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OBJECTIVE

The objective of this review was to examine the decision that J-Frame (H1.2 boron treated
LVL) as produced by Juken New Zealand Ltd (JNL) complies with the B2 durability
provisions of the New Zealand Building Code. CodeMark compliance was provided for the
product by AssureQuality in 2015 in their Product Certificate Ag-180615-CMNZ.

INFORMATION SOURCES @
The main documents used for this review included: @ ( g E>
. CodeMark Certificate Number Ag-180615-CMNZ, iss d@e 015.
Simpson and Singh (2016) The decay resistance @ @ on treafed LVL frafhing.

condition of samples after twelve months expo . Seprreport.

Tim Rigter (11 May 2015) letter to MBIE.
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\'
>
w
S
P
N
w
-—
)
S
2
N
V)
=)
S
o
=
@
o
=
o
T
=
@
o
=
o

preservative-treated i
spof tests.

8. AWPC Protocgls\f€ ment of W € ives.
A€ ) email {m‘
i AN ild @) )
»‘:l- dlysis she rial showing heartwood/sapwood spot test,
gehefration spot fes section retention and inner one-ninth retention for

s’ from th ents for samples A (untreated LVL), C (boron

eated LVL), and F (boron treated 145 x 45 mm LVL).

i mples E (lower uptake LVL).
e gets for the three replicates (samples 1-3) of each boron

O\ “Scion report.
\. ““16. Drysdale, J.A., Marston, N. and M.E. Hedley (2011). A method for studying boron

\—/ redistribution and leaching in timber framing. IRG Document 11-20476.

17. Subsequent email replies from JNL and Red Stag.
18. A number of additional confidential documents supplied by JNL.
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HISTORICAL

Softwood house framing in New Zealand has long been treated with boron with the
anticipation that it would be needed to control Anobium borer. However, the risk from
Anobium was overstated, so that in 1995 untreated framing was allowed and its use widely
implemented. What was not fully realised at the time is that the same boron treatments
used to control insects were also controlling decay fungi, as shown in later work by Mick
Hedley. While building practices should not allow the ingress of moisture to reach house
framing, changed practices such as the reduction of eave widths, monolithic cladding, and a
move from metal flashings to sealants were amongst some of the factors Ieadlng to the
leaky building syndrome and its associated decay problems. In response, treatments
were introduced to protect against fungal decay in interior house framing.

The Wall Frame Cavity Test was incorporated into the 2007 revisjgiko
as a method for determining which wood treatments were suit

2015 revision, an |-Frame Sample Test was included, now ‘the preferr
used by Scion. Not surprisingly, boron treatments at thea iate retentions
to be effective for H1.2 ‘solid wood’ (as distinguished nd other OFR!

2011), so it is worth noting that while H
‘...the preservative treatment is not de levated moisture
content’ (commentary clause C3.1\Am ! PC protocols now
state that H1.2 treatments ar eanh i axy\(up o 5 years) protection of
framing timbers’ against I : [
associated problems sucﬁ as
detected and remed}eiai

ast 50 years,

- \ /
N\ A\

N\ A )
7, > ~S$o
RETENTIQNAS%AETRAT[QNBEQUIREMENTS

Ui
‘__For tma boron treatment of sON, softwood (NZS 3640), the full cross-section should have a

mmlmum Tretention. o 0% boric acid equivalent (BAE) oven dried wood. An inner
one-nfnth retentl% pplicable. This same retention should be sufficient in fully

‘\penetrated ed the majority of LVL retentions listed in AS/NZS 1604.4 were
copled di AS 1604.1, the standard for solid wood. Heartwood penetration for
H1 ed in NZS 3640; however, | assume it would be similar to the NZ H3

ere no minimum retention in heartwood is specified, as long as the timber

final shape and form. Note that the retention is written as 0.40% not 0.4%,

eans that retentions must be given to 2 decimal places not one, which usually
ents retentions such as 0.39% being rounded up and passed.

In 2012 in both NZS 3650 amendment 5 and AS/NZS 1604.4, a glueline additive for LVL
using triadimefon and cyproconazole was included as an H1.2 treatment. Being a glueline
treatment, there was no requirement for evidence of penetration of the actives into the
timber itself, as it could remain associated with the glueline as long as minimum retentions
in the full cross section of LVL were achieved and the maximum thickness of veneers was
4.3 mm.

For H1.2 boron treated LVL, there is no specific or unambiguous penetration guidance
provided to date in the standards. Since 1939 in Australia, the main treatment method used
to obtain full sapwood penetration with boron for the protection of hardwood plywood
against lyctine borers was by dip diffusion of the individual veneers before gluing. However,

CO
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it was found that boron then caused problems when gluing the veneers together with
phenol formaldehyde (PF) resin. Therefore, the preferred treatment method for hardwood
veneers moved towards dipping in NaF, followed in later years to the alternative of dipping
in pyrethroids. Treatment of LVL after gluing would circumvent the adhesion problem
associated with boron; however, penetration can then be inhibited by glue-bonds, the
random location of impervious heartwood, and sapwood grain orientation. Penetration in
radiata pine sapwood can be difficult in the tangential direction, irrespective of the severity
of treatment, while the radial and longitudinal directions are easily penetrated. Therefore,
while the face veneers of LVL are easily treated, penetration of the interior veneers can be
variable.

S9@)(b) () ST92)B)i) ; @
(,
(\“

be\used for boron tr; VL ‘tor

04.5 which state ative
S 1604.4)’ , there is
(clause 2.3.2)\32 , 7 Iy treatment

mentioned is the glueline treatment with(tgadiar and cypr ~—Therefore, JNL
uses the penetration guidance given fo i elalse 2.2.2 re preservative-treated
veneers shall show evidence of the\ djsth the sapwood.’ This
clause is actually meant fo i ods under Australia’'s H1
exposure conditions. Ho ew Zealand’s H1.1 where
Anobium borer, especi cern. The feeding mechanisms
ifferent with one decaying on the
microscopic leve i jeces. Therefore, a better distribution or
microdistribufion s e’ jfed to control fungi than is needed to control
insect pe & The , ] . ' e fungal hazard in H1.2 is likely to be better
inferree Q) g qi\nclude a fungal hazard, such as H3. Clause 2.2.2 in

To provide guidance on what penetration pattern sho
use in New Zealand, there is clause 1.9 in AS/
penetration shall be in accordance with this St

less, the..ph ‘ewence of preservative penetration’ is used for the hazard

€s more e H1.2, for example in H3. Meeting an H3 penetration pattern

ould als ~Where the phrase is being used for ‘veneer penetration’ (e.g. clause

4.2 (b)) that'is for LVL where the veneers were treated prior to gluing (clause 1.4.15).

§ treated after gluing, it is considered to be an envelope penetration

. There are several options for H3 envelope penetration, which can include

.2’ (a) (iii)) ‘...and all sapwood in any veneer shall show evidence of preservative

etkation.” The main difference between this and similar phrases using ‘evidence of as

d in clause 2.2.2 is the emphasis placed on ‘all'. In 2.2.2 the evidence should be in all

eneers, while in 4.2 (a) (iii) the evidence should be in all sapwood. | cannot recall the

details of this fine difference, or whether it was intended, but it may mean that 2.2.2 is

passed if boron is found in just some sapwood locations within the veneers, as long as all

veneers have some penetration. To pass clause 4.2 (a) (iii) it may require all sapwood to be

penetrated, or does it mean that some portion of the sapwood in each veneer should

contain some penetration, which would make it similar to clause 2.2.2? Clause 1.8.2 also
states that LVL ‘shall show evidence of the preservative in the penetration zone..’

To add to the ambiguity, AS/NZS 1605.2:2006 (Determination of preservative penetration
by spot tests) states that ‘the preservative shall be continuously distributed over the
penetration zone...’ This standard should be followed when conducting spot tests such as

g 1{'.-_"- P4
*a 2T
wde preng
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those for boron, and the phrase ‘continuously distributed’ sets a higher threshold for
detection of preservative penetration than would ‘evidence of distribution’.

An opinion provided by s9(2)@) on 5 August 2015 considers penetration
statements for H1 and H1.2 and concludes that ‘It is therefore a reasonable interpretation
that the analysis zone for a minimum penetration pattern for H1.2 LVL should be full
sapwood penetration.’ This would be a stringent penetration requirement for LVL, requiring
full sapwood penetration as is required for H1.2 solid wood in NZS 3640. The difficulty of
penetrating all internal sapwood in LVL is allowed for to some extent in AS 1604.4 for H3
where the various options can allow for some level of unpenetrated sapwood.

phrases, and there are revisions to the AS/NZS 1604 series currently i llot draft
phase. However, any changes have not been finalised so that JNL wording
currently available in the standards. Nevertheless, it can be con d\that AS/NZS 16i4 4

There are discussions in Australia and New Zealand on how best to alig@z various

does not provide a clear penetration specification for non-glueline’tr s for H1.2.

uld e
ab lines

AS/NZS 1604.4 also requires some level of heartwo D€
argued that thls heartwood penetratlon does not appt

CNew Zealand, gle 3 A
b=\ FOrm as stat
H3.1 and H3.2, and by omission, presumably {\F '

The CodeMark Certificate Aq-180615- ‘ e accordance with
clause 1.9 of AS/NZS 1604.4:2012. Ilance by targeting a
high retention combined with ew istributi apwood in the penetration

eifation; althougy

standards have yet to tment of LVL after gluing, and
provide unambiguous-p h revisions of the standards, the
penetration paﬁptn Aedfrom the treatments that perform well in
H1.2 durabmty; ials...

rather than-u d- penetratu ]
39(2 IEE‘ s@’g that ‘While €in
ay e~ reasonable

trafé comparable dec
N H1 2

matertal

d2 (WhICh deal W|th penetration and the chemical
s, they require underpinning by efficacy trials that
|stance performance of H1.2 LVL.’

ns Were raised by Red Stag about the independence of test specimen preparation
th Scion |-Frame Sample Test, and the veracity of the associated retention and
etration analyses. The AWPC protocols state, ‘If test timbers are treated by the
reservatlve company, then the treatment work shall be witnessed by an independent party,
and/or a representative sample of test specimens shall be chemically analysed by an
mdependent laboratory.” The former does not appear to have occurred; however, a
representative sample was taken for chemical analysis so that this requirement was
fulfilled. Scion tested six timber types of radiata pine:

A = J-Frame untreated control 90 x 45 mm profile.

B = Solid wood untreated control 90 x 45 mm.

C = Solid wood H1.2 boron treated 90 x 45 mm.

D = J-Frame H1.2 boron normal uptake 90 x 45 mm.

E = J-Frame H1.2 boron lower uptake 90 x 45 mm.

F = J-Frame H1.2 boron normal uptake 140 x 45 mm (wide pieces).

»
]
4
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I have since learnt that all J-Frame treatments were conducted by JNL, while the solid wood
H1.2 boron treated timber was obtained elsewhere (original treatment lengths not
specified). The E samples refer to an experimental treatment schedule, so that these
samples do not require detailed consideration in this review.

The Scion report provided retention and penetration results for samples 1-3 from each of
the boron treated samples that they tested, which on its own is not enough for CodeMark
approval, and spurred concern from Red Stag. However, | have since been provided with
the full set of analyses by both AssureQuality and Veritec for all ten replicates of each
treatment. The J-Frame for test was originally treated as 2360 mm (90 x 45 mm profile) or

3000 mm (140 x 45 mm profile) lengths. Specimens were cut by Juken 4 m from the
treatment ends and sent to AssureQuality, and then 900 mm long were cut
centrally from the original lengths and sent to Scion. Scion then cu samples
from either end, and then again cut 4 mm wafers (across the se blocks.for
chemical analysis. They sent the wafers directly to Veritec. the’ requiremen
samples to be cut at least 150 mm from an original treat nd (Apgendix B4 of AS/
1604.4:2012) was met.

A brief summary of the analytical results are tha

1. Both analytical laboratories obtained exa me avera 75% BAE)
for samples C (solid pine H1.2 boron).

2. The BAE retentions obtained y an obtained by
AssureQuality for the same boa (J-Frame). Possibly,
this difference may be atigibuied 0 allty being cut nearer to

the original treatment gngd<thz » that there were concerns by

Red Stag about res D{a| Q :- J Frame during routine quality
control, in part 2 -. 3 RN However an email from Dr Jon
Tanner, Chi ateysl that the WPMA work was wrongly cited

and blin s were 2pe results were not attributed to specific
Iabor nces in sults between laboratories could also arise

ous penet rements being gleaned from standards.
3. also an untreated J-Frame, and the penetration spot tests
there was no b reatment, and all retentions were below BAE detectable

(<0 01% 1 I

oth sets of z . owed that all boron treated timbers had retentions greater than
0.40% J» cept for two from Veritec where samples F3 and F10 had the
slightly |ons of 0.37% and 0.34% respectively. If these retention results had

'QNRLEN mlnately sapwood LVL then they should be considered retention failure.
;if the LVL was predominately heartwood, which is difficult to treat so that most
on Yould therefore be in the sapwood, then it might indicate retention pass (as in NZ

a boron heartwood retention is not required). From the Scion report, the mean sapwood
content of J-Frame samples D was 89% while for J-Frame samples F it was 35%. This
heartwood factor should be considered in any standardisation of boron treatment for
LVL. Perhaps the minimum heartwood content in LVL should be limited to 50% (or
some higher number) so that the 0.40% BAE can remain the unequivocal retention
minimum for full cross section. A minimum heartwood content would also limit the
amount of decay susceptible but difficult to treat timber being included. It should also be
noted that both samples F3 and F10 passed the H1.2 decay test and lacked any signs
of decay.

5. The AssureQuality analyses showed that boron was detectable (above 0.01% m/m
BAE}) in the inner one-ninth of all solid pine C samples, except for one where the central
ninth was composed of heartwood. For the inner one-ninth of D samples only two had
detectable boron, while for F samples three had detectable boron, four lacked
detectable boron and three were composed of heartwood. These results reflect the

1 Pa ‘rw

r 4

_\'
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difficulty of deeply penetrating the inner veneers of LVL. Nevertheless, a central ninth
(core) retention is not applicable to H1.2 (NZS 3460, Table 6.1).

Red Stag mentioned that the first three commercial treatment batches of a new process
should be independently audited for compliance before the product is sold to the
marketplace. | am not aware of whether these initial steps were taken, but JNL has a quality
control programme in place. J-Frame was introduced into the market place before the Scion
H1.2 decay test was undertaken. | have the analytical results from the Scion material for
this review, as well as additional earlier analyses of treatment batches. The QA system that
JNL uses through AssureQuality looks rigorous, although it does rely on the penetration

ambiguities already discussed.
. jke other ;’\
ovide the{f'; = N\

When checking the penetration of boron, it should be remembered
preservatives, the sample should be cut and then radially split (with

surface tested is cut across the grain. The reason boron-tre2 wood is pre \S
differently is that boron can smear across the surface wi saw blade (although |

recall having problems with dry samples when cutting ain).

The AWPC protocols on page 11 state that the€pds &

shall be end sealed before treatment. The

treated ends especially when treated as s s in pilot iffes”

supplied by JNL was not end sealed, h > the 900 pma lon

from the centre of lengths at least\286 long, en : Ve i

satisfy AWPC requirements eed) g the centr o slich long lengths better

e preface: otf requirements in the standards have higher

% suggeste tocols, and for LVL standards do allow some level
% test photag
aergss the grain)
Lhe darker r w boron penetration, while the paler yellow areas show a lack of
i D1 appears to be fully penetrated, while most other LVL examples

penetrati S;%
have ated core. For some, this unpenetrated core in the internal veneers
e o the edge of some LVL samples. It seems likely that not all sapwood was

The protocols also all sapwgesd ated (page 10 under
treatment’ for vity test % applies to the I-Frame Sample Test),
although the p re mainly or Solid wood, with some minor references to

pendix 1 of the Scion report (Veritec tested samples, cut
not all of the cross section of LVL was penetrated with boron.

The accepted ‘Fungal Cellar’ H1.2 test procedures are described in the AWPC protocols,
and include the I-Frame Sample Test used by Scion. These tests were originally designed
for solid wood samples, where the wide face of framing timbers adequately represents the
treatment patterns also found on the thin face. Therefore, the pre-inoculated squares of
feeder strips nailed onto the wide faces of boards as required on page 12 of the protocols
were representative of the thin faces. However, the penetration patterns in LVL are quite
different on their wide and thin (edge) faces. The wide faces will usually have their face
veneers uniformly and fully treated, while the thin face will expose the edges of many
veneers (photos show that J-Frame is composed of 12 veneers), some of which may
include veneers with only shallow penetration. The thin edge will be the weak point in LVL
treated after gluing, so that is the area that should be specifically targeted in durability

SBVATAY 74 ar; T
COOKSO] \‘w
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testing. In any future testing of LVL, and other composites for that matter, | would like to see
both the wide and thin faces inoculated with feeder strips.

The AWPC protocols require that ‘Samples should be placed on edge in a stack with 15-20
mm thick untreated wood or plastic fillets between each layer.” There was some possibility
that the edges would be exposed indirectly to decay fungi if the stickers had been untreated
pine. Fungi could have travelled from the untreated controls onto the stickers and then
throughout the rest of the stack. However, plastic stickers were used.

The Scion report shows that there was only one length of boron treated J-Frame (a wide
board, 145 x 45 mm) out of 30 lengths (if samples E are included) that had any fungal
decay. The single board (sample F5) with decay was rated 9, indicating th cay was not

more than one mm deep. | consider this level of decay to be superfici ignally, the
decay appears to have arisen because the board was located withj sentative
location at the very bottom of the stack where the edge sat in water longer

than intended. Finally, the decay was soft rot, rather than bro
intended fungal inoculum. The fungal isolation work of
problem showed that decay was predominantly cause
| do not consider the superficial decay of one board

(such as not more than 1 mm deep)
considered unsuitable. It is common
mean of 3% mass loss or decay
Similarly, for H2 and H3 termi Id t

attfient was successful.
to 5% is allowed.

The AWPC protocols e 10 (u
Cavity Test which ajsg*applie the I-Fr

of each preservativ ested. Theg %
ed for ang% (e

tive treatment’ for Wall Frame
est) that a minimum of 3 retentions

some discussion about whether these
here existing wood preservatives with well

i sholds are khewn. However, there are some variations in J-
Fram guld.be worthy o ting so that we better understand any limitations of
th 5 content would appear to be a variation worthy of
2 ) target her uptake rate to meet the minimum BAE retention of

E!e

du

\- ef né closer to the minimum (e.g. 0.40-0.50% m/m) would also pass
ing i

i)pbssible that a somewhat higher BAE may be needed to be counteract any
es in LVL compared to solid wood. In summary, the parameters tested in an
ity trial should become the parameters specified.

minor decay of untreated J-Frame is noteworthy. | have seen a number of papers

here untreated LVL hot pressed to temperatures of 140-150°C will readily decay.
However, the J-Frame process includes a preceding step where veneers are high
temperature dried at 200°C. This temperature falls within the range used to produce some
thermo-modified woods. Thermo-modification significantly improves resistance to brown rot.
The Scion trial has shown that even untreated J-Frame has improved durability, with results
ranging from no decay (the majority of samples) to superficial decay (not more than 1 mm),
although 3 samples did have the establishment of light decay (1-5 mm deep). It would be
interesting to check the moisture content of various samples during the test, to ensure that
J-Frame has wetted sufficiently for decay to occur. If not, then perhaps improved
hydrophobic properties are part of the reason for its improved durability (compared to
wetted solid pine). The risk of rapid failure of J-Frame is certainly much less than for
untreated solid pine. If the parameters found effective by JNL should eventually become
O (

LY
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included within standards, the boron retentions and penetrations would need to be coupled
with this level of thermo-modification. That is, any other LVL heated to a maximum of 150°C
and then boron treated would need its own new set of H1.2 durability tests.

CONCLUSIONS

1. The granting of CodeMark for J-Frame was premature (it was granted prior to durability
testing).

2. The penetration guidelines across the three standards (NZS 3640, AS/NZS
1604.4:2012, and AS/NZS 1605.2:2006) do not provide sufficient guidance for the H1.2
treatment of LVL with boron after gluing.

3. The durability of J-Frame has not been tested fully in the Scion trial,
were not directly exposed to fungal inoculation.

4. The risk of rapid J-Frame failure appears to be low, as ev n J-Frame had
improved durability against brown rot. The resistance of untréa -fame is likel
to a level of wood modification through coincidental ‘t -treatment’ of vengers
heated to 200°C for drying. Risk is certainly much r untreateq-pi am
where widespread decay or failure was the norm i n trial.

5. Additional testing is required. The fungal in |-Frame 2@5 t should
have the feeder strips nailed on both the in edges o ‘ ple (LVL, and
solid wood for proper comparison). T I | inoculatid\co ’

S\l

ame edges

¢ nailed to the

existing J-Frame under test, if the te ning.
6. If a new durability test is installe e her full set
as before. Again, Scion shetld ¢ sample ;

their chosen analytical .-- V.
7. The testing of variatig @n ¢ pe useful totfatils any limitations in the treatment.
The main variatj {9 @ ificlude the-effeel-gii€artwood content, so that sapwood
it or high

content migh { 08 $5%, 50-60%, 80+%). Also for a given
sapwood -% her variatj \i ¢ to test a BAE retention that is close to the
minimg@ %

sched

e¥ should be conducted
and send them directly to

m/m and @n xs-(vould be obtained by JNL's ‘normal uptake’
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OBJECTIVE

The objective of this review was to examine the decision that J-Frame (H1.2 boron treated
laminated veneer lumber or LVL) as produced by Juken New Zealand Ltd (JNL) meets the
performance requirements of B2 Durability provisions of the New Zealand Building Code.
CodeMark compliance was provided for the product by AsureQuality in 2015 in their
Product Certificate Ag-180615-CMNZ, where B2 compliance was accepted through the
Alternative Solutions process.

INTRODUCTION

Since the 1950s, softwood house framing in New Zealand wa
anticipation that it would be needed to control Anobium

Anobium was overstated, so that in 1995 untreated framj allo
implemented (Hedley, 2003). What was not fully reall e is that th€
treatments used to control insects were also_es ecay fungl" W
practices should not allow the ingress of i ach hoyse

practices such as the reduction of eave wig ic claddln 5 d

flashings to sealants were amongst the {facteseatifig to the | g syndrome and
its associated decay problems. In respghse 2 treatme troduced to protect
against fungal decay in interior house\fxa .

The Wall Frame Cavity | corporated jn rev13|on of the Australasian
Wood Preservation C (AWPC) pr¢ -;- method for determining which
wood treatments wefg or H1 2 se\p(otgzols are widely used and accepted in

New Zealand r deter hbility of various preservative treatments
for various Ard slgsges. In th 5iN\2045 revision, an |-Frame Sample Test was
mcluded aQdy i the prefe ethod used by Scion. Boron treatments at the
approf ons wer effective in controlling the wood decay fungal

7 2 for ‘solid istinguished from LVL and other composites). This
30QU ed Wi pre-1995 experience where decay generally was not a

R | oron treated framing.
4. \ ‘»- ptéservative that can be lost from wood or redistributed within wood

[sysdale et al. 2011), so it is worth noting that while H1.2 house framing

 at{dast 50 years, ‘...the preservative treatment is not designed for extended

elevated moisture content’ (commentary clause C3.1, Amendment 5). Similarly,

PC protocols now state that H1.2 treatments are meant to provide ‘temporary (up to

earS) protection of framing timbers’ against leaky building problems that might elevate

d moisture content above the fibre saturation point (around 25% mc), allowing fungal

decay. If water ingress is occurring, then associated problems such as staining and mould
growth should allow it to be detected and remedied.

B2 Durabilty CodeMark compliance through Alternative Solution was accepted by
AsureQuality by referencing NZS 3640:2003, NZS 3602:2003, NZS 3604: 2011, and
AS/NZS 1604.4: 2012. Wood treatment is specified according to two factors, retention,
which is the amount of preservative in wood, and penetration, which is the depth to which
the preservative has spread within the wood. For LVL, the relevant clause guiding treatment
is 1.9 ‘Use in New Zealand’ in AS/NZS 1604.4. 2012. This clause states that LVL ‘shall be
treated to the preservative retention requirements for H1.2 as set out in NZS 3640’, which is
a standard for solid wood. Similarly, Section 2.3.9 of NZS 3604 deals with Engineered

_—,

0
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Wood Products (EWP, including LVL), and clause 2.3.9.4 indicates that EWP may be used
if preservative treatment complies with NZS 3602 though if not already specified in NZS
3602 then it must have the level of treatment required for kiln-dried radiata pine structural
grades.

Further, for the Alternative Solution for J-Frame penetration requirements, clause 1.9 in
AS/NZS 1604.4: 2012 states that ‘Preservative penetration shall be in accordance with
AS/NZS 1604.4. However, there is no penetration requirement for H1.2 in AS/NZS 1604 .4:
2012 so penetration is analysed to H1. Penetration tests to H1 should show ‘Evidence of
Penetration’ (AsureQuality, 2015 CodeMark Evaluation).

Since the granting of CodeMark approval for J-Frame, a series of complgitfis were made e
(Rigter, 2015), that the approval process was flawed, that the J-Fra roduced .\
does not comply with B2 Durability, that the supply of samples for t j testwas/
not independent or representative of commercial production,
occurred in J-Frame in the Scion test.

O

ALTERNATIVE SOLUTION: TREATMENT REQUIREMENTS >

Retention

For the boron treatment of solid so

At are sigiar. Indee x
pied directly fr
d 2 l: ,

avents retentions such as 0.39% being rounded up

to 2 deci
and p se

enetratlo for H

ot specified in NZS 3640; however, it follows from New

H3 re ts (c use 6.3.1.1.2) that ‘For timber treated in final shape and

D, mini od penetration is specified.’” As confirmation that heartwood
netratlo e required for H1.2 when treated in final shape and form, Clause
3.2 |n N 03 states ‘“Treatment for service at a higher hazard class number

sati ments for service at a lower hazard class number,..." In solid wood, the
I h rings assists when determining heartwood regions based on small colour
ce¥’between sapwood and heartwood, and/or spot tests. The location of heartwood
V is more difficult to locate as growth ring structure is obliterated so that heartwood
av be in different locations between each veneer. AS/NZS 1605.1: 2006 provides a spot
test for heartwood/sapwood determination.

A number of quality control analyses for J-Frame were provided by JNL and AsureQuality,
including analyses for the samples sent to Scion as part of the durability decay test. An
AsureQuality analysis on 15/12/2014 of ten samples (not part of the Scion test) showed that
all had BAE cross-section retentions of 1.04 to 1.96% m/m. An AsureQuality analysis on
28/5/2015 of another ten samples showed that all had BAE cross-section retentions of 1.09
to 2.23% m/m.

Of the Scion samples, samples D were 90 x 45 mm profiled J-Frame treated by normal
schedule, and the Scion report showed that they had a mean sapwood content of 89%. For
the ten boards analysed, AsureQuality obtained retentions of 0.62-1.70% m/m. Veritec
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analysed samples from the same test boards and obtained retentions of 0.54-0.89% m/m.
All of these analyses show that J-Frame is treated to above 0.40% m/m BAE and therefore
meets standard retention requirements for LVL.

An exception obtained from the Scion samples were for samples F which were 140 x 45
mm profiled J-Frame treated by normal schedule. For the ten boards analysed,
AsureQuality retentions were 0.60-1.10% m/m (all passing standard requirements) while
from Veritec the retentions were 0.34-0.68% m/m. Two samples analysed by Veritec were
below requirements at 0.37% for sample F3 and 0.34% for sample F10. Both values cannot
be rounded up so indicate retention failure according to the more conservative resuits
obtained by Veritec.

"g.- hed .p’. content
y o 32s not regilire

treatment when treated in final form. It would be difficult to”sepgrate’ heartwood
sapwood samples in LVL for separate analyses. As he d is &

icult to tpeat,
boron would be located in the sapwood, so that it s able to as at
sapwood components of samples F3 and F10 woul regier than 0. .
Nevertheless, without further guidance on wRs ce heartw hould have
Anak o failures for

treatments until new analyses shyw thaf “inimal ¢ s%tla retention is always
achieved. Such treatment vajiatign be accompli by"using a harsher treatment
cycle, or by limiting hea ent. It should both samples F3 and F10
passed the H1.2 Scion d lacked \

, analyticdlida es
t

Independence

ed by R the independence of test specimen preparation
-Frame Sa / and the veracity of the associated retention and
analysesaThe protocols state, ‘If test timbers are treated by the
ive company\hen the treatment work shall be witnessed by an independent party,

andfor a reprgse ple of test specimens shall be chemically analysed by an
depend@ »” The former does not appear to have occurred; however, as a

representafive e was taken independently by Scion for chemical analysis this AWPC
requi ulfilled. Scion tested six timber types of radiata pine:

ranfe untreated control 90 x 45 mm profile.
Sofid wood untreated control 90 x 45 mm.
> Solid wood H1.2 boron treated 90 x 45 mm.
D = J-Frame H1.2 boron normal uptake 90 x 45 mm.
E = J-Frame H1.2 boron lower uptake 90 x 45 mm.
F = J-Frame H1.2 boron normal uptake 140 x 45 mm (wide pieces).

All J-Frame treatments for the Scion trial were conducted by JNL, while the solid wood H1.2
boron treated timber was obtained elsewhere (original treatment lengths not specified)
(Paul Jordan, pers. comm.; JNL 2014 sample preparation). The E samples refer to an
experimental treatment schedule, so that these samples do not require detailed
consideration in this review as they do not fall under the CodeMark evaluation.

The Scion report provided retention and penetration results for samples 1-3 (C1-C3, D1-D3,
E1-E3, F1-F3) from each of the boron treated samples that they tested, which on its own is

{|’ ™ i

L L W
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not enough for CodeMark approval. For this review, the full set of analyses by both
AsureQuality (13 documents) and Veritec (two documents) for all ten replicates of each
treatment was provided by JNL. The J-Frame for test was originally treated as 2360 mm (90
x 45 mm profile) or 3000 mm (140 x 45 mm profile) lengths. Specimens were cut by Juken
450 mm from the treatment ends and sent to AsureQuality, and then 900 mm long samples
were cut centrally from the original lengths and sent to Scion. Independently, Scion then cut
100 mm long samples from either end, and then again cut 4 mm wafers (across the grain)
from those blocks for chemical analysis. They sent the wafers directly to Veritec. Note the
requirement for samples to be cut at least 150 mm from an original treatment end
(Appendix B4 of AS/NZS 1604.4:2012) was met in both instances.

mm long and shall be end sealed before treatment. The aim is to avoid h uptake N
or over-treated ends especially when treated as smaller lengths in pj ities. The /' ;
J-Frame supplied by JNL was not end sealed; however, as the L\
were cut from the centre of lengths at least 2360 mm long, end €
should satisfy AWPC requirements. Indeed, using the cen oms long Iengt[:ls b
reflects commercial realities.

The AWPC protocols (page 11) state that the ends of test samples mustﬁ%at least 600

gsults bemg’ btained from AsureQuality,

questioning why J-Frame was consligtently passing reteption \g perretratlon requirements
(Rigter, 2015). As part of thi cerR ter (2015) c%qependent testing of several
analytical laboratories b d Processors facturers Association of New
Zealand (WPMA). How ail from DV T\anne:‘ Chief Executive of WPMA has
indicated that the W, S Wro (?]}H;l d blind comparisons were made where
results were not ttr pecmc lab % anner, 2016).

This revi draw --" ﬂ‘ Vi i
resultss Ho ome com \ 521 be made between the retention results obtained by
@ reQuality dn samples, as both laboratories analysed samples

e board

r the same board numbers from samples D and F (J-Frame). While all

re cut more than 150 mm from original treatment ends, it remains possible

th difference in retention can be attributed to the samples for AsureQuality being

cu¥’ nearer to the original treatment ends than those cut for Veritec. A proper
comparison should have test samples cut adjacent to each other.

AsureQuality should determine whether its procedure for determining boron retentions in
LVL is giving an overestimation of retentions.

Penetration

The most contentious issue for the boron treatment of LVL will concern penetration.
Treating veneers with boron before gluing can allow full penetration of all sapwood, and for
example, is a process that was used in the 1940-50s in Australia for the protection of
hardwood veneers from lyctine borers. However, the boron in treated veneers can cause
adhesion problems when gluing with phenol formaldehyde (PF) resin. Treatment of LVL

O
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after gluing circumvents the adhesion problem associated with boron; however, penetration
can then be inhibited by glue-bonds, the random location of impervious heartwood, and
sapwood grain orientation. Penetration in radiata pine sapwood can be difficult in the
tangential direction, irrespective of the severity of treatment, while the radial and
longitudinal directions are easily penetrated. Therefore, while the face veneers of LVL are
easily treated, penetration of the interior veneers can be variable and limited, making them
more susceptible {o decay.

S'9(2)(B)(i); s 9(2)(B)(ii)

For preservative penetration in LVL, the relevant gmdancg -in clause 18~
1604.4: 2012, where ‘Preservative penetration shall bein/accordance wit N
However, there is no penetration reqwrement dny ASYNZS 1604.4. 2012
2.3.2) as the only treatment mentioned | iuet e treatmept Wil

cyproconazole. This gluellne treatment as 012 to b

ere was ment for evidence of

ltself as it eou i associated with the
he full cros \ n\ of LVL were achieved and

glueline as long as minimum i
the maximum thickness of ’ L C
Therefore, JNL uses-hs gepetration gu""ce“&?h}for H1 in clause 2.2.2 where ‘All

the distribution of the preservative in

penetration of the actives into the

ever, it is transferable to New Zealand’'s H1.1
oftwoods, is of greater concern. The feeding
s, borers and fungi, are quite different with one

siam\ borer,
aMS tween the
'f‘ the micrggcopic hile the other ingests larger pieces. Therefore, a better
jbu

n or migrod tlon of preservative may be required to control fungi than is

e editions, the only option in the relevant section was H1. H1.2 was not
: Therefore ‘All preservative-treated veneers shall show evidence of the
ibution of the preservative in the sapwood.’ clearly applied to the boron treatment of
b for H1.2.

~ To add to the ambiguity, AS/NZS 1605.2:2006 (Determination of preservative penetration
by spot tests) states that ‘the preservative shall be continuously distributed over the
penetration zone...’ This standard should be followed when conducting spot tests such as
those for boron. The exact meanings of ‘continuously distributed’ and ‘evidence of
distribution’ have not been provided in the standards. My interpretation of these terms as
they apply to a sapwood veneer can be illustrated in Figures 1-4. Continuously distributed
means there are no gaps in penetration. ‘Evidence of distribution’ can be met by a much
wider range of penetration patterns, ranging from the same one shown for continuous
distribution (Figure 1) through to a minimum where even minor penetration is still ‘evidence
of distribution’ (Figures 2-3). The phrase ‘continuously distributed’ sets a higher threshold
for detection of preservative penetration than ‘evidence of distribution’.



REPORT No: 153 Page 9 of 14

Figure 1. ‘Continuously distributed’ penetration in a sapwood veneer.

mm [ 7 [ 77 [T [T 1 1T 1T 1 I [ I |

Figure 2. An example of the minimum penetration needed for ‘evidence of distribution’.
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Figure 3. Another example of the minimum penetration needed for ‘evidence of distribution’.

L T a7, [ T = Pl . | | |

Figure 4. Veneer not penetrated. C//“'-
@ \\

There are discussions in Australia and New Zealand on how to\atign“these va%w’f;

phrases, and there are revisions to the AS/NZS 1604 series-currenti\in fhe preballot
phase that may or may not improve clarity. However, a es have not beef\finali

so that JNL should use the wording currently availapig’i ndards. N essyit
can be concluded that AS/NZS 1604.4: 2012 +da rovide a ation

specification for non-glueline treatments for H :@ @
JNL and AsureQuality have used Alte Hion to obta &e, and use H1's

‘evidence of distribution’ as its test fqr tioh. This ap h Is yeasonable given the
clear guidance for such an approac th of AS/NZS 1604 .4, and
the absence of countering g -=\> i Not surprisingly due to the

relative ease of meeting ihis @ ration requi rame samples analysed and
c ‘ ass penetration requirements.

Al igure 5. D1 appears to be fully penetrated.
D2 and D3 have limited penetration.

COOKSON

Independent Consulung
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penetration, while the p LaJack.( etration. From Simpson and
Singh (2016).

While JNL js)ju in-asing ‘evi bution’ to determine penetration in J-Frame
and obtai L\Pfark approv, ase is too weak to ensure durability. Decay may

j eof av s limited penetration. Also, if J-Frame is cut or
r treatment, npenetrated sapwood could be exposed and will be

to decay<A simil roblem was demonstrated in glulam treated after gluing
t organic servatives (Cookson, 2013). Therefore, a Verification Method
Id also b the durability of J-Frame under H1.2 conditions to prove its B2

urability. pinion was provided by $9(2)@)" ~ | on 5 August 2015 where
tention ‘require underpinning by efficacy trials that demonstrate
ay resistance performance of H1.2 LVL.’ The final proof of what works will

penetratj an
co
% neg from durability trials, rather than untested penetration pattern specifications.

@/ERIFICATION: SCION H1.2 DECAY TRIAL

The accepted ‘Fungal Cellar’ H1.2 test procedures are described in the AWPC protocols,
and include the |-Frame Sample Test used by Scion. As part of this trial, the test samples
are inoculated with two species of brown rotting fungi using pre-infected feeder strips about
7 x 35 x 35 mm (AWPC 2015, page 12). Pre-infected feeder strips are then tacked onto the
wide face of the test samples. This procedure was followed for the J-Frame test.

These H1.2 tests were originally designed for solid wood samples, where the wide face of
framing timbers adequately represents the treatment patterns also found on the thin face.
Therefore, the results obtained by tacking pre-inoculated feeder strips onto the wide faces

COOKSON

Independent Conseling
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of samples were representative of what would also occur on the thin faces. However, the
penetration patterns in LVL are quite different on their wide and thin (edge) faces. The wide
faces will usually have their face veneers uniformly and fully treated, while the thin face will
expose the edges of many veneers, 12 veneers in the case of J-Frame (Figure 5). These
veneer edges may include some with only shallow penetration (Figure 5). From a durability
perspective, the thin edge will therefore be the weak point in LVL treated after gluing, and
should be specifically targeted in durability testing. This was not done in the Scion trial.

The AWPC protocols require that ‘samples should be placed on edge in a stack with 15-20
mm thick untreated wood or plastic fillets between each layer.’ There was the possibility
that the LVL edges would be exposed indirectly to decay fungi if the stickers had been
untreated pine. Fungi could have travelled from the untreated controls onto stickers and
then throughout the rest of the stack. However, plastic stickers were use

als,
The Scion report shows that there was one length of eated J-Fra oard,
145 x 45 mm) out of 30 lengths (if samples ) that had(f ay. The
single board (sample F5) with decay was rat ating that t more than

one mm deep. | consider this level o superfici y, the decay
appears to have arisen because the bo ated withipre presentative location

While the I-Frame Sample Test was correctly followed as outlin AWPC proto
in any future testing of LVL, and other composites for that matter\Dqth\the wide anc
faces should be inoculated with infected feeder strips.

at the very bottom of the stack w t ge sat i e water longer than
intended. Finally, the decay was\so ather than Drbw rising from the intended
fungal inoculum. The funga ~ LDt \ehM2007; 2008) into the leaky
building problem showgd thah ds preddiR caused by brown rot fungi,

although soft rot fu z ab\cdRsider the superficial decay of one board
by soft rot to indjcats.g i

I-Frame Sample Test) that a minimum of three
tested. Three non-overlapping groups of retentions
ver, eems little value in testing such a range of retention

where gxis woolt preservatives with well established toxic thresholds are

y known. A y variation to test for J-Frame is heartwood content. Also, JNL

hj u ate to meet the minimum BAE retention of 0.40% m/m required in

cross secfign fo 2. Indeed, all samples D in the Scion trial had retentions ranging from
0.54 eritec analyses). JNL should consider testing J-Frame with retentions
r inimum as well (e.g. 0.40-0.44% m/m), so they can understand whether to

nyMuture pressures to reduce cost by reducing retention to this level. It is possible

omewhat higher BAE may be needed to counteract penetration issues in LVL
p pared to solid wood. If a lower retention is not tested, then the minimum retention

' sspecified for J-Frame should be 0.54% m/m BAE. In summary, the parameters tested in an
H1.2 durability trial should become the parameters specified.

The minor decay of untreated J-Frame in the Scion test is noteworthy. AsureQuality
analysed the untreated J-Frame, and the penetration spot tests confirmed that there was no
boron treatment, and all retentions were below BAE detectable limits (<0.01% m/m).
Untreated LVL and plywood hot pressed to temperatures of 140-150°C will readily decay
(e.g. Da Costa et al., 1972). However, the J-Frame process includes a preceding step
where veneers are high temperature dried at 200°C. This temperature falls within the range
used to produce some thermo-modified woods (Militz, 2008). Thermo-modification
significantly improves resistance to brown rot. The Scion trial has shown that even
untreated J-Frame has improved durability, with results ranging from no decay (6 samples)

CO



REPORT No: 153 Page 12 of 14

to superficial decay (not more than 1 mm, 1 sample), to light decay (1-5 mm deep, 3
samples). The risk of rapid failure of J-Frame is certainly much less than for untreated solid
pine which in the Scion trial had severe decay.

CONCLUSIONS

1. The granting of CodeMark for J-Frame as being compliant with B2 Durability was
through Alternative Solution, and was justified because it followed (for retention) or did
not contravene (for penetration) the existing standards NZS 3640 and AS/NZS
1604.4:2012.

2. However, the penetration guidelines across the three standards ( 0. AS/NZS
1604.4:2012, and AS/NZS 1605.2:2006) are conflicting and ampi the H1.2

treatment of LVL with boron after gluing.
. The phrase ‘evidence of distribution’ as a specification for penetai too weak
relied upon on its own as demonstration of durability. icationMethod is Fequir
. The verification of the durability of J-Frame has n ed fully in n trigl,
as J-Frame edges were not directly exposed to fu lation.
5. The risk of rapid J-Frame failure appears {gzbe g even untréd

w

H

where widespread decay or failurg\was the’norm in the St @ trial.
. Additional H1.2 durability testin quired. The \tupgal ifioculum in the |-Frame
eder strips nai[ea:olg oth' the wide and thin edges of

»

each sample (LVL, od for pr pﬁﬂ:b arison). This additional inoculation
could be nailed J-Frame_ ung St Jfthe test is still running.

7. If a new durabili stalled, thefyai full set of analyses should be conducted
as hefore. n should ifaependently cut the samples for analysis and send
them ¢ r chosen i¢al laboratory

8. The te ariations ful to better define any limitations in the J-Frame

e main v est include the effect of heartwood content, so that

content might b , mid or high (perhaps 35%, 50-60%, 80+%). Also for a

sapwood. cortent, antither variation is to test a BAE retention that is close to the

nimum of and another as would be obtained by JNL’s ‘normal uptake’
schedu

9. Withopit addy | durability testing, | was not able to determine that the 50 year

quirement of B2 Durability in the New Zealand Building Code was met.

%NS DERATIONS FOR STANDARDS, AWPC PROTOCOLS.

1. Remove the ambiguity in AS/NZS 1604.4 and clearly state which penetration pattern
should be followed for non-glueline H1.2 treatments for LVL.

2. Provide a diagram in AS/NZS 1604.4 of preservative penetration patterns in veneers,
such as shown in Figures 1-4, so that the meaning of terms such as ‘continuously
distributed’ or ‘evidence of distribution’ becomes clear. Eventually, as guided by
durability testing, a term such as ‘evidence of distribution over at least X% of the
veneer,” may be applicable for H1.2 LVL treated after gluing.

3. In future revisions of the AWPC protocols, some minor level of decay (such as not more
than 1 mm deep) should be allowed in H1.2 testing before a treatment is considered
unsuitable. It is common practice in other AWPC laboratory trials to allow a mean of 3%
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mean mass loss or decay and still consider that the treatment was successful. Similarly,
for H2 and H3 termite field testing a mean mass loss of up to 5% is allowed.

4. Any testing of LVL durability presented for changes to standards should indicate the
temperatures used for LVL production, so that it is clear whether durability is due solely
to preservative treatment, or preservative treatment plus a level of thermo-modification.

5. The AWPC protocols should also require the inoculation of engineered wood products
with pre-infected feeder strips to occur on both the wide and thin faces of samples in
H1.2 testing.
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Penetration zone = The region of timber that should contain preservative.

Retention = Amount of preservative within a section of timber. Where expressed as a
percentage, retention is on the basis of mass per unit mass.

Solid wood = Wood without divisible parts glued together.

WPMA = Wood Processors & Manufacturers Association of New Zealand.
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New Zealand.

Important Disclaimer

LJCookson Consuiting advises that the information contained in this publication comprises general
statements based on scientific research and review. The reader is advised and needs to be aware
that such information may be incomplete or unable to be used in any specific situation. No reliance
or actions must therefore be made on that information without seeking prior expert professional,
scientific and technical advice. To the extent permitted by law, LJCookson Consulting (including its
employees and consultants) excludes all liability to any person for any consequences, including but
not limited to all losses, damages, costs, expenses and any other compensation, arising directly or
indirectly from using this publication (in part or in whole) and any information or material contained in
it
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OBJECTIVE

The objective of this review is to determine if J-Frame (H1.2 boron treated laminated veneer
lumber or LVL) as produced by Juken New Zealand Ltd (JNL) meets the performance
requirements of B2 Durability provisions of the New Zealand Building Code, and if
CodeMark certification was justifiable. CodeMark compliance was provided for the product
by AsureQuality in 2015 in their Product Certificate Ag-180615-CMNZ, where B2
compliance was accepted through the Alternative Solutions process.

INTRODUCTION

Since the 1950s, softwood house framing in New Zealand wa
anticipation that it would be needed to control Anobium q%g
Anobium was overstated, so that in 1995 untreated frami allowéd
implemented (Hedley, 2003). What was not fully reall

treatments used to control insects were also _geq
practices should not allow the ingress of mgi

ecay fung
ach hoysge

practices such as the reduction of eave wig ic claddln g i

flashings to sealants were amongst the {z¢teisNeading to the | g syndrome and
its associated decay problems. In pespqQhge .2 treatme troduced to protect
against fungal decay in interior house,fra

The Wall Frame Cavity revision of the Australasian
Wood Preservation ) method for determining which
wood treatments w AbIE 2. S€ -' otox oIs are widely used and accepted in
New Zealand apd.A i 5 b|||ty of various preservative treatments
under varlq,u§ haza‘rd. sses. In_tlfe 15 revision, an |-Frame Sample Test was
included, xanch i§ flow the prefexed ethod used by Scion. Boron treatments at the
appropmates rej.enttons wer oe effective in controlling the wood decay fungal
hazard in, H\EIJZ for ‘solid istinguished from LVL and other composites). This

quperformance agreed wi pre-1995 experience where decay generally was not a
Q)roblem in housesk gig%boron treated framing.

Boron is ll \

after treatmient (Usysdale ef al. 2011), so it is worth noting that while H1.2 house framing
sh ast 50 years, ‘...the preservative treatment is not designed for extended
elevated moisture content’ (commentary clause C3.1, Amendment 5). Similarly,

PC protocols now state that H1.2 treatments are meant to provide ‘temporary (up to

ears) protection of framing timbers’ against leaky building problems that might elevate
d

d moisture content above the fibre saturation point (around 25% mc), allowing fungal
ecay. If water ingress is occurring, then associated problems such as staining and mould
growth should allow it to be detected and remedied.

B2 Durabilty CodeMark compliance through Alternative Solution was accepted by
AsureQuality by referencing NZS 3640:2003, NZS 3602:2003, NZS 3604: 2011, and
AS/NZS 1604.4: 2012 (Figures 1-2). Wood treatment is specified according to two factors,
retention, which is the amount of preservative in wood, and penetration, which is the depth
to which the preservative has spread within the wood.
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Evaluation Methodology:
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B2 Durability

B2.3.1

Buliding elements must, with only normal
maintenance, continue to satisfy the
performance requirements of this code for
the lesser of the specified intended life of
the building if stated or:

(a) The life of the building, being not less
than 50 vyears, if: (i) Those building
elements (including floors walls and
fixings) provide structural stability to the
‘building, or (i) Those building elements
are difficult to access or replace, or (iii)
Failures of those building elements to
comply with the building code would go
undetected during both normal use and
maintenance of the building.

| (b}-16-years-if:

|

[;...M:.\g par » d—-plumbing—in
¢ 54 | in-buitt chi

: or V-2 (ll) Eailura-of !hl\ﬂﬂ

| building—elerments Bly wi%h—fhe

(last column expanded in Figure 2).

Sl

Figure 1. Relevant B2 Durability section

NZS3640:2003
NZS3602:2003
NZS3004.2011
ASNZS1604.4:2012

Alternative

AsureQuality - ATTP
certificato

AsureQuaslity —

of

B2 references NZS3604, 3602 and
3640.

that it

analysis
AsureQuality = Open letter

Re

B2 references

4\3@2 and

3640.

Already dete at it complies

ASINZS435T. tandard re
gsarvativ

analysts shows retentlon of Boron

exceeds requirements. Penetration tests

i

| SRS
States
\\ ' &wem complies with 3602 though if
t already specified in 3602 must have
he level of treatment required for kiln
dried Radiata pine structural grades. Lab

to H1 show ‘Evidence of Penefration’.

A

Already withy
AS/NZS4357. This Standard requires
preservative treatment to
AS/NZS1604.4, which in furn clause 19
‘Use In NZ states i must be lreated o
relention req.’s of NZS3640 which this
product meets. Thore is no penetratan
req. for H1.2 In 1604 so penetration is
analysed to H1
Section 2.3.9 of 3604 deals with
Enginesred Wood Products. 2.3.8.4
states EWP may be used if prosesvative
treatment Complies with 3802 though if
nol already specified in 3602 must have
the level of treatment required for kiln
dried Radiata pine structural grades. Lab
analysls shows retention of Boron

Jo,

\@ AR
N LAY
4% \ \ij
from AsureQu (}%15 odeMark F\ aluati
XS

igure 2. Detail of last column in B2 Durability section from AsureQuality, 2015 CodeMark

luation.

For LVL, the relevant clause guiding treatment is 1.9 ‘Use in New Zealand’ in AS/NZS
1604.4: 2012. This clause states that LVL ‘shall be treated to the preservative retention
requirements for H1.2 as set out in NZS 3640, which is a standard for solid wood. Similarly,
Section 2.3.9 of NZS 3604 deals with Engineered Wood Products (EWP, including LVL),
and clause 2.3.9.4 indicates that EWP may be used if preservative treatment complies with
NZS 3602 though if not already specified in NZS 3602 then it must have the level of
treatment required for kiln-dried radiata pine structural grades.

COOKSON

Independent Consuliinag
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Further, for the Alternative Solution for J-Frame penetration requirements, clause 1.9 in
AS/NZS 1604.4: 2012 states that ‘Preservative penetration shall be in accordance with
AS/NZS 1604.4." However, there is no penetration requirement for H1.2 in AS/NZS 1604.4:
2012 so penetration is analysed to H1, where there should be ‘Evidence of Distribution,’ or
as worded in the CodeMark evaluation, ‘Evidence of Penetration’ (AsureQuality, 2015
CodeMark Evaluation).

Since the granting of CodeMark approval for J-Frame, a series of complaints were made by
Red Stag (Rigter, 2015), that the approval process was flawed and that the J-Frame being
produced does not comply with B2 Durability. There were also criticisms that in a Scion
decay test (Simpson and Singh, 2016) commissioned separately to the CodeMark approval

process, the supply of samples was not independent or representativ commercial
production, and that a level of decay occurred in J-Frame. [t should b at these
concerns did not arise as a consequence of customer complaint o\ ailure. J-

Frame has been on the market since 2007.

WAS THE DECISION TO ISSUE CODEMARK APPROBR ;

As noted above, AsureQuality accepted B2 @urapil \“ £ @ through
Alternative Solution by referencing NZS 36420 ) o5\ NY 503:2011 and
AS/NZS 1604.4:2012,

Retention

For the boron treatment
retention of 0.40% m/m aCid g
inner one-ninth reterition dpplicable7sCs
same minimu i j

, OFQ
.\:r dried wood (NZS 3640: 2003). An

gty clause 1.9 of AS/NZS 1604.4, this

preservative e bi%a vect timber, whether as solid wood or LVL, if
the penet 5408 Herns are simil ed;the majority of LVL retentions listed in AS/NZS
1604.¢\were Qriginally copi m AS 1604.1, the standard for solid wood. Note

t . on is written ot 0.4%, which means that retentions must be given
) pdl places nat one, prevents retentions such as 0.39% being rounded up

(Cang ed.

A specific 0 ntion and penetration for H1.2 is not given in NZS 3640; however,

it follo rém ealand’s H3 requirements (clause 6.3.1.1.2) that ‘For timber treated in

i g ‘orm, no minimum heartwood penetration is specified.” As confirmation that

pdd, the location of growth rings assists when determining heartwood regions based on
small colour differences between sapwood and heartwood, and/or spot tests. The location
of heartwood in LVL is more difficult to locate as growth ring structure is obliterated so that
heartwood may be in different locations between each veneer. Therefore, a spot test
(AS/NZS 1605.1: 2006) is required for heartwood/sapwood determination in LVL.

A number of quality control analyses for J-Frame were provided by JNL and AsureQuality.
An AsureQuality analysis on 15/12/2014 of ten samples showed that all had BAE cross-
section retentions of 1.04 to 1.96% m/m. An AsureQuality analysis on 28/5/2015 of another
ten samples showed that all had BAE cross-section retentions of 1.09 to 2.23% m/m.
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Penetration

The most contentious issue for the boron treatment of LVL concerns penetration. Treating
veneers with boron before gluing can allow full penetration of all sapwood, and is a process

that was used in the 1940-50s in Australia for the protection of hardwood veneers from

lyctine borers. However, the boron in treated veneers can cause adhesion problems when

gluing with phenol formaldehyde (PF) resin. Treatment of LVL after gluing circumvents the
adhesion problem associated with boron; however, penetration can then be inhibited by
glue-bonds, the random location of impervious heartwood, and sapwood grain orientation.
Penetration in radiata pine sapwood can be difficult in the tangential direction, irrespective

of the severity of treatment, while the radial and longitudinal directions are easily
penetrated. Therefore, while the face veneers of LVL are easily treated, p ation of the Py
interior veneers can be variable and limited, making them more suscepti y. _ (

| have reviewed the proprietary process JNL uses to produce J; alJordan, )
comm.), which includes drying veneers at high temperature,_hot p ing’ with PF re
make the LVL, followed by treatment in final form with on sotdtion usingyg
vacuum treatment cycle. Charges are then held po for a minimamXRe(i
promote absorption/diffusion, before being kiln dri ure contept-wiNcleqmnplies
with clause 103.9.3 of NZS 3602: 2003.

For preservative penetration in LVL, t
1604.4: 2012, where ‘Preservative pen
However, there is no penetration ragui S 16DA. 12 for H1.2 (clause
2.3.2) as the only treatment-menti is a quI|n ent with triadimefon and
cyproconazole. This gluelingifré—ahp'ent was added f Qﬁkﬂ both NZS 3640 amendment 5
and AS/NZS 1604.4. Bgftfgf“é~\blu§{ine treat i'@ ihereNe’ no requirement for evidence of
penetration of the g@a\r__és\@t/d‘{ﬁe timber-itgalf a3yt could remain associated with the
glueline as long-as minimum retentions |  eross section of LVL were achieved and
the maximum thi¢kness-of veneers

r

Ther re‘,"--:\Il‘ifL}hées the p idance given for H1 in clause 2.2.2 where ‘All
pr ivestreated venee% w evidence of the distribution of the preservative in

,

. This clause is lly meant for lyctine borer control in hardwoods under
S cgndifions. However, it is transferable to New Zealand's H1.1

ecially in softwoods, is of greater concern. The feeding
e two groups, borers and fungi, are quite different with one
iroscopic level while the other ingests wood pieces. Therefore, the

icrodistribution of preservative needed to control fungi and insects is not

same. Nevertheless in AS/NZS 1604.4: 2012, the phrasing for preservative
in H3 includes the option for sapwood veneers of ‘evidence of preservative
4tion’. H3 includes a fungal decay hazard. Currently therefore, the best match for
penetration requirements would be ‘evidence of distribution’ or ‘evidence of

’

Conflicting guidance can be drawn from AS/NZS 1605.2:2006 (Determination of
preservative penetration by spot tests), which states that ‘the preservative shall be
continuously distributed over the penetration zone... This standard should be followed
when conducting spot tests such as those for boron. The exact meanings of ‘continuously
distributed’ and ‘evidence of distribution’ have not been provided in the standards. My
interpretation of these terms as they apply to a sapwood veneer can be illustrated in
Figures 3-6. The dark shading represents areas that are penetrated. Continuously
distributed means there are no gaps in penetration. ‘Evidence of distribution’ can be met by
a much wider range of penetration patterns, ranging from the same one shown for
continuous distribution (Figure 3) through to a minimum where even minor penetration is

O S
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still ‘evidence of distribution’ (Figures 4-5). The phrase ‘continuously distributed’ sets a
higher threshold for detection of preservative penetration than ‘evidence of distribution’.

Figure 3. ‘Continuously distributed’ penetration in a sapwood veneer.

Figure 4. An example of the minimum penetration needed for ‘evidence of d%bution'

| . 25 &
Figure 5. Another example of the minimum penetration needed f e fdlStl‘lbu§66>@

| (01 w,
Figure 6. Veneer not penetrated. @>®
JNL and AsureQuality have used Alte on to obta e and use H1's
‘evidence of distribution’ as its test ior!. This app aS|bIe given the lack
of countering guidance in AS/NZS 2012, Due e ease of meeting this
penetration requirement, all es es anal mlned for this review have

‘evidence of penetration’ netration re

mples was provided in its appendix,
iydire 7. D1 appears to be fully penetrated.

An example of the gfafet tained in-fhg

1ZS 3604 dealing with Engineered Wood Products indicates that EWP

be used if preservative treatment has the same level of treatment as

for kiln-dried radiata pine structural grades.

nting of CodeMark for J-Frame as being compliant with B2 Durability was

ugh Alternative Solution, and was justified because it followed (for retention) or gave
best match to (for penetration) the existing standards NZS 3640 and AS/NZS
1604.4:2012. | have highlighted some issues with the standards, and the AWPC
protocols, in later sections.

COOKSON

Independent Consulilng
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s, e e et —

Singh (2016).

%L: POT

SCION H1.2D

E%@FICATION

rame w 2015 through Alternative Solution and did not
ing evidence urability testing. However, an |-Frame Sample Test was

ly conducted by Stion (Simpson and Singh, 2016), using the accepted ‘Fungal
X escribed in the AWPC protocols.

cion test % of radiata pine:

eated control 90 x 45 mm profile.
od untreated control 90 x 45 mm.
jd wood H1.2 boron treated 90 x 45 mm.
J-Frame H1.2 boron normal uptake 90 x 45 mm.
= An experimental treatment.
F

= J-Frame H1.2 boron normal uptake 140 x 45 mm (wide pieces).

All J-Frame treatments for the Scion trial were conducted by JNL, while the solid wood H1.2
boron treated timber was purchased from a local building supply outlet (original treatment
lengths not specified) (Paul Jordan, pers. comm.; JNL 2014 sample preparation). The E
samples refer to an experimental treatment schedule, so that these samples do not require
detailed consideration in this review as they do not fall under the CodeMark evaluation.

¥ COOKSON

Lodependent Consulilng
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Retentions tested

The samples sent to Scion as part of the durability decay test were analysed by
AsureQuality. Samples D were 90 x 45 mm profiled J-Frame treated by normal schedule,
and the Scion report showed that they had a mean sapwood content of 89%. For the ten
boards analysed, AsureQuality obtained retentions of 0.62-1.70% m/m. Veritec analysed
samples from the same test boards and obtained retentions of 0.54-0.89% m/m. All of these
analyses show that J-Frame is treated to above 0.40% m/m BAE and therefore meets
standard retention requirements for LVL.

An exception obtained from the Scion samples were for samples F which were 140 x 45
mm profiled J-Frame treated by normal schedule. For the ten boefds analysed,
“ments) while

obtained by Veritec. @
However, the Scion report also shows that sa coptained on

meaning that 65% was heartwood. There is no what maxi
heartwood is acceptable, and whether pe eartwood
bearing on cross-sectional retention in od does

treated in final form. It would be diffjc ate heartw®

LVL for separate analyses. As hea icult to tree
the sapwood, so that it seems to ass

yoed a
st bordn would be located in
hat \tife sapwood components of

samples F3 and F10 woul

e numbers from Veritec. JNL should adjust
mm J-Fr analyses show that minimal cross-sectional

reten i achieve ment variation might be accomplished by using a
h ex e nt cycle, o iflg heartwood content. It should be noted that both
s\o¥and F10 pgssed .2 Scion decay test and lacked any signs of decay.
Q%, y &

The Sciorf (eport sftows that there was one length of boron treated J-Frame (a wide board,
145 ut of 30 lengths (if samples E are included) that had fungal decay. The
i sample F5) with decay was rated 9, indicating that decay was not more than
eep. | consider this level of decay to be superficial. Additionally, the decay
ears to have arisen because the board was located within a non-representative location
e stack at the very bottom where the edge sat in pooled or free water longer than
intended. Finally, the decay was soft rot, rather than brown rot arising from the intended
fungal inoculum. The fungal isolation work of Stahlhut et al. (2007; 2008) into the leaky
building problem showed that decay was predominantly caused by brown rot fungi,
although soft rot fungi do also occur. | do not consider the superficial decay of one board by
soft rot to indicate durability failure.

The minor decay of untreated J-Frame in the Scion test is noteworthy. AsureQuality
analysed the untreated J-Frame, and the penetration spot tests confirmed that there was no
boron treatment, and all retentions were below BAE detectable limits (<0.01% m/m).
Untreated LVL and plywood hot pressed to temperatures of 140-150°C will readily decay
(e.g. Da Costa et al., 1972). However, the J-Frame process includes a preceding step
where veneers are dried at high temperature within the range used to produce some

K

A%
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thermo-modified woods (Militz, 2008). Thermo-modification significantly improves
resistance to brown rot. The Scion trial has shown that even untreated J-Frame has
improved durability, with results ranging from no decay (6 samples) to superficial decay (not
more than 1 mm, 1 sample), to light decay (1-5 mm deep, 3 samples). The risk of rapid
failure of J-Frame is certainly much less than for untreated solid pine which in the Scion trial
had severe decay.

Conclusions
1. The |-Frame Sample Test was correctly followed as outlined in the AWPC protocols.

The test results suggest that J-Frame is a durable product. However, | have concerns
about the fullness of testing due to the inoculation procedure (discuss elow). These

concerns will be new to the AWPC Committee and may not neces hared or
implemented in future revisions.

2. The risk of rapid J-Frame failure appears to be low, as ey, tew’ J-Frame had
improved durability against brown rot. The resistance of untreat ame is likel
to a level of wood modification through coincidental ‘t -treat rs
heated for drying. Risk is certainly much less th where
widespread decay or failure was the norm in ial. y of J-
Frame failure is low is also supported by t 'ﬂ ! fallure since

SUGGESTED IMPROVEMENTS FO

As part of the Scion de @test samplegy lated with two species of brown
rotting fungi using p edhfeeder strips-ab x 35 mm (AWPC 2015, page 12).

Pre-infected fee then tackégq

olid wood samples, where the wide face of
e treatment patterns also found on the thin face.
ing pre-inoculated feeder strips onto the wide faces
ere representat what would also occur on the thin faces. However, the
n patterps iML\/L are'quite different on their wide and thin (edge) faces. The wide
will usually ace veneers uniformly and fully treated, while the thin face will

y veneers, 12 veneers in the case of J-Frame (Figure 5). These
clude some with only shallow penetration (Figure 5). From a durability

ifically targeted in durability testing. This was not done in the Scion trial, as
is*hot currently included in the AWPC protocols.

AWPC protocols require that ‘samples should be placed on edge in a stack with 15-20

m thick untreated wood or plastic fillets between each layer.” There was the possibility

that the LVL edges would be exposed indirectly to decay fungi if the stickers had been

untreated pine. Fungi could have travelled from the untreated controls onto the stickers and
then throughout the rest of the stack. However, plastic stickers were used.

There was also the possibility that decay fungi would establish in the I-joins at either end of
the test pieces, especially as the ends of the longer piece were cut after treatment. These
ends were not specifically inoculated, and rely on fungal growth from the inoculation on the
face veneer to reach the joins. However, Figure 6 in the Simpson and Singh (2016) report
appears to show that the fungal inoculation on boron-treated face veneer has withered at
the inoculation site due to preservative effects, and therefore could not reach the end joins.
Docked ends could be resealed with a boron-glycol preservative (Singh et al., 2014).
COOKSON
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Conclusions

1. The AWPC protocols for H1.2 were correctly followed. However, | consider that the
verification of the durability of J-Frame has not been tested fully, as J-Frame edges
were not directly exposed to fungal inoculum.

2. In any future testing of LVL, and other composites for that matter, both the wide and thin
faces should be inoculated with infected feeder strips. For the Scion trial discussed, this
additional inoculation could be nailed to the existing J-Frame under test, if the test is still
running.

3. In future revisions of the AWPC protocols, some minor level of decay (such as not more
than one mm deep) should be allowed in H1.2 testing before a treatment js considered
unsuitable. It is common practice in other AWPC laboratory trials to allo ean of 3%
mean mass loss or decay and still consider that the treatment was s L.Similarly,
for H2 and H3 termite field testing a mean mass loss of up to 5%}

ADDITIONAL ISSUES RAISED BY RED STAG A~ AN

Independence of sampling \ v\
\’_

Concerns were raised by Red Stag about th é’nce of t @ preparation

for the Scion I-Frame Sample Test, ecatity of th ociated  retention and

penetration analyses. The AWPC pr te, ‘If test timb are treated by the

preservative company, then the treatqien shall be witn y an independent party,

and/or a representative sampte~of t ecimeng. sh & hemically analysed by an

’ e occurred; however, as a
or chemical analysis this AWPC

y AsureQuality. Nevertheless, the treatment resuits
d further in this section. For this review, the full set of

icates of eac

9Q 0
w P by Juken 450 mm from the treatment ends and sent to AsureQuality,
900Mm long samples were cut centrally from the original lengths and sent to
endently, Scion then cut 100 mm long samples from either end, and then again
m Wwafers (across the grain) from those blocks for chemical analysis. They sent the
erddirectly to Veritec. Note the requirement for samples to be cut at least 150 mm from
riginal treatment end (Appendix B4 of AS/NZS 1604.4:2012) was met in both instances.

The AWPC protocols (page 11) state that the ends of test samples must be at least 600
mm long and shall be end sealed before treatment. The aim is to avoid testing high uptake
or over-treated ends especially when treated as smaller lengths in pilot plant facilities. The
J-Frame supplied by JNL was not end sealed; however, as the 900 mm long test samples
were cut from the centre of lengths at least 2360 mm long, end effects were avoided. This
should satisfy AWPC requirements. Indeed, using the centres from such long lengths better
reflects commercial realities.
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Conclusion

1. The independence of test specimen sampling was met, as outlined in the AWPC
protocols.

Reliability of analytical laboratories

JNL uses AsureQuality as an independent auditor of their J-Frame production. Red Stag
was concerned about the analytical results being obtained from AsureQuality, questioning
why J-Frame was consistently passing retention and penetration requirements (Rigter,
2015). As part of this concern, Rigter (2015) cited independent testing of sevgral analytical

laboratories by the Wood Processors & Manufacturers Association w Zealand
(WPMA). However, an email from Dr Jon Tanner, Chief Executive of W jindicated
that the WPMA work was wrongly cited and blind comparisons wer re results

were not attributable to specific laboratories (Tanner, 2016). (_;l\'*f\_

results. However, some comparison can be made be
Veritec and AsureQuality for the Scion sampl . oratories a11e
from the same boards. Note that the two labors

1. ge\retention (0.75% boric
s C).
2. lower than obtained by

AsureQuality for the and F (J-Frame). While all

samples were cut

C%ﬁ
eQuality
VL is giv

S PROVEMENTS TO STANDARDS

e gtfidance for penetration requirements in standards for the boron treatment of LVL
s\@mbiguous. In particular, there is a clash between AS/NZS 1604.4: 2012 (evidence
of distribution) and AS/NZS 1605.2:2006 where 'the preservative shall be continuously
distributed over the penetration zone...' It would be helpful if the exact meanings of
'continuously distributed' and 'evidence of distribution' were provided in the standards,
such as by using diagrams similar to those provided in Figures 3-6.

While JNL is justified in using ‘evidence of distribution’ to determine penetration in J-Frame
and obtain CodeMark approval, the phrase is too weak to ensure durability. Decay may
begin on the edge of a veneer that has limited penetration. Therefore, a Verification Method
should also be used to test the durability of J-Frame under H1.2 conditions to prove its B2
durability. The final proof of what works will be obtained from durability trials, such as the |-
Frame Sample Test, rather than untested penetration pattern specifications.
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Conclusions

1.

The penetration guidelines across the three standards (NZS 3640, AS/NZS
1604.4:2012, and AS/NZS 1605.2:2006) are conflicting and ambiguous for the H1.2
treatment of LVL with boron after gluing. This reduces confidence in a CodeMark
assessment based on the standards. Remove the ambiguity in AS/NZS 1604.4 and
clearly state which penetration pattern should be followed for non-glueline H1.2
treatments for LVL.

| consider that the phrase ‘evidence of distribution’ as a specification for penetration is
too weak to be relied upon on its own as demonstration of durability. A Verification

Method is required. P
Provide a diagram in AS/NZS 1604.4 of preservative penetration p in\veneers, A\

such as shown in Figures 3-6, so that the meaning of term tinuouslyf'( > A\
distributed’ and ‘evidence of distribution’ becomes clear. ‘\ N
Any testing of LVL durability presented to standards should intjsate-the tempera >~
used for LVL production, so that it is clear wh durab
preservative treatment, or preservative treatment
JNL has followed the correct procedures for C

The 50 year performance requirement of

Code for timber framing requires an H1. t that will prdyi

five year period within that 50 year |j { for leaky @uiq in oiSture problems

to be rectified. | am unable to coxfir B2 Durabij

for the single reason that | consideg that the thin edge\of e'should also be tested
r

directly against decay fungi~fo ation, eyen this step is currently not
required in the AWPC pr§

oY
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GLOSSARY

AWPC = Australasian Wood Preservation Committee.

BAE = Boric acid equivalent.

Continually distributed = Penetration pattern where spot test for a preservative indicates its
presence throughout the entire penetration zone.

Engineered wood = Wood products that have been made by gluing smaller pieces together,
such as reconstituted wood, plywood, LVL, and glulam.

Efficacy = Whether a timber treatment can withstand a prescribed biodeteriogen.

Evidence of distribution = Penetration pattern where spot test for a preservati¢e indicates its
presence throughout the entire penetration zone, or within limited iGrs. within
the penetration zone.

JNL = Juken New Zealand Ltd.

LVL = Laminated veneer lumber.

Penetration = The depth to which a prescribed preservativ esenhin timber.

Penetration pattern = The depth and level of continuity rescribed tive ls
present within a region of timber.
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Important Disclaimer

LJCookson Consulting advises that the information contained in this publication comprises general
statements based on scientific research and review. The reader is advised and needs to be aware
that such information may be incomplete or unable to be used in any specific situation. No reliance
or actions must therefore be made on that information without seeking prior expert professional,
scientific and technical advice. To the extent permitted by law, LICookson Consuiting (including its
employees and consultants) excludes all liability to any person for any consequences, including but
not limited to all losses, damages, costs, expenses and any other compensation, arising directly or
indirectly from using this publication (in part or in whole) and any information or materiai contained in
it.
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OBJECTIVE

The objective of this review is to determine if J-Frame (H1.2 boron treated laminated veneer
lumber or LVL) as produced by Juken New Zealand Ltd (JNL) meets the performance
requirements of B2 Durability provisions of the New Zealand Building Code, and if
CodeMark certification was justifiable. CodeMark compliance was provided for the product
by AsureQuality in 2015 in their Product Certificate Ag-180615-CMNZ, where B2
compliance was accepted through the Alternative Solutions process.

INTRODUCTION

Since the 1950s, softwood house framing in New Zealand wa

anticipation that it would be needed to control Anobium hqgrer.
Anobium was overstated, so that in 1995 untreated frami allo
implemented (Hedley, 2003). What was not fully reali

treatments used to control insects were also ecay fu

practices should not allow the ingress of mg¢ ach hoyse !

practices such as the reduction of eave wig \ ic claddin RRE

flashings to sealants were amongst thefacteis¥eaqting to the | g syndrome and
its assomated decay problems In pe R 2 treatme troduced to protect

revision of the Australasian
method for determining which
loz0ls are widely used and accepted in
ability of various preservative treatments
15 revision, an |-Frame Sample Test was
ethod used by Scion. Boron treatments at the
appropnate rﬂe;erltions wer: e effective in controlling the wood decay fungal
d n H’I«Z for ‘solid istinguished from LVL and other composites). This

perfermance agreed wi pre-1995 experience where decay generally was not a
p ob!gm in house gT\%@boron treated framing.

The Wall Frame Cavity )
Wood Preservation Cofqipi
wood treatments wg

New Zealand apd.Ab
under various ﬁ rd ol
included, atld is fiow the prefe

elevated moisture content’ (commentary clause C3.1, Amendment 5). Similarly,
PC protocols now state that H1.2 treatments are meant to provide ‘temporary (up to

2\ § Years) protection of framing timbers’ against leaky building problems that might elevate

lW d moisture content above the fibre saturation point (around 25% mc), allowing fungal
“/decay. If water ingress is occurring, then associated problems such as staining and mould
growth should allow it to be detected and remedied.

B2 Durabilty CodeMark compliance through Alternative Solution was accepted by
AsureQuality by referencing NZS 3640:2003, NZS 3602:2003, NZS 3604: 2011, and
AS/NZS 1604.4: 2012 (Figures 1-2). Wood treatment is specified according to two factors,
retention, which is the amount of preservative in wood, and penetration, which is the depth
to which the preservative has spread within the wood.

ﬂ“ . N wr
UUN
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Evaluation Methodology:
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performance requirements of this code for
the lesser of the specified intended life of
the building if stated or:
(a) The life of the building, being not less
than 50 years, if: (i) Those building
elements (including floors walls and
fixings) provide structural stabllity to the
building, or (i) Those building elements
| are difficult to access or replace, or (ifi)
| Fallures of those building elements to
comply with the building code would go
undetected during both normal use and
maintenance of the building.
(b}-16-years-if: ]
(}-Those-building-elemente—{including-the
! building i} d-plurmbing—in [

|g e T in-built_chi

PR

B2 Durability | B2.3.1 Alternative | NZS3640:2003 AsureQually -
Building elements must, with only normal gggggfgg?f mﬁ:l o
maintenance, continue to satisfy the ASNZS1804.4:2012

analysls
AsureQuality -

Figure 1. Relevant B2 Durability section from AsureQu @@odeMark aluati
(last column expanded in Figure 2). k\/ @

gsarvativ entto

B2 refarences ' and

3640.

Already hat it complies

ASINZS435T. tandard requi
BSalv Bd

f 3604 deals with
'vod Products. 2.3.9.4
WP may be used if preservative

)
&wem complies with 3602 though if
\ _not already specified in 3602 must have
%\’Ahe level of treatment required for kiln
| dried Radiata pine structural grades. Lab
analysts shows retentlon of Boron

exceeds requirements. Penefration tests
to M1 show ‘Evidence of Penefration’.

luation.

ATIP | B2 references NZ53604, 3602 and
3640.
uf | Already thatit with
AS/NZS4357. This Standard requires
Open latter preservative treatment fo

AS/NZS1604.4, which in turn clause 1.9
“‘Use In NZ' states & must be treated to
retention req.'s of NZS3640 which this
product maeets. There is no penefration
req. for H1.2 in 1604 5o penstration is
analysed to H1

Section 2.3.9 of 3604 deals with
Engineered Wood Products. 2.3.0.4
states EWP may be used if preservative
treatment complies with 3602 though if
not already specified in 3602 must have
the level of treatment required for kiln
dried Radiata pine structural grades. Lab
analysls shows retention of Boron

lests

S

©

D
Rigure 2. Detail of last column in B2 Durability section from AsureQuality, 2015 CodeMark

For LVL, the relevant clause guiding treatment is 1.9 ‘Use in New Zealand’ in AS/NZS
1604.4: 2012. This clause states that LVL ‘shall be treated to the preservative retention

requirements for H1.2 as set out in NZS 3640’, which is a standard

for solid wood. Similarly,

Section 2.3.9 of NZS 3604 deals with Engineered Wood Products (EWP, including LVL),
and clause 2.3.9.4 indicates that EWP may be used if preservative treatment complies with

NZS 3602 though if not already specified in NZS 3602 then it
treatment required for kiln-dried radiata pine structural grades.

COOKSON
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Further, for the Alternative Solution for J-Frame penetration requirements, clause 1.9 in
AS/NZS 1604.4: 2012 states that ‘Preservative penefration shall be in accordance with
AS/NZS 1604.4." However, there is no penetration requirement for H1.2 in AS/NZS 1604.4:
2012 so penetration is analysed to H1, where there should be ‘Evidence of Distribution,” or
as worded in the CodeMark evaluation, ‘Evidence of Penetration’ (AsureQuality, 2015
CodeMark Evaluation).

Since the granting of CodeMark approval for J-Frame, a series of complaints were made by
Red Stag (Rigter, 2015), that the approval process was flawed and that the J-Frame being
produced does not comply with B2 Durability. There were also criticisms that in a Scion
decay test (Simpson and Singh, 2016) commissioned separately to the CodeMark approval

process, the supply of samples was not independent or representativ commercial
production, and that a level of decay occurred in J-Frame. It should b at these
concerns did not arise as a consequence of customer complaint QN ailure. J-

Frame has been on the market since 2007.

WAS THE DECISION TO ISSUE CODEMARK APPROER

As noted above, AsureQuality accepted B2
Alternative Solution by referencing NZS 364
AS/NZS 1604.4:2012.

Retention

For the boron treatment
retention of 0.40% m/m
inner one-ninth reteyitidn
same minimu

S !
ation s are simil ed;the majority of LVL retentions listed in AS/NZS
ally copi m AS 1604.1, the standard for solid wood. Note
etebtion is written ot 0.4%, which means that retentions must be given
el places ot one, prevents retentions such as 0.39% being rounded up

0 ntion and penetration for H1.2 is not given in NZS 3640; however,
m ealand's H3 requirements (clause 6.3.1.1.2) that ‘For timber treated in
final.s ‘orm, no minimum heartwood penetration is specified.” As confirmation that
’ enetration should not be required for H1.2 when treated in final shape and

T ClauSe 3.2 in NZS 3640: 2003 states ‘Treatment for service at a higher hazard class -
nmbef satisfies all requirements for service at a lower hazard class number,..." In solid
8dd, the location of growth rings assists when determining heartwood regions based on
small colour differences between sapwood and heartwood, and/or spot tests. The location
of heartwood in LVL is more difficult to locate as growth ring structure is obliterated so that
heartwood may be in different locations between each veneer. Therefore, a spot test
(AS/NZS 1605.1: 2006) is required for heartwood/sapwood determination in LVL.

A number of quality control analyses for J-Frame were provided by JNL and AsureQuality.
An AsureQuality analysis on 15/12/2014 of ten samples showed that all had BAE cross-
section retentions of 1.04 to 1.96% m/m. An AsureQuality analysis on 28/5/2015 of another
ten samples showed that all had BAE cross-section retentions of 1.09 to 2.23% m/m.

OO0
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Penetration

The most contentious issue for the boron treatment of LVL concerns penetration. Treating
veneers with boron before gluing can allow full penetration of all sapwood, and is a process
that was used in the 1940-50s in Australia for the protection of hardwood veneers from
lyctine borers. However, the boron in treated veneers can cause adhesion problems when
gluing with phenol formaldehyde (PF) resin. Treatment of LVL after gluing circumvents the
adhesion problem associated with boron; however, penetration can then be inhibited by
glue-bonds, the random location of impervious heartwood, and sapwood grain orientation.
Penetration in radiata pine sapwood can be difficult in the tangential direction, irrespective
of the severity of treatment, while the radial and longitudinal directions are easily

penetrated. Therefore, while the face veneers of LVL are easily treated, p ation of the
interior veneers can be variable and limited, making them more suscepti y.

| have reviewed the proprietary process JNL uses to produce Jz abJordan, S.
comm.), which includes drying veneers at high temperature, hot p ing with PF re

make the LVL, followed by treatment in final form with i%; soldtion usingra do
For preservative penetration in LVL, t
1604.4: 2012, where ‘Preservative pgn

vacuum treatment cycle. Charges are then held po for a minimamRali (o]
promote absorption/diffusion, before being kiln drig ure content-wictieorhplies
with clause 103.9.3 of NZS 3602: 2003. 0

\
However, there is no penetration raguirement i
2.3.2) as the only treatment-menti is a glueli
cyproconazole. This gluelip;efg'ga’ﬁﬁgnt was added Q0
and AS/NZS 1604.4. Bg“l'qg}a‘\_fglu“_efine treat
penetration of the Aptives nto“the timberi
glueline as long.-as mininiym Tetention

the maximum thqueisgbf veneers

no requirement for evidence of
could remain associated with the
ross section of LVL were achieved and

idance given for H1 in clause 2.2.2 where ‘All

LS i__ \. ¢
Ther re,"-JPiL :'uﬁes the p ﬁg
pr ivestreated venee w evidence of the distribution of the preservative in
. This clause is ily meant for lyctine borer control in hardwoods under
S % ;

s H1 expgs condifions. However, it is transferable to New Zealand's H1.1

e Anobi ecially in softwoods, is of greater concern. The feeding
echanis e two groups, borers and fungi, are quite different with one
decaying th roscopic level while the other ingests wood pieces. Therefore, the

icrodistribution of preservative needed to control fungi and insects is not

same. Nevertheless in AS/NZS 1604.4: 2012, the phrasing for preservative
in H3 includes the option for sapwood veneers of ‘evidence of preservative
dtion’. H3 includes a fungal decay hazard. Currently therefore, the best match for
Y2 penetration requirements would be ‘evidence of distribution’ or ‘evidence of
penetration.’

Conflicting guidance can be drawn from AS/NZS 1605.2:2006 (Determination of
preservative penetration by spot tests), which states that ‘the preservative shall be
continuously distributed over the penetration zone..” This standard should be followed
when conducting spot tests such as those for boron. The exact meanings of ‘continuously
distributed’ and ‘evidence of distribution’ have not been provided in the standards. My
interpretation of these terms as they apply to a sapwood veneer can be illustrated in
Figures 3-6. The dark shading represents areas that are penetrated. Continuously
distributed means there are no gaps in penetration. ‘Evidence of distribution’ can be met by
a much wider range of penetration patterns, ranging from the same one shown for
continuous distribution (Figure 3) through to a minimum where even minor penetration is

Y i P |
ﬂ'i ) rm?"z
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still ‘evidence of distribution’ (Figures 4-5). The phrase ‘continuously distributed’ sets a
higher threshold for detection of preservative penetration than ‘evidence of distribution’.

Figure 3. ‘Continuously distributed’ penetration in a sapwood veneer.

Figure 4. An example of the minimum penetration needed for ‘evidence of d%bution'.

| . NP &
N

Figure 5. Another example of the minimum penetration needed f&%&f distributieq’. @

>

\

| RO Q

\SQ

A%
Figure 6. Veneer not penetrated. :® @>®
on to obta id

JNL and AsureQuality have used Alte e, and use H1's
‘evidence of distribution’ as its test fa[ p tior!. This app%% asible given the lack

of countering guidance in AS/INZS 4.4:)2012. Due h e ease of meeting this
penetration requirement, all es es analysed mined for this review have
onSamples was provided in its appendix,

‘evidence of penetration’ netration reg
An example of the % tained iphe\d
are rep @ iglre 7. D1 appears to be fully penetrated.

erior ven€e(sAR \BZand D3 have limited penetration (yellowish

it is n@ heffier the cause is unpenetrated heartwood or

) ZS 3604 dealing with Engineered Wood Products indicates that EWP
LV be used if preservative treatment has the same level of treatment as

\ S othggugh Alternative Solution, and was justified because it followed (for retention) or gave
best match to (for penetration) the existing standards NZS 3640 and AS/NZS

AN
(B)\§>1GO4.4:2012. | have highlighted some issues with the standards, and the AWPC
N protocols, in later sections.

COOKSON
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penetration, while the p
Singh (2016). Q\
SCIONH1.2D %L: POTE%‘@FICATION

rame w 2015 through Alternative Solution and did not

ing evidenc% urability testing. However, an |-Frame Sample Test was
ly conduct®d by Sbipn’(Simpson and Singh, 2016), using the accepted ‘Fungal
1.2 test escribed in the AWPC protocols.

cion test % of radiata pine:

eated control 90 x 45 mm profile.
od untreated control 90 x 45 mm.
id wood H1.2 boron treated 90 x 45 mm.

@%J- rame H1.2 boron normal uptake 90 x 45 mm.
F

= An experimental treatment.
= J-Frame H1.2 boron normal uptake 140 x 45 mm (wide pieces).

All J-Frame treatments for the Scion trial were conducted by JNL, while the solid wood H1.2
boron treated timber was purchased from a local building supply outlet (original treatment
lengths not specified) (Paul Jordan, pers. comm.; JNL 2014 sample preparation). The E
samples refer to an experimental treatment schedule, so that these samples do not require
detailed consideration in this review as they do not fall under the CodeMark evaluation.

f COOKSON
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Retentions tested

The samples sent to Scion as part of the durability decay test were analysed by
AsureQuality. Samples D were 90 x 45 mm profiled J-Frame treated by normal schedule,
and the Scion report showed that they had a mean sapwood content of 89%. For the ten
boards analysed, AsureQuality obtained retentions of 0.62-1.70% m/m. Veritec analysed
samples from the same test boards and obtained retentions of 0.54-0.89% m/m. All of these
analyses show that J-Frame is treated to above 0.40% m/m BAE and therefore meets
standard retention requirements for LVL.

re 140 x 45

An exception obtained from the Scion samples were for samples F which w
2 analysed,

obtained by Veritec. %
However, the Scion report also shows that sa Dtai

meaning that 65% was heartwood. There is no
heartwood is acceptable, and whether pe eartwood
bearing on cross-sectional retention in od does

treated in final form. It would be diffic ate heartwQe
LVL for separate analyses. As hea icult to t
the sapwood, so that it seems
samples F3 and F10 woul

cross-sectional 8 2 numbers from Veritec. JNL should adjust
‘ analyses show that minimal cross-sectional

reten i ment variation might be accomplished by using a
h ex (e ilg heartwood content. It should be noted that both
S .2 Scion decay test and lacked any signs of decay.
y
The Scjort (epo ws that there was one length of boron treated J-Frame (a wide board,
145 ut of 30 lengths (if samples E are included) that had fungal decay. The

sample F5) with decay was rated 9, indicating that decay was not more than
eep. | consider this level of decay to be superficial. Additionally, the decay
ear's to have arisen because the board was located within a non-representative location
@1 e stack at the very bottom where the edge sat in pooled or free water longer than
intended. Finally, the decay was soft rot, rather than brown rot arising from the intended
fungal inoculum. The fungal isolation work of Stahlhut et al. (2007; 2008) into the leaky
building problem showed that decay was predominantly caused by brown rot fungi,
although soft rot fungi do also occur. | do not consider the superficial decay of one board by

soft rot to indicate durability failure.

The minor decay of untreated J-Frame in the Scion test is noteworthy. AsureQuality
analysed the untreated J-Frame, and the penetration spot tests confirmed that there was no
boron treatment, and all retentions were below BAE detectable limits (<0.01% m/m).
Untreated LVL and plywood hot pressed to temperatures of 140-150°C will readily decay
(e.g. Da Costa et al., 1972). However, the J-Frame process includes a preceding step

where veneers are dried at high temperature within the range used to produce some
d)

LW
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thermo-modified woods (Militz, 2008). Thermo-modification significantly improves
resistance to brown rot. The Scion trial has shown that even untreated J-Frame has
improved durability, with results ranging from no decay (6 samples) to superficial decay (not
more than 1 mm, 1 sample), to light decay (1-5 mm deep, 3 samples). The risk of rapid
failure of J-Frame is certainly much less than for untreated solid pine which in the Scion trial
had severe decay.

Conclusions

1. The |-Frame Sample Test was correctly followed as outlined in the AWPC protocols.
The test results suggest that J-Frame is a durable product. However, | have concerns
about the fuliness of testing due to the inoculation procedure (discuss ow). These
concerns will be new to the AWPC Committee and may not necessay hared or
implemented in future revisions.

2. The risk of rapid J-Frame failure appears to be low, as ev ntrghtes’ J-Frame kad
improved durability against brown rot. The resistance of untreatechd-Frame is likel
to a level of wood modification through coincidental ‘t -treatment’ of vengers

heated for drying. Risk is certainly much less th wheére
widespread decay or failure was the norm in of J-
Frame failure is low is also supported by t re since

2007 when the product was introduced onfo.t

FA T \
b s

SUGGESTED IMPROVEMENTS FOR AWPC PROTO

As part of the Scion de i test samplg b
rotting fungi using p edhfeeder strips-aQUi~0%
Pre-infected fee L 5

olid wood samples, where the wide face of
e treatment patterns also found on the thin face.
ing pre-inoculated feeder strips onto the wide faces
resenta what would also occur on the thin faces. However, the
i L are'quite different on their wide and thin (edge) faces. The wide
ace veneers uniformly and fully treated, while the thin face will

y veneers, 12 veneers in the case of J-Frame (Figure 5). These
clude some with only shallow penetration (Figure 5). From a durability

lated with two species of brown
x 35 mm (AWPC 2015, page 12).

—

&p is'Not currently included in the AWPC protocols.

m thick untreated wood or plastic fillets between each layer.” There was the possibility
that the LVL edges would be exposed indirectly to decay fungi if the stickers had been
untreated pine. Fungi could have travelled from the untreated controls onto the stickers and
then throughout the rest of the stack. However, plastic stickers were used.

@ AWPC protocols require that ‘samples should be placed on edge in a stack with 15-20

There was also the possibility that decay fungi would establish in the I-joins at either end of
the test pieces, especially as the ends of the longer piece were cut after treatment. These
ends were not specifically inoculated, and rely on fungal growth from the inoculation on the
face veneer to reach the joins. However, Figure 6 in the Simpson and Singh (2016) report
appears to show that the fungal inoculation on boron-treated face veneer has withered at
the inoculation site due to preservative effects, and therefore could not reach the end joins.
Docked ends could be resealed with a boron-glycol preservative (Singh et al., 2014).

0,
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Conclusions

1. The AWPC protocols for H1.2 were correctly followed. However, | consider that the
verification of the durability of J-Frame should be further tested by directly exposing its
edges to fungal inoculum.

2. In any future testing of LVL, and other composites for that matter, both the wide and thin
faces should be inoculated with infected feeder strips. For the Scion trial discussed, this
additional inoculation could be nailed to the existing J-Frame under test, if the test is still
running.

3. In future revisions of the AWPC protocols, some minor level of decay (such as not more
than one mm deep) should be allowed in H1.2 testing before a treatment js considered
unsuitable. It is common practice in other AWPC laboratory trials to allo ean of 3%
mean mass loss or decay and still consider that the treatment was s L.Similarly,
for H2 and H3 termite field testing a mean mass loss of up to 5%,

ADDITIONAL ISSUES RAISED BY RED STAG

Independence of sampling

7 preparation

ocigted  retention and
b are treated by the

y an independent party,
hemically analysed by an
e occurred; however, as a
or chemical analysis this AWPC

for the Scion |-Frame Sample Test,
penetration analyses. The AWPC

and/or a representative sa
independent laboratory.’
representative sample v

=d samples that they tested, which on its own is
ver as mentioned earlier, the Scion samples were
y AsureQuality. Nevertheless, the treatment results
d further in this section. For this review, the full set of

t was provided by JNL. The J-Frame for test was originally
' X 45 mm profile) or 3000 mm (140 x 45 mm profile) lengths.
Specimer{s(wer by Juken 450 mm from the treatment ends and sent to AsureQuality,
and ’% m long samples were cut centrally from the original lengths and sent to

endently, Scion then cut 100 mm long samples from either end, and then again

m Wafers (across the grain) from those blocks for chemical analysis. They sent the
erddirectly to Veritec. Note the requirement for samples to be cut at least 150 mm from
riginal treatment end (Appendix B4 of AS/NZS 1604.4:2012) was met in both instances.

The AWPC protocols (page 11) state that the ends of test samples must be at least 600
mm long and shall be end sealed before treatment. The aim is to avoid testing high uptake
or over-treated ends especially when treated as smaller lengths in pilot plant facilities. The
J-Frame supplied by JNL was not end sealed; however, as the 900 mm long test samples
were cut from the centre of lengths at least 2360 mm long, end effects were avoided. This
should satisfy AWPC requirements. Indeed, using the centres from such long lengths better
reflects commercial realities.
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Conclusion

1. The independence of test specimen sampling was met, as outlined in the AWPC
protocols.

Reliability of analytical laboratories

JNL uses AsureQuality as an independent auditor of their J-Frame production. Red Stag
was concerned about the analytical results being obtained from AsureQuality, questioning
why J-Frame was consistently passing retention and penetration requirements (Rigter,
2015). As part of this concern, Rigter (2015) cited independent testing of sevgral analytical

laboratories by the Wood Processors & Manufacturers Association w Zealand
(WPMA). However, an email from Dr Jon Tanner, Chief Executive of W indicated
that the WPMA work was wrongly cited and blind comparisons w re results

were not attributable to specific laboratories (Tanner, 2016).
This review has little to draw upon for providing commen e accuracy of A eQui E: -
results. However, some comparison can be made be ntion resul iged\by
Veritec and AsureQuality for the Scion samp! oratories A1le ples
from the same boards. Note that the two laborafe erent met u@ ' lysis for
boron-treated LVL (JNL, pers. comm.). R
&tention (0.75% boric
s C).

lower than obtained by
2D and F (J-Frame). While all
eatment ends, it remains possible

1. Both analytical laboratories obtai
acid equivalent or BAE) for H1.2

AsureQuality for the
samples were cut

that the differengg1n xeleasi ibuted to*the samples for AsureQuality being
cut nearer to~the-o#gh : wthose cut for Veritec. It is also possible
that the di oteen the two laboratories produce differing
retent Setween the two methods would be useful.

C@
eQuality
VL is givi

\
NN N

SUGGESTED IMPROVEMENTS TO STANDARDS

S u eck whether its procedure for determining boron retentions in
@Q: stimation of retentions.

e g‘tﬁdance for penetration requirements in standards for the boron treatment of LVL
s\dmbiguous. In particular, there is a clash between AS/NZS 1604.4: 2012 (evidence
of distribution) and AS/NZS 1605.2:2006 where 'the preservative shall be continuously
distributed over the penetration zone..." It would be helpful if the exact meanings of
'continuously distributed’ and 'evidence of distribution’ were provided in the standards,
such as by using diagrams similar to those provided in Figures 3-6.

While JNL is justified in using ‘evidence of distribution’ to determine penetration in J-Frame
and obtain CodeMark approval, the phrase is too weak to ensure durability. Decay may
begin on the edge of a veneer that has limited penetration. Therefore, a Verification Method
should also be used to test the durability of J-Frame under H1.2 conditions to prove its B2
durability. The final proof of what works will be obtained from durability trials, such as the |-
Frame Sample Test, rather than untested penetration pattern specifications.

COOKSON

Independent Consulung
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Conclusions

1. The penetration guidelines across the three standards (NZS 3640, AS/NZS
1604.4:2012, and AS/NZS 1605.2:2006) are conflicting and ambiguous for the H1.2
treatment of LVL with boron after gluing. This reduces confidence in a CodeMark
assessment based on the standards. Remove the ambiguity in AS/NZS 1604.4 and
clearly state which penetration pattern should be foliowed for non-glueline H1.2
treatments for LVL.

2. | consider that the phrase ‘evidence of distribution’ as a specification for penetration is
too weak to be relied upon on its own as demonstration of durability. A Verification

Method is required.
3. Provide a diagram in AS/NZS 1604.4 of preservative penetration p in,veneers,

such as shown in Figures 3-6, so that the meaning of term tinuously
distributed’ and ‘evidence of distribution’ becomes clear.
4. Any testing of LVL durability presented to standards should ind] he tempera
used for LVL production, so that it is clear wh ity is duecsolel
preservative treatment, or preservative treatment f thermo-medificati
5. JNL has followed the correct procedures for Code

ifed from a trial where

the B2 Durability of J-Frame, ad
as~t ngi for verification, a step

the thin edge of J-Frame
that should become in
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GLOSSARY

AWPC = Australasian Wood Preservation Committee.

BAE = Boric acid equivalent.

Continually distributed = Penetration pattern where spot test for a preservative indicates its
presence throughout the entire penetration zone.

Engineered wood = Wood products that have been made by gluing smaller pieces together,
such as reconstituted wood, plywood, LVL, and glulam.

Efficacy = Whether a timber treatment can withstand a prescribed biodeteriogen.

Evidence of distribution = Penetration pattern where spot test for a preservgtige indicates its
presence throughout the entire penetration zone, or within limited ioris within

the penetration zone.
timber. %
@iv s

JNL = Juken New Zealand Ltd.
LVL = Laminated veneer lumber.
Penetration = The depth to which a prescribed preservativejs
Penetration pattern = The depth and level of continuity tg>
present within a region of timber.
Penetration zone = The region of timber that sh
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OBJECTIVE

The objective of this review is to determine if J-Frame (H1.2 boron treated laminated veneer
lumber or LVL) as produced by Juken New Zealand Ltd (JNL) meets the performance
requirements of B2 Durability provisions of the New Zealand Building Code, and if
CodeMark certification was justifiable. CodeMark compliance was provided for the product
by AsureQuality in 2015 in their Product Certificate Ag-180615-CMNZ, where B2
compliance was accepted through the Alternative Solutions process.

INTRODUCTION

Since the 1950s, softwood house framing in New Zealand wa
anticipation that it would be needed to control Anobium
Anobium was overstated, so that in 1995 untreated frami
implemented (Hedley, 2003). What was not fully reaIl
freatments used to control insects were als
practices should not allow the ingress of m4i
practices such as the reduction of eave widths

flashings to sealants were amongst theAza¢tes¥egting to the I g syndrome and
its associated decay problems. In yespgnse 2 treatme troduced to protect
against fungal decay in interior house

The Wall Frame Cavity Incorporated _in reVIS|on of the Australasian
Wood Preservation pitiee Is method for determining which
wood treatments wef, ital 2. -‘ ols are widely used and accepted in

New Zealand apd.A
under various n ‘rd

bility of various preservative treatments
15 revision, an I-Frame Sample Test was

included, ¢ an,d is fiow the prefe iethod used by Scion. Boron treatments at the
appropr;ate reteﬁtions wer e effective in controlling the wood decay fungal
haz.ard N, H’I Z for 'solid istinguished from LVL and other composites). This

ggod perfom'lance agreed wi pre-1995 experience where decay generally was not a
p«robie,m in house, Moron treated framing.

5 i i; ptéservative that can be lost from wood or redistributed within wood
after treat; ent Dpysdale et al. 2011), so it is worth noting that while H1.2 house framing

elevated moisture content’ (commentary clause C3.1, Amendment 5). Similarly,
PC protocols now state that H1.2 treatments are meant to provide ‘temporary (up to

d moisture content above the fibre saturation point (around 25% mc), allowing fungal
—/decay. If water ingress is occurring, then associated problems such as staining and mould
growth should allow it to be detected and remedied.

B2 Durabilty CodeMark compliance through Alternative Solution was accepted by
AsureQuality by referencing NZS 3640:2003, NZS 3602:2003, NZS 3604: 2011, and
AS/NZS 1604.4: 2012 (Figures 1-2). Wood treatment is specified according to two factors,
retention, which is the amount of preservative in wood, and penetration, which is the depth
to which the preservative has spread within the wood.
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Figure 1. Relevant B2 Durability section from Asureng‘lf\\Z

(last column expanded in Figure 2). @bgb
RN

.BZ Durability |B23.1 Alternative NZ53640:2003 AsureQuality - ATTP B2 references NZS3604, 3602 and
Building elements must, with only normal S o m‘gf;my_ o 2?4&, e -
;a;;ﬂw:x,rech;;i;:iblgf lliiasﬁcs::){ietfr:; L As rag ity — Open let ASNZS4"3£7&Th;Sutr;:ard —

ureQuality - Open lefter preserva eatment
the lesser of the specified intended life of ﬁ?ﬁﬁ:ﬁ%&'ﬁ? mtlg
the building if stated or: d .
: 1 retention req.'s of NZS3640 which this
(a) The life of the building, being not less product m,&;, There is no penetraton
than 50 vyears, if: (i) Those building req. for H1.2 in 1604 so penetration is
e'ements (including floors walls and | e zlg;‘;fmdmmm
EXI'::?S) pr(:vnqe _Is::uctur:l ”s:jt,ablllty; to the | Encinesred Wood Products. 2.3.0.4
vilding, or (i) Those building eemen!s‘. states EWP may be usad If preservative
are difficult to access or replace, or (iii) | treatment complies with 3602 though if
Failures of those building elements to [ | mndlﬂefvm?dgmed‘h 3502;}%;:3%
comply with the building code would go o sveLo ensrequracton e
undetected during both normal use and | ﬂfwﬁi‘;‘&”ﬁmﬂ“&” Bgorrauiu. it
maintenance of the bullding. requirements. Penstration tests
(b)-16-years-if: | to, ‘Evidence of Penetration’
(i}-These-bullding-elements-draluding-the
buildi . A b
the-sublesrspase-aad-n-bul-chimmsys A
| =
[ o-repiace. or {i-Fallure-of-those e
| i o e et 0\8 )

5 CodeMark Evaluati
R
D

B2 referances

3640,

Already dete plies (il

AS/NZS4 addirel
egavativ \

th 50 penetration is

f 3604 deals with
vod Products. 2.3.9.4
may be used if preservative

s
&\em complies with 3602 though if

% _not already specified in 3602 must have
he level of treatment required for kiln

dried Radiata pine structural grades. Lab
analysls shaws retentlon of Boron
exceeds requirements. Penetration tests
to H1 show ‘Evidence of Penetration'.

©

o)
<,
@I ure 2. Detail of last column in B2 Durability section from AsureQuality,
luation.

a\xg

D

2015 CodeMark

For LVL, the relevant clause guiding treatment is 1.9 ‘Use in New Zealand’ in AS/NZS
1604.4: 2012. This clause states that LVL ‘shall be treated to the preservative retention
requirements for H1.2 as set out in NZS 3640’, which is a standard for solid wood. Similarly,
Section 2.3.9 of NZS 3604 deals with Engineered Wood Products (EWP, including LVL),
and clause 2.3.9.4 indicates that EWP may be used if preservative treatment complies with
NZS 3602 though if not already specified in NZS 3602 then it must have the level of

treatment required for kiln-dried radiata pine structural grades.

COOKSON

Independent Consulting
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Further, for the Alternative Solution for J-Frame penetration requirements, clause 1.9 in
AS/NZS 1604.4: 2012 states that ‘Preservative penetration shall be in accordance with
AS/NZS 1604.4." However, there is no penetration requirement for H1.2 in AS/NZS 1604 .4:
2012 so penetration is analysed to H1, where there should be ‘Evidence of Distribution,” or
as worded in the CodeMark evaluation, ‘Evidence of Penetration’ (AsureQuality, 2015
CodeMark Evaluation).

Since the granting of CodeMark approval for J-Frame, a series of complaints were made by
Red Stag (Rigter, 2015), that the approval process was flawed and that the J-Frame being
produced does not comply with B2 Durability. There were also criticisms that in a Scion
decay test (Simpson and Singh, 2016) commissioned separately to the CodeMark approval
process, the supply of samples was not independent or representativ commercial
production, and that a level of decay occurred in J-Frame. It should b
concerns did not arise as a consequence of customer complaint QN
Frame has been on the market since 2007.

WAS THE DECISION TO ISSUE CODEMARK APPRO

As noted above, AsureQuality accepted B2
Alternative Solution by referencing NZS 364€;
AS/NZS 1604.4:2012.

Retention

For the boron treatment
retention of 0.40% m/m

! USSR
-\ a@ried wood (NZS 3640: 2003). An
AscRIdiRdyiY clause 1.9 of AS/NZS 1604 .4, this

the penet emis are simil ed;the majority of LVL retentions listed in AS/NZS

1604.¢\we iginally copi m AS 1604.1, the standard for solid wood. Note

t n is written ot 0.4%, which means that retentions must be given

Q places r@, prevents retentions such as 0.39% being rounded up
QQE! ed.

X specific 0 ntion and penetration for H1.2 is not given in NZS 3640; however,

it follo m ealand’'s H3 requirements (clause 6.3.1.1.2) that ‘For timber treated in

orm, no minimum heartwood penetration is specified.” As confirmation that

pod, the location of growth rings assists when determining heartwood regions based on
small colour differences between sapwood and heartwood, and/or spot tests. The location
of heartwood in LVL is more difficult to locate as growth ring structure is obliterated so that
heartwood may be in different locations between each veneer. Therefore, a spot test
(AS/NZS 1605.1: 2006) is required for heartwood/sapwood determination in LVL.

A number of quality control analyses for J-Frame were provided by JNL and AsureQuality.
An AsureQuality analysis on 15/12/2014 of ten samples showed that all had BAE cross-
section retentions of 1.04 to 1.96% m/m. An AsureQuality analysis on 28/56/2015 of another
ten samples showed that all had BAE cross-section retentions of 1.09 to 2.23% m/m.

COOK
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Penetration

The most contentious issue for the boron treatment of LVL concerns penetration. Treating
veneers with boron before gluing can allow full penetration of all sapwood, and is a process
that was used in the 1940-50s in Australia for the protection of hardwood veneers from
lyctine borers. However, the boron in treated veneers can cause adhesion problems when
gluing with phenol formaldehyde (PF) resin. Treatment of LVL after gluing circumvents the
adhesion problem associated with boron; however, penetration can then be inhibited by
glue-bonds, the random location of impervious heartwood, and sapwood grain orientation.
Penetration in radiata pine sapwood can be difficult in the tangential direction, irrespective
of the severity of treatment, while the radial and longitudinal directions are easily

penetrated. Therefore, while the face veneers of LVL are easily treated, p ation of the
interior veneers can be variable and limited, making them more suscepti y.

| have reviewed the proprietary process JNL uses to produce J; albJordan, S.
comm.), which includes drying veneers at high temperature, hot p ing with PF re

vacuum treatment cycle. Charges are then held po
promote absorption/diffusion, before being kiln drie
with clause 103.9.3 of NZS 3602: 2003.

make the LVL, followed by treatment in final form with %r; soldtion usin do

.9 in AS/NZS
Il be in acgQrdan AS/NZS 1604 .4
However, there is no penetration r ent in AS/NZS 164X 2012 for H1.2 (clause
2.3.2) as the only treatmept-menti is a glulln ent with triadimefon and
cyproconazole. This glueling tieatment was added f Q\% 00th NZS 3640 amendment 5
and AS/NZS 1604.4. Beitg-a glueline treat 5/ ¥&’ no requirement for evidence of
penetration of the g@vgs\ dnte“the timbgri could remain associated with the
glueline as long-as mnimum retentions | pross section of LVL were achieved and
the maximum thlq@e% veneers
\ (

For preservative penetration in LVL, {
1604.4: 2012, where ‘Preservative pen

L\

Therefare, \JNL -tises the p idance given for H1 in clause 2.2.2 where ‘All
pr %ﬁeﬁted venee w evidence of the distribution of the preservative in
. This clause is lly meant for lyctine borer control in hardwoods under

S s H1 expgs condifions. However, it is transferable to New Zealand’'s H1.1

[ ecially in softwoods, is of greater concern. The feeding
e two groups, borers and fungi, are quite different with one
icroscopic level while the other ingests wood pieces. Therefore, the
icrodistribution of preservative needed to control fungi and insects is not
same. Nevertheless in AS/NZS 1604.4: 2012, the phrasing for preservative

in H3 includes the option for sapwood veneers of ‘evidence of preservative

dtion’. H3 includes a fungal decay hazard. Currently therefore, the best match for
penetration requirements would be ‘evidence of distribution’ or ‘evidence of

Conflicting guidance can be drawn from AS/NZS 1605.2:2006 (Determination of
preservative penetration by spot tests), which states that ‘the preservative shall be
continuously distributed over the penetration zone...” This standard should be followed
when conducting spot tests such as those for boron. The exact meanings of ‘continuously
distributed’ and ‘evidence of distribution’ have not been provided in the standards. My
interpretation of these terms as they apply to a sapwood veneer can be illustrated in
Figures 3-6. The dark shading represents areas that are penetrated. Continuously
distributed means there are no gaps in penetration. ‘Evidence of distribution’ can be met by
a much wider range of penetration patterns, ranging from the same one shown for
continuous distribution (Figure 3) through to a minimum where even minor penetration is

COOKSON
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still ‘evidence of distribution’ (Figures 4-5). The phrase ‘continuously distributed’ sets a
higher threshold for detection of preservative penetration than ‘evidence of distribution’.

Figure 3. ‘Continuously distributed’ penetration in a sapwood veneer.

Figure 4. An example of the minimum penetration needed for ‘evidence of d%bution’.

| [ 1 AN | 43
N

Figure 5. Another example of the minimum penetration needed f@ e ‘of distributien’.

B

\

| R W S

vV
Figure 6. Veneer not penetrated. @@ @

JNL and AsureQuality have used Alte ion to obta idagee, and use H1's

‘evidence of distribution’ as its test fa[ p iorf. This app is\lgasible given the lack

of countering guidance in AS/NZS 4.4:)2012. Due h e ease of meeting this
penetration requirement, all e es analysed mined for this review have

‘evidence of penetration’ netration reg
An example of the % tained L mples was provided in its appendix,
and those for s are repligate igdire 7. D1 appears to be fully penetrated.

However, s erior ven and D3 have limited penetration (yellowish
colourati t it is n hefher the cause is unpenetrated heartwood or
@ons

KIZS 3604 dealing with Engineered Wood Products indicates that EWP
be used if preservative treatment has the same level of treatment as
for kiln-dried radiata pine structural grades.

2 nting of CodeMark for J-Frame as being compliant with B2 Durability was

\"\,f;}t ugh Alternative Solution, and was justified because it followed (for retention) or gave

f\ \\Bbest match to (for penetration) the existing standards NZS 3640 and AS/NZS

\_)) 1604.4:2012. | have highlighted some issues with the standards, and the AWPC
.~/  protocols, in later sections.

COOKSON
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Figure 7. Boron penetl_'atio n-90
penetration, while the p e

Singh (2016). Q\
SCION H1.2.D %L: POTE%@HCAHON

rame w 2015 through Alternative Solution and did not
ing evidenc% urability testing. However, an I-Frame Sample Test was

ly conduct@d by Sbion (Simpson and Singh, 2016), using the accepted ‘Fungal
1.2 test e escribed in the AWPC protocols.

cion tes % of radiata pine:

eated control 90 x 45 mm profile.
od untreated control 90 x 45 mm.
id wood H1.2 boron treated 90 x 45 mm.

@%J- rame H1.2 boron normal uptake 90 x 45 mm.
F

X 35-thm J-Frame, | ‘\Y.'P ker red areas show boron

= An experimental treatment.
= J-Frame H1.2 boron normal uptake 140 x 45 mm (wide pieces).

All J-Frame treatments for the Scion trial were conducted by JNL, while the solid wood H1.2
boron treated timber was purchased from a local building supply outlet (original treatment
lengths not specified) (Paul Jordan, pers. comm.; JNL 2014 sample preparation). The E
samples refer to an experimental treatment schedule, so that these samples do not require
detailed consideration in this review as they do not fall under the CodeMark evaluation.

4 COOKSON
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Retentions tested

The samples sent to Scion as part of the durability decay test were analysed by
AsureQuality. Samples D were 90 x 45 mm profiled J-Frame treated by normal schedule,
and the Scion report showed that they had a mean sapwood content of 89%. For the ten
boards analysed, AsureQuality obtained retentions of 0.62-1.70% m/m. Veritec analysed
samples from the same test boards and obtained retentions of 0.54-0.89% m/m. All of these
analyses show that J-Frame is treated to above 0.40% m/m BAE and therefore meets
standard retention requirements for LVL.

An exception obtained from the Scion samples were for samples F which were 140 x 45
mm profiled J-Frame treated by normal schedule. For the ten
AsureQuality retentions were 0.60-1.10% m/m (all passing standard ré

be rounded up so indicate retention failure according to the

obtained by Veritec.
cybtained on

However, the Scion report also shows that sa
meaning that 65% was heartwood. There is no
heartwood is acceptable, and whether pe
bearing on cross-sectional retention in
treated in final form. It would be diffic
LVL for separate analyses. As hea
the sapwood, so that it seems
samples F3 and F10 woulg\K

_‘
Q
—
(0]
3
®
3]
=.
@
<
@

iment variation might be accomplished by using a
Ag heartwood content. It should be noted that both
1.2 Scion decay test and lacked any signs of decay.

h ex \re nt cycle, ok i
S and F10 pgssed t
y

The Scion {epo ws that there was one length of boron treated J-Frame (a wide board,
145 ut of 30 lengths (if samples E are included) that had fungal decay. The

i sample F5) with decay was rated 9, indicating that decay was not more than
eep. | consider this level of decay to be superficial. Additionally, the decay
ears to have arisen because the board was located within a non-representative location

ofMhe stack at the very bottom where the edge sat in pooled or free water longer than
“/intended. Finally, the decay was soft rot, rather than brown rot arising from the intended
fungal inoculum. The fungal isolation work of Stahlhut et al. (2007; 2008) into the leaky
building problem showed that decay was predominantly caused by brown rot fungi,
although soft rot fungi do also occur. | do not consider the superficial decay of one board by
soft rot to indicate durability failure.

The minor decay of untreated J-Frame in the Scion test is noteworthy. AsureQuality
analysed the untreated J-Frame, and the penetration spot tests confirmed that there was no
boron treatment, and all retentions were below BAE detectable limits (<0.01% m/m).
Untreated LVL and plywood hot pressed to temperatures of 140-150°C will readily decay
(e.g. Da Costa et al, 1972). However, the J-Frame process includes a preceding step
where veneers are dried at high temperature within the range used to produce some

00
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thermo-modified woods (Militz, 2008). Thermo-modification significantly improves
resistance to brown rot. The Scion trial has shown that even untreated J-Frame has
improved durability, with results ranging from no decay (6 samples) to superficial decay (not
more than 1 mm, 1 sample), to light decay (1-5 mm deep, 3 samples). The risk of rapid
failure of J-Frame is certainly much less than for untreated solid pine which in the Scion trial
had severe decay.

Conclusions
1. The I-Frame Sample Test was correctly followed as outlined in the AWPC protocols.

The test results suggest that J-Frame is a durable product. However, | have concerns
about the fuliness of testing due to the inoculation procedure (discuss ow). These

concerns will be new to the AWPC Committee and may not neces hared or
implemented in future revisions.

2. The risk of rapid J-Frame failure appears to be low, as ev, tew J-Frame had
improved durability against brown rot. The resistance of untreat ame is likel

to a level of wood modification through coincidental ‘t -treatment’ of veneegrs
heated for drying. Risk is certainly much less th % ted pine frFamidg\where

widespread decay or failure was the norm in ial. The of J-
Frame failure is low is also supported by t ack of in- iire since
2007 when the product was introduced fgnfg\t ket. A\

Q\‘ \ \\ ;\;“: :::} \ \

\\.\ \\. \
SUGGESTED IMPROVEMENTS FOR AWPC PROTO

As part of the Scion de i test samplg &b j lated with two species of brown
rotting fungi using p, edyeeder strips-aDatf~{3%95 x 35 mm (AWPC 2015, page 12).
Pre-infected fee then tack ® wide face of the test samples.

e treatment patterns also found on the thin face.
ing pre-inoculated feeder strips onto the wide faces
enta what would also occur on the thin faces. However, the

i L are'quite different on their wide and thin (edge) faces. The wide
ace veneers uniformly and fully treated, while the thin face will

y veneers, 12 veneers in the case of J-Frame (Figure 5). These
clude some with only shallow penetration (Figure 5). From a durability

Cifically targeted in durability testing. This was not done in the Scion trial, as
is'fiot currently included in the AWPC protocols.

# AWPC protocols require that ‘samples should be placed on edge in a stack with 15-20
//mm thick untreated wood or plastic fillets between each layer.” There was the possibility
that the LVL edges would be exposed indirectly to decay fungi if the stickers had been
untreated pine. Fungi could have travelled from the untreated controls onto the stickers and
then throughout the rest of the stack. However, plastic stickers were used.

There was also the possibility that decay fungi would establish in the I-joins at either end of
the test pieces, especially as the ends of the longer piece were cut after treatment. These
ends were not specifically inoculated, and rely on fungal growth from the inoculation on the
face veneer to reach the joins. However, Figure 6 in the Simpson and Singh (2016) report
appears to show that the fungal inoculation on boron-treated face veneer has withered at
the inoculation site due to preservative effects, and therefore could not reach the end joins.
Docked ends could be resealed with a boron-glycol preservative (Singh et al., 2014).

Fan I o " A Y P A A Y. N
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Conclusions

1. The AWPC protocols for H1.2 were correctly followed. However, | consider that the
verification of the durability of J-Frame should be further tested by directly exposing its
edges to fungal inoculum.

2. In any future testing of LVL, and other composites for that matter, both the wide and thin
faces should be inoculated with infected feeder strips. For the Scion trial discussed, this
additional inoculation could be nailed to the existing J-Frame under test, if the test is still
running.

3. In future revisions of the AWPC protocols, some minor level of decay (such as not more
than one mm deep) should be allowed in H1.2 testing before a treatment js considered
unsuitable. It is common practice in other AWPC laboratory trials to allo ean of 3%
mean mass loss or decay and still consider that the treatment was s L.Similarly,
for H2 and H3 termite field testing a mean mass loss of up to 5%,

ADDITIONAL ISSUES RAISED BY RED STAG

Independence of sampling

Concerns were raised by Red Stag about th ence of t @
for the Scion I-Frame Sample Test, ecaCity of th 0

A preparation
ed” retention and

penetration analyses. The AWPC pr te, ‘If test Hmb are treated by the
preservative company, then the treatyien shall be witn y an independent party,
and/or a representative sampie~Qf t ecimeng._sh hemically analysed by an
' e occurred; however, as a

or chemical analysis this AWPC

Ation results for samples 1-3 (C1-C3, D1-D3,
=t samples that they tested, which on its own is
ver as mentioned earlier, the Scion samples were
y AsureQuality. Nevertheless, the treatment resuits
d further in this section. For this review, the full set of

As
splicates of each \teeas t was provided by JNL. The J-Frame for test was originally
@\ 90 x 45 mm profile) or 3000 mm (140 x 45 mm profile) lengths.

wers, Bt b

y Juken 450 mm from the treatment ends and sent to AsureQuality,
Q0QmM long samples were cut centrally from the original lengths and sent to
endently, Scion then cut 100 mm long samples from either end, and then again
m Wafers (across the grain) from those blocks for chemical analysis. They sent the
ers“directly to Veritec. Note the requirement for samples to be cut at least 150 mm from
riginal treatment end (Appendix B4 of AS/NZS 1604.4:2012) was met in both instances.

The AWPC protocols (page 11) state that the ends of test samples must be at least 600
mm long and shall be end sealed before treatment. The aim is to avoid testing high uptake
or over-treated ends especially when treated as smaller lengths in pilot plant facilities. The
J-Frame supplied by JNL was not end sealed; however, as the 900 mm long test samples
were cut from the centre of lengths at least 2360 mm long, end effects were avoided. This
should satisfy AWPC requirements. Indeed, using the centres from such long lengths better
reflects commercial realities.

OOK
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Conclusion

1. The independence of test specimen sampling was met, as outlined in the AWPC
protocols.

Reliability of analytical laboratories

JNL uses AsureQuality as an independent auditor of their J-Frame production. Red Stag
was concerned about the analytical results being obtained from AsureQuality, questioning
why J-Frame was consistently passing retention and penetration requirements (Rigter,
2015). As part of this concern, Rigter (2015) cited independent testing of sevgral analytical

laboratories by the Wood Processors & Manufacturers Association w Zealand
(WPMA). However, an email from Dr Jon Tanner, Chief Executive of W indicated
that the WPMA work was wrongly cited and blind comparisons w re results

were not attributable to specific laboratories (Tanner, 2016).

This review has little to draw upon for providing commen e acciracy of A
results. However, some comparison can be made be
Veritec and AsureQuality for the Scion sampl

es, .2
from the same boards. Note that the two {abora ) erent @
boron-treated LVL (JNL, pers. comm.). ’R
&

1. Both analytical laboratories obtgi tention (0.75% boric
acid equivalent or BAE) for H1.2 s C).

i lower than obtained by

and F (J-Frame). While all

tment ends, it remains possible

AsureQuality for the
samples were cut

VL is giv

sqq@ésffgéb?'iﬂPROVEMENTs TO STANDARDS

C%ﬁ
% eQuality

e glildance for penetration requirements in standards for the boron treatment of LVL
s\dmbiguous. In particular, there is a clash between AS/NZS 1604.4: 2012 (evidence
of distribution) and AS/NZS 1605.2:2006 where 'the preservative shall be continuously
distributed over the penetration zone..." It would be helpful if the exact meanings of
‘continuously distributed’ and 'evidence of distribution' were provided in the standards,
such as by using diagrams similar to those provided in Figures 3-6.

While JNL is justified in using ‘evidence of distribution’ to determine penetration in J-Frame
and obtain CodeMark approval, the phrase is too weak to ensure durability. Decay may
begin on the edge of a veneer that has limited penetration. Therefore, a Verification Method
should also be used to test the durability of J-Frame under H1.2 conditions to prove its B2
durability. The final proof of what works will be obtained from durability trials, such as the |-
Frame Sample Test, rather than untested penetration pattern specifications.

Yl &
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Conclusions

1.

The penetration guidelines across the three standards (NZS 3640, AS/NZS
1604.4:2012, and AS/NZS 1605.2:2006) are conflicting and ambiguous for the H1.2
treatment of LVL with boron after gluing. This reduces confidence in a CodeMark
assessment based on the standards. Remove the ambiguity in AS/NZS 1604.4 and
clearly state which penetration pattern should be followed for non-glueline H1.2
treatments for LVL.

| consider that the phrase ‘evidence of distribution’ as a specification for penetration is
too weak to be relied upon on its own as demonstration of durablllty A Verification
Method is required.

Provide a diagram in AS/NZS 1604.4 of preservative penetration p veneers,
such as shown in Figures 3-6, so that the meaning of term tlnuously

distributed’ and ‘evidence of distribution’ becomes clear.
Any testing of LVL durability presented to standards should intj he tempera

is due oIeI
i¥ ed from a trial where

used for LVL production, so that it is clear wh
ngi for verification, a step

preservative treatment, or preservative treatment
JNL has followed the correct procedures for Co E

the B2 Durabi.lity of J-Frame, ad
the thin edge of J-Frame {
that should become in

o oy
1 |

s]ﬁ ). 1S
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GLOSSARY

AWPC = Australasian Wood Preservation Committee.

BAE = Boric acid equivalent.

Continually distributed = Penetration pattern where spot test for a preservative indicates its
presence throughout the entire penetration zone.

Engineered wood = Wood products that have been made by gluing smaller pieces together,
such as reconstituted wood, plywood, LVL, and glulam.

Efficacy = Whether a timber treatment can withstand a prescribed blodetenogen

Evidence of distribution = Penetration pattern where spot test for a preserv lndlcates its
presence throughout the entire penetration zone, or within limited s within
the penetration zone.

Penetration pattern = The depth and level of contlnmty rescribed

JNL = Juken New Zealand Ltd

LVL = Laminated veneer lumber.

Penetration = The depth to which a prescribed preservatlv eseniin timber.
present within a region of timber.
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