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Abstract. The digital transformation of the construction industry requires a shift from frag-
mented voluntary technology adoption to structured regulatory implementation. This study examines
the mandatory implementation of Building Information Modeling (BIM), referred to in Kazakhstan as
TIMSO (Technology of Information Modeling of Construction Objects), as a pre-implementation case
of regulatory-driven digital transformation in the construction sector of the Republic of Kazakhstan.
Using a comparative document-based analysis and drawing on institutional theory, innovation diffu-
sion, and international BIM mandate experience, the study analyzes the regulatory design of manda-
tory BIM adoption in Kazakhstan in relation to three reference jurisdictions: the United Kingdom,
Singapore, and Finland. A three-level analytical framework is developed, comprising normative, or-
ganizational, and technological dimensions of implementation. The study introduces the concept of
computable regulation readiness (CRR) to distinguish between the formal adoption of BIM mandates
and the broader regulatory conditions required for automated compliance checking (ACC). The find-
ings show that Kazakhstan’s mandate already establishes the formal basis for structured information
delivery and phased implementation, but that digital submission infrastructure, interoperability en-
forcement, and institutional authorization of computational verification remain underdeveloped. The
study demonstrates that mandatory BIM adoption should not be equated with computable regulation
readiness and argues that regulatory digitalization depends on the combined development of struc-
tured data requirements, standardized exchange procedures, and formalized regulatory knowledge.
The findings contribute to the literature on regulatory-driven BIM adoption in transitional economies
and provide practical implications for digital construction governance.
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AKOAPATTBIK MOJEJBJIEY TEXHOJOTMSICBIH MIHJIETTI
KOJJIAHY — KASAKCTAH PECITYBJIUKACBIHBIH KYPBLIBIC
CAJACHIH HU®PIBIK TPAHC®OPMAILUASLIIAY
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'Ka3ak KyphlIbIC KoHE CIYJIET FBLIBIMH-3€pPTTEY KOHE 5K00anay HHCTHTYTHI,

050000, Anmarsl, Kazakcran

KaszakcTaH Pecry6nukachl ©OHepKCiI KoHe KyPBUIBIC MUHHCTPIIri KypBUIBIC 5KOHE TYPFHIH Yii-
KOMMYHAJIJIBIK IIapyalllbUIbIK ICTepl KOMUTETIHIH «XKoGanapipl MEMJIEKETTIK BEIOMCTBOJIAH THIC
capartay» IapyambUIbIK KYPIi3y KYKbIFbIHAAFbl PECITYOIHKAIBIK MEMIIEKETTIK KOCITOPHBI
(«Memcapantama» PMK), 010000, Actana, Kazaxctan

SKapmudd yausepcuteti, CF24 3AA, Kapmudd, Yasibpurannus

Anpatna.  Kypuoliblc  canacelh — yu@pavlk — mpancopmayusnay — mexsoroSusiapobl
pacmenmapavl  epixmi  en2izyoern 0aapobl KYPbLILIMOAAZAH —HOPMAMUBMIK  OeKimyee KouLy
Kasicemmicin myvinoamaowsl. Maxanraoa Kazaxcman Pecnybiukaceinoa Kypolivlc 00bekminepin
aknapammulx, mooenvoey mexuonocusacoln (KOAMT) mindemmi Kondamy KYpoliblc CAidCbIHOA2bL
pemmeyuii Mypavloan auKbIHOAN2AH YUDPIbIK Mpanchopmayusansly icke acvlpy ai0blHOaebl
Jlcazoaiivl peminde Kapacmvipbliaovl. UucmumyyuoHaioblx meopusnzd, UHHOSAYUAIAp oug@ysuscol
myorcoipvimoamacoina dcone BIM-uanoammapein enzizydiy xanvikapanvlx mooicipubecine cytiene
omvipuin, Kazaxcmanoazvl BIM-0i minoemmi eH2i3y0iy HOpMamuemix KYpulibiMbl ¥ielOpumanus,
Cuneanyp scone QUHIAHOUAMEH CANBICHBIPMATbL KYHCAMMBIK MAN0ay He2izinoe sepmmenedi. Icke
acvlpyobiy HOPMAMUBMIK, YULMOACMbIDYULBIIBIK HCIHE MEXHONIOSUSTbIK OeH2elllepiH KaMMUmulH Yl
Oeneelili AHATUMUKANBIK KYPbLIbIM YCbIHbLIZAH. ABMOMAMMAHObIPLINRAH CIUKeCMIKMI meKcepyee
Kacxcemmi  Kenipek pemmeywi — aneviwapmmaposl  BIM-manoamein  (popmanvost  eHeizyoeH
aoicelpamyaa MYMKIHOIK Oepemin ecenmenemin pemmeyee OaublHObIK (computable regulation
readiness, CRR) yzvimvl encizinedi. 3epmmey Homuoiwcenepi Kazaxcmauwoazel manoam
KYPbLIbIMOAN2aH AKNApammul YCbIHY MeH Ke3eH-Ke3eHiMeH eH2i3y0ly HOPpMamuemiK He2i3iH
Kanblnmacmelp2aHblt, aiauoa yu@dprvl manculpy UHOPAKYPLLIbIMGL, —UHMEpOonepadenbOilikmi
KaMmamacwsl3 emy memikmepi JHcoHe ecenmey apiblibl 8epUDUKaAyULIayObl UHCIUMYYUOHALObIK
many Oeneelli ani Oe dHcemKiniKci3 oamvieanvlin Kepcemedi. BIM-0i minoemmi eneizy ecenmenemin
pemmeyee OaublHObLIKNEH Mene-mey emec eKeHi Hezizdenedi, an pemmeyoi YUQpianovlpy
KYPbLIbIMOAN2aH 0epekmepee KOUbLIAmblH MAaianmapobly, CMaHOApmMmanigan aimacy pacimOepiniy
JHcoHe  opmandanearn HOpmMamuemix OLNIMHIY Kamap OamyblHa mayendi eKeHi auKbIHOAAdAObl.
AnviHean Homudicenep emneni 3KOHOMUKA Hca20alvlHOazwbl endepde BIM-0i pemmeywi mypevioan
eHei3y JHCOHIHOe2l 3epmmeyiepee Yaec KOCAObl HCIHE KYPbLIbIC CANACLIH YUPDPAbIK 6acKapy Yulin
NPAKMUKATBIK MIHEE Ue.

Tyiin ce3mep: zumapammaposl axnapammuls Mmooenvoey, BIM-0i mindemmi eneizy;
KYpoulavicmbl yu@pavly backapy, opmax 0epeKmep Opmacsl, asmMOoMAmMmanObIPbLIEAH CIUKeCmiKmi
mekcepy,; pemmeyoi Mpanchopmayuanay,; oMipaiK Yuki aknapamsln 0acKapy, auslk CmaLoapmmap;,
OHMOIOCUSTILIK, (DOPMATUZAYUSL.
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PECIIYBJIMKHU KAZAXCTAH
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'Kaszaxckuii HaydHO-HCCIIEN0BATENBCKHI H IPOEKTHBIN MHCTHTYT CTPOMTENHCTBA H APXUTEKTYPHI,
050000, Anmarsl, Kazaxcran

’Pecry6IMKAHCKOE TOCYIAPCTBEHHOE TIPENPUSTHE HA MPABE XO3AHCTBEHHOTO BEICHHUS
«[ocymapcTBeHHasi BHEBEZJIOMCTBEHHAS DKCIIEPTH3a MPOEKTOB» KomuTeTa 1Mo jenaM CTpouTeIbCTBa
Y JKUITUIIHO-KOMMYHAJIBHOTO X03s1iicTBa MUHHCTEPCTBA MMPOMBIIUIEHHOCTH U CTPOUTEILCTBA
Pecrryonmmkm Kazaxcran (PI'TI «T'ocakcneprusax), 010000, Acrana, Kazaxcran

SKapmuddcekuii yansepcutetr, CF24 3AA, Kapmudd, BenmukobpuTanus

AunoTanus. [{ugposas mpancopmayus cmpoumenvHol ompaciu mpebdyem nepexooa om
pasmenmaprnoco  000POBOILHO20 — GHEOPEHUS  MEXHONO2Ulti K  UX  CIMPYKINYPUPOBAHHOMY
HOpMamueHOMYy  3aKpenieHuro. B cmamwve  00A3amenvHOe  HpuMeHeHUe  MEeXHOA02UU
UHDOPMAYUOHHO20 MOOenuposanus cmpoumenvhulx 0bwvekmos (TUMCO) ¢ Pecnyonuxe Kazaxcman
paccmampugaemcst  Kak — Nnpeosapumenvhulil  Kelic  pe2yismopHOo  00YCIO06AeHHOU  Yudposoi
mpancgopmayuu cmpoumenvholl cepul. Ha ocnoge cpasHumenbno2o OOKYMEeHMATbHO20 AHATU3A C
ONOPOU HA UHCIMUMYYUOHATLHYIO MEOPUio, KOHYenyuro ougy3uu uHHoBAyUll U MeiCOVHAPOOHblLIL
onvim BIM-mandamos ucciedyemcsi HOpMamuHas KOHCMPYKyus ooszamenvhozo enedpenus BIM ¢
Kasaxcmane 6 conocmaenenuu c¢ mpems pegepenmuvimu opucoukyuamu: Beruxobpumanueti,
Cuneanypom u Quunanoueu. Paspabomana mpexyposHesas AHANUMUYECKAS PAMKA, 6KIIOYAIOWAsL
HOPMAMUBHBIL, OP2AHU3AUUOHHBIL U MEXHOIO0SUYECKUll YpOo8HU peanuzayuu. Beedeno nonamue
20MOBHOCU K  8bIYUCIUMOMY — pecynuposanuto  (computable regulation readiness, CRR),
nozeonAwwee pasiuvames gopmanvHoe ggedenue BIM-uwanoama u Oonee wupoxuti Habop ycrogutl,
HeobX00UMbIX O ABMOMAMUIUPOBAHHOU NpOBepKU coomeemcmeus. Pezynomamul noxaszvieaiom,
YMO KA3AXCMAHCKUU MaHoam yoace hopmupyem HOPMAMUBHYIO OCHOBY OJisl CMPYKIMYPUPOBAHHOU
nepeoauu uHOpMayuu U NOIMANHO20 BHeOpeHUs, OOHAKO UH@pacmpyKkmypa yugposoii nodauu,
MexaHuzmvl — oDecnedeHuss — UHMeEPOnepadenbHOCmu U UHCMUMYYUOHANbHOE  NPUSHAHUE
BBIMUCTUMENbHOU — 8epupuKayuy  ocCmarmcs HedocmamoyHo paszeumvimu. Ilokazano, umo
obsazamenvroe enedpenue BIM ne moocoecmeeHHO 20MOBHOCMU K 8bIYUCIUMOMY Pe2yIUpO8aHUIo, d
yugposuzayus  pecyiuposanus  3d6UCUM  OM  COBMECIMHO20  pa3sumusi  mpebo8anull K
CMPYKMYPUPOBAHHBIM OAHHBIM, CMAHOAPMUUPOBAHHBIX Npoyedyp 00MeHa U GopMaIu308aHHO20
HopmamugHozo 3Hauus. llonyuenHvle pe3yibmamvl 6HOCAM 6KIAO 6 UCCIe008AHUS De2YIAMOPHO
obycnosnennoeo enedpenus BIM 6 cmpanax ¢ nepexoOHOU 5KOHOMUKOU U UMEOM NpaKmuiecKoe
3Hauerue 018 Yu@dposo2o YnpasieHus CmpoumenbHol Ompacivio.

KuaroueBble ciaoBa: urH@opmayuonnoe mooerupoganue 30aHuil;, o00s3amenvHoe GHedpeHue
BIM; yugposoe ynpasienue cmpoumenbcmeom, cpeda O0OWUX OAHHBIX, ABMOMAMUUPOBAHHAS
npogepKka  COOMBEmMCmeus,  mpaHcopmayus  pe2yiuposanus;  ynpaeieHue  uHgopmayuei
JHCUSHEHHO20 YUKILA, OMKPbIMble CMAHOAPMbL, OHMOL0UYECKAsL (DOPMATUZAYUSL.
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1 INTRODUCTION

The construction industry remains one of the least digitized sectors of the global economy, de-
spite long-standing pressures to improve productivity, quality assurance, and regulatory efficiency
[22]. In this context, Building Information Modeling (BIM) has become the central technological
paradigm of the architecture, engineering, and construction (AEC) sector, enabling the generation,
coordination, and lifecycle management of structured digital information about built assets [10].

However, international experience indicates that voluntary BIM adoption alone rarely produc-
es sector-wide transformation [8]. Earlier studies demonstrated that without institutionalized im-
plementation mechanisms, BIM diffusion tends to remain fragmented across individual projects and
organizations, limiting interoperability and preventing systemic change [11; 21; 31]. This has led
many jurisdictions to move from incentive-based promotion toward mandate-based implementation,
using regulatory instruments to standardize information requirements, align industry practices, and
accelerate digital transition.

The United Kingdom’s BIM Level 2 mandate, introduced in 2016 for centrally procured pub-
lic projects, is widely recognized as a landmark example of regulatory-driven transformation in
construction [15]. Comparable approaches have also been pursued in Singapore, the European Un-
ion, and several Nordic countries, where BIM requirements were progressively linked to public
procurement, interoperability standards, and digital submission procedures [4; 7; 12]. These experi-
ences suggest that the significance of a BIM mandate extends beyond software adoption: it restruc-
tures the regulatory and organizational conditions under which construction information is pro-
duced, exchanged, and verified.

In the Republic of Kazakhstan, this transition has been formalized through the Concept for the
Implementation of Information Modeling Technology in Industrial and Civil Construction, ap-
proved by Order No. 33-NQ of the Committee for Construction and Housing Affairs on 20 February
2025 [14]. The Concept establishes the strategic basis for the phased introduction of mandatory
TIMSO/BIM, with the first phase of mandatory application entering into force on 1 July 2026 in
accordance with the implementing orders of the authorized body adopted in 2025 (Orders No. 161
and No. 114). In regulatory terms, this marks a shift from viewing the information model as an op-
tional project tool toward recognizing it as a formally required element of the construction process.

Such a transition has implications that go beyond design digitization. Mandatory BIM imple-
mentation presupposes changes in information management practices, including the use of Common
Data Environments (CDE), structured exchange requirements, interoperable data formats, and
alignment with 1SO 19650 principles [16-17]. It also raises a broader regulatory question: under
what conditions can a BIM mandate serve as a foundation for automated and computable forms of
compliance assessment? This question is increasingly relevant in light of the growing body of re-
search on Automated Compliance Checking (ACC), semantic technologies, and machine-readable
regulatory knowledge [3; 35].

Although BIM mandates have been extensively discussed in relation to developed economies,
less attention has been devoted to how such mandates are structured in developing and transitional
contexts, where regulatory modernization, institutional capacity, and digital infrastructure evolve
unevenly [1]. There remains a need for analytical approaches that distinguish between the formal
introduction of BIM obligations and the broader regulatory conditions required for data-driven and
computational governance.

This study addresses that gap by examining the Kazakhstani BIM mandate as a pre-
implementation case of regulatory-driven digital transition. It asks not only how mandatory BIM is
formally structured, but also which regulatory conditions determine whether such a mandate can
evolve into a computable compliance environment. To answer this question, the study applies a
comparative document-based analysis and develops an analytical framework that integrates norma-
tive, organizational, and technological dimensions of implementation.

Accordingly, the study addresses two research questions. RQ1: How is the Kazakhstani man-
datory TIMSO/BIM framework structured at the normative, organizational, and technological levels
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in comparison with established mandate jurisdictions? RQ2: To what extent does the current regula-
tory environment in Kazakhstan satisfy the conditions of computable regulation readiness, and
which of these conditions remain underdeveloped?

Research novelty. The novelty of this study lies in four elements. First, it develops a structured
comparative framework for examining mandatory BIM implementation across jurisdictions using
predefined analytical criteria. Second, it conceptualizes mandatory BIM not simply as a policy re-
quirement, but as a three-level institutional mechanism comprising normative, organizational, and
technological dimensions. Third, it introduces the concept of computable regulation readiness
(CRR) as an analytical construct for distinguishing between formal BIM mandate adoption and ac-
tual readiness for automated compliance checking. Fourth, it applies this framework to Kazakhstan
as a transitional pre-implementation case, identifying the specific combination of existing mandate
elements, missing infrastructure, and unresolved regulatory conditions.

The remainder of the paper is structured as follows. Section 2 describes the materials and
methods, including the comparative analytical procedure. Section 3 presents and discusses the find-
ings of the document-based comparison together with their theoretical and policy implications. Sec-
tion 4 concludes by summarizing the scientific contribution of the study and outlining directions for
future research.

1.1. BIM Adoption: From Voluntary Initiatives to Regulatory Mandates

The trajectory of BIM adoption in the global construction industry exhibits a consistent pat-
tern: voluntary, market-driven adoption is insufficient for achieving sector-wide penetration and
standardization. Succar's [31] seminal framework for BIM adoption identified three fields (technol-
ogy, process, and policy) whose coordinated development is essential for industry-level transfor-
mation. Empirical evidence from multiple jurisdictions confirms that without regulatory interven-
tion, BIM adoption remains heterogeneous, creating information silos and interoperability barriers
[21; 34].

The concept of BIM maturity, advanced by Succar and Kassem [32], provides a granular tax-
onomy of adoption stages, ranging from object-based modeling to network-based integration, that
informs the design of mandate strategies. Jurisdictions that have implemented BIM mandates
demonstrate accelerated progression through maturity stages compared to those relying solely on
market forces [11].

1.2. International BIM Mandate Experiences

The UK BIM Level 2 mandate [15] established the requirement for collaborative 3D BIM
with structured data exchange on all centrally procured public construction projects. The mandate
was supported by a comprehensive ecosystem of standards (BS 1192, PAS 1192-2/3), tools (BIM
Toolkit, Digital Plan of Work), and capacity-building programs. Evaluations indicate that the man-
date achieved significant improvements in information management maturity, reduced project de-
livery times, and enhanced cost predictability [24].

The European Union's approach, articulated through Directive 2014/24/EU on public pro-
curement, encourages, without strictly mandating, the use of BIM in public works. The EU BIM
Task Group [12] published a handbook providing policy recommendations for member states, em-
phasizing the importance of graduated mandates, pilot projects, and stakeholder engagement. Scan-
dinavian countries, notably Finland, Norway, and Denmark, have implemented national BIM re-
quirements that predate the EU directive and have achieved relatively high levels of digital maturity
in construction [7].

Singapore's Building and Construction Authority (BCA) implemented mandatory BIM sub-
mission for architectural plans in 2013, subsequently extending the requirement to structural and
mechanical, electrical, and plumbing (MEP) disciplines. Research demonstrates that the Singapore-
an model's success derives from the integration of regulatory requirements with digital submission
infrastructure, automated rule checking capabilities, and sustained investment in workforce devel-
opment [33].
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1.3. Information Management Standards and Interoperability

The 1SO 19650 series [16-17] represents the international consensus on information man-
agement principles for the built environment using BIM. Part 1 establishes concepts and principles,
while Part 2 specifies requirements for the delivery phase. The standard introduces key constructs,
including the Common Data Environment (CDE), Exchange Information Requirements (EIR), and
the distinction between Project Information Models (PIM) and Asset Information Models (AIM),
that structure information flows across the asset lifecycle [10].

Interoperability, defined as the ability of diverse systems and organizations to exchange and
utilize information effectively, remains a critical challenge in BIM implementation. The Industry
Foundation Classes (IFC) schema, maintained by buildingSMART International [5], provides a
vendor-neutral data model for describing built environment objects and their properties. The Infor-
mation Delivery Specification (IDS), introduced by buildingSMART [6], enables the definition of
machine-readable information requirements that can be validated against IFC models, establishing a
bridge between contractual requirements and digital deliverables.

1.4. Automated Compliance Checking (ACC)

Automated Compliance Checking represents the computational verification of building de-
signs against regulatory requirements using structured data from BIM models. The field has evolved
over more than five decades, from early rule-based approaches [9] to sophisticated systems incorpo-
rating natural language processing, semantic analysis, and knowledge representation techniques.
Recent reviews have documented both the growing commercial viability of ACC tools and the per-
sistent challenges that impede their widespread adoption, including data quality issues, the com-
plexity of regulatory language, and the limited interoperability between rule-checking engines and
BIM platforms [2; 25].

Zhang and EIl-Gohary [35] developed methods for automated information extraction from
construction regulatory documents using semantic NLP, demonstrating the feasibility of converting
textual regulations into executable computational rules. Nawari and Ravindran [23] explored the
integration of blockchain technology with BIM processes, highlighting the potential for decentral-
ized compliance verification and transparent information exchange in construction. Beach et al. [3]
provided a comprehensive state-of-the-art review, establishing a taxonomy of ACC approaches and
identifying open research challenges including scalability, multi-jurisdictional applicability, and in-
tegration with evolving BIM standards.

The realization of ACC depends critically on the availability of semantically rich, standard-
ized building data, precisely the type of data that mandatory BIM implementation is designed to
produce. This relationship between regulatory mandates and ACC readiness constitutes a key theo-
retical link explored in the present study.

1.5. Ontological Formalization of Regulatory Knowledge

The transition from document-centric to data-centric regulation requires the formalization of
normative requirements in machine-readable formats. Ontological approaches provide structured
representations of domain knowledge that enable automated reasoning, semantic interoperability,
and knowledge reuse [27].

In the construction domain, ontological formalization has been applied to building codes,
safety regulations, and construction standards, with promising results in reducing interpretive ambi-
guity and enabling automated verification. Kabzhan et al. [18] demonstrated the transition pathway
from thesaurus-based knowledge organization to formal ontological models in construction, estab-
lishing the methodological foundations for representing regulatory knowledge as computable struc-
tures. Furthermore, research on controlled natural language (CNL) in construction regulatory doc-
uments has shown that constrained linguistic structures can bridge the gap between human-readable
norms and machine-processable rules [19].
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Recent work on semantic and ontology-based analysis of regulatory documents has advanced
the integration of BIM data with formalized regulatory knowledge, providing empirical evidence
for the feasibility of computable regulation in the construction domain [20].

2 MATERIALS AND METHODS

2.1. Research Design and Analytical Framework

This study employs a qualitative comparative document analysis of regulatory and institution-
al instruments governing mandatory BIM implementation. The Republic of Kazakhstan is examined
as the focal case, with the regulatory framework for mandatory TIMSO/BIM adoption serving as
the primary object of analysis. The documentary corpus for the focal case includes: (a) the Concept
for the Implementation of TIMSO/BIM in Industrial and Civil Construction of the Republic of Ka-
zakhstan, approved by Order No. 33-NQ of 20 February 2025 [14]; and (b) associated normative
and methodological documents defining implementation scope, timelines, information require-
ments, and institutional responsibilities.

To contextualize the Kazakhstani case, the study incorporates three reference jurisdictions se-
lected for structured comparison: the United Kingdom, Singapore, and Finland. These jurisdictions
were selected purposively because they represent distinct and well-documented models of BIM
mandate development. The United Kingdom was selected as a mature case of national mandate im-
plementation supported by a broad evaluative literature base [15; 24]. Singapore was selected be-
cause it combines BIM mandate requirements with operational digital submission infrastructure and
documented automated rule-checking mechanisms [4]. Finland was selected as an early public-
sector adopter of IFC-based requirements and as a relevant reference case for permit automation
and interoperability-oriented implementation [7; 30].

The source selection followed explicit inclusion criteria. Documents were included if they met
three conditions:

(1) they had formal regulatory, institutional, or officially recognized guidance status;

(2) they directly addressed TIMSO/BIM implementation, interoperability requirements, digi-
tal submission processes, or compliance-related infrastructure; and

(3) they provided sufficient information for coding at least one of the predefined comparison
criteria.

Draft documents, informal commentaries, and sources without formal adoption or institutional
standing were excluded from the core analytical corpus. For the international jurisdictions, peer-
reviewed evaluative publications were used as supplementary interpretive sources to contextualize
official documents, but not as substitutes for them.

The analytical procedure consisted of five stages. First, the Kazakhstani regulatory corpus
was reviewed to identify the formal structure of the mandate, including its legal basis, phased im-
plementation logic, scope of application, and references to information management and interoper-
ability requirements. Second, a documentary corpus was assembled for each reference jurisdiction
using the same inclusion principles. Third, all materials were coded using seven predefined analyti-
cal criteria: legal trigger mechanism, scope of application, phasing strategy, interoperability stand-
ards, digital submission infrastructure, ACC integration, and institutional support mechanisms.
Fourth, the coded data were synthesized into a comparative matrix to identify patterns of similarity,
difference, and implementation asymmetry across the four jurisdictions. Fifth, the comparative find-
ings were interpreted through the combined lens of institutional theory [26; 29], innovation diffu-
sion theory [28], and the multi-level perspective on socio-technical transitions [13].

To improve analytical transparency, each comparison criterion was operationalized in ad-
vance. “Legal trigger mechanism” referred to the formal regulatory or institutional instrument

through which BIM implementation was imposed or required. “Scope of application” referred to the
30
https://doi.org/10.51488/1680-080X/2026.2-02


https://doi.org/10.51488/1680-080X/2026.2-02

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

categories of projects or assets subject to mandatory requirements. “Phasing strategy” referred to
the temporal or disciplinary sequencing of mandate expansion. “Interoperability standards™ referred
to formally referenced data exchange or information management standards, including IFC, 1SO
19650, IDS, and related frameworks. “Digital submission infrastructure” referred to the documented
existence and maturity of formal digital environments for regulatory or procedural submission, cod-
ed in descriptive terms such as absent, under development, pilot-stage, or operational. “ACC inte-
gration” referred to the degree to which automated rule checking or computational compliance
mechanisms were formally recognized or embedded in implementation practice. “Institutional sup-
port mechanisms” referred to documented organizational structures, guidance systems, training in-
struments, or state-supported implementation programs accompanying the mandate.

In addition, the three conditions of computable regulation readiness introduced in Section 3.6
— data structuredness, exchange standardization, and institutional authorization of computational
verification — were assessed for each jurisdiction using the same documentary corpus and a three-
value descriptive scale: established, emerging, or absent. A condition was coded as established
where it was formally embedded in binding regulatory or procedural instruments; emerging where it
appeared in pilot programs, draft instruments, or partially adopted requirements; and absent where
no documentary evidence of formal recognition was identified. As with the seven comparison crite-
ria, these codings are analytical characterizations of documented mandate design, not independent
performance audits.

The comparison was designed as analytical rather than benchmark-based. Table entries do not
constitute independent performance audits and should not be interpreted as quantitative measures of
implementation success. Instead, they represent a structured comparison of mandate design charac-
teristics as documented in formal sources and supporting evaluative literature. This distinction is
especially important in the Kazakhstani case, where the mandate remains at a pre-implementation
stage and therefore cannot yet be assessed through outcome-based indicators.

Building on this comparative procedure, the study uses a three-level analytical framework
comprising normative, organizational, and technological dimensions of mandatory BIM implemen-
tation. This framework structures the interpretation of the findings and provides the basis for exam-
ining how formal BIM obligations relate to broader conditions of regulatory digitalization. Table 1
presents the analytical framework used in the study.

Table 1 — Multi-Level Analytical Framework for Mandatory BIM Implementation

Ne Level Key Components Functional Purpose Expected Outcomes
. . Taxonomy of construction ob- Establishment of mandatory Industry-wide BIM adop-
Normative (Insti- . ™ R - . . .
1 tutional) jects; phased timelines; regula- requirements and regulatory tion scaling; baseline com-
tory enforcement instruments pressure mechanisms pliance
Organizational CDE: EIR: PIM/AIM: infor- Organlzgtlon of structured in- P_rc_>ce§§ coherence_; trgcea—
2 . formation management and bility; inter-organizational
(Process) mation management protocols - .
stakeholder coordination alignment
Open data formats (IFC); ex- Ensuring machine-readability, ACC readiness; cross-
3 Technological change specifications (IDS); interoperability, and computa- platform data exchange;
(Infrastructure) structured data models; onto- tional verifiability of building computable regulation
logical frameworks data foundations

The seven comparison criteria were interpreted through a three-level analytical framework
comprising normative, organizational, and technological dimensions. Sections 2.2—2.4 describe how
each level was examined.
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2.2. Normative Level Analysis

The normative level examines the formal institutional conditions through which mandatory
BIM implementation is introduced and structured. At this level, the analysis focuses on regulatory
instruments that establish compulsory requirements, define the scope of application, determine the
sequencing of implementation, and assign institutional responsibilities. For the Kazakhstani case,
particular attention is given to the Concept for the Implementation of Information Modeling Tech-
nology, which functions as the principal mandate-setting instrument and defines object categories,
implementation phases, and governance responsibilities [14].

The normative analysis was conducted using four guiding questions:

(1) What formal instrument establishes the mandate?

(2) To which categories of projects or assets does the mandate apply?

(3) How is the implementation timeline structured?

(4) Which public or institutional actors are assigned implementation or oversight functions?

Using these questions, the Kazakhstani mandate was compared with the selected reference
jurisdictions in order to determine whether its regulatory design follows patterns of immediate im-
position, staged expansion, or differentiated application by sector, project type, or implementation
phase. This level of analysis also identifies gaps in mandate design, particularly where formal obli-
gation is introduced without corresponding precision regarding enforcement mechanisms, submis-
sion procedures, or downstream compliance processes.

2.3. Organizational Level Analysis

The organizational level examines how mandatory BIM requirements are translated into struc-
tured information management practices and inter-organizational coordination mechanisms. The
analysis is anchored in the 1ISO 19650 framework [16—17], which provides the conceptual basis for
assessing whether a mandate is supported by procedures governing information creation, exchange,
review, and continuity across the project lifecycle.

At this level, the analysis focuses on the presence or absence of three organizational compo-
nents:

(1) Common Data Environment (CDE) arrangements as the shared environment for storing,
reviewing, and exchanging project information;

(2) formally defined information requirements, including Exchange Information Require-
ments (EIR) or analogous structured specifications; and

(3) the use of Project Information Models (PIM) and Asset Information Models (AIM) as
mechanisms for maintaining information continuity between project phases.

The purpose of this level is not to evaluate the actual organizational maturity of specific firms
or agencies, but to determine whether the regulatory and institutional framework contains the pro-
cedural foundations necessary for coordinated information management under mandatory BIM con-
ditions. In comparative terms, this level makes it possible to distinguish between mandates that im-
pose BIM as a submission obligation only and those that also restructure the process environment in
which digital information is generated and governed.

2.4. Technological Level Analysis

The technological level examines whether the mandate environment is supported by the digi-
tal and semantic infrastructure required for interoperable, machine-readable, and potentially com-
putable implementation. The analysis focuses on three interrelated dimensions:

(1) data continuity through open and interoperable exchange formats, principally IFC [5];

(2) information validation through machine-readable requirement structures, including IDS or
functionally similar specification mechanisms [6]; and
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(3) the existence of enabling conditions for automated compliance checking, including for-
malized regulatory logic, ontological knowledge structures, and rule-oriented semantic representa-
tions [20; 35].

This level was used to assess not whether full automated compliance checking is already op-
erational in each jurisdiction, but whether the technological preconditions for such a transition are
present, emerging, or absent. Accordingly, the analysis distinguishes between:

(a) simple digitalization of design deliverables,

(b) interoperability-oriented digital infrastructure, and

(c) environments in which computational verification becomes institutionally and technically
plausible.

Taken together, the normative, organizational, and technological levels provide the analytical
structure for interpreting differences in mandate design across jurisdictions. Rather than treating
mandatory BIM as a single regulatory act, the framework allows it to be examined as a layered im-
plementation environment in which legal obligation, process organization, and computational infra-
structure may evolve unevenly. The three-level framework is illustrated in Figure 1.

Governn'!ent Mandatory BIM Data Standardization
Regulation
The government BIM becomes a Data formats and
establishes policies for requirement for standards are established.
BIM adoption. construction projects.

Transparency and

Industry Automa‘ted Information Model
Checking
Management
The industry becomes ACC systems are PIM and AIM models are
more transparent and implemented for quality developed and used.
manageable. control.

Figure 1 - Multi-level model of mandatory TIMSO/BIM implementation, illustrating the transition from document-
oriented regulation to data-driven governance across normative, organizational, and technological dimensions.
[Authors’ material]

3 RESULTS AND DISCUSSION

3.1. From Document Submission to Information-Based Regulatory Control

The comparative analysis indicates that mandatory BIM frameworks alter the formal object of
regulatory control. In document-centered regulatory environments, compliance is primarily assessed
through textual and graphical project documentation, which is typically fragmented across multiple
formats and depends on expert interpretation at the point of review. In contrast, BIM-based mandate
environments shift regulatory attention toward structured information deliverables, in which project
data are organized as digital models capable of supporting parameter-based verification, infor-
mation consistency checks, and cross-disciplinary coordination.

In the Kazakhstani case, this shift is reflected at the level of mandate design rather than im-
plementation outcomes. The TIMSO/BIM Concept formalizes the information model as a required
element of the construction process and links mandatory adoption to phased categories of construc-
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tion objects and institutional implementation mechanisms. This distinguishes the emerging Kazakh-
stani model from a purely document-based regulatory approach, even though the supporting infra-
structure for digital submission and computational verification remains incomplete.

The cross-jurisdictional comparison further shows that this transition is not uniform in depth.
In the United Kingdom, Singapore, and Finland, mandatory or quasi-mandatory BIM environments
are associated not only with structured model-based deliverables, but also with broader procedural
arrangements for information management and, in some cases, digital submission and rule-based
verification. By contrast, the Kazakhstani case currently reflects an earlier stage of transition in
which the regulatory object is being redefined in formal terms, while the downstream mechanisms
required for full data-centric regulation are still under development.

Accordingly, the main finding at this stage is not that regulatory governance has already be-
come computational, but that the formal basis for moving beyond document-centered control has
been established unevenly across jurisdictions. Table 2 summarizes the principal differences be-
tween document-centered and information-based regulatory logic.

Table 2 — Comparative Analysis of Regulatory Paradigms

Ne Parameter Document-Centric Model Data-Centric Model (TIMSO/BIM)
1 Regulatory object Textual/graphical documentation Structured information model

2 Data format Unstructured, heterogeneous Structured, standardized (IFC/IDS)
3 Verification timing Post-hoc (ex post facto) Continuous, integrated into lifecycle
4 \Verification method Manual expert review Automated + expert hybrid

5 Transparency Limited, document-dependent Enhanced, audit-trail enabled

6 Interoperability Low (format-dependent) High (open standards-based)

7 Scalability Constrained by human capacity Computationally scalable

The structured comparison of BIM mandate parameters across four jurisdictions shows that
the Kazakhstani model already incorporates several elements characteristic of established mandate
frameworks, most notably phased scope expansion and formal orientation toward 1SO 19650-based
information management principles. At the same time, the comparison identifies clear asymmetries
in implementation infrastructure. Unlike Singapore, where BIM requirements are linked to the op-
erational CORENET X environment, and Finland, where permit automation initiatives have created
pathways toward automated verification, Kazakhstan does not yet have an operational digital sub-
mission platform and has not introduced formal ACC-related mechanisms into the regulatory work-
flow. These findings indicate that, in the Kazakhstani case, the formal structure of the mandate has
developed more rapidly than the procedural and technical environment required for information-
based regulatory implementation.

Table 3 — Comparative Analysis of BIM Mandate Parameters Across Jurisdictions

Ne  Parameter United Kingdom Singapore Finland Kazakhstan
1 2 3 4 5 6
Senate Properties BIM

Leaal tria- Government Con- BCA regulatory requirement (2007); TIMSO/BIM Implementation
1 g or g struction Strategy ~ requirement (2013, ngtional Ui delines’ Concept (Order No. 33-NQ,
g mandate (2016) extended 2015) g 20.02.2025)
(2012)
Phased: priority/social objects
All centrally pro- - Government-owned ;
Scope pf cured public pro- New building pro- buildings and infra- (2026), expanded categories
application . jects > 5,000 sg.m. (2028), broad coverage
jects structure

(2030)
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Table 3 (continued)

1 2 3
. Single threshold
3 Phasing strategy (Levgel 2 by 2016)
Interoperabilit BS 1192, PAS
4 Staﬁ ords Y 1192-2/3, 150
19650, COBie
. . Operational: CDE-
Digital submis- o workflows
5 sion infrastruc- . .
ture integrated with pro-

curement

Available via third-
party tools
(Solibri); not man-
dated for regulatory
use

BIM Task Group,
NBS guidance, uni-
versity integration,

industry certifica-

6 ACC integration

Institutional sup-
port mechanisms

4

Staged by discipline:
architecture (2013),
structural (2014), MEP
(2015)

Singapore BIM Guide
v2.0, IFC, CORENET
X IFC-SG

Operational: CORE-
NET e-submission
since 2008, CORENET
X since 2023

Integrated: automated
rule checking within
CORENET X

BCA Academy, Built
Environment Industry
Transformation Map,

5

Incremental since
2007; IFC submission
requirement

Common BIM Re-
quirements (COBIM),
IFC

Operational: IFC-
based building permit
pilots

Pilot deployments for
building permit auto-
mation

buildingSMART Fin-

land, KIRA-digi pro-

gram, university cur-
ricula

6

Three-phase expansion
by object type over 4
years

1SO 19650 (adopted),
IFC (adoption in pro-
gress)

Under development: no
operational digital sub-
mission platform

Not yet initiated; con-
ceptual-stage planning
only

Kazakh Research and
Design Institute of Con-
struction and Architec-

ture, initial workforce

tion funding programs training programs

Note: All entries are based on document analysis of published regulatory instruments, official guidelines, and
evaluative literature. ACC integration levels reflect the status reported in published sources as of 2025 and do not repre-
sent independent benchmarking by the authors. Principal documentary sources by jurisdiction: United Kingdom [15;
24]; Singapore [4; 33]; Finland [7; 25; 30]; Kazakhstan [14].

3.2. Preconditions for Automated Compliance Checking (ACC)

The comparative analysis identifies three conditions that are recurrently associated with the
possibility of Automated Compliance Checking (ACC) in BIM-based regulatory environments. The
first is the formal requirement for structured and machine-readable project information rather than
solely textual or graphical documentation. The second is the use of interoperable exchange stand-
ards, particularly IFC and related specification frameworks, which enable model-based information
transfer across systems and actors [5-6]. The third is the presence of institutional arrangements that
allow digital information to be used not only for submission, but also for review, verification, and
compliance-related procedures [2-3].

Across the examined jurisdictions, these conditions are present to different degrees. Singapore
demonstrates the most integrated configuration, combining structured BIM submission with digital
review procedures and documented rule-based verification pathways [4]. Finland reflects a partial
but technically relevant configuration through interoperability-oriented implementation and permit
automation initiatives [7; 25]. The United Kingdom demonstrates strong standardization and infor-
mation management maturity, although formal regulatory use of automated checking remains less
integrated [15; 24]. In Kazakhstan, the first condition is being introduced through the TIMSO/BIM
mandate and the formal orientation toward structured information management, while the second
and especially the third remain only partially developed [14].

These findings indicate that mandatory BIM adoption does not in itself constitute ACC readi-
ness. Rather, ACC-related potential emerges where structured data requirements, interoperability
mechanisms, and procedurally recognized forms of digital verification are combined within the
same implementation environment [3; 27; 35].

3.3. Transparency and Project Governance Effects
The document-based comparison shows that BIM mandate environments are associated with a
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shift toward more traceable information management arrangements, particularly where Common
Data Environment (CDE) principles and formal information exchange procedures are embedded in
implementation practice [10; 16—-17]. In such settings, project information is not treated as a set of
isolated deliverables, but as a versioned and coordinated information flow that can be reviewed
across stages and actors.

This distinction is important for regulatory governance. In document-centered environments,
control is concentrated at discrete review points and depends heavily on manual interpretation of
fragmented submissions. In more information-based environments, the use of coordinated digital
information creates the conditions for traceability of revisions, clearer attribution of information
responsibility, and earlier identification of inconsistencies [3; 10]. The comparative materials show
that these effects are strongest where BIM mandates are linked to operational submission environ-
ments and standardized process protocols, as illustrated most clearly by Singapore and, to a lesser
extent, Finland [4; 25]. In Kazakhstan, this direction is visible at the level of formal design, but the
corresponding procedural infrastructure remains incomplete [14].

3.4. Standardization and Scalability Effects

The comparative analysis also shows that standardization is a central feature of mature BIM
mandate environments. Across the examined cases, mandatory implementation is associated with
the formalization of data formats, information exchange rules, and procedural expectations govern-
ing the production and coordination of digital deliverables [16-17; 21; 31]. This standardization is
particularly evident in jurisdictions where BIM requirements are supported by recognized infor-
mation management frameworks and interoperability standards [4; 15].

In analytical terms, standardization performs two functions. First, it reduces variation in how
project information is structured and exchanged, thereby improving cross-organizational consisten-
cy. Second, it creates the conditions under which digital regulatory procedures can be expanded be-
yond isolated projects, since repeatable compliance logic depends on predictable information inputs
[11; 21]. The comparison suggests that this second function is especially important: scalability de-
pends not simply on the existence of digital models, but on the standardization of the information
environment in which those models are created and assessed.

For Kazakhstan, the findings indicate that the normative basis for such standardization is
emerging, particularly through phased mandate design and reference to international information
management principles [14; 16-17]. However, the comparison also shows that standardization at
the regulatory level does not automatically imply standardization in implementation practice, espe-
cially where model content conventions, submission procedures, and interoperability enforcement
remain under development.

3.5. Implementation Challenges and Constraints

The analysis identifies several constraints that may limit the effective realization of mandato-
ry BIM implementation. These include uneven organizational readiness across market participants,
shortages of qualified personnel, incomplete adaptation of the regulatory framework to digital in-
formation requirements, limited integration capacity of legacy systems, and the absence of clearly
institutionalized benchmarks for assessing compliance quality beyond formal submission [2-3; 21].
These constraints are not unique to Kazakhstan, but their significance is amplified in pre-
implementation environments where formal requirements are introduced before supporting infra-
structure is fully stabilized.

A central risk identified in both the comparative literature and the present analysis is the di-
vergence between formal compliance and substantive capability. In this situation, organizations may
produce BIM deliverables that satisfy mandatory submission requirements without embedding in-
formation modeling into actual design and coordination processes [21]. This risk is particularly rel-
evant where deadlines are compressed, workforce readiness is uneven, and implementation support
mechanisms remain limited, as is currently the case in Kazakhstan’s transition phase [14].

The comparison also points to four recurring implementation failure modes. The first is com-
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pliance decoupling, in which BIM outputs function as regulatory artifacts rather than operational
project instruments. The second is capacity asymmetry, in which larger organizations adapt more
readily while smaller firms face disproportionate burdens in software acquisition, training, and
workflow restructuring. The third is regulatory absorption deficit, in which authorities require digi-
tal submissions but lack the institutional and technical means to review or use them effectively. The
fourth is standards fragmentation, in which nominal interoperability is undermined by inconsistent
property definitions, classification systems, or information specifications [3; 21; 25].

In the Kazakhstani case, these risks are especially relevant because the mandate is entering
force within an environment where digital submission infrastructure is still developing, ACC-related
mechanisms are not yet embedded, and industry-wide conventions for model content and interoper-
ability are not fully stabilized [14]. Taken together, these findings show that the effectiveness of a
BIM mandate depends not only on the existence of formal obligation, but on the alignment between
legal requirements, organizational capacity, and technical implementation conditions.

3.6. Mandatory BIM as a Catalyst for Computable Regulation

The findings of this study suggest that mandatory BIM should be interpreted not only as a
mechanism for scaling digital technology adoption, but also as a regulatory condition that may ena-
ble the transition toward computable forms of compliance assessment. This distinction is important.
The formal introduction of BIM requirements does not automatically produce a computational regu-
latory environment. Rather, it creates the possibility of such a transition only where structured data
requirements, standardized exchange protocols, and recognized procedures for digital verification
develop in combination [2-3; 9].

To interpret this relationship, the present study introduces the concept of computable regula-
tion readiness (CRR). CRR is defined here as the degree to which a regulatory environment sup-
ports the progressive formalization and computational application of normative requirements. It is
structured by three interrelated conditions:

(i) data structuredness, meaning that regulated entities are required to produce building infor-
mation in standardized, machine-readable formats such as IFC rather than solely in textual or graph-
ical documents;

(i) exchange standardization, meaning that information flows are governed by explicit infor-
mation management and interoperability rules, including frameworks such as ISO 19650, EIR, or
IDS; and

(iii) institutional authorization, meaning that computational or rule-based verification is for-
mally recognized, anticipated, or procedurally embedded within the compliance environment [5-6;
16-17].

This concept is analytically distinct from BIM maturity. BIM maturity describes the extent to
which organizations and markets have adopted modeling tools, collaborative workflows, and digital
delivery practices [31-32]. CRR, by contrast, refers to the regulatory environment’s readiness to
transform digital information into a basis for computable compliance procedures. A jurisdiction may
therefore display relatively advanced BIM use while remaining only partially prepared for automat-
ed compliance checking if its regulatory instruments do not authorize or incorporate computational
verification.

CRR should also be distinguished from recent assessments of digital building permit (DBP)
progress [25]. DBP studies primarily evaluate the operational state of permit digitalization — the
tools, platforms, and procedures through which digital review is conducted. CRR, by contrast, ad-
dresses a prior regulatory question: whether normative requirements and compliance procedures are
structured in a way that makes computational verification institutionally possible at all. Similarly,
whereas macro-BIM adoption models [21; 32] capture market- and policy-level diffusion dynamics,
CRR isolates the readiness of the regulatory environment itself, which may diverge significantly
from market maturity, as the Kazakhstani case illustrates.

From this perspective, the comparison undertaken in this study shows a differentiated pattern
across the four jurisdictions. Singapore most closely approximates a high-CRR environment be-
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cause structured BIM submission, interoperability requirements, and rule-based review procedures
are linked within the same regulatory system [4; 25]. The United Kingdom demonstrates strong
alignment with the first two conditions through mandate-driven standardization and information
management maturity, but computational verification remains less formally embedded in regulatory
procedure [15; 24]. Finland occupies an intermediate position, where interoperability-oriented im-
plementation and permit automation pilots indicate movement toward computational review, but not
full institutionalization [7; 25; 30].

Table 4 summarizes the assessment of the three CRR conditions across the four jurisdictions,
applying the descriptive scale defined in Section 2.1.

Table 4 — Assessment of CRR Conditions Across Jurisdictions

Ne CRR condition Unltggnl](lng- Singapore Finland Kazakhstan
1 Data structuredness Established  Established Established Emerging _(mandate adopted,
phased entry into force from 2026)
2 Exchange standardization Established  Established Established Emerging (IS.O 1.9650 adopted; IFC
adoption in progress)
Institutional authorization of Emerging Established  Emerging Absent

computational verification

Note: Codings follow the descriptive scale defined in Section 2.1 and reflect the documentary status reported in pub-
lished sources as of 2025.

The Kazakhstani case is particularly instructive because it demonstrates the analytical value
of distinguishing between mandatory BIM adoption and computable regulation readiness. The cur-
rent mandate design addresses the first condition through formal demand for structured information
and partially addresses the second through alignment with 1SO 19650 principles and the progressive
adoption of interoperable information practices [14; 16-17]. However, the third condition remains
absent. No current regulatory instrument formally authorizes computational verification as a com-
ponent of compliance assessment. In this sense, Kazakhstan can be interpreted not as a fully com-
putable regulatory environment, but as a case of partial CRR, in which the legal architecture of
mandate implementation is developing faster than the institutional procedures required for automat-
ed compliance.

The broader theoretical implication is that ACC should not be understood as an isolated tech-
nological add-on to BIM. Rather, as the findings of this study indicate, it emerges where regulatory
design, information standardization, and institutional procedure converge within the same imple-
mentation environment [3; 27; 35]. This interpretation extends prior research by situating automated
compliance not only within the evolution of BIM tools, but within the transformation of the regula-
tory conditions under which those tools become actionable.

The findings of this study indicate that the transition from document-centered regulation to in-
formation-based regulatory control creates a structural need for the formalization of regulatory
knowledge. Even where BIM models are available, automated or rule-based compliance assessment
cannot be realized if normative requirements remain embedded exclusively in natural-language
texts characterized by terminological variation, implicit assumptions, and context-dependent inter-
pretation. In this sense, the problem is not only digitalization of design information, but also the
computability of the regulatory knowledge against which that information is assessed [3; 35].

3.7. The Role of Ontological and Semantic Models

Ontological and semantic approaches are relevant in this context because they provide a
means of representing regulatory concepts, relations, and constraints in explicit and machine-
processable form. Prior research has shown that ontology-based representations can support seman-
tic interoperability, automated reasoning, and the linking of regulatory logic with BIM-based design
data [27]. For the present study, this is important not as an abstract technological possibility, but as a
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necessary complement to mandatory BIM implementation: structured design information alone is
insufficient unless the normative side of the compliance environment is also progressively formal-
ized.

The relevance of this transition is particularly visible in the Kazakhstani context. Recent work
on the development of domain knowledge structures in construction has demonstrated a methodo-
logical pathway from thesaurus-based organization toward formal ontology models [18]. Related
studies on controlled natural language in regulatory and technical documents suggest that con-
strained linguistic formulation can function as an intermediate layer between conventional norma-
tive drafting and computational rule formalization [19]. In addition, empirical work on semantic and
ontology-based analysis of regulatory documents has shown the feasibility of linking structured
regulatory knowledge with BIM-oriented digitalization processes, while also identifying persistent
difficulties related to cross-referencing, ambiguity, and scalability across regulatory domains [20].

Taken together, these considerations suggest that ontological and semantic models should be
interpreted not as optional extensions to BIM implementation, but as part of the knowledge infra-
structure required for computable regulation. If mandatory BIM changes the form of design infor-
mation, ontological formalization changes the form of regulatory knowledge. The transition to
computable compliance depends on the convergence of both.

3.8. Limitations of the Existing Regulatory Framework

The comparative and interpretive analysis undertaken in this study indicates that the existing
regulatory framework still contains several limitations that constrain movement toward computable
regulation. These limitations include terminological ambiguity, insufficient distinction between
mandatory and advisory provisions, the absence of machine-processable regulatory structures, and
inadequate parametric specificity for computational verification. As a result, even where structured
BIM information becomes formally required, the regulatory environment may remain only partially
capable of supporting automated or semi-automated compliance procedures.

These limitations are consistent with broader findings in the literature on regulatory digitaliza-
tion and automated compliance checking, which repeatedly identify ambiguity, implicit semantics,
and weak formalization as major barriers to machine-applicable regulation [2-3; 35]. They are also
consistent with recent analyses of Kazakhstani construction regulations, which show that the lin-
guistic and conceptual structure of normative documents remains insufficiently aligned with the
needs of formal knowledge representation and computable interpretation [19-20].

From this perspective, the problem is not limited to the absence of software tools or digital
platforms. Rather, it lies in the continued dominance of drafting practices oriented toward human
interpretation alone. The transition to computable regulation therefore requires not only digital
submission infrastructure, but also a gradual restructuring of normative documents themselves, in-
cluding clearer semantic distinctions, explicit parameterization of requirements, and the use of
forms that are simultaneously human-readable and machine-processable.

3.9. Policy Implications

The findings of this study have several implications for construction governance policy in Ka-
zakhstan. First, the current phased approach to mandatory BIM implementation appears structurally
consistent with international mandate trajectories, particularly in its use of staged scope expansion
and reference to internationally recognized information management principles [12; 14-15]. How-
ever, the comparison also indicates that the effectiveness of such a mandate depends on whether
supporting infrastructure develops in parallel with formal obligation. This includes not only training
and organizational adaptation, but also digital submission environments, procedural integration, and
implementation-ready information standards.

Second, the analysis suggests that mandatory BIM creates a strategic opening for the gradual
incorporation of ACC-related functions into the regulatory system. This does not imply that full au-
tomation should be treated as an immediate implementation target. Rather, it indicates that once
structured information requirements and interoperable procedures are in place, the regulatory envi-
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ronment becomes more receptive to hybrid forms of digital verification. In this sense, the value of
the BIM mandate extends beyond model production: it can establish the procedural conditions un-
der which compliance checking may become progressively more data-driven and less dependent on
fragmented documentary review [2-3].

Third, the study indicates that the formalization of regulatory knowledge should be treated as
a policy priority rather than a purely academic exercise. If BIM implementation is to contribute to
regulatory transformation rather than to digitalized document submission alone, then ontological
frameworks, controlled drafting logic, and semantically structured regulatory formulations must be
developed alongside technical mandate instruments [19-20; 27].

More broadly, the integration of BIM mandates with state information systems could improve
the analytical capacity of regulatory institutions by enabling more consistent tracking of submis-
sions, clearer monitoring of compliance patterns, and a more evidence-based allocation of oversight
resources. However, the findings of the present study also caution that such benefits depend on in-
stitutional readiness and cannot be assumed as an automatic consequence of mandate adoption.

3.10. Theoretical Contribution

The theoretical contribution of this study lies in the analytical distinction it establishes be-
tween mandatory BIM adoption and computable regulation readiness. Existing BIM adoption litera-
ture has primarily examined mandates as instruments for accelerating diffusion, improving stand-
ardization, and increasing the maturity of digital practices across the construction sector [21; 31].
The present study extends this perspective by showing that mandate adoption should also be exam-
ined in relation to the regulatory conditions under which digital information may become actionable
for computational compliance purposes.

Within this perspective, mandatory BIM is interpreted not simply as a policy requirement, but
as a multi-level implementation environment comprising normative, organizational, and technologi-
cal dimensions. This framing makes it possible to analyze why jurisdictions with formally similar
BIM obligations may nevertheless differ significantly in their readiness for digital verification and
computable regulation. The concept of computable regulation readiness (CRR) contributes to this
distinction by identifying three conditions that must converge for such a transition to become plau-
sible: structured data requirements, standardized information exchange, and institutional recognition
of computational verification.

A second theoretical contribution lies in the positioning of transitional economies within the
broader literature on digital construction governance. Much of the existing research has focused on
advanced mandate jurisdictions in which digital infrastructure and institutional support mechanisms
are already relatively mature. By examining Kazakhstan as a pre-implementation case, the study
demonstrates that the most analytically significant question is not whether a BIM mandate exists,
but which elements of the wider regulatory environment are already in place and which remain un-
derdeveloped. This makes it possible to treat transitional mandate environments not as incomplete
versions of mature systems, but as distinct analytical cases with their own regulatory sequencing,
institutional asymmetries, and trajectories of digital transformation.

Taken together, these contributions support a broader reinterpretation of ACC. Rather than
viewing automated compliance as a downstream technological application of BIM, the study posi-
tions it as an emergent property of regulatory environments in which legal obligation, process
standardization, and knowledge formalization converge. In this sense, the study contributes to the
literature not only by proposing a conceptual framework, but by showing how comparative analysis
can distinguish between formal digital mandate adoption and the deeper institutional conditions re-
quired for computable regulation.

3.11. Limitations of This Study

Several limitations of this study should be taken into account when interpreting its findings.
First, the research is based primarily on comparative document analysis and theoretical interpreta-
tion rather than on primary empirical data collection. No interviews, surveys, or implementation-
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stage observations were undertaken. As a result, the study does not provide direct evidence on
stakeholder perceptions, organizational behavior, or the operational dynamics of mandate imple-
mentation. These dimensions should be examined in future research through qualitative fieldwork
and post-implementation assessment.

Second, the study examines the Kazakhstani BIM mandate at a pre-implementation stage. Be-
cause the first phase of mandatory application begins in August 2026, the analysis necessarily ad-
dresses mandate design and regulatory readiness rather than observed implementation outcomes.
The study therefore does not evaluate realized effects of the mandate in practice, but rather inter-
prets the conditions under which such effects may or may not emerge [14].

Third, the comparative analysis is limited by variation in the availability, depth, and evalua-
tive character of published materials across jurisdictions. Although the comparison was structured
using predefined analytical criteria, the underlying documentary bases are not fully symmetrical.
Some parameters, particularly those related to ACC integration and institutional support, are docu-
mented more extensively in certain jurisdictions than in others [4; 15; 25]. The comparison should
therefore be understood as analytically structured rather than metrically standardized.

Fourth, the findings are shaped by the specific regulatory and institutional context of Kazakh-
stan as a transitional economy. While the analytical framework developed in this study may be ap-
plicable beyond the present case, its transferability to other jurisdictions requires separate valida-
tion. The patterns identified here should therefore be treated as context-sensitive analytical findings
rather than universally generalizable regularities.

4 CONCLUSIONS

This study examined the mandatory implementation of BIM technology in the Republic of
Kazakhstan as a pre-implementation case of regulatory-driven digital transformation in the con-
struction sector. Its main scientific contribution lies in demonstrating that mandatory BIM adoption
should be analyzed not only as a policy instrument for accelerating digital uptake, but also as a reg-
ulatory condition whose significance depends on the wider institutional, organizational, and techno-
logical environment in which it is embedded. Based on the conducted analysis, the following con-
clusions can be drawn.

1. Mandatory BIM adoption and computable regulation readiness (CRR) should be treated as
analytically distinct phenomena. The formal introduction of BIM requirements does not in itself
create a computable regulatory environment. Such a transition becomes plausible only when three
conditions converge: structured and machine-readable building information, standardized exchange
procedures, and institutional authorization of computational verification.

2. The Kazakhstani case demonstrates a configuration of partial CRR. The current mandate
establishes the formal requirement for structured information and signals movement toward stand-
ardized information management aligned with international principles. However, the institutional
and procedural conditions required for computational compliance assessment remain underdevel-
oped. The principal gap in the current transition therefore lies not only in digital infrastructure, but
also in the absence of a fully established regulatory environment capable of transforming digital in-
formation into actionable compliance procedures.

3. Mandatory BIM implementation changes the regulatory logic of construction governance.
The transition is not limited to replacing paper-based documentation with digital models. Rather, it
redefines the formal object of regulatory control by shifting the focus from fragmented documen-
tary submission toward coordinated information-based regulation. At the same time, the compara-
tive findings show that this transition develops unevenly across jurisdictions and depends on the
maturity of submission environments, interoperability practices, and implementation support mech-
anisms.

4. The transition toward computable regulation cannot be achieved through BIM mandate in-
struments alone. If design information becomes structured and machine-readable while regulatory
requirements remain linguistically ambiguous and semantically unformalized, the compliance envi-
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ronment remains only partially digitalized. In this sense, ontological and semantic formalization of
regulatory knowledge should be understood as a necessary counterpart to mandatory BIM imple-
mentation rather than as a separate technical add-on.

5. The findings indicate that the development of a national ontology-oriented framework for
construction regulatory knowledge should be treated as a strategic priority. The computability of
regulation depends not only on the quality of information models, but also on the formal structure
of normative requirements, including their semantic clarity, logical consistency, and suitability for
digital interpretation.

6. Digital submission infrastructure and CDE-oriented integration with state information sys-
tems should be developed in parallel with the mandate. This is necessary to ensure that structured
information can be received, processed, validated, and used within regulatory workflows rather than
remaining limited to formal model submission.

7. ACC-related functions should be introduced gradually as a medium-term regulatory objec-
tive. At the initial stage, hybrid digital-expert verification appears more realistic than immediate full
automation. Such an approach would allow computational tools to support expert review while in-
stitutional, semantic, and procedural foundations for automated compliance checking continue to
mature.

8. Implementation quality should be assessed through benchmarks that go beyond formal
submission compliance. Evaluation should capture the substantive use of BIM information in pro-
ject delivery, design coordination, state expertise, data exchange, and regulatory review processes.

9. Sustained investment in workforce development is required. The effective implementation
of the mandate depends on competencies in BIM processes, information management, interopera-
bility standards, CDE workflows, digital submission procedures, and digital regulatory practice.

Future research should extend this study in three directions: empirical assessment of imple-
mentation outcomes after the launch of mandatory application, development of domain-specific on-
tology models for Kazakhstani construction regulations, and comparative investigation of BIM
mandate trajectories across other transitional and Central Asian jurisdictions.

In conclusion, mandatory BIM adoption should not be equated either with digital maturity or
with computable regulation. It establishes an important regulatory threshold, but not a complete dig-
ital governance environment. The transition from mandate to computable compliance depends on
whether legal obligation, process standardization, and knowledge formalization develop together.
For Kazakhstan, the most consequential unresolved issue is therefore not the existence of the man-
date itself, but the institutionalization of the conditions under which digital information can become
a legitimate basis for compliance assessment.
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