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Welding in Concrete Seminar—16 August2018

On 16" of August | had the pleasure of being invited as the ACRA’s
guest speaker. My presentation was confined and focused on the
welding of reinforcement (Rebar) in accordance with the Australian
Standard. AS/NZS1554.3.2012

During my talk I, produced a number of cross sectioned weld samples
that had been macro-etched to determine if the weld was correctly
fused and met necessary requirements. A number of these small
samples were found to have a material defect in the centre of each of
the two pieces of rebar.

| referred to this particular defect as a ‘crack’ so that the audience
identified with what | was talking about as the samples were passed
around the room with a ‘crack’-like indication.

A couple of questions were raised at the end of my talk relating to the
defect in question.

The comments were that it was not an actual ‘crack’ and didn’t affect
the properties of the rebar. To qualify what they meant by that, was
that it isn’t strictly called a crack and that when you tested the rebar
with this type of defect present, the tensile and bend testing doesn’t
fail and therefore would be deemed acceptable.

So, as a way of providing further explanation that | didn’t have time
for on the night, let me break this down so as to provide the reader
with a clearer understanding of what this defect is and why it can be
deemed detrimental to rebar in various design applications.

Firstly, one can call it by many names, a split in the centre of the
rebar, a void, a crevice, a crack like indication, a discontinuity and a
segregation of the grain in the centre of the bar. In large diameter
forged bars it is sometimes referred to as a forge busting.

The posting is not going to explain how and why this defect occurs,
but to detail what can happen if such rebar is placed into service.

So regardless of what name it is referred to as, its presence in the
rebar indicates that the section is not fully homogenous and this
discontinuity should not be present in accordance with AS/
NZS4671.2000 the Australian Standard for Steel reinforcing
materials.
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It is very interesting to note that this code has a mandatory requirement for
the dimensions and shape of the deformation such as what is in the
forming of the ribbing of the bars etc. But nowhere in this code does it
have a table for acceptable and non-acceptable defects within bar
material. This code has a number of requirements such as the chemical
compositions and the chemical element percentage tolerances. It also has
the required mechanical properties such as tensile strength, shear,
ductility etc.

As | spoke about on the night, the welding codes do have a permissible
level of acceptable defects allowed. But this material code does not. In
saying that, it doesn’t mean that just because there is a discontinuity
evident in the rebar like my samples, that there are grounds for rejection.
However in saying that, any indication/s found to be present in the steel
must be addressed in conjunction with design requirements for what its
intended use is going to be for.

Now let us take a section of this bar with the centre crack-like indication
and subject it to tensile and bend tests. Just because it gets over the post
is not enough grounds to deem it acceptable. Why do | say this? Well for
example, if a single length with this defect present is to be used in tension
as a single component encased in concrete and only subjected to a static
load, then based on it passing the bend and tensile tests, would be fair to
say that the bar was fit for purpose with this manufacturing defect present.

Now let us take a different standpoint. Two lengths of large diameter rebar
say 40mm Dia are Butt welded together to achieve the required design
length of rebar for which it is intended to be used for. The weld
preparation is called a Double Vee Butt welded joint. Ref to Sketch below

%v\s indicate High Risk failure Poi}n

White is the rebar End View
Blue is the weld metal

Yellow is the Heat Affected Zone (HAZ)

Orange is the centreline Defect

This sketch is a cross section of the weld joint between 2 lengths of rebar.
By introducing the weld joint to make a single length of rebar, you have in
fact changed the mechanical properties at the joint. Especially within the
yellow section which represents the Heat Affected Zone of the Rebar. The
HAZ will have become harder than the rebar outside this zone. In doing
so, it makes the bar more brittle at this location. Now we can see that
there is an internal crevice type defect which is throughout the entire
length of both bars. Where the crevice meets the HAZ you have a point
where a mechanical failure could very easily initiate and propagate from.
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Let us for example say that these joined bars are to go into a road bridge
where the span is subjected to wind, vibration and cyclic loading due to the
constant flow of traffic. While this defect may never be a problem
throughout the length of the bar, at the point where is has been joined by
means of welding, it could be an accident waiting to happen. Also if this
weld joint was to be incorporated into a tight radius bends, it more than
likely could cause a material failure.

Plate steel plates often come out of the steel mill with a section of
lamination within an area of the plate. The lamination entrapped in the
plate may never become a problem depending on what the plate is used
for. However, if you were to weld a section of plate at 90 deg directly over
the top of such a lamination, the stresses created by welding, will in every
case result in a laminar tear underneath the weld joint within the plate.
That is why many clients will have ARL carry out lamination checks on
their plates at the supplier’s factory prior to shipping the plates to the
engineering workshops.

It could be said that this defect which has been found in the rebar may act
in a similar way to how a lamination reacts when subjected to the stress
generated by welding.

Another example could be that a spliced lapped joint is used instead of a
Double Vee Butt Weld. The rebar has the same defect present. So
depending on at what angle the defect is located in relation to the weld,
could result in additional tearing within the rebar, which then could cause
full material failure at that location.

The other main point which was overlooked regarding this type of defect,
is the corrosion aspect of having the ends of rebar come in contact with
various chemicals. They could easily egress into the crevice and over
time, could result in material failure by way of chemical corrosion.

What | have written in this short paper, is not based on my opinion. It is
based on the many failures | have been directly involved with in this very
same type of defect present in the bar at our laboratory.

This and other types of defects along with poor quality manufacturing
processes coming out of China, seems to be the main contributing factor.

Time and time again, we are receiving material samples from overseas
that fail either to meet the chemical composition, or fail to meet the
required mechanical properties and strength requirements.

| would truly welcome any constructive comments both for and against
what | have prepared.

- Wayne Robinson
ARL Laboratory Services Pty Ltd
Ph: 0434 448 144
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