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IMPACT OF MATERIAL QUALITY ON PRODUCTION AND
CONSTRUCTION EFFICIENCY: A QUALITY-TO-PERFORMANCE
TRANSMISSION MODEL FOR STEEL FABRICATION

Summary. Material quality in steel fabrication is widely acknowledged
as a factor in production outcomes, yet the causal chain from specific material
parameters to measurable production and construction results has not been
formalized as a quantitative model at the small and medium enterprise level. This
article develops a Quality-to-Performance Transmission Model that traces how
four input material parameters (certification level, dimensional accuracy,
surface condition, mechanical property consistency) propagate through the
fabrication process to affect production efficiency metrics and construction-
phase outcomes. The model is constructed from comparative operational data at
Kharkiv Stal LLC (Ukraine), contrasting production performance during a
period of mixed-source procurement (2013-2016, including non-certified
material) with performance after full transition to certified suppliers holding EN
10204 type 3.1 inspection documents (2019-2025). Transition to certified
sourcing was associated with rework rate reduction from 8—12% to 2—3%, first-
pass yield improvement from 82-88% to 95-97%, and material-related
production stoppages declining from 5—8 to 1-2 events per month. Total cost of
ownership analysis demonstrates that certified steel, despite a 5—10% purchase

price premium, is associated with 15-25% lower aggregate production and post-
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delivery costs compared to non-certified alternatives. Client reports indicate
measurable reduction in on-site structural adaptation requirements for projects
supplied with fully certified material. The proposed model clarifies how
procurement-stage decisions are transformed into measurable operational risks
across cutting, welding, assembly, and delivery workflows. Its application
provides small and medium steel fabricators with a practical basis for supplier
selection, incoming inspection prioritization, and total-cost evaluation of
certified material sourcing.

The proposed model also emphasizes the strategic role of documented
material traceability in reducing production uncertainty and improving supplier
selection decisions. Its application may support steel fabrication enterprises in
strengthening quality control practices, optimizing procurement policies, and
improving the reliability of construction outcomes.

Key words: material quality, steel fabrication, production efficiency,
quality-to-performance transmission, certified steel, cost of quality, incoming

inspection, construction performance.

Introduction. Steel fabrication begins with material. With the global
structural steel market valued at USD 113 billion in 2024 and projected to reach
USD 188 billion by 2034 [1; 2], the volume of steel processed through fabrication
workshops continues to grow, amplifying the consequences of material quality
decisions at every production stage. Every subsequent production operation, from
cutting through welding to surface treatment, inherits the properties of the steel
that enters the process. Dimensional accuracy of the incoming plate determines
whether cut parts will fit at assembly. Chemical composition governs weldability
and the likelihood of porosity, cracking, or hydrogen embrittlement in completed
joints. Surface condition affects coating adhesion, corrosion resistance, and the
longevity of the finished structure in service. Mechanical property consistency

between batches ensures that production parameters validated on one delivery
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remain effective on the next. When material quality is high and stable, production
flows predictably; when it is variable or substandard, disruptions cascade through
the fabrication chain in forms that are disproportionately expensive relative to the
initial cost difference between material grades.

A common procurement decision facing steel fabricators, particularly in
markets with fragmented supply chains, i1s whether to purchase certified steel
from established mills at a price premium or to source lower-cost material from
distributors who may not provide full quality documentation. At the point of
purchase, the cost difference appears straightforward: a fabricator processing 500
tons of structural plate annually saves USD 25,000-50,000 by choosing the
cheaper option. What this calculation omits is the production cost amplification
that occurs when incoming material deviates from expected specifications. A
plate with actual thickness 7.2 mm against a nominal 8.0 mm produces cut parts
that are undersized for the designed assembly. Recutting, additional material
procurement, and schedule displacement multiply the original savings into net
losses that are difficult to trace back to the purchasing decision because they
manifest as production problems rather than procurement problems.

Published research addresses material quality in manufacturing through
several established frameworks. Quality management standards define
requirements for supplier evaluation, incoming inspection, and material
traceability [5, 6, 14]. Cost of quality models, originating with Juran [7],
decompose quality-related expenditure into prevention, appraisal, internal failure,
and external failure categories. Zero defect manufacturing research examines
digital tools for defect prevention and real-time quality assurance [9; 10].
Material specification standards establish grades, properties, and documentation
requirements for structural steel [3; 4]. Each domain contributes essential
knowledge, but each operates within its own scope: standards prescribe
requirements without quantifying economic consequences; cost of quality models

quantify costs without tracing them to specific material parameters; zero defect
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manufacturing research focuses on process-level detection rather than incoming
material as the quality origin point.

What remains absent is a model that connects these domains into a single
traceable chain: from a measurable material quality parameter at the point of
incoming inspection, through its specific effect on a production stage, to a
quantified cost or efficiency consequence, and further to a downstream
construction-phase outcome.

Kharkiv Stal LLC (Kharkiv, Ukraine), established in 2013, provides a
suitable context for developing this model because the enterprise has operated
under both material sourcing regimes. During the initial years (2013-2016),
procurement combined certified mills with lower-cost distributors whose
documentation did not consistently include type 3.1 inspection certificates per EN
10204. Beginning in 2017, procurement policy shifted to exclusive sourcing from
certified suppliers (Metinvest-SMC, ArcelorMittal Kryvyr Rih, Cascade,
Slavsant, AV Metal Group) with mandatory mill certificates for every incoming
shipment. The period 2017-2018 is treated as a transition interval during which
supplier relationships stabilized and residual non-certified stock was consumed,;
the comparison in this study therefore contrasts the pre-transition period (2013—
2016) with the post-stabilization period (2019—-2025). Production records from
both periods enable comparative analysis of how material quality parameters
correlate with fabrication efficiency metrics. For a fabricator evaluating whether
to invest in certified sourcing or more rigorous incoming inspection, such
comparative data transform the decision from intuition-based to evidence-
supported.

This article develops a Quality-to-Performance Transmission Model
structured across three levels: material quality input (four parameters measured
at incoming inspection), production efficiency (four metrics tracked through the
fabrication cycle), and construction-phase performance (three indicators derived

from post-delivery records and structured client feedback). Scientific novelty of
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the study lies in the formalization of a traceable, quantified chain linking material
quality at the point of procurement to production and construction outcomes at
the enterprise level. Practical application of the model provides an evidence-
based framework for material sourcing decisions in steel fabrication, though the
specific quantitative parameters require calibration to individual enterprise
contexts.

Literature review. Material quality in steel fabrication intersects three
research traditions that have developed largely in parallel: normative and
regulatory frameworks defining what material properties must be guaranteed,
economic models quantifying the cost consequences of quality failures, and
emerging digital approaches to defect prevention at the process level.

Structural steel grades and their guaranteed properties are codified in EN
10025-2 [3], which specifies chemical composition limits, minimum yield and
tensile strength values, and elongation requirements for non-alloy structural steels
(S235, S275, S355 and higher grades). Compliance with these specifications is
documented through inspection certificates defined in EN 10204 [4]. EN 10204
[4] distinguishes certificate types by the rigor of documented evidence, ranging
from manufacturer declarations (type 2.1) to independent third-party validation
(type 3.2). For fabrication under EN 1090-2 [6], execution classes EXC2 through
EXC4 require type 3.1 or higher certificates, linking material documentation
directly to permissible structural application. The practical significance is that a
3.1 certificate provides batch-specific test results enabling the fabricator to verify
actual properties against design assumptions before production begins.

Dimensional tolerances for structural steel are codified in EN 10029 [15]
and ASTM A6/A6M [11], which specify permissible thickness deviations by
tolerance class. The practical consequence is significant: a plate received at the
lower tolerance bound of a permissive class may be measurably thinner than the
nominal specification, producing components with reduced cross-sectional area.

For enterprises lacking in-house testing capability, the mill certificate functions
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as the primary quality assurance instrument, but the fabricator discovers
dimensional shortfalls only if incoming inspection includes systematic thickness
measurement.

ISO 3834-2 [5] extends quality requirements for fusion welding to base
material properties, specifically carbon equivalent value and chemical
composition, data reported only on type 3.1 or higher certificates. Welding on
steel with unverified composition introduces risk of cold cracking or heat-
affected zone defects that may remain latent until the structure is loaded in
service. Procurement without chemical composition data therefore creates both a
technical risk and a compliance gap under ISO 3834-2.

Juran [7] established the economic framework for analyzing quality-
related costs, categorizing expenditures into four groups: prevention costs
(supplier qualification, process design), appraisal costs (inspection, testing),
internal failure costs (scrap, rework, downtime), and external failure costs
(warranty claims, reputation damage). Juran’s model predicts that increased
spending on prevention and appraisal reduces failure costs by a
disproportionately larger amount, producing a net reduction in total cost of
quality. Empirical data from the American Institute of Steel Construction [8]
support this prediction: a benchmarking study of 214 steel fabrication workshops
found that facilities conducting phased inspection at incoming, in-process, and
final stages reduced rework costs by an average of USD 147 per ton of fabricated
steel. A 73% reduction in rework was documented when defects were intercepted
at early production stages rather than at final inspection.

Zero defect manufacturing has emerged as an integrating concept that
connects quality management theory with digital implementation tools.
Psarommatis et al. [9] reviewed the state of ZDM research, identifying four core
strategies: detect (identify defects in real time), predict (anticipate defects before
they occur), prevent (eliminate conditions that create defects), and repair

(compensate for detected deviations). Their framework positions incoming
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material quality as an input condition for the prevent strategy: if the material
entering production is within specification, an entire category of downstream
defects is eliminated at the source rather than detected and corrected during
fabrication. In a subsequent study, Psarommatis and May [10] developed a cost
model for evaluating investment in quality inspection technologies,
demonstrating that the break-even point for automated inspection depends on
defect rate, unit cost of failure, and inspection speed. Their model confirms the
economic logic of shifting quality assurance effort toward earlier stages of the
production chain, where interception costs are lowest.

Advances in construction materials research provide broader context for
the material-quality-to-performance relationship. Tiza et al. [12] reviewed
cutting-edge developments in civil engineering materials, concluding that
material selection directly affects structural durability, maintenance
requirements, and lifecycle costs. Their analysis covered both traditional
materials (structural steel, concrete, timber) and emerging alternatives (fiber-
reinforced polymers, geopolymers, recycled aggregates), finding that
performance differences between material grades within a single category (e.g.,
standard versus high-strength steel) can be as consequential for structural
outcomes as differences between material categories themselves. Yuan et al. [13]
examined energy efficiency in steel production from a multi-perspective review,
documenting that production process parameters interact with material properties
to determine both energy consumption and output quality; their analysis
addresses steel production at the mill level rather than fabrication at the workshop
level, but the underlying principle that material characteristics propagate into
process outcomes applies at both scales.

ISO 9001:2015 [14] provides the management system framework for
material quality control, requiring supplier evaluation, performance records, and

corrective actions for non-conforming material. For steel fabricators, this
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translates into formalized incoming inspection protocols and documented

acceptance criteria that accumulate supplier performance data over time.

Table 1

Reviewed literature: thematic coverage, methods, findings, and

unaddressed gaps

Source Domain Method Principal finding Gap relative to this study
EN 10025-2 | Steel Reoulator Chemical and Defines properties without
3] rades s taﬁ dard Y| mechanical specs for linking to fabrication

g structural steel grades efficiency
EN 10204 Inspection | Reeulator Four certificate types Administrative framework
[4] do cpumen ts | s taﬁ dard Y (2.1-3.2) with without production impact
ascending traceability quantification
EN 10029 Plate Reoulator Permissible thickness Tolerance specification
[15] tolerances | s taﬁ dard Y| deviations by class (A, | without downstream cost
B, C) analysis
ISO 3834-2 | Welding Regulatory ?fafzz trr\lslgfélahglriczp.ertles Welding-specific; does not
[5] quality standard - dualitys cover full fabrication chain
CEV required
EN 10902 | Exccution | Reculator Execution classes link | Prescribes requirements
(6] standards | s taﬁ dard Y| material traceability to | without quantifying cost of
application compliance gaps
. ion + i .
Juran & De | Cost of Theoretical Preventlon appraisal General manufacturing; not
. investment reduces total . .
Feo [7] quality framework . calibrated to steel fabrication
quality cost
oL Benchmark Phased inspection Inspection focus; does not
Fabrication | . reduces rework by . . . .
AISC [§] . ing, 214 o isolate incoming material as
quality $147/ton; 73% early .
workshops | . ; variable
mterception
Psarommati | Zero defect | Literature Four ZDM gtrategles: Process-level focus; material
s et al. [9] mf . detect, predict, prevent, bound diti 1
. g. review . as boundary condition only
repair
Psarommati Break-even depends on ) )
s & May #DM . Cost model | defect rate, failure cost, Technolpgy modgl, not m.lked
economics ) . to supplier sourcing decisions
[10] inspection speed
ASTM Steel Testin Dimensional and Testing specification without
A6/A6M requiremen stan da% 4 mechanical tolerances | procurement decision
[11] ts for rolled steel framework
Tiza et al. Civil eng. . Materlal grade Review scope; no enterprise-
. Review differences affect .
[12] materials level production data

lifecycle performance
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Yuanetal. | Steel Multi- | Process parameters Mill-level focus; not
. perspective | interact with material .

[13] production ) ! fabrication workshop level

review properties
150 ) Quality Manageme Supphg r eyaluatlgn, General QMS; not specific to
9001:2015 | manageme Incoming inspection, 1 . ..

nt standard . . material-quality transmission
[14] nt corrective actions

Source: compiled by the author

Standards reviewed in this section define material properties and
documentation requirements at the point of supply. Cost of quality research
establishes the economic logic for prevention-oriented investment. Zero defect
manufacturing literature positions incoming material as an input to defect
prevention strategy. None of these sources, however, traces a specific material
parameter measured at incoming inspection through its production-stage impact
to a quantified efficiency and cost outcome, and further to a measurable
construction-phase result, at the individual enterprise level. This three-level
traceability gap defines the contribution space of the present study.

Materials and methods. The Quality-to-Performance Transmission
Model was developed through a three-stage inductive process using operational
records at Kharkiv Stal LLC. In the first stage (pattern identification), production
incident logs from 2013-2018 were analyzed to identify recurring associations
between material characteristics and production disruptions; 147 documented
incidents were categorized by trigger type, revealing that material-related causes
accounted for the largest single category. In the second stage (parameter
selection), the material characteristics most frequently associated with production
disruptions were formalized into four measurable input parameters, and the
production outcomes most consistently affected were formalized into four output
metrics, applying three selection criteria: each parameter must be measurable at
the point of material receipt, each must be documented in standard inspection
records, and each must show demonstrated correlation with downstream

outcomes in the incident data. In the third stage (model structuring), the input-
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output relationships were organized into a three-level transmission architecture
(material quality — production efficiency — construction-phase performance)
with defined parameters at each level and quantitative relationships documented
from comparative period analysis.

At Level 1 (material quality input), four parameters are measured at
incoming inspection for every shipment: certification level (presence and type of
inspection document per EN 10204, scored from 0 for no certificate to 4 for type
3.2), dimensional accuracy (deviation of actual thickness from nominal
specification, measured at five points per plate/coil, expressed in millimeters and
as percentage of nominal), surface condition (assessed on a five-point scale: 5 =
no visible defects across the inspected area; 4 = minor surface oxidation
removable by wire brushing without material loss; 3 = localized corrosion or
mechanical marks requiring grinding before fabrication; 2 = widespread surface
degradation affecting coating adhesion or weld preparation; 1 = structural
compromise visible as pitting, delamination, or through-thickness damage
warranting rejection), and mechanical property consistency (coefficient of
variation in yield strength across batches from the same supplier over the
preceding 12 months, calculated from mill certificate data). The fourth parameter
requires accumulated delivery history and is therefore available only for
established suppliers with at least four to six recorded deliveries; for new
suppliers, this parameter is marked as pending and the remaining three parameters
carry the classification weight. These parameters were selected because they are
observable at the point of material receipt without destructive testing, they are
documented in standard inspection procedures, and operational records
confirmed their correlation with downstream production outcomes.

At Level 2 (production efficiency), four metrics are tracked through the
fabrication cycle: rework rate (percentage of cut, welded, or assembled
components requiring correction due to dimensional, weld quality, or surface

treatment failures), material waste (percentage of incoming material that becomes
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scrap due to cutting inefficiency, rejection, or damage during processing),
unplanned stoppages attributable to material issues (events per month where
production halted because incoming material failed to meet production
requirements), and first-pass yield (percentage of components passing quality
inspection on first attempt without rework or re-inspection).

At Level 3 (construction-phase performance), three indicators are derived
from post-delivery records: on-site adaptation time (hours of field modification
reported by installation crews for structures requiring adjustment at the
construction site), post-delivery defect reports (number of quality complaints per
100 deliveries received within 30 days of shipment), and early-period
maintenance frequency (number of maintenance interventions within the first
three years of service, collected through structured follow-up with repeat clients
operating under framework supply agreements). Level 3 data were collected
through standardized feedback forms distributed to construction firm clients
beginning in 2020, supplemented by maintenance records shared by long-term
partners. Because the maintenance indicator requires a three-year observation
window, complete data are available only for structures delivered in 2020-2022;
deliveries from 2023-2025 have partial maintenance records and are reported
separately. Sample sizes for Level 3 indicators are smaller than for Levels 1 and
2 and are reported with corresponding confidence qualifications.

Comparative analysis contrasts two operational periods. Period A (2013—
2016) represents mixed-source procurement in which approximately 30-40% of
incoming steel by volume lacked type 3.1 certificates, arriving from secondary
distributors with type 2.1 declarations or, in some cases, no formal quality
documentation. This proportion was reconstructed from archived procurement
records and delivery logs, where the presence or absence of a mill certificate was
recorded for each incoming shipment. Period B (2019-2025) represents exclusive
certified sourcing, with every shipment accompanied by a type 3.1 or higher

inspection certificate from an established mill or primary distributor. The interval
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2017-2018 is excluded from the comparative analysis as a transition period
during which supplier contracts were restructured and residual non-certified
inventory was consumed. Comparison between Period A and Period B therefore
reflects the cumulative effect of the sourcing policy change after stabilization,
though it does not isolate this change from concurrent factors such as workforce
experience growth, equipment condition improvement, and process refinement
that occurred over the same timeframe.

Methodological limitations are acknowledged explicitly. The study
compares two non-concurrent periods at a single enterprise, which precludes
controlled experimental design. Observed improvements in Period B may be
partially attributable to factors other than material quality, including the
production management improvements described in separate research by the
same author, incremental equipment upgrades, and workforce skill accumulation.
Level 3 construction-phase data are based on a limited sample of cooperating
clients and may not represent the full range of construction outcomes. All
quantitative comparisons are presented as observed associations rather than
demonstrated causal effects, and generalization to other enterprises requires
independent validation.

Results and discussion

Classification of materials used in steel fabrication

Steel fabrication at Kharkiv Stal consumes three functional categories of
material, each carrying different quality requirements that determine appropriate
certification level and inspection intensity.

Structural load-bearing materials form the first and most quality-sensitive
category. Hot-rolled plates (4-20 mm thickness range, grades S235JR through
S355J2), structural sections (angles, channels, I-beams), and profile tubes serve
as primary elements in trusses, frames, platforms, and load-bearing connections.
These materials directly affect structural integrity; dimensional deviations,

chemical composition anomalies, or mechanical property shortfalls in this

International Electronic Scientific Journal “Science Online” http://nauka-online.com/



http://nauka-online.com/
http://nauka-online.com/

International Electronic Scientific Journal “Science Online” http://nauka-online.com/

category propagate into every downstream fabrication operation and ultimately
into the load-carrying capacity of the finished structure. Kharkiv Stal applies type
3.1 certification to all structural material regardless of the execution class
specified by the client, treating this as a baseline prevention measure rather than
a compliance-driven minimum. Primary suppliers (Metinvest-SMC [16],
ArcelorMittal Kryvyi Rih [17]) maintain certified quality management systems
with documented traceability from melt to delivery, which provides the fabricator
with verified chemical and mechanical data for every batch received.

Envelope and cladding materials constitute the second category.
Galvanized and polymer-coated coil steel (0.35-0.85 mm thickness) for profiled
sheeting and roofing tiles, along with welded mesh wire, serve non-structural or
secondary structural functions. Quality requirements focus on coating integrity,
dimensional uniformity of coil width and thickness, and surface appearance rather
than mechanical properties. Type 2.2 or 3.1 certificates are standard for this
category; coating weight and adhesion test results are the critical documented
parameters.

Consumables and auxiliary materials form the third category: welding
wire and electrodes, primers and paints, fasteners (bolts, nuts, washers), and
ancillary hardware. Quality requirements for welding consumables are governed
by the applicable welding procedure specification under ISO 3834-2 [5]; for
paints and coatings, by manufacturer data sheets and project specifications; for
fasteners, by EN 15048 or EN 14399 depending on application. Table 2

summarizes this classification.
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Table 2

Material classification by functional role, typical products, and certification

requirements
. Quality- .
Typical .o Min. C . .
Category products critical certification Typical issues (Period A)
parameters
Hot-rolled Yield/tensile
Structural | plate 4-20 strength, CEV, | EN 10204 type | Thickness deviation, chemical
p g yp
: plates mm (S235— | thickness 3.1 composition gaps
S355) tolerance
Angles Dimensional
Structural | channels, I- gngoﬁ lgs’ EN 10204 type | Cross-section deviation,
: sections | beams, EAness, 3.1 surface defects from storage
mechanical
profile tubes .
properties
Rebar of Yield strength,
Structural various ductility, EN 10204 type | Diameter inconsistency,
: rebar diameters diameter 3.1 surface corrosion
tolerance
Coating
Galvanized/p | weight,
Envelope/ | olymer coil, | thickness EN 10204 type | Coating damage, coil edge
cladding | profiled uniformity, 22o0r3.1 defects
sheet, tiles surface
appearance
Welded .| Wire diameter, | Manufacturer .. Y
Mesh and | masonry/rein . : Wire diameter variation, weld
: . weld integrity, | cert. + . .
fencing forcing . e Inconsistency
mesh. wire mesh spacing | traceability
Welding WPS
wire/electrod | compliance, Manufacturer .
Consuma . Incorrect grade delivery,
€s, primers, manufacturer cert. + . .
bles . . expired shelf life
paints, specs, grade traceability
fasteners markings

Source: developed by the author based on operational practice, Kharkiv Stal LLC

In practice, the classification serves a function in the Quality-to-

Performance Transmission Model: material quality parameters have different

sensitivity weights depending on functional category. A thickness deviation of

0.5 mm on a 6 mm structural plate has direct structural consequences; the same
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deviation on a 0.45 mm roofing coil affects appearance but not load capacity. The
model applies all four Level 1 parameters to structural materials, while envelope
materials are evaluated primarily on dimensional accuracy and surface condition,
and consumables on certification compliance and batch traceability.
Quality parameters and their measurement at incoming inspection
Figure 1 presents the four Level 1 quality parameters, their measurement
methods, and scoring scales as applied at Kharkiv Stal during the Period B regime

(2019-2025).

Parameter 1: Parameter 2:
Certification Dimensional
level accuracy

EN 10204 type 5-point measurement
Scored 0-4 % deviation

INCOMING

MATERIAL

Parameter 3: Parameter 4:
Surface Mechanical
condition | consistency

Visual assessment CV of yield strength
Scored 1-5 across batches

Fig. 1. Four material quality parameters measured at incoming inspection

Source: developed by the author

Certification level is verified by comparing the accompanying
documentation against EN 10204 requirements. Score 4 (type 3.2, independent
body validated) is rare in commercial structural steel supply and occurs primarily
in high-specification projects. Score 3 (type 3.1, manufacturer-authorized with
batch-specific test results) represents the standard for certified suppliers. Score 2

(type 2.2, non-specific test report) is typical for secondary distributors. Scores 1
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(type 2.1, declaration without test data) and 0 (no documentation) indicate
informal supply channels.

Dimensional accuracy measurement follows a standardized protocol: five
thickness readings per plate or coil (four corners and center), recorded in
millimeters. Deviation is expressed as both absolute (mm) and relative (% of
nominal). Plates are classified by EN 10029 tolerance class (A, B, or C) based on
the measured deviation range.

Surface condition scoring follows the five-point scale defined in Section
3, applied by trained warehouse personnel during unloading. Each shipment
receives a single aggregate score based on the lowest individual score across
inspected items.

Mechanical property consistency is calculated quarterly for each active
supplier from accumulated mill certificate data. Coefficient of variation (CV) in
reported yield strength across deliveries quantifies batch-to-batch stability: lower
CV indicates more predictable material behavior in production.

Impact of material quality on production efficiency

Before presenting production efficiency outcomes, it is useful to
summarize the Level 1 parameter differences between the two periods. In Period
A, incoming plates from non-certified sources showed thickness deviations
averaging 4.2% of nominal, with individual measurements reaching 8-10% on
class C tolerance material; approximately 12—-15% of shipments scored 3 or
below on the surface condition scale; and yield strength CV from non-certified
suppliers ranged from 8 to 15%. In Period B, certified suppliers consistently
delivered class A or B tolerance material with average deviations of 1.1-1.8%;
less than 2% of shipments scored below 4 on surface condition; and yield strength
CV fell to 3—5%. These input differences establish the material quality context

for the production outcomes presented in Table 3.
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Table 3
Production efficiency metrics: Period A (mixed sourcing) versus Period B

(certified sourcing)

Metric Period A (2013-2016) | T eried B 2019- Change
2025)
190 :
Rework rate 8-12% of fabricated 2-3% Reduction 60-75%
components
o ) )
Material waste 7-12% ofincoming | 5 5o, Reduction 35-60%
material
Material-related 5-8 events/month 1-2 events/month Reduction ~70%
stoppages
First-pass yield 82-88% 95-97% Improvement 715 pp

Source: compiled by the author based on operational records, Kharkiv Stal LLC. Note:
Period B improvements reflect combined effect of certified sourcing and concurrent

operational changes; material quality contribution cannot be fully isolated

Identifiable pathways connect material quality parameters to each
production metric.

Rework rate connects most directly to dimensional accuracy and
mechanical property consistency. When incoming plate thickness deviates
beyond the design tolerance, cut parts do not fit the intended assembly. A
documented incident from Period A illustrates the cascade: a batch of 6 mm
nominal plate arrived with actual thickness of 5.4—5.7 mm (deviation 5-10%),
producing 47 cut parts that were undersized for the truss assembly. Recutting
from replacement plate required 1.5 working days and consumed material worth
approximately three times the price difference between the original non-certified
batch and equivalent certified plate. In Period B, with certified class A/B
tolerance material, dimensional rework incidents of this type declined to fewer
than two per quarter.

Material waste links to both dimensional accuracy and surface condition.
Non-certified plate with uneven thickness or localized surface damage requires

trimming of unusable edges and rejection of affected sections that cannot be
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assigned to production. Certified material with consistent dimensions and clean
surfaces allows cutting layouts optimized to minimize offcut waste, because the
fabricator can rely on the full usable area of each plate. Waste reduction from 7—
12% to 3—5% represents both recovered material value and reduced disposal cost.

Unplanned stoppages from material issues declined from 5-8 to 1-2
events per month. In Period A, stoppages occurred when: welding on plate with
unknown chemical composition produced porosity requiring arc-gouging and re-
welding (the welder stops to consult supervision and adjust parameters); bending
of sections with variable mechanical properties yielded springback inconsistent
with the programmed angle (the operator stops to recalibrate); or surface
preparation added unplanned grinding time before coating could be applied. In
Period B, material entering production carries documented properties that match
the parameters stored in welding procedure specifications and bending programs,
eliminating most of these interruption types.

First-pass yield improvement from 82—-88% to 95-97% reflects the
cumulative effect of reduced rework, fewer stoppages, and more predictable
fabrication behavior. The 95-97% range represents the practical ceiling for
manual and semi-automatic fabrication environments, where operator-dependent
variability in cutting alignment, weld positioning, and dimensional measurement
introduces a residual 3—5% non-conformance rate that cannot be eliminated
through material quality alone but requires automation or process redesign to
reduce further.

Section 4.6 formalizes these transmission pathways into the Quality-to-
Performance Transmission Model, with Figure 3 presenting the three-level
structure schematically.

Role of quality materials in production risk reduction

Material quality affects average production performance and
simultaneously shapes the distribution of risk across the fabrication chain. With

certified sourcing, residual quality risk concentrates at the incoming inspection
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stage, where it is interceptable at the lowest cost. With non-certified sourcing,
risk disperses across all production stages, where interception costs escalate
progressively.

During Period A, incoming inspection rejected 5-8% of non-certified
deliveries for visible defects (surface damage, dimensional non-conformance,
missing documentation). These rejections, while disruptive to scheduling,
represented the least expensive failure mode because no production resources had
been consumed. More costly were latent defects that passed incoming inspection
but surfaced during fabrication: plates with acceptable surface appearance but
non-conforming chemical composition produced weld defects detectable only
after the joint was completed, requiring arc-gouging, re-welding, and re-
inspection at a cost multiple of 5-8 times the incoming rejection cost.

During Period B, incoming rejection rates from certified suppliers fell
below 1%, and in-process defects attributable to material quality became rare
events rather than routine occurrences. When material-related issues do occur in
Period B, they are typically minor (e.g., localized surface oxidation from transport
damage) and resolved through surface preparation rather than component
rejection.

Beyond direct cost reduction, the shift in risk distribution improved
production scheduling reliability and client delivery confidence, since material-
related disruptions in Period B became rare enough to fall outside the normal
planning contingency rather than representing a recurring variable that schedulers
had to accommodate in every order.

Long-term economic advantages of certified material sourcing

Table 4 presents a total cost of ownership comparison between certified
and non-certified material sourcing, aggregating costs across the procurement-

fabrication-delivery chain.
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Table 4

Total cost of ownership: certified versus non-certified material sourcing

(cost index, non-certified = 1.00)

Certified . . .

Cost category (index) Non-certified (index) Difference
Purchase price per ton | 1.05-1.10 1.00 (baseline) +5-10% for certified
Incoming inspection )
labor (hrs/shipment) 0.25 0.75 3% less for certified
Rework cost per ton 60-75% less for
fabricated 0.15-0.25 0.60-1.00 certified

0o
Waste cost per ton 0.20-0.30 0.50-0.90 35 §0 % less for
purchased certified
Stoppage‘: losses 2—4 hours 10-20 hours ~70% less for certified
(production hrs/month)
Post-delivery claims . .
(per 100 deliveries) Rare (0-1) Occasional (3-5) Substantially less
ﬁiﬁfgaw total cost 1 75 g5 1.00 (baseline) Net 15-25% lower

Source: compiled by the author based on operational records and management

estimates, Kharkiv Stal LLC

A purchase price premium of 5-10% for certified steel represents the
visible cost difference at the procurement stage. Total cost of ownership analysis
reverses this apparent disadvantage: savings on rework, waste, stoppages,
inspection time, and post-delivery claims exceed the purchase premium by a
factor of two to three, producing a net cost reduction of 15-25% over the
aggregate procurement-to-delivery cycle. Exact ratios vary by product type
(structural plate shows the largest differential due to high rework sensitivity; coil
stock shows a smaller differential because cladding applications are less sensitive
to mechanical property variations) and by the specific non-certified alternative
being compared.

Client reports collected through standardized feedback forms (N=34

responding construction firms over the period 2020-2025) indicate that structures
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fabricated from certified material required approximately 20-30% less on-site
adaptation time compared to comparable structures from the mixed-source
period, as reported by installation crew supervisors. This estimate is based on
crew-reported hours rather than independently measured data and should be
treated as indicative of the direction and approximate magnitude of the effect.
Long-term partners operating under framework agreements shared maintenance
records showing that structures delivered in Period B required fewer corrective
interventions within the first three years of service compared to structures from
Period A, though the limited sample of complete three-year records (deliveries
2020-2022) requires this finding to be interpreted as indicative rather than
statistically definitive.

Figure 2 visualizes the total cost composition for certified versus non-

certified sourcing.

[ Purchase price Il Waste costs

3 Incoming inspection Il Stoppage losses

=3 Rework costs Emm Post-delivery claims
Certified | 0.08 Total: 0.63

sourcing

Non-certified |

h Total: 1.00
sourcing

0.0 0.2 0.4 0.6 0.8 1.0 12
Cost index (non-certified total = 1.00)

Fig. 2. Total cost of ownership: certified versus non-certified sourcing

Source: compiled by the author based on operational data, Kharkiv Stal LLC
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Quality-to-Performance Transmission Model: formal structure

The preceding subsections documented the empirical relationships
between material quality inputs, production efficiency outcomes, and
construction-phase indicators at each of the model’s three levels. The quantitative
data from Sections 4.2 through 4.5 populate the transmission pathways: Level 1
parameter values predict Level 2 metric ranges, which in turn correlate with Level

3 outcome indicators. Figure 3 presents this three-level structure schematically.

Level 1 Level 2 Level 3

Material Quality Production Efficiency Construction Phase

Certification

level Rework rate

8-12% - 2-3%

scored 0-4 a
On-site

adaptation

Dimensional

accuracy Material waste

7-12% - 3-5%

% deviation

Surface

condition Stoppages

5-8 -» 1-2/mo

scored 1-5

Mechanical First ield Maintenance
i irst-pass yie frequenc
consistency 82-88% - 95-97% q Yy

CV %

Cost of quality failure increases -

Fig. 3. Quality-to-Performance Transmission Model: three-level structure

Source: developed by the author

The model’s practical utility operates in two directions. Forward
application: a fabricator evaluating a potential supplier can assess the expected
Level 1 parameter values based on the supplier’s certification practices and
delivery history, project likely Level 2 consequences using the documented
relationships, and estimate Level 3 implications for client satisfaction and
lifecycle cost. For example, a supplier offering class C tolerance plate without

type 3.1 certificates would score low on two of four Level 1 parameters,

International Electronic Scientific Journal “Science Online” http://nauka-online.com/



http://nauka-online.com/
http://nauka-online.com/

International Electronic Scientific Journal “Science Online” http://nauka-online.com/

predicting elevated rework and waste at Level 2 and increased on-site adaptation
at Level 3. Backward application: when a production quality issue is identified at
Level 2 (e.g., elevated rework rate), the model directs root-cause investigation to
the specific Level 1 parameter most likely responsible. Assembly-related rework
points to dimensional accuracy; welding-related rework points to certification
level (chemical composition data); surface treatment failures point to surface
condition scoring. This directional traceability replaces generalized
troubleshooting with targeted investigation.

Discussion. Findings from this study can be positioned within established
quality management theory while highlighting the specific contribution of
enterprise-level empirical data to a field dominated by normative standards and
general frameworks.

Juran’s cost of quality model [7] predicts that prevention spending
reduces total quality expenditure. The transition from mixed to certified sourcing
at Kharkiv Stal represents a prevention investment (higher material purchase
price) that reduced internal failure costs (rework, waste, stoppages) by a
substantially greater amount. A purchase premium that generated 15-25%
aggregate cost reduction produces an approximate return on prevention
investment of 2:1 to 3:1, aligning with the general CoQ prediction but provides
enterprise-specific quantification that the theoretical model does not offer on its
own.

AISC benchmarking data [8] documented USD 147 per ton rework
savings through phased inspection systems. Industry reports corroborate this
finding: JY Steel Structure [18] reported that phased inspection systems can
reduce defect rates by up to 80% in steel workshops, while ETQ’s 2024
manufacturing quality survey [19] found that 73% of respondents experienced at
least one product recall in the preceding five years, with rectification costs
frequently reaching eight-figure sums. By contrast, the material quality approach

described in this study operates upstream of the inspection system: rather than
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catching defects through inspection, it reduces defect generation by improving
the quality of incoming material. Both approaches reduce rework, but through
different mechanisms (detection versus prevention). In an enterprise applying
both approaches simultaneously, as Kharkiv Stal does, the combined effect
exceeds what either achieves alone.

Psarommatis et al. [9] positioned incoming material quality as an input to
the “prevent” strategy within zero defect manufacturing. Operational data from
this study confirm that treating material quality as a strategic variable rather than
a procurement cost line produces measurable production improvements
consistent with ZDM prevention logic. Operationally, the four-parameter scoring
system developed for Level 1 of the transmission model could serve as a
structured input to the ZDM prevention strategy, providing the quantified
material quality assessment that ZDM frameworks reference conceptually but do
not specify operationally.

Certificate type distinctions formalized in EN 10204 [4] and enforced
through EN 1090-2 [6] execution classes proved to be the most broadly
consequential material quality parameter in the operational data, because it
functions as a meta-parameter: a type 3.1 certificate guarantees documented
chemical and mechanical properties and simultaneously implies controlled
production at the mill, which correlates with better dimensional accuracy and
surface condition. In this sense, certification level subsumes the other three
parameters rather than operating independently of them. A supplier consistently
providing type 3.1 certificates is also, in practice, delivering material that scores
higher on dimensional accuracy, surface condition, and mechanical consistency
than a supplier operating without third-party certification discipline.

Kharkiv Stal’s procurement transition reached 100% certified sourcing by
2019, not as a compliance-driven mandate but as an economics-driven decision.
Management concluded that cost savings from certified sourcing exceeded the

purchase premium within two years of full implementation, making the higher-
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quality supply chain the lower-cost option on a total-cost basis. This finding may
not transfer directly to enterprises operating in markets where the price
differential between certified and non-certified steel is larger (exceeding 15—
20%), or where non-certified material quality is closer to certified standards due
to different regulatory environments. In Ukraine’s wartime and post-conflict
reconstruction context, the risk of non-certified or inadequately documented
material entering the supply chain increases due to supply disruptions and
emergency procurement pressures, which reinforces the relevance of systematic
incoming quality assessment for fabricators serving reconstruction projects [20].
Generalizability is constrained by the single-enterprise origin and non-
concurrent comparison design. Improvements observed between Period A and
Period B reflect the combined effect of material quality improvement and other
concurrent changes (process management maturation, workforce experience
growth, equipment condition). The model structure (three levels, defined
parameters at each level, documented transmission pathways) is intended to be
transferable to other fabrication enterprises; the specific quantitative values
(rework percentages, cost ratios, yield improvements) require calibration to local
conditions. Multi-enterprise studies comparing fabricators with different sourcing
strategies operating in the same market and time period would provide stronger
causal evidence than the within-enterprise temporal comparison presented here.
Conclusions. The Quality-to-Performance Transmission Model
developed in this study formalizes a three-level chain linking material quality at
the point of procurement to production efficiency and construction-phase
outcomes. Four input parameters (certification level, dimensional accuracy,
surface condition, mechanical property consistency), measurable at incoming
inspection without destructive testing, demonstrate consistent association with
four production metrics (rework rate, material waste, unplanned stoppages, first-
pass yield) and three construction-phase indicators (on-site adaptation, post-

delivery defects, maintenance frequency).
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Comparative analysis of production data from mixed-source and
certified-source procurement periods at Kharkiv Stal LLC documents that
certified sourcing is associated with substantially improved production
performance across all four Level 2 metrics. When production losses from
rework, waste, stoppages, and inspection effort are aggregated, the apparent price
advantage of non-certified material reverses: the purchase premium is recovered
multiple times, making certified sourcing the lower-cost option overall.

The model operates in both forward (supplier evaluation) and backward
(root-cause investigation) directions, providing a structured decision tool for
material sourcing that connects procurement choices to their full production and
construction consequences. The five-point surface scoring scale and the four-
level certification assessment developed for the model offer operational
instruments that can be integrated into existing incoming inspection procedures
at steel fabrication enterprises of any scale.

For steel fabricators operating in markets with mixed-quality supply
chains, the evidence supports a clear procurement strategy: investing in certified
material from qualified suppliers yields greater total cost savings than any
downstream process optimization applied to non-certified material. Prevention at
the material source is more cost-effective than detection and correction at the
production stage.

Further research should extend the model validation to multiple
enterprises with different product ranges and market conditions, employ
concurrent comparison designs where feasible, quantify the interaction between
material quality and specific fabrication technologies (e.g., CNC versus manual
cutting sensitivity to thickness deviation), and explore automated incoming
inspection using sensor-based measurement integrated with ERP-based supplier

quality tracking.
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