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Improvement of the methodology for creating
an architectural digital information model of
a residential building using a modular approach

The aim of the study is to analyze the application of a modular approach based on a library of standardized build-

ing blocks and Building Information Modelling technologies (BIM technologies) in the design of typical residen-

tial buildings.

Research hypothesis: creation of BIM models of typical residential buildings using a modular approach and

a library of TIM components reduces the time required to complete design work, reduces cost and improves

the quality of design work. Research methods: analysis, synthesis and modeling.

The methodology for creating digital information models of typical residential buildings, described in principle

in previous works, was considered in relation to all possible special cases. Based on the projects of the Atom-

stroykomplekscompany, fundamentally possible variants of typical residential buildings were determined —

these are three groups: point, sectional and corner buildings with different floor areas, divided into subgroups by

the number of elevators.Staircase and elevator unit modules were created for each subgroup. At the next stage,

the parameters of the number of storeys and floor area for the BIM models in each of the subgroups of residential

buildings were changed, and the changes occurring in the library modules were determined. As a result, the ac-

tions that need to be taken to library modules for their adaptation for use in apartment buildings with different

numbers of storeys and floor areas were described.

As a result, the following was determined:

¢ possible variants of architectural forms of plans of residential buildings;

» changes that library modules may undergo due to changes in the area of a residential building during the de-
sign;

* measures that should be taken to adapt library modules to allow for changes in the area of sections of resi-
dential buildings.

Keywords: building Information Modeling (BIM), digital information model, methodology for creating digital in-

formation models of typical residential buildings, BIM module library, residential construction, library for design

Krylov Denis Sergeevich,
PhD Student in the Department

of “Industrial, Civil Construction
and Real Estate Expertise”; Ural
Federal University named after
the first President of Russia B.N.
VYeltsin; 19 Mira st., Yekaterinburg,
620062, Russian Federation;
denis4320517@gmail.com

work, mass housing construction.

INTRODUCTION

ull implementation of BIM technologies'? into
Fthe business processes of an enterprise® leads

to the development of solutions to increase
the efficiency of their use [1]. In the case of a large
volume of similar construction projects, such a solu-
tion may be unification, which, in turn, helps to speed
up the implementation of stages of the life cycle of
typical residential buildings from the pre-investment
stage to the construction stage. This article covers
the design stage of the life cycle.

For example, the Atomstroykompleks corpora-
tion designs and builds a wide range of facilities,
such as schools, kindergartens, medical institutions,
public buildings, sports facilities, restored cultural
heritage sites and standard facilities — mass resi-
dential housing. Mass residential housing is typical
because in this type of objects it is possible to

T SP 328.1 325 800.2020. Building information modeling. Rules
for describing information model components. URL: https://minstroyrf.
gov.ru/upload/iblock/117/SP-328.1325800.2020.pdf (date of access:
29.03.2025). (rus.).

2 SP 54.13330.2022. SNIP 31-01-2003. Residential multi-apart-
ment buildings. URL: https://www.minstroyrf.gov.ru/upload/iblock/eef/
SP-54.pdf (date of access: 29.03.2025). (rus.).

3 Atomstroykompleks has started designing residential build-
ings in BIM. URL: https://atomsk.ru/company/press/news/atomstroy-
kompleks-nachal-proektirovat-zhilye-doma-v-bim/ (date of access:
20.09.2024). (rus.).

identify elements of the building, premises and
zones that can be repeated from project to project
after standardization. After analyzing completed
projects, unification was conducted with the aim of
moving to modular design. Modularity is the division
of a residential building into elements — modules,
which are the volumetric-planning parts of the build-
ing. Which building elements were chosen as mod-
ules and how they were standardized is described
in previous articles [2—4]. Modularity involves the
repeated use of modules from project to project,
while a building can consist of modules either
100 % or partially with local individual design.

As a result of the project analysis, the following
module classification was created:

e modules of the first level, representing
the rooms of apartments (bathrooms, loggias
and balconies);

e modules of the second level, representing
apartment modules and modules of staircase
and elevator unit modules, including an eleva-
tor hall, a stairwell and an inter-apartment cor-
ridor.

For the selected building elements, the company
created standard albums containing a list of possible
volumetric planning solutions for each element.
These albums became the basis for the creation of
BIM module library. Taking into account the regula-
tory framework a BIM module library was created,
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which so far includes only staircase and elevator unit modules and
modules of the first level. The library elements are digital informa-
tion models created in accordance with the Employer Information
Requirements (EIR) of the company.

The library is owned by the customer, who should benefit from the
implementation of modular design. One of the areas of application of
modular design is to accelerate and reduce the cost of the design
process of the main type of company facilities — typical residential
buildings.This is justified by the fact that a designer, receiving
a ready-to-use BIM module library as part of a design assignment,
can create a typical residential building from a typical floor to the roof
entirely or almost entirely from the components of this library. The con-
tractor will not create a completely unique building (with the exception
of the ground floor and basement), therefore, the involvement of high-
ly qualified specialists and a large number of man-hours is not re-
quired. The use of library components with the LOD 400 (Level of
Development) will allow us to come to the conclusion that the BIM
models at the stages of project and working documentation will differ
only in the design of the project sheets. It should be noted that verifi-
cation of structural calculation, hydraulic calculation, insolation calcu-
lation and others inherent in classical design remains necessary.
In addition, using library components, the designer is limited in
the use of materials and technical solutions that deviate from
the standard of the company. If a company has its own contractors,
the use of standard components and materials will improve the qual-
ity of construction and installation work and, accordingly, the opera-
tional characteristics of the facilities.

Some foreign researchers are engaged in the implementation of
amodular approach in the design and construction of typical residen-
tial buildings [5, 6]. There are authors who also suggest using
the module library in the design process and describe the mecha-
nism for changing layouts [7-9]. Other authors are taking steps to
create a system for automatically filling the library with modules based
on previously created projects, as well as automatically checking po-
tential modules for compliance with the requirements [10-12].

CREATING A TYPICAL FLOOR PLAN

In previous studies, an initial set of elements of the BIM module
library for the design of typical residential buildings was created,
which included:

e staircase and elevator unit modules;

e modules of the first level.

Methodological recommendations have been developed for cre-
ating a digital information model using a BIM module library.
The conducted timing measurements of the creating of a typical floor
of the architectural section showed that the use of a BIM module
library accelerates the process of creating an information model by
almost 40 %. The previous article [2] contains an algorithm for creat-
ing a model of an architectural section.

Fig. 1 and 2 show the floor plan of a typical residential building
assembled from library elements. The green color indicates
the staircase and elevator unit module, the green-blue color indi-
cates apartment modules, the blue color indicates bathroom mod-
ules, and the brown color indicates loggia modules.You can see
that the bathroom and loggia modules are part of the apartment
modules.

IMPROVING THE LIBRARY OF STAIRCASE
AND ELEVATOR UNIT MODULES

In the process of testing the methodology for constructing
a typical floor of an architectural section, it was discovered that
the staircase and elevator unit modules need to be improved. Their
disadvantage is that in the existing configuration the blocks are de-
signed for a certain floor area, and therefore a certain number of
apartments. At the same time, from an architectural point of view,
the shapes of sections of residential buildings in the plan can be
point, corridor and corner.

In point buildings (Fig. 3), the inter-apartment corridor is locat-
ed around the core with elevators and is its border on three sides.
The increase in the floor area of point buildings does not have a sig-
nificant impact on the architectural section, since it occurs in most
cases due to the increase in the area of apartments, while the di-
mensions of the inter-apartment corridor do not change. Even if
the number of apartments increases, the configuration of the stair-
case and elevator unit module does not change; it is only neces-
sary to provide for the possibility of installing additional water sup-
ply, heating and electricity supply systems.

In corner and corridor buildings (Fig. 4, 5, respectively), the in-
ter-apartment corridor adjoins the core with elevators and is its bor-
der on only one side. When increasing the area of the section, ei-
ther due to the area of the apartments or due to an increase in
the number of apartments, the length of the corridor may change.

Fig. 1. A typical floor plan consisting of elements from the BIM module library
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Fig. 2. Elements of the BIM module library that make up a typical floor plan: 1 — loggia module; 2 — bathroom module; 3 — apartment module;
4 — staircase and elevator unit module; 4.1 — inter-apartment corridor as part of staircase and elevator unit module; 4.2 — stairwell as part of
staircase and elevator unit module; 4.3 — elevator hall with elevator shafts as part of staircase and elevator unit module

Fig. 3. Example of a point section
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Fig. 4. Example of a corner section

The change in the length of the corridor and, consequently, the area
of the section is limited by the length of the escape route from
the apartment to the entrance to the stairwell.

In the corridor and corner sections, niches for utility networks are
located directly in the inter-apartment corridor. An increase in
the floor area, both due to a change in the area of apartments and
due to a change in the number of apartments, changes the configu-
ration of the inter-apartment corridor in terms of the location of
the entrance doors to the apartments. The relocation of entrance
doors to apartments in turn entails the relocation of niches for utility
networks in the space of the inter-apartment corridor and/or the in-
stallation of additional water supply, heating and electricity supply
systems. As in the case of point sections, as well as in the case of
corridor and corner sections, it is necessary to standardize the di-
mensions of niches for engineering systems in order to increase or
move them in the corridor space and seamlessly increase the num-
ber of systems.

The possibility of changing the configuration of the staircase and
elevator unit module of the architectural section entails changes
in the staircase and elevator unit modules of the engineering

sections.Engineering systems should be modified so that they can
be placed in standardized niches to seamlessly change their loca-
tion in the plan or increase the number of systems.

ADDITION OF THE METHODOLOGY FOR CREATING
A TYPICAL FLOOR

The developed methodological recommendations provide the fol-
lowing composition of the architectural module of the stair-elevator
unit:

e staircase unit;

e vertical load-bearing structures;

® non-load-bearing walls and partitions;

e trays for electrical networks;

e ventilation ducts;

e premises and basic finishing of premises.

However, in the process of testing the methodology for creating an
architectural typical floor, it became necessary to refine the staircase
and elevator unit modules. It was established that staircase and eleva-
tor unit modules can be of three types: point, corridor and corner.
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Fig. 5. Example of a corridor section

The principle of constructing the model was initially based on
the construction of point building models. However, in the previous
section it was established that it is necessary to decompose the stair-
case and elevator unit modules into 3 types. In connection with
the described features of the staircase and elevator unit module
types, the composition of the staircase and elevator unit modules
and the procedure for working with them must be changed.

For point modules, the composition does not change, the di-
mensions of the inter-apartment corridor remain unchanged, it is
only possible to increase the number of niches and trays for placing
electrical networks in them. After placing the staircase and elevator
unit module, it is necessary to add a check of the number of niches
for the placement of engineering systems.

The composition of point and corner modules can be divided
into two categories. The first category is permanent elements,
which include the stairwell, elevators and elevator hall with
the structures that limit them. The second category is variable ele-
ments, which are the inter-apartment corridor and the structures
that limit it. The procedure for working with these types of staircase
and elevator unit modules should include a process for checking
the number of niches for placing engineering systems. The process
of creating a typical floor plan must be supplemented by the pro-
cess of linking the location of niches for engineering systems with
apartment layouts. After creating a typical floor plan, a process
must be added to check the compliance of the length of the inter-
apartment corridor with the requirements of SP 1.13130.2020* and
bring the length into compliance with the standards by editing
the floor plan.

CONCLUSION

In the process of researching the methodology for applying
a modular approach to constructing architectural digital information
models of residential buildings, shortcomings were discovered that
arose due to the expansion of the range of modules of staircase and
elevator unit modules. The disadvantage is the lack of adaptation
of modules to a possible increase in the floor area or an increase

4 SP 1.13130.2020. Code of Practice. Fire protection systems. Evacuation routes
and exits. (rus).

in the number of apartments on the floor, which consists in the inabil-
ity of modules to change the number of engineering systems or
change their location in common areas.

To eliminate this deficiency, the following measures were taken:

1. The nomenclature of staircase and elevator unit module was
classified into modules for point sections, modules for corridor sec-
tions and modules for corner sections.

2. For each type of staircase and elevator unit modules, it was
determined which elements and how would be subject to change
when the area of the section floor changes.

3. The methodology for constructing a digital information model
was adjusted, operations were added for each type of staircase
and elevator unit module, taking into account the possibility of
changing the area of the section floor.

In the future, it is necessary to test an improved method for
constructing digital information models using improved modules of
staircase and elevator unit modules.
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CosBepLueHCTBOBaHME METOA0JI0rMU co3aa-
HUA apXUTEKTypHOU umdposoun nHcpopma-
LMOHHOM MOAENUN XXUIOro 3AaHus ¢ npume-
HeHueM MoAynbHOro noaxoaa

lMpegmeToM uccnefoBaHnsa ABAETCS MPOLECC NPOEKTUPOBaHUSA
TUMOBBIX MHOrOKBapTUPHbIX 4OMOB. Llenb nccnepgosanHns — aHa-
N3 NPUMEHEHNS MOAYNTbHOIO NMOAXOAA, OCHOBAHHOMO Ha 6M6IN-
OTEeKe TUMOBbIX MoAynen 3AaHWN U TEXHONOrnaX MHopmaLm-
OHHOro mogenupoBanus (TVIM), B NpOEKTUPOBaHUN TUMOBbIX
MHOrOKBapTUPHbIX JOMOB.

lwnoTesa nccnepoBaHus: co3gaHne LMGPOBbIX MHPOPMALIMOH-
HbIX MOZeNen TUMOBbIX MHOFOKBAPTUPHbLIX OMOB C MPUMEHE-
HMEeM MoAyNnbHOro nogxoga v 6uénuotekn TYIM-KOMNOHEHTOB
CHVXXaeT CTOMMOCTb, MOBbILLAET Ka4eCTBO N COKpaLLlaeT CPpoKMn
BbINOMIHEHMSA MPOEKTHbIX paboT. MeToabl UccrnefoBaHuA: aHa-
N3, CUHTE3 U MOJENNPOBaHME.

MeTtogonorusa co3ganus LMgpPoBbIX NHPOPMALNOHHBLIX MOAE-
new TUNOBbIX MHOrOKBaPTUPHbIX 3AaHUA, NPUHLMNNANBHO ONu-
caHHasa B npepplgywmx pabortax, 6blia paccMoTpeHa npume-
HUTENbHO KO BCEM BO3MOXHbIM YacTHbIM cny4yasam. Ha ocHose
NPOEKTOB KOMMNaHU1 ATOMCTPOMKOMMNIEKC 6biNv onpeaeneHsl
NPVHUUNMANBHO BO3MOXHbIE BAPUAHTbI TUMOBbIX MHOIrOKBap-
TUPHbIX OMOB — 3TO TPWU FPynmnbl: TOYEYHbIE, CEKLMOHHbIE
1 Yrnoeble AOMa C Pas3nNn4yHON nnoLanbio aTaxa, pa3éutble
Ha MoArpynmnbl N0 KonnyecTsy NMATOB. [Ona KaXK[on noarpynmbl
6bINN Co3AaHblI MOAYNN NECTHUYHO-NNMATOBLIX Y3N0B. Ha cneny-
IoLLleM 3Tane U3MeHAIMCb NapameTpbl 3TaXHOCTU U MIIOLLAAN
ataxa ana LM B kaxpon 13 nofarpynn MHOrOKBapTUPHbIX A0-
MOB, OMNpPeaenanucb NPoONCXoasaLLMe N3MEHEHNS B MOAYNAX 6u-
6nmoTtekun. B utore 6b1nm onmucaHbl 4ENCTBUSA, KOTOPblE HEO6XO-
AMMO MPEANPUHATL B OTHOLLEHUW MoZyner 6MbnnoTekn ana ux
ajanTaumMn K NPYMEHEHUI0 B MHOrOKBAPTUPHbIX AOMax C pas-
JINYHOW STaXKHOCTbLIO M MAOLLAAbI0 3Taxa.

B pesynstaTe onpefeneHbi:

* BO3MOXHbIe BapuaHTbl apXUTEKTYPHBLIX (POPM MIIaHOB XUSbIX
LOMOB;

* U3MEHEHUs!, KOTOPbIM MOTYT MOABEPrHYTLCA MOAYNN 6UGNINO-
TEKUN 13-32 U3MEHEHWsI MIOLLAAM XUIOro foMa B NpoLecce Bbl-
NONHEHUS MPOEKTHbIX Pa6oT;

° yKasaHbl MEPOMNPUATUS, KOTOPbIe CreayeT NpeanpuHATL ANns
ajanTtauum Mogynei 6UGNUOTEKN AN BO3MOXHOCTU U3MEHe-
HWS NIOLLaAM CEKLMM XUIbIX 4OMOB.

KnroyeBble crioBa: TEXHOIOMNN MHGHOPMALNOHHOIO MOZEINPO-
Barus (TVIM), yngppoBasi nHgpopmaymoHHasi Mo[es b, METO[O0JI0-
rusi co3gaHns UngpoBbIX MHEGHOPMAaLMOHHbLIX MOLENEeN TUMOBbIX
XKWUIbIX 34aHui, 6ubnmoreka TVIM-KOMMIOHEHTOB, XWUiioe cTpou-
TE/IbCTBO, 6UOINOTEKA [/15 TPOEKTUPOBAHUS, MACCOBOE XUI10€
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