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The article examines the use of Building Information Modelling (BIM)
technologies in the comprehensive reconstruction of multi-apartment
residential buildings constructed in the second half of the twentieth
century. Ageing building stock and stricter requirements for energy
efficiency, seismic safety and urban environmental quality make traditio-
nal 2D design approaches inadequate, especially under conditions of
multiple design options, limited resources and incomplete data on existing
assets. The paper systematizes international experience of BIM-based
energy-efficient and seismic retrofit projects and identifies key BIM tools
relevant for countries with a developed industrial housing tradition. A
method is proposed for adapting these tools to Kazakhstani conditions,
considering climatic zoning, regional seismicity and typical residential
building structures. The resulting framework, presented as a summary
table linking BIM tools to reconstruction tasks and regions, can inform
methodological guidelines, prioritization of digitalization measures and
the planning of pilot BIM-based modernization projects in Kazakhstan.

Tyiinai cesaep:

TYNIHAEME

Tumaparrapabiy
aKMapaTTHIK MOJeAbaeyi
(BIM), BIM
TeXHOAOTUsAAaPhl, DHEPINAS
THiMAi peTpodur,
CeliCMUKaABIK, peTpoduT,
KOAAU3WAAAPABI aHBIKTAY,
KeIIeHAl PeKOHCTPYKIINSL,
KypacThIpMaabl KacoeT
Xylieaepi, TYPFbIH yiiaepai
MOJepHM3anmsaay.

XX racplpAblH eKiHII >KapThICBIHAA CaAbIHFAH >Kallllall TYPFbIH Vit
KOPBIHBIH €CKipyi, SHeprus TuiMAijirine, celiCMMKaAbIK KayiIlci3aikke
JKOHe KaJa OPTacChIHBIH CarlachlHa KONBLAATBIH KaTaH TadallTapMeH
Oipre, pecypcrap IeKkTeyaAi >kKoHe OacTamKbl JepeKkTep TOABIK eMec
Karganiaapga Aactypai 2D-xobaaay TeciagepiHiH KeTKiaikcizairin
aliKpIHAaABL. Makadaga KenmaTepaAi TYPFHIH Yildepai KellleHAi
PeKOHCTpyKLMsIAayAa FUMapaTTapAblH aklapaTThK Mogeabaey (BIM)
TeXHOAOTVAaPHIH K0AJaHy KapacThIPhLAabl. DHeprooPQPeKTUBTI JKoHe
celiCMUKaAbIK peTpoduT OONBIHINA IeTeAsik >Xobadap Toxipubeci
KYMeAeHill, MHAYCTPUSABIK KYPBLABICH AaMbIFaH eAAep YIIH ©3eKTi
Herisri BIM-xypaagap alikpiHaaaraH. KamMatTelK ayAaHAacTBIPYABI,
OHipAepaiH celicCMMKaABIK OeACeHAiAIriH >XKoHe TYPFBIH Y KOPBHIHBIH
TUITIK KYPBLABIMBIH €CKepe OTHIPHII, 0y Kypaasapas! KazakcraH sxar-
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AaribiHa Oeitimaey agici yerasraaaser. BIM-KypaagapAbsl peKOHCTPYKITHSA
MiHJeTTepiMeH >KoHe ©HipAepMeH ColiKeCTeHAipeTiH CBOATBIK KecTe
TYpiHAeTi yAari aAicTeMeaik YCBIHBIMAAp 93ipaeyre, nupAaHABIPYALIH
OacblM OarbpITTapblH OeAarizeyre >KoHe IIMAOTTBIK MOAEpPHM3ALIVL
>k0basaphIH )KOCIapAayFa Heris 604a adabl.

Karouessie caoBa:

AHHOTAI VST

MudopmanyonHoe
MOJeAVpOBaHIe 3AaHUI
(BIM), BIM texnoaorumu,
SHeProd(PPeKTUBHBIN
peTpoduT, cericMIdecKuit
peTpoduT, BhIsIBAEHIIE
KOAAM3UIN, KOMITAeKCHAasI
PEKOHCTPYKIIN, COOpHEIe
dacaansle crcTeMsl,
MOJEePHM3AI KUABIX

CrapeHne MacCcOBOTO KMANIITHOTO (POHAa BTOPOT ITOA0BMHEI XX BeKa Ha
Jone yxxecroueHmst TpeGoBaHUII K DHEProdPQPeKTUBHOCTY, CENCMIU-
9gecKoil 0e30IacHOCTM U KadecTBY TOPOACKONM Cpeanl aelaeT Tpaau-
LMoHHBIe 2D-1104X04BI K IPOEKTUPOBAHNIO HEAOCTaTOYHO Pe3yAbTaTIB-
HBIMI B YCAOBUAX MHOTOBapMaHTHOCTY pellleHnts, Aepuiiura pecypcos
U HeIIOAHOTHI MCXOAHBIX AAHHBEIX. B cTraThe paccmaTpubaeTcsl ImpuMme-
HeHIe TexHOA0rui MHQOPMaLVIOHHOTO MoAeAnpoBsaHus 34aHuii (BIM)
B KOMIIA€KCHOM PEeKOHCTPYKIINY MHOTOKBapTUPHBIX 40MOB. Cucrema-
TU3MPOBAH 3apyOe>KHBIiI OIBIT 9HeprosPpPeKTUBHOTO U CeICMIIECKOTOo
peTpodmura, BBIAeAeHBI KAlodeBble BIM-MHCTpyMeEHTEI, peleBaHTHbIE

3aHUIL. CTpaHaM C pa3BUTON MHAYCTPUAaAbHOI 3acTpolikoil. IIpeaaosxken meTog,
aJanTaluy STUX MHCTPYMEHTOB K ycaoBusAM Kazaxcrana ¢ yuétom
KAMMAaTUYeCKOIO 30HMPOBAHM:, PerruoHaAbHOM CeMICMUYHOCTU U
TUIIOBOI CTPYKTYPEI >KyanimHoro ¢ponga. PaspaboTaHHas cxeMa B BuAe
CBOAHOM TabAMITBI, yBA3bIBaoIIeit BIM-uncTpymMeHTsI ¢ TUIIaMu 3a4a4 U
pernoHamMmy, MOKET CAY>KUTb OCHOBOV AAsl METOANYIECKNX PeKOMEeH-
Aanuii, pasBUTUIO IUQPPOBU3ALNMY U TAaHUPOBAHUSA ITMAOTHBIX
IIPOEKTOB MOJAePHMU3ALIIA.

INTRODUCTION

The mass housing stock built in the second half of the twentieth century is currently
undergoing a stage of intense physical and functional ageing. A significant share of
multi-apartment buildings has been in operation for several decades, leading to the accumulation
of structural defects, reduced energy performance, and non-compliance with modern
requirements for comfort and safety. Under increasingly stringent regulatory standards and the
principles of sustainable development, the comprehensive reconstruction of residential buildings
has become one of the key priorities of urban development in major cities of Kazakhstan.

Object of the study - the processes of reconstruction and modernization of multi-apartment
residential buildings in the existing housing stock.

Subject of the study - the application of Building Information Modeling (BIM) technologies
in the comprehensive reconstruction of residential buildings to improve energy efficiency,
seismic resistance, and architectural and spatial quality.

The aim of the studyis to systematize international experience in the use of BIM
technologies in residential building reconstruction and to develop an approach for their
adaptation to the climatic and seismic conditions of Kazakhstan. The aim is related to proving
the thesis that the integration of BIM into the practice of housing stock reconstruction provides a
qualitatively new level of design coordination, energy performance analysis, and management of
reconstruction processes.

Objectives of the study include:

e to analyze international and pilot projects of residential building reconstruction
implemented using BIM technologies;

e to identify and describe the main categories of BIM tools used for energy-efficient
modernization, seismic strengthening, and schedule and cost management;

e to develop a schematic framework for the recommended application of BIM technologies
in Kazakhstan, taking into account regional climatic and seismic factors.
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Research methods are based on comparative analysis of international and regional
practices, systematization of expert and project data, examination of regulatory requirements,
and modeling of reconstruction scenarios using BIM-based platforms.

Research approach relies on the principles of integrating digital technologies into the
building life cycle, interdisciplinary coordination of architectural, engineering, and operational
solutions, and the concept of sustainable urban development.

Research hypothesis assumes that the implementation of BIM technologies in the
reconstruction of Kazakhstan’s mass housing stock will optimize the design process, improve the
energy efficiency and reliability of buildings, and reduce project duration and costs.

Scientific and practical significance of the study lies in developing a scientifically grounded
approach for adapting international BIM tools to Kazakhstani conditions, contributing to the
formation of a methodological and regulatory foundation for the large-scale reconstruction of the
national housing stock.

LITERATURE REVIEW

To illustrate the potential of the BIM-based approach to the reconstruction and retrofit of
the mass housing stock, it is useful to refer to implemented European projects. Within the
SINFONIA project, demonstration retrofits were carried out on multi-apartment buildings from
the 1960s-1970s, for which information models of the existing buildings were created,
prefabricated facade systems were designed and their energy performance was simulated
(BUILD UP, 2021). The visual analysis of facades “before” and “after” demonstrates a qualitative
change in the architectural appearance of the buildings, which makes it possible to treat such
projects as comprehensive architectural and technical reconstruction (Fig. 1).

pre-retrofit

Figure 1. Results of the modernization of multi-apartment building
Note — compiled by the authors based on (BUILD UP, 2021)

In the MeeFS project, a multifunctional facade system was developed that integrates
thermal insulation, solar protection and ducts for building services, and was applied in the
retrofit of existing multi-apartment buildings (Fig. 2), (CORDIS EU, 2016). BIM models were used
to accurately align modular panels with the existing structure, verify the load-bearing capacity of
connection details and assess the energy impact. The implemented cases clearly show how
prefabricated facade modules make it possible to address energy efficiency and the renewal of
the architectural appearance simultaneously.
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Figure 2. Initial idea for the MeeFS Retrofitting Facade System
Note — compiled by the authors based on (CORDIS EU, 2016)

In studies on integrated seismic and energy retrofit of a reinforced-concrete residential
building from the 1970s, the digital model was used to jointly optimize measures for
strengthening the load-bearing structure and improving the thermal performance of the
envelope, which led to a significant increase in safety levels and a reduction in energy
consumption (Paiho, Seppa & Jimenez, 2015)

Formation of the information model of the existing building

One of the fundamental stages in applying BIM technologies to the reconstruction of
residential buildings is the creation of an information model that reflects the actual condition of
the structures, layouts and building services systems. Unlike new construction, where the model
is generated from design documentation, in reconstruction the key task is to integrate archival
drawings, results of instrumental surveys, as-built measurements, photographic records and
laser-scanning data into a single digital structure (Gholami et al., 2015).

In European demonstration projects of energy-efficient retrofit of multi-apartment
buildings, information models were used to significantly refine the real geometry of existing
facades, the position of window and door openings, and to capture local deformations and
deviations from the original design schemes. This made it possible to correctly design
prefabricated facade modules that provide thermal protection and accommodate new service
ducts, and to check their fit to the existing structures in advance.

Thus, BIM modelling becomes the starting point for all subsequent stages of
reconstruction, reducing the risk of errors associated with discrepancies between design solutions
and the actual condition of the building, which is particularly important for residential buildings
with a long history of operation and numerous local alterations.

Coordination of design solutions and clash detection

An important area of BIM application in reconstruction is improving the coordination of
design solutions and managing clashes between different project disciplines (Fig. 3). The
information model serves as a common platform for architectural, structural and building
services disciplines, enabling automatic detection of interferences and conflict zones before work
starts on site (Muhammad, 2022).

In energy-efficient retrofit projects for multi-apartment buildings, the BIM model was used
to coordinate the routing of building services within the new facade layer and the existing
structures, as well as to integrate new elements (balcony units, technical cabinets, ventilation
ducts) within a limited spatial envelope. Similarly, in comprehensive strengthening projects for
residential buildings, the digital model made it possible to align the positioning of strengthening
elements with the existing architectural and engineering layout, minimizing interventions in
occupied apartments (Lim et al., 2021; Dereje et al., 2021).
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Figure 3. BIM-based coordination in building reconstruction
Note — compiled by the authors

Practical experience shows that the use of a BIM environment for discipline coordination
helps reduce the number of design errors and rework, shortens the time needed to agree solutions
between project stakeholders and decreases the frequency of unforeseen issues during
construction.

Energy-efficient modernization based on BIM models

One of the most developed areas of BIM application in the reconstruction of residential
buildings is the analysis and improvement of their energy performance. Within the information
model, a detailed description of the building envelope is created, including wall build-ups,
parameters of window and door units, thermal bridges and junction details, which makes it
possible to use the model as a basis for heat-engineering calculations and energy simulations
(Ahmed, Heywood & Holzer, 2023).

In the projects considered, various options were analyzed for external facade insulation
using prefabricated modules, replacement of glazing systems and modernization of ventilation
and heating systems (Fig. 4) (Pohoryles et al., 2022). The simulation results showed that a
combination of external facade retrofit and the installation of energy-efficient windows can
provide a significant reduction in heat losses and annual energy consumption, while the
integration of heat-recovery ventilation units further decreases building energy use.

Textile-based anchors

Strengthening layer (<20 mm)

TRM
for Seismic
retrofitting

+
Inorganic binder
(mortar)

»n
s

CaE ary tut

Figure 4. Possible configurations of TRM and energy upgrading solution:
a) Infills and RC structure retrofitting with TRM,
b) Insulation of a building envelope,
c) TRM + capillary heating tubes and
d) TRM + thermal insulation material
Note — compiled by the authors based on (Pohoryles et al., 2022)
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In these projects, BIM models were used not only to verify thermal performance, but also
to assess the techno-economic feasibility of different modernization scenarios, taking into account
construction costs and the expected payback period due to reduced operating expenses (4RinEU,
2020).

Use of BIM for seismic performance and structural strengthening

For residential buildings located in seismic regions, assessing seismic performance and
developing measures to strengthen load-bearing structures is of critical importance. In studies of
integrated seismic and energy retrofit of reinforced-concrete residential buildings from the 1970s,
the building information model served as the basis for constructing the analytical model, taking
into account the geometry of elements, joints and the distribution of stiffness (Ademovic et al.,
2022).

On this basis, different strengthening options were analyzed, including additional
reinforced-concrete or steel elements, local strengthening of panel joints, the installation of
stiffness belts and other measures (Fig. 5) (Pohoryles et al., 2022). Numerical experiments showed
that a well-designed strengthening scheme can provide a significant increase in seismic resistance
while simultaneously improving the energy performance of the building through facade
insulation and replacement of envelope components.

Demolition and
replacement

/linerg) I ¢ -
retrolit - —— I 1 — X
_’ .
Ii( \/
Seismic + . . (e
Energy retrofit

Figure 5. End of service life of buildings: The effect of demolition and rebuilding; energy
upgrading and integrated energy and seismic upgrading in zones of seismic hazard
Note — compiled by the authors based on (Pohoryles et al., 2022)

Linking the BIM model with structural analysis software made it possible to evaluate the
behavior of the building “before” and “after” retrofit, identify the most effective combinations of
strengthening and energy-efficiency measures, and account for technological constraints
associated with construction in a built-up urban context. This approach can be adapted to
residential buildings in other seismically active regions, where safety and energy efficiency are
closely interrelated (Bournas, 2018; Smiroldo, 2022).

Economic efficiency and cost management

Building information modelling is increasingly used as a core tool for cost planning, control
and optimization in reconstruction and retrofit projects, especially when combined with 4D and
5D dimensions. A BIM model that integrates geometry, element properties and work types enable
automated quantity take-off and material schedules, which form the basis for more reliable cost
estimates and scenario comparison between alternative retrofit options (Farouk & Rahman, 2025).
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In energy-efficient and integrated seismic-energy retrofit projects, linking BIM with 4D
schedule models allows visualization of construction phasing and identification of critical
activities, which is particularly important for occupied residential buildings where shutdowns
and access need careful coordination. The addition of the 5D dimension, in which unit cost data
are connected to model quantities and time, supports dynamic cash-flow analysis, continuous
comparison of planned and actual costs, and rapid assessment of the cost impact of design

changes (Fig. 6) (Pishdad & Onungwa, 2024).
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Figure 6. Streamlining the cash management process in construction
Note — compiled by the authors based on a diagram from Pishdad & Onungwa (2024)

The quantitative evidence available in the literature, while context-dependent,
demonstrates consistent patterns of efficiency gains from BIM adoption. Studies analysing
BIM-based cost optimization of seismic retrofit strategies in reinforced-concrete buildings found
that integrated BIM modelling reduced the number of design errors and associated rework costs
compared to conventional approaches, with total project cost reductions linked to fewer change
orders and shorter coordination cycles (Vitiello et al., 2019). In a case study of bridge construction,
BIM adoption based on 4D and 5D modelling was associated with simulated reductions in
rework-related time of approximately 70-85% and cost savings in the range of 65-75%, as assessed
through Earned Value Management analysis. The authors note that these figures are modelled
projections and may vary depending on project scale, scope and implementation context (Elseufy
et al, 2026). For residential retrofit projects specifically, the benefit-cost ratio of BIM
implementation depends on the scale of the programme and the degree of repetition across
similar building typologies: the larger the group of standardized buildings addressed within a
single programme, the more favourable the return on investment in parametric libraries and as-is
modelling workflows (Vitiello et al., 2019).

Such integrated models also support life-cycle cost analysis, enabling comparison of
alternative strengthening and energy-efficiency schemes against the criteria of total economic
losses over the building life cycle. Applied to residential building modernization, this approach
increases transparency for investors and public authorities and provides a quantitative basis for
prioritizing retrofit scenarios and selecting pilot projects (Vitiello et al., 2019).

As-is BIM modelling and laser scanning

For most reconstruction projects, the starting point is the development of an as-is BIM
model that captures the actual geometry, construction system and technical condition of the
building with a level of detail sufficient for design and analysis. This requires combining
heterogeneous sources: archival drawings and specifications, results of visual and instrumental
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surveys (opening up structures, testing materials, checking building services), and terrestrial
laser-scanning data, which are processed into point clouds and then converted into parametric
model elements. Compared to manual measurement, point-cloud-based modelling allows
systematic registration of dimensional deviations, deformations of panels and slabs,
displacements of joints and local defects, as well as discrepancies between the actual
configuration of openings, balconies and engineering routes and the original design
documentation. This improves the reliability of the base model and reduces the risk of
overlooking critical constraints when developing retrofit solutions (Gholami et al., 2015).

Studies on energy-efficient domestic retrofit indicate that an accurately calibrated as-is BIM
model is a prerequisite for robust energy simulations, since thermal performance calculations are
highly sensitive to wall build-ups, junction details and real areas of envelope components. In
projects such as MeeFS, the as-is model is used to design prefabricated facade modules that must
match existing grids of panels, window and door openings and tolerances in slab and wall
positions; here, laser scanning helps to define acceptable tolerance ranges and to adjust module
geometry before fabrication. Similar approaches are reported in integrated seismic and energy
retrofit studies, where the BIM model derived from point clouds provides the geometric basis for
analytical models, enabling more realistic assessment of stiffness distribution and the effect of
local irregularities on seismic response (Gholami et al., 2015).

From an organizational perspective, the as-is BIM model functions as a shared reference
environment for architects, structural engineers, MEP designers and energy specialists, ensuring
that all disciplines work with the same verified representation of the existing asset. It facilitates
clash detection between new retrofit elements (prefabricated facades, strengthening components,
new ducts and risers) and existing structures at an early stage, which is particularly important in
densely serviced or occupied residential buildings. Moreover, once the model is populated with
attribute data on element conditions, materials and service life, it can support life-cycle analyses
and prioritization of measures, linking survey results with cost, energy and seismic performance
indicators within a single digital environment (Fig. 7), (D’ Angelo et al., 2022).

Outline the
information |
exchange

Figure 7. BIM-based BPM (BIM retrofit process) for the retrofit of existing buildings
Note — compiled by the authors based on (D’Angelo et al., 2022)

Parametric libraries of elements

An important aspect of applying BIM technologies to the reconstruction of the mass
housing stock is the development and systematic use of parametric libraries that incorporate
standard retrofit elements and prefabricated systems as configurable digital objects. Such
libraries include facade modules, insulation panels, strengthening components, technical cabinets
and service blocks, each defined by a set of parameters (dimensions, materials, thermal
characteristics, fixings, allowable tolerances and installation rules), which allows rapid
adjustment to specific building typologies and boundary conditions without redesigning
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elements from scratch. In the MeeFS project, the multifunctional facade system was implemented
as a family of parametric modules with embedded data on thermal performance and integration
of building services, enabling designers to generate alternative configurations for different
climates and fagade layouts while maintaining industrialized production and on-site assembly.

Within SINFONIA and similar European projects, libraries of modular insulation systems,
balcony units and technical enclosures are used to assemble retrofit solutions for typical
residential blocks, with parameter sets reflecting local climatic loads, regulatory requirements
and attachment details to existing structures. The use of parametric libraries substantially
accelerates the preparation of reconstruction projects, as quantity take-off, energy performance
indicators and, in some cases, cost data can be updated automatically when parameters change,
which supports multi-variant analysis at early design stages. For the mass housing stock, these
libraries also create preconditions for scaling: once a set of validated parametric solutions has
been developed and tested on pilot buildings, it can be replicated across large groups of similar
houses with controlled adaptation to regional climatic and seismic conditions, thereby reducing
design time, uncertainty and unit costs of modernization (Fig. 8).

T T X
Retrofit moduls

-facade systems
-insulation panels

—> - strengthening —J
components
- technical cabinets

P — \riebode ) Automated Outputs Scalable
BIM libr. - m‘gﬂn‘akc: ;fgmws — | Reconstruction of
- — A edaa Mass Housing Stock

Parameters
- dimensions
- materials
———> | - thermal characteristics
- fixings
- allowable tolerances

- installation rules

Figure 8. Workflow of parametric libraries in BIM-based reconstruction projects
Note — compiled by the authors

MATERIALS AND METHODS

The study has an overview-analytical character and is based on the systematization of
publications and reports on international residential building reconstruction projects using BIM
technologies (MeeFS RETROFITTING, SINFONIA, 4RinEU, etc.), as well as scientific works on
integrated seismic and energy retrofit. The synthesis of these materials made it possible to
identify key categories of BIM tools: as-is BIM modelling and laser scanning, energy modelling,
coordination of design solutions and clash management, integration with seismic analysis, 4D
schedule modelling, 5D cost modelling, parametric libraries of elements and prefabricated facade
systems.

On the basis of a comparative analysis of these categories in terms of the types of tasks
addressed (energy efficiency, seismic performance, coordination, resource management) and
their applicability to the mass housing stock, an expert interpretation was carried out for the
conditions of Kazakhstan, which made it possible to develop a summary scheme of BIM tool
application in the form of a table.

RESULTS AND DISCUSSION

The analysis of the sources showed that in international practice of residential building
reconstruction, BIM technologies are used as a comprehensive decision-support tool at all stages
of the asset life cycle. In the projects considered, information models serve as a basis for creating
an as-is model of the existing building, refining geometry using laser scanning, performing
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energy simulations for different facade retrofit and building services modernization options, and
assessing the economic efficiency and payback periods of the proposed solutions. In studies on
integrated seismic and energy retrofit, the coupling of the BIM model with analytical schemes
makes it possible to simultaneously optimize strengthening schemes for load-bearing structures
and thermal insulation measures for the envelope.

Particular attention should be paid to the use of the BIM environment for the coordination
of design solutions and clash management. Published case studies on the reconstruction and
modernization of highly serviced buildings indicate a significant reduction in rework volumes
and delay risks when clash-detection tools in platforms such as Navisworks and similar
applications are used systematically. An additional effect is achieved through the implementation
of 4D and 5D dimensions, where the information model is linked to construction schedules and
cost indicators, increasing planning transparency and enabling the comparison of alternative
retrofit scenarios against the criteria of time, cost and resource availability.

Based on the synthesis of the identified BIM tool categories and their functions, a summary
table has been developed that presents the application and adaptation of BIM technologies for

the reconstruction of residential buildings in Kazakhstan (Table).

Table. Application and adaptation of BIM technologies in the reconstruction
of residential buildings in Kazakhstan

BIM technology

Tasks in residential
building reconstruction

Potential
outcomes

Recommended regions and
conditions of application

Creation of an
information model of the

Reducing errors
and obtaining

All regions; large cities with a

high share of standard
As-is BIM existing building, accurate & . © o
. . y multi-apartment buildings
modelling accounting for the actual |quantities of
s (Astana, Almaty, Shymkent,
condition and work and
. ) ) etc.)
unauthorized alterations |materials

Laser scanning

Accurate capture of
facade and interior
geometry, identification

Preparing for
prefabricated
facades and

Dense and complex urban
fabric; panel housing estates

pipelines, cable trays and

oint cloud

(P ) of deviations from design |ensuring accurate |from the 1960s-1980s

dimensions installation
. All regions (especially for
Detection of clashes . & (. P Y .
Reducing rework, |comprehensive modernization
. between structures, . - .
Clash detection costs and project |of building services and

building occupancy

duration facade insulation in occupied
new facade systems o
buildings)
Assessment of heat
losses, selection of Reducing energy . .
.. . . . . Cold and continental regions
Energy-efficient |insulation thickness, consumption and
. . . (Astana, Kostanay, Pavlodar,
modelling window types and justifying
- Ust-Kamenogorsk, etc.)
ventilation parameters payback
with heat recovery
Simulation of work
4D BIM . Schedule control e
sequence and duration, e .. Large cities (block-scale
(BIM + ) . and minimizing . .
. planmng reconstruction . K reconstruction projects,
construction .. disruption for .
under conditions of phased retrofit)
schedule) occupants
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End of Table 1
BIM technology Tasks in residential Potential Recommended regions and
building reconstruction outcomes conditions of application
Calculation of retrofit
scenarios’ costs and Justifying All regions (projects

5D BIM (BIM +
cost)

analysis of budget
sensitivity to changes in
scope and design
decisions

investments and
supporting option
selection

implemented under state
housing modernization
projects)

Integration of
BIM with
seismic analysis

Generation of analytical
models from the BIM
model, assessment of
building behavior before
and after strengthening,
selection of seismic
strengthening schemes

Enhancing seismic
safety at optimized
cost

Southern and south-eastern
regions (Almaty, Almaty
region, Zhambyl region,
Turkistan region, etc., with
increased seismicity)

Parametric
libraries of

Standardization of facade
modules, insulation
details, strengthening

Scaling solutions
across groups of

Cities with a high share of
standard multi-apartment

standard elements and service .. g .
. similar buildings buildings
elements blocks for typical
buildings

Common Data
Environment
(BIM 360 and
similar
platforms)

Collaborative work of
designers, the client and
contractors; storage and
updating of project and
operation data

Improving the
manageability of
reconstruction
projects

All regions (especially when
launching municipal or
regional projects for
comprehensive housing
stock modernization)

Note — compiled by the authors

This representation shows that some BIM tools (as-is modelling, laser scanning, clash
detection, energy modelling) can be implemented as priority steps within pilot projects for the
reconstruction of multi-apartment buildings, whereas more advanced solutions (4D/5D BIM,
integration with seismic analysis, common data environments) are best developed gradually as
experience is accumulated and the regulatory and methodological framework is improved.

Limitations of BIM implementation in residential building reconstruction

Despite the significant potential of BIM technologies, their implementation in the
reconstruction of existing residential buildings involves a number of constraints that must be
considered when planning and scaling the application of digital tools.

The primary barrier is the high initial cost of implementation: expenses for BIM software
licences, hardware upgrades, and staff training can be prohibitive for small and medium-sized
design organizations, which form the majority of the market in countries at early stages of BIM
adoption. Research indicates that the cost of BIM tools and the training of qualified personnel
consistently rank among the top barriers to adoption, alongside the high learning curve
associated with the transition from traditional 2D workflows.

A second critical constraint is the shortage of skilled professionals with practical BIM
experience in reconstruction projects. Unlike new construction, where BIM workflows are
increasingly standardized, retrofit BIM requires specialized competencies - in particular, the
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ability to process point-cloud data, calibrate as-is models against survey results, and link
geometric models with energy and structural analysis tools. In countries of Eastern Europe and
Central Asia, the diffusion of such competencies remains limited due to insufficient BIM training
programmes, lack of national standards and a low level of mandatory requirements for BIM use
in public procurement.

The third group of constraints is regulatory. The absence of approved BIM standards,
model-delivery requirements and contractual frameworks governing the use of information
models in the reconstruction of existing housing stock increases uncertainty for project
participants and reduces incentives for investment in digital tools. In Kazakhstan, as in other
post-Soviet countries, the regulatory environment for BIM in reconstruction has not yet been fully
formed, which means that the integration of BIM tools must be accompanied by the parallel
development of methodological guidelines and pilot regulatory frameworks.

CONCLUSION

The analysis has shown that BIM technologies have significant potential to improve both
the efficiency and quality of residential building reconstruction projects. The information model
of an existing asset, when complemented by tools for energy and seismic analysis, clash
management and other functionalities, can substantially reduce design errors and rework,
decrease uncertainty in schedule and cost estimates, and support a more informed selection of
retrofit scenarios in terms of energy performance and safety.

For Kazakhstan, with its combination of harsh climatic conditions, seismically active
regions and a substantial share of industrial-era housing, the BIM-based approach appears
particularly promising. The summary framework for the application and adaptation of BIM tools
across the country’s regions outlined in this study provides a basis for developing methodological
guidelines and pilot comprehensive reconstruction projects. Further research should focus on
refining as-is modelling procedures for the most common residential building types, developing
parametric libraries of energy-efficient and seismic retrofit solutions, and creating a regulatory
and methodological framework governing the use of information models in large-scale housing
stock reconstruction.
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