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Construction projects increasingly face logistical inefficiencies affecting schedule reliability, cost
control, and resource utilization, particularly under supply variability and spatial constraints. Construction
logistics includes procurement planning, transportation, storage, on-site handling, scheduling, and
information-flow coordination. Construction logistics is examined as an integrated component of
organizational and technological construction management, while Building Information Modeling (BIM) is
considered a digital platform for coordinating and controlling logistics processes. A comparative case study
of two large-scale residential projects implemented by the same developer at different lifecycle stages in the
Republic of Armenia was conducted using descriptive indicators of delivery lead times, emergency
interventions, storage dependency, and work disruptions. The results indicate that delayed BIM
implementation is associated with greater logistics variability, reliance on emergency procurement, and
logistics-driven work interruptions. Early BIM-based logistics integration improves predictability, reduces
reactive interventions, and enhances process controllability. A BIM-based organizational and technological
framework for improving construction logistics performance is proposed.
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Introduction

Construction logistics has become a critical factor influencing project performance in modern
construction practice. In the context of the Republic of Armenia, logistics-related challenges are particularly
pronounced due to the dependence on imported construction materials, limited local manufacturing capacity,
and the exposure of supply chains to external geopolitical, infrastructural, and climatic factors. Construction
logistics includes procurement planning, transportation, storage, on-site material handling, scheduling, and
coordination of information flows between project participants [1-3]. Insufficient integration of these processes
may result in schedule delays, cost escalation, material losses, and reduced predictability of construction
outcomes [1, 3].

These challenges are especially relevant for large-scale residential developments characterized by high
material intensity, dense urban locations, and limited on-site storage capacity. In Armenia, supply lead times
are subject to significant variability caused by production constraints, border conditions, changes in
transportation routes, and external disruptions. As a result, logistics-related risks frequently propagate across
construction schedules, procurement plans, and resource allocation processes.

Building Information Modeling (BIM) has been widely adopted as a digital approach supporting

information integration, coordination, visualization, construction planning, and decision-making throughout
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the project lifecycle [2, 4]. However, in many practical applications, BIM is introduced at later project stages
and used primarily for visualization, design coordination, and clash detection, which limits its potential
contribution to proactive logistics planning and control [5, 6].

Although BIM applications, construction logistics, and digital supply-chain integration have been
extensively studied, limited empirical attention has been given to the influence of BIM implementation timing
on logistics controllability within import-dependent construction environments. This issue is particularly
relevant where external supply-chain variability increases the importance of organizational and technological
coordination. This study addresses the identified gap through a comparative analysis of two residential
construction projects implemented by the same developer at different lifecycle stages. Construction logistics
is examined as an integrated element of organizational and technological construction management, and a

BIM-based framework for improving logistics planning and control is proposed.

Materials and Methods

Construction logistics has evolved from a narrowly defined function focused on material delivery into
an integrated process encompassing procurement planning, transportation, storage, on-site handling,
construction sequencing, and coordination of information flows among project stakeholders. Construction
supply-chain research indicates that performance losses frequently originate from fragmentation between
supply-chain decisions and site production requirements. Consequently, logistics inefficiencies are increasingly
interpreted as coordination and planning problems rather than solely as transportation constraints [1, 3].

Recent research highlights the role of Building Information Modeling (BIM) in improving logistics
controllability through information integration, material tracking, procurement planning, and coordinated
decision-making [2, 4]. In this context, a distinction should be made between physical supply lead times and
logistics controllability. Manufacturing capacity, transportation routes, customs procedures, and external
disruptions determine the physical duration of supply, whereas BIM-supported planning may improve the
predictability, traceability, and coordination of logistics processes without necessarily shortening delivery
durations [2, 3].

The effectiveness of BIM-supported management depends not only on the availability of digital models
but also on the timing, scope, and organizational maturity of implementation [4-6]. Limited applications,
including design coordination, clash detection, quantity verification, and selective 4D planning, may improve
information visibility and reduce selected coordination problems. Nevertheless, partial or late-stage
implementation restricts the integration of procurement, logistics, and construction planning and therefore
limits the potential for proactive control.

Research on BIM-enabled 4D planning and site logistics demonstrates that integrated models can
support construction-sequence visualization, workspace planning, material-flow coordination, and
synchronization of deliveries with site activities [7, 8]. Site-logistics studies also identify planning and
forecasting, material movement, technology and equipment, site conditions, and material protection as factors
affecting resource use, rework, material damage, and construction waste [3]. At the supply-chain level, the
development of digital-twin concepts extends BIM-based coordination by linking digital representations with
updated information from physical processes, thereby supporting situational awareness and feedback-based
control [9-11]. Bibliometric studies confirm increasing research interest in the integration of BIM, the Internet

of Things, and digital twins across construction lifecycle processes [12].
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Despite the growing literature on BIM, digital twins, construction logistics, and supply-chain
coordination, limited empirical attention has been given to the influence of BIM implementation timing on
logistics controllability in import-dependent construction environments. This gap is addressed through a
comparative analysis of two residential construction projects implemented by the same developer at different
lifecycle stages. The first project represents late and partial BIM implementation, whereas the second

incorporates BIM-based logistics planning from an earlier project stage.

Research Method and Framework

A qualitative comparative case study methodology supported by descriptive quantitative indicators is
adopted. Two large-scale residential construction projects located in the Republic of Armenia and executed by
the same developer were selected to control for organizational, regulatory, and market conditions while
allowing comparison of logistics performance at different project lifecycle stages.

Construction logistics is analyzed as an integrated subsystem of organizational and technological
construction management. Based on the analysis, a BIM-based logistics framework is proposed, consisting of
organizational, process, information, and control layers. BIM is considered an enabling platform supporting
coordination, monitoring, and adaptive control of logistics processes.

The organizational layer defines roles, responsibilities, and decision-making authority related to
logistics planning and execution. The process layer integrates logistics activities with construction sequencing
and procurement schedules. The information layer is enabled through BIM and provides a shared environment
for spatial, temporal, and resource-related data. The control layer supports monitoring and feedback
mechanisms that enable proactive response to logistics risks.

The quantitative indicators used in the comparative analysis are descriptive in nature and are derived
from site records, procurement logs, planning documentation, and project management reports. These
indicators are intended to support a structured comparative assessment of logistics performance and
controllability rather than statistical generalization. The methodological focus of the study is on organizational

and technological differences between the cases rather than numerical optimization.

Case Study Description

The empirical analysis is based on two large-scale residential construction projects located in the
Republic of Armenia and implemented within the same regulatory, economic, and supply chain environment,
enabling a controlled comparison of logistics performance across different project lifecycle stages.

Both projects are characterized by high material intensity, strong dependence on imported construction
and finishing materials, limited on-site storage capacity, and complex coordination requirements among
designers, procurement teams, and construction sites.

The first project represents a late-stage development undergoing intensive finishing works. Logistics
planning evolved reactively in response to construction pressures and frequent design-related changes. BIM
was introduced at a relatively late stage and used primarily for coordination discussions and selective quantity
verification.

The second project represents an early-stage development where logistics planning and BIM integration

were initiated during the design phase. Organizational structures, procurement strategies, and information
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workflows were defined in advance, informed by lessons learned from the first project and supported by BIM-
based planning principles.

In both Armenian projects, physical supply lead times are primarily driven by import dependency and
external conditions; therefore, the expected improvement in the second project is not a reduction of delivery
durations but enhanced logistics controllability through synchronized planning, scheduling, storage strategy,

and information coordination.

Results and Discussion

The comparative analysis demonstrates substantial differences in logistics performance and
controllability attributable to the timing and depth of BIM-supported organizational and technological
integration. Although both projects operate within the same national and regulatory context, their logistics

outcomes differ due to differences in planning maturity and digital integration (fig.).

LOGISTICS CHALLENGES

« Lead-time variability « Import dependency
» Storage constraints « Storage constraints
» Emergency procurrment « Design-driven material changes

« Design-driven material coordination « Fragmented office-site coordination

L

BIM-BASED ORGANIZATIONAL-TECHNOLOGICAL LOGISTICS FRAMEWORK

« Organizational layer « Defined roles and decision rights
» Process layer « Integration of procurement and construction sequencing

« Information layer = BIM /4D BIM as shared data environment

« Control layer » Monitoring, feedback, adaptive response
& ¥

LOGISTICS CONTROLLABILITY OUTCOMES ]

+ Reduced emergency logistics interventions
« Improved delivery predictability

*» Reduced external storage dependency

« Fewer logistics-driven work stoppages

« Higher transparency and coordination efficiency

Fig. Conceptual representation of BIM-based logistics integration and its impact on
construction process controllability

Delayed logistics integration in the late-stage project resulted in fragmented coordination, reactive
decision-making, frequent emergency procurement actions, and prolonged reliance on external storage
facilities. From a management perspective, BIM-supported logistics planning shifts decision-making from
reactive responses toward anticipatory coordination based on shared and timely information. This transition
enhances process controllability by enabling earlier identification of logistics risks and more informed
managerial interventions. Conversely, early-stage BIM-supported logistics planning in the second project
enables improved alignment between procurement schedules, construction sequencing, and storage planning
(table).
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Table
Quantitative comparison of logistics performance indicators

Logistics performance indicator Metric (late-l::;;?eclzrloj ect) (early-si);;iefiipecte d)
Local supply lead time Working days 3...10 3...10
Imported supply lead time Weeks 3...25 3...25
Deliveries exceeding planned lead time % of orders ~50 <25
Emergency logistics interventions % of orders ~10 <3
Route changes due to external factors % of deliveries ~3 Minimal
Materials stored externally % of total materials 25...30 <15
External storage duration Months 3.9+ <2..3
Logistics-driven work stoppages Duration 1...3 weeks Rare / avoided
Logistics decisions supported by BIM % ~20...30 >60 (benchmark-based)

Figure illustrates the conceptual relationship between BIM-based logistics integration and construction
process controllability, while Table 1 summarizes the comparative logistics performance indicators. The results
confirm that while physical supply lead times remain externally constrained, organizational and technological

modernization substantially improves logistics controllability, schedule reliability, and workflow stability.

Conclusions

Based on the comparative analysis, construction logistics inefficiencies are interpreted as systemic
outcomes of fragmented organizational coordination and delayed BIM integration rather than as isolated
operational failures. Based on the comparative analysis of two large-scale residential projects in the Republic
of Armenia, early integration of BIM-based logistics planning is considered capable of enhancing logistics
controllability.

Improved delivery predictability, reduced reliance on emergency procurement, lower external-storage
dependency, and greater workflow stability are expected to be supported through early BIM-based logistics
integration. While the empirical analysis is grounded in the Armenian construction context, the identified
logistics challenges and the proposed framework are applicable to other regions characterized by high import
dependency and limited on-site logistics capacity.

The proposed BIM-based organizational and technological framework provides practical guidance for
integrating logistics into construction management systems and supports more predictable and resilient project
execution. Future research may extend this work through longitudinal studies and integration of real-time
digital monitoring technologies. Based on the findings, the digital transformation of construction logistics
should be approached as an organizational and technological change process rather than as a software-driven

initiative, particularly in environments characterized by high supply-chain variability.
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chuururuguuy LNehuShulush YUQUUUEMM2USEvLNLNShUYUL UM PUYULUSNRUT

BIM-b UbLUNUUUL. NPUNPULUUPMNRESNRL ZUSUUSULE Orhuuundg

zhpdhut Uppkpunh Unquewiyub, Uwpkiuhy Ukjputh Zujpuybnjut’

SQwpunupunybunipyuil b phlnupupnipul Zuyuuumu i wgquyhl hwduyuwpul, p. Gplial, 22

‘satenik.hayrapetyan98@gmail.com

Chhwpwpwlwl hwhrugskpp hwdwfu pupn/nid ki inghuwnpl) wiupnni nuybwnnprul, npp
puguuwpwn Fugnpnid dudwbwljuugnygh hniuug hnippul, Swipiubph Jkpuhuldwb b nkunipubibph

oqunugnpSuiml Jpuw  hunnlunyku dunnulupupdwl thnghnpnualwimippul b nwpudwlul uuh-
dwbunhwmdbbph wuydwbbbpnid: Chhwpwpwlwb nghunhlwl Gkpunnid F ghnidbbph -
bun/npnidp, hnpiugpnidp, wwhbkuwnwydnpnidp, bbpphihpuwywpulughll nkyupwpdnp, wopnu-
nwiphbph dudwbmlugnygp b nknEjunywlwi hnupbph hudwljupgnidp: ZEunugnuinieintinid
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shtwpwpulwi inghunphui ghunwplynid Fnpybu ququulkpuswnkboininghwul junaguwn-
vl pumunphs, huly sklipkph nkpklumyulwi dnpljuninpnudp (BIM) npuyku jnghuwnply gnpd-
plpughbph hudwlupguwi b JEpwhuldwl pyuyhl huppul: Zudbdwnmwlul dkpnnpny niunid-
luuppyly B Zuymunwih Zubpuw bnnipeininid Gnyl upniguyuwnngh nnudhg ppufuinugyng
b GEauwghlyh nmupplbp thny bpnid quin/ng Eplnt junponpuidunjuy phwlbph bwpnugstp: dbpinidyky
ki vwwnwlupupdwl dudEnbbpp, hApunnuy dhowdinnipnibbkpp, wwhbuwnunnpnidhg uipi-
Ywdnipinilp b wppnuwnmwipllbph paphunnnidiabpp: Upyniaphbpnp gnijg b wiwghu, np BIM-h nip

bpppnidp junyyws F inghuwnply thnihnfuwljwbnippul, Apunnwy qanidbabph b wopnunmbpabph
plphwwnnidbbph htwn, dhispkn Jun hlnnkgpnidp pupdpuginid F gnpdpipugibph Juipiunnkbuk-
Jhnipinial i Junuwijupkihnipiniap: UnwownplJky E BIM-h Jpw hhdinfus jnghumnpluyp uguu-
Ghpwswinkhiininghwlwi hudwlupg:

Pwlmyh punkp. spliwpupulul (nghunplw, >Eipkph nkpbiunnywluwb Unpkjunpnid

(BIM), juquwlbpwyswnkubninghulwli hudwlupgbp, inghunplugh Junujwuplyhniemnt i, pyu-
Jhb phtupwipnipini i

OPTAHU3AIIMOHHO-TEXHOJIOTMYECKASI MOJEPHU3AILIMSI CTPOUTEJIBHOM
JIOT'NCTHUKHU HA OCHOBE BIM: HCCJIEJOBAHUE HA ITPUMEPE APMEHUU

Dpmune Ainbbeprosna Aramkansn, Carenuk CelipanoBna Aiipanersin’
Hayuonanvnolii ynusepcumem apxumexmypsl u cmpoumenvcmea Apmenuu, e. Epesan, PA

satenik.hayrapetyan98@gmail.com

CmpoumenvHuvle npoeKmul Yacmo CMAIKUBAIOMCsL ¢ HeIPPEKMUBHOCMBIO TOSUCTIUYECKUX NPOYECCO8,
OMPUYAMENbHO BIUAIOWUX HA HAOEHCHOCMb 2PAPUKO8, KOHMPOIL 3ampam U UCHONb308AHUE DPecypCos,
0COOEHHO 6 YCNOBUAX HeCMAOUNLHOCIMU NOCMABOK U NPOCMPAHCMEEHHbIX ocparuyenuu. CmpoumenvHas
JI02UCMUKA GKIOYAem NIAHUPO8aHue 3aKyROK, MpaHCROPMUPOSKY, XpaneHue, 6Hympuniouwaooinoe nepeme-
Wenue, KaieHOapHoe NIaHUPO8aHue U KOOPOUHAYUIO UHGOPMAYUOHHBIX NOMOKO8. B uccredosanuu cmpou-
MeNbHAas T02UCTNUKA PACCMAMPUBAETNCS KAK KOMIOHEHM OP2AHU3AYUOHHO-TNEXHOIOSUHEeCKO20 YNPAGIeHUs, a
ungopmayuonnoe mooenuposanue 3oanuti (BIM) — xax yughposas nnamgpopma koopourayuu u KOHMpOos.
Jozucmuyeckux npoyeccos. CpaguumenbHbiM MemoooM UCCIe008aAHbl 084 KPYNHOMACUMAOHBIX JHCUTBIX NPO-
eKma, peanuzyemulix 0OHUM 3acmpotiuyuxom 6 Pecnyonuxe Apmenus u HaxoOAWuUxcs Ha PAHBIX IMANAX HCU3-
HeHHOo20 yukaa. IIpoananuzuposanvl cpoku nocmasox, IKCMpeHHble BMeuamenscmed, 3a6UcCUMOCMb OMm CKIA-
ouposanus u nepepulgsl 6 pabomax. Pezynbmamul nokasvieaiom, umo no3onee eneoperue BIM céazano ¢ nogwi-
WEHHOU 8APUAMUBHOCIBIO JIOCUCIUKU, IKCTNPEHHLIMU 3aKYNKAMU U HAPYWEHUIMU NPOU3B00CBEHHO20 NPO-
yecca. Pannss unmezpayust BIM nogvluaem npedckazyemocms u YRpaeisieMoCms JOSUCIUYECKUX NPOYECCO8.
IIpeonooicena opeanu3ayuoHHO-MexXHON02UYECKas CUCeMa CIMPOUMeNbHOU T02UCMUKU Ha 0cHoge BIM.

Kniouesvie cnoea: cmpoumenvnas noeucmuka, uHgopmayuonnoe mooenuposanue soanuu (BIM),

Op2aAHU3AUUOHHO-MEXHOI02UYEeCKUE CUCNEMbL, YNpaeslemMoCcntb 102UCMUKU, L;ugbpoeoe cmpoumeilbCmeo
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