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Abstract

This study presents a production-scale analysis of mechanical variability in prestressing wire, based on
approximately 750-800 individual coil test results collected over a six-year period. The analysis focuses
on ultimate tensile strength (UTS), 0.1% proof stress, and elongation, comparing alloy (CRX™) and non-
alloy material produced under comparable conditions.

The results demonstrate a clear and consistent reduction in variability in the alloy (CRX™) material, with
reductions in coefficient of variation of approximately 30-35% in UTS and 40—45% in 0.1% proof stress.
This reduction is confirmed in both relative (COV) and absolute (standard deviation) terms and is
consistent across both 5 mm and 7 mm diameters.

The analysis further shows that alloy (CRX™) material exhibits a tighter and more stable relationship
between UTS and proof stress, indicating more consistent yield behaviour and a more predictable stress—
strain response.

These findings demonstrate that while both materials meet the same specification requirements, they
differ significantly in the consistency with which those requirements are achieved. The improved control
of variability observed in CRX™ material leads directly to more predictable behaviour in prestressing
applications, particularly in relation to elongation control and applied prestress.

The study therefore highlights the importance of controlling variability within compliant material and
demonstrates that improved consistency is a key factor in achieving reliable and repeatable performance
in prestressed systems.

The alloy (CRX™) material evaluated in this study is a specially developed Cr alloy prestressing steel,
engineered by Megasteel Ltd in conjunction with its material suppliers. The development objective was
not to increase nominal strength, but to reduce variability in mechanical performance and improve the
consistency of the finished product.

This approach reflects a focus on controlling the spread of results within compliant material, recognising
that consistency of behaviour is critical to achieving predictable performance in prestressing applications.
1. Background — Prestressing Applications

Prestressing wire is widely used in T-beams and hollowcore floor systems. These systems operate at high
stress levels, often 70-80% of UTS, meaning variability in material behaviour directly affects
performance and predictability.

2. Methodology
2.1 Data Collection

The dataset used in this study was compiled from routine production test certificates collected over a
period of approximately six years.



The data comprises approximately 750-800 individual coil test results, multiple production batches across
different time periods and both 5 mm and 7 mm prestressing wire

Each data point represents the mechanical test results for an individual coil, as recorded on mill inspection
certificates issued during normal production.

The dataset therefore reflects true production variability, rather than laboratory-controlled or trial
material, material produced under standard manufacturing conditions and results generated using
consistent test methods in accordance with the relevant standard.

No selection or filtering of results was applied. All available data within the defined scope was included
in the analysis.

2.2 Material Definition

CRX™ Material: Prestressing wire produced with Chromium (Cr) > 0.3%. The chromium addition is
deliberate and designed to improve consistency of mechanical performance. CRX™ is a registered
trademark of Megasteel Ltd.

Non-Alloy Material: Conventional prestressing wire with Cr < 0.3%. The addition of chromium was not
intended to increase strength, but to improve the consistency with which that strength is achieved.

2.3 Strength Consistency (COV)

COV describes how tightly grouped results are and is critical in assessing predictability.
o
cov = —x100
Y7

Where: ¢ (sigma) = standard deviation of the results, p (mu) = mean (average) value of the results

The coefficient of variation (COV) provides a normalised measure of variability, expressing the spread of
results relative to the mean value.

In practical terms, COV describes how tightly grouped the results are around the average, it allows direct
comparison of variability between different datasets and it removes the influence of absolute magnitude
(i.e. different strength levels)

A lower COV indicates that individual coil results are more closely clustered, while a higher COV
indicates a wider spread of values.

In the context of prestressing: COV is a direct indicator of how consistently the material will behave in
practice: where COV is lower: material response is more uniform, the relationship between load and
extension is more predictable and variability in performance between coils is reduced. Where COV is
higher: results are more dispersed and he likelihood of deviation from expected behaviour increases

COV therefore provides a practical measure of consistency, not strength.

2.4 Standard Deviation (Absolute Variability)
Standard deviation (o) represents the absolute spread of results around the mean value, expressed in
engineering units (kN or %).

While the coefficient of variation (COV) provides a normalised measure of variability, standard deviation
describes the actual magnitude of variation present in the material.



In practical terms: standard deviation defines the width of the distribution, it indicates how far individual
coil results deviate from the average and it provides a direct measure of variability that can be related to
real engineering values.

This distinction is important. A reduction in COV indicates improved relative consistency, but a reduction
in standard deviation demonstrates that: the physical spread of results has been reduced in absolute
terms

In prestressing applications, where materials operate at high stress levels and are assessed in terms of load
and extension, absolute variation is particularly relevant. Designers and site engineers work in units of
force (kN), not percentages.

A lower standard deviation therefore indicates: tighter clustering of mechanical properties, reduced
variation in applied force for a given nominal strength and more consistent behaviour from coil to coil.

Conversely, a higher standard deviation indicates a wider spread of results, increasing the likelihood of
individual coils exhibiting values significantly above or below the mean.

The results presented in this study show that alloy (CRX™) material exhibits a consistently lower
standard deviation in both UTS and 0.1% proof stress, confirming that: the reduction in variability is not
only relative (COV), but also real and measurable in engineering terms.

3. Results
Alloy material shows 30—45% reduction in variability in strength properties.
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4. Predictability and Reliability
The reduction in variability observed in this study has direct implications for the predictability and

reliability of prestressing systems.

Prestressing operations rely on a predictable relationship between: applied load, material stress and
measured elongation.

In practice, this relationship is used to: verify applied prestress, control stressing operations and confirm
that the required force has been achieved.

4.1 Predictability of Stressing Behaviour
Where variability in mechanical properties is higher, the relationship between load and extension

becomes less consistent.

This can result in: variation between calculated and measured elongation, increased need for adjustment
during stressing and reduced confidence in applied prestress.

By contrast, the reduced variability observed in alloy (CRX™) material leads to a tighter and more
predictable relationship between applied load and resulting strain.

In practical terms: elongation readings are more consistent, measured behaviour aligns more closely with
calculated values and stressing operations require fewer corrections.

4.2 Reduction in Low-End Performance Probability

A key consequence of variability is its effect on the distribution of results relative to the lower bound. In a
wider distribution: a greater proportion of material lies closer to the minimum acceptable value and the
likelihood of encountering lower-performing coils increases.



The non-alloy dataset exhibits: broader distributions and a more pronounced lower tail.

The alloy (CRX™) dataset shows: tighter clustering, reduced spread and fewer results approaching the
lower bound.

This leads to the following observation: Reducing variability reduces the probability of low-end
performance within otherwise compliant material.

4.3 Reliability of Mechanical Response

Reliability, in this context, refers to: the ability of the material to deliver consistent mechanical behaviour
across production. The alloy (CRX™) material demonstrates: reduced standard deviation, lower
coefficient of variation and a tighter grouping of results

This indicates: improved process stability, reduced sensitivity to local variation in microstructure or
processing and more uniform behaviour from coil to coil. Importantly, this consistency is not limited to
strength alone.

The scatter plot analysis shows that: the relationship between UTS and proof stress is more tightly
defined in alloy (CRX™) material. This indicates: a more consistent yield behaviour, a more stable
stress—strain response and an improved predictability in how the material behaves under load.

4.4 Engineering Significance

The findings of this study do not suggest that one material exceeds specification while another does not.
Instead, they demonstrate that: two materials can meet the same specification, yet differ significantly in
the consistency with which that performance is delivered.

In prestressing applications, where materials are used at high stress levels and close to their working
limits, this distinction becomes important.

Reduced variability contributes to: improved predictability of behaviour, reduced uncertainty during
stressing operations, greater confidence in applied prestress and more repeatable outcomes across
production.

5. Summary and Conclusions

The results support the following conclusions:

. tighter distributions reduce the likelihood of low-end performance
. more consistent yield behaviour improves reliability of response
. alloy (CRX™) material delivers more uniform performance across production

Mechanical consistency is a controllable characteristic, not an inherent property of compliant prestressing
wire.

The results presented in this study demonstrate that, while both alloy (CRX™) and non-alloy materials
meet the same specification requirements, they do not behave in the same way. The alloy (CRX™)
material consistently produces tighter distributions of mechanical properties, as evidenced by reductions
in both coefficient of variation (COV) and standard deviation across UTS and 0.1% proof stress.

This reduction in variability is significant. Individual coils are more closely grouped around the mean,
resulting in a more uniform and predictable material response.



In contrast, the wider distributions observed in non-alloy material indicate a greater spread of results,
including a more pronounced lower tail. This does not imply non-compliance, but it does indicate a higher
likelihood of individual coils exhibiting performance closer to the lower bound of the acceptable range.

From an engineering perspective, this distinction is important. Prestressing systems rely on predictable
relationships between load, stress and strain. Where variability is higher:

. the correlation between theoretical and measured elongation becomes less precise
. adjustments during stressing may be required more frequently
. uncertainty in performance increases

Where variability is reduced:

. behaviour is more consistent from coil to coil
. measured performance aligns more closely with expectation

The alloy (CRX™) material demonstrates this improved predictability through:

. tighter clustering of strength results
. more consistent proof stress behaviour
. a more stable relationship between UTS and yield

This work does not demonstrate an increase in nominal strength. It demonstrates an improvement in how
consistently that strength is delivered — the addition of chromium was intended to improve consistency,
not increase strength.

In prestressing applications, materials are used close to their working limits. Under these conditions, the
spread of results becomes as important as the mean.

Reducing variability therefore:

. reduces the likelihood of low-end performance within compliant material
. improves predictability in practice
. enhances confidence in applied prestress

The findings of this study demonstrate that improved consistency is not simply desirable — it is
necessary for predictable performance in prestressing applications.

Where variability is higher, the relationship between load and extension becomes less reliable, increasing
the likelihood of deviation between expected and actual behaviour during stressing. Reducing variability
ensures that individual wires behave more consistently, improving correlation between calculated and
measured elongation, reducing the need for on-site adjustment, and increasing confidence in the applied
prestress.

The alloy (CRX™) material analysed in this study demonstrates a clear and measurable reduction in
variability in both UTS and proof stress. This tighter control of mechanical properties leads directly to a
more consistent load—strain response and a more predictable outcome during stressing operations.

In practical terms, tighter control of mechanical properties leads to more predictable, more repeatable, and
more dependable performance in the finished structure.



It is not sufficient to specify minimum performance alone. The manner in which that performance is
delivered — specifically, the control of variability — is equally important. CRX™ represents a deliberate
approach to achieving this control, improving the consistency with which strength is delivered.

Consistency is required because prestressing relies on predictability — and predictability depends on
controlling variability.

CRX™ is a registered trademark of Megasteel Ltd.



