Variables for Forensic Evaluation of Degradation
of Structural OSB Panels Experiencing “Wet" Service

By Colin Murphy, RRC, FRCI, and Lonnie Haughton

At many construction projects, the exterior wall and roof
sheathing are comprised of oriented strandboard (OSB) panels pro-
duced by more than one manufacturer or produced by one manu-
facturer from more than one wood species. OSB typically consists
of wood strands from one of many tree species (commonly aspen)
that are hot-pressed, using one of two types of “binders,” into com-
posite panels. OSB panels, however, also are manufactured from
blended batches of wood strands from two or more tree species,
including blended mixtures of hardwood and softwood species.

Wood-rotting fungi of the class basidiomycetes are classified as
white rots and brown rots. In general terms, the brown rots prefer-
entially feed upon softwood and the white rots target the hard-
woods; however, some of the wood-rotting fungi have broadly
diverse appetites, while others may favor only one or a few host
species.

From the perspective of an invading fungus, wood is: a) struc-
turally, a natural subway of interconnected tubes; b) nutritionally,
a fast-food shop with limited choices; and c) environmentally, a
desert without running water (paraphrasing Dr. Steven Miller of the
University of Wyoming). The inadvertent introduction of water into
dry structural lumber or engineered wood sheathing can lead to
rapid fungal proliferation, if the wood meets the fungi’s nutritional
requirements. The wood can be expected to satisfy the nutritional
requirements of one or more of the different types of fungal spores
that have been hanging around waiting for wetter environs.

Lack of appropriate weather protection of engineered wood
sheathing during the initial construction process can be a key fac-
tor determining the speed and severity of later biodeterioration
when the panels are re-wetted due to building envelope failures.

There is no readily available evidence to suggest that the use of
a particular binder or wood (of those tree species commonly used to
manufacture OSB) will provide greater overall resistance to the
numerous species of wood decay fungi that may attack the panels;
however, the authors document dramatic differences in the rate of
deterioration by a specific white-rot fungus of two different OSB
panels experiencing the same “wet” service.

The authors conclude that forensic evaluations of OSB sheath-
ing damage must consider the potential for significantly varying
rates of panel degradation due to differences in composition, even
if all of the inspected panels are from the same manufacturer. Also,
the rates of this structural degradation may have been further exac-
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erbated by pre-infection of the panels during the construction
process due to deficient weather protection.

OSB panels now comprise a majority of the structural sheath-
ing market in North America:

¢ “By 1973... plywood held a 99+ percent share of the U.S.
domestic structural panels market. At this point, lumber
had been totally displaced as a sheathing material.”

¢ “By 1983... waferboard shared the market with oriented
strandboard (OSB), and together the two products account-
ed for 5.5 percent of the structural market in the United
States.”

¢ “By 1993... OSB... accounted for one-third of the structural
panels market.”

¢ “By 2000... North American production of OSB exceeded the
production of softwood plywood.™

OSB structural panels are manufactured from thin wood
strands? sliced from logs (in the direction of the wood grain) that are
then dried, mixed with wax and binders, placed into a form in mul-
tiple layers, and hot-pressed into panels. Many tree species are
used to manufacture OSB panels; however, commonly used species
are southern pine, lodgepole pine, “aspen/poplar,™ yellow poplar,*
sweetgum, and birch. The most commonly available OSB structur-
al panels are manufactured from the aspen/poplar species.

*  “The raw material for the original waferboard product,
which was made from square wafers, was aspen. As this
industry expanded and OSB became the predominant prod-
uct manufactured, other species, such as southern pine,
white birch, red maple, sweetgum, and yellow-poplar were
found to be suitable raw materials as well. Small amounts
of some other hardwoods can also be used for OSB.”

*  “Following development with aspen, a variety of other
species have since been incorporated. Currently, mills can
use almost any low-to-medium-density species that is wide-
ly available. Southern pine, spruce, birch, yellow poplar,
sweetgum, sassafras, beech, and others are incorporated
into OSB. Species of relatively high density, such as beech,
are often mixed with species of relatively low density, such
as aspen, to maintain acceptable board properties.”
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All OSB structural panels are manufactured to meet minimum
voluntary performance standards’ when tested for three basic per-
formance qualities: strength and stiffness, dimensional stability,
and bond durability. The uniformity of these manufacturing stan-
dards has led many in the construction, repair, and consulting
industries to assume that each brand of identically dimensioned
OSB structural panel will provide the same general degree of both
structural and weather-resistive performance, including similar
levels of resistance to biodeteriorative attack by wood decay fungi.

*  For most practical purposes, the first assumption is justi-

fied: due to industry-wide implementation of the voluntary
performance standards in the manufacturing process, OSB
sheathing panels by various manufacturers can, at a basic
level, be considered structurally equivalent.

* However, the second assumption - equivalent OSB resis-

tance to biodeterioration when encountering “wet” service -
is demonstrably incorrect, as further discussed below.

Note: when properly installed as part of a properly designed and
maintained roofing or cladding system, neither OSB nor plywood
panels should be exposed to moisture extremes during the life of
the structure.

For a review of moisture exchange performance differences
between OSB and plywood panels, reference the authors’ article,
“Moisture Exchange Performance of OSB and Plywood Structural
Panels.”

The “wood decay fungi” (wood-rotting species of the class basid-
iomycetes) affecting above grade structures in North America are
classified as white rots and brown rots. Wood decay fungi obtain
nourishment by digesting the cell walls of the wood element, result-
ing in rapid and severe loss of structural properties.

* “The brown rots selectively attack the cellulose and hemi-

cellulose of the cell and modify the lignin.... Brown rots
cause dramatic strength loss in the early decay stages. Up
to two-thirds of the total wood substance may eventually be
consumed by brown rot fungi.”
“White-rot fungi have the ability to degrade both the lignin
and cellulosic components of the cell, although the lignin is
usually utilized at a somewhat faster rate. White rots may
change the color of wood only slightly but more often give it
a bleached or whitish color inherent to de-lignified cellulose.
These fungi typically erode the cell outward from the cell
lumen by decomposing successive layers of the cell wall,
much as a river erodes it bank. Thus, the cell wall becomes
progressively thinner, but the wood does not tend to shrink,
check, or collapse, as is often the case with brown rots.
White-rotted wood usually retains its shape, but may even-
tually become a fibrous, spongy mass.”

*  “Infection by spores of ‘Wood-rotting basidiomycetes’ [WRB]
probably does not occur at wood moisture contents below
about 29%.... The mycelium and mycelial cords of WRB can
colonize wood below the fibre [sic] saturation point, possibly
down to 20% MC, provided they are growing from a sub-
strate at a higher moisture content.”

“Once WRB are established, the minimum moisture content
for decay to proceed is around 22-24%, so 20% is frequent-
ly quoted as a maximum safe moisture content for wood.
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...WRB can survive for up to nine years in wood at moisture
contents around 12%. If the wood wets up again, the decay
process can restart.”?

Note that the initial infection by the fungal spores requires an
initial spike of high moisture content (>28% MC), but subsequent
proliferation of the established fungi only requires that the wood
product is “wet” (>20% MC). This observation emphasizes the criti-
cal importance of protecting the sheathing prior to cladding or roof-
ing. The authors have observed hundreds of construction projects
in which the engineered wood sheathing remains exposed to
inclement weather for weeks or months. Even if it is assumed that
this saturated sheathing remains sound and will properly dry when
the building is closed in, it is also reasonable to assume that some
fungal sporulation either has occurred when the sheathing was
exposed or will occur during the drying of the warmer, closed-in
roof and walls. By allowing the sheathing to become initially satu-
rated during construction, the builder has created a situation in
which even relatively small future increases in moisture content of
the dried panels can result in rapid biodeterioration and loss of
structural integrity.

The sapwood lumber of all tree species has no inherent resis-
tance to wood decay fungi. While the heartwood of some softwood
lumber species (e.g., Douglas fir, western larch, and a few of the
pine species) exhibit varying degrees of resistance to decay, the
heartwood of most species used to manufacture OSB - including
aspen, cottonwood, poplar, birch, and the remaining pines - has lit-
tle or no decay resistance. Further, note that many trees harvested
for OSB production are sufficiently young to have not produced a
significant percentage of heartwood. Similar lack of heartwood pro-
duction occurs with rapidly grown trees from commercial planta-
tions.

¢ “When a tree or tree part is very young and growing vigor-

ously, it contains no heartwood. After a number of years,
however, heartwood typically begins to form near the center
of a stem. The most common age at which transformation
from heartwood occurs is reported to be fourteen to eighteen
years. ...Some species, such as beech or European ash, may
not begin to form heartwood until reaching sixty to one hun-
dred years of age.”"

In general terms, brown-rot fungi preferentially attack soft-
woods (e.g., Douglas fir, the true firs, larch, pine, and hemlock).
Likewise, in general terms, white-rot decay fungi preferentially
attack hardwoods (e.g., aspen, poplar, birch, and yellow poplar). A
1981 report identified 1,669 species that decay wood in forests or
wood in use in North America. Six percent (113) of these species
cause brown rots and 94 percent (1,556) cause white rots.”? It is
important to note that while some of the wood-rotting basid-
iomycetes are very selective about what they eat (some will infest
only one tree species), others have a much broader appetite.

* “Brown-rot fungi commonly colonize softwoods, and white-
rot fungi commonly occur on hardwoods, but both brown-
and white-rot fungi occasionally colonize both types of
wood.”"®

¢+ “Some fungi have a narrow host range, such as boletus
betulicola on betula spp., while others have a very broad
host range...”"

¢+ “From a fungus point of view, wood is:
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a. structurally, a natural subway of interconnected tubes
b. nutritionally, a fast-food shop with limited choices
c. environmentally, a desert without running water.”*

Typical wood structural members are manufactured from soft-
wood species; thus, “brown-rot decay fungi have been the most
common agents of decay in buildings,”* including the biodeteriora-
tion of plywood sheathing.

Most commonly, OSB structural panels are manufactured from
hardwood species. It is the authors’ experience that white-rot decay
is the most prevalent form of fungal biodeterioration of OSB panels
in buildings; however, we also have observed severe brown-rot dam-
age of hardwood OSB sheathing.

* Where brown-rot deterioration of OSB sheathing is
observed, these fungi often are found to be expanding into
the panels from adjacent brown-rot decay occurring in soft-
wood structural members.

¢ Similarly, where white-rot deterioration of softwood lumber
or timbers is observed, the infestation commonly is found to
have originated in adjacent white-rot decay occurring in the
hardwood sheathing panels.

OSB Panel Manufacture - Type of Binder

In addition to the use of differing tree species and proprietary
variables in the hot-press manufacturing process, the other major
distinction between OSB brands is the type of synthetic “binder”

Photo 1 - Overview of the work area.

Photo 2 - Hardwood OSB
sheathing with severe white-rot
decay is surrounded by
relatively undamaged hardwood
OSB. The dashed line traces the
upper limit of the migrating
water. Note that the white-rot
deterioration has spread upward
from the water line. (The
localized brown-rot decay at the
upper right is spreading from
underlying infestation of a
softwood-framing member.)
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used to bond (with heat and pressure) the wood strands into a
structural mass. The two major types of binder materials are: phe-
nolic resins and methane di-isocyanate (‘MDI”):

*  “Phenolic resins are the most common binder used to man-

ufacture Oriented Strand Board (OSB), as well as plywood,
glass fibre [sic] insulation and other products. ...Phenolics
are the oldest form of plastics. They have been used for a
variety of applications for over 100 years and as wood based
panel binders for over 60 years.”
“Liquid polymeric diphenyl methane di-isocyanate (MDI)
binders are an alternate binder system used by approxi-
mately 35% of the OSB mills (alone or in combination with
phenolics) and bring to wood composites the same advanced
polymer technology used in engineering thermoplastics and
polyurethanes.””

Biodeterioration of OSB Sheathing -
Comparative Observations

Based upon the information provided above - that OSB panels
are manufactured from differing tree species and typically use one
of two different types of binders during the hot press manufactur-
ing process - it is reasonable to hypothesize that one or both of
these gross variables might significantly affect the potential risk for
biodeterioration if a panel becomes wet.

In other words, the forensic consultant investigating the causes
and extent of a building’s structural deterioration may find it use-
ful to consider the possibility that the observed conditions have
been selectively exacerbated by wood decay fungi that are targeting
only some of the closely similar sheathing.
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The accompanying photos were taken by ERD in December
2002, at a condominium complex in Seattle, Washington, during a
joint research project with the Forest Products Laboratory to study
potential forensic uses of the “immunodiagnostic wood decay”
(IWD”) test'® developed by microbiologist Carol Clausen.

o The full results of the joint IWD study are published at
http://www.fpl.fs.fed.us/pubs.htm: (C.A. Clausen, L.
Haughton, and C. Murphy, “Evaluating Wood-Based
Composites for Incipient Fungal Decay with the
Immunodiagnostic Wood Decay Test.”)

Photo 1 shows an overview of the work area. In Photo 2, note the
severe white-rot deterioration at one of the sections of hardwood
OSB sheathing, while the surrounding hardwood OSB sections are
relatively undamaged except for some localized brown-rot damage
at the upper right corner. (The observed brown-rot decay has
spread from an infested softwood-framing member behind the
hardwood sheathing.)

The dramatic differences between the hardwood OSB panels are
further highlighted in Photo 3. Note the water staining across the
face of the otherwise undamaged middle section, tracing the route
taken by the migrating moisture that promoted the severe white-rot
damage at the OSB section at the right. Further, note that this
moisture also has resulted in severe white-rot damage at the OSB
section at the far left. Both damaged OSB sections are by the same
manufacturer.

The severity of the white-rot deterioration at the left and right
sections is advanced. As the panels became saturated and spongy,
the fungi were able to spread vertically above the visible path of
water flow denoted by the water stain. In striking contrast, the mid-
dle OSB section remains sound, firm, and undamaged.

*  “The stain pattern from water infiltration that crossed three

sheets of OSB revealed extensive damage to only two of the
sheets. The middle sheet of OSB was not damaged.”

Field inspection of mill stamps identified two manufacturers for
the inspected OSB panels, which were manufactured in Minnesota
and British Columbia.

¢+ “Removal of the sheathing and subsequent analysis, includ-

ing identification of “mill stamps” on the back of the panels,
showed that two different types of OSB were installed at this
area during construction. Inspection confirmed both types
of OSB panels had been installed prior to siding installation
and final inspection of the structure.”

The undamaged OSB sections were the panels manufactured in
Minnesota.

Further evaluation at the Forest Products Laboratory, support-
ed by review of online technical publications by the manufacturers,
identified two major differences between the two panels: a) the
British Columbia panels were found to be comprised of aspen (pop-
ulus sp.) wood strands with an MDI binder; b) the Minnesota pan-
els were comprised of birch (betula sp.) wood strands with a
phenolic resin binder.

Unfortunately, the specific wood decay fungus could not be
identified:

*  “The visible decay fungus was not culturable from the

mycelial sample ...”

* “Wood can be too decayed to recover a culture of viable fun-

August 2004

U

RCI, Inc.
g800-828-1202

www rci-online.org

Interface o 7



= P P S
-,tf:ﬁ‘;. >

F L NP

Photo 3 - Undamaged center panel is sandwiched by two white-rotted panels. (The dashed line traces the upper limit of the migrating

water.)

gus or to give positive IWD results. In cases of advanced
decay, where all wood components are utilized, growth of
the decay fungus eventually stops ...”*!

Moisture readings with a Delmhorst meter, confirmed by labo-
ratory testing, revealed moisture content levels typically less than
17% (13-15% for the damaged panels and 15-17% for the undam-
aged panels), indicating no recent conditions of water infiltration to
the currently dry sheathing. The lack of viable decay fungi indicat-
ed a lengthy period had elapsed since the panels had last been wet.
This situation likely was exacerbated by a dearth of appropriate
food remaining within the ravaged panels, despite the mass of wood
strands available in the adjacent undamaged panels.

* “The condominium complex was constructed in 1997. The

winter of 1998-99 was the wettest on record for Seattle, with
34 inches of rain recorded between November 1 and
February 28 (source: National Weather Service - Seattle). A
forensic building envelope investigation discovered exten-
sive decay in this complex in 1999.”*

8 ¢ Interface

*  Records for the 12-month period prior to the 2002 sampling
indicate the total rainfall recorded in Seattle was 32 inches,
more than 5 inches below normal. The summer months that
preceded the sampling were the driest on record for Seattle,
with less than 2 inches of rain recorded in a four-month
period. Further, recorded rainfall during the year 2000 was
more than 8 inches below normal, with the winter of 2000-
2001 recorded as the second driest on record.”

Summary Discussion

The OSB panels were installed at the same period of construc-
tion, as evidenced by the overlying steel strap seen in Photo 2. It is
possible that the damaged panels had been infected with the white-
rot fungi prior to installation, but the almost total absence of white-
rot damage at the adjacent OSB sheathing is strong evidence that
the OSB panels from Minnesota were highly resistant to this par-
ticular wood decay fungus.

The two major variables between the OSB brands were wood
species (aspen vs. birch) and the binder (methane di-isocyanate vs.
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