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Urban infrastructure development continues to be constrained by cost overruns,
schedule delays, fragmented stakeholder coordination, and rising sustainability
requirements. This paper examines innovative construction project management
(CPM) techniques - digital twins, Building Information Modeling (BIM), Internet of
Things (IoT) site monitoring, artificial-intelligence-assisted scheduling, agile delivery
methods, and prefabricated/modular construction - as mechanisms for improving
coordination systems, workflow optimization, and strategic planning on large-scale
urban and infrastructure projects. Drawing on a synthesis of twenty-five peer-
reviewed sources together with practitioner experience in delivering prefabricated
Glued-Laminated-Timber (Glulam) housing in the United States, the paper proposes
an Integrated Off-Site-On-Site Coordination (I00C) framework that links early digital
design coordination, off-site manufacturing scheduling, and real-time on-site
monitoring into a single management cycle. The framework addresses three recurring
gaps identified in the literature: fragmentation between design and manufacturing,
weak stakeholder alignment, and underuse of real-time data for adaptive scheduling.
Findings indicate that projects combining BIM-enabled coordination with modular
production and IoT-based tracking achieve shorter, more predictable delivery than
conventional sequential models. The paper concludes that the convergence of digital
coordination tools and off-site manufacturing is a scalable route to addressing housing
shortages and infrastructure backlogs while reducing environmental impact.
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Po3sBuTok Micbkoi iHQpPACTPYKTypH NPOJOBXKYE CTPUMYyBaTHUCA IepeBUTpPaTaMHU
KOIUTIiB, 3aTpuMKaMu TrpadikiB, PparMeHTOBAHOI KOOpAUHAL€ 3aljiKaBJeHUX
CTOPiH Ta 3pPOCTAaHHSAM BHUMOT [0 CTaJIOTO PO3BUTKY. Y Wil cTaTTi po3riajaloTbcs
iHHOBaliliHi MeToaM ympaBJiiHHA OyZAiBesnbHUMH npoektamu (CPM) - nudposi
JBiliHUKY, iHQopMauiiiHe MognenoBaHHA OyAiBesnb (BIM), MoHiTOpHHTI 006’eKTiB 3a
Jornomororto IHTepHeTy pedelt (IoT), niaHyBaHHS 32 ,0NOMOI0I0 IITYYHOTO iHTEJIEKTY,
THY4YKi MeToJu peaJsiszauii Ta 36ipHe/MoAy/bHe OYJiBHULTBO - SIK MeXaHi3MU AJis
MOKpalleHHsI CUCTEM KOOpAUuHallil, onTuMi3aLii po6oynx NpoLeciB Ta cTpaTerivHoro
IJIAaHyBaHHSl BeJIMKOMAaclUITaOHMX MICbKUX Ta iHQpPACTPYKTYpHUX NPOEKTIB.
Cnyparnoynch Ha CUHTe3 ABAJLSATH II'SITU pelleH30BaHUX JpKepes pa3oM i3 JOoCBiJoM
NpaKTUKIB y chepi OyAiBHUITBA 36ipHUX GYAMHKIB 3 KieeHoi AepeBuHH (Glulam) y
Crosrydenux lllTaTax, y cTaTTi NPONOHYETHCA iIHTErpoBaHa CUCTeMa KOOpAUHaLIl mo3a
o6’ektom Ta Ha Micui (IOOC), sAka mNO€gHYE paHHIO KOOpAHWHALil IHUPOBOTO
NpOeKTYBaHHs, IJITaHyBaHHSI BUPOOHUIITBA [103a 06'€KTOM Ta MOHITOPMHI Ha Micli B
pexuMi peasbHOTO 4Yacy B €AVMHUN LMKJ ynpasJjiHHA. L cTpyKTypa BpaxoBye TpPH
MOBTOPIOBAaHi NpOTaJiMHU, BUSBJIEH] B JIiTepaTypi: dparMeHTalito Mi>k IpoeKTyBaHHIM
Ta BUPOOHHULTBOM, CJabKy Y3ro/PKEHICTb 3aliKaBJeHUX CTOpiH Ta HEJOCTAaTHE
BUKOPHUCTAHHA [aHUX y PEXHUMi peasbHOr0o 4acy [/ aJalTHUBHOrO IJIaHYBaHHA.
PesynbTaTu JocC/aipKeHHA NOKa3yOTh, 110 MPOEKTH, 1110 NOEAHYIOTh KOOpAUHALLiI0 Ha
ocHoBi BIM 3 MoAy/bHUM BUPOOHMITBOM Ta BiZicTEeXKEHHSAM Ha OCHOBI IHTepHeTy
pedel, AOCATalOTh KOPOTLIMX Ta Oi/bll NepejbadyBaHUX TePMiHiB BUKOHAHHHA, HiX
TpaJuuiliHi nocaifoBHi Mozesi. Y cTaTTi poOGUTbCA BUCHOBOK, 1[0 KOHBEPreHILis
iHcTpyMeHTiB uudpoBoi KoopAuHaLii 3 Mo3aMalWJaHYUKOBUM BHUPOOGHUITBOM €
MaclITaboBaHUM IJISAXOM /0 BUpPILIEHHS Mpo6JseM ZediluTy KUTIA Ta 3aTPUMOK Y
BefleHHI 1HOPAcTPyKTypH, OJHOYACHO 3MEHIIYIOYM BIUIMB HA HABKOJMIIHE
cepeJioBUIIE.

KJ/IIOYOBI CJIOBA

yOpaB/iHHA OyJiBeJIbHUMH MPOEKTaMU, PO3BUTOK MicbKoi iHppacTpyKTypH, 36ipHe
OoyniBHULITBO, iHQopMaliiHe MozentoBaHHs OyAiBenb (BIM), cucrtemMu koopauHalii,
onTHUMi3alisg po6oYrx MpoleciB, OYAiBHUIITBO MOAYJIbHOTO KU TJIA.
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1. Introduction

Urban populations continue to expand faster than the infrastructure and housing stock available to
support them, and construction organizations are increasingly asked to deliver more within tighter
budgets and shorter timelines. At the same time, traditional, sequential delivery models in which design,
procurement, and on-site construction proceed largely in series remain vulnerable to the cost and
schedule overruns that are repeatedly documented in infrastructure and housing projects worldwide [3;
14]. Megaprojects in particular are prone to optimism bias, weak governance structures, and value that is
captured unevenly among stakeholders, which further undermines predictability [11; 18].

Two forces are reshaping how urban infrastructure and housing projects are managed. First, digital
technologies BIM, digital twins, [oT sensing, and Al-assisted scheduling are giving project managers far
greater visibility into design conflicts, resource use, and site conditions than was previously possible [2; 6;
19; 21]. Second, off-site and modular delivery models are decoupling manufacturing from weather-,
labor-, and site-dependent construction sequences, compressing timelines and improving quality control
[5; 12; 23; 25]. Individually, each of these techniques has been shown to improve some dimension of
project performance. However, the literature also shows that their benefits are frequently constrained by
fragmentation: digital models are not consistently linked to manufacturing schedules, and site data is not
consistently fed back into planning decisions [9; 17].

This paper has three objectives. First, it synthesizes the current literature on coordination systems,
workflow optimization, and strategic planning techniques relevant to urban infrastructure and
construction project management. Second, it proposes an integrative framework, the Integrated Off-Site-
On-Site Coordination (I00C) framework, that connects digital design coordination, off-site manufacturing,
and site-level monitoring into a continuous management cycle rather than three disconnected functions.
Third, it evaluates the framework against practitioner experience delivering prefabricated Glulam housing
near New York City, illustrating how the framework applies to a real, scalable construction operation. The
paper proceeds with a literature review, a description of the methodology used to develop the framework,
findings, a discussion of implications, and conclusions.

2. Literature Review

2.1. Stakeholder Coordination and Risk

Effective coordination among owners, designers, contractors, and regulators is consistently
identified as a determinant of project performance. Abdillah and Amin found that stakeholder
engagement and the balance of influence among dominant stakeholders directly shape project
performance outcomes, indicating that coordination structures, not only technical planning, determine
delivery success [1]. Xia, Guo, and Lin similarly show that construction contractors’ risk exposure is
closely tied to how stakeholder attributes are managed, and propose that structured stakeholder-
attribute analysis can materially reduce project risk [24]. Irfan et al. extend this argument to the public
sector, demonstrating that project planning quality and project manager competencies jointly predict
publicinfrastructure project success, suggesting that coordination capability is as important as planning
documentation itself [13].

2.2. Digital Coordination Technologies: BIM and Digital Twins

BIM has become a central coordination technology in construction. Du shows that BIM-based
engineering project management improves information sharing and reduces design conflicts relative to
conventional 2D-drawing-based coordination [9]. Rui, Yaik-Wah, and Cher Siang similarly document
BIM’s role in improving scheduling accuracy and reducing rework across the project lifecycle [21].
Zhang et al,, reviewing BIM applications specifically for prefabricated construction, find that BIM is
particularly valuable where design and manufacturing must be tightly synchronized, since geometric
and scheduling errors that would otherwise surface on site can be identified during the design stage
[25]. Cao, Kamaruzzaman, and Aziz extend this to green building delivery, finding that BIM utilization
supports both technical coordination and sustainability performance tracking [4].

Digital twins represent a further extension of BIM into operational and urban-scale coordination.
Al-Sehrawy, Kumar, and Watson propose a classification system for digital twin use in urban planning
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and city infrastructure management, distinguishing between twins used for design coordination and
those used for ongoing operational monitoring [2]. Chia Lai et al. describe an urban digital-twin
architecture intended to support sustainable smart-city planning, highlighting the technical and
organizational challenges of scaling twin-based coordination beyond a single project [6]. Mazzetto’s
review of urban digital twin integration finds that while adoption is accelerating, interoperability
between twin platforms and on-the-ground project management systems remains a persistent barrier
[19] - a gap directly relevant to the coordination framework proposed later in this paper.

2.3. IoT-Enabled Site Monitoring

IoT technologies extend digital coordination from the design stage into live site conditions. Khan
et al. find that IoT-based monitoring systems measurably improve safety outcomes and operational
efficiency on construction sites by providing real-time visibility into equipment, materials, and worker
location [15]. This literature indicates that IoT’s contribution to project management is greatest when
sensor data is actively integrated into scheduling and decision-making rather than used solely for
passive monitoring.

2.4. Prefabrication, Modularization, and Lean Delivery

Prefabricated and modular construction methods are widely associated with reduced timelines
and improved cost predictability. Chauhan et al. find that prefabrication’s monetary and non-monetary
benefits are strongly moderated by product modularity highly modular systems capture greater benefits
than partially prefabricated ones [5]. Wuni, Shen, and Osei-Kyei identify critical success criteria for
prefabricated, prefinished volumetric construction projects, emphasizing early supply-chain integration
and design standardization as primary success drivers [23]. Ifionu et al. review the cost efficiency and
scalability of modular construction specifically in relation to housing shortages, concluding that
modular delivery can meaningfully expand housing supply where manufacturing capacity is
systematically scaled [12]. Garcés et al. systematic review of Lean Construction principles reinforces
this, finding that waste-reduction and flow-based scheduling techniques compound the benefits of
prefabrication when applied together rather than independently [10].

2.5. Agile and Al-Enabled Project Management

Agile methods, long associated with software development, are increasingly applied to
construction. Dong et al., following a systematic review, propose a construction-specific definition of
agile project management centered on iterative planning and adaptive response to changing site
conditions [8]. Kineber et al. identify critical success factors for agile project management in sustainable
residential construction, finding that iterative design review cycles are especially valuable in
prefabricated delivery models where design changes are costly to implement after manufacturing
begins [16]. Lappalainen et al. describe a broader transformation of construction project management
toward “situational awareness,” in which real-time data and adaptive planning replace static, schedule-
based planning [17].

Artificial intelligence is emerging as a complementary tool. Mali et al. compare predictive
Al/machine-learning models for construction project management and find that Al-assisted forecasting
improves schedule and cost prediction accuracy relative to conventional estimating methods [20].
Salimimoghadam et al. systematic review of Al in project management identifies data availability and
organizational readiness — not algorithmic capability — as the primary barriers to adoption [22].
Coelho et al. offer a complementary efficiency-measurement approach, applying data envelopment
analysis to benchmark project management performance, which the framework proposed in this paper
adapts as a performance-tracking mechanism [7].

2.6. Governance, Cost Overruns, and Megaproject Delivery

Finally, the literature on cost overruns underscores why coordination and workflow techniques
matter. Belay documents systemic cost overruns and schedule delays across infrastructure projects in
low-income economies, tracing much of the variance to weak planning and coordination rather than
technical failure alone [3]. Julca-Varas et al. similarly identify primary risk factors for delays and cost
overruns in water-supply infrastructure projects in Peru, again pointing to planning and stakeholder-
coordination failures as leading causes [14]. Lovallo, Flyvbjerg, and Cristofaro propose a three-stage
governance process for large projects intended to counteract these tendencies through structured
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decision gates [18], and Gil’s theoretical work on megaprojects frames these overruns as a purpose-and-
value-distribution problem, not merely a scheduling one [11]. Together, this literature establishes that
coordination systems, workflow optimization, and strategic planning are not peripheral improvements
to construction project management - they are the central mechanisms through which cost and
schedule performance are actually determined.

3. Problem Statement

The main problem addressed in this study is the persistent fragmentation of construction project
management processes, which limits effective coordination among digital design, off-site
manufacturing, and on-site implementation in urban infrastructure development.

4. Methods and Materials

This paper adopts a qualitative, framework-development methodology combining (a) a
structured synthesis of the twenty-five sources reviewed above and (b) reflective analysis of
practitioner experience delivering prefabricated Glulam residential construction near New York City.
The literature was reviewed thematically across five categories corresponding to the sub-sections
above: stakeholder coordination, digital coordination technologies, IoT-enabled monitoring,
prefabrication/modularization, and agile/Al-enabled planning. For each category, recurring success
factors and recurring failure modes were extracted and compared across sources to identify where the
literature converges and where gaps remain unaddressed.

The practitioner reflection component draws on direct involvement in two completed
residential projects that integrated off-site Glulam component manufacturing with on-site assembly and
U.S. building-code compliance. This experience was used not as a data source to be statistically analyzed,
but as a validation lens: each proposed component of the framework was checked against whether it
addressed a coordination failure actually observed during project delivery for example, misalignment
between manufacturing lead times and on-site assembly crews, or delays in translating design changes
into updated production schedules.

The resulting Integrated Off-Site-On-Site Coordination (I00C) framework was then constructed
by mapping the recurring success factors from the literature synthesis onto the three phases common
to prefabricated construction delivery digital design coordination, off-site manufacturing, and on-site
assembly/monitoring and by specifying the coordination mechanism (tool, data flow, and decision gate)
that connects each phase to the next. This approach is consistent with the analytical, practice-oriented
purpose of the paper. Rather than reproducing existing literature reviews, it translates the literature’s
findings into an applied management framework and evaluates that framework’s plausibility against
direct project experience.

5. Results

The literature synthesis and practitioner validation converge on three findings.

Firstly, digital coordination technologies (BIM, digital twins) most reliably improve project
performance when they are treated as shared coordination infrastructure across organizational
boundaries, rather than as a design-stage tool used only by the design team [2; 9; 19; 21; 25]. Where
BIM models are not actively shared with manufacturing and site teams, the coordination benefit
documented in the literature does not fully materialize.

Secondly, prefabrication and modularization deliver their strongest benefits when paired with
structured supply-chain and workflow planning rather than used in isolation [5; 10; 12; 23]. This
confirms that workflow optimization is not a byproduct of prefabrication but a precondition for
realizing its benefits.

Thirdly, real-time data from IoT sensors, Al-assisted forecasting, and situational-awareness
scheduling adds the greatest value when it feeds back into active decision-making rather than passive
reporting [15; 16; 17; 20; 22].

Table 1 compares conventional sequential delivery with the integrated delivery model supported
by the literature reviewed above.
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Table 1. Conventional vs. Integrated (Off-Site/On-Site) Construction Delivery
Dimension Conventional Sequential Delivery Integrated Off-Site-On-Site Delivery
Design-manufacturing | Largely sequential; design finalized Concurrent, BIM-linked design and manufacturing
link before manufacturing begins scheduling [9; 25]
Stakeholder Ad hoc, meeting-driven Structured, data-shared coordination gates [1; 13; 24]
coordination
Schedule visibility Static baseline schedule Real-time, IoT/Al-informed schedule updates [15; 17;
20]
Quality control Primarily on-site inspection Factory-controlled component QC plus on-site
verification [5; 23]
Typical exposure to High, per infrastructure cost-overrun Reduced through earlier risk identification [11; 18]
overrun literature [3; 14]

Source: Formed by the author.

Table 2 sets out the components of the proposed 100C framework, described further in the
Discussion.

Table 2. Integrated Off-Site-0On-Site Coordination (I00C) Framework — Core Components

Phase Primary Coordination Mechanism Literature Basis
Digital Design Shared BIM model with manufacturing-ready component [4;9; 21; 25]
Coordination library
Off-Site Manufacturing Production schedule linked to BIM change log; lean flow [5;10; 12; 23]
Scheduling scheduling
On-Site Assembly & loT-tracked delivery/assembly status feeding back into [15; 16; 17]
Monitoring schedule and BIM model

Cross-Phase Governance | Stakeholder decision gates at each phase transition; Al-assisted [1;13;18; 20; 22; 24]
forecasting for risk flags
Source: Compiled by the author.

6. Discussion

The findings above point toward a specific coordination problem that the existing literature
identifies but does not fully resolve: digital design tools, off-site manufacturing systems, and on-site
monitoring technologies are each well studied individually, yet they are rarely analyzed as a single,
continuous management cycle. Mazzetto explicitly identifies interoperability between digital
coordination platforms and ground-level project management as an open challenge [19], and
Lappalainen et al. account of the shift toward “situational awareness” implies exactly this kind of
continuous data flow, without specifying how off-site manufacturing should be incorporated into it [17].
The 100C framework proposed in this paper is intended to close that gap directly (See Figure 1).

real-time data feedback

s

Il

Digital Design Off-Site On-Site Assembly
Coordination Manufacturing & Monitoring

- (5

TSSO

Cross-Phase Stakeholder Governance & Al-Assisted Forecasting

Figure 1. Digital Construction Workflow with Feedback Loops
Source: Built by the author.

In Phase 1, the framework requires that the BIM model used for design coordination be built
directly from a manufacturing-ready component library, so that structural members - such as Glulam
beams, panelized wall systems, and roof trusses — are modeled as the actual manufactured units rather
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than as generic geometry. This directly operationalizes the finding from Zhang et al. and Rui et al. that
BIM’s coordination value in prefabricated construction depends on tight synchronization between
design geometry and manufacturing output [21; 25]. In the practitioner’s own Glulam operation, the
absence of this synchronization in early projects produced avoidable rework when panel dimensions
modeled at the design stage required field modification during assembly - precisely the failure mode
the framework is designed to eliminate.

In Phase 2, off-site manufacturing scheduling is linked directly to the BIM change log rather than
managed as a separate production plan. Every design revision automatically flags affected production
batches, and lean, flow-based scheduling principles are applied to sequence manufacturing around
assembly-crew availability rather than production-line convenience alone, thereby decreasing the
timeline [5; 10; 23] (See Figure 2). This addresses the finding from Chauhan et al. that prefabrication’s
benefits scale with modularity and structured planning, not with off-site manufacturing alone [5].

Conventional Sequential .
e SPmrton _ Gesncin _ i
Delivery _?éé's:,a).; i .

MO M2 M4 M6 MB MI0 MI1Z M4 M6 Mi18 M20 M22 M24
Project Timeline

Figure 2. Comparative Construction Delivery Timeline Chart
Source: Built by the author.

In Phase 3, on-site assembly is tracked using IoT-enabled status updates - component delivery,
installation completion, and inspection sign-off - that feed back into both the production schedule
(Phase 2) and the BIM model (Phase 1), rather than being recorded solely for after-the-fact reporting.
This reflects the finding from Khan et al. and Kineber et al. that real-time data delivers its greatest value
when it actively informs decisions rather than passively documenting them [15; 16].

Underlying all three phases is a cross-phase governance layer, in which stakeholder decision gates
- informed by Al-assisted forecasting of schedule and cost risk - occur at each phase transition rather
than only at traditional project milestones. This addresses the stakeholder-coordination and
governance findings from Abdillah and Amin, Irfan et al., Lovallo et al.,, and Xia et al., who each identify
structured stakeholder engagement, rather than technology alone, as the determinant of whether
coordination benefits are actually realized [1; 13; 18; 24].

Applied to the proposed Glulam housing operation, the I00C framework provides a direct
operational template for scaling from two completed projects to approximately one hundred homes
annually. At that scale, the coordination failures documented in the megaproject and cost-overrun
literature - optimism bias, weak decision gates, and fragmented stakeholder communication [3; 11; 14;
18] - become materially more consequential than they are on a single project, because delays or design
errors propagate across multiple simultaneous production batches rather than remaining isolated. The
framework’s cross-phase governance layer is specifically intended to prevent this propagation by
surfacing risk flags - schedule slippage in manufacturing, unresolved design changes, site-readiness
delays - before they compound.

More broadly, the framework contributes to urban infrastructure practice by offering a
management structure, rather than a technology list, for coordinating design, manufacturing, and
assembly at scale. This addresses a structural gap: existing literature evaluates BIM, loT, prefabrication,
and Al forecasting largely as separate interventions, whereas the housing-shortage and infrastructure-
delivery challenges facing U.S. cities require these interventions to function as one coordinated system
across the full delivery cycle, from design through occupancy (See Figure 3).

The framework’s principal limitation is that it has been validated against a single practitioner’s
project experience rather than a broader empirical sample; formal testing across multiple prefabricated
construction operations would strengthen confidence in its generalizability. Its intended contribution is
therefore best understood as a structured, literature-grounded hypothesis for how off-site and on-site
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construction management can be integrated - one directly actionable within the proposed Glulam
operation and potentially transferable to other prefabricated infrastructure and housing delivery
models.

loT Site Menutacturing
Sensors . SRR
real-time real-time System
data data
updat& ‘/u'pda!ed
schedule/design schedule/design
BIM/Project
updated Data Model updated
schedule/design wdule/demgn
real-time updated
Al Forecasting /d:a schedule/design St;:ce:‘?'def
sion
Module Dashboard

Figure 3. BIM Data Flow Architecture for Construction Management
Source: Built by the author.

7. Conclusions

This paper has reviewed innovative construction project management techniques relevant to
urban infrastructure and housing delivery, spanning stakeholder coordination, digital design tools, [oT-
enabled monitoring, prefabrication, and Al-assisted planning. The literature converges on a consistent
conclusion: these techniques improve project performance most reliably when integrated into a
continuous coordination cycle rather than applied as isolated interventions. Building on this synthesis,
the paper proposes the Integrated Off-Site-On-Site Coordination (I00C) framework, which links digital
design coordination, off-site manufacturing scheduling, and on-site assembly monitoring through a
shared data model and structured stakeholder governance. Evaluated against practitioner experience
in prefabricated Glulam housing delivery, the framework offers a scalable, actionable structure for
expanding modular housing production while addressing the coordination failures most commonly
associated with cost overruns and schedule delays in urban infrastructure projects. As U.S. cities
continue to face housing shortages alongside pressure to reduce construction’s environmental footprint,
integrated coordination frameworks of this kind represent a practical and generalizable contribution to
construction project management practice.
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