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Executive summary

In response to concerns raised by Dr Barry Davidson of the University of Auckland and other
members of industry about the performance of Grade 500E reinforcing steel, the Department of
Building and Housing carried out an investigation, which included:

« surveying ACENZ members on problems with 500E steel

« commissioning a report on the compatibility of the various Standards covering the
manufacture, design, welding and handling of Grade 500 steel

« commissioning a series of tests on bars nominally sold as Grade 500E, both locally
manufactured and imported product

« reviewing the available evidence of problems arising from the Auckland University tests.

The above tests and investigations identified some key issues affecting the use of Grade 500E, as
follows.

Manufacturing and supply issues

« Local versus imported product.

« ldentification markings — uniqueness and suitability.

« Deformations — compliance with New Zealand Standards.

Design issues
« Design practice — knowledge, bending, welding, reporting of failures.

« Auckland tests and cyclic effect.

Fabrication and construction issues

« General handling and reported failures.

« Welding — advisability of butt, lap and tack welding.

« Bending - ability to withstand without significant detriment to physical properties.
« Re-bending - inadvisability of allowing this.

New Zealand Standards issues
Consistency and coverage of New Zealand Standards for manufacture/design/welding/handling.

Detailed recommended actions are given in section 5 of this report and fall into the following
categories.
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General education, advice and warnings to the industry on the properties of Grade 500E and
its limitations and benefits.

Research to provide better information on key issues.
Specific advice to designers on implications for design.

Specific advice to fabricators and constructors on the need for care in handling reinforcing
steel, in particular Grade 500 steel.

Amendments to New Zealand Standards.

- Changes to requirements.

- Inclusion of information about limitations regarding Grade 500E steel.
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Introduction and background

Concerns were raised in 2003 by Dr Barry Davidson (of the University of Auckland and
President of the Structural Engineering Society) that Grade 500E reinforcing steel might not be
fit for its purpose as reinforcing when subject to design earthquake loading in ductile reinforced
concrete structures. This followed some failures of bars under simulated earthquake loading at
Auckland University. There were also reports of bars breaking when handled on site. John
Scarry did not refer directly to Grade 500E steel in his Open Letter to the Building Industry
Authority in December 2002, but mentioned concerns about the bending and rebending of
reinforcing steel in general.

The Department of Building and Housing responded by investigating the concerns and the
detailed issues behind them. These investigations included:

asking ACENZ members to report any problems with Grade 500E steel and reviewing
available data on specimens that had been referred to Pacific Steel as the manufacturer

commissioning a report from Beca Consultants on the compatibility of the various Standards
covering the manufacture, design, welding and handling of Grade 500E steel

commissioning a series of tests by SGS on bars nominally sold as Grade 500E, both locally
manufactured and a sample of imported product, to determine their physical properties

reviewing the available evidence of problems arising from the Auckland University tests
investigating the parameters that govern allowable bend diameters.
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2 Summary of investigations

2.1 Reported problems

The Department was provided with a table of samples that had been referred to Pacific Steel for
their investigation. To this the Department has added the limited feedback from ACENZ
members. Results are presented in Appendix 1. It is clear from this table that reported
concerns are not widespread and that the bulk of them relate to improper handling, particularly
bending, of the steel.

Further evidence was obtained from a former builder who had developed a device for bending
bars to the correct diameter. This had been prompted by concerns from builders regarding
breakages during the bending process and the recognition that such bending was tighter than
allowed by NZS 3101 and NZS 31009.

2.2 Report on Standards

(Refer Appendix 2, “The Use of Grade 500E Reinforcing Steel in New Zealand: A Review of
Current Standards”, Beca Consultants)

The Beca review of Standards covered:

o AS/NZS 4671: 2001 Steel Reinforcing Materials

o AS/NZS 1554.3: 2002 Welding of Reinforcing Steel

o NZS 3101: 1995 Concrete Structures Standard

o NZS 3109: 1997 Concrete Construction.

The report recommended that:

« there be a differentiation in identification markings for microalloy and quenched and
tempered steels

« there be a requirement in AS/NZS 4671 for a test to confirm strain capability after bending,
for bars of 20 mm diameter or greater

« minimum bar bending diameters specified in NZS3101 be reviewed to ensure adequate
margin against fracture of Grade 500E steel
« warnings be issued that:
- quenched and tempered (QT) steel must not be welded
- AS/NZS 1554.3 requires a high level of workmanship well beyond that common on
construction sites

— suitable electrodes to weld Grade 500E steel and to develop the full strength of the bar in
the upper characteristic range have not been adequately verified.

The Beca report has been copied to Standards New Zealand and the Department will be
working with them as required to address the recommendations.
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2.3 Physical testing of sample products

The Department commissioned SGS New Zealand Ltd, a specialist testing organisation in
Auckland, to carry out a range of physical tests on sample reinforcing bars from local and
imported sources. Tests included tensile tests (determining yield stress, ultimate stress and
uniform elongation), rebend tests, hardness tests, and examination of deformations for
compliance with AS/NZS 4671. Some of the results of the SGS report (Appendix 3) have been
incorporated into a wallchart for easy reference. This wallchart is being finalised for
publication.

It is very important to note that as the tests were based on a small sample size, there may be
sources of imported steel that were not included in the test programme that may exhibit different
characteristics. For all reinforcing steel, designers and contractors must satisfy themselves that
the reinforcing steel they use complies with the requirements of AS/NZS 4671.

The tests showed compliance of almost all samples with the requirements of AS/NZS 4671.
Failure of some imported samples in some tests related to low yield stress, low ratio of ultimate
to yield stress, low uniform elongation and incorrect bar markings and configurations. Such
failure does not necessarily represent non-compliance, as AS/NZS 4671 allows re-testing when a
single failure occurs.

One of the two samples of 16 mm bar from Amsteel failed the rebend test. A 12 mm bar from
Siam Construction Steel Co failed the yield stress criteria and a 32 mm bar failed the elongation
criteria. These results have been passed on to the distributor and manufacturer who are carrying
out further testing.

Results of other tests on Grade 500E steel reinforcement made available to the Department
indicated the same general trends, but there were instances of uniform elongation slightly below
the required 10 percent, and some instances of uniform elongation around 20 percent and more,
indicating a wide variation. Locally made Grade 500E steel showed compliance with AS/NZS
4671.

All samples of 16 mm diameter or less, except the initial Amsteel 16 mm sample, passed the
rebend test as prescribed in AS/NZS 4671. The samples from all manufacturers, of 20 mm or
greater bar, passed the bend test required by AS/NZS 4671 (bend through 180 degrees). In
addition the bars of 20 mm and greater were subject to a rebend test (90 degree bend and
straighten), although this is not required by AS/NZS 4671. Many samples showed signs of
cracking following this test, indicating that such treatment produces unacceptably high strains.?
It should be noted that heating the steel when rebending can reduce the strains; however, this
may compromise other properties of the bar depending on the method of manufacture.

! Note that AS/NZS 4671 sets out requirements for sampling and testing reinforcing steel. It is based on a long-term
sampling regime incorporating many test samples. The Department tests are based on a very small sample size and
care should be taken when using any results, as they may not accurately represent the total population
characteristics.

2 The bend and rebend tests carried out to AS/NZS 4671 specify tighter bend diameters than those required in the
material standards NZS 3101 and NZS 3109.
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The hardness tests showed consistent hardness through the cross-section of the microalloyed
samples. The QT samples showed a markedly softer core reflecting the characteristics of the
guenching and tempering process. The hardness values showed no significant variation along
the length of the bars. The relative hardness values also did not show a strong correlation to the
yield stress or uniform elongation values.

Deformations were shown to comply with AS/NZS4671 in all cases.

2.4 Auckland University tests

The failure of some Grade 500E bars during testing of beam-column assemblies at The
University of Auckland prompted the current investigation. Further tests on beam-column
assemblies, using the same reinforcement, have now been carried out and investigations made
into the failures. There is now no significant concern about the integrity of Grade 500E steel as
produced. The main concern is that it be handled carefully.

Although there is no longer serious concern about the integrity of the Grade 500E material, the
failures in the tests at Auckland University have not been fully explained. Further tests and
investigations are being carried out at Auckland University, first to review the metallurgy of the
failed bars and secondly to test the possible influence of the buckling effect brought about by the
beam elongation. A postgraduate project is also under way at Auckland University to examine
the notch ductility of Grade 500E steel at various temperatures. Results of this work are not
currently available and the Department will continue to follow up to ensure the industry is
informed of the test results.

2.5 Effects of bending

The reported problems of Grade 500 reinforcing bars failing when bent (or re-bent) prompted
Department staff to examine the issues more closely and to request an extension to the report on
Standards it commissioned to address this issue.

It was recognised that similar concerns had been expressed in the 1970s when Grade 380 steel
(yield stress = 380 MPa) was introduced. At that time studies showed that the strains produced
during bending of a deformed reinforcing bar are very high and near the limit of capability of the
material. Minimum bend diameters were increased as a result of studies of the strains induced
and the metallurgical properties of the steel.

It is recognised that an increase in yield strength of these steels will result in reduced tolerance to
the strains induced during bending. Since the 1970s steels with yield stresses of 430 MPa and
500 MPa have been introduced, with no revision to the minimum bend diameters when Grade
500 was introduced. A review of required bend diameters in past New Zealand Standards was
made, resulting in Appendix 4. Significantly this shows increases to 8 d and 10 d in 1980 for
Grade 380 steel, but a reversion to tighter diameters in 1995. This coincided with the
introduction of Grade 430 steel (a microalloy steel designed to have improved ductility) to
replace Grade 380 (a plain carbon steel). The Commentary to NZS 3101: 1995 points out that
the bend diameters required are twice those required of the bend test in NZS 3402. In 2001,
NZS 3402 was replaced by AS/NZS 4671 and required diameters for the bend test were

8 Report on Grade 500E Steel Reinforcement



increased. No changes to the required site bend diameters were made when Grade 500E steel
was introduced. The report on Standards has been sent to Standards New Zealand for
consideration and includes a recommendation to review the minimum bend diameters for
reinforcing steel.

The key questions are what, if any, adjustments to allowable bending diameters should be made
to allow for the increase in yield stress to 500 MPa from 430 MPa? If adjustments should be
made, what is the basis for making a change?

No definitive answers to these questions were evident from recent enquiries and research. The
relationship between yield stress and an acceptable bending strain could not be clearly defined.
Work is needed to provide a definitive relationship that can be used to determine suitable
minimum bending diameters for steels of various types and yield stress levels.

There is ongoing metallurgical research at Auckland University that will help answer these

questions and resolve some of the practical concerns about the performance of Grade 500E steel.

Further detailed discussion on bending capability is given in section 4.

Report on Grade 500E Steel Reinforcement

9



3 Summary of key issues identified

During the course of the above tests and investigations, a number of key issues affecting the use
of Grade 500E steel reinforcement emerged. These are outlined below.

3.1 Manufacturing and supply issues

« Local versus imported product.
- Microalloy vs. in-line quenched and tempered.
— Compliance with New Zealand Standards.
- Verification of properties through mill certificates.

« Intrinsic stress/strain characteristics of Grade 500E and other steels, particularly as they affect
the ability of reinforcement to be bent without detriment to its physical properties.

« ldentification markings — uniqueness and suitability.
« Deformations — compliance with New Zealand Standards.

3.2 Design issues

« Design practice — knowledge, bending, welding, reporting of failures.
« Auckland tests and cyclic effect.

« Market preferences and availability of Grade 430 steel.

3.3 Fabrication and construction issues

« General handling and reported failures.

« Welding — advisability of butt, lap and tack welding.

« Bending - ability to withstand without significant detriment to physical properties.
« Re-bending - inadvisability of allowing this.

3.4 New Zealand Standards issues
Consistency and coverage of New Zealand Standards for manufacture/design/welding/handling.

In section 4, brief comments are made on the outcome of the Department’s investigations and
conclusions presented on key issues.
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4 Comment and conclusions on key issues

4.1 Manufacturing and supply issues
4.1.1 Local vs imported product

Microalloyed vs quenched and tempered

The imported steel tested came from Malaysia, Singapore and Thailand. This product is
produced either as a microalloy or by a different process (‘In-line quenched and tempered’ or
‘QT’) that relies on quenching with water to provide the requisite strength and ductility. The
strength from the quenching process can be reduced by hot working the material as occurs when
welding, and therefore NZS 3101 does not allow it to be welded. It is vitally important that
users are aware of the type of steel they are being supplied with and its characteristics. While
the imported steel used in these tests came from Malaysia, Singapore and Thailand, the
Department understands that steel is also being imported in small quantities from other sources.

Locally produced Grade 500E steel reinforcement is manufactured by Pacific Steel in Auckland
to meet AS/NZS 4671 Steel Reinforcing Materials. The requisite strength and ductility is
achieved by the addition of microalloys such as vanadium. This produces steel reinforcement
with uniform metallurgical properties throughout the cross-section, allowing it to be welded
under controlled conditions.

About 80 percent of New Zealand requirements for reinforcing steel are made in New Zealand,
while the remainder is imported. Most of the reinforcing steel used in New Zealand is Grade
500E.

Compliance with New Zealand Standards

The imported steel tested came from Amsteel in Malaysia, National Steel in Singapore and Siam
Construction Steel Co in Thailand. Amsteel and Siam Construction Steel Co advise that they
make their product to comply with AS/NZS 4671. Reinforcement from National Steel is made
to comply with Singapore Standard No 2, which does not refer to Grade 500E steel.

Generally, these steels and the local steel complied with the requirements of AS/NZS 4671.
However, some of the Amsteel bars failed the strength and ductility tests and the rebend tests for
16 mm bars. Some samples of the National Steel and Siam Construction Steel Co bars failed the
test for yield stress, ratio of ultimate stress to yield stress and the required elongation. Refer to
section 2.3 on physical testing of bars and the test report by SGS New Zealand. Locally
produced bars passed all tests.

The failure of some imported product, and the fact that the Natsteel product is not manufactured
specifically to meet AS/NZS 4671, raises doubts about its consistency and therefore its
suitability as Grade 500E. All material should clearly identify the Standard that it is
manufactured to and contractors and consultants should inspect the mill certificates for
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compliance with the New Zealand Standard. For example, Grade 500E steel requires a uniform
elongation of 10 percent, whereas Grade 500N only requires 5 percent.

The Department believes that some imported reinforcing steel sold as Grade 500E needs to be
viewed with caution, because properties could vary considerably depending on the selection
process. As with all such products, the steel should have evidence that its properties meet
AS/NZS 4671 requirements for Grade 500E, particularly those for minimum uniform elongation,
yield stress, ultimate to yield ratio and rebending.

Apart from the Siam Construction Steel Co product, the imported steel was not uniquely marked
as Grade 500E in the same way as the locally made product. This provides a further reason for
control testing of imported product. Contractors and other users of steel should also pay
particular attention to the steel supplied and ensure it is correctly identified so it can be correctly
placed.

Verification through mill certificates

It is vital that designers, fabricators and constructors check the origin of reinforcing steel as
supplied. Even then, there is room for doubt that the product is demonstrably suitable.
Information on some mill certificates for imported reinforcing steel does not always provide all
the information necessary to demonstrate compliance with relevant New Zealand Standards.
More importantly, the nature of the documentation for imported steel does not promote
confidence that the mill certificate matches the actual product in question.

In one case, a bundle of one of the imported bars was not tagged in a way that enabled
correlation to the mill certificates. In a building application it would be difficult to relate test
results to the mill certificates and this limits the ability to trace bundles on site to specific
production batch runs. Steel suppliers must tag and identify their product in accordance with the
requirements of AS/NZS 4671.

The Department strongly recommends that specifiers and users of Grade 500E steel satisfy
themselves as to the veracity and completeness of information on mill certificates, and if there is
any doubt that they call for independent physical testing and chemical analysis. Particular
attention should be paid to the need for 10 percent uniform elongation, the attainment of the
requisite yield stress, compliance with bend and rebend test requirements and confirmation of the
mode of manufacture — microalloyed or quenched and tempered.

Bending

4.1.2 Stress-strain Characteristics and Effect of The Department investigations indicated
that little rational analysis has gone into the determination of suitable bend diameters for
reinforcing, or for determining suitable bend tests for AS/NZS 4671. The report on Standards
commissioned by the Department calls for a review of both these aspects.

The manufacturing Standard, AS/NZS 4671, calls for a bend and rebend test on bars of 16 mm
diameter or less, consisting of a bend through 90 degrees followed by a controlled rebend to
straight. The bend is required to be around a mandrel of 4 times the diameter of the bar.
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Compliance with AS/NZS 4671 requires that there is no visible cracking at the end of the bend
and rebend test.

For bars greater than 16 mm diameter, the bend test in AS/NZS 4671 is simply a 180 degree
bend around a mandrel of 4 times the diameter of the bar, with no rebend requirement. Bars
tested for the Department passed this test, but frequently failed a bend and rebend test.

Bending around a 4 d mandrel produces a strain in the outer extremity of the bar of about 20
percent, without taking account of stress concentrations due to deformations. This compares
with the required minimum ductility (uniform elongation) for Grade 500E steel of 10 percent and
for Grade 500N of only 5 percent. On the face of it, the bars do not have the requisite ductility
to undergo bending of this severity.

However, there is a key difference in these two strains that is not widely recognised or
understood. The 10 percent and 5 percent figures are the required uniform elongation to be
attained by a bar under a specified tensile test. As the name suggests, the uniform elongation
occurs as a strain over the full length of the test piece. Beyond this level of elongation, strain
becomes concentrated in a section of bar about 2 diameters long. Thus, any further elongation of
the test piece is not uniform and a ‘necked’ section develops within which the strains are very
high before fracture occurs. Tests done for the Department indicate that the level of strain within
the necked region is of the order of 30 percent. Thus, there is a reasonable, but not excessive,
margin available over the 20 percent imposed by the bend test. However, it is clear that during
even normal bending, the material is being strained well beyond the strains required to attain
commonly required structural ductility.

The relative values (approximately 30 percent capability versus approximately 20 percent
imposed strain) point to the potential for problems if the bars are bent around a smaller mandrel,
or are rebent, even under controlled conditions. The reported instances of bars breaking when
bent (usually around too tight a diameter) are consistent with these relative values. For example,
a bar bent around a mandrel of 2 times the bar diameter would produce strains in the region of 33
percent.

This subject was investigated in the 1970s when Grade 380 bar was introduced and problems
were encountered of bars breaking during bending. Papers by Erasmus and Pussegoda [1, 2]
provide valuable insights, but there is little to tie the choice of allowable bend diameters to
nominal yield strength of the steel.

When Grade 500 steel was introduced as acceptable in NZS 3101, there was no revision to the
required bend diameters that had been set for Grade 430 steel. The interrelationships between
steel grade and bend diameter are complex. A rational investigation and analysis is needed to
determine a practical basis for determining appropriate bend diameters for each of the various
steel strengths available.

The overall conclusion is that Grade 500E material passes the bend tests of AS/NZS 4671 and
that there is no justification to change the required bend diameters. It is far more important to
ensure that the proper bend diameters are being achieved in practice, and it is the Department’s
intention to focus on this.

To promote improved compliance, the Department intends to issue a set of discs that will allow
contractors and inspectors to determine the correct diameter for any size of bar and application.
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This will be supplemented by the production of a wallchart summarising the key properties and
New Zealand Standard requirements of Grade 500E steel.

Rebending

It is clear from the test results and the reported problems that incorrect rebending of Grade 500E
bars is highly likely to result in reduction or complete loss of strength and ductility of the
material.

The Department believes that for all practical purposes rebending of reinforcing bars should not
be allowed and that designers should use proprietary inserts and connectors in preference. It is
possible to bend and rebend bars 16 mm and less, but this requires strict control of procedures
and a greater quality control requirement that is often not applied on site.

4.1.3 Identification markings

Grade 500E steel made by Pacific Steel has unique markings that clearly distinguish the grade of
product. These markings are included as a requirement in AS/NZS 4671 and it should be
possible for site personnel to positively verify that the correct material is being used. The steel
produced by Siam Construction Steel Co also clearly distinguishes the grade, ductility class,
manufacturer and diameter.

The same cannot be said of the other imported products examined by the Department. They
have different markings that are not included in AS/NZS 4671 and the Department received no
evidence that correlated the markings with the steel properties. More work is needed to provide
the industry with information that will enable site personnel to easily and accurately identify the
grade, ductility class and method of manufacture of reinforcing steel on site.

Deformations

Deformations on reinforcing steel are required by AS/NZS 4671 to have particular dimensions
and characteristics. Limited tests carried out for the Department confirmed that all of the
samples met these requirements. Although the appearance of the imported bars is completely
different from that of the locally made bars, there is no reason to doubt that bond characteristics
are adequate.

4.2 Design issues

There are a number of design issues that require attention.

421 Designer knowledge

Seminars organised by CCANZ and Reinforcing New Zealand in 2003 did much to improve the
knowledge of designers and territorial authority building officials on the properties of Grade
500E steel reinforcement. In particular, the unsuitability of QT steel for welding was
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emphasised. The undesirability of welding even microalloy Grade 500E reinforcing was also
highlighted.

The recent issue of CCANZ information bulletin 1B79 is generally helpful regarding bending
and rebending bars. However, it does show photos of bar bending using a ‘dogbar’ which is not
recommended by the Department.

4.2.2 Choice of steel grade

Some contractors and subcontractors report a tendency for designers to specify Grade 500 steel
when it is not required. Because it is required in one part of the building, the pragmatic decision
is frequently taken to make all steel the same grade to avoid possible mix-ups. However, what
happens in practice is that suppliers offer alternatives in order to reduce costs, with the result that
a mix of steels is supplied.

Designers and inspectors need to recognise the possibility of mix-ups, not just between Grades
500N and 500E, but between Grade 500 and other grades such as Grade 300. Designers need to
better understand the suitability of the various reinforcing steels and specify accordingly, noting
where the consequences of using the wrong grade could be significant.

As an example, designers should be aware that the on-site substitution of Grade 500 for Grade
300 might have implications for overstrength of beams relative to columns. Additionally, they
should think twice before specifying Grade 500 steel when the additional strength and ductility
are not required as, for example, when a more important consideration is the weldability to
achieve electrical continuity.

4.2.3 Overstrength factors

Tests carried out for the Department on samples of local and imported product indicated
significant differences in the ratio of ultimate stress to yield stress. This ratio is used to provide
a degree of certainty in the overstrength factor used in capacity design. The minimum ratio
required by AS/NZS 4671 is 1.15 with a maximum of 1.40. The tested values for local product
were typically 1.23 to 1.28, while the imported steel showed values of 1.11 to 1.26. Consultants,
designers and contractors should therefore check to ensure that the steel being used meets the
minimum requirements of the Standard.

Designers should note that factors for overstrength are given in NZS 3101. However, these
factors are based on tests carried out on Pacific Steel product and may not apply to other
manufacturers’ product. Designers must ensure they use the appropriate overstrength factors for
the particular product and ensure that consistency is carried through to the materials used on site
in construction.

Report on Grade 500E Steel Reinforcement 15



4.2.4 Suitability for welding

Butt-welding

The report on Standards indicated there may not be suitable electrodes for butt-welding
microalloy steel. The electrodes called for in AS/NZS 1554.3: 2002 cannot be relied upon to
provide sufficient overstrength to match the large difference between yield and ultimate stress of
the bars. This is the reason that NZS 3101 prohibits full-strength welded splices in
reinforcement with a yield stress greater than 450 MPa unless yielding can be shown not to
occur, or proof testing demonstrates that failure will occur away from the weld.

It is desirable that a suitable electrode be identified to overcome this drawback. However, unless
welding is carried out in controlled conditions, butt-welding of Grade 500E steel, even with
suitable electrodes, is unlikely to provide the level of confidence required.

The Department recommends against butt-welding of Grade 500E steel. Proprietary jointers are
to be preferred but, in any case, no jointing should be made in regions where the full strength
and/or ductility of the bar are required.

Tests carried out for the Department by SGS confirmed that QT steels are not suitable for
welding, including butt-welding.

The Department understands that HERA is working on welding procedures for high strength
bars and further information may become available in the future.

Welding generally

The premature failures of reinforcing steel in tests at Auckland University, together with the
problems reported to Pacific Steel, clearly indicate that the inappropriate welding operations can
adversely affect the performance of Grade 500E steel. This means that special efforts are needed
to educate designers, contractors, sub-contractors and inspectors of the serious consequences of
what might otherwise be regarded as acceptable.

Welding of microalloy Grade 500E steel may be acceptable provided special efforts are made to
conform to all of the requirements of the welding procedure, such as preheating and sheltering,
but the Department is not confident that such conditions can be met on site.

Welding of QT Grade 500E steel should not be allowed under any circumstances. This includes
welding of bars to achieve electrical continuity. For such applications, it is unlikely that Grade
500E steel will be required and other more weldable steels should be chosen.

In summary, designers should not rely on welding of Grade 500E steel and
fabricators/contractors should not allow welding of this material.
4.2.5 Availability of other grades of steel, particularly Grade 430

There appears to be a perception amongst designers that Grade 430 steel is no longer available.
In fact Pacific Steel have links with a mill in Fiji that is rolling a Grade 430 steel to a Fijian
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standard and, subject to sufficient demand, could supply this grade to the New Zealand market.
Unfortunately, Grade 430 was dropped from NZS 3101, when Grade 500E steel reinforcement
was introduced, giving the impression that it was no longer available.

Recent comment by Esli J Forrest, structural engineer and editor of the SESOC Journal, suggests
that the economics of using Grade 500E steel may not be as advantageous as generally assumed.

Based on recent work on this issue, the Department considers that the decision to remove Grade
430 from NZS 3101 unnecessarily constrained market choice. The Department believes that
Standards New Zealand should consider reinstating Grade 430 steel as an option, provided that
Pacific Steel confirms their ability and willingness to manufacture Grade 430 for the New
Zealand market.

4.2.6 Reporting of failures and problems

Informal reports of problems with Grade 500E steel far outweigh the formally reported evidence.
This suggests that there are a significant number of unreported problems and failures. Itis
important that a much higher proportion of problems are formally reported so that concerns can
be properly analysed and put into context.

Designers, fabricators, contractors and inspectors should be on the lookout for evidence of
concerns and take special efforts to see it is reported to the manufacturers, importers and to the
Department. Where possible, reports should include a sample of the bar in question and a
description of the conditions in which it was being placed — weather, location, handling
practices.

4.2.7 Auckland University Tests

Initial concerns cast doubt on the integrity of Grade 500 steel reinforcement. Tests for the
Department on samples, plus the existence of other influences such as welding, have all but
removed concerns about the product.

The main cause of premature failure appears to be the existence of welds, but it has been
suggested that buckling of the bars between lateral reinforcement may be a significant
contributing factor. It is important that this possibility be investigated by the industry to
establish whether or not some modification to design parameters is needed.

4.3 Fabrication and construction issues

4.3.1 General handling and reported failures

Reported instances of failure, plus a body of informal evidence, indicates that almost all
problems with or failures of Grade 500E steel are due to improper handling or treatment,
particularly bending too tightly, rebending or welding. This effect will not be confined to Grade
500E, but that grade is more sensitive than most other steels used for reinforcement.
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The Department believes that stricter control and better education of designers, inspectors,
fabricators and construction personnel is needed to reduce non-compliance and thus concerns
regarding possible reduction in strength and ductility.

4.3.2 Welding — butt, lap and tack
Welding of any kind to QT steel will reduce its strength and must not be attempted.

Butt-welding of Grade 500E microalloy steel is possible under controlled conditions. However,
the electrodes specified in AS/NZS 1554.3 will not always be sufficient to match the ultimate
strength of the bar. This means that butt-welding should not be used in situations where the steel
could undergo significant yielding, such as under earthquake loading. Butt-welding of this
reinforcing requires careful preparation and controlled conditions and the Department strongly
recommends that site welding should be avoided.

Some designers opt for single lap welds to splice reinforcing bars. The potential for unzipping
due to the combination of imperfections in the weld and the eccentricity of connection make this
type of weld undesirable. Therefore, until further testing shows otherwise, it is recommended
that such welds should not be considered, except in non-critical situations where the mobilisation
of the full strength of the bar is not required. In situations where welding cannot be avoided,
such as in circular hoops, it is recommended that Grade 300 steel be used.

Tack welds can seem almost insignificant to the site operative. They simply help to add stability
to a cage, or facilitate placement. However, placement of weld material on Grade 500E steel
(microalloyed or QT) may well lead to premature failure of the bar. The tests at Auckland
University support this. Reported failures of bars include those due to application of welding
and due to inadvertent damage from gas cutting equipment.

The Department strongly recommends against any tack welding of Grade 500E steel, and urges
vigilance by designers, fabricators, contractors and inspectors to avoid damage that could
jeopardise the safety of the structure.

4.3.3 Bending

Grade 500E has shown itself to be sensitive to the high strains induced in the bending process. It
is not tolerant of bending to diameters tighter than the minimum bend diameters specified in
NZS 3101.

Formal and informal reports indicate that bend diameters are frequently less than the minimum
specified, and that this leads to problems and/or failure. The Department believes that a
concerted effort is needed to promote awareness of the need to comply with New Zealand
Standards in this regard. The concern is not so much with bars that fail during bending (and are
therefore replaced), but with those that are bent to the point of failure and are built into the
structure.

The Department is producing a set of discs aimed at raising awareness of this issue and
providing those on site with the means to simply determine the correct diameter of bend for a
particular size of bar.
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The Department is encouraging correct practice on site as a result of learning of the existence of
an improved hand-operated reinforcing bar bender that produces the correct bend diameter for
bars up to 16 mm. Information on this was published in BIA News in June 2004. Provided the
requirements of the New Zealand Standard are met, there is no reason to doubt the integrity of
Grade 500E steel that has been bent.

4.3.4 Rebending

Rebending of reinforcing steel is a major concern, especially but not exclusively for Grade 500E
steel. Over the years designers have come to rely on starter bars from precast units being bent
for transport and rebent (straightened) for inclusion in the structure. Bending for rebending is
almost always done without due control and to tighter diameters than required. This practice
could be placing at risk some important elements of the structure and is difficult to justify for
any grade of steel reinforcing.

Given the low tolerance of Grade 500E steel to bending, the Department strongly believes that
reliance on bending and rebending should cease. Designers should be required to use
alternatives such as cast-in connectors or specify steel with a lower yield stress. The Department
does not agree with the endorsement of rebending bars as shown in Figure 5 of CCANZ IB79.

4.4 New Zealand Standards issues

4.4.1 Action items from the review

The following sections highlight the items requiring action by Standards New Zealand and/or the
industry, all of which resulted from the review of relevant Standards.

Manufacture

The bend and re-bend tests required by AS/NZS 4671 need to be reviewed. To support this,
more research is needed into the properties of Grade 500E steel, particularly its capability to be
bent without significant reduction in physical properties.

The NZS 3101 committee should review bend diameters for Grade 500 and other grades for
future development.

There should be marking differentiation between steels produced by microalloy process and the
QT process. A clear method of distinguishing the ductility class of the steel should be provided.
Design

Minimum bending diameters for reinforcement should be reviewed to ensure they are
sufficiently large to provide adequate margin against fractures in the bending zone.
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Welding

Warnings are needed in NZS 3101 to emphasise that lap welds may not provide a sufficient
margin against failure. Designers and contractors should take note of the limitations on lap
welding covered in NZS 3109 and NZS 3101.

Suitable electrodes for butt-welding Grade 500E steel may not be available and warnings should
be given in NZS 3101.
Construction

Welding requirements of AS/NZS 1554.3 imply high standards of workmanship. Every
opportunity should be taken to emphasise this, notably in NZS 3109.

NZS 3109 should warn of the higher degree of care required when handling Grade 500 steel
compared with the previously available Grade 430 steel.
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5 Recommended actions

The required actions fall into the following categories.

General education of the industry on the properties of Grade 500E and its limitations and
benefits.

Action on this is primarily up to industry organisations to implement. It is noted that the
industry has carried out some work in this regard with seminars provided by CCANZ and the
Reinforcing Association and information bulletins through CCANZ. The Department has a
strong role to play by encouraging such education and providing seed funding when
warranted.

Advice and alerts to industry about limitations and benefits of the product and the variation to
be expected in suppliers, bar markings and weldability.

Action is primarily up to industry organisations, but the Department can have a strong role in
endorsing such alerts through formal advice to industry.

Research to provide better information on key issues.

Action can be supported by industry organisations. The Department should play a strong role
in helping identify worthwhile research topics and facilitating funding of the work.

Specific advice to designers on implications for design.

Action on this should be a joint effort between the design organisations (IPENZ, ACENZ,
SESOC, NZSEE) and the Department. Work to date in this area includes the provision of
seminars for designers and amendments to Standard NZS 3101 Concrete Structures.

Specific advice to fabricators and constructors on the need for care in handling reinforcing
steel, in particular Grade 500 steel.

Action on this should be a joint effort between the Department and industry organisations
such as CCANZ and Reinforcing New Zealand.

Amendments to New Zealand Standards.

- Changes to requirements.
- Inclusion of information about limitations regarding Grade 500E steel.

Action required is for the Department to advise Standards New Zealand of the need for
changes and the reasons behind them. The Department should then support Standards New
Zealand and encourage them to take decisive action. Note that recent amendments to NZS
3101 and NZS 3109 have addressed some issues relating to the use of Grade 500 reinforcing
steel.

Report on Grade 500E Steel Reinforcement 21



References

1 Erasmus L A, Pussegoda L N. ‘Strain Embrittlement of Reinforcing Steels’. New Zealand
Engineering, Vol 32 No 8, August 1977.

2 Erasmus L A, Pussegoda L N. ‘Safe Bend Radii for Deformed Reinforcing Bar to Avoid
Failure by Strain Age Embrittlement’. New Zealand Engineering, Vol 33, No 8, August
1978.

3 Cement and Concrete Association New Zealand. 2004. IB79 Recommended Industry
Practice on Bending and Re-bending Reinforcing Bars,

Appendices

« Appendix 1: Grade 500E Steel Reinforcement: Summary of reported failures and problems
with Grade 500E reinforcing steel. Compiled by the Department of Building and Housing
with data from Pacific Steel and ACENZ members. July 2004.

« Appendix 2: The Use of Grade 500E Reinforcing Steel in New Zealand: A review of current
Standards. Report by Beca Consultants for the BIA. July 2004.

« Appendix 3: Investigation to Clarify Properties of Grade 500E Reinforcing Steel Bar. Report
by SGS New Zealand. August 2004 and January 2005.

« Appendix 4: Review of Bend Diameters for Reinforcing in Successive New Zealand
Standards. Prepared by the Department of Building and Housing with assistance from
Standards New Zealand.

22  Report on Grade 500E Steel Reinforcement



Appendix 1: Grade 500E Steel Reinforcement:
Summary of reported failures and problems with
Grade 500E reinforcing steel

Compiled by the Department of Building and Housing with data from Pacific Steel and ACENZ

members

ID | Date No of Problem Cause(s) Comment

failures | description

1 21.08.02 |1 12mm Starter Bars None specifically found. | Broken bar was bent/reverse

minimum | snapping in precast Reverse bent. Initial bent/tensile tested and met
elements during bend radius was 4d c.f. Gr500. Tests of bars passed
bending of bars for 5d specified. Corrosion? | spec.
transport.

2 26.08.02 | 1 16 mm PI Breaking Cock bent on 1d pin & 3101 specifies 2d min. bend

galvanised bars then galvanised. Cracks | for non galvanised bars.
due to Hydrogen Bending after galvanising is
embrittlement of highly recommended. If bent
strained region. before galvanising we
would recommend 5d.

3 11.09.02 |1 10 mm def'd. Bars Bent on 2d pin on off- Tight bends to form
tested - incorrect bend | coil bender. stirrups. Second bend was

restrained by the first bend -
second bend broke.
Minimum 4d required by
3101.

4 25.09.02 |1 20 mm def'd Reverse bent. Small sample received.
Analysis in spec. Failed
from base of flattened
deformation.

5 24.10.02 |1 A 25 mm bar in pile Fracture at gas cut during | The bars broke during cold

cage fractured. "straightening". straightening after damage
by digger bucket. The
fracture initiated at a 10 mm
deep gas cut in the bar
caused when cutting
adjacent stirrup.

6 31.10.02 |1 25 mm bar fractured on | Fracture at previous tack | As 574 but initiated at tack
reverse bend (pile weld during weld between support ring
cage). "straightening” and bar.

7 23.01.03 |1 Bar Fractured in beam | Bar bend around 2.4d pin | Hook at end of pre-cast
during placement. - bending error. beam broke during

"adjustment" to get beam
into place. 60 mm bend
radius used c.f. 125 mm
specified.
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8 09.04.03 | 1 25 mm Reidbar broke Deformed bar used as Cold formed lifting hook
at bend lifting hook. used to lift precast pipes.
Fracture initiated at base of
deformation.
9 14.07.03 |1 10 mm P1 500 - bar Under investigation.
breaking on off-coil
bender.
10 16 mm def'd breaking Welded sample fractured | Fracture initiated at arc
in test beam at heat affected zone strike at end of weld. Weld
under arc strike. performed using MIG
welder with 1 mm wire
(low energy input).
Hardness of 490 Hv under
arc strike.
11 | 29.07.03 Query re availability and
properties with respect to
Grade 430
12 | 21/07/03 Comments that problem is
not new in high strength
steels
13 | 15/07/03 interested in findings
14 | 21/07/03 unaware of specific
problems, but gives
example of questionable
supply practice in Tauranga
15 | 16/07/03 | 3 3 of 25 galvanised bars Effect of galvanising? At
failed in brittle fracture what strength did the bars
in pullout test fail? Were Pacific notified.
16 | 19/08/03 |1 hd16 rods breaking bars being bent with a
minimum | when being bent for tool from Placemakers
footing/starter bars that had a 35mm
diameter instead of
80mm
17 | 22/07/03 | 1 starter bars from incorrect pin diameter information and photos
minimum balcony panels used in initial bending available if required
breaking when being and incorrect procedure
rebent on site after used for rebending
transport
18 | 29/07/03 Paper on problems with
500N in Australia
19 | 21/07/03 | 3 12mm starter bar bent In third case the welding | Cold air temperatures 4-5
by hand near the bend, | occurred near the bend degrees
12mm starters prebent
adjusted by hand,
starters welded to steel
beam broke by the bend
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20 | 21/07/03 |1 Bar return on a 25mm bar knocked with a plate
starter from a compactor
foundation was
knocked off
21 | 21/07/03 |2 HD12 bar starter was
bending bar and
snapped in hands, two
occurrences
22 | 17/07/03 No specific problems to
date but are concerned over
results of UoC tests.
23 | 18/07/03 | 1 minimum | Some problems with
high strength plain bars
24 | 6/06/200 | 1 minimum | rag bars for stair bending/rebending No action taken by
4 support breaking on insufficient diameters, contractors, Pac steel not

rebending (note
positive seating still
provided to stairs)

incorrect steel grade
being used and welded

contacted
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Appendix 2: The Use of Grade 500E Reinforcing Steel
iIn New Zealand: A review of current Standards

Report by Beca Consultants for the BIA

Building Industry Authority 20 July 2004
P O Box 11846 |
WELLINGTON our Ref: 2711141

Error! Reference source not
found.RDJ45R01.DOC

Attention: Mr David Hopkins

Dear Sir

The Use of Grade 500E Reinforcing Steel in New Zealand - A Review of Current Standards

Please find enclosed our revised report (rev D) presenting key issues relating to the use of
Grade 500E Reinforcing Steel in New Zealand.

In this revision of the report we have incorporated responses to the comments raised in your Email
dated 30 May 2004.

Yours faithfully
Rob Jury
Technical Director - Structural Engineering

on behalf of
Beca Carter Hollings & Ferner Ltd

Direct Dial: +64-4-471 5511

Email: rjury@beca.co.nz

26  Report on Grade 500E Steel Reinforcement



Revision History

Revision N° Prepared By Description Date
A Rob Jury 1st Draft 18/03/04
B Rob Jury 2nd Draft 28/04/04
C Rob Jury 3rd Draft 17/05/04
D Rob Jury 4th Draft 20/07/04
Document Acceptance
Action Name Signed Date
Prepared by | Rob Jury
Reviewed by | ..............
Approved by | Rob Jury
on behalf of Beca Carter Hollings & Ferner Ltd

Report on Grade 500E Steel Reinforcement

27



Table of Contents

1 Introduction 30
2 Background 31
3 Review of Standards 33
3.1 General
3.2 AS/NZS 4671:2001 Steel Reinforcing Materials
3.3 AS/NZS 1554.3:2002 Welding of Reinforcing Steel
3.4 NZS 3101:1995 Concrete Structures Standard
3.5 NZS 3109:1997 Concrete Construction
Appendices

Appendix A - Investigation Brief

Appendix B - Assessment of Strain Requirements in Reinforcing Bar Bends.

28  Report on Grade 500E Steel Reinforcement

33
33
34
34
35



Executive Summary

This review has been prepared to identify key issues relating to the use of Grade 500E reinforcing
steel and to provide confidence that the available Standards are consistent and applicable for use
with this product.

The key issues identified are:

Unexpected failures of Grade 500E reinforcing steel experienced in Auckland University tests
(these are still under investigation) raise the possibility that there may be an issue with the
quality control of the Grade 500E micro alloy steel produced in New Zealand. The
investigations of these failures should be completed with some urgency to remove this issue as
an area of uncertainty for designers and specifiers.

The construction industry in New Zealand needs to be rapidly trained to be aware of the higher
degree of workmanship required for Grade 500E reinforcing steel. Some industry training has
already been carried out and it is understood that more is planned which should resolve this
issue.

The industry sector was inadequately prepared (by seminars, training, etc) in advance of the
introduction of Grade 500E and prior to the withdrawal of Grade 430 reinforcement. This has
relevance to introduction of other new products in the future.

There should be a requirement for a marking differentiation of micro alloy steel and Quenched
and Self-tempered (Q&ST) produced product in AS/NZS 4671.

There should be a requirement in AS/NZS 4671 for a simple confirmatory test to confirm
ductility (strain capability) after bending, for larger (ie greater than 20mm diameter) bar sizes.

The requirements for ribs/indentations in AS/NZS 4671 should be reviewed to see if bond
issues in beam/column joints can be addressed. This is not an issue of the adequacy of the
Standards but whether more efficient use can be achieved with the material.

AS/NZS 1554.3 implies that lap welds are possible with Grade 500E reinforcing steel but testing
suggests that lap welding to the Standard specified requirements does not provide a sufficient
margin against failure of the weld before failure of the bar. This has been addressed in the
amendment to NZS 3101 but warnings regarding the expected performance of this detail should
be given in this Standard.

AS/NZS 1554.3 implies that pre-qualified butt welding of Grade 500E reinforcing steel is
possible. However suitable welding electrodes are not currently available to provide confidence
that failure will always occur in the bar if the bar is required to yield at overstrength. This is
addressed in the amendment to NZS 3101 by restricting welding to materials with a design yield
stress less than or equal to 450 Mpa,. but warnings should also be given in this Standard.

Minimum bar radii specified in NZS 3101 should be reviewed, as there is the suggestion that
they may not be sufficiently large to provide an adequate margin against fractures in the
bending zone of a bent 500E reinforcing bar.

NZS 3109 should warn of the lower tolerance to misuse of Grade 500E reinforcement compared
with the previously available Grade 430 reinforcing steel and should reiterate the requirement
given in NZS 3101 that Q&ST reinforcing steel must not be welded.
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1 Introduction

This report has been prepared for the Building Industry Authority (BIA) to examine the various
Standards that impact on the quality and performance of Grade 500E reinforcing steel and its use in
construction, and to identify key issues that should be followed up to provide confidence that the
standards are consistent and applicable for use with 500E reinforcing.

The standards reviewed were:

m  AS/NZS 4671:2001 Steel Reinforcing Materials

m  AS/NZS 1554.3:2002 Welding of Reinforcing Steel

= NZS3101:1995 Concrete Structures Standard including Amendment No 3
= NZS3109:1997 Concrete Construction including Amendment No 2

This review has been a desktop exercise.

The agreed brief for this work is presented in Appendix A:
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2 Background

Grade 500E reinforcing steel was introduced into the New Zealand market in 2001 in tandem with
the introduction of the joint standard, AS/NZS 4671. Grade 500E replaced the previously available
Grade 430 reinforcing steel. The standard covering Grade 430 reinforcing steel has now been
withdrawn.

As well as achieving harmonisation with international practices, the introduction of the higher
strength Grade 500E reinforcing steel was seen as an opportunity to achieve economies and reduce
reinforcing cage congestion. It was also thought that the cost of reinforced concrete would become
more attractive as a result ().

Grade 500E reinforcing steel is intended to be a “ductile” high yield steel suitable for use in
construction of structures in regions susceptible to earthquake shaking.

The Grade 500 E reinforcing steel manufactured in New Zealand is a micro-alloyed steel. Micro-
alloyed bars produced in New Zealand gain their strength from the addition of vanadium alloy.
They are produced by the hot-rolled process and are cooled in air to produce a ‘normalised” grain
structure. The mechanical properties of the micro alloyed reinforcing are not significantly affected
by the application of heat provided that the rate of cooling is controlled.

Quenched and self-tempered (Q&ST) Grade 500 reinforcing steel manufactured overseas is also
available in New Zealand. The most common sources are Malaysia and Singapore. These products
are supplied to the New Zealand market on the basis of either having been produced to AS/NZS
4671:20010r being equivalent to this Standard. The availability of QS&T Grade 500E reinforcing
steel in New Zealand is uncertain but considered possible, as testing(19 has shown that it would not
be difficult for the QS&T steel to meet the Grade 500E requirements as specified in AS/NZS 4671.
The Q&ST reinforcing gains its strength from heat treatment. Therefore heating of the
reinforcement due to processes such as welding, galvanising and hot bending is likely to reduce the
strength of Q&ST reinforcing.

Since introduction there has been anecdotal and documented evidence of Grade 500E reinforcing
bars fracturing after re-bending and some evidence of bars fracturing unexpectedly during
Auckland University load testing. It is suspected, but not confirmed, that these failures have been
experienced with the micro alloy, New Zealand produced, reinforcing steel. The University test
failures are still under investigation.

The instances of failure do not appear to be large but are of a sufficient number to be cause of
concern to designers and regulators.

The majority of the failures appear to be due to mishandling and poor workmanship rather than a
problem with quality control of the steel itself, however this is not conclusive.

It is worth noting that Grade 500 steel (Q&ST) has been in use in Australia for some time with little
evidence of on-going problems. The grades of steel in use in Australia are typically 500L and 500N
which are notionally less ductile than 500E. Use of Grade 500L reinforcing steel is not permitted in
New Zealand.

Key general issues that arise are:

m  Unexpected failures of Grade 500E reinforcing steel experienced in University tests raise the
possibility that there may be an issue with the quality control of the Grade 500E micro alloy steel

Report on Grade 500E Steel Reinforcement 31



produced in New Zealand. The investigations of these failures must be completed with urgency
to remove this issue as an area of uncertainty for designers and specifiers.

The construction industry in New Zealand needs to be rapidly trained in awareness of the
higher degree of workmanship required for Grade 500E reinforcing steel. Some industry
training has already been carried out and it is understood that more is planned, which should
resolve this issue.

The industry sector was inadequately prepared (by seminars, training, etc) in advance of the
introduction of Grade 500E and prior to the withdrawal of Grade 430 reinforcement. The
opportunity to address this has passed for Grade 500E steel but it has relevance to the
introduction of other new products in the future.
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Review of Standards

General

The following standards impacting on the quality and performance of Grade 500E reinforcing, and
its use in construction were reviewed:

AS/NZS 4671:2001 Steel Reinforcing Materials

AS/NZS 1554.3:2002 Welding of Reinforcing Steel

NZS 3101:1995 Concrete Structures Standard including Amendment A3
NZS 3109:1997 Concrete Construction including Amendment A2

The review is discussed below.

AS/INZS 4671:2001 Steel Reinforcing Materials

This standard specifies requirements for the chemical composition and the mechanical and
geometrical properties of reinforcing steel, including Grade 500E.
Key issues arising from this standard, relating to the use of Grade 500E reinforcing steel, are:

There is no requirement for differentiating between the bar marking identification of micro alloy
steel and the Q&ST produced product in this Standard. It is considered essential that there is
some means of differentiating between these products on New Zealand sites, other than sole
reliance on reference back to the steel producers documentation. The imported product does
not appear to provide a unique mark on the reinforcing steel to identify the producer, as is
required by the Standard. It is noted that the Pacific Steel steel produced Grade 500E reinforcing
steel is identifiable by a product mark on the bar.

There is no requirement for a rebend test for bars with diameters greater than 20 mm. While
such a test may be inappropriate for larger bars, the lack of an appropriate simple sampling test
procedure to confirm some measure of ductility and fracture resistance (after bending) is
available is considered a major deficiency in the standard. It is recommended that
consideration be given to including a simple test in the Standard to confirm that Grade 500
reinforcing bars with diameters greater than 20mm have adequate resilience.

There is evidence to suggest that there may be some difficulties with maintaining bond of
horizontal yielding Grade 500E beam reinforcement within beam column joints and as a result
significant restrictions have been specified for bar sizes and columns widths in the current
amendment to NZS 3101 (). This suggests that the requirements for bar ribs/indentations
specified in this standard may be insufficient for the efficient use of the higher yield bars.
Although the amendments to NZS 3101() are intended to address this issue it is recommended
that the current deformation pattern requirements specified in AS/NZS 4671 be reviewed to see
if the performance of 500E Grade reinforcing steel in beam/column joints can be improved.
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AS/NZS 1554.3:2002 Welding of Reinforcing Steel

This standard specifies requirements for the welding of reinforcing steel used in concrete structures
that are designed and constructed in accordance with NZS 3101.

The standard covers materials (parent and backing materials and welding consumables), connection
details, qualification of welding personnel and procedures, welding techniques and qualification of
welding by testing and inspection.

We have reviewed this Standard on the basis of whether it is likely that the requirements presented
will lead to an adequate performance for welded Grade 500E reinforcing steel. There are issues as to
whether it adequately warns fabricators of the lower tolerance to welding of Grade 500E compared
with Grade 430 but it is considered that this is better dealt with in a Standard Commentary or as
part of NZS 31009.

Key issues and questions that arise relating to application of this standard to Grade 500E reinforcing
steel are:

m Q&ST Grade 500 reinforcing can not be welded without strength loss. It is recommended that a
suitable warning be added to the Standard to this effect. This is covered in the amendment to
NZS 31017

m  The standard implies that lap welds are possible with Grade 500E but testing suggests that lap
welding to the Standard specified requirements does not provide a sufficient margin against
failure of the weld before failure of the bar®. This is addressed in NZS 3101, however, it is
recommended that appropriate amendments also be made to AS/NZS 1554.3 to warn
specifiers/designers/constructors of the likely performance of this detail.

m  The Standard implies that butt-welding of Grade 500 E reinforcing steel is possible but is silent
on the performance expected. Discussion at the recent seminars on Grade 500E reinforcing steel
@ indicated that currently there may not be a suitable welding electrode available to provide
confidence that failure will always occur in the steel rather than the weld when the bars are at
the higher end of the maximum tensile strength range allowable in AS/NZS 4671 and the bars
containing the weld are required to yield at overstrength. Although this issue is covered in the
amendment to NZS 3101, it is essential that it is also addressed in AS/NZS 1554.3 as butt-welds
complying with the Tables in this Standard are deemed to be pre-qualified and could be
assumed to be capable of developing the strength of the bar, unless warnings are given to the
contrary.

NZS 3101:1995 Concrete Structures Standard

This Standard sets out minimum requirements for the design of reinforced and prestressed concrete
structures in New Zealand.

Amendment N° 3 of this Standard() has now been released. One of the primary reasons for the
amendment to the Standard is to address the issue of Grade 500E reinforcing steel and its use in
concrete construction.

The issues arising from the use of Grade 500E reinforcing steel that have been addressed in the
amendment include;
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m  Allowance for over strength

m  Restrictions on the use of Q & ST reinforcing bars (eg no welding, no tack welding)

m  Reference to AS/NZS 4671

m  Reference to AS/NZS 1554.3

m  Restrictions on the use of full strength welded lap splices

m  Restrictions on the use of full strength butt-welded splices

m  Restrictions on size of Grade 500 beam reinforcement passing through beam column joints.

®  Minimum bend radii for galvanised Grade 500E reinforcing.

There is anecdotal evidence that, even when Grade 500 E reinforcing steel is bent to the bend radii
currently specified in the Standard, steel fracture in the bend zone can still occur, albeit infrequently.
We are not aware of any fracture assessment of Grade 500E reinforcing bars having been completed,
although simple geometrical calculations (Appendix B describes an assessment of the strain
requirements in reinforcing bar bends) would suggest that the tensile strains in the currently
specified bends are well in excess of those required from the confirmatory testing in AS/NZS 4671.
Evidence that an adequate margin against bar fracture exists with the currently specified bend
diameters is urgently required.

NZS 3109:1997 Concrete Construction

This Standard provides minimum requirements for the construction of concrete structures including
reinforced concrete structures.

A second amendment of the standard (Amendment N° 2)©) has now been released.
This amendment addresses issues arising from the use of Grade 500E reinforcing steel including;

m  Reference to AS/NZS 4671:2001

m  Reference to AS/NZS 1554.3:2002

m  Requirement to hot bend pre-bent micro alloy Grade 500E reinforcement
m  Requirement to inspect re-bent areas for cracking.

m  Restrictions on location of tack welds from bends.

m  Warnings regarding welding of reinforcement

The amendment appears to adequately address these issues, although the warning regarding
welding should reiterate the requirements of NZS 3101 which prohibit welding of Q&ST reinforcing
steel.
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Appendix A

Investigation Brief

Cur Ref: 3441
Your Ref: W3:15315-RDJIOL0S. Doe

02 October 2003

Beca Carter Hollings and Ferner
PO Box 3942
Wellington

e
Attention: Rd@ury

Dear Rob

Grade 500E Reinforcing Steel — Desk Top Study

Thank you for your proposal on the above topic dated 19 September, received 23 September
2003.

Your pmpogal 1s accepted as to Scope, Methodology and Commercial Terms. Please take this
letter as an instruction to commence work. We anticipate completion of the report by no later

than 24 October 2003.

Thank you for your attention to this matter. Please do not hesitate to contact us should you
require any further information or direction.

Yours sincerely

4

£ . // :

David Hopkins
Consultant Technical Advisor
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Becqa

Building Industry Authority 19 September 2003
PO Box 11 846 %rﬁ;?%moc
WELLINGTON

Attention: Dr David Hopkins

Dear Sir
Grade S00E Reinforcing Steei

We provide the following Scope of Work and Methodology for the Grade 500E Reinforcing
Steel investigation in response to your e-mail dated 10 September 2003.

Sceope of Work

The intention is to examine the various standards that impact on the quality and
performance of Grade 500 reinforcing steel and identify key issues that should be
followed up to provide confidence that the standards are consistent and applicable for use
with 500 reinforcing, It is intended that this be a brief desk-top exercise.

The standards to be reviewed are:

= AS/NZS 4671:2001 Steel Reinforcing Materials
m NZ53101:1995 Concrete Structures Standard

®  NZ53109:1997 Concrete Construction

m  AS/NZS1554.3 Welding of Reinforcing Steel

Amendments are currently being proposed for NZS 3101 (DZ 3101 A3) and NZS 3109 (DZ
3109 A2). These amendments will also be included in the review.

Methodology

s m o D P
TOLESS 15 proposed;

[v1f]
]

®  Review the relevant standards and proposed amendments for consistency and in light
of the information presented at the recent seminar on 500E reinforcing steel.

= Prepare alist of major issues relating to the use of 500E reinforcing steel.

m  Discuss the issues with others (eg Beca metallurgist) in order to form an opinion of the
degree with which they are addressed in the standards and recommendations for use.

= Identify those issues that will require additional research in order to provide
confidence of the acceptability of 500E reinforcing steel.

Beca Carter Hollings & Ferner Lid

7 Tharndon Quoy

PO Boe 3942 Wealllngton, New Zeciond
Telephone +64-4-473 7551

Fow +64-4-477 8501

WL DSCaCo.ng
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19 September 2003
Our Ref. 5000017/020
W3:40397 RDJSSL04.D0C

® Prepare a brief report outlining results of the review.,

Yours faithfully

Dirded Digl +64-4-471 8617
EME oD U @Reca oo

e
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Appendix B

Assessment of Strain Requirements in Reinforcing Bar Bends

Calculation of Strains within Reinforcing Bar Bends

It can be shown from simple assessment of bend geometry that the strain in the outer and inner
fibers of a bar bend can be approximated as;

€= d/(DHd).cceiiiiii eqn Bl

d is the diameter of the bar

D is the diameter of the bend

where

The resulting strains for 16, 25 and 32mm diameter bars are shown in Table B.1.

The method of Lubahn and Sachs®1 (as also used by Erasmus and Pussegoda (B9), as presented in
eqn B2, predicts almost identical strains as can be seen in Table B.1.

€= (1-K)/(T+K) . oo eqn B2
K= (D/d)/(1+[(D/d)? + 2D/d]%%)
d and D are as defined above.

where

Table B.1 Predicted Bend Strains

Bar Diameter, d | Bend Diameter, D | € = d/(D+d) € = (1-K)/(1+K) Predicted
Notch Strain
mm Mm
16 5d 17% 16% 20%
25 6d 1490 14% 18%
32 6d 1490 1490 20%

These strains need to be enhanced to account for the notch effect at the crushed deformations in
compression side of the bar. The equation to allow for this, which was presented by Erasmus®),
appears in error, however recourse to the various plots in the Erasmus paper indicates the following
enhancements might be appropriate;

l6mmdia 15%
25mm dia 30%
32mmdia 40%

From these indicative enhancements the following bend notch strains are predicted;
strain =17% x 1.15 =20%

strain = 14% x 1.30 = 18%
strain = 14% x 1.40 = 20%

1l6mmdia D =5d
25mmdia D =6d
32mmdia D=6d

These are also shown in Table B.1
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Assessment of Acceptable Bend Strains

The way to assess acceptable bend strains is though an appropriate fracture (toughness) assessment,
ie as carried out by Erasmus(23).

It is of interest to consider the alternative method used to suppress brittle fracture in structural steel
sections presented in NZS 3404 (Section 2.6), the notch ductile method. This method would suggest
that for steel grades covered by this Standard only small diameter bars could be subjected to strains
approaching anywhere near 20%.

The uniform elongation as obtained from the standard tensile test is not considered to provide a
realistic assessment of the strain capability of reinforcing bars. However, we understand that it is
common to restrict the bend strains in a structural member to the strain achieved in a standard
tensile test ®). A true strain test (accounting for the reduction in area of the specimen as it necks)
would provide a more appropriate measure. The specified minimum uniform elongation for Grade
500E reinforcing steels in AS/NZS 4671 is 10%.

We could find no evidence that a fracture assessment has been completed for Grade 500E
reinforcing bar bends. The desirability of such an assessment requires informed comment and
discussion.

Additional References for Appendix B

B.1. Lubahn, ] D and Sachs, G, Bending of an Ideal Plastic Material, Transactions of the ASME,
Vol 72 p201, February 1950.

B.2. Erasmus, L A and Pussegoda L N, Strain Embrittlement of Reinforcing Steels, New Zealand
Engineering, Vol 32 No 8, August 1977.

B.3. Erasmus, L A and Pussegoda L N, Safe Bend Radii for Deformed Reinforcing Bar to Avoid
Failure by Strain Age Embrittlement, New Zealand Engineering, Vol 33, No 8, August 1978.

B.4. NZS 3404:1997, Steel Structures Standard, New Zealand Standard.

Private communication with Hera.
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Appendix 3: Investigation to Clarify Properties of
Grade 500E Reinforcing Steel Bar.

Report by SGS New Zealand

PROJECT REPORT

SGS FILE REFERENCE: INZ1564810

REPORT: Investigation to Clarify Properties of Grade 500E Reinforcing
Steel Bars

CLIENT: Building Industry Authority

CONTACT: David Hopkins

DATE: 18t August 2004
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REPORTED: Leonard Kong - Materials Engineer - BE Chem & Mats
REVIEWED: Dean Currie - Business Manager - NDT & Materials Services
DATE: 31st August 2004
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Executive Summary

The Building Industry Authority (BIA) had awarded the contract to SGS New Zealand Limited to carry out
an “Investigation to Clarify the Properties of Grade 500E Reinforcing Steel Bars” following the concerns
raised by many parties with regards to the adequacy of Grade 500E steel for use in New Zealand ductile
structures.

The scope of the project is to study the deformed type of this grade of reinforcing steel bars through a
series of mechanical tests in accordance with AS/NZS 4671:2001. The tests include tensile testing,
rebend testing followed by tensile testing on the same specimens, and hardness testing. These results
were reported in File Ref INZ1564806 dated 18t March 2004.

Following the variation to the original contract, further testing were included to study the weldability of
these rebar, surface geometry study, addition of 32mm size bars for the completeness of the study, and
the 180° bend test as per standard requirement for bars more than 20mm size. Results were added to
the report and is finalised as report reference INZ1564810, which is intended to replace all previous
reports.

Rebars were sourced from Pacific Steel (New Zealand), Natsteel (Singapore), and Amsteel (Malaysia)
through various local distributors to represent good sampling spread within the New Zealand market.

Results obtained from the tests showed concluding remarks and highlighted some issues such as mill
certificate accuracy, bar markings and their uniqueness, and physical property trends.
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1.0 Introduction

As the name implies, reinforcing steel is defined in the standard AS/NZS 4671:2001 — Steel Reinforcing
Materials “steel with a circular or practically circular cross section suitable for the reinforcement of
concrete”. There are several types of reinforcing steel and are classified by their shape, strength grade,
relative ductility and size.

Grade 500E reinforcing steel bars are so designated as having the strength grade of 500Mpa and
ductility class of ‘Earthquake’ (seismic) grade. It has come onto the New Zealand market recently in the
past few years to replace its predecessor Grade 430E of NZS 3402:1989. Studies conducted by the
University of Auckland and other sources have raised concerns over the performance of Grade 500E
steel, especially in the one instance, when based on the observation of a single bar, that the hardness of
the steel can vary significantly over a typicallength of bar.

The Building Industry Authority (BIA) has been carrying out the project to address these concerns by
confirming or otherwise the adequacy of Grade 500E steel for use in ductile structures. This was
achieved by testing a representative sample of product to examine any evidence of variation of
properties. SGS was invited the tender and was awarded the contract to perform this investigation to
clarify the properties of the Grade 500E steel.

2.0 Scope

The scope of work involves obtaining a representative sample of Grade 500E reinforcing steel bars
available in New Zealand from various local distributors. Three reinforcing steel manufacturers were
nominated, one being the local manufacturer Pacific Steel New Zealand while others were sourced from
Natsteel Singapore and Amsteel Malaysia.

The tests to be carried out as the original scope are listed as follows:

e Tensile tests in accordance with AS/NZS 4671 Clause 7.2.2

e Rebend tests in accordance with AS/NZS 4671 Clause 7.2.3 followed by tensile tests on the bars after
they have undergone the rebend test.

e Hardness tests on the bar cross-section traversing from core to edge using the Vickers

Hardness method.

2.1 Variation to the original scope

Further tests were added as variation to the original scope and these can be summarised as

follows:

e Variation to original scope to study bar markings and surface geometry in accordance with AS/NZS
4671 Clause 7.4 & Clause 9.

e Variation added to carry out tensile testing of 12mm size bars for further study of total elongation after
fracture.

¢ Variation added to carry out bend testing of all bar size above 20mm through the 180° bends as per
Clause 7.2.3.

e Variations added to carry out tensile testing of welded rebars on selected samples for the study of
weldability effects on the tensile properties.

e Variations added to carry out testing on 32mm size rebar for the completeness of the study.
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The tests were carried out in three places along the same bar. The sampling of specimens can be
referred to in Table 2.1 below.

| | Original Scope [ Variation to Original Scope |
Bar Size Mo, of Mo. of Tensile Rebend Hardness Bar Tota 1807 Weld-
i) Suppliers Bars per Tesis and Teats per Marking = Elong- Bend alility
Supplier  per Bar Tensile Bar and ation Test Study
Tests Surface Test oer
per Bar Geo- per Bar
i i _— . metry  Bar i
P12 3 ! 2 ! 3 2 ! 3 1 [ I 1 !
| & | 3 | 2 | 3 [ 2 3 [T - -1 2]
20 K} 2 i 2 31 1 - 2 B
25 K} 2 i 2 31 1 - 2 2
32 2 2 3 2 3 1 - 2 -
. Added | ! _ [ | P ; . !
Total 84 b& 84 14 6 32 10
Tests

Tabie 2.1: Scope of Test Specimens

Wherever possible, each of the two bars from the same supplier is opted to be of different production
batch. However, some bars sourced from Natsteel and Amsteel have not been able to meet this
requirement given the timing of tests and stock availability. Therefore two bars from the same production
batch were tested on Nasteel 12mm, 16mm, 20mm, 25mm and Amsteel 25mm bars.

3.0 Samples Identification

Due to large number of tests and specimens, and in the hope of easy referencing each test specimens
were identified using the following system:

“Manufacturer-Heat/Batch no.-(Tensile/Bend/Hard)(sample no.)” e.g. PAC-30471-T1.

Where two re-bars were of the same batch like those from Natsteel, the specimens were designated as
NAT-S34140-T1.1 for the first bar while NAT-S34140-T2.1 for the second.

Reporting of testing results were tabulated base on each bar size per page per type of test. Each test
report number will end with three digits bar size number e.g. INZ15648-report no.- 012 for 12mm
diameter bar.

Analysis of data where individual specimens cut from the same bar when taken average would be
designated, for example, as PAC-30471-12 for the 12mm diameter bar.
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4.0 Mechanical Testing

All Pacific Steel rebars arrived in 6m lengths while the Natsteel bars arrived in 6m lengths already pre-cut
in halves. The Amsteel bar however arrived in 3m lengths. Test specimens for a length of bars were cut
at three places i.e. 2 at each end and 1 at mid section along the same bar as shown in Figure 1 below.

Ao RSN, P A,
H1ogh o s
Tensile #1 Tensile #2 [ Hardness #3 [
Bend #1 Bend #2 Tensile #3
Discard Hardness #1 Hardness #2 Discard

Figure 1 Test specimen location along a bar

4.1 Bar Markings and Surface Geometry

Bar markings and surface geometry of the rebars were identified in accordance with the standard clause
already specified in the above scope. Bar markings was assessed visually to confirm presence of the bar
unique identification system, which shall enable the steel producer and/or the strength grade to be
identified.

The surface geometry testing was carried out to study its bond strength characteristics with concrete
through the criterion of specific projected area fr as set out in the standard. One of each of the different
size bar samples from each supplier was studied for this surface geometrical property.

4.2 Tensile Testing

Tensile testing of rebars was conducted in accordance with the standard clause already specified in the
above scope. The properties that can be obtained from the test are the yield stress (ReL), the ultimate
tensile stress (Rm) and the uniform elongation (Agt). The Agt of each tensile specimen was determined in
accordance with ISO 10606. Note that Aqgtis relatively recent with many specifications only requiring the
generic elongation method such as in the previous specification NZS 3402. The later, i.e. the total
elongation after fracture was carried out on the 12mm bar sizes as a variation to the original scope to
study its trend.

All of these tensile values are used to determine if the bars comply with the characteristic mechanical
properties as set out in Table 2 of AS/NZS 4671:2001.

Three tensile specimens were cut using the cut off saw at places shown in Figure 1 above. After taken
into account of minimum clearance and gauge length as stated in ISO 10606, the total length for each
tensile specimen was 500mm except for 32mm size bar the length is 850mm. Gauge length of 50mm at
interval of 25mm along the free length of the specimen was used.
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Figure 2: Tensile test sef up

Figure 2 above shows an example that all specimens were subject to full section longitudinal tensile
stress. Notice the white gauge markings along the length of the specimen.

The yield stresses of the steel bar were determined through observation of yield phenomena that
fluctuates the tensile machine scale.

4.3 Rebend Tests Followed by Tensile Testing

Reverse bend tests were conducted in accordance with the standard clause specified in the above scope
using the guided bend test method. Reverse bend tests for the 20mm and 25mm bars were not tested in

accordance with the standard clause as will be explained later. The test involves the initial bending of test
specimen according to mandrel size and bending angle as set out in Table 4 of AS/NZS 4671:2001. The

specimen was then aged in 100°C bath for 1 hour, left to cooled to room temperature before subjecting it

to reverse bend (straightened) in the same initial angle.

After the reverse bends there shall be no visible evidence of cracking on the surface of the test bar. At the
end of these, the straightened bars were subject to tensile test to study if there were any changes to the
mechanical properties.

It was not required in the standard to rebend the 20mm, 25mm and 32mm bars after the initial 180° bend.
However, for the purpose of this study, initial trials to rebend the 180° angle were attempted but leading
only to bars fracturing during straightening. For this reason, it was varied from the standard that the initial
bending angle be the same as 12mm and 16mm bar i.e. 90° angles.

Later as testing progresses, there was variation added to the original scope to carry out the full 180° bend
test on all 20mm, 25mm and 32mm size bars as per the standard for compliance requirements.

Two bend test specimens were cut off at two places along the same length of a single bar as shown in
Figure 1 previously. Figure 3 and 4 shows the set up of guided bend and rebend test. It consists of a
mandrel pushing down against the bar supported by a set of two rollers. The rebend jig set up is just the
reverse of the guided bend. It consists of sandwich plates on both sides of the bar. The bar is seated on
the rolling plates.
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Figure 3: Guided bend jig set up Figure 4 Reverse guided bend jig

4.4 Welding of Rebar for Tensile Testing

The effect of welding of this bar grade on the tensile properties was studied. 10 different combinations of
bar sizes and manufacturers were nominated and welded in accordance with AS/NZS 1554.3:2002 —
Structural steel welding Part 3: Welding of reinforcing steel.

As per standard requirement for prequalified welding procedures, the parameters used for welding the
rebar were specified as follow:

e Type BD-3a joint preparation for double-V butt splice

e E5518 and E6218 welding consumables selected for the weld metal’s minimum tensile strength of
550MPa and 620MPa respectively. Due to no stock availability of this type of welding electrode, the
American equivalent electrodes were used for this test i.e. the AWS A5.5 E8015-B3L to replace the
E5518 while AWS A5.5 E9016-B3 replaces the E6218.

o Welder’s skill qualification to NZS4711 were employed to carry out the welding

e Supervision during joint preparation and welding was carried out to ensure consistency of

testing.

The bars selected for welding were as follows:

e 2 no’s of 16mm bars from Pacific Steel,

e 2 no’s of 20mm bars from each of the 3 suppliers, and
e 2 no’s of 26mm bars from Pacific Steel.

Each 5 bars out of the 10 were used for welding with the respective 550MPa and 620MPa
electrodes.

4.5 Vickers Hardness Testing

Although it was not specified in the AS/NZS 4671 standard that hardness test is necessary, previous
investigation raised this as an issue to further investigate and verify the distribution of hardness along the
same length of bars. The hardness distribution was obtained by traversing the cross section of the rebar
specimens from core to edge at four intervals as shown in Figure 5 below.
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Figure 5. Hardness traverse from core fo edge

The method of hardness test adopted was the Vickers scale and was carried out in accordance with
AS1817. The indentation load of 10kg was selected for the range of this anticipated steel hardness. The

hardness test specimens were nominated at three places along the length of a single bar as shown in
Figure 1 earlier.

Report on Grade 500E Steel Reinforcement 51



5.0 Results and Findings

Bar markings, surface geometry, tensile, bending, welding and hardness results were tabulated and
presented as Appendices of this report.

5.1 Bar Markings and Surface Geometry

Bar markings unique to each manufacturer can be shown in Figure 6, 7 and 8 below.

Figure 6: Amstee! bars consist of two rows of
crescent shaped ftransverse nbs reversing in
direction on opposite sides of the bar with two
additional longitudinal ribs on one side. On the
other side there is one longitudinal mark joining
two consecutive ribs, spaced at 1m apart.

Figure 7. Matsteel bars consists of two rows of
transverse nibs reversing in direction on opposite
sides of the bar with 3 additional longitudinal ribs

e Sk Sk — - - one on one side and two on the other. Cn the
o — *\%%‘Hhﬂ%*% sides with two longitudinal ribs, there are two
== y longitudinal marks deformed in between two
- consecutive rnbs, spaced at {m apart.

—

Figure 8: Pacific Steel bars can be identified by
two rows of uniform height transverse rnibs
reversing in direclion on opposite sides of the bar
and have on one sides, two missed deformations
adjacent fto two additional longitudinal bars
Jjoining two consecutive ribs. There s
alphanumerical marking “SEISMIC 500" adjacent
to the missed deformations spaced at 1m apart.

Results for the surface geometry were tabulated in the Appendix Test Report No. INZ1564808. Note that
the non-compliance to acceptance criteria is highlighted in red.
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5.2 Tensile Results

Tensile results are reported in the Appendix Test Report No. INZ1564801 series. Yield stress (ReL) and
the ultimate tensile stress (Rm) values for all the tensile specimens were plotted in Chart 1. As can be
seen, specimen AM-120388-T3 of 20mm bar has the lowest test values corresponding to Re.=497MPa
while the maximum Re.= 583MPa is observed from specimen NAT-RGB77-T3 of 32mm bar.

In Chart 2, 3, and 4, the values of the 3 test specimens representing the same bar were averaged. These
averaged results were plotted in comparison with the respective mill values and the minimum acceptance
criteria. Chart 2 plots the average values of Yield Stress (ReL) and Ultimate Tensile Stress (Rm) for each
bar. Chart 3 plots the average values of Tensile Stress Ratio (Rm/ReL) while Chart 4 shows the average
values of Uniform Elongation (Agt).

5.3 Reverse Bend Results

Reverse bend results can be viewed from the Appendix Test Report No. INZ1564802 series. All 12mm
and 16mm bars comply with the standard requirements without significant findings before and after
bending.

However, all of 25mm, 32mm and majority of 20mm size bars tested developed surface cracks after
reverse bends. Note that there is no compliance requirement as per standard for these sizes for the
reverse bend test.

There is only one of each of the 25mm and 32mm bars that fractured during the re-bending process as
shown in Figure 9. Figure 10 shows typical surface cracks that are generally found at the region of bends,
along and underneath both sides of a rib mark that extend to about 3-5 ribs. Maximum crack lengths are
normally up to 20mm.

Figure 9 Fracture during straightening Figure 10: Example of surface cracks

Severe cracks up to 6mm deep were observed in 32mm bars after reverse bends. Figure 11 and Figure
12 shows the relative size of cracks in the 32mm bars. All the 32mm bars tested have combination of
cracks along the bend region i.e. from just surface cracks at the outer region of bend radius like those
shown in Figure 10 to deep cracks at the highest strained region, except that NAT-RGB77-B1 and NAT-
S42770-B1 showed only minor surface cracks.

Apart from all these, there are no other significant findings on the bars after the initial bend. The full
180° bend test for bar size above 20mm have also complied with the criteria.
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Figure 11 Crack profile Figure 12: Surface cracks and deep cracks

5.4 Tensile Properties after Reverse Bends

Further studies of tensile properties of those bars after undergone the reverse bend test were presented
in Chart 6, 7, 8 and 9 to compare the values from the previous charts i.e. the initial tensile specimen
results. Each chart respectively shows the comparison of UTS (Rm), Yield Stress (ReL), Stress Ratio
(Rm/Rer), and Uniform Elongation (Agt) before and after reverse bend test.

The location of fracture in relation to the bend and rebend region is reported in the Appendix Test Report
No. INZ1564804 series.

5.5 Tensile Properties after Welding

Tensile results after welding are reported in Appendix Test Report No. INZ1564809. The fracture
locations of the welded bars were also reported.

The tensile properties were plotted in Chart 10, 11, 12, and 13 for comparison of trends with their
respective bar average values from Chart 2, 3, and 4.

5.6 Hardness Results

Vickers hardness traverse plots for 122mm, 16mm, 20mm, 25mm and 32mm bars were shown in Chart
14, 15, 16, 17 and 18 respectively. These charts plot the individual hardness readings for all the
specimens traversing from core to edge. Chart 19 plots the averaged of these core-to-edge values for all
the specimens stated. The raw data can also be referred to in Appendix Test Report No. INZ1564803
series.
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6.0 Results Discussion
6.1 Bar Markings and Surface Geometry

Pacific Steel bars complied with the standard requirement of alphanumerical and unique characteristics
of deformation patterns. Both Natsteel and Amsteel have some form of characteristic deformation
patterns but they do not have the alphanumerical markings. Despite the commercial claims that both
Natsteel and Amsteel have bar markings that are unique to their range of imported products in the New
Zealand market, it is not easily distinguishable, as they look somewhat similar to some other grades in
the AS/NZS 4671 standard. For instance, both Natsteel and Amsteel when compared casually would look
like the New Zealand grade 500N. The lack of alphanumerical markings would also prove difficult for
construction site workers to identify the strength grade.

The surface geometry test of all 3 suppliers and sizes was carried out mainly for the purpose of
confirming the adequacy of bond strength to concrete through the calculation of specific projected area fr,
and that all complies with the minimum requirement of 0.056. There are other minor non-compliances
with the deformation parameters and these include the longitudinal rib height requirement of Natsteel
bars, and rib inclination angle requirement of Natsteel and 16mm Pacific Steel bars.

6.2 Tensile Properties Comparison with Mills and Acceptance Criterion

Referring to Chart 2, while all bars passed the minimum yield stress of 500MPa except for the 20mm AM-
120388-20, the consistency of both the ReL and Rm as compared to the mill values is not very obvious.
This might lead to a concern that raises the question if the mill certificates were supplied accurately.
Despite the differences, most bars tested are showing average stresses lower than those reported in the
mill certificate except for only few of the large size bars.

In Chart 3, it is found that most Natsteel bars did not conform to the minimum acceptable ratio of 1.15 as
per standard requirement. In line with this, the corresponding mill certificates are also reporting values
just marginally over the minimum requirements. All other bars tested comply, although AM-120838-16 bar
is showing mill values that did not comply.

The minimum acceptance criterion for the uniform elongation (Agt) required by the standard is 10%. All
bars tested passed the criteria as shown in Chart 4. Note that some mill certificates reported only the total
elongation instead of the required Agt values; therefore these values are left blank in the graph. Hence,
further studies on the total elongation of the 12mm bars were carried out to confirm the mill values. Chart
5 plots the total elongation (A) comparison. Note that Natsteel bars are consistent with mill values
whereas the Amsteel bars show differential values of up to 9%.

6.3 Tensile Properties Comparison Before and After Reverse Bend

Chart 6, 7 and 8 each shows respectively the UTS (Rm) and yield stress (ReL) comparison before and
after reverse bend. There is no significant difference between these values for bar size 12mm and 16mm.
As for the bigger size bars i.e. the 20mm 25mm and 32mm the only significant differences in the values of
UTS, Yield and hence the Tensile Stress Ratio (Rm/ReL) are noticeable on the bars that have premature
failure due to large cracks.

Chart 9 shows the uniform elongation (Agt) comparison. Note that all Agt values were lower than the Agt
before bending and the minimum acceptance criterion. This has been expected because of the fact that
the original gauge marks (Lo) were only taken after the bars had undergone some stage of work
hardening or plastic deformation during the reverse bend process.

One finding is that most bars that had undergone the reverse bend, when subject to tensile tests they
break at the region outside the bent section as can be shown in Figure 13. Note that the bent section is in
the middle section of the bars in the Figure.
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There are however, some specimens that fractured inside the bent section where there is presence of
surface cracks. It is believed that these cracks may have directly affected the fracture location. Figure 14
shows a close up of the typical fracture lips of a specimen due to surface cracks.

Figure 13: Examples of fracture location Figure 14: Cracks leading fo fracture as
and cracks region as marked in white marked
relative to bent section in the middle.

For specimens with fracture location outside the bent section, it is believed that this is the location where
that section of the bar have not been deformed plastically therefore giving rise to yield point phenomena
as observed. This may explain the small differences in Rmand ReL values discussed earlier.

6.4 Tensile Properties Comparison Before and After Welding

Out of the 10 bars welded, all the 2 Natsteel bars and 1 Amsteel bars fractured at weld joint fusion line.
All others fractured at parent metal. One of Natsteel bars fractured with the 550MPa electrode whereas
the other Natsteel and the one Amsteel fractured with the 620MPa electrode.

Although there were 3 welded bars that fractured at the weld joints, Chart 11 shows that their respective
yield values (ReL) are very close to the original unwelded samples with all having exceeded the minimum
ReL requirement. Only the AM-120388-20 bar that did not comply with the original ReL as discussed in the
earlier tensile section. Maximum differential yield stress is 15MPa.

Chart 10 showed that all welded bars, including the 3 samples that fractured at weld joint, passed the
original bar minimum UTS requirement of 575MPa and the respective electrode minimum UTS. Only the
weld joint failure of AM-120396-20 sample that it did not passed the minimum electrode UTS of 620MPa.

Studying only the UTS values in Chart 10 may be misleading and conclusion should not be drawn to pass
the welding procedure. Chart 12 confirms this argument that the one important parameters of seismic
grade reinforcing bars i.e. the Rm/ReLratio is greatly different from the original unwelded bar especially
seen on the Natsteel bars. Chart 13 also shows significant differential Agtvalues of up to 7%.

The overall trend suggested that the choice of welding consumables might play an important role in the
strength of the reinforcing bars. The two types of electrode used may suit Pacific Steel bars very well and
part of Amsteel bars. They may not suit the Natsteel bars but can only be confirmed with more test
samples.
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6.5 Hardness Properties

From Chart 14 to Chart 18, notice the trend for each of the bar sizes that hardness distribution are
generally increasing from core to edge, although there are some scattering of hardness readings from
core to edge. Pacific Steel bars generally showed better uniformity of hardness distribution than Natsteel
and Amsteel.

As can be seen from Chart 19, the average traverse results showed small variations of hardness
throughout a length of bars, although only a few that is scattering. Pacific Steel and Natsteel bars showed
better uniformity of hardness regardless of bar size. Amsteel however has significant hardness trends.

These can reasonably confirmed that the rebars hardness is consistent along the lengths, but varied
quite significantly within the cross sections. Nevertheless, the trend seems to be improving towards the
larger size bars.

6.6 Comments on the Seismic Grade Reinforcing Steel

Part of the design of the seismic grade of reinforcing bars with the requirement of minimum Ret, Rm/ReL
ratio, and uniform elongation Agtis to ensure that the reinforcing bars are able to cope with the huge
seismic demand during severe earthquakes in order to control damage or to avoid catastrophic damage
on civil structures. This can be achieved because the reinforcing steels are so designed that when loaded
beyond yielding or plastic deformation, the yielding is not confined to that localised point where it first
commences and therefore allowing greater ductility throughout the length of bars.

This phenomenon explains why some bars tested have fractured outside the bent region. Unlike the
micro alloy process of Pacific Steel, the in-line quench and temper Natsteel and Amsteel do not show
such consistent trends due to the nature of its microstructure directly affecting the failure mode.
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7.0 Conclusion

¢ In line with the scope of this project to carry out an investigation to clarify properties of Grade 500E
reinforcing steel bars, conclusions are drawn only based on the results and findings.

e The local reinforcing steel complies with the bar markings requirement but not the imported ones.
e Surface geometry study reveals that all bars tested comply with the minimum specific projected area fR
but there are some other parameter requirements that have not been met to reflect the adequacy of bond

strength characteristics to concrete.

o All bars tested passed minimum vyield stress (ReL) requirement, but there are some that do not comply
with the uniform elongation (Agt) and stress ratio (Rm/ReL) requirements.

¢ All bars tested have some tensile results varied quite significantly with mill certificate.

e All 12mm and 16mm bars tested comply with reverse bend requirements without visible surface cracks
developing. There are no compliance requirements for the 20mm, 25mm and 32mm bars even though
majority of these developed surface cracks.

o All bars tested for the full 180° bend comply with the standard requirement.

¢ All tensile results of bars after the reverse bend tests have similar values to the original bars in Rmand
ReL except for bars that have severe cracks. All Agtvalues were lower than the original bars. The fracture

locations were identified with majority of the bars breaking outside the bent section.

¢ All welded bars tested exceeded the parent metal minimum UTS, but there are some bars that did not
fully comply with other requirements of stress ratio and uniform elongation.

¢ Vickers hardness readings indicated variation of hardness at the cross sections but acceptable
consistency throughout the lengths of the bar.
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8.0 Recommendations

e For bars that do not fully comply with the surface geometry requirements, it is recommended that the
actual bond test performance on concrete be carried out as set out in the AS/NZS 4671 standard.

¢ Independently test the new reinforcing steel shipments that arrive in New Zealand to validate the
accuracy of mill certificates.

e The weldability studies of imported reinforcing bars should be carried out more extensively to include
larger number of bars as well as choices of welding consumables.

¢ Further the metallurgical condition of the material such as grain size and refinement is likely to have a
significant impact on performance and hence the resulting physical properties. This relationship should
also be considered.

e Expand existing testing regime to include greater number of sample batches to further validate some
possible trend from the data obtained.
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TESTREPORT No.. _ INZ1564801-012 T
Client: Building Industry Authonty
Crder Mo MIA

Sample Description: Reinforcing Bars
Sample |dentification: As Listed Below
Material Specification: Grade DS00E
Tested in accordance with: ASINZS 4671:2001

Tensile: Conditions a.

Temperature: Ambient (23 +5°C)

Amengments 1o this cerficate are not aliowed unless such
amendments are approved and effected by SGS MEW
ZEALAND LIMITED. Reproouction withoul permission Is not
aliowabie uniess In full conbent

Tyoe: Full Section b. Uncerainty of Measurement. = 1 MPa
Specimen Axis: Longitudinal c. Sirain Ratz Uncontrolled
d. L.=50mm
g. Other: 85 EM 10204 3-1B A1 1596
Specimen Diameser ¥izlo Uiimate Tenslle | Ratio origina Unifom Commeris
] Sfress (Rw) | Slrength (fm) | (Rmy{Rel) | Gauge Length Lo | Elongation jAg) < - Compiles,
[rm} [MFa) (MFa) [rm} %) DNE - Does Nat Comply
PAC-30471-T1 12 527 655 1.24 50 14.3
PAC-30471-T2 12 529 653 1.23 50 12.3
PAC-30471-T3 12 529 653 1.24 50 11.3
PAC-31077-T1 12 527 656 1.24 50 12.5
PAC-31077-T2 12 529 654 1.24 50 11.3
PAC-31077-T3 12 529 654 1.24 50 12.3
NAT-534140-T1.1 12 508 562 1.11 50 11.3 DNC Ratio only
NAT-334140-T1.2 12 503 559 1.11 50 11.3 DNC Ratio only
NAT-534140-T1.3 12 508 562 1.11 50 10.3 DNC Ratio only
NAT-534140-T2.1 12 500 561 1.12 50 11.3 DNC Ratio only
NAT-534140-T2.2 12 504 562 1.12 50 12.3 DNC Ratio only
NAT-334140-T2.3 12 503 561 1.11 50 12.3 DNC Ratio only
AM-116784-T1 12 508 604 1.19 50 10.3
AM-116784-T2 12 511 604 1.18 50 12.3
AM-116784-T3 12 521 604 1.16 50 12.3
AM-120520-T1 12 539 622 1.15 50 14.3
AM-120820-T2 12 539 625 1.16 50 13.3
AM-120820-T3 12 541 624 1.15 50 11.3
Min. 500 559 1.11 10.3
Maxx. 541 B56 1.24 14.3
Average 520 610 1.17 12.0
Acceptance Criteria: | Minimum| 500 1.15 10.0
Tested By: L Kong Date: 14-Apr-04
Checked By- D Currie Date: 14-Apr-04

Sampies will be rataned for bwo (2) wesks aftier t2st dale before disposal al 5G5 Mew Zealand
Umiteds discretion. Returning of samplkes o be advised In wriling a1 She Ume of festing
(when agreed by SGE New Zealand Limited) or rebum of samples a1 client's expense.

Shorage

1AAF101 Rev 0
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TEST REPORT No..

INZ1564801-016

Client:

Crder Mo.:

Sample Description:
Sample ldentification:
Materal Specification:

Tested in accordancs with:

Building Industry Authority

A
Reinforcing Bars

As Listed Below

Grade DS00E

ASINZS 4671:2001

Tensile:

Conditions a.

Temperature: Ambient {23 + 5°C)

aliowable uniess In full content

Amenoments 1o this cerifficats are not allowsd unless such
amendments are approved and efected Dy SG3 MEW
ZEALAND LIMITED. Reprocuction without permission Is nol

Samples will be relained for two (2) wesks afler test date before disposal at 553 Mew Zealand
Limiteds discretion. Returning of samples {0 b2 advised In writing a2 e Ome of testing

Type: Full Section k. Uncerainty of Measurement. =1 MPa
Specimen Axis: Longitudinal c. Sirain Rate Uncontrolled
d. L.=50mm
e. Other: 85 EM 10204 3-1B A1 15896
Specimen Clamesar fielo Urmimatz Tenslle | Ratia origina Unifam Commeris
) Siress (Ra) | Stengt(fm) | (Rmy(Rel) | Gauge Lengin (Lo | Elongation jag) C - Compiles,

rm} [MFa) [MFa) mm) %) DNE - Does Mot Comgly
PAC-30755-T1 16 537 684 1.27 50 13.3
PAC-30755-T2 16 540 B81 1.26 50 16.3
PAC-30755-T3 16 540 B84 1.27 50 15.3
PAC-30756-T1 16 545 681 1.25 50 14.3
PAC-30756-T2 16 542 681 1.26 50 14.3
PAC-30756-T3 16 542 B81 1.26 50 14.3
NAT-338526-T1.1 16 510 597 1.17 50 12.3
MNAT-538526-T1.2 16 502 597 1.19 50 11.3
MNAT-538526-T1.3 16 507 587 1.16 50 11.3

NAT-538526-T2.1 16 525 599 1.14 50 12.3 DNC Ratio only
NAT-338526-T2.2 16 502 592 1.18 50 12.3
NAT-538526-T2.3 16 505 597 1.18 50 12.3
AM-120829-T1 16 530 612 1.15 50 14.7
AM-120829-T2 16 530 617 1.16 50 13.3
AM-120829-T3 16 532 617 1.16 50 13.9
AM-120538-T1 16 537 634 1.18 50 10.3
AM-120838-T2 16 542 629 1.16 50 11.3
AM-120838-T3 16 547 B34 1.16 50 14.3
Min. 502 587 1.14 10.3
Ma. 547 684 1.27 16.3
Average 529 B34 1.20 13.2
Acceptance Criteria: | Minimum| 500 1.15 10.0

Tested By: L Kong Date: 14-Apr-04
Checked By: D Currie Date: 14-Apr-04

(when agraed by SGE New Zealand Limited) or rebum of samples a1 client's expense.

Shorage|

144F101 Rev O
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TEST REPORT No.:

INZ1564801-020

Client:

Crder Mo.:

Zample Description:
Sample ldentification:
Material Specification:

Tested in accordance with:

Building Industry Autharity
MIA
Reinforcing Bars
As Listed Below
Grade DA0O0E
ASINZS 4671:2001

Tensile:

Conditions a. Tempsrare: Ambient (23 + 5°C)

alowabde wnigss in ful conient

Amendments o this cerificate are not aliowed unless such
amendments ane approved and esffeci=d by FGE NEW

ZEALAND LIMITED. Reproduction without pemission s mod

Type: Full Section b. Uncerainty of Measurement: + 1 MFa
Specimen Axis: Longitudinal c. Strain Rate Uncentrolled
d. L=50mm
e. Other: B5 EM 10204 2-1B A1 1886
Spacimen Deameer wisid | Utimate Tenzie | mave orgin urfzm Cammens
= 3yess Ryl | 2vengthRmy | (RmyrRes) | Sauge Length L) | Slongation (Al C - Compiles
[rmini} {MPaj {MPa) i %] CME - Doas Mot Comply
PAC-30078-T1 20 547 683 1.25 50 17.3
PAC-30076-T2 20 546 621 1.25 50 14 3
PAC-30076-T3 20 546 683 1.25 50 16.3
PAC-31118-T1 20 543 gy 1.25 50 15.9
PAC-31118-T2 20 538 680 1.26 50 139
PAC-31118-T3 20 538 683 1.27 50 15.3
NAT-535858-T1.1] 20 557 653 1.15 50 10.3
MNAT-535B58-T1.2| 20 568 551 1.146 50 11.3 DMC Ratio only
MAT-335B58-T1.3| 20 BET 651 1.144 50 9.3 DNC Ratio & Agt
NAT-535858-T21| 20 575 659 1.147 50 11.3 DMC Ratio only
MNAT-S35B58-T2.2| 20 570 B5T 1.15 50 9.3 DNC Ratio & Agt
MNAT-535858-T2.3] 20 576 659 1.14 50 10.3 DMC Ratio only
AM-120388-T1 20 498 602 1.21 50 14.7 DMC Yield only
AM-120388-T2 20 501 hO8 1.159 50 159
AM-120388-T3 20 447 h24 1.20 50 15.9 DMNC Yield only
AM-120396-T1 20 4997 602 1.20 50 15.3 DMC Yield only
AM-120386-T2 20 503 600 1.159 50 17.9
AM-120386-T3 20 503 h98 1.15 50 15.3
Min. 447 504 1.14 9.3
Mo, 576 683 1.27 17.9
Averags 538 645 1.20 13.9
Acceptance Criteria:| Minimum | 500 1.15 10.0
Tested By: L Kong Diate: 14-Apr-04
Chacked By: D Currig Diate: 14-Apr-04

Zampies wil be reiained for two (2) wes=ks after i=s1 cate before disposal at 233 New Zealand
Limlied's discretion. Reterning of samples to be advised In writing a% the time of besting. Storage
(when agreed by S5 New Zealand Limkzd) or retum of sampies at clent's sxpense

AAFIDY Rev D
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TEST REPORT No.: INZ1564801-025
Clignt: Building Industry Authority
Order No.: MIA
Sample Description: Reinforcing Bars
Sample Identification: As Listed Below
Material Specification: Grade DA0O0E
Tested in accordance with: ASINZS 4671:2001
Tensile: Conditions a. Temperare: Ambiznt (23 + 5°C)
Type: Full Section b. Unceriainty of Measurement: +1 MPa
Specimen Axis: Longiwudinal c. Sirain Rate Uncontrolled
d. L=50mm
g. Other: B5 EN 10204 3-1B A1 1986
Specimen Dilamsisr Yield iimate Tensle Ratic origina Unificrm Commenss
(1] Sress (Rl ATmngth (Rm) (RmuRel) | Sauge Langth (L0 | Elongaton (A - Complles
i FAPa) FPaj frm 5] DME - Does KMok Comply
PAC-30580-T1 25 530 666 1.26 50 143
PAC-30580-T2 25 524 664 27 50 123
PAC-30580-T3 25 522 664 127 50 133
PAC-31128-T1 25 a72 719 1.26 50 12 4
PAC-31128-T2 25 572 725 127 50 12.4
PAC-31128-T3 25 570 729 1.28 50 10.4
NAT-S35830-T1.1 25 a72 656 1.146 50 123 DNC Ratio only
NAT-S35830-T1.2 25 572 656 1.146 25 123 DMC Ratio only
MNAT-S35830-T1.3 25 673 666 1.18 50 113
NAT-S35830-T2 1 25 G64 646 1.14 50 9.9 DNC Ratio & Agt
MNAT-S35830-T2.2 25 563 644 1.14 50 103 DMC Ratio only
NAT-S35830-T2.3 25 G564 646 114 50 103 DNC Ratio only
AM-123405-T1 1 25 a68 672 1.18 50 103
AM-123405-T1.2 25 574 676 1.18 50 103
AM-123405-T1.3 25 a70 672 1.18 50 103
AM-123405-T21 25 574 675 1.18 50 103
AM-123405-T2.2 25 57T 680 1.18 50 113
AM-123405-T2.3 25 674 676 1.18 50 113
Min. 22 644 1.14 899
Mae. 57T 729 1.28 14 3
Average 563 674 1.20 11.4
Acceptance Criteria:| Minimum 500 1.15 10.0
Tested By: L Kong Date: 9-Aug-04
Checked By: D Currig Date: 9-Aug-04
Amendments o thiz cerifficate sre not oallomed unless such SampiEs wll be retwimed for bwo (2) wesis sfter =zt dmiz before disposal at 35332 Mew Zealand
amendmenss anre approved and eHecied by 2G5 NEW Limied's discretion. Returning of samples to be advissd In wiiting a2 the time of besting. 3torage
ZEALAWD LIMITED. Reproduction wihout permission Is mot (when agreed by SG5 Mew Zealand Limbed) or retum of sampies at clent's sxpernse
aflowable unless In ful conmient

AAFIDT Rev D
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TEST REPORT No.: INZ1564801-032
Clignt: Building Industry Authority
Order No.: MIA
Sample Description: Reinforcing Bars
Sample Identification: As Listed Below
Material Specification: Grade DA0O0E
Tested in accordance with: ASINZS 4671:2001
Tensile: Conditions a. Temperare: Ambiznt (23 + 5°C)
Type: Full Section b. Unceriainty of Measurement: +1 MPa
Specimen Axis: Longiwudinal c. Sirain Rate Uncontrolled
d. L=50mm
g. Other: B35 EM 10204 3-1B A1 1988
Specimen Dilamsisr Yield iimate Tensle Ratic origina Unificrm Commenss
(1] Sress (Rl ATmngth (Rm) (RmuRel) | Sauge Langth (L0 | Elongaton (A - Complles
e FAPa) FPaj frm 5] DME - Does KMok Comply
PAC-25917-T1 32 815 658 1.28 50 127
PAC-25017-T2 32 515 658 1.28 50 14 3
PAC-25017-T3 32 520 ilili] 1.28 50 133
PAC-30979-T1 32 530 G683 1.29 50 143
PAC-30979-T2 32 528 581 1.29 50 133
PAC-30979-T3 32 527 681 1.29 50 133
NAT-RGBT7-T1 32 581 705 1.21 50 10.4
MAT-RGBT7-T2 32 576 706 123 50 10.4
MAT-RGBT7-T3 32 683 706 1.21 50 005 OMC Elongation Only
NAT-542770-T1 32 532 639 1.20 50 103
MAT-542770-T2 32 531 638 1.20 50 103
MAT-542770-T3 32 f33 639 1.20 50 103
Wi 515 538 1.20 10.0
Mae. 583 706 1.29 14 3
Average 539 672 125 11.9
Acceptance Criteria:| Minimum 500 1.15 10.0
Tested By: L Kong Diate: 30-Jun-04
Checked By: D Currig Date: 30-Jun-04
Amendments o thiz cerifficate sre not oallomed unless such SampiEs wll be retwimed for bwo (2) wesis sfter =zt dmiz before disposal at 35332 Mew Zealand
amendmenss anre approved and eHecied by 2G5 NEW Limied's discretion. Returning of samples to be advissd In wiiting a2 the time of besting. 3torage
ZEALAWD LIMITED. Reproduction wihout permission Is mot (when agreed by SG5 Mew Zealand Limbed) or retum of sampies at clent's sxpernse
aflowable unless In ful conmient

AAFIDT Rev D
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TEST REPORT No.:

INZ1564802-012

Client:

Crder Mo.:

Sample Descripfion:
dentification:

Material Specification:
Tested in accordance with:

Building Industry Authority

/A

12mm Reinforcing Bars
As Listed Below

Grade D500E

ASINZS 4671:2001

Reverse Bend Tests

Conditions a. Type: Guided Bend
b. Axis: Longitudinal
c. Former Diameter: 4d (48mm)
d. Order: Bend to 90°, Age 100°C 1hr, Reverse bend to 90° (Straightened)

Specimen Findings After Findings After Results
1st Bend Reverse Bend
PAC-30471-81 Mil No visible surface cracks Complies
PAC-30471-B2 Mil No visible surface cracks Complies
PAC-31077-B1 Mil Mo visible surface cracks Complies
PAC-31077-B2 Mil No visible surface cracks Complies
NAT-534140-B1.1 Mil No visible surface cracks Complies
NAT-534140-B1.2 Mil No visible surface cracks Complies
NAT-534140-B2.1 Mil No visible surface cracks Complies
NAT-534140-B2.2 Mil No visible surface cracks Complies
AM-116784-B1 Mil No visible surface cracks Complies
AM-116784-B2 Mil No visible surface cracks Complies
AM-120620-B1 Mil No visible surface cracks Complies
AM-120620-B2 Mil No visible surface cracks Complies

Acceptance Criteria:

Tested ly:

Checked by:

Amendments to this certiicate are not allowed unless sUsh
amendments are approved and effect by 355 NEW ZEALAND
LIMITED. Reproduction without permission |s not allowsble unless In

ASINZS 4671:2001 Sect7.2.3
L Kang Date:

D Currie Date:

14-Apr-04

14-Apr-04

Samples will be retalned for two (2} weeks afer test date before glsposal i G5 Mew Zealand Limit's
glscredion. Retuming of samples 1o be advised Inariling. Slorage (when agresd by 563 New Zaaland
Limited] ar retum of samples a1 client's expanse.

1AAF10S
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TEST REPORT No.: INZ1564802-016
Client: Building Industry Autharity
Cirder Mo.: NIA
Sample Description: 16mm Reinforcing Bars
denfification: As Listed Below
Material Specification: Grade DS00E
Tested in accordance with: ASINZS 4671:2001
Reverse Bend Tests
Conditions a. Type: Guided Bend
b. Axis: Longitudinal
c. Former Diameter: 4d (6dmm)
d. Order: Bend to 90° Age 100°C 1hr, Reverse bend to 90° (Straightened)
Specimen Findings After Findings After Results
1st Bend Reverse Bend
PAC-30755-B1 Mil Mo visible surface cracks Complies
PAC-30755-B2 Mil Mo visible surface cracks Complies
PAC-30756-B1 Mil Mo visible surface cracks Complies
PAC-30756-B2 Nil Mo visible surface cracks Complies
NAT-538526-B1.1 Nil Mo visible surface cracks Complies
NAT-538526-B1.2 Nil Mo visible surface cracks Complies
NAT-S38526-B2.1 il Mo visible surface cracks Complies
NAT-538526-B2.2 Mil Mo visible surface cracks Complies
AM-120829-B1 Mil Surface cracks at ribs developing | Does not comply
AM-120829-B2 Nil Surface cracks at ribs Does not comply
AM-120838-B1 Nil Surface cracks at ribs developing | Does not comply
AM-120836-B2 Mil Surface cracks at ribs developing | Does not comply
Acceptance Criteria: ASINZS 4671:2001 Sect 7.2.3
Tested by: L Kong Date: 14-Apr-04
Checked by: D Currie Date: 14-Apr-04
Amendments o this certificale are not allowed unless such Zamples will be retained far two (2) weeaks after tasl date before dlsposal a1 5G5S New Zealand Limit's
amendments are a:p'\:u.'ad and effact D‘\' S5 NEW ZEALAKD lscretion HE'.JF"IlI'l; DTEE"I'P' =6 to b= advised In 'f-Tleg. SLCI'EEE (when agreed :}'333 Mew Zaaland
LIMITED. Reproduction withcut permisslon 1= not allowsble unless In Lirmited) or retum of samples & client's expanse.

lAAF109
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TEST REPORT No.: INZ1564802-020

Client: Building Industry Authority
Order Ma.: MiA

Sample Description: 20mm Reinforcing Bars
dentification: As Listed Below

Material Specification: Grade DS00E

Tested in accordance with: ASINZS 4671:2001

Reverse Bend Tests

Conditions a. Type:

Guided Bend

b. Axis: Longitudinal
c. Former Diameter: 4d (80mm)
d. Order: Bend to 90° Age 100°C 1hr, Reverse bend to 90° (Straightened)
e. Exceptions: 90° bend instead of 160° as per standard
Specimen Findings After Findings After Results
1st Bend Reverse Bend [See note)
PAC-30076-B1 Mil Surface cracks at ribs
PAC-30076-B2 Nil Surface cracks at ribs
PAC-31115-B1 Mil Surface cracks at ribs
PAC-31119-B2 Nil Mo visible surface cracks
NAT-535858-B1.1 Nil Surface cracks at ribs
NAT-535858-B1.2 Mil Surface cracks at ribs
NAT-535858-B2.1 Mil Mo visible surface cracks
NAT-535868-B2.2 Nil Surface cracks at ribs
AM-120388-B1 Nil Surface cracks at ribs developing
AM-120388-B2 Mil Mo visible surface cracks
AM-120396-B1 Mil Mo visible surface cracks
AM-1203596-B2 Nil Surface cracks at ribs developing

Note: Compliance not applicable as per standard requirements

Acceptance Critenia:
Tested by L Kong

Checked by: D Currie

Amendments 1o this certincate are nol allowed uniess BUC
amendments are approved and effact by SGE NEW ZEALAND
LIMITED. Reproduciion withoul permisslon |5 nof allowable uniess In

Date: 14-Apr-04

Date: 14-Apr-04

ZFampies will be refained for two (2] wesks aer (260 date before gisposal a1 5ES5 Mew Zealand Limit's
gizoretion. Retuming of samples to ba advised Inwriiing. Storage (whan agresd by SGS Mew Zaaland
Lirnited) or rebum of samples a1 client's expense.

lAAF109
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TEST REPORT No.: INZ1564802-020

Conditions a. Type: Guided Bend

Client: Building Industry Authority
Order Mo.: M/A

Sample Description: 20mm Reinfarcing Bars
|dentification: As Listed Below

Material Specification: Grade DS0O0E

Tested in accordance with: ASINZS 4671:2001

Bend Tests

b. Axis: Longitudinal
c. Former Diameter: 4d (80mm)
d. Order: Full 180° Bend
e. Exceptions: Nil
Specimen Findings Results
PAC-30076-B3 Mil Defacts Complies
PAC-30076-B4 Nil Defects Complies
PAC-31113-B3 Mil Defacts Compglies
PAC-31119-B4 Mil Defects Complies
MNAT-535858-B1.3 Mil Defects Complies
MAT-535858-B1.4 Nil Defects Complies
MNAT-535858-B2.3 Mil Defects Complies
MAT-535858-B2.4 Nil Defacts Compglies
AM-120388-B3 Nil Defects Complies
AM-120388-B4 Nil Defects Complies
AM-120396-B3 Mil Defacts Complies
AM-120396-B4 Mil Defects Complies
Acceptance Criteria: ASINZS 4671:2001 Sect 7.2.3
Tested by L Kong Diate: 9-Jul-04
Checked by: D Currie Date: 9-Jul-04
Amendmens o ihis ceriificale are nol allowed unisss such Samples will 2 refalned for two :2:I waeks afer tes! dale before ]lEFOEEl at 5GE New Zealand LimiTs
amenomenis are approved ard effect oy SGE MEW ZEALAMD discretion. Retum ng of samples 12 De agdvisad In wiil ng :‘.:r:gs -:-\.'."IE-'I BgI'EEq b:.' SEE Naw Zealand
LIMITED. Reproducton withou? permission i5 not aliowabie unless in Limiteq]) or return of samples at cllent’s expense
|AAF109
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TEST REPORT No.: INZ1564802-025

Client:
Crrder Mo.:

Sample Dezscription:
denfification:

Material Specification:
Tested in accordance with:

Building Industry Authority
MIA

25mm Reinforcing Bars
As Listed Below

Grade D500E

ASINZS 4671:2001

Reverse Bend Tests

Conditions a.

Type: Guided Bend

b. Axis: Longitudinal
c. Former Diameter: 4d (100mm)
d. Order: Bend to 90°, Age 100°C 1hr, Reverse band to 90° (Straightened)
e. Exceptions: 90° bend instead of 180° as per standard
Specimen Findings After Findings After Results
1st Bend Reverse Bend [(See note)
PAC-30580-B1 Mil Surface cracks at ribs
PAC-30580-B2 Mil Surface cracks at ribs
PAC-31128-81 Mil Surface cracks at ribs
PAC-31128-82 Mil Fracture during reverse bend
NAT-535830-B1.1 Mil Surface cracks at ribs
NAT-535830-B1.2 Mil Surface cracks at ribs
MNAT-535830-B2.1 Mil Surface cracks at ribs
NAT-535830-B2.2 Mil Surface cracks at ribs
AM-123405-B11 Mil Surface cracks developing
AM-123405-B1.2 Mil Surface cracks developing
AM-123405-B2.1 Mil Surface cracks developing
AM-123405-B2.2 Mil Surface cracks developing

Mote: Compliance not applicable as per standard requirements

Tested by

Checked by:

Acceptance Critena:

L Kong Date: 10-Aug-04

Amendments 1o this certificate are not allowed unless such
amendments are approved and effact by SG5 NEW ZEALAND
LIMITED. Reproduciion without permission | not allowalie uniess In Lirnited} or rebum of samples a1 client's expense.

O Currie Date: 10-Aug-04

Sampize will be ratained for two (2) weaks after tesl date before gisposal a1 SG35 New Zedland Limit's
glsoredion. Retuming of samples to b= advised Inariing. Slorage (when agreed by SGE Mew Zaaland

1AAF10S

Report on Grade 500E Steel Reinforcement

69



TEST REPORT No.: INZ1564802-025
Client: Building Industry Authority
Order No - MNFA
Sample Deseription: 25mm Reinforcing Bars
dentification: As Listed Below
Material Specification: Grade D500E
Tested in accordance with: ASINZS 4671:2001
Bend Tests
Conditions a. Type: Guided Bend
b. Axis: Longitudinal
c. Former Diameter: 4d {100mm)
d. Order: Full 180° Bend
e. Exceptions: Nil
Specimen Findings Results
PAC-30580-B3 Nil Defacts Complies
PAC-30580-B4 Nil Defects Complies
PAC-31128-B3 Nil Defacts Complies
PAC-31128-B4 Nil Defacts Complies
NAT-335830-B1.3 Nil Defects Complies
NAT-535830-B1.4 Nil Defacts Complies
NAT-535830-B2.3 Nil Defects Complies
NAT-S35830-B2.4 Nil Defects Complies
AM-123405-B1.3 Nil Defects Complies
AM-123405-B1 .4 Nil Defacts Complies
AM-123405-B2 3 Nil Defects Complies
AM-123405-B2 4 Nil Defects Complies
Acceptance Criteria: ASINZS 4671:2001 Sect 7.2.3
Tested by L Kong Date: 9-Jul-04
Checked by: D Currie Date: 9-Jul-04
Amendments to this certificate are not allowed uniess such :GF'FI 26 will be retalned far two -::: wesks after test date before glsposal a1 55 New Zealand Limits
amendments are approved and efMact by 35 NEW ZEALAND gizcretion. Retuming of sEamples to b2 advised Imariting. Storage (when agresd by SGI Mew Zealand
LIMITED EEF-'D:IL-:‘-". on without FIETI"'IEElD'I |e nat allowakle unless In LI 'I'I1E—ﬂ:| ar r2tum UTEEI'I'IF-E"E- atclients expense.

IAAF109
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TEST REPORT No.: INZ1564802-032
Client: Building Industry Authority
Cirder Mo.: N/A
Sample Description: 32mm Reinforcing Bars
denfification: As Listed Below
Material Specification: Grade DS00E
Tested in accordance with: ASINZS 4671:2001
Reverse Bend Tests
Conditions a. Type: Guided Bend
b. Axis: Longitudinal
c. Former Diameter: 4d (128mm)
d. Order Bend to 30°, Age 100°C 1hr, Reverse bend to 30° (Straightened)
e. Exceptions: 90° bend instead of 180° as per standard
Specimen Findings After Findings After Results
1st Bend Reverse Bend [See note)
PAC-25917-B1 MNil SC & Cracks - up to 3mm deep
PAC-25917-B2 Nil SC & Cracks - up to 3mm deep
PAC-30979-B1 il SC & Cracks - up to 6mm deep
PAC-30979-B2 Nil Fracture during reverse bend
NAT-RGB77-B1 Mil SC atribs
NAT-RGBTT-B2 Mil SC & Cracks - up to 2mm deep
MAT-542770-B1 Mil SC atribs
MNAT-542770-B2 Nil SC & Cracks - up to 4.5mm deep
Abbreviation: SC - Surface Cracks
Note: Compliance not applicable as per standard requirements
Acceptance Criteria:
Tested by: L Kong Date: 28-Jun-04
Checked by: D Currie Date: 28-Jun-04
Amendments to thls certificate are not allowed urless sLch Ear'p 26 will be retained for two -::: wesks after test date before glsposal 31 5G5S Mew Zealand Limil's
amendments are approved and effact by SE5 NEW ZEALAND glzcretion. Retuming of samples to b2 advised Inariing. Storage (when agreed by SG3 Mew Zealand
LIMITED E.EF-'D:IL-:‘-’. an without FIETI"'IEElEI'I |s not allowable unisss In LI 'I'I1E-ﬂ:l ar relum DTEEITIF-E‘S alclents Expense.

lAAF108
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TEST REPORT No.. INZ1564802-032
Client: Building Industry Authority
Cirder Mo.: NIA
Samgle Description: 32mm Reinforcing Bars
dentification: As Listed Below
Material Specification: Grade D500E
Tested in accordance with: ASINZS 4671:2001
Bend Tests
Conditions a. Type: Guided Bend
b. Axis: Longitudinal
c. Former Diameter: 4d (128mm)
d. Order: Full 180° Bend
e. Exceptions: Nil
Specimen Findings Results
PAC-25917-B1 Nil Defects Complies
PAC-25917-B2 Nil Defacts Complies
PAC-30979-B1 Nil Defects Complies
PAC-30979-B2 Nil Defacts Complies
NAT-RGBTT-B1 Nil Defects Complies
NAT-RGBTT-B2 Nil Defects Complies
MNAT-542770-B1 Mil Defects Complies
NAT-542770-52 Nil Defects Complies
Acceptance Criteria: ASMNZS 4671:2001 Sect 7.2.3
Tesfed by L Kong Date: 9-Jul-04
Checked by D Currie Date: 9-Jul-04
Amendmenlts to this ceriificale are not allowed unless such Sampies will be retained for tws (2) weaks afer tesl date before glsposal a1 5G5S New Zealand Limil's
amendments are anp'\:-.'sd ard effact D:\' S5 NEW ZEALAND glscretion RE'.JF"Iln; UTEEITF-%E o b= advised In .nTIIIrg. SK-'EI;E‘ (when agreed by SGE Mew Zealand
LIMITED: EEF-'CIZIL-I o J.'t'li-leEfl’"iEEllJ'l Ig mat allowsble urlass In LI 'ﬂ1&j:l or retum UTERTIF-E‘S at clients Expanse.

IAAF109
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TEST REPORT No.:. INZ1564803-012
Client: Building Industry Authority
Crder Ma.- MNIA
Sample Description: 12mm Reinforcing Bars
Identification: As Listed Below
Material Specification: Grade D500E
Tested in accordance with: AS1817
TEST - VICKERS HARDNESS
LOAD: 10 kg
Specimen Sample Hardness Vickers (HV10)
Mao. (Traverse Sze Diagram Below)
1 2 3 4 Min_ Max. Average
H1 212 185 230 229 185 230 214
PAC-30471 H2 224 215 201 161 161 224 201
H3 223 27 239 231 223 239 230
H1 171 205 208 209 171 209 198
PAC-31077 H2 208 228 171 165 165 228 193
H3 227 199 177 175 175 227 194
H1 149 150 152 178 149 178 157
MAT-534140 H2 147 137 189 205 137 205 169
H3 152 132 157 192 132 192 158
H1 137 149 140 190 137 190 154
MAT-534140 H2 134 128 152 210 128 210 156
H3 142 151 159 145 142 159 149
H1 170 170 186 197 170 197 181
AM-116784 H2 142 167 174 192 142 192 169
H3 163 166 143 218 143 218 173
H1 90 71 101 213 71 213 119
AM-120820 H2 a4 93 99 113 84 113 97
H3 8B 78 76 111 76 111 B8
oo
—
Acceptance Criteria:
Tested by L Kong Date:  14-Apr-04
Checked by: D Currie Date:  14-Apr-04
Amendments 22 Mis certificate are nod allowed unless 5UC SMENIMENTS are approved ‘Samples will be retalnag Tor two [2) weeks after iest 0aie Defore disposal at 355
and effect by SGS KEW ZEALAMD LIMITED. Reproduction withou? permission is not New Zealang LimiTs discretion. Retwming of samples 1o be aovised In witing.
aliowabie unless In full content Eﬂl:d?gE' {when agre2q Bj' 553 New Zealand Limited) or retum of samples at
cllent’s expense

lAAF107
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TEST REPORT No.: INZ1564803-016

Tested in accordance with: AS1817

Client: Building Industry Authority
Cirder Mo MNIA

Sample Description: 16mm Reinforcing Bars
Idenfificafion: As Listed Below

Material Specification: Grade DS00OE

TEST - VICKERS HARDNESS

LOAD: 10 kg
Specimen Sample Hardness Vickers (HV10)
Mo. (Traverse See Diagram Below)
1 2 3 4 Min. Max. Average

H1 215 223 216 220 215 223 218

PAC-30755 H2 191 216 224 221 191 224 213
H3 160 166 228 223 160 228 194
H1 252 249 252 251 249 252 251

PAC-30756 H2 210 234 177 232 177 234 213
H3 220 197 192 228 142 228 209
H1.1 165 154 193 223 154 223 184

MAT-538526 H1.2 168 168 197 232 166 232 191
H1.3 172 171 182 214 171 214 185
H2.1 158 166 140 202 140 202 166

MAT-538526 H2.2 166 167 166 250 166 250 186
H2.3 137 173 161 189 137 1689 165
Hi1 95 76 143 155 76 155 117

AM-120829 Hz 115 76 82 124 76 124 59
H3 108 76 95 113 76 113 95
Hi1 95 61 a3 139 61 139 95

AM-120838 Hz 93 92 86 112 86 112 96
H3 96 72 ar 129 72 129 96

@ oo |23 [ o]

Acceptance Critena:

Tested by L Kong
Checked by: D Currie

allowabis unless In full conlent.

Amendments to hie certficale are nof allowed unless sLCh amendmenss are approved
and effect by SGE NEW ZEALAND LIMITED. Reproduction withou! permission is not

Date:  14-Apr-04
Date:  14-Apr-04

‘Samples will be refalnag Tor tao [2) weeks afer test date before disposal at 355
Mew Zealand Limits discretion. Retwning of sampies to be amised In witing.
Siorage (whan agreed by 363 New Zaaland Limited) or return of samples at
dients expense

1AAF107
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TEST REPORT No.: INZ1564803-020

Client:
Cirder Mo.:

Sampte Description:
Identification:

Material Specification:
Tested in accordance with:

Building Industry Authority

MNiA

20mm Reinforcing Bars

As Listed Below

Grade DS00OE

AS1817

TEST - VICKERS HARDNESS

LOAD: 10 kg
Specimen Sample Hardness Vickers (HV10)
Mo. (Traverse See Diagram Below)
1 2 3 4 Min. Max. Average

Hi1 214 211 215 224 21 224 216

PAC-30076 Hz2 220 220 220 212 212 220 218
H3 219 218 219 220 218 220 219
H1 224 222 232 218 218 232 224

PAC-31119 H2 224 223 227 232 223 232 226
H3 218 225 230 232 218 232 226
H1.1 179 183 205 289 179 289 214

MAT-S35858 H1.2 176 181 187 215 176 215 180
H1.3 172 179 201 243 172 243 199
H2.1 174 173 190 227 173 227 191

MAT-S35858 H2.2 176 177 194 283 176 283 207
H2.3 172 174 190 272 172 272 202
H1 72 63 76 123 63 123 a4

AM-120388 H2 108 ot 95 17 68 M7 o7
H3 159 72 74 92 72 159 59
Hi1 73 78 89 140 73 140 95

AM-120396 H2 92 91 95 139 91 139 105
H3 103 114 73 134 73 134 106

@ icoe [ 23 [0
0]

Tested |y

Acceptance Critenia:

L Kong

Checked by: O Currie

Amendments to thie certificale are nof allowed unless sLCh amendments are approved
and efTect by SGS NEW ZEALAMD LIMITED. Reproduction withow? permission is not
aliowable uniess In full content.

Date:  14-Apr-04
Date:  14-Apr-04

Samples will be retalnad for bwo (2) weeks after fest dale before disposal at 355
Mew Zealand Limite discrelion. Retumning of sampies 1o be agsized In wiiting.
Slorage (whean agread by 363 Mew Zealang Limied) or relum of samples at

cllent’s expense

1AAF107
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TEST REPORT No.: INZ21564803-025
Client: Building Industry Authority
Crder Mo.: MNIA,
Samgle Description: 25mm Reinforcing Bars
Identification: As Listed Below
Material Specification Grade D500E
Tested in accordance with: AS1817
TEST - VICKERS HARDNESS
LOAD: 10 kg
Specimen Sample Hardness Vickers (HV10)
No. (Traverse See Diagram Below)
1 2 3 4 Min. Max. Average
H1 236 216 243 243 216 243 235
PAC-30580 H2 232 243 243 215 215 243 233
H3 232 214 235 247 214 247 232
H1 215 228 223 235 215 235 226
PAC-31128 H2 220 223 234 219 219 234 224
H3 215 221 223 230 215 230 222
H1.1 172 176 203 229 172 229 195
MAT-535630 H1.2 179 179 184 253 179 253 199
H1.3 151 172 152 220 151 220 181
H2.1 150 181 199 273 150 273 201
MAT-535830 H2.2 176 165 181 228 165 229 187
H2.3 176 178 189 266 176 266 202
H1.1 175 235 243 417 175 417 267
AM-123405 H1.2 197 200 237 b4 197 354 247
H1.3 190 195 231 352 190 352 242
H2 .1 194 203 263 37 194 37 258
AM-123405 H2.2 213 204 256 361 204 361 259
H2.3 203 206 245 325 203 325 245
o |
Acceptance Criteria:
Tested by: L Kong Date:  (09-Aug-04
Checked by: D Currie Date:  (09-Aug-04
Amendments to thie certficale are not allowed unless 5UCH aMeNdmEents are approved -53[11F|E6'M|| be retainad for two |2:.'mhaarber 1est daie before dl&po&al al 265
and effect by SGS NEW ZEALAND LIMITED. Reproducton withou! permission s not New Faaland Limite discrelion. Retsming of sampiee to be agvised In wibing.
allowabie unless In full canlent. Slorage (whan agresed by 363 Mew Zaalang Limited) or rebum of sampies at
client’s expense

1AAF107
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TEST REPORT No.: INZ1564803-032

Client: Building Industry Authority
Oirder Mo NIA

Sample Description: 32mm Reinforcing Bars
Identification: As Listed Below

Material Specification: Grade DS00E

Tested in accordance with: AS181T

TEST - VICKERS HARDNESS

LOAD: 10 kg
Specimen Sample Hardness Vickers (HV10)
No. (Traverse See Diagram Below)
1 2 3 4 Min. Max. Average
H1 212 219 216 213 212 219 215
PAC-25917 H2 217 212 217 215 212 217 215
H3 220 213 217 220 213 220 218
H1 224 227 227 224 224 227 226
PAC-30979 H2 227 224 228 228 224 228 227
H3 220 222 224 225 220 225 223
H1 182 185 197 299 182 2499 216
MAT-RGBTT H2 192 1580 202 270 1490 270 214
H3 163 1686 203 281 163 281 208
H1 162 171 195 266 162 266 199
NAT-S42770 H2 165 169 192 262 165 262 197
H3 165 165 187 270 165 270 197

" =388 eS|
]

Acceptance Criteria:

Tested by L Kong Date:  29-Jun-04

Checked by: O Currie Date: 29-Jun-04

Amendments 2 s certficale are not dlowed Urless EUCH SMENIMENTS &8 approyved Simlﬂﬁﬁm be retalnan for two :2:-«&2“5 after {est date before disposal &t 2G5
and esfect by SGS NEW ZEALAND LIMITED. Reproduction wihout permission 15 not Mew Zealans Limits disoration. Retumming of sampies o be atvised In witing
allzwabiz unless In full conlent ME [wihan agreS0 B!f SGS Mew Zaaland L||'"|'EU: ar rehum of samples at

cilent’s expense

laAF107
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TEST REPORT No.:

INZ1564804-012

Client:

Crder No.:

Sample Description:
Sample ldentification:
Materal Specification:

Tested in accordance with:

Building Industry Authonty

NIA

Reinforcing Bars
As Listed Below
Grade D500E
ASINZS 46712001

Tensile Test after Reverse Bend

Conditions a.

Temperature: Ambient (23 +5°C)

Amendments 1o this cerfficate

aliowiabie unless In full comtent

are not alloweo unless such

amendments are approved ard effected by SGS MNEW
ZEALAND LIMITED. Regroouction without permission Is nol

Samples will be ralained for two () weaks afier test date

Tyoe: Full Secton . Uncerainty of Measurement. = 1 MPa
Specimen Axis: Longitudinal c. Sirain Rate Uncontrolled
Specimen Conditions: a. Gauge L, after reverse bend d. L.=50mm
lx. Bent section in central g. Other: B5 EN 10204 3-1B A1 1986
Specimen Dlameter el Liimaz Tenzlle Ratia 3"'!; nal Linifaem Commenis
[d} Siress (R ) Slrength (Rm) | (Rmj(Rel) | Gaugs Lengih (L | Elongafion (gl Lizatian of Fracturs
{mim) [MFa) [MFa) i} [%) Culsldarltin Sert Ssclion
PAC-30471-B1 12 523 656 1.26 50 8.3 Cutside
PAC-30471-B2 12 520 659 1.27 50 6.3 Cutside
PAC-31077-B1 12 523 661 1.26 50 6.5 Cutside
PAC-31077-B2 12 527 661 1.26 50 Cutside
NAT-534140-B1 .1 12 502 550 1.10 50 7.8 Outside
MNAT-334140-B1.2 12 504 565 1.12 50 7.3 Cutside
MAT-534140-B2.1 12 504 563 1.13 50 7.3 Cutside
NAT-534140-B2 2 12 502 570 1.14 50 8.3 Outside
AM-116784-B1 12 513 606 1.18 50 9.3 Cutside
AM-116734-B2 12 517 609 1.18 50 43 Cutside
AM-120620-B1 12 539 623 1.16 50 5 Outside
AM-120820-B2 12 538 624 1.16 50 5. Cutside
Min. 502 550 1.10 43
Ma, 539 661 1.27 9.3
Average 518 613 1.18 6.7
Acceptance Criteria: Mot applicable as per standard affer undergone reverse bend tests.
Tested By: L Kong Date: 14-Apr-04
Checked By: D Currie Date: 14-Apr-04

pefore disposal al SG2 Mew Zaaland

Uimiteds discretion. Returning of samples io b2 advised In wriling 3% e Ome of festing. Storage
(when agreed by SE5 New Zealand Limited) or rebum of samples a1 client's expense.

14AF101 Rev 0
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TEST REPORT No.

: INZ1564804-016

Client:

Order MNo_:

Sample Description:
Sample |denfification:
Material Specification:
Tested in accordance with:

Building Industry Authority

MIA

Reinforcing Bars
As Listed Below
Grade D500E
ASINZS 4671:2001

Tensile Test after Reverse Bend

Conditions a. Temperature: Ambisnt {23 + 5°C)

Type: Full Section

b. Uncerainty of Measurement. + 1 MPa

Specimen &xs. Longitudinal c. Sfrain Rate Uncontrolled
Specimen Condtions: a. Gauge L, after reverse bend d. Le=50mm
. Bent section in central e. Other: BS EN 10204 3-1B A1 19596
Specimen Dlameter el Utimate Tenslle Ratla C-'g nal Linifamn Comments
1d) Sliress (R} Strength (Rm) | (RmpiRel) | Gauge Length (L) | Elongation (Ag) Location of Fracture
[mim) (MPa) (MEa) (rnm %) CutsidaWIthin Semt Saction

PAC-30755-B1 16 537 69 1.28 50 6.8 Outside
PAC-30755-B2 16 527 BEG 1.30 50 7.3 Outside
PAC-30756-B1 16 540 694 1.29 50 6.8 Outside
PAC-30756-B2 16 535 BEG 1.28 50 6.8 Outside
NAT-536526-B1.1 16 522 607 1.16 50 7.3 Outside
NAT-338526-B1.2 16 497 599 1.21 50 8.3 Outside
NAT-536526-B2.1 16 500 592 1.16 50 11.3 Outside
NAT-338526-B2 2 16 502 592 1.16 50 7.3 Outside
AM-120829-B1 16 530 617 1.16 50 6.3 Outside
AM-120829-B2 16 527 614 1.17 50 6.3 Outside
AM-120838-B1 16 545 B34 1.16 50 33 Outside
AM-120838-B2 16 540 B34 1.18 50 27 Outside

Mir. 497 592 1.16 27

Ma. 545 B94 1.30 11.3

Average 525 B37 1.21 6.7

Acceptance Criteria: |Mot applicable as per standard after undergone reverse bend tests.

Tested By: L Kong

Checked By: D Curne

Amenoments to this cerlificate are not allowsd unless such

amendments are approved and affecied

oy 2G5 MNEW

ZEALAND LIMITED. Reproguction withoul permission 15 nol

aliowable unless In full comtent

Date: 14-Apr-04
Date: 14-Apr-04

Samples will De retained for two (2) weeks after test date before disposal ab SGI Mew Zealand
Limited's discretion. Returning of sampies to be advised In writing a1 he tme of testing. Storage|
[when agresd by SG3 New Zedand Limited) or refum of samples a1 clent's expense.

1AAF101 Rev 0
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TEST REPORT No.:

INZ1564804-020

Client:

Crder Mo

Sample Description:
Sample ldentification:
Materal Specification:

Tested in accordance with:

Building Industry Authorty

NIA

Reinforcing Bars
As Listed Below
Grade DE00E
ASINZS 4671:2001

Tensile Test after Reverse Bend
Type: Full Section

Specimen Axis: Longitudinal
Specimen Conditions: a. Gauge L, after reverse bend

Conditions a.

lx. Bent section in central

moooe o

Temperature: Ambient (23 + 5°C)
. Uneertainty of Measurement: = 1 MPa
Sfrain Rate Uncontrolled

L.=50mim
. Other: BS EN 10204 3-1B A1 1996

aliowable unless In full content

Amenoments 1o this corificate are not allowsed unless such
amendments are approved and effecled by SG3 MEW
ZEALAND LIMITED. Reproguction without permission 15 not

Sampke wi

oe relained for twe (I} wesks afler test date

oefore disposal al SGS

Specimen Clameter el Uisimate Tenslle Ratla "u'"g nal Unifamn Comments
[dj Stress (R} Strength (Rm) | (Rm}iRel) | Gauge Length (L) | Elongation Ay Loeatian of Fracture
{mmj [MFa) [MFa) [} %) CaulslceWItnin Sent Seclion
PAC-30076-B1 20 540 648 1.27 50 6.4 Outside
PAC-30076-B2 20 538 BEE 1.28 50 7.8 Outside
PAC-31119-B1 20 533 BE3 1.29 50 7.3 Outside
PAC-31119-B2 20 541 BE4 1.26 50 7.8 Outside
NAT-535858-B1.1 20 562 6548 1.15 50 8.3 Within
NAT-535858-B1 2 20 567 B56 1.16 50 73 Within
NAT-535858-B2 1 20 567 653 1.15 50 73 Within
NAT-535858-B2 2 20 560 645 1.15 50 8.3 Within
AM-120388-B1 20 495 600 1.21 50 4.3 Outside
AM-120388-B2 20 490 594 1.21 50 5. Outside
AM-120396-B1 20 498 602 1.21 50 5. Outside
AM-120396-B2 20 498 603 1.21 50 Outside
Min. 490 594 1.15 4.3
Ma. b&T BE8 1.29 8.3
Awverage 532 645 1.21 6.9
Acceplance Criteria: |Mot applicable as per standard affer undergone reverse bend tests.
Tested By L Kong Diate: 14-Apr-04
Checked By: D Currie Date: 14-Apr-04

Umited's discretion. Returning of samples 1o be advised In wiiting a! Te tme of testing
ahen agreed by SG3 New Zealand Limited) or retum of samples a2 client's expense.

Mew Zazland|

Storage

14AF101 Rev O
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TEST REPORT No.:

INZ1564804-025

Client: Building Industry Authority
Crder Mo MIA

Sample Description: Reinforcing Bars

Sample |dentification: As Listed Below

Material Specification: Grade DS00E

Tested in accordance with: ASINZS 46712001

Tensile Test after Reverse Bend
Type: Full Section
Specimen Axis: Longitudinal

Conditions a. Temperature: Ambient {23 +5°C)

Specimen Conditions: a. Gauge L, after reverse bend
lx. Bent section in central

k. Uncerainty of Measurement, = 1 MPa
c. Sftrain Rate Uncontrolled

d. L.=50mm

e, Cther: BS EN 10204 3-1B A1 1996

Specimen Clameter Yield Uitimate Tenslle Ratio Cirigina: Unifom Commenis
) Siregs (R} | Shength jRm) | (RmiRel) | Gauge Lengih L) | Elongation (A Location of Fraciure
[} [MFa) [MFa) [y %) Culslgewimin Sent Sachion
PAC-30580-B1 25 511 670 1.31 50 6.3 QOutside
PAC-30580-B2 25 509 670 1.32 50 53 QOutside
PAC-31128-B1 25 564 725 1.29 50 44 Outside
PAC-31128-B2 25 Fracture during re-bend
NAT-535830-B1.1| 25 560 646 1.15 50 6.3 Within
NAT-S35830-B1.2| 25 652 50 4.3 Mo yield phenomena noted
& fracture at within
NAT-S35830-B2.1| 25 568 652 1.15 50 7.3 Within
NAT-535830-B2.2| 25 560 644 1.15 50 7.3 Within
AM-123405-B1.1 25 572 674 1.18 ] 9.3 Within
AM-1234056-B1.2 25 674 50 9.3 Mo yield phenomena noted
& fractura at within
AM-123405-B2.1 25 574 674 1.17 50 9.3 Within
AM-123405-B2.2 25 574 676 1.18 50 9.3 Within
Min. 509 644 1.15 43
Max. 574 725 1.32 9.3
Average 555 BE9 1.21 7.2

Acceptance Criteria: |Not applicable as per standard affer undergone reverse bend tests.

Tested By L Kong

Checked By: D Currie

Amenoments 1o this cerificate are not aliowed
amendments are approved and effected by

ZEALAND LIMITED. Reproocuction without permission Is nol

aliowiabie uniess In full content

unless such
G2 NEW

Date: 14-Apr-04
Date: 14-Apr-04

Zampies will be retained for two (2) weeks after test date before disposal al S5G3 Mew Zealand
Limited's discrefion. Returning of sampies to be advised In wiiing ai e Ome of festing. Storage
[when agresd by SGS Mew Zedand Limited) or retum of samples a1 client's expense.
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TEST REPORT No.: INZ1564804-032

Client: Building Industry Authorty

Crder Mo MIA

Sample Description: Reinforcing Bars

Sample |dentification: As Listed Below

Material Specification: Grade D&OOE

Tested in accordance with: ASINZS 4671-2001

Tensile Test after Reverse Bend Conditions a. Temperature: Ambient {23 +5°C)

Type: Full Section . Uncerainty of Measurement: + 1 MPa
Specimen Axis: Longitudinal ¢. Strain Rate Uncontrolled
Specimen Conditions: a. Gauge L, after reverse bend d. Le=50mm
l. Bent section in ceniral g. Other 85 EN 10204 3-1B A1 1996

Specimen Dlameter Yielo UiRimate Tenslle Ratio Onigina Uinifarm Comments
[y Sitress (R Strengtn (Rm) | (RmyiRel) | Gauge Lergih (L) | Elongafion () Locatien of Fraciure
{mim) [MFa) [MFa) [} [%) CulsloanyImin Ser Ssclion
PAC-25917-B1 32 512 BGE 1.30 50 4.3 Cutside
PAC-25917-B2 32 518 B74 1.30 50 3.3 Outside
PAC-30979-B1 32 532 647 1.21 50 43 In Crack
PAC-30975-B2 32 Fractured during re-bend
MNAT-RGB7T7-B1 32 694 50 6.3 Mo Yield, In Crack
NAT-RGBY7-B2 32 680 50 43 Mo Yield, In Crack
MAT-542770-B2 32 599 638 1.08 50 9.3 In Crack
MNAT-542770-B2 32 603 632 1.05 50 9.3 In Crack
Min. 512 632 1.05 3.3
Mae. 603 694 1.30 9.3
Average R53 651 1.19 59
Acceptance Criteria: |Not applicable as per standard affer undergone reverse bend tests.

Tested By: L Kong Date: 11-Aug-04

Checked By: D Currie Date: 11-Aug-04

Amendments 1o this cerificae are not aliowed unless such Samples will be retained for two (2] weeks after fest date before disposal al SG3 Mew Zealand
amendments  are approved and  effacted oy 2G5 MEW Limiteds discretion. REUT""FI; af sampkes 1o e advised In .i.'1l|rg 31 Tie Ume of fest ng Bll:I"ﬂ;E'
ZEALAND LIMITED. Reproouction without permissian Is nat iahen EQ'EU t-'.-' SGE New Zaaland L Tlh:—j:l or retum UTEEITIF-E"E- at client's expense.

Aliowiabiz uniess In full content
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TEST REPORT No.:

INZ1564807-012

Client: Building Industry Authority

Crder Mo MIA

Sample Deszcription: Reinforcing Bars

Sample |dentification: As Listed Below

Material Specification: Grade D50DE

Tested in accordance with: ASINZS 4671:2001

Tensile: Conditions a. Temperature: Ambisnt (23 + 5°C)

Type: Full Section . Uncerainty of Measurement: = 1 MPa
Specimen Axis: Longitudinal ¢. Sfrain Rate Uncontrolled
d. L.=50mm
g. Other: BS EM 10204 3-1B A1 1006
Specimen Dlameser iglg Uimaie Tenslle Rata L‘-'g na Taota Commens
[dj Siress (R} Sirength (Rm) | (RmjiRel) | Gauge Lengih (Lg) Elengation C - Complies, DRC - Does Nat Comply
{mimj (MPa) IHF"G:I :m'r] %) Il Tiatal E D"Ig!UD"I
PAC-30471-T4 12 520 B45 1.24 60 253 MNIA
PAC-31077-T4 12 523 6459 1.24 60 26.7 MIA
MAT-534140-T1 .4 12 502 5Eh 1.11 60 253 26
MNAT-534140-T2 4 12 502 556 1.11 60 253 26
AM-116784-T4 12 504 594 1.18 60 263 23
AM-120820-T4 12 539 622 1.15 60 280 19
Min. 502 5b5 1.11 253
Manc, 539 649 1.24 28.0
Average 515 604 1.17 262
Acceptance Criteria: | Minimum| 500 1.15 MIA
Tested By: L Kong Date: 14-Apr-04
Checked By: D Currie Date: 14-Apr-04

Amenoments 1o this carMcate are not aliowed unless such
amendments are approved and effected by 5G3 MEW
ZEALAND LIMITED. Reproguction without permission Is ot
aliowabie unless in full content

Sampies will be retamed for o (2] weeks afer t2el date Defgre disposal al SE5 New Zealand
Limiteds discretion. Returning of samples to b2 advised In wiiling a2 e Ome of testing

(when agraed by SGE Naw Zealand Limited) or rebum of samples a1 client's expense.

Slorage|
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TEST REPORT No.:

INZ1564808

Client:

Order Mo.:

Sample Description:
dentification:

Material Specification:
Tested in accordance with:

Building Industry Authority

MN/A

Reinfarcing Bars

As Listed Below
Grade DR0ODE

ASINZS 4671:2001

Test: Surface Geometry

Manufacturer

AMSTEEL

MATSTEEL

PACSTEEL

Limits

Alpha-numerical
Markings

il

il

SEISMIC 500

Special Features

1 Longitudinal adjoining 2

2 longitudinal in betwesen 2

2 migsed transverse adjaceni to 2

Amendmenis {o this cenificate are not allowed uniess such amendmenls ane appraved and
affzct by SG5 MEW ZEALAND LMITED. Reproduction wiihout permission Is not allowable
urdess In full cantant

adjacent transverse adjacent tranaverse additional longitudina
Features Spacing 1 meter 1 meter 1 meter Within 1.5 meter
Size, d 12| 16| 20| 25| 12|18 20| 25| 32|12] 1| 20| 2|2
MNo. of - - - . "
28R | 28R | 28R | 28R | 28R | 28R | 28R | 28R | 28R | 28R | 2&R | 28R | 28R | 28R | 2 <#
Transverse
Beta Angle, b 66 | 55 | 56 | 54 | 79 | 76 |625| &2 | B4 | BT | T4 | 67 | 7O | 8B | 45 <h< T
Alpha Angle, a |56.95|53.81|62.72|53.51|65.16| §1.36| 62.06 | 51.07| 65.56| 60.95| 61.94 | 47.58| 53.62|S068| 45 <3
Rib Height, h | 093 | 138| 16 | 162 | 081|152 | 165 | 185 | 267 073 | 121 | 1.1 | 182 | 224 |o0sd =h = 014
Rib Spacing, C | 73 | 86 | 125|162 | 77 [ 105|138 | 173|218 | 7.7 | 10 |1425| 16 | 23 |0s¢ <C= 4
Crest Width, We | 082 | 118 21 | 311|191 151 | 218 | 311 | 421 | 1.51| 1.51 | 225 | 313 | 278 We = Dac
Longitudinal Rib | .2\ pac| g 525 | 0,645 | 0.435| 0.20 |0.325] 0.745] 0.725| 0.3 | 078 |0.545| 1,345 1.5 [o.02ma= b < 010
Height, hL
Pm]ectfzd Area. | 0721 0.084| 0.077| 0.078| 0.095| 0.13 |0.108| 0.1 [0.121|0.085| 0,111 0.088| 0.104| 0.0 |05 =R
HE- R = Raverse RED =OHC
Acceptance Criteria: ASINZS4671:2001 Sect 7.4
Tested by L Kong Date: 09-Jul-04
Checked by D Currie Date: 09-Jul-04

Samples will be retained for two (2) weews after test dale befors dlsposal &t 3GS Mew Zesland)
Limits glscretion. REUrNIng of Sampies 1o be aoviged In wring

Mew Zealand Limited) or retum of sampiee at cllent's expansa.

Siorage jwhen agrasd by SGS|

AAF 109
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TEST REPORT No.:

INZ1564809

Client:

Crder No_:

Sample Description:
Sample ldentification:
Material Specification:

Tested in accordance with:

Building Industry Authorty

NIA

Reinforcing Bars
As Listed Below
Grade DE00E
ASINZS 4671:2001

Tensile Weld:

Conditions a.

Temperature: Ambient (23 + 5°C)

Type: Full Section . Unceriainty of Measurement: = 1 MPa
Specimen Axis: Longitudinal c. Sfrain Rate Uncontrolled
Welding Electrodes: AWS AS.S EBD15-83L d. L.=50mm
AWS ASS ES016-B3 g. Other: BS EM 10204 3-1B A1 15096
Specimen Clameter el Lizimate Tenslle Ratia 3"'\] nal Linifam Comments
[dj Stress (R} Strength (Rm) | (RmjiRel) | Gauge Length (L) | Elongation (Ay) Fraciure Location
[mm] [MFa) [MFa) {mim) %) P.M - Parent Metal
Electrode E8015 - 550MPa Equivalent
PAC-30755-W1 16 535 G679 1.27 50 15.3 P.M, T0mm from weld
PAC-30076-W1 20 b47 BE8 1.26 50 17.3 P.M, 220mm from weld
NAT-S35858-W 20 563 627 1.1 50 6.3 Weld Joints
AM-120388-W 1 20 495 595 1.20 50 14.3 P.M, 135mm from weld
PAC-31128-W1 25 568 719 1.27 50 11.4 P M, 100mm from weld
Electrode E9016 - 620 MPa Equivalent
PAC-30756-W1 16 540 679 1.26 50 14.3 P.M, 90mm from weld
PAC-31119-W1 20 533 675 1.27 50 103 P M, 120mm from weld
NAT-535858-W2 20 559 633 1.13 50 6.3 Weld Joints
AM-120396-W1 20 503 595 1.18 50 9.3 Weld Joints
PAC-30580-W1 25 h22 BGE 1.28 50 12.7 P.M. 65mm from weld
Min. 495 595 1.11 6.3
Mae, 564 719 1.28 17.3
Average 536 656 1.22 11.8
Accentance Criteria: | imiMum 500 575 1.15 10.0
ASIMZS 1554.3: 2002 - Sect 8.3
Tested By: L Kong Diate: 31-May-04
Checked By D Curne Date: 31-May-04
Amendmerds 1o this cerificatz are not allows? unless such Ga'rpas will be retained for two (2) wesks afier t2st date beforz disposal a3l SGS Mew Zasland

amendments are approved and effected by SGE NEW
ZEALAND LIMITED. Regroguction without pemmission Is not

allzwabla unless In full conbent

Limiteds discretlon. Returning of samples 1o be advised In wriling 3% e Ome of testing

(when agresd by 5G3 New Zealand Limited) or rebum of sampi

Storage
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CHART 1 - Plot of Tensile Stresses for all Test Specimens

Min. ReL Criteria |

|I:I UTS (Rm) BB Yield Stress (Rel)
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Chart1

File Ref: INZ15648

CHART 2 - Plot of Average Tensile Stresses for Tested Bars & Mill Values

Mote: Values are average of 3 specimens representing the same bar length
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Tensile Stress Ratio, Rm/RelL

File Ref: INZ15648

CHART 3 - Plot of Tensile Stress Ratio (Rm/ReL) for Tested Bars & Mill Values

Mote: Values are average of 3 specimens represenfing the same bar length
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File Ref: INZ15648
CHART 4 - Plot of Uniform Elongation (Agt) for Tested Bars & Mill Values
Mote: Values are average of 3 specimens representing the same bhar length
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Chart 5 - Plot of Total Elongation (A) for Tested Bars & Mill Values
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12mm Bars

Charts

File Ref: INZ15648

CHART 6 - Plot of Average UTS Before and After Reverse Bend Test

Mote: Values are average of test specimens representing the same bar length
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File Ref: INZ15648

CHART 7 - Plot of Average Yield Stress Before and After Reverse Bend Test

Mote: Values are average of test specimens representing the same bar length
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File Ref: INZ15648

CHART 8 - Plot of Tensile Stress Ratio (Rm/RelL) Before & After Reverse Bend Tests

Mote: Values are average of test specimens representing the same bar length
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File Ref: INZ15648

Min. Agt Criteria +Dif‘ngt|

CHART 9 - Plot of Uniform Elongation (A,) Before and After Reverse Bend Test
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CHART 10 - Plot of Average UTS Before and After Welding

Mote: Values are average of test specimens reprasenting the same bar length
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Tensile Stress Ratio, Rm/RelL

File Ref: INZ15648

CHART 11 - Plot of Average Yield Stress Before and After Welding

Mote: Values are average of test specimens representing the same bar length
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File Ref: INZ15648
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CHART 12 - Plot of Tensile Stress Ratio (Rm/ReL) Before and After Welding
MNote: Values are average of test specimens representing the same bar length
JRatio (Rm)/(Rel) B Weld Ratio (Rm)/{Rel) —e—Diff UTS —— Min. Ratio Criteria
1.3 30
1.25 H H -- H - 25
12 H - H H L 20
1.15 H H H H H L 15
1.1 H = = = = H H = = - 10
1.05 H L H H = L H H L L 5
L | {1
1+ - H H H H - H H H O

© S 8 8 g ° 8 8 8 q

8 2 2 2 & 8 g 2 ¢ g

S 8 2 8 = = 2] e p =

@ o 2 @ @ ? o 2 2 @

g = s g g g E u g S

o =3 % o o o T % o o

Rebar Samples

Differential Ratio (Rm/ReL)

Chart12

Report on Grade 500E Steel Reinforcement

91



File Ref: INZ15648

CHART 13 - Plot of Uniform Elongation (A,) Before and After Welding
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File Ref: INZ15648

CHART 14 - Plot of Hardness Trend from Core to Edge for 12mm Bars
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File Ref: INZ15648

CHART 15 - Plot of Hardness Trend from Core to Edge for 16mm Bars
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File Ref: INZ15648

CHART 16 - Plot of Hardness Trend from Core to Edge for 20mm Bars
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File Ref: INZ15648

[21 (Core) 2 B3 m4(Edge) |

CHART 17 - Plot of Hardness Trend from Core to Edge for 25mm Bars
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File Ref: INZ15648

CHART 19 - Plot of Hardness Traverse Average for all Test Specimens
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i\ AMSTEEL MILLS SDN BHD

EURD CORPORATION LIMITED

A Marmtar of The Len Group

MILL TEST CERTIFICATE

Commodity: BTEFL REINFORCING BARE FOR CONCRETE Cortificate No: 71398703
didres..: Specification:  AS/NIBABTL (2001) GRADE 500 0/0 No:
Contract Na.:  SRB/EC/03/059 Date of lssue:  8/08/03
Machanical Propertias Chamical Composition %)
si No Weigh No of = nent | BEERY E
e of it ol " - i
Té CE
T Hest No Pleces iKgh Balicon | Yield | Tensile EL {1$| TEST c Si Mn P 5 ;
x 1
Nfmm® | Nemmt | % x 100 x 1000 #100
—P 12,0 116784 533 sza 23 | rassEp | PAssED |2z 5 | 80| 13 | za 38
12.0 116766 545 626 2 PABSED | PASSED |19 11 80| 16 5 37
18.0 116563 582 643 4 PABBED | PASSED (19 14 80| 21 19 36
16.0 116516 820 613 24 PASSED | PASSED |21 a so| 12 | 33 3s
16.0 117221 535 618 23 PRASSED | PARSED |22 12 65 | 23 25 39
18,0 117220 535 613 2 PABEED | PASSED |18 14 | 60| 21 21 34
TEM (8] & ONL{Y
.
- x |
R rarks;

Wa hereby cartify that the material described hersin has besn made and tasted in accordance with the abave snecification
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&

#7c€ ffI\ AMSTEEL MILLS SDN BHD

A Memiber of Tha Lion Group

Zodh (533 MILL TEST CERTIFICATE

"
z{j/or.;
Customer EURD CORPORATION LIMITED Commodity: HIGH TENSILE DEFORMED BARS Certificate No:  g9543,04
AB/NZS 4671(2001) GRADE
Address PO BOX 64-360 Specification: D/O No:
BOTANY TOWN CENTRE,EAST TAMAKI ¢
AUCKLAND, WEW ZEALAND Contract No: Date of Issua: 19/02/04
) Mechanical Properties Chemical Composition (%)
Bond REEEND
Size Mo of Weight No of R E
tmm] Heet No Piaces 1Kg) BdCon | Yield '| Tensda | pr, e | T e ] o ‘ o] (e S |ecE
N/mm? | N/mm? % x 100 x 1000 X100
12.0 120960 572 662 19 | PASSED | PASSED |17 14 66| 18 25 31
12.0 120965 565 658 21 | PASSED | PASSED |19 11 65| 25 40 3s
2.0 120820 534 640 19 | PASSED | PASSED |21 i3 66| 16 14 36
16.0 120838 591 £72 21 | PassEp | passen |1a 18 77| 25 22 37
16.0 120837 593 679 21 | PASSBED | PASSED |21 19 66| 26 as 38
16.0 120829 539 B24 21 FASSED | PASSED |18 1z 71 10 29 3s
4 1e 120388 | 517 603 22 | PASSED | PASSED |19 13 63| 12 30 35
20.0 120396 521 603 20 | PASSED | PAGSED |18 16 77| 16 24 38
FTEM(S) = & ONGY
‘Rarmarks:
'Mh-ﬂnmﬁhlh-ﬂnmw-l Anmribnnd fnmabn bmn oian tade md aenadn .

Report on Grade 500E Steel Reinforcement

97



L, SR
Aty ¢

7

o

¥t AMSTEEL MILLS SDN BHD | sy

A Memrber of Fre Lion Grovp

2uidte & T
z: [2mette Gaz, MILL TEST CERTIFICATE R A
ol oal {
UM R COROSKTTOR LIKTERD Comincd ;
s fy: HIH TERSILE DIVORMED AR TertficateMo:  aosiorod
o iR PO BOE Gi-360 Seecilicalion:
o e - reilicalion: g o i ;
= = ik e i = JHES 4671 {2oDL) 2oy prose
= e BUCKLAYD, BEM TERLAND Goteacd Mo .
— : 1 o, HTD /R0 40440 63 Date ot lssua 1 1a/08724
| \ i
Sre cose | Roling | Neof | o Wil Frpledten Chareisal Campesition (3]
Healho Mass | Bundis T —— T —
ey vy - i - act f i
| (Kaimy | ol Yisld BencTest|Acbendl ¢ | st [ p | g B
| (W (] Ratia | % | pasy | ofes %100 &
L : | t = 1028
a0
12.0 [
¢ 123387 08,70 | 0.261 S /05 04 | 38 634 | 1.17 10,70 |PASERD BASSED i v lae Taa
% iz.0 L3368 105.80 | 0.862 e/ 0 | 528 €12 | 4.16 | 10.€0 |PAESED PREGED . 16 | 1t | 66 2 .34 E
= o] ¥
= -}ofb 12ze25 | 48430 | 1,580 basosroa | 520 | 1o | a.xr (5157 [vacsmn fesmp | e | 1a |7 ss as |38
i 2t i i ;
e = E.D ; AZ2ETT 188,80 | f.537 | berospog | L §19 1.26 |15.31 |passen |pasme s baw i i
= = f | :
aoeEe i
L= t
= Z: 200 128 a0
=8 | 30500 | 2,384 E204/0t | maT g55 | .39 | 11,20 |FAssED |assEn | 39 | 33 (6t 0 3z | 33 |
=2 = |
= B ;s.u \% 12305 | 475.67 | 3,330 P2/OB/04 | S87  65% | 1.18 |10.50 |PAZEED [PASEED| 38 | 26 |82 g (17 | 51
s.e | 1z3008 ; ; : — | :
2_ 2 a”6.41 | 3,732 tfoafot | 580 | &7 | .17 | 1i.s0 Pegssm | 18 [ as | vo a3 faz [ 22 |
2 THHIBY f & om¥
: o i
-
* :
= = } i i ]
- e | |
= [ e SCSA = Dieshve Griss Secion ATsa | | ___J B
= 3 ZE = Carbon Ecusvalant
5 ‘Afa REredy ceniy thal the material descrized nensin has “esn mage and testad in with he above iMieat Ee, B i S
. MILL TEST CERTIFICATE
e
=22 NatSteel From 24/0E2003 To 24/D6/2003 page i
CUSTOMER NAME + NAUMRIA BUILDING SUPPLIES LIMITED A Mmc NO: Q3060001
CONTRACT NOC S C030249 CUSTOMER REF NO: SAC/I1E13 ORDER NO: 03061350
JoBSTE : EXPORT TO ALICKLAND, HEW ZEALAND BBS NO: NAUHRIADT
PRINT DATE C2RO1Z004 094808 FO NC: HS03063001
SPECIFICATION COMMODTY CHEMICAL CONPQSITION TENSILE STRENGTH BEND HE- REMARKS
SIZE PCS/BOL  HEATNO  QTY WEIGHT MT c S Mn P § Ca Yield Tens Elong TEST BEND
[ Str % 180D ¢ VEST
§83: 1896 GRADESID. e C T GEFORWED BAR a B
1216M X 120 DEFORNED 108 334180 13 g 038 D110 082 DOZI G031 032 SSED FASSED
SUBTOTAL BY PROD: 26,052
SUBTOTAL BY SPEC: 26.052
GRAND TOTAL: 26.052
= s
= NatSizel MTLL TEST CERTIFLCATE - 1
From 09/10/2003 To 09/10/2003
;023100907
CUSTOMER WAME: NAUNRIA BUILDING SUPPLIES LIMITED \ MC MO
CONTRACT  NO: CO30463 CUSTOMER REF NO: S/HDR/206/3 ORDER Wo: 03100756
: HAU
JOBSITE 1 EXPORT TO AUCKLAND, NEW ZEALAND BBE  NO 01
. M50310053E
PRINT DATE: 10/10/2003 E1:22:58 ra Wo: MSG3L00D3I
SPECIFICARION/COMMODITY CHEMICAL COMPOSITION TENSILE STRENGTH ::;:L REHARKS
SI5D FEG/ DL NEAY W3 oY MmtoNT T © 8L Mo » ] cn u;tn -m;- l,].:nq m"r e
str
551: PART 2. 1393 GRADE 500 DEFORMED STEEL RAR IH 13M LENGTH
LEkM % 1% DEFOBME 54 SINS2E 4 40,928 0,19 4.144 D.5% 0.032 0,030 0.3 512,34 §16.92 22,50
53T 3E ELG.TT 2 9
SURTOTAL BY FROD: . ill_“ ) ‘D_E_Z_II
SUBTOTAL BY GPEC: KL 40 520
GRAND TOTAL: ) 40,920

|
i
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MILL TEST CERTIFICATE

‘rom 11/05/2004 To 11/05/2004 page ; 2

CUSTOMER RAME: MAUHRIA BUILDING SUFPLIES LIMITED M WO: 04050020
CONTRACT — HO: CO40212 COSTOMER BEF MO: S/AB/12144 DRDER RO: 04050357
JOBSITE : EMPORT TO AUCHLAMD, NEW ZEALAND BBR3 RC: HA
FRINT DATE: 12/05/2004 16:06:16 FO KO: NS04050002
BFECTIFICATION/COMMODITY CHEMICAL COMPOSITIOM TENAILE STRINGTH BEND/ REMARKS
BIiE BCE/EDL WEAT WO OTY WEIGET MT O i Hn P 5 Ca Tield Tens Elong MaT REBERD

£ Pt 1S * Y TEST
242:199% crane 500 DRFORMED STEEL AR,

* - - -
32MH X 12m u(:n;'P_'aF:(-H REGT? 2 .220 0.21 D.22¢ D0.51 D.016 0.00D O0.231 549.7% 639.30 139.50
644.268 19.34 3.94 BJ/P

G1Z.89 19.75 9.98 p/F

SUBTOTAL BY FROD: 20 21.220

MILL TRST CERTIFICATE

From 23/04/2004 To 208/04/2004 page : 2
CUSTOMER NAME: HAUHE LA BUILDING SUFFLIGS LIMITED M W3 4040064
CONTRACT  NO: COA0163 CUSTOMER REF HO: 5/HO/115/4 CROER HG: 04092666

JORSITE : EXPORT TU AUCKELAND, MWEW ZERLAMD RRAS MO MA

FRINT DATR: 3N/04/2004 15:44:14 FO HQ: NS04040031

ZEECIFICATION, COMMODTTY CHEMICAL CTRPUS LT TON TEMAILE STRENCTH BEND REMARKS
arsm BeE /BT REAT BO orr WEIGRT MT © 8L  Mn P B Ce Yield Tons Elong sisniid
re str W L] Ty

852:1995 GEADE 540 DRFORMED STEEL BRA

s e i)

T S
Ime x 1M 14 242769 T T.061 D0.19 0,111 0.50 0.0Z6 D032 0.33 555.97 19.25 21.42
546.51 19.63 I1.68
e S48, 51 19,50 1.58
//S.I'ETT-: \/ 1% 20.15% 0.18 ©.141 0.47 0027 0.033 0.31 539,70 18.25 10,98
W e .02 18.%8  :0.90
578,36 17.7%  0.58

SUNROTAL BE ESOD: 20 21,220
B LT
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MATE OF TES]

[nveice Ne: 262444 Page 1 %',
ZESS OF MANUFACTURE: BASIC ELECTRIC ARC Bl
358049 —"J"
STOMER STEELPLUS LTD CUSTOMER Dmnf Qagz WIDIRHS OMe 2214 ‘Q'IrE'Bv
oEscAPTio OUND 12 SEISMIC 500 DEF &R crecrcanins 85 FNZ5 4671 GSOOE DE
Cast Mo b Ll s1 S P FT.C.EQ LLT /Y YLD UELG RBEND
% 5 % % % % Mea %
ALK .18 i.a .33 0.030 0.014 0.485% 1R £E82 : g} PasH
ggdy:’ .18 1.20 0.35 ©0.037 €.018 ¢.44 1.20 EB&2 1.3
304772 0.17 1.20 D0.35 0.034 0.017 0.44 1.20 S66 15.5
s1uB3 i} = 1 19 0,37 D.038 0_.Q22 Q.44 .20 BSG | 2Bt P
Eants ..
JAMES FLETCHER DRIVE, OTAHUHU, AUCKLAND, MEW ZEALAND. o el *';0
P.0, BOX 22-201, OTAHUHU. PHONE (05) 278 1849, FAX (09) 276 1947. 1 S
=4
g ‘4
TE®
CAUSTOMER QN DESTIRATION
PACEFIC WD M.
DATE s ekl PARTICULARS TORMES RATE =i
]
i
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CERTIPICATE OF TEST
F"'rPAdCI_ESS _U'F MANUFACTURE: BASIC ELECTRIC ARC
3hE0473

usroger STEELPLUS LTD

Invoice Mo:

custopeR ome 0 482

o~y [ =N -3
22444 Fis r

Page 2
S
e

worzomn, 221487, g¥

PR OUND 5 12 SEISMIC 800 DEF 6n sancanons RS FNZS 4671 G500E OEF
Tast Mo O MH 51 5 fr T.C.EDQ ULT /Y ¥LD UELG RBEND
W ] s A iy i MFEA s
SA07a 0.1% 1.20 0.3% 0.031 0.018% 0.44 1.21  5B&7 i2.3
31-.{1'?5'" ¢ P 1.19 0.38 0.029 6.021 0.44 1.20 578 12:3
L y
= [ =2 Y )
JAMES FLETCHER DRIVE, CTAHUHU, AUCKLAND, NEW ZEALAMD. & L :{l
PO, BOX 22-201, OTAHUHLL. PHONE (08) 276 1849, FAX (03) 276 1847, b= - '
ans ‘ ..:' 4,
Tax Taveice MNo: 262444 Date 16/02/2004 i
& "l
re
NG00
STEELPLUS LTO GUSTUMEH Oiia, DESTINATICN
* 0 BOX S53-740 20482 23 Trugood Oriwve
GREENMOUMNT Fasl Tamaki
PRGIFKG Witk Ho. RUCKLAND
221417
G5T REG Mo.v¥6 4387 421
= 3 DELIVERY ; INVCICE
DATE il HEFERENCE FAATICULARS TOMNES RATE el
Ttem 3712260680 AE/MNZS 5671 BSH00E DEF
ROUMND 5 12 SEISMIC 500 DEF &M
1 D204 3 YROO043%64 €. QM 5.161
14702704 11 YEQQO043%76 G.0M ZL.96G5
1a/02/04 FoONYBRO00OD43877 6.0 13.620
Total Tonnage a0.24a
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CERTIFICATE OF TEST THUBTES it YEIDEE Baga 1 . ROt
PROCESS OF MANUFACTURE; BASIC ELECTRIC ARC e Q
358049 %—
CUSTORER RTEELFLES wFY custoueR ons, < 0 L5 works O, SR o d ";'LE-::U
cesorengROUND M 16 SELSMIC 500 DEF 6N shecmoanons AS /NZS 4671 GS00F DEF
Cast No C M =B 5 P s L EQ ULT/Y YLD HELI
% % % % % % e %
30755 0.198 1. 30 0.325 D.026 0.012Z2 Q.48 L.23 B3 113
30756 g.18 1.29 0.34 O0.026 0.01i2 0.45 1.22 .BAl 12
JAMES FLETCHER DRIVE, OTAHUHLU, AUCKLAND, NEW ZEALAND, e o qu‘
PO, BOX 22201, OTAHUHLL PHOME (02) 276 1349, FAX (09) 276 1047, P §
age 1 -
Tax Inveice No: 261082 Date 12/12/2003 -
'&.r_ﬂg."
JLE000
STEELPLUS LTO CUSTOMEA O CESTIRATION )
F G BOX S58-~749 20131 23 Trugood Drive
GREENMOUNT Last Tamaki
s AUCKLAND
220423
GST REG Mo.7fe=187=a21
naTE O e oL PARTICULARS TONNES RATE gl
Ttem 281626060 BSANZS 4671 GSOO0E DEF
ROUND M 1& SEISWMIC S00 DEF &M
2 1203 11 Y800041859 6.0HK 21.008
le/12/03 6 ¥B00041860 B, Om 11.530

Total Tonnaoe

3d.55Y
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' CERTIFICATE OF TEST

ILinnvoploce No: 265805 Page RClE,
PROCESS OF MANUFACTURE: BASIC ELECTRIC ARC o o
355043 ";/I'"
Er e [ = . P L]
GeEBTEELPLYS LTD SR {1k L — L el
1E5|:-"lr'ri3.r£4“U WO M 20 SEISMIC S00 DEF od ——— SFNZS 4671 GH00E DEF
sal Mo O MH 51 P T.C.EQ BLT/Y YLD UE LG
s % i & ] % mP A %
o026 d o.zo 1.0 0.3% 0.023 0.013 - 0.4% i.23 560 3
i A
= [ =4 I h
JAMES FLETCHER DRIVE, OTAHUHL), AUCKLAND, NEW ZEALAMD. Pl ErS
F.0, BOX 22-201, OTAHUHU, PHONE {09) 276 1849, FAX (09) 276 1847, Fanes 1 '
“ax Invoice Mo: 261405 Date /0172004 '/,P'
Tpge”
ISEO0O0
GTEELRLUS LTO ) _
it . GUSTOMER Mo, . DEETINATION )
0 BOX 5B-F449 20234 2% YTrugeod Drive
iREEMMOQUNT East Tamaki
—— AUCKLAND
:r}":fn% ¥
iT RKCGO Mo.70=-407=-421
i ARG DELIVERY % i INVOICE
DATE BUNOLES REFERENGE PARTICLEARS TOMRMEE RAaTE TOITAL
Item 382026060 AT fHES 4671 GHOO0E DEF
ROUND M 20 SEISMIC 500 JEF &M
F 01 f04 ] YEQODDA4Z241 E . QM 5.875
Tetal Tonneage 5.875%
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CERTIFICATE OF TEST Invoice HNo: ZE2ZED Pags 1 pCle

,

PAOCESS OF MANUFACTURE: BASIC ELECTRIC ARC _: o

353049 -:/

STEELPLUS LTO 2H356 ; ':-'_iowl:
CUSTOMWIER CUSTOMER CUhia. WORKS Gia, TE L3
sescrpoi UMD M 20 SEISHIC 500 OEF & srecmeamonsh 5 A NZ5 €671 GSOOE DEF
Least Mo C Fir =1 n P [ R v ULTSY YLD e L BEMHD

% % %@ % % % HMea %

aLyis 0.18 1.28% ©0.34 0.026 0.01% 0.44 i.22 567 13.% PASS

JAMES FLETCHER DRIVE, OTAHUHLL, AUCKLAND, NEW ZEALAND.

9
P.O. BOX 22-201, OTAHUHU, PHONE (08) 276 1849, FAX (08) 275 1947, Page 1 I ®
Tax Inweoice MNeo: FETOEY Date 117022004 ﬁ;//r
Q'-,_F_.g"
ALE000
STEELPLUS LY
; DESTINATION
PO BOX S8-749 ahege 23 Trugood Drive
GREENMOUNT East Tamaki
: AUCKLAND
FACIFIC $W/0 Mo
277024
G5T REG Me.76-487-421
DATE G ngf__g:;ﬂ;_: FARTICULARS TONNES RATE e
Ttem ZIB2026060 BRSNS 4671 GEOODE DEF
ROUND ® 20 SETSHIC 500 DEF &M
1 Dz f04 1 ¥B00043426 6.0M 2.140
Tatal Tonnage 2.140
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|

CERTIFICATE OF TEST Invaice Ho: 282434 Page 1 rElE,
PROCESS OF MANUFACTURE: BASIC ELECTRIC ARC ' -
3BE04Y a_—
customen & | EELPLUS LTO EUsTOMER ne.s O 74 WORKS o, © < 05 hf_,_ E e
pescreTof DUND L #6 SETSHTC 800 OEF &r smecrcamans A S FNZT BT GEOOE DEF
s} L i ] (-L.EQ LT /v YL UELG BEND
& E % K %
B05801 &1 27 L4 R .03z 0.017 U, d6 1,22 548 FassE
abseel: o0.17 1.25 0.34 0.028 0.01% 0.47 L.2¢ 544 12.4 PASH
— S
e '
JAMES FLETCHER DRIVE, OTAHUHL, AUCKLAND, NEW ZEALAND, ¢ = k-‘ﬁ
P.0. BOX 22-201, OTAHUHLU. PAONE {08) 276 1849 FAX (0% 276 15947 1 : [
Page 1 .-'/'
Tax Invoice Mo: 282434 Date 16/02/2004 J’r-
Ty B e
FH8000
STEELPLUS LTD CUSTOMER Oiio, DESTIMATION
PO 80X S8-749 FO2EA 3 Trugood Oriwve
GREENMOUNT Fast Tamaki
S— PUCKLAND
2208587
G5l REG Ho./ib=-4d/-4Y1
BARS DELIVERY = 5 - IMvICE
DATE Bl rs Pl S PAATICULARS OMHES AATE i
Item 392526060 AL NZS 4671 GH00E DEF
ROUND L 25 SEISKIC 500 OEF &M
1 nzro4 1 Ya0004355064 G, OM 1.848
Ly fo2,/04 1 Yeo0043677 G.oM 1.7585

Tatal

Tonnage

3.603
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CERTIFICATE OF TEST

Customer Number: 320040

Customer Name: FLETCHER REINF OLD ROD MILL

Delivery Address: PACIFIC STEELS OLD ROD BLOCK
259 |AMES FLETCHER DRIVE
OTAHUHU

1, Ctahuhu
Cast Number: 2591703
Specification: AS/NES 4671 GRADE 500
= Product: ROUMND L 32 SEISMIC 500 DEF 15M
6 1947 Certificate Number: 419
Issue Date: 14/01/2003

Chemical Analysis (% by mass)

5 s F Al Mi Cr Ma Cu Sn v N C+Mn/e Ceq Cun
) (%) (%) (%) (W) (W) (%) (%) (%) () (%) (%) (%)

035 0020 0.012 0001 007 005 0002 022 0062 0100 0021 0400 045 QU072

Mechanical Tests

d  Yield Strength Uniform Elang. Bend Mass,/m Batch Long term
Re (MPa) Agt(%a) Test (Kg/m) Conformance  Conformance

569 123 Passed 6.210 Passed Passed

that the above information is in
‘with the records of the company
to the specifications as stated.

ithorised Signatory:

ist
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Leomand. Luy_wé

Thic Ts Man ot,(?
of M., TéaTcker

o Mas bon Sobblied.

FD Mo .
ol

g
?’0[06{0&

| CEATIFICATE OF TEST

pElr,

PROCESS OF MANUFACTURE: BASIC ELECTRIC ARG Invelce Mo: 261516 Page 1 5 >
=Z
cvstonen S 08048 CUSTOMER Gitlo. WORKS i, &ypeY
STEELPLUS LTD 20079 220214
DESCAIRTION SPECILCATIONS
ROUH 38 S TOMTECHE-0Es aon P P PN
Cast Ne € MN ST £ P E 3 e ULT/Y YLD VELG BEND
% % % % % 2 HER %
30979 0.20 1.35 0.34 0.029 0.01% 0.47 22 S48 i2.% PASS
JAMES FLETCHER DRVE, OTAHURU, AUGRLAND, NEW ZEALAND,
PO 0K 22-201, OTAHURLY. PHONE {05} 276 1545, FAX (09} 276 19M7. =
Page : 4 "//".
Tax Invaice No: 261516 Date 1z/0L /2000 Brge”
358000 CUSTONER Qilo. DESTIRATION
STEELPLUS LTO
F 0 BOX 58-74% 20079 23 “rugood Drive
GREENMOUNT AR, East Tamaki
AUCKLAND
220214
GST REG No.76-4B87=-Aa21
BATE i ] i FERTICLLARS TONMES AATE oo
Item 383226120 AS/NZS 4671 BROODE DEF
ROUND L 32 SEISNIC L0OD DEF 12H
1ej01/00 1 YB000A42440 12.0H 2.166
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Appendix 4: Review of Bend Diameters for
Reinforcing in Successive New Zealand Standards
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