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Abstract

Construction productivity in Saudi industrial projects is affected by interdependent climatic,
supply-chain, engineering, workforce, logistics, safety, subcontractor, and workface-readiness
constraints. These constraints are particularly important in oil and gas, petrochemical, refinery,
gas processing, utilities, and chemical process industry projects, where construction delay can
affect mechanical completion, commissioning, start-up, revenue realization, and wider industrial-
development objectives.

Although prior studies and industry guidance have examined labor productivity factors, heat
stress, lean construction, modularization, Advanced Work Packaging (AWP), and digital
construction methods, these topics are often treated separately. Limited literature integrates
these drivers into a field-oriented diagnostic and mitigation framework tailored to the Saudi and
wider GCC industrial-project context, where extreme climate, imported supply chains,
multinational workforces, EPC interface complexity, permit-to-work controls, and workface-
readiness failures frequently occur simultaneously.

This paper develops an integrated construction productivity framework using a structured
literature-informed synthesis of academic and industry sources from 2015-2025, supplemented
by established foundational productivity literature and professional practice insights from Saudi
and GCC industrial project execution. The framework identifies major productivity loss
mechanisms, links them to measurable field indicators, and maps them to practical mitigation
strategies including AWP, modularization, lean execution, climate-adaptive planning, digital
workface-readiness systems, and KPl-based productivity governance. The contribution is a
defensible practice-oriented framework for improving workface readiness, reducing non-
productive time, improving workflow reliability, and supporting productivity governance in Saudi
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industrial projects. The paper is positioned as a structured framework synthesis rather than a
primary statistical or project-dataset-based empirical study.

Keywords: Construction productivity, Saudi Arabia; industrial projects; Advanced Work
Packaging; modularization; lean construction; workface readiness; Work Sampling; Five-Minute
Rating; Craftsman Questionnaire Sampling; heat stress; Ramadan productivity; supply-chain
resilience; EPC projects; project controls; BIM; digitalization framework; productivity governance.

1. Introduction

The Gulf Cooperation Council (GCC) region has experienced sustained investment in upstream oil
and gas, gas processing, petrochemical integration, refinery modernization, LNG infrastructure,
industrial utilities, hydrogen-related developments, and economic diversification programs.
Within this regional context, the Kingdom of Saudi Arabia (KSA) is particularly significant because
of the scale of its capital-project portfolio, its role in global energy and industrial markets, and
the continuing transformation associated with Vision 2030. [7,27,28]

Industrial construction productivity is a strategic issue rather than merely a site-level
performance concern. Delays in construction execution can affect mechanical completion,
commissioning, plant start-up, revenue realization, downstream integration, supply-chain
commitments, and national industrial development objectives. In Saudi industrial projects,
productivity performance is shaped by a combination of extreme heat, humidity, dust exposure,
long-lead imported equipment, multinational workforces, EPC interface complexity, engineering
readiness, permit-to-work controls, and brownfield access restrictions. [8,9,27,28]

Existing literature provides valuable insights into labor productivity, lean construction, work
sampling, heat stress, AWP, modularization, BIM, and construction digitalization. However, many
studies examine these drivers separately. A practical gap remains in integrating these variables
into a diagnostic framework for Saudi industrial megaprojects, where climatic exposure, supply-
chain dependency, engineering readiness, material availability, permit constraints, subcontractor
interfaces, and workforce diversity interact at the workface.

This paper addresses that gap by developing a structured, literature-informed productivity
framework calibrated to Saudi industrial project execution realities. The study does not claim to
test a statistical multivariate model using project-level productivity datasets. Rather, it
synthesizes academic literature, established industry guidance, and professional practice insights
into a practical diagnostic and mitigation framework that can be validated by future empirical
studies.

The objectives of this study are: (1) to identify the major productivity-loss drivers affecting Saudi
industrial construction projects; (2) to classify these drivers into climatic, supply-chain,
engineering, workforce, logistical, safety, subcontractor, and workface-readiness dimensions; (3)
to map each driver to measurable field indicators and appropriate diagnostic methods; and (4)
to develop an integrated mitigation framework combining AWP, modularization, lean execution,

© 2026 Saad A. Al-Wahaib, Abdul Rahman Habib
www.pmworldlibrary.net Page 2 of 39



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (ISSN: 2330-4480) An Integrated Framework for Improving Construction

Vol. XV, Issue VIII — August 2026 Productivity in Saudi Industrial Projects
www.pmworldjournal.com Saad A. Al-Wahaib, and
Featured Paper Abdul Rahman Habib

digital workface-readiness systems, climate-adaptive planning, and KPl-based productivity
governance.

The guiding research questions are: What are the dominant productivity loss mechanisms in
Saudi industrial projects? How can work sampling, Five-Minute Rating, CQS, delay modelling,
workface-readiness metrics, and PPC be integrated into a practical diagnostic system? Which
mitigation strategies are most appropriate for each category of productivity loss, and how can
they be governed across the project lifecycle?

Figure 1 summarizes the overall framework used in this paper and shows the relationship
between productivity challenges, enablers, execution governance, and project outcomes.

Integrated Construction Productivity Improvement Framework

1. Productivity 2. Productivity 3. Execution 4. Project
Challenges Enablers Control Outcomes
* Climate / heat stress > * AWP > « Work sampling / FMR > * Higher productivity
« Supply-chain constraints + Modularization + CQS feedback « Reduced cost exposure
+ Engineering readiness + Lean execution « PPC / KPI monitoring « Improved safety / quality
+ Workface constraints « Digital readiness « Continuous improvement| « Schedule reliability

}

| Data, Digitalization, and Integration |

'

| Empowered Workforce |
v

| Higher productivity | Reduced cost | Improved safety | Better quality | Schedule reliability |

Figure 1. Integrated Framework for Construction Productivity Improvement in Saudi Industrial Projects

2. Literature Review: Productivity Drivers, Concepts, and Research Gaps

2.0 Construction Productivity Concepts and Measurement Basis

For this paper, construction productivity is treated as a workface-level system outcome rather
than a simple measure of labor effort. Direct work refers to activities that physically advance
installation or construction quantities. Support work includes necessary enabling activities such
as tool preparation, material handling, access preparation, quality checks, and supervision. Non-
productive time includes waiting, idle time, excessive walking, rework, access restrictions, permit
delays, missing materials, missing information, and other conditions that consume labor hours
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without advancing installation. This distinction is central to the framework because many
apparent labor-efficiency problems are actually workface-readiness failures.

The framework therefore emphasizes indicators that help distinguish labor efficiency problems
from systemic readiness failures. These include installed quantity per man-hour,
direct/support/non-productive work proportions, Percent Plan Complete (PPC), IWP constraint-
free release, material kitting status, IFC drawing availability, TQ/RFI closure, permit readiness,
rework man-hours, and schedule variance. This distinction is essential because adding manpower
rarely improves productivity when workfronts remain incomplete or constraints remain
unresolved.

Evidence hierarchy is treated explicitly in this review. Peer-reviewed construction productivity
literature is used as the primary evidence base; Cll, PMI, I1SO, ILO, OSHA, World Bank, and selected
industry reports are used as recognized professional guidance; and the authors’ practice
experience is used only to contextualize framework application for Saudi and GCC industrial
projects, not as independently verified empirical proof.

2.1 Labor Competency, Training, and Workforce Dynamics

The human element remains one of the most influential variables in construction productivity.
KSA industrial projects typically rely on large multinational workforces with varying skill levels,
languages, training backgrounds, and supervision practices. This creates operational flexibility
but also introduces communication challenges, productivity variability, rework potential, and
safety exposure. [8,9]

Research indicates that labor skill, training quality, experience, and workforce stability are
primary predictors of output quality. Studies using production-function approaches in KSA have
suggested that productivity improvement depends not only on increasing labor input but also on
effective use of capital equipment, construction technology, and skilled operation of advanced
systems. In practical terms, additional manpower alone cannot solve productivity problems if the
workforce lacks tools, drawings, permits, materials, access, or competent supervision.

Extended overtime is frequently used to recover schedule delays, but construction productivity
research consistently shows that prolonged overtime generates diminishing returns through
fatigue, absenteeism, safety risk, reduced concentration, and rework. [8] Sustainable
productivity improvement requires balanced workforce planning, effective supervision, technical
training, field-level communication, and disciplined short-interval control rather than excessive
reliance on overtime.

2.2 Environmental Stressors: Heat, Humidity, Dust, and Wind

Extreme climate is one of the most visible and persistent productivity constraints in GCC
industrial construction. During peak summer periods, ambient temperatures frequently exceed
45°C, while coastal regions such as KSA's Eastern Province and Red Sea areas may experience
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high humidity that increases heat stress through reduced evaporative cooling. Heat stress
reduces physical endurance, increases rest-cycle requirements, raises hydration needs, and can
reduce effective working time. [27,28]

The productivity impact of heat is not only a welfare issue; it is a direct schedule and cost driver.
Labor-intensive activities such as scaffolding, structural steel erection, piping installation,
insulation, refractory work, cable pulling, and manual material handling become slower and more
safety-sensitive during high heat-index periods. Wind and dust conditions may also restrict crane
lifts, elevated work, exterior installation, and logistics movements, creating fragmented
workflows and idle time.

Saudi industrial projects should therefore include heat-adaptive productivity factors in baseline
planning. Work-rest cycles, night-shift optimization, shaded work areas, hydration stations,
cooling shelters, wearable heat monitoring, and dynamic scheduling based on Wet Bulb Globe
Temperature (WBGT) or heat-index data should be treated as formal productivity controls rather
than temporary site accommodations. [27,28]

2.3 Ramadan and Cultural Calendar Effects

The holy month of Ramadan introduces a distinct and predictable productivity variable that is
frequently under-addressed in formal project planning. During Ramadan, working hours in KSA
are typically reduced by regulatory requirement, and workforce energy levels, hydration, and
physical endurance are affected by fasting obligations. Night-shift patterns may be altered, and
coordination across international teams becomes more complex.

Industry practice in KSA commonly applies Ramadan productivity allowances for labor-intensive
activities, especially when Ramadan overlaps with peak heat exposure. Because peer-reviewed
activity-level measurement of Ramadan productivity in Saudi industrial construction remains
limited, any percentage allowance should be treated as a planning assumption to be calibrated
using actual project records. Baseline schedules should nevertheless model Ramadan timing
explicitly across the project duration, and high-intensity activities such as major concrete pours,
module installations, or shutdown windows should be sequenced outside Ramadan periods
where practicable. [27,28,47]

2.4 Supply-Chain Volatility and Material Logistics

KSA industrial projects depend heavily on local and international supply chains for process
equipment, rotating machinery, specialized valves, structural steel, piping, electrical systems,
instrumentation, control systems, fabricated modules, and vendor packages. Global logistics
volatility, shipping delays, customs bottlenecks, port congestion, and vendor capacity limitations
can directly affect field productivity. [29,30]

Material delay does not simply postpone one activity; it fragments workfronts, forces crews to
move between areas inefficiently, increases out-of-sequence construction, and generates
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additional supervision and coordination effort. Material readiness must therefore be integrated
with AWP, workface planning, kitting, laydown management, and digital tracking. Procurement
status alone is insufficient unless the correct materials are available in the right quantity, location,
condition, and sequence at the right time.

2.5 Interface Management, Engineering Readiness, and Design Complexity

Industrial projects are characterized by dense technical interfaces between owners, licensors,
engineering contractors, procurement teams, vendors, construction contractors, subcontractors,
operations, quality, safety, and commissioning organizations. Late design changes, incomplete
IFC drawings, unresolved technical queries, inconsistent material take-offs, and weak
constructability reviews can substantially reduce field productivity. [9,10,26]

Brownfield industrial projects are particularly vulnerable because operational permits, SIMOPS
controls, shutdown windows, tie-in restrictions, existing underground services, and limited
access reduce execution flexibility. Productivity in such environments depends heavily on early
constructability input, laser scanning, 3D model reviews, interface registers, shutdown planning,
temporary works engineering, and disciplined work package readiness.

2.6 Safety, Permit-to-Work Systems, and SIMOPS

Safety management is a critical productivity variable often treated separately from construction
execution planning. In practice, permit-to-work (PTW) systems, simultaneous operations
(SIMOPS) controls, isolation procedures, H2S gas exposure protocols, and stop-work obligations
directly affect when and how construction activities can proceed. PTW delays are a common
source of non-productive waiting time that is systematically under-reported because it is
classified as a safety requirement rather than a productivity loss.

Effective integration of safety planning with AWP and workface planning is therefore essential.
IWPs should explicitly identify safety prerequisites — including PTW types, isolation
requirements, exclusion zones, and inspection points — and these should be verified as part of
the pre-mobilization constraint review. Proactive SIMOPS planning and advance coordination
with operations teams can reduce the productivity impact of permit backlogs and access
restrictions. [7,23,24]

2.7 Subcontractor Management and Multi-Tier Execution

KSA industrial projects are typically executed through multi-tier subcontracting structures, where
main EPC contractors engage multiple subcontractors across civil, structural, piping, mechanical,
electrical, instrumentation, insulation, painting, and scaffolding disciplines. Subcontractor
performance variability, capability gaps, back-to-back contract terms that misalign incentives,
and coordination challenges between parallel subcontracting packages are significant but often
under-acknowledged productivity inhibitors.
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Subcontractor productivity management requires the same tools and disciplines applied to the
main contractor workforce: AWP-aligned IWP packages, Work Sampling and CQS diagnostics,
short-interval control, and KPI monitoring. Main contractors should ensure that subcontractors
have full access to work package content, constraint information, and planning tools, and that
performance accountability is embedded in subcontract terms and day-to-day site management.
[7,23,24]

The literature review indicates that the key research gap is not the absence of productivity tools,
but the lack of integration among them for the Saudi industrial context. The proposed framework
responds to this gap by connecting productivity drivers, field indicators, diagnostic techniques,
mitigation strategies, and governance controls within one workface-oriented system.

Table 1. Literature Synthesis Matrix: Major Productivity Drivers and Relevance to Saudi Industrial Projects

Productivity driver

Labor competency
and supervision

Heat stress, humidity,
dust, and seasonal
exposure

Supply-chain and
material readiness

Engineering
readiness and design
change

www.pmworldlibrary.net

Representative
literature / source
base

Hanna et al.; Thomas
& Horman; KSA labor
productivity studies
[8,9,42]

OSHA; ILO; GCC/KSA
climate and safety
guidance [27,28]

World Bank,
McKinsey,
AWP/material
management sources
[29,30,4,5]

Love et al.; project
management and
constructability
sources [10,24,25,26]

Typical method or
evidence type

Empirical
productivity studies;
workforce
management
literature

Occupational health
guidance; climate-
productivity studies

Industry reports;
project controls and
logistics guidance

Rework and project
management
literature

Productivity
mechanism

Skill variation,
overtime fatigue,
supervision quality,
communication
effectiveness

Reduced effective
working time,
increased rest cycles,
restricted high-risk
work, safety
exposure

Material shortages
fragment workfronts
and increase waiting,
resequencing, and
idle time

Late IFC drawings,
TQs/RFls, MTO
errors, design
changes, and
interface gaps create
stoppage and rework

© 2026 Saad A. Al-Wahaib, Abdul Rahman Habib

Limitations / KSA
relevance

Requires integration
with multilingual
workforce
management and
subcontractor
structures common in
KSA industrial
projects.

Needs explicit WBGT
or heat-index
planning in schedule
baselines and work-
rest protocols.

Highly relevant where
imported equipment,
customs clearance,
vendor capacity, and
laydown sequencing
affect field work.

Especially significant
in EPC, brownfield,
SIMOPS, and licensor-
interface
environments.
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Productivity driver

AWP and workface
readiness

Lean execution and
workflow reliability

Modularization and
industrialized
construction

Digitalization and
BIM

Representative
literature / source
base

Cll RT-272, RT-319,
AWP body of
knowledge [4-6]

Ballard, Koskela, Last
Planner System, lean
construction studies
[1-3,13-16]

Industrial
modularization
literature and oil/gas
case studies [17-22]

BIM, 1SO 19650,
digital construction

An Integrated Framework for Improving Construction
Productivity in Saudi Industrial Projects

Saad A. Al-Wahaib, and
Abdul Rahman Habib

Typical method or
evidence type

Industry research
and best-practice
validation

Lean construction
theory and case-
based practice
evidence

Case studies,
decision frameworks,
comparative studies

Technology
guidance; digital

sources [11,12,48-51] | construction studies

Productivity
mechanism

Constraint-free IWPs
align engineering,
procurement,
permits, materials,
tools, access, and
inspections before
crew mobilization

Pull planning, look-
ahead planning, PPC,
and short-interval
control reduce
variability and
workflow
interruptions

Transfers field scope
to controlled
fabrication
environments,
reducing site labor,
congestion, heat
exposure, and rework

Improves visibility of
readiness, progress,
clashes, material
status, RFls, and
emerging delay risks

Limitations / KSA
relevance

Strong practical
relevance; requires
early implementation
and management
discipline to avoid
becoming
documentation-only.

Needs cultural
adaptation in
hierarchical EPC and
subcontractor
environments.

Requires early FEED
decisions, route
studies, heavy-lift
planning, and
dimensional control.

Benefits depend on
integration with AWP,
project controls, and
field reporting rather
than isolated
technology
deployment.

3. Methodology
3.1 Study Design

This paper adopts a structured narrative review and framework-development methodology. The
purpose is not to estimate statistical coefficients or validate an integrated productivity model
using project-level datasets. Instead, the study synthesizes academic literature, recognized
industry guidance, and professional practice insights to develop an integrated diagnostic and
mitigation framework for Saudi industrial construction projects. The method is deliberately
positioned as a structured practice-oriented synthesis rather than a PRISMA-style systematic
review or a primary empirical study.
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3.2 Source ldentification and Search Strategy

Academic and technical sources were identified through Scopus, Web of Science, ASCE Library,
Engineering Village, ScienceDirect, Google Scholar, Cll publications, PMI guidance, ILO and OSHA
heat-stress guidance, ISO BIM standards, and selected industry reports. The primary review
period was 2015-2025, with earlier foundational productivity and lean construction works
retained where they remain widely cited and methodologically relevant. Search terms included
combinations of: construction productivity, Saudi Arabia, GCC construction, industrial
construction, labor productivity, work sampling, Five-Minute Rating, Craftsman Questionnaire
Sampling, AWP, Advanced Work Packaging, workface planning, IWP, modularization, lean
construction, Last Planner System, heat stress, WBGT, supply-chain delay, BIM, digital
construction, digitalization framework, and project controls.

3.3 Inclusion, Exclusion, and Evidence Classification

Sources were included where they addressed construction productivity mechanisms, field
measurement methods, industrial project execution, GCC or Saudi construction conditions, AWP,
modularization, lean workflow, digital workface-readiness systems, climate effects, or project
governance. Sources were excluded where they were only marginally related to construction
productivity, lacked technical relevance to industrial execution, or provided generic management
commentary without connection to measurable productivity mechanisms. Evidence was
classified into three categories: peer-reviewed academic studies; recognized industry guidance
and standards; and professional practice evidence used to contextualize the framework for
Saudi/GCC industrial projects.

3.4 Coding and Framework Development

The literature and practice evidence were coded against recurring productivity-loss categories:
climate and calendar effects, labor competency, engineering readiness, material readiness,
logistics reliability, safety and permit-to-work controls, subcontractor interfaces, rework, crew
congestion, AWP maturity, modularization potential, lean workflow reliability, and digitalization-
governance capability. Each category was mapped to field indicators, likely productivity impacts,
diagnostic tools, and mitigation strategies. This coding process produced the integrated driver
framework presented in Section 5 and the mitigation framework presented in Section 6.

3.5 Use of lllustrative Application Scenarios

The scenarios in Section 7 are illustrative application scenarios derived from the authors’
professional experience in Saudi and GCC industrial project environments and from published
industry practice. They are not presented as independently audited empirical case studies and
do not disclose confidential project data. Their purpose is to demonstrate how the framework
can be applied to typical industrial construction situations involving AWP, modularization, lean
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execution, skid-mounted systems, BIM-enabled coordination, and digital workface-readiness
systems.

3.6 Methodological Limitations

The principal limitation of the methodology is that it relies on literature synthesis and
representative practice scenarios rather than a validated multi-project productivity dataset.
Therefore, the framework should be interpreted as a structured diagnostic and mitigation model
for practice and future validation, not as proof of causal effectiveness or as a statistical
productivity model. Future work should test the framework using field observations, work
sampling datasets, IWP readiness records, material availability logs, WBGT data, PPC records,
installed quantities, man-hours, and project performance outcomes.

4. Productivity Measurement and Diagnostic Techniques

Effective productivity improvement requires objective diagnosis. Without reliable measurement,
project teams may incorrectly attribute poor productivity to craft performance when the real
causes are missing materials, poor access, unresolved drawings, weak supervision, late
inspections, or excessive movement. Quantitative measurement tools provide the factual basis
required for targeted corrective action. [21,23]

4.1 Field Rating and Comprehensive Site Reporting

Field rating involves systematic observation of construction crews to determine how much time
is spent on direct productive work, support work, or non-productive activities. When combined
with daily site reporting, it creates a baseline for identifying underperforming work areas, trades,
or execution conditions. Field reports should capture not only progress quantities but also
reasons for lost productivity, such as missing tools, late permits, poor access, crane unavailability,
or material shortages.

4.2 Work Sampling

Work Sampling is a statistically based observational method used to estimate the proportion of
time spent on different activity categories. Random observations are collected over time and
classified into productive, contributory, and non-productive categories. Because it is less
intrusive than continuous time study, Work Sampling is well suited for industrial sites where
multiple crews and workfronts operate simultaneously. It can reveal hidden losses such as tool
searching, excessive walking, waiting for materials, or idle time caused by poor coordination.
[23,38]

4.3 Five-Minute Rating (FMR) Technique

The Five-Minute Rating technique provides a rapid field diagnostic method for short-cycle
observations. A supervisor or observer reviews crew activity during a short interval and records
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whether workers are productively engaged. Although less statistically rigorous than formal Work
Sampling, it is useful for quick identification of productivity hotspots, bottlenecks, and immediate
corrective actions. It is particularly valuable during shutdowns, maintenance tie-ins, or short-
duration work campaigns where fast feedback is more important than statistical precision.
[23,44]

4.4 Craftsman Questionnaire Sampling (CQS)

Craftsman Questionnaire Sampling combines quantitative observation with qualitative worker
feedback to explain why productivity losses occur. For example, Work Sampling may reveal high
idle time, but CQS may identify that the cause is late permits, missing drawings, unavailable
scaffolding, unclear instructions, or waiting for inspection. This method is particularly valuable in
Saudi projects where multinational workforces and layered subcontracting structures can
obscure root causes from senior management. [45]

4.5 Delay Modeling and Root-Cause Analysis

Delay modeling uses historical project data, CPM schedules, and delay attribution methods to
identify the primary drivers of schedule slippage. By linking productivity losses to weather,
material delay, design changes, inspection backlogs, or interface constraints, project teams can
prioritize mitigation actions and support fair claims management. Root-cause analysis should be
performed at the system level rather than focusing only on direct labor behavior. [24,26]

Table 2. Comparative Productivity Diagnostic Techniques for Saudi Industrial Projects

Technique Primary Purpose Best Application Vel to;zt;:;tl:dustrlal References

Measure productive Dailv site productivit Creates a baseline for crew and
Field Rating vs. non-productive Y P Y workfront performance [21,23]

. observation
time assessment.

Statistically quantify | Large industrial sites | ldentifies hidden waiting,

Work Sampling | activity categories with many excessive movement, and [23,38]

across crews simultaneous crews | support activity losses.
. . Rapid field Shutdowns, short- Highlights productivity hotspots

Five-Minute roductivit cycle work, requiring quick management [23,44]

Rating (FMR) p. . ¥ immediate corrective q. gd g !
diagnostic action.

feedback

Explain wh Multinational

Craftsman P L y workforces and Captures field-level root causes

. . productivity losses L
Questionnaire oceur through worker complex often invisible to management [45]
Sampling (CQS) g subcontractor dashboards.

feedback .
environments
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. . . L. Value to Saudi Industrial
Technique Primary Purpose Best Application . References
Projects
Delay Modeling | Attribute schedule Claims, recovery
& Root-Cause loss to specific causal | planning, lessons

Analysis factors learned

Links productivity loss directly to

schedule and financial impact. [24,26]

5. Integrated Productivity Driver Framework for Industrial Projects

Construction productivity in industrial projects is multidimensional and system-driven. A decline
in piping, steel, electrical, instrumentation, or civil productivity may be caused simultaneously by
heat exposure, missing spools, scaffolding delays, crane unavailability, permit backlog, late
inspections, poor work package readiness, excessive crew density, engineering changes, or
subcontractor interface failures. Treating all productivity loss as a manpower problem can
therefore lead to incorrect corrective action.

The integrated driver framework developed in this paper groups productivity constraints into
environmental, technical, logistical, organizational, workforce, and workface-readiness
dimensions. The objective is to provide project teams with a practical diagnostic structure for
identifying dominant productivity drivers in their specific project context and selecting targeted
mitigation measures. The framework is not a statistical multivariate model; it is a structured
multi-factor diagnostic model intended for field use and future empirical validation.

The synthesis generates four core findings. First, productivity loss in Saudi industrial projects is
frequently system-driven rather than craft-driven. Second, material readiness, engineering
readiness, heat exposure, permit readiness, and workface constraints are recurring sources of
non-productive time. Third, AWP, modularization, lean execution, BIM-enabled coordination,
and digital workface-readiness systems address different but complementary mechanisms of
productivity loss. Fourth, productivity governance should combine leading indicators such as IWP
readiness, material kitting, and PPC with lagging indicators such as installed quantity per man-
hour, rework hours, and schedule variance.

Figure 2 shows the diagnostic logic used to link observed productivity loss to root-cause
classification, measurable field indicators, targeted mitigation, and governance feedback.
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Productivity Diagnostic Logic: From Observed Loss to Corrective Action

Low output per man-hour; high idle time;
delayed workfront turnover.

+

1. Observed
Loss

Climate/calendar; materials; engineering readiness;
logistics/access; PTW/SIMOPS; workforce capability.

2. Root-Cause
Classification

v
3. Field NPT percentage; IWP constraints; PPC variance;
Indicators heat exposure; rework or inspection delays.
v
4. Targeted AWP gates; material kitting; constructability;
Mitigation lean execution; climate planning; training.

+

5. Governance
Feedback

KPI dashboard; weekly review; corrective actions;
lessons learned; continuous improvement.

Feedback loop: field evidence updates planning assumptions, readiness gates, and constraint-removal priorities.

Figure 2. Productivity Diagnostic Logic: From Observed Loss to Corrective Action

Table 3. Integrated Productivity Variables, Field Indicators, Impacts, and Mitigation Strategies

Variable Typical Field Indicator

Reduced afternoon

Temperature .

& Humidit output; increased rest

¥ cycles; heat incidents

Readiness » SUPPOTLS,
consumables

Engineering Late IFC drawings, open

Readiness TQs, missing MTOs
Repeated welding, fit-up

Rework corrections, field

modifications

Congestion, access

Crew Density |conflicts, inter-trade

interference
. Crane delays, transport
Logistics ¥ P
L bottlenecks, poor
Reliability

laydown

Likely Productivity
Impact

Lower effective
working time;
elevated safety
exposure

Idle time and out-of-
sequence
construction

Work stoppage,
rework, costly
resequencing

Loss of man-hours
and schedule
disruption

Reduced productivity
despite higher
manpower
Interrupted field

flow; fragmented
workflows

Mitigation Strategy References
Night shifts, shaded work
areas, hydration systems,
WBGT-based heat-index [27,28]
scheduling.
A'W.P reafilpess gat(?s, material [11,12,31,32,48-
kitting, digital tracking,

51]

laydown control.
Construction-driven
engineering, constructability [4,5,9,10,26]
reviews, EWP-CWP alignment.
Quality at source, improved
supervision, design reviews, [10,23,24]

pre-inspection planning.

Area planning, modularization,
resource leveling, workface
control.

[17-20,23,25]

Lift planning, scheduled
delivery windows, logistics
control tower.

[23-25,29,30]
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Likely Productivity

Variabl Typical Field Indi
ariable ypical Field Indicator et

Mitigation Strategy References

Ramadan & Reduced working hours, |20-30% reduction in |Advance schedule adjustment;
Cultural altered shifts, night work | effective field hours | Ramadan factors in baseline; [27,28,47]
Calendar adjustment during fasting month | night-shift optimization.

Integrated safety-AWP
planning, SIMOPS
coordination, PTW pre-
planning.

PTW delays, SIMOPS Workflow disruption,
restrictions, incident permit backlogs,
investigations crew demobilization

Safety, PTW &

SIMOPS [7,23,24]

6. Strategic Mitigation Framework

6.1 Advanced Work Packaging (AWP)

Advanced Work Packaging (AWP) is one of the most important construction productivity
methodologies available to large industrial projects. Cll describes AWP as a construction-driven
project delivery process that begins with the end in mind and integrates planning from early
project definition through detailed design and field execution. [4,5,6] In practical terms, AWP
ensures that engineering, procurement, construction, quality, safety, and commissioning are
aligned around executable work packages rather than disconnected project milestones.

The central philosophy of AWP is that construction execution should drive the sequence of
engineering and procurement deliverables. Traditional EPC models often release engineering
based on discipline completion priorities rather than field installation sequence. This creates
situations where drawings are available but materials are missing, materials are delivered but
access is unavailable, or crews are mobilized before permits, scaffolding, tools, or inspections are
ready. AWP reduces these disconnects by creating a structured pathway from construction
strategy to workface execution. [4,5,18]

A properly prepared Installation Work Package (IWP) should include IFC drawings, material
status, permits, safety requirements, quality checkpoints, scaffolding needs, access
requirements, inspection requirements, labor estimates, required tools, equipment allocation,
and clear execution instructions. If any major constraint is unresolved, the package should not
be released to the field.

Key implementation principles for AWP in KSA industrial projects include:
* Start AWP during FEED or early detailed engineering, not after construction mobilization.
* Define the Path of Construction before engineering and procurement priorities are frozen.
* Use integrated EPC planning workshops rather than isolated discipline planning sessions.
* Maintain a live constraint register linked to all active IWPs.

* Verify material readiness before each IWP is released to the field.
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* Assign dedicated workface planners with field construction experience.

* Integrate AWP with digital progress measurement and project controls systems from
project outset.

Table 4. Advanced Work Packaging Elements and Productivity Contributions

AWP Element

Path of Construction

Construction Work
Area (CWA)

Engineering Work
Package (EWP)

Construction Work
Package (CWP)

Installation Work
Package (IWP)

Constraint Log

Purpose

Defines the physical sequence in
which the facility will be built.

Divides project into manageable
physical or logical execution
areas.

Groups engineering deliverables
by construction need and
sequence.

Groups construction scope by
area, discipline, or system.

Provides short-duration,
constraint-free field execution
package.

Systematically tracks unresolved
blockers before package release.

Productivity Contribution

Aligns engineering and
procurement deliverables with
field installation priorities.

Improves area control, resource
allocation, and reduces crew
congestion.

Reduces late drawing releases and
design-interface delays.

Improves planning accuracy,
estimating, and field resource
allocation.

Improves crew readiness and can
reduces waiting time at workface.

Prevents premature crew
mobilization to unready
workfronts.

References

(4-6]

(4-6]

[4-6]

(4-6]

[4-6]

(4,5]

Table 5. Cll-Reported Productivity Improvement Ranges and Expected Effects of Mature AWP

Implementation

Performance Area

Labor productivity

Crew idle time

Schedule reliability

Material
coordination

CllI-Reported Range
10-25%

improvement

15-20% reduction

Improvement in PPC

Significant
improvement

Practical Comment

Most visible when IWPs are
constraint-free and material-
ready before mobilization.

Waiting decreases when permits,
materials, drawings, and access
are pre-verified.

Weekly planning becomes
measurably more reliable and
predictable.

Material availability is directly
linked to work package release
gates.

Key Condition

Mature AWP +
workface planning
discipline

Active constraint
log management

Pull planning + lean
integration

Digital material
tracking
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Performance Area ClI-Reported Range Practical Comment Key Condition References
Engineering Moderate Englneerlpg prlgrltles become !EWP-CVYP
. . construction-driven from early integration from [4,5]
alignment improvement .
project stages. FEED
Administrative Possible initial Can occur if AWP becomgs Requires
. documentation-heavy without management [4,5]
burden increase ) N .
field discipline improvement. commitment

Note: Cll RT-272 (2015) and RT-319 (2019) report that projects with mature AWP implementation achieve
10-25% improvement in labor productivity and 15-20% reduction in crew idle time. Benefits are
contingent on contractor maturity, digital integration, and senior management commitment. [4,5]

6.2 Modularization and Industrialized Construction

Modularization is a major productivity strategy for industrial projects because it transfers
substantial construction scope from exposed, congested, and weather-sensitive field sites to
controlled fabrication environments. While often discussed as a construction technique,
modularization is better understood as a project delivery strategy affecting engineering,
procurement, fabrication, logistics, contracting, quality, safety, commissioning, schedule, and
total installed cost. [16,17,18,19,20]

In industrial projects, modularization may include pipe rack modules, process skids, utility
modules, electrical substations, control rooms, compressor packages, preassembled piping
systems, modular analyzer shelters, integrated equipment packages, and structural assemblies.
The principal objective is to reduce onsite work volume, improve productivity stability, minimize
field congestion, reduce exposure to extreme heat, and accelerate schedule execution.

Key modularization benefits for KSA industrial projects include:

* Reduction of onsite labor density and workforce accommodation demand.

* Lower craft exposure to extreme heat and humidity during peak summer periods.

* Improved fabrication productivity in controlled, weather-independent shop environments.
* Reduced field welding, scaffolding, and elevated work exposure and associated safety risk.
* Improved quality control, dimensional accuracy, and systematic inspection efficiency.

* Parallel execution of offsite fabrication and onsite civil and foundation work, enabling
schedule compression.

* Reduced inter-trade interference between civil, mechanical, electrical, and commissioning
activities on site.

The value of modularization should be evaluated through total installed cost (TIC) and lifecycle
schedule impact rather than fabrication cost alone. Modularization may increase early
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engineering hours, fabrication coordination effort, logistics cost, and heavy-lift complexity, but
these increases are frequently offset by reduced field labor requirements, shorter site duration,
lower rework rates, improved safety outcomes, and earlier mechanical completion. [18,19,22]

Brownfield facilities provide a particularly strong business case for modularization because site
congestion, operating unit restrictions, permit controls, and shutdown windows often severely
limit field productivity. Typical brownfield modular applications include replacement pipe racks,
electrical substations, compressor auxiliary skids, utility tie-in modules, analyzer shelters,
prefabricated pipe spools, and control buildings. Existing field conditions should be verified
through laser scanning, 3D modeling, and dimensional control to avoid misalignment during
module installation. [11,12]

Table 6. Modularization Planning Considerations for Saudi Industrial Projects

Planning Area Key Question Engineering Impact References
What maximum size and Controls module dimensions,
Module envelope weight can be transported by |structural reinforcement, split lines, [18,19,25]
land or sea? and shipping fixtures.

Can the selected yard deliver Affects productivity, QA/QC standards,

Fabricati d ired lit it d . C 18,19
abrication yar required quality, capacity, an subcontracting, and logistics risk. [ ]

schedule?
Are ports, roads, bridges, May limit module size, require route

Transport route clearances, and turning radii | modifications, or necessitate special [18,19,25]
suitable? permits.
Are cranes, foundations, Controls installation sequence,

Heavy lift ground bearing, and lift temporary works, and crane [18,19,25]
corridors suitable? positioning strategy.
How will modules connect Requires tight dimensional control,

Stick-built interfaces |precisely to remaining stick- | survey verification, and tie-in [11,12,18,19]
built scope? management.
Can vendor pre- Improves schedule compression but

Commissioning commissioning and testing be |requires preservation and vendor [18,19,25]
partly completed offsite? coordination.

Table 7. Comparison of Stick-Built and Modular Construction Approaches

Evaluati . .
‘.’a ua !on Stick-Built Approach Modular Approach References
Dimension
Lower earlv engineerin Higher front-end definition and
Engineering effort Yy €ng J interface control required from [18,19,22]

definition pressure. FEED.
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Evaluation . .
Dimension Stick-Built Approach Modular Approach References

High onsite manpower demand Significantly reduced onsite

Field labor demand throughout. manpower; shop labor replaces field [18,19,22]
labor.
. High exposure to heat, Lower exposure due to controlled
Climate exposure humidity, dust, and wind. shop fabrication environment. [27,28]

Improved controlled fabrication
environment; systematic QC [18,19,22]
achievable.

Variable field conditions; site-

uality control .
Q ¥ supervision dependent.

. . . I I , h -
Simpler material shipments; Complex module transport, heavy

Logistics complexity conventional procurement. lift plann!ng, and logistics [18,19,25]
engineering.
Schedule approach Sequ.entlal fle.|(.ﬂ work Parallel qff5|te fabrication and .S|te [18,19,22]
dominates critical path. preparation enables compression.

Field productivity, congestion, | Interface, dimensional tolerance,

Risk profile and weather delay risk. transport, and heavy-lift risk.

[18,19,22,25]

Lower early engineering cost; | Higher early definition cost; lower

Cost profile higher field labor cost. field labor and site duration cost.

[18,19,22]

6.3 Lean Execution and Workflow Optimization

Lean execution in industrial construction is a practical operating philosophy focused on improving
flow, removing constraints, reducing waste, and increasing the reliability of field execution. Lean
construction literature consistently emphasizes that productivity is strongly linked to workflow
reliability rather than labor intensity alone. [1,2,3,13,14,15]

For KSA industrial projects, lean execution is especially valuable because harsh climate
conditions, large and diverse workforces, imported materials with long lead times, and complex
interfaces between multiple organizations create frequent and compounding disruptions. Lean
methods provide a disciplined approach to identifying problems early, stabilizing work
sequences, and improving collaboration across engineering, procurement, construction, quality,
safety, and commissioning functions.

The seven construction waste categories most relevant to Saudi industrial project environments
include:

* Waiting: crews waiting for drawings, materials, permits, tools, inspections, or access.

* Motion: excessive walking, searching, climbing, or movement between scattered
workfronts.

* Transportation: repeated movement of materials due to poor laydown planning or
sequencing.
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* Inventory: excessive onsite materials not aligned with active construction sequence.

* Rework: correction of defects arising from design changes, poor fit-up, or inadequate
supervision.

* Qverprocessing: unnecessary approvals, duplicated reporting, or excessive administrative
handoffs.

* Underutilized knowledge: failure to involve field supervisors and craft personnel in near-
term planning.

The Last Planner System improves planning reliability by shifting emphasis from theoretical
schedule activities to reliable commitments made by the people responsible for field execution.
It uses pull planning, look-ahead planning, constraint removal, weekly work planning, and
Percent Plan Complete (PPC) measurement to improve near-term work reliability. [1,13,16]

Table 8. Lean Construction Methods and Expected Benefits for KSA Industrial Projects

Practical Application in KSA

L
ean Method Context

Expected Benefit References

Improves sequence logic,

Plan backwards from milestones . .
exposes interface conflicts

Pull planni d system t ; 1,13,16
ditplanning an sys e.m. urnover; engage early, strengthens team [ ]
multidisciplinary teams. .
alignment.
. Screen work planned for upcoming | Identifies blockers before
Look-ahead planning . . -
(3-6 weeks) weeks; identify and remove crews are mobilized to [1,13,16]
constraints before mobilization. unready workfronts.
Commit only to activities that are | Improves planning reliabilit
Weekly work ) y : P P! g Y,
. genuinely executable with accountability, and Percent [1,13,16]
planning . .
confirmed readiness. Plan Complete scores.
Percent Plan Measure the proportion of weekly |Identifies planning reliability
commitments actually completed; |trends and systemic constraint [1,13,16]
Complete (PPC) .
analyze variance reasons. patterns.
Short-interval Daily or shift-based progress and | Enables fast corrective action
constraint reviews at crew and before productivity losses [13,14]

control .
supervisor level. compound.

Improves field-level
communication, situational
awareness, and decision
speed.

Physical dashboards, area boards,
Visual management | 3D model displays, color-coded
workfront status.

[11,12,31,32,48-51]
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6.4 Climate-Adaptive Management Protocols

Climate-adaptive management should be embedded into KSA project baseline planning from
FEED onward, not introduced reactively during construction. This includes seasonal productivity
factors incorporated into the project schedule, WBGT-based work-rest cycle protocols, night-
shift planning and cost modeling, shaded work area design, cooling stations, hydration systems,
heat-stress training programs, and specific supervision procedures for high-risk activities in
extreme conditions. Heavy labor activities should be systematically sequenced to avoid peak
thermal periods where practicable, particularly for scaffolding, steel erection, refractory work,
insulation, and manual material handling. Ramadan productivity factors should be explicitly
modeled in schedule baselines for all project phases. [27,28]

6.5 Supply-Chain Resilience and Material Management

Supply-chain resilience in KSA industrial projects requires systematic integration of procurement,
logistics, laydown management, material kitting, and workface planning. Local sourcing
partnerships for standard bulk materials, early vendor engagement for long-lead equipment,
advance customs clearance planning, digital material tracking systems, and logistics control
towers can substantially reduce field interruptions caused by material shortages. [29,30]

Material management must be treated as an active productivity control rather than a passive
procurement function. Laydown areas should be planned and managed according to AWP
sequence, kitting should be linked to IWP release gates, and material status should be visible to
both project controls and field supervisors in real time. The goal is to ensure that every IWP
released to the field has all required materials confirmed and accessible before crew
mobilization.

6.6 Human Capital Development

Human capital development remains an essential and frequently underinvested dimension of
productivity improvement in KSA industrial projects. Saudi industrial projects should invest
systematically in technical training academies, field supervisor development programs, craft
certification aligned with industry competency frameworks, multilingual and visual work
instructions suited to multinational workforces, visual planning tools accessible at workface level,
and structured knowledge transfer between experienced international specialists and developing
Saudi talent. Workforce development directly supports KSA's Vision 2030 Saudization objectives
while simultaneously improving safety performance, quality outcomes, and construction
productivity. [47]

6.7 Digitalization Framework and Construction Productivity Optimization

The construction industry is increasingly adopting digital technologies to improve productivity,
enhance project visibility, strengthen planning reliability, and support more effective project
delivery. Building Information Modeling (BIM), digital twins, cloud-based collaboration platforms,
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advanced analytics, drone-based monitoring, mobile field applications, and integrated project-
controls systems provide opportunities to improve engineering coordination, construction
execution, material management, and decision-making throughout the project lifecycle. [48-51]

Digital process integration facilitates real-time connectivity between engineering, procurement,
construction, quality, safety, and project-controls functions. By consolidating data from BIM
models, scheduling systems, enterprise resource databases, field reports, drone surveys, loT
sensors, and productivity monitoring tools, project teams can gain improved visibility of workface
readiness, material status, progress performance, and emerging execution risks before they
translate into field delay. [48,49]

Advanced analytics and predictive schedule controls are increasingly relevant to construction
productivity optimization. Historical productivity patterns, constraint logs, material-readiness
data, progress records, and weather exposure data can be analyzed to forecast emerging delay
risks and support proactive resource adjustment. These digital decision-support capabilities shift
project management from reactive correction to early warning, helping teams identify unready
workfronts before crews are mobilized. [48-51]

Digital dashboards support continuous performance monitoring by converting project data into
actionable management information. When integrated with AWP, modularization, lean
construction, Last Planner routines, and project controls, these systems provide a practical
digitalization framework for improving workface readiness, reducing waste, enhancing schedule
reliability, and supporting evidence-based project execution across the full lifecycle. [48-51]

Figure 3 summarizes the digitalization layer as a governance mechanism for integrating design,
schedule, material, field, permit, and productivity information.

Digitalization Framework for Workface Readiness and Productivity Governance

Project Data Sources
BIM / 3D model | schedule | materials | permits | field progress | quality records

|

Common Data Environment
Controlled, consistent, and traceable project information

l

Engineering IFC drawings, TQs, Material Kitting, laydown,
Readiness constructability status Readiness vendor delivery status
Workface IWP constraints, permits, Execution PPC, NPT, installed
Readiness access, scaffolding Performance quantities, rework

——

Productivity Governance Decisions
Prioritize constraints, adjust work packaging, improve readiness, and support schedule control

Figure 3. Digitalization Framework for Workface Readiness and Productivity Governance
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7. lllustrative Application Scenarios for Saudi and GCC Industrial Projects

The following scenarios demonstrate how the integrated productivity framework can be applied
in typical Saudi and GCC industrial project environments. They are deliberately presented as
illustrative application scenarios rather than empirical case studies. They are based on
professional practice experience and published industry practices and are intended to show how
the framework can be used to diagnose constraints and select mitigation strategies.

No confidential project data, proprietary performance records, or named project information is
disclosed. Any improvement descriptions should therefore be interpreted as expected or
literature-supported productivity effects rather than independently verified before-and-after
statistical results. Where project teams have access to actual work sampling, man-hour, PPC, IWP
readiness, or installed-quantity datasets, these scenarios can be converted into formal empirical
case studies.

7.1 Scenario A: Gas Processing Expansion — AWP and Workfront Readiness

A representative gas processing expansion project experienced significant productivity loss
during early construction because piping, structural steel, and mechanical crews were repeatedly
mobilized to workfronts where drawings, materials, scaffolding, or permits were incomplete. The
project introduced AWP mid-construction, focusing on IWPs, a live constraint log, and structured
material readiness reviews. Although implementation began later than optimal, workfront
continuity improved in the illustrative scenario.

Table 9. lllustrative Scenario A: Gas Processing Expansion — AWP and Workfront Readiness

Case Parameter

Work package release

Material control

Crew idle time

Field supervision

Productivity trend

Main lesson

www.pmworldlibrary.net

Before AWP Implementation

Based mainly on schedule
pressure regardless of workfront
readiness.

Materials present at site but not
consistently kitted by work
package.

Frequent waiting for scaffolding,
permits, and missing spools.

Reactive daily troubleshooting;
limited advance planning.

Unstable and variable; frequent
unplanned workfront
interruptions.

Schedule pressure alone cannot
create productivity.

After AWP Implementation

Released only after formal
readiness review against
constraint log.

Material kitting systematically
linked to IWP release gates.

Can be reduced through
structured constraint screening.

Planned execution with daily
package review and look-ahead.

More stable week-on-week with
fewer unplanned interruptions.

Readiness-based work release is
the primary driver of reliable field
productivity.
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7.2 Scenario B: Petrochemical Pipe Rack Expansion — Modularization

A representative petrochemical expansion adopted modular pipe rack construction to reduce
field congestion and mitigate summer productivity loss. Pipe rack sections were fabricated
offsite, preassembled with selected supports, cable tray provisions, and piping systems, then
transported to site for heavy-lift installation. The strategy required early route studies,
fabrication yard qualification, lifting engineering, and dimensional interface control.

Table 10. lllustrative Scenario B: Petrochemical Pipe Rack Expansion — Modularization

Case Aspect Observed Approach Value Added References
Offsite pipe rack module Eliminated high-elevation field steel
Execution strategy fabrication at a controlled erection and reduced field welding [17-20]
fabrication yard. exposure.
. N Sho'p fabrication conducted Significantly reduced direct labor
Climate mitigation during peak summer months . [27,28]
exposure to extreme heat and humidity.
(June—August).
Parallel site foundation work Can support schedule compression versus
Schedule effect and module fabrication pp . . P . [18,19,22]
. sequential stick-built alternative.
executed simultaneously.
. Controlle.d fa.brlcat.lon with Reduced fit-up problems and welding
Quality effect systematic dimensional L o . [18,19]
. . rework during final site installation.
inspection program.
Transportation route Required early logistics engineering and
Key challenge qualification and heavy-lift d . y108 g. g [18,19,25]
e route study investment during FEED.
crane positioning.
Modularization must be Late decisions create costly redesign
Main lesson decided and designed during Y N, [18,19,25]

concept or FEED stages. interface risk, and schedule delay.

7.3 Scenario C: Refinery Shutdown Upgrade — Lean Execution

A representative refinery shutdown project applied lean execution methods during a high-
density turnaround window. The project faced severe access limitations, simultaneous
mechanical, piping, inspection, and commissioning activities across multiple units, and intense
schedule pressure. Daily pull-planning sessions, rolling constraint tracking, logistics coordination
meetings, and shift-based short-interval progress reviews can improve field coordination and
reduce wasted movement.
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Table 11. lllustrative Scenario C: Refinery Shutdown Upgrade — Lean Execution

Area Initial Challenge Lean Intervention Outcome References
Multlplg trades Area-based coordination Beduced crew
Workfront competing for the . . interference and
. . and daily sequencing by |, [13,16,23]
congestion same physical access S improved workflow
discipline. S
space. continuity.
I k . N
. Cor.n.p eted wor Daily QC coordination Faster turnover and
Inspection waiting extended . . . .
. . meetings and rolling reduced re-inspection [13,16,24]
backlogs periods for quality . :
. . inspection look-ahead. cycles.
inspection.
Materials not Dedicated kitting Reduced searching,
Material staging consistently.staged prqgram apd defined walking time, and [4,5,23,29,30]
near the active delivery windows per unplanned crew
workfront. area. movement.

Weekly schedule too

. Shift-based short-interval | Faster identification of
coarse for the dynamic

Schedule control shutdown control with daily deviation and [13,16]
. rogress reporting. accelerated recovery.
environment. prog P & ¥
Separate discipline Integrated daily planning |Improved alignment,
Communication | planning; poor cross- | meetings with all accountability, and inter- [13,16]
discipline coordination. discipline leads. trade coordination.

7.4 Scenario D: Remote Utility Package Installation — Skid-Mounted Systems

A representative remote gas processing project used skid-mounted utility and process packages
to reduce onsite labor demand and overcome remote-area workforce limitations. Packaged
systems included chemical injection skids, instrument air packages, electrical rooms, and utility
modules. Vendor-controlled fabrication reduced field installation complexity and can improve
system readiness at mechanical completion.

Table 12. Illlustrative Scenario D: Remote Utility Package Installation — Skid-Mounted Systems

Parameter Conventional Field Build Skid / Module Strateqgy References

L .
arge onsite Significantly reduced site labor

Labor demand mult!dlsupllnary teams through vendor shop fabrication. [18,19,22]
required throughout.
Variable field welding and | Vendor-controlled fabrication,

Quality control assembly conditions; site- | systematic testing, and QC [18,19,22]
dependent. documentation.
Many small material Fewer, larger integrated package

Remote logistics shipments requiring site L g . g Y p g [18,19,25]
assembly deliveries; simpler site installation.
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Parameter Conventional Field Build Skid / Module Strateqy References
Commissioning Extensive field testing and | Partial vendor factory acceptance
. . ) . [18,19,25]
readiness loop checks on site. testing before shipment.
.. Highly sensitive to remote | More predictable installation
Productivity L . A
. . labor availability and site productivity in remote [18,19,22]
predictability - .
conditions. environment.
Field labor availability and . .
. . . V f lity, k
Primary risk remote accommodation endor interface quality, package [18,19,25]

. integration, and transport.
constraints. g P

7.5 Scenario E: Gas Processing Megaproject — Digitalization and BIM Integration

A representative large-scale gas processing megaproject integrated BIM, digital twin technology,
drone-based progress monitoring, and AWP-linked digital dashboards across the full project
lifecycle. The integration was planned from FEED and implemented progressively through
detailed engineering, fabrication, and construction phases. Digital tools were connected to the
project controls system to provide real-time workface readiness data to both field supervisors
and senior management.

Table 13. lllustrative Scenario E: Gas Processing Megaproject — Digitalization and BIM Integration

Digital Capability Application Productivity Contribution References
BIM & 3D model Cla§h detection, c.onstructablllty ~Reducec.l field rework, improved [11,12,48-
. . reviews, module interface installation accuracy, better access
integration - . 50]

coordination. planning.

Virtual facility model Enabled scenario analysis, proactive
Digital twin synchronized with field progress yois, P . [48-50]

. . schedule management, faster decisions.
and engineering data.
. Objective, istent dat
Drone-based progress |Weekly aerial surveys compared 'Jec Ve, consisten progress .a e
o . . without manual quantity surveying [48-51]
monitoring against 3D model baseline.
delays.
. Real-time IWP status, traint

AWP-integrated cartime . > a. us, constrain Management visibility of workface

log, material readiness, and PPC . e L. [4,5,48-51]
dashboards . readiness before crew mobilization.

metrics.
Predictive schedule Historical productl.wty data used Proactive identification of emerging

to forecast delay risks and . . . [48-51]
controls . issues; improved baseline accuracy.

optimize resources.
Mobile field Superv.isors capture progress, Elimir?atec.i paper-.based. reporjcing delays; [11,12,48-

. punch items, and RFls directly real-time integration with project

applications 51]

from workface. controls.
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8. Integrated Productivity Model: Combining AWP, Modularization, Lean
Execution, and Diagnostics

AWP, modularization, lean execution, quantitative diagnostics, and digitalization tools should not
be treated as separate or competing initiatives. Their greatest value is achieved when they
operate as an integrated and mutually reinforcing productivity system. AWP defines and controls
executable work packages; modularization reduces field scope and congestion; lean execution
stabilizes daily workflow; productivity diagnostics reveal the root causes of non-productive time;
and digitalization tools provide the data integration and visibility needed to manage the system
in real time.

This integration is especially important in Saudi industrial projects where the productivity
challenge is multidimensional, simultaneously involving climate stress, supply-chain risk,
engineering readiness, interface complexity, workforce diversity, permit requirements, and
subcontractor coordination. No single methodology is sufficient to address all of these
dimensions. The integrated framework proposed in this paper provides a systematic structure
for combining these approaches in a practical, measurable, and scalable way for industrial
megaproject environments.

Figure 4 consolidates the implementation logic by showing how AWP, modularization, lean
execution, diagnostic controls, and digitalization governance operate across project phases.

Integrated AWP, Modularization, Lean Execution, and Diagnostic Control Model

Front-End Work Package Execution Governance
Definition Alignment Control Feedback
Execution strategy; > EWP-CWP-IWP logic; > Lean planning; PPC; » Dashboard review;
Path of Construction; materials, permits, safety, work sampling; CQS; KPI trends; lessons learned;
modularization screening. quality and access. constraint removal. improved release decisions.
AWP / Workface Readiness packages; constraints; IWP gates; readiness
Modularization / Offsite Execution reduced field scope; lower heat exposure; less congestion
Lean Execution / Workflow Reliability pull planning; look-ahead; PPC; short-interval reviews
Diagnostic and Digitalization Governance work sampling; CQS; dashboards; corrective action

Figure 4. Integrated AWP, Modularization, Lean Execution, and Diagnostic Control Model
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Table 14. Integration of AWP, Modularization, Lean Execution, Diagnostics, and Digitalization Tools

Methodology Primary Role Integration Benefit References
Creates construction- Ensures crews receive executable work
AWP driven, constraint-free work | with materials, drawings, permits, and [4-6]
packages. access confirmed.

Transfers scope offsite and | Improves productivity stability, reduces

Modularization . . . . 17-20,22
reduces field complexity. congestion, and lowers climate exposure. [ ]
Stabilizes workflow and Improves daily execution reliability
Lean Execution removes waste at crew and | through pull planning and short-interval [1,13-16]
supervisor level. control.
Work sampling & Diagnosgs the specific N Identifies whether losses are 'driven by
cas mechanisms of productivity 'labor, material, access, planning, or [21,23]
loss. system failures.
N Provi I-ti icibili Enabl I-ti ision-making,
Digital Tools & rov.ldes real-time visibility nab. es. rea. tlme de.c.|5|o.n making [11,12,31,32,48-
. and integrated data across | predictive risk identification, and faster
Analytics ) . . ) 51]
all project functions. corrective action.
Analyze historical and real- . .
. . . Shifts management from reactive
Advanced analytics | time project data to ; . .
correction to early warning and proactive [48-51]

& predictive controls | forecast delay risks and
optimize resources.

intervention.

9. Implementation Roadmap for Saudi Industrial Projects

To convert productivity theory into measurable field improvement, KSA industrial projects should
adopt a phased implementation roadmap beginning before construction mobilization and
continuing through commissioning. The primary objective is to avoid the common and costly
situation where productivity improvement is attempted only after delays have already
accumulated. Early integration of construction engineering, AWP, modularization screening, lean
execution planning, and productivity diagnostics provides the highest opportunity for cost and
schedule benefit. [4,5,23,24]

During concept and FEED stages, owners and EPC contractors should define construction
execution philosophy, modularization strategy, logistics constraints, heat-adaptive planning
assumptions, Ramadan productivity factors, and preliminary Path of Construction. During
detailed engineering, Engineering Work Packages should be aligned with construction priorities,
long-lead procurement should be linked to installation sequences, and constructability reviews
should be conducted with direct participation from construction supervisors, commissioning
representatives, and logistics engineers. [11,18,25]

A practical implementation roadmap also requires clear ownership and accountability. AWP must
not be owned only by planners; lean execution cannot be delegated only to quality teams; and
modularization cannot be treated solely as a fabrication decision. These are integrated project
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delivery strategies requiring active participation from project management, engineering,
procurement, construction, quality, HSE, logistics, commissioning, key vendors, and principal

subcontractors.

Table 15. Phased Implementation Roadmap for Productivity Optimization in Saudi Industrial Projects

Project Phase

Concept / FEED

Detailed Engineering

Procurement &
Fabrication

Construction
Mobilization

Execution &
Monitoring

Pre-Commissioning

Productivity Focus

Avoid costly late
productivity decisions;
establish execution
philosophy.

Align design
deliverables with
construction priorities
and sequences.

Protect material
readiness and module
fabrication quality.

Release only genuinely
executable work
packages to the field.

Control daily
productivity losses;
maintain workface
readiness.

Protect system
completion sequence
and punch list closure.

Key Deliverables

Construction execution philosophy,
modularization screening, preliminary
Path of Construction, constructability
plan, heat-adaptive planning assumptions,
Ramadan productivity factors.

EWPs aligned to CWPs, 3D model
constructability reviews, lift studies,
access planning, procurement sequencing
by installation priority.

Vendor schedule tracking, module
fabrication plan, kitting strategy, logistics
control, customs clearance planning.

CWPs, IWPs with full readiness
verification, constraint register, readiness
gates, manpower and equipment
mobilization plan.

Work Sampling, CQS, short-interval
control, daily coordination meetings, lean
dashboards, KPI reporting.

System turnover packages, punch closure
plan, preservation inspection, vendor
support coordination.

References

[4,5,18,23-25]

[4,5,11,18,25]

[18,19,29,30]

(4,5,23]

[11,12,31,32,48-51]

[23-25]

10. Value Engineering, Constructability, and Construction Engineering

Integration

In industrial construction, Value Engineering (VE) should not be limited to cost reduction. It
should evaluate construction method, site congestion, modularization potential, material
substitution, maintainability, safety performance, commissioning sequence, and total installed
cost. A lower material or fabrication cost may not represent best value if it increases field labor
requirements, rework probability, scaffolding demand, crane utilization, or shutdown duration.
[24,25,26]

Constructability is one of the most powerful productivity levers available before field execution
begins. Many productivity losses are created during design through congested plot plans, difficult
access arrangements, excessive field welding requirements, poor module split lines, complex
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temporary works, inadequate lifting access, and insufficient consideration of installation
sequence. Formal constructability reviews during FEED and detailed engineering allow project
teams to eliminate these barriers before they become costly field delays. [23,24,25]

Key constructability review activities for KSA industrial projects include:

* Construction-driven plot plan reviews to confirm crane access corridors, laydown areas,
module transport routes, maintenance access, and equipment installation paths.

* Heavy lift and temporary works reviews to confirm crane capacity, ground bearing pressure,
lifting point locations, rigging studies, and installation sequence logic.

* 3D model reviews with construction, operations, commissioning, and subcontractor
participation to identify clashes, access restrictions, and maintainability concerns.

* Field welding minimization through spool optimization, prefabrication strategies, and
improved shop fabrication planning.

* Commissioning-driven system completion planning to ensure mechanically complete areas
can be tested, energized, and turned over efficiently.

Construction engineering integration is particularly critical in Saudi industrial projects where
remote sites, extreme weather, long logistics chains, and brownfield operational interfaces can
amplify the consequences of poor constructability decisions made during engineering. A strong
construction engineering function should include specialists in constructability, workface
planning, temporary works, heavy lifts, scaffolding strategy, logistics engineering, equipment
preservation, and modular execution.

11. Practical Productivity Governance and KPI System

A comprehensive productivity improvement program requires sustained governance from senior
project management. Senior management should receive productivity information that clearly
distinguishes between direct labor inefficiency and systemic planning or supply-chain
constraints. A dashboard showing only earned value progress may not reveal whether crews are
waiting for materials, walking long distances to scattered workfronts, working without complete
drawings, or being disrupted by permit and inspection backlogs. A professionally designed
productivity governance system combines leading and lagging indicators to provide actionable
management insight. [7,23,30]

Table 16. Practical Productivity Governance and KPI System for Saudi Industrial Projects

KPI Category Example Indicator Management Use References

Measures whether crews are
. % of IWPs released without . .
Workface readiness consistently given executable, [4,5,23]

open constraints. .
constraint-free work packages.
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KPI Category

Material readiness

Engineering
readiness

Labor productivity

Non-productive time
(NPT)

Planning reliability
(PPC)

Climate exposure

Rework rate

Subcontractor
performance

Example Indicator

% of required materials kitted
and available by work
package.

IFC drawing availability and TQ
closure rate by construction
sequence.

Installed quantity per man-
hour by discipline and work
area.

Waiting, walking, searching,
idle time proportion from
Work Sampling.

Percent Plan Complete and
reasons for weekly
commitment variance.

Lost productive hours or
productivity reduction factor
by heat-index period.

Rework man-hours as % of
total man-hours by trade and
work area.

Subcontractor PPC, IWP
completion rate, and safety
compliance.

Abdul Rahman Habib

Management Use

Predicts workfront interruption risk
before crew mobilization occurs.

Confirms design deliverables support
active field priorities.

Tracks output efficiency as a lagging
indicator after readiness is confirmed.

Identifies hidden productivity losses
and root causes for targeted corrective
action.

Measures planning reliability and
effectiveness of constraint removal.

Supports climate-adaptive scheduling
and proactive workforce protection
planning.

Identifies quality and supervision
issues; links rework cost to causal
factors.

Enables multi-tier subcontractor
management and performance
accountability.

References

[4,5,29,30]

[9,10,26]

[21,23]

[21,23,38]

[1,13,16]

[27,28]

[10,23,24]

[7,23,24]

The KPI system should be structured to avoid incorrectly attributing system failures to workforce
performance. If Work Sampling and CQS evidence shows that crews are waiting for spools,
access, permits, or inspection completion, the corrective action must target planning, logistics,
work package readiness, or supervision — not simply increasing manpower. This distinction is
essential for professional productivity management and for maintaining workforce morale, trust,
and sustained engagement in a multinational project environment.

12. Framework Implementation Risk Matrix

Effective implementation of the integrated productivity framework requires proactive
identification and management of the most likely failure modes. The following risk matrix
identifies the primary implementation risks for AWP, Lean Execution, and Modularization in the
KSA industrial project context, together with recommended mitigation approaches.
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Table 17. Implementation Risk Matrix for the Integrated Productivity Framework

Framework

Primary Failure Mode Risk Level Recommended Mitigation References
Element
Documentation-heavy Assign experienced workface
implementation without . lanners; tie IWP release strictly t
AWP impleme ' ion withou High p e 's ie elease strictly to [4,5,23]
real constraint removal at constraint log closure; measure
workface. PPC.
Late start — AWP Mandate AWP planning gate in EPC
AWP introduced after High contract from FEED; include in [4,5]
construction mobilization. contractor prequalification.

Pull planning treated as
one-time workshop rather
than sustained daily
discipline.

Embed lean planning in supervisory
Medium KPIs; provide ongoing coaching; [1,13,16]
measure PPC weekly.

Lean Execution

Cultural resistance to Senior leadership visible
collaborative planning in commitment; cross-discipline

Lean Execution hierarchical contract Medium facilitation; demonstrate early [13,14]
environments. wins.
Late modularization Establish strategy during
Modularization decision after detailed High concept/FEED; include transport [18,19,25]
design is advanced. and lifting studies before IFD issue.
Rigorous yard qualification; early
o Fabrication yard capability . engagement; third-party
M | . . High . . . 18,1
odularization gap or quality failure. '8 inspection; ASME/ISO-aligned QC [18,19]
plan.
Data silos —BIM, Z/rlwe\]/?:)ar:ri(ii:](rggg)?st;c contract;
Digitalization scheduling, and field Medium ) . ! [48-51]
. . integrate AWP software with
reporting not integrated. .
project controls from Day 1.
Ramadanandpeak o e baseine o
Climate Adaptation 'summer not factored into High FEED; update with calendar [27,28,47]

baseline schedule. N
projections annually.

13. Strategic Recommendations for KSA Industrial Projects

Based on the integrated assessment presented in this paper, productivity optimization should be
treated as an integrated project delivery objective rather than a construction-phase concern. The
following recommendations are prioritized for KSA industrial project owners, EPC contractors,
and project management organizations:
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1. Start productivity planning during FEED, not after construction mobilization. Every month
of delay in AWP and constructability planning has compounding field execution
consequences.

2.  Adopt AWP as a construction-driven execution philosophy embedded in contract
requirements, not merely a documentation system implemented by planners in isolation.

3. Define the Path of Construction before engineering and procurement priorities are frozen.
This single decision aligns the entire delivery chain around field execution sequence.

4. Evaluate modularization during concept selection and FEED using total installed cost and
schedule risk analysis, not fabrication unit cost alone.

5. Explicitly model Ramadan productivity factors and peak summer heat-impact factors in the
project schedule baseline from FEED. Do not rely on float to absorb these predictable
impacts.

6. Integrate materials management with IWP readiness gates and workface planning.
Procurement status is not the same as material readiness at the workface.

7. Use Work Sampling, Five-Minute Rating, CQS, and delay modeling to diagnose productivity
loss with evidence. Avoid attributing system failures to workforce performance without
data.

8. Use digital dashboards integrating AWP, BIM, scheduling, materials, permits, and
workface-readiness data to monitor engineering readiness, material readiness, constraint
status, and field productivity in real time.

9. Develop and resource construction engineering capability in constructability, heavy lift
engineering, logistics, temporary works, workface planning, and modular execution.

10. Invest in technical training, supervisor development, and craft certification to support
Saudi workforce development and Vision 2030 Saudization objectives while improving site
performance.

11. Apply the KPI governance framework (Table 16) to distinguish system constraint failures
from labor efficiency issues, and direct corrective actions accordingly.

14. Discussion, Limitations, Future Research, and Conclusions

14.1 Discussion and Contribution

This paper addresses the practical and scholarly gap created by fragmented treatment of
construction productivity drivers in Saudi industrial projects. Rather than treating climate, labor,
engineering, procurement, materials, AWP, modularization, lean execution, and digitalization as
separate topics, the paper integrates them into a field-oriented diagnostic and mitigation
framework. The main contribution is a structured model that links productivity loss mechanisms
to measurable indicators, diagnostic methods, mitigation levers, implementation risks, and KPI-
based governance.
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The framework reinforces an important conclusion for industrial project management:
productivity loss is often system-driven rather than craft-driven. Crews cannot achieve sustained
productivity when drawings are incomplete, materials are unavailable, permits are delayed,
scaffolding is missing, inspections are backlogged, access is restricted, or work packages are
released before constraints are removed. The framework therefore shifts the productivity
discussion from manpower addition to workface readiness, workflow reliability, construction-
driven planning, and disciplined governance.

14.2 Practical Implications

For owners, EPC contractors, construction managers, and subcontractors, the practical
implication is that productivity planning must begin during concept and FEED stages. AWP,
modularization screening, logistics planning, heat-adaptive scheduling, Ramadan productivity
factors, constructability review, material kitting, and digital workface dashboards should be
embedded before construction mobilization. During execution, work sampling, Five-Minute
Rating, CQS, PPC, IWP readiness, material readiness, rework tracking, and delay-cause coding
should be used to distinguish labor inefficiency from systemic constraint failure.

14.3 Limitations

This study is limited by its reliance on literature synthesis, recognized industry guidance, and
illustrative practice scenarios rather than a project-level productivity dataset. The proposed
framework has not been statistically tested using multi-project observations, regression models,
SEM, factor analysis, ANOVA, Bayesian modelling, or other quantitative techniques.
Consequently, the framework should not be interpreted as proof of causal effectiveness. It is a
structured diagnostic and mitigation framework intended for practice application and future
empirical validation.

A second limitation is regional specificity. The framework is designed for Saudi and GCC industrial
construction contexts, where extreme climate, imported supply chains, multinational
workforces, EPC interfaces, PTW/SIMOPS controls, and Vision 2030-linked industrial growth are
especially relevant. Some principles are transferable to other regions, but implementation
priorities and productivity loss mechanisms may differ in different regulatory, labor-market,
contractual, and climatic environments.

14.4 Future Research

Future studies should validate the proposed framework using real project datasets from Saudi
industrial construction projects. Suitable variables include work sampling observations,
direct/support/non-productive time proportions, WBGT or heat-index exposure, material kitting
status, IWP constraint-free release, IFC drawing availability, TQ/RFI closure, permit readiness,
PPC, rework man-hours, installed quantities, man-hours, discipline-level productivity rates, delay
causes, and schedule variance. These data could support regression analysis, correlation analysis,
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ANOVA, factor analysis, SEM, Bayesian modelling, clustering, or predictive analytics to quantify
relationships between readiness variables and productivity outcomes.

Future research should also compare the productivity impact of early versus late AWP adoption,
modular versus stick-built execution, manual versus digitally integrated material tracking, and
baseline schedules with or without explicit heat and Ramadan productivity factors. Such research
would move the field from framework synthesis toward statistically validated productivity
governance models for Saudi industrial megaprojects.

14.5 Conclusion

Construction productivity in KSA industrial projects is shaped by an interdependent set of
constraints: climatic exposure, supply-chain reliability, workforce capability, engineering
readiness, field logistics, cultural calendar effects, safety and permit systems, subcontractor
performance, construction methodology, and management discipline. Traditional approaches
that focus mainly on increasing manpower are insufficient because many productivity losses arise
from unstable workflow, incomplete workfronts, material shortages, engineering changes,
rework, inspection delays, permit delays, and poor planning integration.

The integrated framework developed in this paper provides a practical basis for diagnosing and
mitigating these productivity losses. AWP aligns engineering, procurement, construction, quality,
safety, and commissioning around executable work packages. Modularization reduces onsite
labor intensity and climate exposure by transferring appropriate scope to controlled fabrication
environments. Lean execution improves workflow reliability through pull planning, look-ahead
planning, PPC, short-interval control, and constraint removal. BIM-enabled coordination, digital
dashboards, advanced analytics, and predictive schedule controls improve visibility and support
faster corrective action.

As Saudi Arabia continues to execute large and complex industrial and infrastructure
developments, construction productivity will remain a critical determinant of cost, schedule,
safety, quality, and strategic industrial performance. Organizations that integrate construction-
driven planning, modular execution, lean workflow management, climate-adaptive scheduling,
BIM-enabled digitalization, workforce capability development, and KPI-based governance will be
better positioned to deliver industrial projects reliably and competitively.

Abbreviations and Acronyms

Abbreviation Definition Abbreviation Definition
CDE Common Data Environment IFC Issued for Construction
AWP Advanced Work Packaging loT Internet of Things
BIM Building Information Modeling | IWP Installation Work Package
Cli Construction Industry Institute KPI Key Performance Indicator
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Abbreviation Definition Abbreviation Definition

CPI Chemical Process Industry KSA Kingdom of Saudi Arabia

cas Craftsman Questionnaire LNG Liquefied Natural Gas
Sampling

CWA Construction Work Area MTO Material Take-Off

Cwp Construction Work Package PPC Percent Plan Complete

DCS Distributed Control System PTW Permit to Work

EPC Engmeernjlg, Procurement and QA/QC Quality Assurance / Quality
Construction Control

EWP Engineering Work Package SIMOPS Simultaneous Operations

FEED Front-End Engineering Design | TIC Total Installed Cost

FMR Five-Minute Rating TQ Technical Query

GCC Gulf Cooperation Council VE Value Engineering

HSE Health, Safety and WBGT Wet Bulb Globe Temperature

Environment
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