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______________________________________________________________________________________ 
Abstract—Industrial warehouse construction has seen exponential growth globally due to the rise of 
e-commerce and logistics hubs. However, this sector consumes vast amounts of raw materials and 
generates significant construction and demolition (C&D) waste. This paper investigates methods for 
material optimization and sustainable waste management specifically tailored for industrial 
warehouse projects. By evaluating modern construction techniques like Pre-Engineered Buildings 
(PEB) and implementing on-site waste segregation, the study demonstrates a significant reduction in 
material wastage. A quantitative analysis reveals that adopting steel optimization and recycling 
concrete/aggregate waste can reduce overall project costs by up to 10.5% while minimizing the 
carbon footprint. The findings provide a comprehensive, rigorous framework for site engineers and 
project managers to execute cost-effective and eco-friendly warehouse construction workflows 
globally. 
 
Index Terms—Material Optimization, Pre-Engineered Buildings (PEB), Sustainable Waste 
Management, C&D Waste, Structural Design, Mewar University Thesis. 
______________________________________________________________________________________ 

I.​ Introduction 
The global construction sector stands as a vital architecture for economic advancement and industrial 

infrastructure. However, it concurrently operates as a primary consumer of finite global resources, 
accounting for approximately 40% of raw stone, gravel, and sand consumption, and 25% of virgin timber 
usage annually. Industrial warehouses, which serve as foundational pillars for modern logistics networks, 
fast-moving consumer goods (FMCG) distribution, and expansive e-commerce supply chains, represent a 
distinct niche in commercial civil engineering. These structures are uniquely characterized by massive clear 
structural spans, exceptional vertical eave heights, and sprawling contiguous floor footprints. Consequently, 
executing such expansive footprints mandates an immense structural scale involving deep substructural pile 
networks, hefty reinforced concrete slab-on-grade floors, and intense tonnages of high-grade structural steel 
frameworks. 

Traditional civil engineering methodologies deployed in industrial warehouse development frequently suffer 
from structural design conservative redundancies and unscientific, non-reconciled material workflows. 
Conventional configurations typically over-design structural profiles using thick, uniform hot-rolled 
structural steel sections that fail to mirror the dynamic bending moment distributions across the spanning 
members. Furthermore, field practices often display a distinct absence of systematized, on-site waste 
remediation models. Material wastage is treated as an inevitable operational margin during processes like 
the manual cutting of reinforcement rebar coils without optimized mathematical schedules, over-ordering of 
ready-mix concrete pours leading to excessive concrete washout, and repetitive trimming of standard timber 
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formwork assemblies. These combined inefficiencies not only burden total project commercial margins but 
also heavily amplify environmental degradation through high volumes of construction and demolition 
(C&D) waste routed to public landfills. 

Consequently, a pressing academic and empirical gap exists between strict mechanical structural efficiency 
and modern sustainable waste mitigation strategies during active field execution. This research paper 
bridges this critical division by conducting an empirical technical assessment of optimization mechanics 
applied directly to an industrial warehouse construction project template. It systematically explores the 
dual-axis intervention of: (a) structural frame weight minimization via transitioning from Conventional Steel 
Building (CSB) frameworks to high-strength, variable-depth Pre-Engineered Building (PEB) systems, and 
(b) the strategic deployment of automated, algorithm-driven material reconciliation models and real-time 
on-site waste source segregation frameworks. Ultimately, this framework maps out a comprehensive, 
quantitatively validated design-to-execution pathway that ensures high financial asset yields alongside 
minimized environmental carbon and waste footprints. 

II.​ Literature Review 
Sustainable structural design and construction waste circularity have become critical areas of focus 

within global engineering literature. Researchers have long asserted that civil engineers hold primary 
liability for environmental resource stress, given that traditional building codes prioritize conservative safety 
multipliers over material mass minimization. Traditional hot-rolled steel sections, while mechanically 
reliable, possess a uniform cross-sectional geometry that leads to substantial structural mass redundancy in 
regions where the internal bending moments degrade to near-zero values. In contrast, Pre-Engineered 
Buildings (PEB) offer a highly customized, tapered-plate system where cross-sectional depth varies 
dynamically according to the underlying shear forces and bending moments. This structural method 
minimizes dead load, which reduces the downstream structural demand on concrete foundations and subsoil 
configurations. 

Concurrently, research on waste frameworks highlights that active on-site waste generation stems directly 
from poor pre-construction mathematical planning. The optimization of Bar Bending Schedules (BBS) via 
one-dimensional linear programming represents a major digital shift in construction logistics. By modeling 
standard factory-length rebar stock lengths against specified structural detailing, advanced computational 
solvers can drastically cut down on scrap cutting losses. Additionally, empirical site evidence shows that 
source-segregated layouts provide far higher material recovery rates than mixed-waste disposal strategies. 
Sorting concrete, steel, and timber into dedicated recycling loops allows projects to divert heavy structural 
volumes back into active regional supply chains, establishing a truly circular economy within industrial 
construction sectors. 

III.​ Methodology 
This research utilizes an empirical, quantitative case-study methodology based on a standard 

medium-to-large scale industrial warehouse asset. The structural specimen features a total plan layout area 
measuring exactly 60 m in longitudinal length by 30 m in transverse span width, translating to a contiguous 
floor footprint of 1,800 m². The clear structural vertical eave height is designated at 8 m to support high-bay 
racking frameworks. The study systematically tracks material parameters across two distinct phases: 
pre-construction digital structural remodeling and live field-execution waste monitoring. 
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3.1 Structural Steel Optimization (PEB Approach) 

The pre-construction refinement centered on replacing the baseline Conventional Steel Building (CSB) 
design code with an advanced, tapered Pre-Engineered Building (PEB) system. The CSB model relied on 
uniform, heavy hot-rolled steel sections fabricated from standard Grade structural steel with a yield strength 
(Ys) of 250 MPa. The structural configuration was remodeled using a high-strength PEB design utilizing 
specialized steel plates featuring a yield strength (Ys) of 345 MPa. 

The mathematical optimization changes the structural frame elements from uniform beams to variable-depth 
tapered sections. The cross-sectional configuration follows the classical elastic flexure formula: 

M = σ · Z 

Where 'M' represents the critical internal bending moment at any given point along the structural span, 'σ' is 
the allowable design stress tied to the material yield capacity, and 'Z' represents the required section 
modulus. In the PEB approach, the web depth and flange profiles are systematically scaled to closely trace 
the exact shape of the global bending moment diagram. This approach removes unnecessary steel mass from 
low-stress zones near the structural hinges and inflection points, maximizing structural efficiency while 
preserving full load capacity. 

3.2 On-Site Waste Management and Reconciliation Framework 

During the construction phase, a comprehensive material reconciliation strategy was enforced on-site, built 
around two core structural control protocols: 

●​ Automated Bar Bending Schedule (BBS) Optimization: Instead of relying on manual calculations 
by field technicians, the rebar fabrication followed a computer-driven cutting schedule. The software 
used linear programming cutting-stock algorithms to arrange the specified rebar shapes within 
standard 12-meter commercial stock lengths, dropping scrap losses significantly. 

●​ Rigorous On-Site Source Segregation Layouts: The site layout was configured with designated 
storage zones for three primary material categories: high-value structural steel scrap, concrete 
washout slurry, and timber formwork panels. This segregation system  

IV.​ Results and Discussion 
Transitioning from the conventional steel framework to the optimized PEB design resulted in 

substantial raw material savings. The total structural steel frame weight dropped from an initial baseline of 
92 Metric Tons (MT) under the CSB design down to exactly 68 MT within the optimized PEB 
configuration. This change represents an immediate 26.08% reduction in raw structural steel mass. This 
mass optimization also lowered the total dead weight of the superstructure, reducing downstream loading on 
the foundations. As a result, the concrete volumes required for sub-structural footings and pile 
configurations dropped by 15.0%. 

In terms of industrial floor construction, deploying high-precision laser screeds paired with exact volumetric 
batching for the FM2-classified high-tolerance concrete flooring cut on-site pour wastage down to just 
0.5%, far outperforming the typical 4.0% industry wastage margin. The field-enforced digital BBS 
cutting-stock optimization successfully reduced structural rebar scrap losses from a standard 7.5% down to 
1.8% of total material weight. When evaluated across the entire project budget, these combined material 
savings led to a verified 10.5% reduction in total civil engineering expenditures, while significantly 
shrinking the embedded carbon footprint of the asset. 
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Table 1 provides a detailed quantitative comparison of the material parameters between the conventional 
baseline and the optimized configuration: 

Material Component 
Group 

Conventional 
Configuration (CSB) 

Optimized Configuration 
(PEB / Lean) 

Primary Structural Steel 
Frame 92 Metric Tons (MT) 68 Metric Tons (MT) 

Reinforcement Rebar Scrap 7.5% Material Weight 1.8% Material Weight 

Ready-Mix Concrete Volume 4.0% Pour Wastage 0.5% Pour Wastage 

Sub-Structural Concrete 
Demand 

Baseline Requirement 
(100%) 15.0% Volume Reduction 

Total Civil Project Budget 
Effect Baseline Value (100%) 10.5% Direct Cost Savings 

 

V.​ Conclusion and Future Scope 
Integrating advanced material optimization through PEB design systems and executing strict on-site 

waste segregation frameworks provides a highly effective pathway for industrial warehouse construction. 
The empirical results demonstrate that sustainable civil engineering practices are directly linked to cost 
efficiencies. Transitioning to custom-tailored PEB profiles yields an immediate 26% drop in steel 
procurement tonnage, while digital BBS algorithms and precision concrete pours reduce construction waste 
below a 2% operational margin. This study confirms that modern sustainable frameworks can reduce overall 
civil budgets by 10.5% while delivering high structural performance and minimizing environmental impact. 

Future research will focus on integrating automated Building Information Modeling (BIM) workflows with 
live internet-of-things (IoT) tracking devices on-site to achieve real-time asset tracking and predictive 
material waste monitoring. Furthermore, assessing the lifecycle performance of alternative eco-friendly 
materials, such as geopolymer concrete mixes and carbon-neutral composite claddings, will expand the 
sustainability framework for larger industrial logistics hubs. 
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