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Abstract. Construction and industrial transport logistics depend on information held in
separate systems: models, schedules, transport management, supplier and sensor systems. The
study aims to design an architecture linking these sources at model-element level, to test whether
open models carry the information logistics needs, and to assess which elements of Spain's public
BIM framework can transfer to Kazakhstan. A design science research methodology was followed.
Requirements were derived from ISO 19650, ISO 16739-1:2024 (IFC 4.3), ISO 7817-1 and
published studies of BIM-based logistics; the artefact is a reference architecture with a common
data environment, an event-driven integration service and an enrichment service. The evaluation
material comprised ten IFC 4.3 reference models published by buildingSMART International (348
physical elements), Spain's BIM Plan for public procurement (Orden PCM/818/2023) and
Kazakhstan's Construction Code of 2026. Every element carried a persistent identifier and a spatial
containment or aggregation relation, and 94 % had a material, but, pooled over all models, only 9
% had quantity sets and 16 % a classification reference; none had a weight or a link to a schedule
task, and none of the materials carried a density. Volumes could be computed from geometry for
all elements with a representation and matched stored values where present, so volume enrichment
can be automated; weights need an external material catalogue. Neither regulatory framework
addresses logistics data. In the author's assessment, Spain's explicit IFC requirement and its staging
by contract value and date are the primary candidates for transfer, followed by the common data
environment definition, maturity levels and model submission to geoinformation bases;
Kazakhstan could introduce them through the normative documents to which its Construction
Code delegates information requirements. The contribution is an architecture traced to explicit
requirements and a measured gap between model content and logistics needs. Field validation
remains to be done.
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AHHoTanus. Kypbuibic )KOHE OHEPKOCINTIK KOJIK JOTHUCTUKACHI OPTYPJIl KyHenepae
CaKTallFaH JIepeKTepre cyleHei: aknapaTTblK MOJCINbIEp, KYHTI30€eiK KecTenep, TachIMalabl
Oackapy oKyHenepi, XETKI3yHIiJiep >Kyhenepl >KOHE KYpPBhUIBIC aJaHBIHIAFbl JaTYUKTED.
3epTTeyniH MakcaThl — OCBHI KO3JepAl MOJENbJIH J>KEKeJIereH >3JIEMEHTTEpl NCeHreliHe
OalIaHBICTBIPATHIH aKMAapaTTHIK apXUTEKTYPaHbl jk00ajay, alllblK MOJAENbAep e JOTUCTUKAFa
KKET JEPEeKTepAiH Oap->KOFbIH TEKCcepy koHe VCrmaHMSHBIH MEMIIEKETTIK CAThIN ajyaarbl
BIM »xyiiecinin KaHaii snemMenTrepin Kazakcranra kemipyre 00iaTbiHBIH Oaranay. XKobanay
reUTBIMBEI (design science research) omicHamacel Konmaubuinel. Tamanrap ISO 19650, ISO
16739-1:2024 (IFC 4.3), ISO 7817-1 crammaptrapsiHaH xoHe BIM-moructuka OoifbrHIIa
JKapusJIaHFaH 3epTTeyJiepleH alblHAB, apTe(akT — opTaK AEpeKTep OpTachl, OKHFallapra
HETI3[IeJITeH HMHTErpanus KbhI3METI JKOHE JepeKTeplli OalbITy KbI3METI 0ap STAIOHIBIK
apxurtekrypa. baranay matepuansl — buildingSMART International xapusinaran IFC 4.3 on
ATaNOHABIK Mojaeni (348 du3uKanbIK 37aeMeHT), McmaHusHbIH MEMJICKETTIK CAaThIN aJTyIaFbl
BIM sxocmapst (Orden PCM/818/2023) xone Kazakcran PecmyOnukaceiablH 2026 KBIIFBI
Kypsuibic komekci. bapiblK S7IeMEHTTIH TYPaKThl HACHTU(PUKATOPHI MEH KEHICTIKTIK
Oaitnanbichl 607461, 94 % 37IeMEeHTTE MaTepHall KOPCETIITeH, OipaK OapiabIK MOaeb OOMbIHIIA
KUBIHTBIFBIHAA TEK 9 % nJieMeHTTe caHIBIK KepceTkimTep >kublHbl (Quantity Sets), 16 %
AJIIEMEHTTE XKIKTeyillKe ciiTeMe 00JIIbl; Maccachl HeMece KYHTI30eliK KecTe TaChpMachIMeH
OalyaHbICBl Oap SJIEMEHT, THIFBI3JBIFBI KOPCETIATEH Marepuan 0oaMaabl. [ eoMeTpHsIIBIK
KepiHici 6ap OapibIK 3JIEMEHTTIH KOJIEMiH reoMeTpHsi OOWbIHINA ecenTeyre OOJAbl KOHE O
MOJIEIbJIC CaKTaJlFaH KoJIeMMeH (0ap JKepiHje) colkec Keli; Oy KeJemMIl aBTOMATThl TYp/e
TOJNBIKTBIpYFa OOJATBIHBIH KOPCETENi, ajJ MAacCaHbl CBHIPTKBl MaTepHUaIAap KaTaJlOThIHCHI3
aHBIKTAy MYMKIH eMec. Exi HOpMAaTHBTIK XYHEHIH €IMIKAWCBHICHI JIOTUCTHKAIBIK ACPEKTEPIl
perremeiiai. ABTOpAbIH Oaraynaybsl OOHBIHIIA KemlipyaiH Herisri ywmitkepiepi — IFC-ke
KOWBUIATBIH HAKTHI Tajman neH BIM-ai kemiciMmapT KyHbI MEH Mep3iMmaep OOMBbIHIIA KE3eH-
KE3€HIMEH €HT13y, 0J1aH KeHiH — OpTaK AePEeKTep OPTACHIHBIH aHBIKTAMACHI, )KET1Ty AeHTreinepi
OHE MOJIENIbJIep Il TeoaKnaparThiK O0a3anapra 6epy; Kasakcranma onapasl Kypelabic Kogekci
aKmapaTka KOMBLIATHIH TaJanTap/bl )KYKTEHTIH MEMJICKETTIK HOPMATUBTIK KY>KaTTap apKbLIbI
eHrizyre Oomanpl. JKYMBICTBIH YJI€Cl — HAaKThl TajanTapMeH OalJlaHBIChl KOPCETIITeH
APXHUTEKTYpa KOHE MOJICIIbICP Ma3MYHBI MEH JIOTHCTHKA KKETTUIIT1 apachiHAaFbl OJIICHT¢H
aJIIAKTHIK. 3epTTEY KOOATBIK )KOHE KY)KATTHIK CHUIIATTa; HAKTHI ’K00ajia ChIHAKTaH OTKI31ITeH
KOK.

Tyiiin ce3aep: aknapaTThIK MOAENIbACY, UUPPIIBIK €T13, KYPbUIbIC JOTUCTHKACHI, OPTAK
nepektep optachkl, [IFC 4.3, )xobanay reutbiMbl, KasakcTan
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AHHoTauus. CTpouTeIbHas U IPOMBIIIJIEHHO-TPAHCIIOPTHAS JJOTUCTUKA OTTUPAETCS HA
JaHHbIE M3 Pa3HbIX CHCTEM: MH()OPMALMOHHBIX MOJENeH, rpaduKOB, CHUCTEM YMpPaBICHUS
NEpPeBO3KAMH, CHCTEM IIOCTABIIMKOB W JaTYMKOB HA CTPOMTENbHOHN Iuiomiaake. Llens
HCCIIEIOBaHUSI — CIPOEKTUPOBATH HHGOPMALMOHHYIO apXUTEKTYPYy, CBS3BIBAIOLIYIO 3THU
HMCTOYHHUKHU HA YPOBHE OTJAEIBHBIX 3JIEMEHTOB MOJEIH, IPOBEPUTH, COAEPKAT JIU OTKPHITHIE
MOJIEJIA TaHHBIE, HYKHbIE JIOTUCTUKE, U OLIEHUTh, KAKUE IEMEHTHI UCIIAaHCKOM cucTeMsl BIM
B roc3akymnkax nepeHocumbl B Kazaxctan. VMcmonp30BaHa METOJOJOTHUS NMPOSKTHON HayKH
(design science research). Tpe6oBanus BeiBeaeHsl u3 [ISO 19650, ISO 16739-1:2024 (IFC 4.3),
ISO 7817-1 u onybnukoBaHHBIX HccienoBaHuil BIM-noructuku; apredakt — 3TamoHHas
apXUTEKTypa CcO cpenod oOIUX [JaHHBIX, COOBITMITHO-OPUEHTUPOBAHHBIM CEPBUCOM
MHTETPALMU U CEPBUCOM OOOTaIEeHUsI JaHHBIX. MaTepuabl 1715 OLIEHKU — JAECITh 3TATIOHHBIX
mogaenei IFC 4.3 buildingSMART International (348 ¢u3nyeckux 3J1€MEHTOB), UCITAHCKUI
IMnan BIM nns rocsakynok (Orden PCM/818/2023) u CtpoutenbHblii Koaekc PecnyOnuku
Kazaxcrtan 2026 r. Bce 251eMeHTBI ©MEU MOCTOSIHHBINA UICHTH()UKATOP U TPOCTPAHCTBEHHYIO
npuBs3Ky, 94% — maTepuan, HO B COBOKYIHOCTH IO BCEM MOJAENSAM JHIIb 9 % — HaOopbl
KOJIMYECTBEHHBIX XapakTepucTuk (Quantity Sets) u 16 % — ccbuiky Ha Kiaccu@uKkaTop; HU
OJIMH 3JIEMEHT HE UMeJI MaCChl WIIH CBS3M € 3a7a4eil rpaduka, HU OJMH MaTepuai — IJIOTHOCTH.
O06BbEM yaasoch BBIYUCIUTH IO TEOMETPUM i BCEX DJJIEMEHTOB C T'E€OMETPUYECKUM
IpEICTaBICHUEM, U OH COBNAJI C XpaHUMBIMU B MOJEISIX 00bEMaMU TaM, /i€ OHU ObUIH, YTO
yKa3bIBaeT Ha BO3MOXKHOCTh aBTOMATHYECKOT0 oborameHus oobéMamMu; Maccy 0€3 BHEIIHETO
KaTajora MaTepuasioB MOJYYUTh Hedb3sl. HU oHAa U3 HOPMATHUBHBIX CUCTEM HE PETYIUpPYET
JorucTudeckue naHHble. [1o olleHKe aBTOpa, OCHOBHBIE KaHIWJATHl Ha MEPEHOC — SIBHOE
tpeboBanue IFC u mosrannoe BBegeHue BIM mo cromMocTH KOHTpakTa M JlaTaM, jaaiee —
ompenelieHHe cpelpl OOLIMX JaHHBIX, YPOBHM 3pEJIOCTH M Tepefada Mojeineil B 0a3bl
reonH@opmanuu; B KazaxcraHe ux MOXXHO BBECTH 4epe3 IOCyAapCTBEHHBbIE HOPMAaTHBHBIC
JOKYMEHTBI, K KOTOpbIM CTpOUTENbHBINA KOJIEKC OTChIIaeT TpeboBaHus K nHGopmanu. Brian
paboThI — apXUTEKTypa C MPOCIEKUBAEMOCTHIO K SIBHO C(OPMYIUPOBAHHBIM TPEOOBAHUSAM U
U3MEPEHHBIN pa3pblB MEXJAYy COJAEpKaHMEM Mojeled U TOTPeOHOCTSIMU JIOTUCTHUKHU.
HccnenoBanre HOCUT NMPOEKTHBIA M JOKYMEHTANbHBIN XapakTep; amnpoOanus Ha peatbHOM
00BEKTE HE TPOBOIUIIACH.
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KnwueBble ciaoBa: WHDOPMAIMOHHOE MOJCIUpPOBaHUE, NU(PPOBONW JTBONHHUK,
CTpOUTENbHAS JIOTUCTHKA, cpeaa obmux ganusix, [IFC 4.3, npoekTHas Hayka, Kasaxcran

Jnss mutupoBanusi: @Pepnannec Ilnazaoma U. (2026). Apxurektypa BIM u
upoBOro NBOMHUKA IJIsi CTPOUTEIBHONW W MPOMBIIIJICHHO-TPAHCIIOPTHOW JIOTUCTUKH:
nepenoc onbiTa Mcnannu B Kazaxcran // [Tombeimnennsiit Tpancnopt Kazaxcrana. T. 23. No.
91. Ctp. 90-101. https://doi.org/10.58420.ptk.2026.91.03.008 (Ha anr.).

KoHdaukT uHTepecoB: ABTOp 3asBiIsieT 00 OTCYTCTBUU KOH(MIUKTA HHTEPECOB.

Introduction.

Construction sites and the transport systems that serve them — industrial sidings, haul
roads, loading fronts and the vehicles that use them — are coordinated through information.
The building information model describes what is to be built, the schedule says when,
transport and fleet systems say where vehicles and materials are, and site sensors record what
has actually arrived. In practice these sources sit in separate systems owned by different
parties, so a late delivery is often discovered on site and propagated to the schedule by
telephone or spreadsheet.

Public clients are pushing building information modelling (BIM) into procurement.
Spain has adopted a staged plan that makes BIM mandatory in central government contracts
above set value thresholds from April 2024 (Orden PCM/818/2023, 2023), and Kazakhstan's
Construction Code, in force from 1 July 2026 (art. 148), makes information modelling
mandatory for the types of construction objects listed by the authorised body (art. 62)
(Construction Code of the Republic of Kazakhstan, 2026). Both frameworks concern the
information about the built asset. Whether that information can also serve logistics — the
movement of materials and vehicles that the asset depends on — is a separate question.

Two developments make the question timely. First, the open exchange schema has
been extended beyond buildings: IFC 4.3, published as ISO 16739-1:2024, adds entities for
rail, road, ports and bridges (ISO 16739-1, 2024), so the infrastructure that industrial
transport runs on can now be described in the same open format as the buildings it serves.
Second, information management under ISO 19650 organises the exchange of this
information between parties through a common data environment (ISO 19650-1, 2018; ISO
19650-2, 2018). Neither development is aimed at logistics, yet both determine what
information a logistics system could obtain from the model and in what form. For industrial
transport, where sidings, haul roads and loading fronts are themselves infrastructure assets,
this means that the same model could in principle describe both the asset and the place where
materials and vehicles move.

Studies of construction logistics show why this matters. 4D BIM can expose logistics
conflicts, but its use is limited by the late involvement of trades and the continued reliance
on two-dimensional plans (Whitlock et al., 2021: 325-348), and logistics digital twins that
fuse the model with schedules and quantities still leave supplier and vehicle data for future
work (Gehring, Riippel, 2023). For an owner who introduces BIM through procurement
rules, the practical question is therefore not whether a digital twin is possible, but which
information has to be required in contracts so that the delivered models can serve logistics.

The object of this study is the information flow of construction and industrial transport
logistics: models, schedules, transport, supply and sensor data. The subject is a reference
architecture that integrates these flows and the conditions under which it could be adopted
in Kazakhstan. The study has three aims: to derive explicit requirements and design an
architecture that meets them; to test whether openly available reference models contain the
information that logistics requires; and to compare the Spanish and Kazakh frameworks to
identify transferable elements.

Three research questions follow from this framing and from the gaps identified in the
literature review below: which requirements an integration architecture must meet to support
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construction and industrial transport logistics, and how it can meet them (RQ1); to what
extent openly available IFC 4.3 models satisfy the element-level information requirements
of logistics (RQ2); and which elements of Spain's public BIM framework are transferable to
Kazakhstan, and under what conditions (RQ3). The questions are answered with a design
science approach, in which the proposed artefact is kept separate from the observed evidence
— the content of public models and the text of the regulations — so that each claim can be
traced to its source.

The study contributes a reference architecture traced to explicit requirements, a
reproducible audit of what openly available IFC 4.3 models contain at element level, and a
structured comparison of two public BIM frameworks with an assessment of what could be
transferred. The remainder of the paper is organised as follows: the literature review
identifies the gaps and states the research questions; the materials and methods section
describes the design science process, the requirements, the model audit and the documentary
comparison; the results section answers the research questions; the discussion and conclusion
interpret the findings, state the limitations and outline further work.

Digital twin research in construction has moved from concept to taxonomy. Boje and
colleagues argued that a construction digital twin requires semantic integration of BIM with
sensor data and set directions for research (Boje et al., 2020). Sacks and colleagues framed
construction with digital twin information systems as a closed control loop over planning
and execution (Sacks et al., 2020). Reviews describe a progression of maturity in which most
reported twins remain at early levels (Deng et al., 2021: 58—83) and map applications across
the life cycle (Opoku et al., 2021).

Studies that address logistics directly link parts of the problem. Whitlock and
colleagues showed that 4D BIM exposes logistics conflicts but is limited by late involvement
of trades and continued reliance on two-dimensional plans (Whitlock et al., 2021: 325-348).
Greif and colleagues examined digital twins for construction site logistics (Greif et al., 2020).
Karmakar and colleagues automated route planning on site from BIM, explicitly limited to
internal movements (Karmakar et al., 2022: 827-844). Gehring and Riippel fused the model,
the 4D schedule and bills of quantities into a logistics twin and left supplier and vehicle
telemetry for future work (Gehring, Riippel, 2023). Internet of things platforms linked to
BIM track components and materials within single projects (Zhou et al., 2021; Yang et al.,
2024), and a review of supply chain twins maps challenges to solutions largely borrowed
from other industries (Bakhshi et al., 2024).

Research on the common data environment (CDE) treats it as an information
management tool. Seyis and Ozkan analysed the added value of CDEs for project
performance (Seyis, Ozkan, 2024: 247-263), and Jaskula and colleagues showed that running
several CDEs at once undermines accountability and reliability of data (Jaskula et al., 2025:
1522-1541). Neither line of work connects the CDE to logistics data flows. Spanish
published cases of BIM-based twins concern operation rather than logistics: a railway station
on the Bilbao—Orduiia line (Pavon et al., 2025: 747-762), port asset management (Gonzalez-
Cancelas et al., 2025) and BIM-GIS integration for an urban ring road (Cepa et al., 2024).

Three gaps follow from the reviewed literature. No study found links an ISO 19650
CDE, open IFC models, a transport management system and sensor data in one architecture
evaluated against explicit requirements. No study measures whether the models that clients
will receive contain the element-level information logistics needs. No study compares the
Spanish and Kazakh BIM frameworks with a view to transfer. The research questions are
therefore: RQ1 — which requirements must an integration architecture meet to support
construction and industrial transport logistics, and how can it meet them? RQ2 — to what
extent do openly available IFC 4.3 models satisfy the element-level information
requirements of logistics? RQ3 — which elements of Spain's public BIM framework are
transferable to Kazakhstan, and under what conditions?
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Materials and Methods.

The study follows design science research, which builds and evaluates artefacts
against stated problems (Hevner et al., 2004: 75-106), using the process of problem
identification, objectives, design, demonstration, evaluation and communication (Peffers et
al., 2007: 45-77). The observed evidence (model content, regulatory text) is kept separate
from the proposed artefact throughout. The working hypothesis for RQ2 is that reference
models satisfy identity and location requirements but not quantity, weight and schedule
requirements; it is tested on public models rather than assumed. Each result is labelled by
type: the model audit and the geometry test are computed from open data; the framework
comparison is documentary; the architecture and the scenario walk-through are design
artefacts. Results are reported in the order RQ2, RQ3, RQI, because the assessment of
requirement coverage (RQ1) draws on the audit and the comparison.

Requirements. Eight architecture requirements were derived (Table 1). Sources are
the information management principles of ISO 19650-1 and -2 (ISO 19650-1, 2018; ISO
19650-2, 2018), the IFC data schema including the IFC 4.3 extensions for rail, road, ports
and bridges (ISO 16739-1, 2024), the level of information need concept (ISO 7817-1, 2024)
and the logistics gaps identified in the review. Each requirement is traced to architecture
components and to the evaluation used.

Table 1 — Architecture requirements and their traceability

ID Requirement Source Component Evaluation

AR1 |One governed source of asset ISO 19650-1, -2 CDE Analytical
information with status control

AR2 | Vendor-neutral exchange of models ISO 16739-1; Spanish | CDE (IFC, BCF) Documentary
and issues Plan

AR3 | Element-level link between logistics | Gehring, Riippel, Integration service IFC audit (L1, L7)
objects and model elements 2023

AR4 | Event-driven propagation of transport | Karmakar et al., Integration service, Scenario walk-
and sensor events to schedule and 2022; Sacks et al., adapters through
model 2020

ARS | Supply of quantities and weights ISO 7817-1 Enrichment service IFC audit (L3-L5),
missing from models geometry test

AR6 | Georeferencing for GIS and route data | Spanish Plan, section | CDE, GIS adapter IFC audit (project

4.8 level)

AR7 |Roles, access control and audit trail ISO 19650-1; Jaskula | Governance service Analytical
across parties et al., 2025

ARS8 |Information delivered at the level ISO 7817-1 Governance, Analytical
needed by each logistics use enrichment

Source: compiled by the author. CDE — common data environment; BCF — BIM
Collaboration Format; L1-L10 — element-level information requirements (see Materials and
methods and Table 2).

The architecture (Figure 1) has three layers. Existing systems remain the sources:
authoring tools, the 4D schedule, the transport or fleet management system (TMS), sensors,
supplier systems and geoinformation. The integration layer adds three components: a CDE
following ISO 19650 with IFC 4.3 and BCF as exchange formats; an integration service with
an event bus and adapters that maintains canonical logistics objects (delivery, trip, slot)
linked to IFC Globallds and schedule tasks; and an enrichment service that derives missing
quantities from geometry and weights from a material catalogue. Services on top provide a
logistics twin view, decision support, governance and reporting to the client.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 95
4.0 International License



Industrial Transport of Kazakhstan. Vol. 23 (3). 2026

Sources
Authoring tools 4D schedule / Transport / fleet loT: gate readers, Procurement / GIS and national
(BIM models) project planning management (TMS) GNSS, sensors supplier systems geoinformation
Integration IayJ, l l l
Common data environment (ISO 19650) Integration service (event bus + adapters) Enrichment service
WIP - shared - published - archived <> canonical logistics objects linked to <> quantities from geometry;
IFC 4.3 (ISO 16739-1), BCF IFC Globalld; schedule task; trip; delivery weight from material catalogue

Services and users

Logistics digital twin view Decision support: delivery Data governance: roles, Client / authority
(model + schedule + live slots, re-scheduling, access control, audit trail, reporting (as-built model
vehicle and material status) trip re-assignment level of information need envelope to geo-bases)

Shaded: components proposed in this study; plain boxes in the source row: existing systems

Fig. 1. Reference architecture for BIM-enabled logistics integration

Source: designed by the author. TMS — transport management system; GNSS — global
navigation satellite system; WIP — work in progress.

The architecture was walked through for one scenario: a supplier reports a later arrival for
a delivery of structural elements (Figure 2). The integration service resolves the delivery to model
elements by Globalld, retrieves location and quantities, identifies the affected schedule tasks,
presents the site logistics manager with options, returns the decision to the TMS and records the
status on the elements. The scenario was used to check that every message has a defined source,
identifier and receiver.

Integration CDE / model 4D schedule Site logistics

™S service manager

1 ETA change event (trip, delivery IDs)

2 resolve delivery - IFC Globallds

3 elements, zone, quantities

4 affected tasks; float check

5 revised start dates

alert + options: swap slot / re-assign tri|

7 decision

8 updated slot / trip

9 status attribute on elements (BCF issue if needed)

Fig. 2. Information exchange sequence for a delayed delivery

Source: designed by the author. ETA — estimated time of arrival.

Model audit (RQ2). Ten IFC 4.3 ADD2 models from the buildingSMART International
certification datasets were analysed: Building-Architecture, -Hvac, -Landscaping and -Structural,
and Infra-Bridge, -Electrical, -Landscaping, -Plumbing, -Rail and -Road (buildingSMART
International, 2026). The files are published under the CC BY 4.0 licence; the repository state used
1s commit 80d976a of 4 September 2026. All instances of IfcElement except feature elements
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(openings) were counted as physical elements. The count includes 80 geographic elements (terrain
and vegetation), 18 element assemblies, whose parts are also counted, and 18 proxy elements; a
sensitivity count without geographic elements and assemblies is reported. For each element ten
information requirements were tested: L1 persistent identifier; L2 classification reference on the
element or its type; L3 element quantity set; L4 weight quantity; L5 weight derivable, that is, a
volume quantity together with a material density; L6 material association on the element or its
type; L7 spatial containment or aggregation; L8 type object; L9 property set; L10 assignment to a
process (task). In addition, every material defined in the models was checked for a density
property. Georeferencing (IfcMapConversion) was tested per model. As a check on enrichment,
element volumes were computed from the triangulated geometry; each mesh was tested for closure
(every edge shared by exactly two triangles), and computed volumes were compared with stored
volume quantities where both existed. The audit was implemented in Python 3.13 with
IfcOpenShell 0.9.0; scripts and outputs are retained.

Documentary comparison (RQ3). The Spanish BIM Plan for public procurement (Orden
PCM/818/2023, 2023), the Spanish public procurement law (Ley 9/2017, 2017: additional
provision 15, para. 6), Royal Decree 1515/2018 establishing the interministerial BIM commission
(Real Decreto 1515/2018, 2018) and the Kazakh Construction Code (Construction Code of the
Republic of Kazakhstan, 2026) were compared on seven criteria fixed in advance: legal basis,
trigger, maturity levels, standards, data environment, geoinformation and governance body. Full
texts were read on the official portals; statements are limited to what the texts contain.

Results.

RQ2 — model content (computed from open data). The ten models contain 348 physical
elements (Table 2). All of them have a Globalld (L1) and a spatial containment or aggregation
relation (L7), and all ten models are georeferenced through IfcMapConversion. Materials (L6) are
assigned to 94 % of elements and type objects (L8) to 93 %. The information that logistics needs
most is largely absent: pooled over all models, quantity sets are present for 9 % of elements,
classification references for 16% and property sets for 14 %; no element carries a weight or an
assignment to a schedule task. None of the 62 materials defined in the models carries a density
property, so weight cannot be derived from the models alone (L5). The pooled shares are
dominated by Infra-Landscaping (111 of 348 elements), which holds 55 of the 56 classified
elements and 48 of the 49 elements with property sets; the unweighted means across models are
6.6 % for classification, 14.3 % for quantity sets and 5.1 % for property sets. Without geographic
elements and assemblies (250 elements), the shares are 0 % for classification, 13 % for quantity
sets, 0 % for property sets, 99 % for materials and 90 % for type objects. The working hypothesis
for RQ2 is therefore supported for these models.

Table 2 — Share of physical elements meeting logistics information requirements in IFC
4.3 reference models

Model Elements | L2 class. | L3 qty L4 L5 L6 mat. | L8 type | L9 Pset | LI10

set weight | weight task

deriv.

Building-Architecture 13 0% 54% 0% 0% 92% 92% 8% 0%
Building-Hvac 6 0% 0% 0% 0% 100% 100% 0% 0%
Building-Landscaping 6 17% 0% 0% 0% 100% 100% 0% 0%
Building-Structural 17 0% 59% 0% 0% 94% 100% 0% 0%
Infra-Bridge 50 0% 30% 0% 0% 96% 92% 0% 0%
Infra-Electrical 6 0% 0% 0% 0% 100% 100% 0% 0%
Infra-Landscaping 111 50% 0% 0% 0% 91% 96% 43% 0%
Infra-Plumbing 29 0% 0% 0% 0% 93% 100% 0% 0%
Infra-Rail 75 0% 0% 0% 0% 97% 100% 0% 0%
Infra-Road 35 0% 0% 0% 0% 94% 54% 0% 0%
All models 348 16% 9% 0% 0% 94% 93% 14% 0%
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Source: author's analysis of buildingSMART International IFC 4.3 ADD?2 certification
models (CC BY 4.0). L1 (identifier) and L7 (spatial containment or aggregation) were met by
100% of elements in all models and are omitted. Shares are pooled over elements. class. —
classification; qty — quantity; deriv. — derivable from volume and density; mat. — material; Pset —
property set.

Of the 348 elements, 324 have a geometric representation, and a positive volume could be
computed from the triangulated geometry for all 324 of them; 294 of these meshes are closed. For
the 32 elements that also carry a stored volume quantity, the computed and stored volumes agree
to within 0.0001%. Volumes, though not other quantity types, can therefore be derived by the
enrichment service; the volumes of the 30 open meshes, mostly terrain and landscape surfaces,
should not be used without inspection. Weight cannot be derived, because no material in the
models carries a density. This splits AR5 into a part that can be automated from the model and a
part that requires an external material catalogue.

RQ3 — documentary comparison. Table 3 summarises the comparison. Spain combines a
general legal permission in procurement law, under which contracting authorities may require BIM
tools for works and related contracts (Ley 9/2017, 2017: additional provision 15, para. 6), with a
plan that makes BIM mandatory by contract value and date (Plan, section 4.3): for contracts of
€5,382,000 or more, from 1 April 2024 at the initial level, 1 October 2025 at the medium level, 1
October 2027 at the advanced level and 1 April 2030 at the integrated level; for contracts from
€2,000,000 to below €5,382,000, the initial level is recommended from 1 April 2024 and the initial,
medium and advanced levels become mandatory on the three later dates. The Plan defines five
BIM levels — pre-BIM, initial, medium, advanced and integrated — across four categories (strategy,
processes, technology support, people) and defines the CDE (section 4.9), lists the applicable
standards, including IFC under the UNE-EN ISO 16739 series (section 4.6), and provides for the
submission of models to national digital geoinformation bases (section 4.8). Kazakhstan's Code
makes information modelling technology mandatory for the types of construction objects listed by
the authorised body (art. 62, para. 1), delegates requirements for information management,
including the composition of digital models at life-cycle stages, to state normative documents (art.
62, para. 2), and declares the data of the state urban planning cadastre a state digital resource (art.
63, para. 3). Neither text contains provisions on logistics data: the Spanish Plan does not mention
logistics, and the term does not occur in the Russian-language text of the Kazakh Code.

Table 3 — Comparison of Spanish and Kazakh BIM frameworks and assessed transferability

Criterion Spain Kazakhstan Transferability
Legal basis Ley 9/2017 (add. provision 15.6) Construction Code 2026, art. 62 Equivalent basis exists
permits requiring BIM; Orden
PCM/818/2023 approves the BIM
Plan
Trigger Contract value thresholds with dates, | List of object types approved by | Primary: value-and-date
2024-2030 (section 4.3) the authorised body (art. 62.1) staging as a complement
Maturity levels Five levels across four categories Not established in the Code Secondary: through a
(section 4.9) normative document
Standards IFC (UNE-EN ISO 16739) and other Delegated to state normative Primary: explicit IFC
standards listed (section 4.6) documents (art. 62.2) requirement
Data environment | CDE defined in the Plan (section 4.9) Not defined in the Code Secondary: through
normative documents
Geoinformation Submission of models to national Urban planning cadastre data as a Secondary: via the
digital geoinformation bases (section | state digital resource (art. 63.3) cadastre
4.8)
Governance body Interministerial BIM Commission Authorised body for architecture, | Equivalent body exists
(RD 1515/2018) urban planning and construction
Logistics data Not addressed Not addressed Gap in both; contractual
requirements needed
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Source: compiled by the author from Orden PCM/818/2023 (BOE-A-2023-16784), Royal
Decree 1515/2018 and the Construction Code of the Republic of Kazakhstan of 9 January 2026
No. 253-VIII. The transferability column is the author's assessment, not a legal opinion.

RQ1 — requirement coverage (design artefact). In a single-scenario walk-through every
message had a defined source, identifier and receiver, so AR3 and AR4 are addressed by the design
on the condition that Globallds are kept stable between model versions. AR1, AR2 and AR7 are
addressed by the CDE and governance components by design; this rests on analytical and
documentary assessment only and has not been tested. AR6 is met at project level by all audited
models. AR5 is met only partly: volumes can be derived, weights cannot without an external
catalogue. ARS8 depends on the client stating the level of information need for logistics uses, which
neither framework requires. Compared with point-to-point links among the six source systems,
which would need up to fifteen interfaces, the hub design needs six adapters; this is an arithmetic
property of the design, not a measured saving.

Discussion.

The audit shows where the information gap lies. Identity, location and georeferencing — the
elements that allow a delivery to be linked to the right place in the model — are present. Quantities,
weights, classifications and links to the schedule — the elements that allow a delivery to be planned
and loaded — are not. This is consistent with the finding by Whitlock and colleagues that logistics
planning still relies on information outside the model (Whitlock et al., 2021: 325-348) and with
the scope limits reported by Gehring and Riippel, whose logistics twin left supplier and vehicle
data for future work (Gehring, Riippel, 2023). The practical implication is that clients who want
logistics to use the model must state logistics information requirements in their exchange
requirements, and that an enrichment step is needed regardless.

The reference models are certification datasets, built to test software rather than to represent
delivered projects. Their results indicate what the schema permits and what a minimal model
contains; production models may carry more quantities and classifications. The audit is
reproducible and can be repeated on any client model, which makes it useful as an acceptance
check rather than as a statement about the industry.

On transfer, the Spanish framework offers two primary elements that Kazakhstan's Code
leaves to secondary documents: an explicit requirement for open IFC exchange and a staged
schedule tied to contract value and date. Since article 62 delegates information management
requirements and the composition of digital models to state normative documents, both appear
transferable without changing the Code; this is the author's reading of the text, not a legal opinion.
Kazakhstan's object-type list and Spain's value thresholds are different triggers but not
incompatible. The CDE definition, the maturity levels and the submission of models to
geoinformation bases are secondary candidates that could follow through the same documents.
Logistics data are a gap in both frameworks, so transfer from Spain does not close it; it must be
addressed in contract-level information requirements, which the architecture is designed to
receive.

The study has limitations. The architecture has been demonstrated by walk-through, not
implemented and measured on a project. The audit covers ten small reference models. The
documentary comparison is limited to the texts read; secondary normative documents in
Kazakhstan, including the list of object types, were not analysed. No Spanish project data were
used, and no claim is made about Spanish practice beyond the published regulatory text.

Conclusion.

The study designed a reference architecture for BIM-enabled construction and industrial
transport logistics, traced to eight explicit requirements; tested ten IFC 4.3 reference models
against ten element-level information requirements; and compared the Spanish and Kazakh public
BIM frameworks on seven criteria fixed in advance. The results are of three types: a design artefact
(the architecture and the scenario walk-through), computations on open data (the model audit and
the geometry test) and a documentary analysis (the framework comparison).
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The model audit answered RQ2. The models met identity, location and georeferencing
requirements fully: every element had a persistent identifier and a spatial containment or
aggregation relation, and every model was georeferenced. The information that logistics needs
most was largely absent: pooled over all elements, quantity sets were present for 9 % and
classification references for 16 %, and no element carried a weight or a link to a schedule task;
none of the 62 materials defined in the models carried a density. Volumes could be computed from
geometry for all elements with a representation and agreed with the stored volume quantities where
these existed, which suggests that an automated enrichment step for volumes is feasible, whereas
weights require an external material catalogue. Because the pooled shares are dominated by one
model, the unweighted model means (6.6 % for classification, 14.3 % for quantity sets, 5.1 % for
property sets) and a sensitivity count without geographic elements and assemblies (13 % with
quantity sets, 0 % with classification) were also reported; they do not change the conclusion.

The documentary comparison answered RQ3. Spain combines a general permission in
procurement law with a plan that makes BIM mandatory by contract value and date — for contracts
of €5,382,000 or more from 1 April 2024 at the initial level up to the integrated level from 1 April
2030 — while Kazakhstan makes information modelling mandatory for the types of construction
objects listed by the authorised body. Neither framework regulates logistics data. In the author's
assessment, Spain's explicit IFC requirement and its staging by contract value and date are the
primary candidates for transfer to Kazakhstan, followed by the CDE definition, the maturity levels
and the submission of models to geoinformation bases. Since article 62 of the Kazakh Construction
Code delegates requirements for information management and the composition of digital models
to state normative documents, these elements could be introduced through such documents; this is
a reading of the published texts, not a legal opinion.

For RQ1, the scenario walk-through showed that every message in a delayed-delivery
scenario had a defined source, identifier and receiver, provided that Globallds remain stable
between model versions; the requirements on the common data environment, exchange formats
and governance are addressed by design but were assessed only analytically. The requirement to
supply missing quantities and weights is met only in part.

The novelty of the work lies in combining three elements that the reviewed studies treat
separately: an integration architecture evaluated against explicit, traceable requirements; a
measured, reproducible gap between the content of openly available models and the information
that logistics needs; and a comparison of two public BIM frameworks aimed at transfer. The audit
procedure and the requirement set L1-L10 are not tied to the reference models and can be applied
to any model a client receives.

For practice, the findings suggest that clients who want models to serve logistics should
state logistics information requirements — quantities, weights or material densities, classification
and links to schedule tasks — in their exchange requirements, and should plan an enrichment step
regardless. The audit scripts can be used as an acceptance check on delivered models.

The study has limitations: the architecture was demonstrated by a walk-through rather than
implemented, the audit covers ten small certification models rather than production models, and
the secondary normative documents in Kazakhstan were not analysed. Further work should
implement the integration and enrichment services on a live project, measure information latency
and manual handovers against current practice, extend the audit to production models from Kazakh
projects, and analyse the secondary normative documents in Kazakhstan once published.
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