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Abstract: Material management plays a crucial role in controlling project cost, time, and quality in construction projects. Among all
materials, steel and concrete constitute nearly 60-70% of total project cost. Improper planning, procurement delays, wastage, and
inventory mismanagement lead to cost overruns and schedule delays. This study aims to analyze existing material management practices
for steel and concrete, identify causes of wastage, and develop an optimized material management framework using inventory control
techniques such as ABC analysis, EOQ, and Just-In-Time (JIT). A live construction project was selected as a case study. Data were
collected through site records, interviews, and quantity tracking. The results indicate that implementing structured material tracking and
digital inventory methods reduces steel wastage by 8—12% and concrete loss by 5-7%, leading to significant cost savings. The study
concludes with recommendations for adopting ERP-based material tracking systems in medium and large-scale projects.

Keywords: Material management, ABC analysis, EOQ, JIT
1. Introduction

The construction industry is heavily driven by cost-efficiency,
project timeliness, and quality control (Tserng et al., 2011). In
structural engineering, materials dominate expenditures, with
reinforced concrete and structural steel forming the primary
components of modern building frameworks. Together, these
two materials frequently constitute 60% to 70% of a project's
total material cost (Navon, 2005). Material handling and
structural design choices directly dictate a project's financial
trajectory, as inefficiencies in raw supply chains frequently
result in profit margin erosion (Donyavi & Flanagan, 2009).

Despite their critical financial weight, traditional construction
management often suffers from fragmented material planning,
procurement bottlenecks, high on-site waste, and inadequate
inventory storage. These inefficiencies cascade into budget
overruns and prolonged schedules (Said & El-Rayes, 2011).
This research addresses these vulnerabilities by establishing
an optimized material management framework. It leverages
established operational research inventory techniques—ABC
Analysis, Economic Order Quantity (EOQ), and Just-In-Time
(JIT)- integrated with modern Enterprise Resource Planning
(ERP) tracking and specialized cutting optimization
algorithms to maximize economic efficiency in building
construction.

2. Structural Material Cost Breakdown

To contextualise the economic scale of structural components,
standard building projects isolate expenses across three
primary structural categories: Steel reinforcement and
structural profiles, Ready-mix concrete and Formwork and
falsework systems.

Within the structural framework budget itself, cost
distribution highlights where optimization produces the
highest financial return:

@ Steel @ Concrete
@ Cement @ Bricks
B8 Other finishing materials ®Plumbing ,Joinery and Electrical

Figure 1: Material cost breakdown

Steel Reinforcement (Rebar) & Structural Profiles:
Represents 40% to 45% of the structural cost due to volatile
market pricing, specialized fabrication, and high processing
labour.

Ready-Mix Concrete (RMC) or Site-Mixed Concrete:
Accounts for 35% to 40% of structural costs, heavily tied to
transport logistics and strict chemical curing windows.

Formwork and Falsework Systems: Dictates the remaining
15% to 20%, heavily influenced by the speed of execution and
component reusability.

3. Causes of Material Wastage and Inefficiency

Optimizing procurement requires analyzing where physical
and financial losses happen during operations (Formoso et al.,
2002). On typical job sites, non-value-added activities and
material handling oversights can balloon direct waste
percentages far past tender projections (Alwi et al., 2002):
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3.1 Steel Reinforcement Wastage Factors

Bar Cutting and Offcuts: Structural blueprints require varying
lengths of reinforcement bars. Standard mill lengths (typically
12 meters) generate substantial non-usable offcuts if cutting
schedules are unoptimized.

Corrosion due to Improper Storage: Leaving rebar stockpiled
on unprotected soil exposes it to moisture, inducing surface
rust that compromises concrete bonding and rejects structural
QA/QC approval.

Over-ordering and Detailing Errors: Faulty interpretations of
bar bending schedules (BBS) lead to over-ordering specific
diameters, stranding dead capital on site.

3.2 Concrete Waste Factors

Over-ordering and Transit Spills: Ordering excessive volumes
due to poorly calculated formwork volumes leads to
discarding premium batch concrete that exceeds its initial set
time.

Formwork Deflection (Bulging): Weak or poorly anchored
formwork deforms outward under the hydrostatic pressure of
wet concrete. This increases the structural volume beyond
design parameters, driving up concrete consumption without
adding structural utility.

Rejection of Batches: Delivery delays past the initial 90-
minute concrete mixing window cause field engineers to reject
stiffened  concrete  batches to  prevent structural
honeycombing.

4. Optimized Inventory Control Framework

To mitigate these losses, this study applies a mathematical and
systemic operations framework specifically adapted for
construction materials (Akintoye, 1995). Proper inventory
buffer alignment bridges the gap between field demand
fluctuations and bulk merchant supply constraints (Vidalakis
etal., 2011).

Material Optimization Framework
ABC Analysis (Prioritizes materials by financial value)
EOQ Modelling (Calculates optimal order size to lower
holding costs)
Just-In-Time (JIT) (Schedules daily deliveries to
eliminate site storage)

4.1. ABC Analysis

Materials are categorized into three distinct tiers based on
their cumulative cost impact to optimize management focus:

Category A (High Value, Tight Control): Consists of steel
reinforcement and structural steel profiles. While they
represent a low physical volume percentage, they account for
roughly 60% of total material costs. These require daily
inventory audits and strict authorization paths.

Category B (Moderate Value, Medium Control): Consists
of Ready-Mix Concrete and standardized formwork elements,

representing roughly 25% of costs. These are managed via
automated bi-weekly or monthly stock evaluations.

Category C (Low Value, Low Control): Consists of binding
wires, spacers, nails, and aggregate storage, representing the
remaining 15% of costs. These items utilize bulk ordering
policies with simple safety stock rules.

4.2. Economic
Calculation

Order Quantity (EOQ) Numerical

For Category A materials like steel, balancing the cost of
placing an order against the holding costs of maintaining
inventory is vital. The standard EOQ equation is applied:

E0Q = ,/(2DS/H) (1

To demonstrate the mathematical validity of this model within
a live construction environment, consider the following
empirical metrics gathered from our case study project:

Annual Demand (D): 2,400 metric tons
reinforcement steel per year.

MT) of

Ordering Cost (S): 315,000 per order (covers logistics
processing, administrative overhead, quality testing, and gate
security clearance).

Holding Cost (H): 1,600 per MT per year (includes
dedicated storage yard rental, material handling crane
operations, insurance, and protection cladding against
weathering),

Substituting these values into the mathematical framework:
E0Q = /(2 x 2400 x 15000/1600)
E0Q =/72,000,000/1,600)
= V45,000 ~ 212.13 MT

Standard Procurement Policy: The project should place an
order of approximately 212.13 MT of steel per batch.

Frequency of Orders: Calculated as 2,400 / 212.13 =11.3,
meaning the procurement department must issue roughly 11
orders per year (approximately every 32 days).

Applying this exact EOQ metric ensures the site never
encounters a capital freeze from over-stocking, while
simultaneously insulating the structural schedule from critical
material stockouts.

4.3 Just-In-Time (JIT) Logistics for Concrete

Because concrete cannot be stockpiled, it demands a strict JIT
protocol. The site coordinates casting speeds directly with the
batching plant's dispatch system (Pheng & Chuan, 2001).
RMC trucks arrive in an unbroken sequence exactly as the
preceding pour concludes, eliminating on-site waiting times
and batch degradation.

5. Advanced Bar Bending Schedule (BBS)
Optimization Software

Traditional manual processing of a Bar Bending Schedule
(BBS) involves manually translating structural drawings into
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linear cutting lists. This human-driven approach regularly
creates cutting scrap rates exceeding 10% because manual
sorting cannot solve multi-variable nesting challenges (Porwal
& Hewage, 2013).

Linear 1D Cutting Stock Optimization Problem
Input: Raw stock lengths (Standard 12m commercial

rebar)

Parameter: Required structural demand lengths (e.g.,
3.4m, 4 1m, 2_5m)

Objective Function: Minimize total waste (Offcut
length < Minimum reusable length)

Two Way Slab Reinforcement

(Longer Span/Shorter Span) < 2
uare in Shape
All Four Sides Support

Figure 2: BIM Rebar model

Modern digital material management framework integrates
algorithmic BBS optimization software (such as Rebar CAD
or custom 1D Bin-Packing algorithms). The software utilizes
a mathematical heuristic to achieve material minimization
(Zheng et al., 2019).

5.1 Algorithmic Optimization Strategies

The 1D Bin-Packing Algorithm: The system processes
thousands of requested structural cutting permutations against
standard 12-meter commercial stock profiles. By applying
First-Fit Decreasing (FFD) or Best-Fit Decreasing (BFD)
methodologies, it pairs longer structural segments with short
stirrup segments within the same physical bar.

Scrap Categorization and Re-use Loops: True BBS
optimization software catalogues any generated offcut larger
than 1.5 meters as "usable secondary inventory" rather than
scrap. The algorithm prioritizes these non-standard lengths in
subsequent structural runs (e.g., lintels or spacer bars) before
tapping into fresh 12-meter stock.

Standardized Splice Relocation: If a small modification in
splice position falls within structural code tolerances (e.g.,
ACI 318 or IS 13920), the software automatically shifts lap
splice locations by minor intervals to eliminate a highly
wasteful offcut segment entirely.

6. Case Study: Live Construction Project
Analysis

6.1 Methodology and Data Collection

To validate this optimization model, a live commercial multi-
story building project was analyzed over a 12-month timeline.
The project design demanded an annual framework
consumption of 2,400 MT of reinforcement steel and an
associated 30,000 m? of ready-mix concrete.

Initial baseline data was established through historical site
material ledger books, quantity tracking surveys, structural
design layouts, and field personnel interviews. The first half
of the project utilized traditional uncoordinated procurement,
while the second half integrated the optimized digital
inventory control framework and algorithmic BBS software
(Thomas et al., 2005).

6.2 Financial Savings Summary

By switching from legacy manual workflows to structured
inventory metrics and automated software tracking, the
project achieved immediate material and cost containment. To
evaluate financial outcomes, standard market baselines are
established at 265,000 per MT for reinforcement steel and
26,000 per m? for ready-mix concrete.

Table 1: Project Cumulative saving

Material Component Metric Base?line Pre-Optimization | Post-Optimization | Net Material Finanvcial Cost
Consumption Waste Rate Waste Rate Volume Saved Savings (%)
Structural Steel 2,400 MT 11.40% 2.10% 223.20 MT %1,45,08,000
Ready-Mix Concrete 30,000 m? 6.80% 1.30% 1,650.00 m? 299,00,000
Project Cumulative Savings — — — — < 2,44,08,000
Steel Financial Analysis: Automated 1D optimization

software nested the cutting sequences cleanly, reducing steel
wastage by an absolute 9.3% (dropping from 11.4% to 2.1%).
This eliminated the unnecessary purchase of 223.20 metric
tons of raw stock, recovering X1,45,08,000 in unspent material
capital.

Concrete Financial Analysis: Combining JIT logistics with
rigid pre-pour formwork inspections eliminated site over-
ordering and structural bulging. Volumetric losses dropped by
5.5% (from 6.8% to 1.3%), saving 1,650 m?* of concrete and
cutting expenditures by 399,00,000.

.I—l

Total Economic Return: The unified framework prevented
structural waste and inventory carrying overruns to generate a
total direct saving of 32,44,08,000 over the course of the
construction lifecycle.
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7. Recommendations for ERP

Integration

Digital

The study demonstrates that manual tracking cannot reliably
sustain these material efficiency margins. Medium and large-
scale building construction projects should actively deploy
cloud-based Enterprise Resource Planning (ERP) tracking
solutions:

Real-Time Automated Data Logging: Utilizing material
barcodes or RFID tags on incoming rebar bundles eliminates
human data entry error at the material gate (Li et al., 2005).

Automated Reorder Alerts: Integrating the mathematical EOQ
model directly into ERP software triggers automated purchase
requisitions the moment raw stocks dip to the calculated
reorder threshold.

Cross-Department Visibility: Bridges the information gap
between the on-site engineering team, corporate procurement
offices, and external material vendors, preventing unexpected
delivery delays (Irizarry et al., 2013).

8. Conclusion

Optimizing structural steel and concrete for economic
efficiency requires looking beyond raw material cross-
sections to refine material management and inventory
logistics. This study confirms that applying ABC analysis,
EOQ nprinciples, and Just-In-Time delivery methods
dramatically reduces site waste. Managing material flow
systematically yields an 8—12% reduction in steel waste and a
5-7% drop in concrete loss, significantly protecting project
profit margins. Adopting digital, ERP-driven tracking
frameworks is an essential upgrade for modern construction
projects aiming to minimize cost overruns and maintain
competitive schedules.
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