraisal apparatus will require the creation of a mathematical formula that takes into
account the significant database for each of the properties. The result of the appraisal is a summary in numerical form and
a diagram reflecting the architectural solution, showing the building’s readiness for future changes.
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of activity, perspective, property rental and sale, spatial readiness
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HN3meHeHus1 u INPUHIOHUII OHCHKHA I'OTOBHOCTH K U3MCHCHUAM
B ’KUBHCHHOM IIUKJIC 3IlaHl/Iﬁ

JAMuTpnii AjlekcanapoBn4 XpycTaJies
Mockosckuii apxumexmyprwiil uHcmumym (2cocyoapcmeennas akademus) (MAPXHU), e. Mockea, Poccus

AHHOTALUMA

BsegeHue. MpeameT nccnegoBaHns — 06bEMHO-NPOCTPAHCTBEHHbIE ANEMEHThI 34aHust U X MecTa pasmelleHns. MNpak-
TUYecKasi 3Ha4MMOCTb UCCNeoBaHUs — YCKOPEHWUE MPUHATUS peLleHus npu Bblbope 06bEeKTOB HeABWXMMOCTY ANS Aanb-
Hellen npakTnyeckon paboTel No obycTponcTay. Lienb nccnegoBaHms — HaWTU BO3MOXHOCTb KOMMMEKCHOW OLEeHKU ap-
XWUTEKTYPHBIX PELUeHW ANA MMNOTETUYECKMX M3MEHEHWN, Taknx Kak (PyHKLMOHaNbHOE HasHadeHue. HayyHas HoBu3Ha:
paccmMaTprBaeTCst BO3MOXHOCTb YNPOCTUTb NEPCNEKTUBHbBIE M3MEHEHMSA Ha 3Tane NpoeKTUPOBaHUS.

MaTepuanbl u metoabl. OnncaH cNekTp M3MEHEeHWUN B 3AaHUSIX C TEYEHUMEM BPEMEHN — OT JKCMNIlyaTauMOHHbIX HEOOXO-
OVMOCTEW, NepennaHnpoBoK A0 KanuTanbHoro pemoHta. OcHoBaHneM paboTbl ABnseTcs GoraTbil Ha YacTble U3MEHEHUS!
martepuan no 34aHusaM AN Hay4YHO-UCCneaoBaTeNnbCKOM U PUCKOBOW MHHOBALMOHHOW AedTenbHocTH. [puBeaeHsl pasHble
no mMacwTtaby M3MeHeHWsl, CPaBHUTENbHO YacTO BCTPeYaloLMecs B 34aHNAX rPaXAaHCKoro HasHaveHus. Vcnonb3osaHsl
KOMMIIEKCHO 3MNUpUYECKMe N TEOPETUYECKE METOAbI UCCMNEA0BaHUS.

PesynbraThl. [Nepeuvicnenbl Npuembl, NCNOSb3yst KOTOPbIe apXMTEKTOP MOXET YNPOCTUTL BO3MOXHbIE B OyayLeM n3meHe-
HUSI B 30@HUV UNWN NOMELLEHNN, CBSI3aHHOM C nepenpodunpoBaHneM AeATeNbLHOCT, CO CMEHON apeHaaTopa unu Bna-
Aenbua. OnucaHbl XapakTePUCTMKN CTOPOH PACCMOTPEHUS Kaxaol M3 ocobeHHocTel obbekTa HeaBMXUMOCTU. Ha aByx
YNPOLLEHHbIX NpuMepax npoBedeHa OLeHKa apXUTEKTYPHbIX PELUEHWUN, BAUSIIOLLMX HAa BO3MOXHOCTb MEPCNEKTUBHBLIX U3-
MeHeHWiA. MNprBoaNTCA OLIEHOYHBI KOMMIIEKC NO onpeaerieHnto roTOBHOCTM 34aHWs K NepCneKTVBHBIM M3MEHEHUSIM C Npu-
MeHeHVeM OpAMHAPHbLIX AnarpamMmmM ogMCHOro Tuna.

BbiBoabl. OLEeHOYHBIN annapat MOXeT ObiTb MCMONb30BaH ANst CPaBHEHNS 0ObEKTOB HEABWKMMOCTYU, KOTOPbLIM NPeaCcToUT
nepenpodunnpoBaHue (B CBA3W C NPOAaXewn unv caaden B apeHay). [ns npuMeHeHus npeacTaBneHHOro annapara OLeHK1
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I'IOTpe6yeTCﬂ co3gaHne mateMaTuyeckomn CbOpMy.l'IbI, y‘-WITbIBalOLLleVI 3Ha4YUTENbHYIO Mo o61=emy 6a3y AaHHbIX ONA KaXXaoro
13 0OLEKTOB. Pe3yanaT OLEHKN — KpaTkas 3anucb B YMCIIOBOWN chopMe 1 AnarpaMmma, oTpaxaroLas APXUTEKTYPHOE peLle-
HUe, Harma4Ho AeMOHCTpUpyrLas cCteneHb roTOBHOCTU 34aHNA K UBMEHEHUAM.

KINOYEBBIE CINOBA: X13HEHHbIN LWKN 30aHNS, U3MEHEHWS, pe3epBMPOBaHNE, apXUTEKTYPHO-NPOCTPAHCTBEHHbIV NPUEM,
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OonA UMTUPOBAHWUA: Xpycmanes [.A. Changes and the principle of assessment of readiness for changes in the life cycle
of buildings // BectHuk MI'CY. 2023. T. 18. Bein. 8. C. 1201-1211. DOI: 10.22227/1997-0935.2023.8.1201-1211

Aemop, omeemcmeeHHbIl 3a nepenucky: Qmutpuin AnekcaHaposuy XpycTanes, promgettista@yandex.ru.

INTRODUCTION

Buildings undergo changes depending on their
functional profile. It is an unfeasible task to foresee
the possibility of any change. Statistically, it isn’t even
necessary [1]. Still, it is very desirable to be able to
carry out alterations as easily as possible. Moreover, it
is a resource-saving undertaking to understand the com-
plexities of the possibility of making any changes be-
fore construction work starts and even before renting /
buying a property.

MATERIALS AND METHODS

Scale of change over the life cycle of buildings
According to a sustainable architecture paradigm,
buildings in every phase of their life cycle have to be ef-
ficient and environmentally friendly. New construction
has the advantage in this respect over renovation since
all modern spatial and structural design possibilities are
open. There is also the possibility of choosing almost
any material both in the finish and within any structure.
The conditions of reconstruction have their solutions
on all these points, but they are naturally limited due to
the existing spatial dimensions and structural solutions.
On the whole, the presence of a building limits a crea-
tivity scope [2]. At this stage the idea arises — “it’d be
easier and better if there were no this, or that...”. Think-
ing about it, in terms of the life cycle of a building, eve-

ry alteration after commissioning is a resconstruction to
a greater or lesser extent [3].

The number of such changes may be small. This
is typical for buildings with a single, unchanging activ-
ity profile, such as apartment buildings, kindergartens,
or public bathing facilities. There is no reason to change
much there, if everything is working as it should. And
yet, virtually every building element has a lifetime [4].
For example, wooden structures require regular mainte-
nance, such as impregnation or painting. Glazing needs
to be cleaned fairly often and replaced frequently, espe-
cially when there is a mechanical impact. These small
actions little by little extend the life of a building. These
little measures make small, nevertheless positive, im-
pacts on the life cycle (Fig. 1).

Significant changes to the building are other —
extensions, additions, replacement of worn-out struc-
tural elements. These tasks require structural strength
surveys. The structural fatigue parameter is calculated'
and the degree of building deterioration is determined?.
At some point, the combination of these values can
lead to a hard decision to overhaul or even to a demoli-
tion. Obviously, these tasks have a very serious impact
on the life of a building. They are a Milestone in the life
cycle of a building.

Considering that sustainability and efficiency
must be a constant priority in a building [5], whatever
the stage of its lifecycle, the following tasks are worth

BUILDING LIFE CYCLE
Analisys Design Construction Building usage Demolition Utilisation
[ inivinivinivioivioiuiotr B E— r—/] NI | —
Time Time

Regular building’s check and maintenance

Functional profile A

Reconstruction AB

Significant change

Reconstruction BC

Functional
profile C

Functional

profile B

Fig. 1. Full building life cycle scheme (upper part) and usage detailing (lower part). Black zones expose the main building’s
functionality periods. Milestones abstractly show rare significant changes made within building in correspondence to profile
changes (A to B and D to C). The waves at the top of the ordinal use phases reflect the need for operation and periodic
maintenance

' GOST 31937-2011. Buildings and constructions. Rules for inspection and monitoring of technical condition. Interstate stan-
dard. Appendix C. Moscow, 2014; 59.

2 VSN 53-86 (r). Rules for estimation of physical wear of residential buildings. Part. 1.1. Moscow, Preiskurantizdat publ.,
1988; 54.
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noting. Both at the design and operating phase it is de-
sirable to:

+ simplify and minimize small changes, if it is not
possible to eliminate them altogether;

* to postpone major changes by lengthening
the effective operating phase;

* have solutions that will make it as easy as possi-
ble to correct problem areas, wherever they may be, and
to carry out the update as quickly as possible.

So, regardless of the type of building, its location,
its size and the time characteristics of the building’s life
cycle Milestones, the challenge for the designers arises:
to simplify the operation of the building services and
to allow the possibilities for future building’s changes.

An analogy, in crude terms, is possible with man
and his education. If one expects a person will have
to work only in one profile, then it is enough to take
a course and adhere to the healthy lifestyle. The em-
ployee will be able to cope quite well, with only oc-
casional use of hairdressers and dentists. But this cal-
culation has its limits — job profile and health [6]. If
one imagines in advance that both are impermanent
quantities, the concept of education must be changed.
A person has to prepare for more universal tasks than
those described in the profile. And at the moment when
the situation changes, man will quite easily be able to
slightly change his usual circle of duties (to become not
a baker, but a cook, to switch from a locksmith’s posi-
tion to a carpenter’s one). It is certainly not a question
of going from being a turner to being a surgeon. But
the idea of a hypothetical change in a job profile, as
time passes, is intrinsic to people. And it is naturally
enriched by thinking about it holistically, taking age
and health into account. The principle of greater job
certainty with a more versatile education is reflected
in people’s willingness to get the higher education.
The analogy with human education is shown to illus-
trate a basic idea about the building. This thought is as
follows (again, paired with the example-analogue):

* at the design stage: to lay down the possibility
of changing the functional profile (in childhood, assume
a spectrum of professions, not just one position);

* at the construction stage: to use solutions with
more advanced characteristics than minimally neces-
sary [7] (study at a university that is slightly more ex-
pensive than taking cheap courses in the same profile);

* in the functioning phase: regular monitoring
the condition of the main and secondary structural ele-
ments [8] (keep your health up to date and have regular
medical check-ups);

« at the stage of necessity (a Milestone in the life
cycle) to react to any change in the functional profile:
to be able to make changes without significant impact
on the environment [9] (to move from one position to

another without retraining and without sessions with
a psychotherapist).

Considering these tasks, the building will be in
demand longer, the life cycle will not be with a sin-
gle sine wave period (according to Fig. 1), but with
several ones. And overall, the building will be closer
to the principles of sustainable development [10] (and
the person in this example will work longer and have
a more interesting life).

Obviously, it is unlikely to raise a universal worker
who would be good at both medical profile and lock-
smithing. There may be exceptions, but one can’t count
on it. This means that the building cannot be expected to
be radically changed in the shortest possible time and at
the lowest possible cost. However, it is still possible to
talk about feasible measures to change the operating pro-
file. The simpler these changes are, the more economical
they are and the better for the life of the building.

It is impossible to use eternal materials and perfect
spatial solutions at building construction though there
are some techniques for life span calculation of basic
constructions’. Although the stone is more durable than
wood, it is ridiculous to advocate its use everywhere.
It should be more expensive, more complicated and in
some cases simply absurd, such as the use of a stone
door. Almost any material has a limited resource, and
yet there is a chemical and physical possibility to ex-
tend this resource (impregnating of timber surfaces,
replacing glass). Here comes the point of possibility,
the accessibility of this maintenance operation. The best
solution would be to have access to everything: from
outside of the building to the place, within the build-
ing and to any of the structure plies. Is it possible? Ob-
viously not. Moreover, a number of processes taking
place in the building may block the possibility of carry-
ing out maintenance operations, e.g. an hours-long sur-
gery or a gala reception will not allow for simultaneous
inspection and impregnation of the structure. It should
also be stated that not all solutions are suitable in build-
ings of historical and cultural value [11].

And at a time (the Milestone for a building) when
some changes need to be made, some of them are
relatively simple, others are economically unafford-
able [12]. Simple changes, such as replacing a door
and process equipment, or removing a partition, are
feasible and do not require much. For this example —
a passageway, a lift or a ladder, the ability to secure
the dismantling area is necessary. If the complexity
of the change grows, the number of requirements in-
creases. An example to that, the need for a drainage
ladder entails, in addition to protecting the work area,
a change in the floor structure and possibly in the struc-
tural design of the building (if the slab must be lowered
locally), and an obligatory connection to the drainage
piping system. If the task is more difficult, such as wid-

3 Methodical guide for assigning the service life of concrete and reinforced concrete structures taking into account the impact
of the operating environment on their life cycle. Moscow, 2019; 122.
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ening a flight of stairs wedged between walls, a large
part of the building will have to be demolished and
rebuilt. This is a very serious operation, akin to organ
transplantation in the case of a human being. Such
a Milestone is remembered for a lifetime, and it is un-
likely that any of us would dream of encountering it
intentionally. Nevertheless, if it is required for build-
ing work processes, it has to be done. Computer pro-
grammes undoubtedly help to optimize decision-mak-
ing processes [13], but in general, they are extremely
costly operations. The considerations described above
lead us to think about the economic feasibility of cer-
tain changes. Replacing a door and extending a flight
of stairs by moving a wall are changes of the different
scales. The only thing they have in common is that they
need to be justified by the certainty of continued suit-
ability. These tactical measures, whatever their scale,
should be consistent with the strategic plans for the ef-
ficient operation of the building as a whole. In Slova-
kia, the mill building has undergone a very significant
renovation and is now a residential one. The positive
effect of this change on the life of the building has been
calculated [14]. It is undoubtedly one of the few Mile-
stones in the life of the building.

The scale of changes varies. Already at the begin-
ning of the 20th century, technology emerged to move
buildings entirely*, since these buildings were needed
as volumes and functional units, although, not in their
original places. Expensive relocations are also Mile-
stones, and very large ones, indeed. But they are still
unique. Far more often we have to deal with ordinary
changes, such as a leaky pipe, a broken part, a replace-
ment of a piece of equipment with a more suitable one,

The longer last functional profiles — the better!

Example

the installation of a new engineering system (for ex-
ample, a “smart home™ or central vacuum system®).
Fifty years ago, such systems were not invented, but
now, some users think about their installation even in
old buildings. Occasionally, economic calculations
show that the tactical costs of change are outweighed
by the strategic benefits. That’s when changes are made
to the building (Fig. 2).

So, it’s impossible to foresee everything in ad-
vance, and we have to live with it. But how can we
simplify or at least predict problems, reduce time and
economic costs, and lengthen time intervals between
milestones? In the digital world this is dealt with by
detailed risk and accidental loss prevention [15], in real
construction this problem is still relevant.

To answer this question, the author has used a set
of empirical and theoretical research methods over sev-
eral years. Numerous sources of information have been
studied, mainly for buildings with a frequently chang-
ing functional profile (R&D buildings for innovations).
Their analysis and comparison of the information is
presented in a monograph back in 20127-8. The observa-
tion of public and residential buildings shows similar
problems, the frequency and scale of change differs in
their case. Analogy and abstraction, also as working
methods, have already been presented in the article.

RESULTS OF A RESEARCH

Architectural techniques

There are few of techniques in the architect’s scope
to help with this task.

Technique 1. Understanding that not everything
is going to work the way it is supposed to work now.

The less often happen the complicated
Milestones — the easier!

Functional
profile C

Functional
profile B

are justified by the building
usage named B and C

Example

Fig. 2. Examples of the scale of changes in buildings are shown. The feasibility in Milestones, as well as in small changes,
depends on the subsequent use phases, their duration and usefulness

4 Ostrovsky 1.S. Method of buildings moving. USSR Patent No. 54365, class 37¢.12 on application No. 184967 of January 20,
1936. URL: https://patentdb.ru/image/101359 (accessed April 12, 2023). (rus.).

5 O’Brien J. Top 10 Smart home appliances in 2022. URL: https://houseintegrals.com/top-10-smart-home-appliances-in-2022
(accessed January 9, 2023).

¢ Salvatore Buda. Built-in vacuum system. Patent WO 1998032363 A2 dated July 30, 1998 in the class A47L5/38. URL: https://
patentimages.storage.googleapis.com/5a/63/a4/85913¢89291¢c3/W01998032363 A2.pdf (accessed April 16, 2023).

7 Dianova-Klokova V., Metanyev D.A., Khrustalev D.A. Innovative research and production complexes. Issues of architec-
tural design. Moscow, Published by URSS (Lenand LLC), 2012; 186.

8 Dianova-Klokova I.V., Metanyev D.A., Khrustalev D.A. Architectural design of innovative R&D complexes. Global practice
review. Moscow, Published by URSS (Lenand LLC), 2012; 367.
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This approach leads to the idea of designing for pos-
sible changes.

Always at the design stage the architect and client
service draw up an adequate design brief. It is intended to
reflect the demands of the day, the objectives of the first
sine waves (Functional profile A, according to Fig. 1
and 2). The architect has to assume that there will also be
next phase — Functional profile B, and a Milestone AB.
For example, such a change with space transformation in
the Athens apartment is described in 2017 [16]. Or an-
other example, from the author’s experience: making it
possible to install a drainage ladder at the design stage is
much easier than carrying out a major renovation when
forced to do so by numerous leaks and the associated has-
sles from the insurance companies. Installing a revision
hatch, and arranging a small margin of space to allow re-
pairs to the equipment being installed, is a lot easier than
breaking in neatly finished surfaces. A good example
of this Technique 1 — pipes embedded within the walls
of mid-20th century USSR’s residential buildings. They
were deteriorated over time (clogged or rusted over
50 years of operation) and during the repair of buildings,
renovation designers had to exclude these pipes from
work and make duplicates, already in the space of prem-
ises. As a result, we see both overspending of steel and
multiple repairs. In general, the conclusion was a return
to a simpler, more utilitarian solution of placing pipes
with the possibility of replacing them’.

The Technique 1 actively operates with the fea-
tures: Repairability and Accessibility, passively used
the feature: Aesthetics.

Technique 2. The use of redundant solutions in
areas where further changes are impossible or difficult.

This includes the use of stronger structural solu-
tions [17], from the quality of the materials used and
the spatial design of the building to taking into account
seismic stability requirements [18]. Also, redundant
spaces are very suitable for the possibility of new util-
ity ducts and pipelines. Geometric redundancy would
show benefits if the stairwells were large enough to ac-
commodate a lift within their boundaries — such a so-
lution would greatly simplify the elevator placement.
An external lift in originally lift-free residential build-
ings is a good solution, but its use by people in wheel-
chairs is not feasible. Space saving on common areas
is still relevant today. Though, caring for people with
mobility impairments'® has become much more impor-
tant in Russia!' and abroad in the last 25-30 years [19]
and were adopted at legislative level.

This Technique 2 actively operates with the fea-
tures: Reliability and Redundancy.

Technique 3. Use of repairable solutions with ac-
cessibility.

Numerous wiring accidents when trying to hang
a shelf on the wall unequivocally show that concealed
solutions are only good as long as there are no other
problems. Repairing an electrical installation which is
embedded in the floor structure is considerably more
difficult than if it is wired in a duct in the baseboard area.
There are intermediate solutions — running the wiring
under the ceiling and only running it down to the points
of use as required. If we’ll switch away from structural
engineering and concentrate solely on architectural so-
lutions — the use of modular furniture, mobile parti-
tions, localization of technical services in corridors and
dedicated floors — these architectural solutions maxi-
mize maintenance and repair capabilities [20].

This Technique 3 actively operates with the fea-
tures: Repairability and Accessibility, passively used
the feature: Reliability.

Technique 4. Identify critical areas where changes
are undesirable and keep them unchanged where possible.

The example of an inspection hatch is the simplest
possible. It is placed in the equipment area precisely
to enable inspections and work specified in the techni-
cal regulations to be carried out. If this manhole does
not exist, the problem would have been noted in Tech-
nique 1. But if there is one, the following peculiarity
is observed: the presence of a hatch implies that there
is also a work area by this hatch. And the less interfer-
ence there is with this work area, the easier it is. So, if
there is an access hatch in the office floor, the option
of placing a partition over it is the most unreasonable
solution; the option of placing furniture obstructing it is
also a problem (the minor one), as an employee needs
to move furniture and slow down some office processes;
also in the passage area, the presence of the hatch can
prevent people from doing their job. The best option is
to provide a hatch with a working area in an uncluttered
area that is rarely used; this might be a dead-end part
or an extension of the aisle between workstations [21].

This Technique 4 actively operates with the fea-
tures: Redundancy and Usability, passively used the fea-
ture: Aesthetics.

Each of these examples shows that there are solu-
tions. And these solutions vary in terms of convenience,
efficiency, economics, and complexity. If considered
holistically, any of these problems can be evaluated ac-
cording to the following indicators.

Decision evaluation

Consider the main categories for proposed evaluat-
ing solutions in the Table 1.

% Code of Regulations 510.1325800.2022. Heat Supply Stations and Internal Heat Supply Systems, Ministry of Construction

of Russia. Part. 16.5. 2022.

10 Code of Regulations 59.13330.2020. Accessibility of Buildings and Structures for Low Mobility Groups of Population. Re-
vised edition of SNiP 35-01-2001. Moscow, Ministry of Construction of Russia, 2020; 69.
" Federal Law No. 52-FZ. About sanitary and epidemiological well-being of population. Issued March 30, 1999.
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Table 1. Main categories for evaluation

Category Description Comment
Reliability Durability of the solution

Redundancy The ability to accommodate an additional task in perspective The decision itself

Repairability The ability to be recovered from failure or damage

Accessibility The possibility of unhindered use Considering
Usability Livability of the solution the decision and
Aesthetics The organicity of the solution the surroundings

For a rough estimate, it is sufficient to use figures
corresponding to these likely (or already implemented)
solutions:

1. Extremely difficult or unique solution.

2.Problematic solution.

3. A difficult but possible solution.

4.The solution is not difficult.

5.Excellent solution, with no difficulties.

Unrealistic solutions are out of the field. Since this
text deals with relatively frequent changes and their so-
lutions, so unreal (and even unique) ones, as moving
the whole building, are left out of the brackets. It is most
convenient to use the estimator in the format of a Radar-
type diagram (Fig. 3) combined with a Line Chart [22].
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Fig. 3. Main evaluation diagram
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The smaller the figure, the greater the complexity
of the corresponding vector of consideration. As the re-
sult, the bigger and more correct the star (or figure) is,
the better or easier is the solution in general.

Case study 1

A hatch in the floor of an office building. The dia-
gram in Fig. 4 represent abstract options for the loca-
tion of the hatch in the room (as a continuation of Tech-
nique 4).

1. Category A “Reliability”. The reliability of the so-
lution does not depend on the manhole location in gen-
eral, but there is no engineering preference data — all
options get the same score (“Ared”=“Ablu”="“Amag”=
=“Agre”=4).

2.Category B “Redundancy”. The explanation is
identical, with the description in category A, (“Bred”=
=“Bblu”="Bmag”="Bgre”=4).

3.Category C “Repairability”. With the presence
of a wall, repairability is poor (“Cred”=2), if the hatch
is obstructed by furniture, the solution is not too dif-
ficult (“Cblu”=4). The best options are Magenta and
Green, they are the most repairable and get the highest
rating of 5.

4.Category D “Accessibility”. Under a wall acces-
sibility is poor (“Dred”=2), if the hatch is obstructed by
furniture — the solution is not too difficult (“Dblu”=3).
The best options are again Magenta and Green. They
have direct access for repairs, their grade is 5.

5. Category E “Convenience”. Ease of use of the part
of the hatch out of the wall is questionable, or difficult,
the index “Ered” take equal to 2. If the hatch is obstruct-

Fig. 4. Evaluation diagram for the solution with a hatch in the office space. The red line shows the variant with the hatch

under the partition. The blue line is the solution in the furniture area. Magenta line — hatch in the free access, but on the pas-

sageway. Green line — hatch in a dead end
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ed by furniture — the solution is not very convenient,
because one has to move the furniture (“Eblu”=3), and in
the Magenta option a worker will block the passage for
office employees (“Emag”=4). The best option is Green,
it is the most comfortable to renovate, since it does not
disturb anyone, it gets the highest grade (“Egre”=5).

6.Category F “Aesthetics”. Without the hatch
or with its part showing from under the wall, the aes-
thetics are perfect until the wall and floor are opened,
at that time the score surely drops dramatically
(“Fred”=2). If the hatch is obstructed by furniture,
the solution is almost aesthetically perfect (“Fblu”=5).
Both options, Magenta and Green, are also optimal
(“Fmag”="“Fgre”=5), if the hatch design is chosen ap-
propriately.

Result: In the Fig. 4 diagram it is shown a notice-
able difference between the shapes of different colours.
The Green figure is clearly larger and more harmoni-
ous than the others. Each of the solutions gain a score:
Red — 2, Blue — 3, Magenta — 4, Green — 5. It is
obvious from the numbers and the line diagrams that
the Green option is preferable.

Case study 2

The presence of a technical shaft in the laboratory
room is taken, as it is in an example — in University
of Newcastle (Australia) [23]. The diagram in Fig. 5
represents the Red option with no shaft; with a shaft ar-
ranged for the current technological task (Blue option)
and a slightly larger one, with a reserved space “just in
case” (Green option).

1.Category A “Reliability”. Reliability of solu-
tions for all options is generally close, there is no evi-
dence of a preference in terms of engineering. And
yet, the compact Blue option is more complex in
terms of design, and this reduces its reliability score
(“Ared”="Agre”=4; “Ablu”=3).

2.Category B “Redundancy”. The stockpile in
the absence of a shaft is colossal (“Bred”=5). By
convention, the Blue option’s shaft has no stockpile
(“Bblu”=2). The shaft of the Green option is more spa-
cious (“Bgre”=4).

3.Category C “Repairability”. Repairing some-
thing in the absence of a shaft is very easy (“Cred”=5).
In the presence of a tight shaft, on the contrary, difficult
(“Cblu”=2). The Green option with a dense shaft is re-
pairable and gets the highest rating — 5.

4.Category D “Accessibility”. Without the shaft,
accessibility is ideal, as is the category Repairabil-
ity (“Dred”=5). The Blue option has everything ar-
ranged tightly inside the shaft. Its accessibility is low
(“Dblu”=2). The Green task, though limitations within
the shaft, has a potential, its accessibility rate is medium
(“Dgre”=4).

5.Category E “Convenience”. The convenience
of using the laboratory, with various communications
interfering everywhere, is not at a high level. Thus, we
take the “Ered” indicator to be 2. The compact shaft is
the most convenient, but only at the moment of ordi-
nal work, and in the maintenance mode it loses slightly
(“Eblu”=4). The best option is Green, it is the most con-
venient to repair and gets the highest rating (“Egre”=5).

Possibility to widen the exhaust

Additional pipe space
Redudant shaft

Minimal necessary dimensions shaft

Aesthetics '\ o
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Usability

0 «-

Redundancy

- e
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e

\

\
\

G v Repairability

Accessibility »” @
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Fig. 5. Diagram of evaluation of the solution with a mine in the lab. The red line shows the variant with no sump, all com-

munications being freely placed. The blue line is solution with compact shaft. The green line is with a shaft, calculated with

reserve for changes
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6.Category F “Aesthetics”. Without the shaft,
the aesthetics with free-standing engineering are more
than questionable (“Fred”=2). Both options with shafts
are almost identical in terms of aesthetics, and receive
the highest score (“Fblu”="“Fgre”=5).

The result is in the Diagram (see Fig. 5). The dif-
ference between the shapes is noticeable and the green
figure is again bigger than the others. It is also better
balanced. Results calculation is as follows:

* Green variant: (4+4+5+4+5+5)/6 = 27/6

=4.5 points;

e Blue variant: (3+2+2+2+4+5)/6 = 18/6 =
= 3.0 points;

* Red variant: (4+5+5+5+242)/6 = 23/6 =
= ~3.8 points.

From the figures and the line diagrams in this ex-
ample we can see that the Green option is preferable in
terms of operation and future changes.

The way shown is very clear. Here it represents
one of the many points of the room only, but it gets
the point across. What is it good for? An example of its
usage can be applied for analyzing real estate for rent-
ing or buying purposes. Not every person working in
these fields can easily read drawings, much less find
vulnerabilities in the layout of the premises [24]. It is
clearer to see a figure and a diagram defining the sim-
plicity of possible changes.

CONCLUSION AND DISCUSSION

Sooner or later, buildings (or parts of a building)
need changes to better suit the tasks relevant at the time.
An architect can’t predict all of these changes. But it is

quite possible to realize that just now accepted solu-
tions will have to be modified in a future. Moreover,
it is possible to evaluate the already made decisions in
order to inform people who are not very familiar with
the drawings and the essence of architectural and plan-
ning decisions. The presented article shows the princi-
ple of evaluation using simplified examples. For a more
detailed estimation apparatus, some mathematical for-
mulas with data sets should be used.

The continuation of the work so far can be seen
as a comprehensive consideration of the problems
from the perspective of each of the parties involved
in the building’s changes. These parties are at least as
follows: the building owner, the user of the space (e.g.
office tenant), the maintenance employee and the con-
tractor. The compilation of classification signs of im-
plementation problems in the respective points, main-
tainability of materials and the measures of solution
versatility are also important. All in all, the evaluation
apparatus, produces a very simple output — a figure
or a digit. That is the goal. But for the transparency
of the solution and the fairness of the evaluation, the for-
mulas for working with this data set must be carefully
and worked out in details. An analogy is appropriate
here with the television set that almost everyone has at
home: the user only needs to watch a movie (a reference
to the digital building score), no matter how sophisti-
cated the unit itself and its media player are (a reference
to mathematical formulas involving a number of param-
eters on building attributes). The television has become
a familiar part of our everyday life, and it is possible
that the readiness assessment will be used in the not-
too-distant future for buying or renting property.
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