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Abstract: CodeMark Certificates of Conformity (CodeMarks) allow building professionals to readily produce
designs using innovative products, such as 600 MPa reinforcing steel, which are compliant to the National
Construction Code (NCC). Typically, engineers choose to produce designs conforming to an Australian
Standard such as AS 3600 — Concrete structures [1], as it is a primary reference in the NCC. In doing so,
the designs meet the deemed-to-satisfy requirements of the NCC. However, innovative products are usually
not in the scope of an Australian Standard for several possible reasons. These include - the manufacturer
not wanting to disclose the innovation and its impending availability to its competitors; the design aspects
are specific to the proprietary product; and because of the time it takes for an Australian Standard to be
produced and published.

This paper discusses how the CodeMark third party certification scheme, owned and administered by the
Australian Building Codes Board (ABCB), offers an alternate pathway to design compliance for innovative
materials. It examines three CodeMarks related to 600 MPa steels used in reinforced concrete elements
and provides examples of how they are applied to produce designs compliant to the NCC, which includes
the Building Code of Australia (BCA) Volumes One and Two.
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1. NCC REQUIREMENTS

It is mandatory that all buildings constructed in Australia comply with the requirements of the National
Construction Code (NCC) [2]. This Code is in three parts.

a) NCC Volume One - Building Code of Australia Class 2 to 9 buildings (multi-residential,
commercial, industrial, and public assembly buildings) and some associated structures.

b) NCC Volume Two - Building Code of Australia Class 1 and 10 buildings (houses, small sheds,
carports) and some associated structures.

c) NCC Volume Three - Plumbing Code of Australia

For structural engineers Volumes One and Two are of primary interest as they relate to the design
requirements, specifically the structural reliability and structural resistance, of the structure.

1.1 Compliance with the NCC
Compliance with the NCC Volumes One and Two can be achieved in two ways, either compliance with -

a) the Governing Requirements of the NCC; or
b) the Performance Requirements

The Performance Requirements are satisfied by one of the following (as shown in Figure 1)

a) Performance Solution
b) Deemed-to-Satisfy Solution
c) A combination of (a) and (b)



Compliance Level PERFORMANCE REQUIREMENTS

PERFORMANCE ” DEEMED-TO-SATISFY
SOLUTION and/or SOLUTION

Compliance Solutions

Figure 1. NCC Compliance Structure

Clause A5G3 of the NCC Volumes One and Two are identical and covers the “Evidence of suitability”. This
clause lists six options for designers or specifiers to provide supporting evidence that the use of a material,
product, form of construction or design meets a Performance Requirement or a Deemed-to-Satisfy Provision
(Refer to Figure 2).

A5G3 Evidence of suitability — Volumes One and Two (BCA)
[2019: A5.2]
(1) Subject to A5G5, A5GB, ASGT7 and A5GS, evidence to support that the use of a material, product, form of construction

or design meets a Performance Requirement or a Deemed-to-Satisfy Provision may be in the form of any one, or
any combination of the following:

(a) A current CodeMark Australia or CodeMark Certificate of Conformity.
(b) A current Certificate of Accreditation.

(c) A current certificate, other than a certificate described in (a) and (b), issued by a certification body stating that
the properties and performance of a material, product, form of construction or design fulfil specific requirements
of the BCA.

(d) Areport issued by an Accredited Testing Laboratory that—
(i) demonstrates that a material, product or form of construction fulfils specific requirements of the BCA; and

(ii) sets out the tests the material, product or form of construction has been subjected to and the results of
those tests and any other relevant information that has been relied upon to demonstrate it fulfils specific
requirements of the BCA.

(e) A certificate or report from a professional engineer or other appropriately qualified person that—
(i) certifies that a material, product, form of construction or design fulfils specific requirements of the BCA; and

(ii) sets out the basis on which it is given and the extent to which relevant standards, specifications, rules,
codes of practice or other publications have been relied upon to demonstrate it fulfils specific requirements
of the BCA.

(f)  Another form of documentary evidence, such as but not limited to a Product Technical Statement, that—

(i) demonstrates that a material, product, form of construction or design fulfils specific requirements of the
BCA; and

(ii) sets out the basis on which it is given and the extent to which relevant standards, specifications, rules,
codes of practice or other publications have been relied upon to demonstrate it fulfils specific requirements
of the BCA.

Figure 2. Extract from NCC Volumes One and Two on Evidence of Suitability

Design engineers are familiar with, and typically choose the fifth option, (e), with an appropriate Australian
Standard as the basis on which they certify the design. Engineers are typically less familiar with the first



option, (a), which is a current CodeMark Australia or CodeMark Certificate of Conformity. This option is
extremely useful, particularly for innovative products or design methods which are typically not covered by
an existing Australian Standard or by common practice.

2. CODEMARK CERTIFICATE OF CONFORMITY
According to the ABCB website [3] the CodeMark Certification Scheme is —

“... a voluntary third-party building product certification scheme, administered by the
Australian Building Codes Board (ABCB). It supports the use of new or innovative building
products in specified circumstances in Australia by providing a nationally accepted process
for demonstrating compliance with the requirements of the National Construction Code”.

There are three key points in this statement which should be highlighted.

Firstly, the Scheme is “administered by the ABCB”, the same body that administers the NCC and therefore
it is not surprising that it is the first option in the list to provide Evidence of suitability that a design meets the
Performance Requirements. This also means that a CodeMark has significant degree of imprimatur.

Secondly, CodeMarks “support new or innovative products in specified circumstances” as they may not be
covered or adequately covered to the level of detail in current Australian Standards required to fully utilise
the innovation.

Standards Australia [4] defines Australian Standards as -

“...voluntary documents that set out specifications, procedures and guidelines that aim to ensure
products, services, and systems are safe, consistent, and reliable.”

“Every standard should demonstrate a positive net benefit. This means each standard has a
positive impact on relevant communities.”

The design requirements in Australian Standards are typically relied upon by engineers to demonstrate
compliance, however there is normally a relatively long approval process for revisions of a Standard.
Australian Standards need a balance between a safe and reliable design and one that is economical to
construct. After more than a decade of use the design models for 500 MPa steels in AS 3600, appear to
have the balance about right. However, for 600 MPa steels there may still be some modifications required
to the detailed design procedure within the clauses to achieve the optimum “positive net benefit’ that
Standards Australia aspires to provide to the construction industry and the wider community more generally.
Some of these required modifications have been addressed and are soon to be published in AS 3600,
others have been listed as areas that need to be addressed, while some are still yet to be identified.
Furthermore, innovative products that exceed the requirements of the Standard and are not specifically
recognised by the Standard because they may include patented technology or technology that is exclusive
to a particular product. Examples of how CodeMarks can be used to address each of these issues are
provided in the following sections.

The third point is that the “process for demonstrating compliance” in an application for a CodeMark is
equivalent to that in the NCC for a specific project, as the same Performance Requirements need to be met
by implementing a Performance Solution and/or Deemed-to-Satisfy solution. The only difference being that
the CodeMark will apply to the product for all projects requiring the Performance Requirements covered by
the Certificate rather a single project. This makes it easy for the designer or building practitioner as they are
not required to undertake this process again if the CodeMark Certificate meets all the Performance
Requirements that are relevant to the use of the product.

3. SENSE 600® CODEMARKS

SENSE 600® is a range of 600 MPa, Normal Ductility (Class N) reinforcing bars produced to AS/NZS 4671
— Steel for the reinforcement of concrete. The 600 MPa bars are available in diameters that are equivalent
in design load capacity to standard 500 MPa diameter bars, as shown in Table 1. The 600 MPa bars have
also been used to produce a 600 MPa trench mesh and their properties are shown in Table 2.



Table 1. Range of SENSE 600® Bars

Designation Diameter Area Mass Load Capacity | Equivalent*
dy, (mm?2) (kg/m) (kN) 500 MPa

(mm) Bar
S11 11.0 94.2 0.740 56.5 N12
S15 14.6 168 1.32 101 N16
S18 18.3 262 2.06 158 N20
S22 21.9 377 2.96 227 N24
S26 25.6 513 4.03 308 N28
S29 29.2 670 5.26 403 N32
S33 32.9 848 6.66 509 N36
S37 36.5 1050 8.22 629 N40

* Designation as per AS/NZS 4671— Steel for the reinforcement of concrete [5]

Table 2. Range of SENSE 600® TrenchMesh™

Desianation Diameter - d;, Area Total Area Load Capacity | Equivalent*
9 (mm) (mm2/bar) (mm?) (kN) 500 MPa
Trench
mesh

3-S10T™M 225 135 3-L11TM
4-S10TM 98 74.9 300 180 4-L11TM
5-S10TM 375 225 5-.L11TM
6-S10TM 450 270 6-L11TM
3-S11TM 283 172 3-L12TM
4-S11TM 377 226 4-L12TM
5-S11TM 1.0 94.2 471 283 5-L12TM
6-S11TM 565 339 6-L12TM
3-S15TM 146 10 503 303 3-N16TM
4-815TM ' 670 404 4-N16TM

* Designation as per AS/NZS 4671 — Steel for the reinforcement of concrete

The concept of equivalent load capacity bars is to facilitate a one-to-one substitution of SENSE 600® bar for
a 500 MPa bar (or SENSE 600® TrenchMesh™ for 500 MPa trench mesh as appropriate). In a beam or
column where strength is the governing design criteria, the bar arrangement does not need to be changed
to execute the substitution and achieve the full 16.7% mass reduction offered by using the SENSE 600®
bar. Similarly, the bar spacing in a wall does not need to be changed if a one-to-one substitution is made.

However, there are design rules in AS 3600 that limit the ability for the one-to-one substitution. CodeMark
certification has been utilised to offer designers an alternative to the rules in AS 3600 which similarly is
deemed-to-satisfy the NCC, making a one-to-one substitution easy. The following sections will examine the
three SENSE 600® CodeMark Certificates and how they should be used.

3.1 SENSE 600® Column Fitments CodeMark

The performance requirement for the Column Fitments CodeMark CM30136 Rev0 — [6] is that it meets the
structural reliability and structural resistance requirements of the NCC. The CodeMark permits all 500 MPa
column fitments designed to AS 3600 to be substituted with their equivalent capacity SENSE 600 fitments.
No redesign is necessary for the one-to-one substitution, which can be implemented in accordance with the
Table shown in the CodeMark Certificate and which is reproduced in Table 3.



Table 3. SENSE 600® column fitment substitution
SENSE 600® - Column Fitments Equivalent 500 MPa
Designation Diameter Column Fitment Diameter
(mm) (mm)

S11 11.0 12

S15 14.6 16

S18 18.3 20
Note - Reproduced from CodeMark Certificate of Conformity — CM30136 Rev0

Designers could work through AS 3600 clause by clause to generate these same results to demonstrate
the direct substitution is in strict accordance with the Standard, however CodeMark makes it easy for
designers to obtain compliance without the need for any calculations. They can simply read the table in the
CodeMark Certificate to make the substitution.

3.2 SENSE 600°® Steel Reinforcing Bar CodeMark

The performance requirement for the SENSE 600® Steel Reinforcing Bar CodeMark - CM30154 Rev 0 [7],
like the Column Fitments CodeMark, is that it meets the structural reliability and structural resistance
requirements of the NCC.

This SENSE 600® CodeMark consists of two design elements.

a) Reduce the minimum cross-sectional area of the SENSE 600® longitudinal reinforcement required
in reinforced concrete columns designed to AS 3600 to 0.83% (500/600) of the gross cross-
sectional area of the column.

b) increase the maximum fitment (or helices) spacing for SENSE 600® bars used in reinforced

concrete columns designed to AS 3600 to 15 x [% dy, (=16.40db)

The first element, the minimum cross-sectional area requirement for SENSE 600® bars was included in the
CodeMark because of the extended timeline for AS 3600 to be amended to include this update. Standards
are, at best, revised every 5 years, with the next revision of AS 3600 not due to be published until 2026.
However, the minimum cross-sectional area design provision was included in the CodeMark and available
for designers to use in December 2023. This clearly demonstrates how CodeMarks can get new design
technology implemented earlier, in this case over two years ahead of an Australian Standard.

The second element of this CodeMark is the maximum fitment spacing which is directly related to the
buckling capacity of the SENSE 600® bar. This demonstrates how a CodeMark can expediently facilitate a
more sustainable and/or economical design using an innovative product, that would not be possible if relying
on design rules in a Standard. Material optimisation in the SENSE 600® bar, by moving steel from the
transverse ribs to four longitudinal ribs and a unique “square” core gives the product better buckling
properties compared to a typical 500 MPa bar of the same nominal diameter. Extensive testing at the
University of New South Wales demonstrated that the column fitments for the SENSE 600° bar spaced at
16.4 bar diameters, compared with 15 bar diameters required by AS 3600, did not impact the ultimate
capacity of the column. That is, the buckling capacity of the bar was such that the fitment spacing could be
increased to that specified in the CodeMark without impacting on the column ultimate strength.



The first design element of this CodeMark may be included in AS 3600; in fact it is already included in AS
5100.5 — Bridge design Part 5: Concrete [8]. However, the second design element of the CodeMark would
not be included in a design Standard as it is specific to a single proprietary range of products.

3.2.1 SENSE 600° Steel Reinforcing Bar CodeMark Extension

An extension to this CodeMark (CM30154 Rev 0) is currently being developed in relation to the development
and lapped splice lengths of SENSE 600° bars. The additional design element in the CodeMark will allow
the development and lapped splice lengths for SENSE 600® bars to be the same as that for the equivalent
capacity 500 MPa bars. However, like the fitment spacing provisions, it is specific to the SENSE 600® bar
as the performance solution is based on results from testing of the bar.

3.3 SENSE 600® TrenchMesh™ and SENSE 600® Steel Reinforcing Bar CodeMark

The SENSE 600® TrenchMesh™ and SENSE 600® Steel Reinforcing Bar CodeMark - CM30155 Rev 0 [9]
provides deemed-to-comply designs for residential footings, for various soil classifications from Class A to
Class H2, that can be used by engineers to satisfy the NCC (BCA Volume 2). The CodeMark refers to a set
of deemed-to-comply designs contained in the manufacturer’s (Certificate holder’s) publication [10] and are
required to be used in the same manner as the deemed-to-comply designs in Section 3 of AS 2870 —
Residential slabs and footings [11] to achieve compliant designs. The publication indicates that the structural
design aspects considered when the SENSE 600® TrenchMesh™ or bar alternative are used in place of the
500 MPa trench mesh or bars were:

a) The ultimate moment capacity — My
b) The ductility of the steel and the footing
c) The stiffness of the footing

These aspects are consistent with the Performance Requirements of the deemed-to-comply designs in
AS 2870.

A proposal to update AS 2870 including and extension to the scope to recognise 600 MPa steels was made
in mid 2022. Work on the SENSE 600° TrenchMesh™ performance solution began about the same time as
the proposal to update the Standard. The SENSE 600® TrenchMesh™ CodeMark was issued in December
2023 while the proposal for a revision to the Standard is still awaiting approval. It is arguable that even after
approval is received it is likely to take at least 2 years to update the Standard. This further highlights how a
CodeMark can allow a manufacturer to demonstrate, with third party independent assessment, that a
product meets the required level of performance for designers to utilise earlier than might otherwise be the
case. It is expected that that CodeMark deem-to-comply designs would be incorporated into the revised
Standard.

4. USING A CODEMARK

CodeMarks for SENSE 600® were sought by the manufacturer for exactly the reasons that the Scheme was
set up to address. The time, expense and difficulty of producing a Performance Solution for the product’s
use, is completed by the manufacturer. Building professionals including the engineer do not need to
duplicate this process as they can rely on the CodeMark. This allows innovative building materials to be
readily incorporated in a design and certified with the knowledge that they are compliant with the NCC.

4.1 CodeMarks for Design Engineers

The SENSE 600® CodeMarks can be used by engineers just as they would use an Australian Standard.
They should check they have the current version of a CodeMark, which can be done via a search of the
JAS-ANZ website [12], which contains a register of all CodeMarks. The Certificate sets out the Performance
Requirements that are relevant to the use of SENSE 600° reinforcing bar, specifically the structural reliability
and resistance of the in the concrete element reinforced with that bar. The intent of the SENSE 600®
CodeMarks is not to replace but to supplement the Australian Standards.

Professional Engineers would typically use the appropriate Australian Standard in conjunction with the
CodeMark for the design of a reinforced concrete element. The CodeMark Certificate will outline the
modifications that are applicable to the Standard in the Limitations and conditions section. Figure 3 shows
an example from the SENSE 600® Steel Reinforcing Bar CodeMark which requires the Professional
Engineer to design to the provision of AS 3600: 2018 — Concrete structures with a modified Clause 10.7.1.



Designs to AS 3600 incorporating this modified clause when using SENSE 600° are then compliant with
the NCC. This section also lists the Building Classifications to which the CodeMark applies.

Limitations and conditions: Building classification/s:

1. General 1,2,3,4,5,6,7,8,9&10
Design and specification of SENSE 600® Steel Reinforcing Bar shall be conducted by a Professional Engineer as defined in Schedule 1
of the BCA in accordance with AS 3600:2018 — Concrete Structures (incorporating Amendment No.1 & 2), and amended as follows:
1) Modified requirement of Clause 10.7.1:
The cross-sectional area of the SENSE 600 steel reinforcing bar used as a longitudinal reinforcement in a column shall
a) be not less than 0.00834, except that, in a column that has a larger area than that required for strength, a reduced
value of Ay may be used if Asc X f;, > 0.15N".
b) As per Clause 10.7.1 (b)

Where
Ag= gross cross-sectional area of the column
A= cross-sectional area of compressive reinforcement
fsy= 600 MPa — characteristic yield strength of SENSE 600° reinforcement

2) Modified requirement of Clause 10.7.4.3 (b):
The spacing of fitments, or the pitch of helices, shall not exceed the smaller of

a) D¢and15x %db (= 16.4 dy,) for single bars; or

b)  As per Clause 10.7.4.3 (b)(ii)

Where
D= the smaller column cross-sectional dimension if rectangular or the column diameter if circular
d,= diameter of the smallest SENSE 600°® steel reinforcing bar used as a longitudinal bar in the column

The actions shall be determined in accordance with BCA Volume One B1P1 or BCA Volume Two H1P1, as applicable.

Figure 3 CodeMark extract with requirement to modify design rules in AS 3600

It should be noted that an engineer can choose not to use the CodeMark and simply design to AS 3600
however they would forego the additional benefit in design, economy or carbon emission savings that the
use of the CodeMark may offer.

When a CodeMark is utilised and a structural design certificate is required by a building surveyor and/or a
Regulatory Body it should include the following;

a) CodeMark Certificate of Conformity Numbers utilised and their currency.

b) The concrete elements that have utilised the CodeMarks.

c) A statement that confirms the Performance Requirements were for structural reliability and
resistance and that the limitations and conditions of the of the CodeMark Certificate of Conformity
were satisfied.

4.2 CodeMarks for Building Surveyors

Where a CodeMark includes ‘Limitations and conditions’, as there are in the three SENSE 600® CodeMarks,
it is the responsibility of a Professional Engineer, and not the building surveyor to ensure those limitations
and conditions are followed and met. Therefore, a building surveyor’s responsibility should primarily be to
ensure that the engineer’s certificate contains all the requirements noted in Section 4.1 above. building
surveyors should however check the currency and validity of the CodeMark relied upon by the engineer.

5.0 CONCLUSIONS

CodeMark, a third-party certification scheme administered by the ABCB has been utilised by the
manufacturer of an innovative high strength reinforcing steel to provide engineers with methodologies and
rules that will produce designs which are deemed-to-comply with the NCC. Examples using SENSE 600®
CodeMarks demonstrate how the certification scheme was used to introduce an innovative product and its
design technology to engineers where an Australian Standard cannot or where it would be significantly
slower. Engineers can produce compliant designs using CodeMarks in essentially the same way as they
would using an Australian Standard.
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