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Fastener Corrosion in
Treated Lumber

by Laurence Claus

Fasteners, whether they are nails, screws, anchors,
or metal connectors play a critical and important role in
wood/timber construction. In essence, these products are
critical in joining materials together and either carrying
or helping distribute structural loads. In many instances
these fasteners are installed in corrosive environments
or brought into contact with corrosive materials. Common
examples of these conditions include exposure to constant
moist or humid conditions, coastal conditions or salt
infused air, preservative-treated lumber, and contact with
dissimilar metals. Any one or a combination of several of
these factors can conspire to corrode a poorly specified
fastener resulting in loss of the load carrying capacity of the
joint, either by degradation of the fastener, the surrounding
wood, or both. Therefore, the specifier of the fastener must
be knowledgeable about the service conditions and make
prudent selections of the fastener coating or raw material to
minimize these risks.

In December of 2003 the American wood preservative
industry voluntarily stopped producing chromated copper
arsenate (CCA) treated lumber products for residential uses.
Although this product had been on the market for many
years, the health risks related to the potential for some of
this product’s constituents to leach out were deemed too
great. In particular, this wood treatment contained arsenic,
a known poison and hexavalent chromium, a suspected
carcinogen. CCA lumber, although retained for certain
commercial uses, was replaced with a variety of new
products for residential and common use.

Although bans like this are the right thing to do for
our protection and that of the environment, they do raise
challenges when the replacement alternatives do not
provide equivalent performance or result in unintended
consequences. Anyone that has been in the fastener industry
for some time can attest to the challenges that arose and
remain today with both the reduced usage of cadmium
plating and the elimination of plating and coating processes
that employed hexavalent chromium constituents.

One of the unexpected consequences of the alternate
wood preservatives was their increased corrosivity to

fasteners, anchors, and metal connectors. In fact, many of
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Figure 1: Zinc Plated Fastener xample in Alternate Treated Lumber
After Several Years Exposure
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these new alternatives have proven to be two to three times
more corrosive than CCA preserved wood. Even though this
does not eliminate the possibility of using metal fasteners in
these materials, it does mean that the choice of specifying
the right fastener has become more complex, challenging,
and critical.

Wood preservatives have been available and used
commercially for over seventy years since Dr. Karl Wolman
invented a process that employed high pressure to force
wood preservative deep into wood products. The most
successful of these products was CCA which is a water-
borne solution of chromium trioxide, copper oxide, and
arsenic pentoxide. There are three standard formulations,
Types A, B, and C, but Type C or CCA-C is the one almost
exclusively employed today because of its resistance to
leaching and overall performance track record.

CCA has been replaced by a variety of different
treatments. In the United States the most common alternate
treatments are Alkaline Copper Quaternary (ACQ), Copper
Azole (CBA and CA), Sodium Borate (SBX), and Micronized
Copper Quaternary (MCQJ. ACQ is a combination of
about 2/3rd copper oxide and 1/3 quaternary ammonium
compound. Like CCA, there are several different standards
that exist for ACQ, Types B, C, and D. ACQ-B is the most
prevalent treatment in the United States because of its
improved ability to penetrate certain western species of US
pines. CA-B or copper azole type B is used in the United
States and is a waterborne solution of 96% copper and 4%
tebuconazole. SBX or borate treatments are generally
reserved for timbers being treated for termite or other
insect infestation hazards. Most borate treatments use
disodium octaborate tetrahydrate because of its excellent
water solubility which facilitates the application of more
concentrated solutions. Their lack of copper constituents
generally makes them unsuitable for prolonged wet
conditions and so they are usually used in “dry”
applications. Finally, MCQ utilizes micro-sized particles
of solid copper rather than aqueous copper like its close
cousin, ACQ.

With the exception of the SBX treatments, experience has
shown that the alternate treatments, ACQ, CA, and MCQ all
are much more corrosive to metallic fastening elements
than the CCA treatment. Although the actual mechanism
of corrosion is still unknown, it is theorized that the
greater concentration of copper and absence of hexavalent
chromium in these alternates is a significant contributing
factor. Hexavalent chromium is a proven corrosion blocker
and was an integral part of many corrosion protection
systems up until about fifteen years ago when it was deemed
a hazardous substance.

BMF/R-X/REMEE (Dr. Karl Wolman) RS ETTEER
FEFIRNARBRK  AMPBRLEEETH EREBIT E+F X
R 2 S UMERE (CCA)  ER =A% SHHEN
R A ZRH4E R BRI KM AR - B =Fr AL 75 0 AR BRUFNCAY -
BECE  siEFMCCA-CH > PEFUMKMEBAFERICTIERE  2W
SILVFHE—RAAMBEZR S -

HEAEH (CCA) BRICHEMARBMNLE A EERA - 2EH
BELOENRLLIEZ5E K E 4% (Alkaline Copper Quaternary» &
FRACQ) ~ $FM (Copper Azole EFRCBAFICA) ~ #i£ 48 (Sodium
Borate » BI#RSBX) FAR K AL E 4% (Micronized Copper Quater-
nary BF#MCQ) - §kE B2 ACQE A L2/3E WA/ TR
WEMHEE - FAK I ARERSE (CCA) —HF sk E 52 (ACQ) thiFTE
BIANAEFRAE BBE CEIFIDA - ACQ-BRIEEEH R LB FA
BEANMMEF AN FRLEAEBEMIEERNFEETREENE -
CA-Bel M EBRIE A7EEE » 6% F4% LW ES A& HI KA
o SBXE MBS SR B E 4F A B F R HM R R B ER AL IE -
KEHMER G IEE A 29Kk E/ B NEMFRRKARE it
BRFREREARNNA - MG EBRARZHEE S —RmE
BAEEKMEIFEIME  FTLBEEZ “T" NA &5 KW
T B M CQ - FI A 2O R AR A FURL - T NME T B9 SR 4R ke B
$ZACQF A& HAKABR -

Figure 2: Typical ACQ Treated Timber
B2 ~ AR AR ACQ BrFEAM

BT SBXAER S92k » 20 IFBRACQER I H 4% » CASAMFIMC QAR
R BRI LB AAIE N TF & BEE THHEMMLECCAL
WHRASLHTE - RRBIARKIIEREIIARE FitfaH XL
BERARRSHE BN RAFENAMBEYMEHEENER -
AN LIS 2N MAIR AT A EEREFZBWBIPR
GHARR T B AN TAFENRINAZEED -

ATEEBIMIR EFERJLHINERNIRT7% AR R XL
BABMRLENT & BEMURARRENRME - X H A2 MR
MR ET57%  RERAOAREREEAMPBRINSIREE12-94 “F1E
REBAM P ERBMAAEMETE -EXLET REHENE
B RE RI\ERERREHEREE N BEZ R ELERNA
B XA TR AR ) RIEMETE120°F F190%8 EROMIR E - #5480
ITHREM BRI - REHFMNIE KRB  BEAENNE- 5K
Bl RIS O EER RN ISR R AR M ES
=0 AT AR E P K B9 TR TR 2R © 28T » &K 2 MU B 1 30 — 4+ iX
L 25 SR DBE SR AREL By FEANRE UM =X 15 BA SRR AR 4% 4 T X Bl
HIEARISRIREFaER Mz BRIER -




! @ TECHNOLOGY
B ARIRIR

In an effort to understand this phenomenon several

accelerated test methods have been developed to study the
effects of metal contact and different coatings with these
alternate preservative treatments. Although it is not the only
accelerated test method, the most commonly used may be
the American Wood-Preservers Association Standard E12-94,
“Standard Method of Determining Corrosion of Metal in Contact
With Treated Wood.”  In this test, fasteners are weighed and
then precisely fastened according to the standard into wood
blocks treated with the preservative being studied. The “test
block” is then placed in an environmental chamber held at
120° F and 90% humidity for the duration specified in the test.
The fasteners are removed from the test block, cleaned, and re-
weighed. The resulting loss of weight from their original condition
represents the corrosion that occurred during the test and an
equation can be used to determine the expected corrosion rate.
Like most accelerated corrosion tests, however, these results
can only be used for comparative purposes and do not predict
or correlate to the actual life expectancy of the fasteners or joint
under actual service conditions.

Simpson Strong-Tie conducted this test on many parts, both
on several thousand coupons and fasteners. Assigning CCA-C
a baseline value of 1.0, they determined that ACQ and CA were
greater than twice as corrosive, ACZA (Ammoniacal Copper
Zinc Arsenate), another arsenic containing treatment commonly
used in the US in non-residential applications, was over three
times more corrosive and MCQ was just a little lower than ACQ
or just under two times. An even more extensive study by the
New Zealand Building Research Levy (BRANZ) supported these
findings. In section 1.2.1 the authors of this test report state,

“BRANCZ also tested the comparative aggressivity of timbers
treated with CCA, CuAz[CA] and ACQ towards mild steel, hot dip
galvanized steel and austenitic stainless steel according to AWPA
E12-94 [Kear et al. 2006a). The corrosion rates derived from
mass loss measurements indicated that timbers treated with
ACQ and CuAz [CA] could be more corrosive than those treated
with CCA under identical testing conditions.”

The BRANZ team did not, however, stop there. They set
out to determine if the results of the AWPA E12-94 and other
accelerated testing they performed would be confirmed with
actual field exposure test results. To do this they set up a test
field at two locations in New Zealand, one in a moderate and
protected environment and one only several meters away from
the ocean surf. In each case untreated timbers and those with
preservative treatments of CCA, ACQ, and CA were tested with a
combination of nails, screws, and flashing plates of unprotected
mild steel, mechanically zinc plated steel, hot dip galvanized
steel, and stainless steel. Their study confirmed the findings
of the lab testing that ACQ and CA treated timbers generally
accelerated the corrosion rates of the uncoated mild steel ,

mechanically plated zinc steel and the hot dipped galvanized
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Figure 3: Hot Dipped Galvanized Fastener Example in Treated
Landscape Timber after Several Years Exposure
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steel as compared to both untreated and CCA treated
timbers. Additionally, they concluded, as did the
Simpson Strong-Tie testing that austenitic grades,

304 and 316 stainless steel, fasteners showed no
appreciable degradation in the testing. Although the hot
dip galvanized samples did exhibit deterioration, it was
not as significant as the mechanical zinc or unprotected
mild steel samples.

Hot dip galvanized fasteners can exhibit different
rates and subsequent levels of corrosion based in
the thickness of the zinc layer. As a result, Simpson
Strong-Tie recommends a thicker version of hot dipped
galvanized metal connector when exposed to certain
environments or contacting the alternate treated wood
addressed in these studies. In addition to hot dipped
galvanized fasteners they also recommend austenitic
stainless steel, but caution that best practice dictates
not mixing dissimilar materials. In other words, if using
hot dip galvanized connectors, the fasteners should also
be hot dip galvanized and stainless connectors should
use stainless fasteners.

The BRANZ study also goes on to recommend that
when specifying the fastener one must consider the
entire joint holistically. The report points out that,

“Deterioration of metallic fasteners not only weakens
the fastener itself, but the chemical reactions involved
in corrosion can also weaken the timber surrounding
the fastener.” They refer to this as “Nail Sickness”
and, as a result, suggest that the fastener and timber
be considered as a system to minimize any risks in
structural safety or longevity.

In a related fashion, it has long been known that zinc
plated fasteners often result in a blueish gray staining
over time in cedar or redwood. Woods, like cedar, that
are high in tannins react to iron to produce this blueish
stain. This “iron staining” is particularly unsightly on
a deck, fence, or other exposed structure and occurs
when the fastener coating breaks down and exposes
the underlying base steel. Austenitic stainless steel
fasteners do not exhibit this phenomenon and are
generally regarded as the best recommendation for
exposed use with cedar.

There is a lot yet to be discovered about corrosion
of fasteners in timber. It is clear, however, that
understanding even a few basic principles and pairing
the fastener with the lumber type will go a long way to
assuring a long-term, sustainable joint and structure.
This is particularly important when choosing the right
fastener for use with wood preservative treatments that
are an alternative to CCA-C treated lumber.
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Figure 4: Example of “Nail Sickness”
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