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ABSTRACT

In response to specific and i medi ate research needs, the Forest Service-
Forest Products Laboratory is conducting several studies that pertain to the
present and future status of fire-retardant-treated (FRT) wood and fire-
resistive coatings. These studies include the degradation of FRT plywood, the
potential use of fire-resistive coatings to protect wood trusses, and the
devel opnent of a conbined preservative-flane-retardant treatment for wood
shi ngl es.

The Forest Products Laboratory is maintained in cooperation with the University
of Wsconsin. This article was witten and prepared by U S. Governnent
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DEGRADATI ON OF FI RE- RETARDANT- TREATED PLYWOCOD

For nearly 50 years, fire-retardant-treated (rrr) plywood and |unber have
been used successfully in structures exposed to tenperatures up to 100°F
(37°c). Some immediate loss in strength caused by the drying of FRT wood has
been recogni zed (Wnandy and others 1988, Wnandy 1991). Ten years ago, two
mej or nodel building codes allowed the use of FRT plywood roof sheathing as a
substitute for a fire-rated parapet wall between nmultifanmly dwellings. Since
that tinme, sone cases of strength failure in FRT plywood have been reported
These failures were due to thernmal degradation of the FRT plywood induced by
el evated temperatures; sone fire-retardant fornul ations cause treated wood to
be nmore susceptible to thermal degradation. The National Association of Hone
Bui l ders (1990) has estinmated that replacement of these failed roof sheathings

may exceed $2 billion.

Past Research

When wood “burns,” it actually undergoes thermal degradation that evol ves
gases that are quickly oxidized. The result is conbustion or “burning.” The
remai ning parts of the wood that are not consumed constitute the char. Fire
retardants work by lowering the tenperature at which the wood thermally
degrades. When this degradation occurs at a | ow tenperature, |ess conbustible
gases are released and nore char is formed. However, thermal degradation can be
brought on prematurely by exposing the FRT wood to el evated tenperatures. Wen
thermal degradation occurs, the chem cal conponents of the wood are hydrol yzed
causing a loss of strength in the wood. LeVan and Wnandy (1990) and LeVan and
Collet (1989) described the suspected mechanism that causes strength |oss.

Not all fire-retardant formnulations have undergone thernal degradation in
the field, and not all plywood treated with such formnul ati ons has undergone
such strength failures. LeVan and others (1990) examined the effects of six
fire-retardant fornulations (phosphoric acid, mnoamoni um phosphate,
borax/ boric acid, organic phosphate salt, am no resin system organic phosphate
ester) on the bending properties of solid wood. Specinens were treated with a
fornulation and then redried at low tenperatures ( < 120°F ( < 48°C)). After
redrying, the treated speci mens and untreated controls were exposed to
conditions of 80F (26°C) and 30% relative humdity (RH), 130°F (54°C) and 73%
RH, or 180°% (81°C) and 50% RH for 3 to 160 days. The nodulus of elasticity
(ME), nmodulus of rupture (MOR), and work to maximum | oad (WWL) were cal cul ated
based upon the results of destructive testing. The specinmens treated with
phosphoric acid were severely degraded, and the MOR and WML at 130°F (54°C) and
180%F (81°C) were reduced to 10% 50% conpared to that of untreated specinens.
The specinens treated w th nonoamoni um phosphate al so showed substanti al
thermal degradation, although not as severe as the specinmens treated with
phosphoric acid. Specinens treated with the other fire retardants were |ess
degraded than specinmens treated with monoammoni um phosphate or phosphoric acid

The cheni cal anal yses of the degraded wood showed similar trends for each
fire-retardant formulation, indicating the same mechani smwas probably
responsi bl e for the degradation of the wood (LeVan and others 1990). The extent
of the strength |oss of the nonoamoni um phosphate-treated wood was | ess than
expected based upon known field failures (APA 1989). It was therefore theorized
that other factors such as post-treatnent redrying tenperature or el evated
moi sture contents affected the rate of degradation and strength |oss

An Arrhenius-based kinetic nodel was shown to partially predict the rate

of thermal degradation in mechanical properties for FRT softwosod pl ywood
exposed to el evated tenperatures (Wnandy and others 1991). These efforts
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contributed to the devel opnent of an ASTM Emergency Standard (ASTM ES 20-91)
(ASTM 1991a).

Current and Future Research

Several studies at the Forest Products Laboratory (FPL) are ainmed at
evaluating the current and future serviceability of FRT plywood. In one study,
paraneters for nondestructive evaluation are being correlated to actua
nmechani cal properties derived fromdestructive testing nethods. Another ongoing
study is examning the factors that influence the degradati on of FRT wood, such
as redrying tenmperatures, noisture content, and various fire retardant
conponents. Another study is correlating the results of |aboratory experinments
on thermal degradation with field results. The results of these and other
studies will be used to develop a nodel that can be used to estimate the
remaining service-life of FRT plywood roof sheathing.

FI RE- RESI STI VE COATI NGS FOR WOOD

New t echnol ogi es provide both new opportunities and new problens in the
use of wood for construction. The perfornmance of truss assenblies in the
standard ASTM E 119 test (ASTM 1991b) was revi ewed by Schaffer (1988) in a
recent Fire Journal article. However, these standard test results failed to
al l ay concerns about the field performance of the truss assenblies (Brannigan
1988, 1989; Routley 1989). Firefighters and others are nmainly concerned about
the sudden col |l apse of the floor or roof. The critical inportance of proper
quality control and maintenance of the ceiling nmenbrane could be reduced by
inproving the fire performance of the truss itself. In comenting on the
controversy, Cutter (1990) raised the issue as to whether the nmetal gusset
plates could be covered with an insulating barrier.

Past Research

Wiite (1984, 1986) found that fire-resistive coatings can provide
significant protection to wood exposed to ASTM E 119 conditions. R chardson and
Cornel i ssen (1987) showed that flane-retardant paints could provide significant
increases in the fire resistance of heavy tinber roof systens. In other
studi es, which included only one or a fewtests, the results were m xed. Sone
results are reported by Yiu and King (1989) and Tan (1988).

Current Research at FPL

Ajoint FPL-University of Wsconsin (UN Project on inproved fire
resi stance of metal-plate-connected wood trusses addresses the concerns about
the intrinsic fire safety of trusses. Qur objective is to identify and eval uate
technical innovations that will inprove the fire resistance of wood truss
systens without involving the ceiling nenbrane. The fire-resistive coatings and
ot her proposed technical innovations will be evaluated in a tension apparatus
| arge enough to accommodate a 4.5- by 7-ft (1.4- by 2-m furnace

The significance of the conponent performance in the overall performance
of a truss will be evaluated by the input of the conponent experinmental data
into a fire endurance nodel devel oped by FPL and UW Madi son (Wiite and others
in preparation; Shrestha 1992). The fire endurance nodel is also able to
identify the failure mechanisms of the wood truss systens.

The coating and wood industries still need to obtain certified fire
ratings for the truss designs. This will require full-scale ASTM E 119 tests
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Once verified by these standard tests, the nodels and data in this project wll
provide the capability to expand the ratings to a w der range of assenblies.

out | ook

I nnovations identified in the FPL-UWresearch may have the potential for
broader applications in wood construction. In addition to trusses, coatings are
potential solutions to other fire safety problens, such as alternatives for FRT
pl ywood in roof applications and rehabilitation of existing wood structures to
current code requirenents. The introduction of coated wood products as an
alternative to FRT pl ywood roof sheathing has shown the market potential for
such coatings. The high cost of ASTM E 119 tests, the limted application of
test results resulting fromthe lack of accepted nmethods to design for
appropriate coating thicknesses, and the econonics of coatings as opposed to
gypsum board have apparently hindered the marketing of coatings specifically
for obtaining required fire ratings with wod nenmbers. It is hoped that the
FrL-uwstudy as well as the continued devel opment of other fire endurance
nodel s for wood assenblies will facilitate the availability of fire-resistive
coatings for wood construction.

COVBI NATI ON OF FI RE RETARDANT AND PRESERVATI VE TREATMENTS

Decay-resistant and FRT wood products are commonly used in many
applications. Several fire-retardant and preservative conbinations are even
effective for interior uses. However, successful exterior use of a conbined
fire-retardant-preservative treatment has yet to be devel oped. The mmj or
problemwi th such an exterior combined treatment is that nobst combinations of
fire retardants and preservatives are chemcally inconpatible. Mreover, nost
fire retardants are susceptible to | eaching from noisture when exposed to
outdoor conditions. Additionally, many |each-resistant preservatives inpart an
unacceptable color to the wood

Past Research

Several approaches have been taken to producing a conbined fire-retardant-
preservative treatment. One nethod has been to modify an existing ground
contact preservative treatment by adding fire-retardant chem cals. Chronated
copper arsenate (CCA) has been a popul ar | each-resistant preservative. Although
CCA treatnment tends to have no negative effects on flane spread, it does have a
tendency to glow after the initial heat source is renoved. (Bruce 1956). The
nmodi fication of CCAwth zinc and phosphorus to reduce its gl ow ng tendency |ed
to the devel opment and testing of a commercially practicable, fixed, waterborne
fire-retardant preservative for fence posts (MCarthy and others 1972). The
treatment consisted of a preservative combination (zinc, copper, chrom um
arseni c, and phosphorus) with adequate |each-resistant, decay-resistant, and
fire-resistant properties; however, the effectiveness of this treatment as a
preservative was reduced by the nodification. Oher factors, such as the green
color of CCA-treated material and concern over the toxicity of the components
of CCA, may al so have precluded the w despread use of fire retardants with

nodi fi ed CCA.

Organi ¢ phosphorus fire retardants were added to creosote or penta-
petrol eum solutions to inprove the fire retardancy of treated railroad bridges
(Col l'ister 1963). The applications of creosote-treated |unber are nore |imted
than those of lumber treated with other preservatives, and problems with the
penetration of triaryl phosphate have been noted (Collister 1963).
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Anot her net hod has been to use conventional fire retardants that have good
decay resistance and to fix the chemcals in the wood. Jain and Cedercreutz
(1961) devel oped a combined fire-retardant-preservative treatnent that contains
boric acid, zinc chloride, copper sulfate, and sodi um bi chromate. Although
decay results were favorable, the treatnent was not |each-resistant.

Pur ushot ham and ot hers (1963) found that a m xture of mnoammoni um phosphat e,
boric acid, zinc chloride, copper sulfate, and sodi um bi chromate had both good
fire performance and decay resistance, but again |eaching was a problem Dev
and Kurmar (1982) attenpted to fix a combined fire-retardant-preservative

treat ment (nmonoammoni um phosphate, boric acid, zinc chloride, copper sulfate,
and sodi um bi chromate) in the wood by exposure to a gaseous reagent. This
reduced the amount of chem cal that |eached fromthe wood, but the fire
performance was still |ess than desired.

Gyarmati and others (1975) conbi ned anmmoni um sul fate, di ammmoni um
phosphat e, borax, and sodiumfluoride for use as a fire-retardant-preservative,
but | each resistance was not addressed. Ernus and others (1977) found that a
m xture of cupric sulfate, borax, ammonium sulfate, and boric acid inparted
decay resistance to wood and gave good fire performance as a result of the
supposed formation of insoluble copper berates

Juneja (1972) developed a leach-resistant fire retardant consisting of
urea, dicyandi am de, phosphoric acid, and fornal dehyde (UDPF) in a nolar ratio
of 1:3:4:8. Juneja and Shields (1973) found that this fire retardant offered
decay resistance to yellow birch strips against Lenzites trabea when the
retention was 14.2% Despite the fact that UDPF was heat cured to fix the resin
in the wood, leaching was still a problem Juneja and Calve (1977) exam ned the
effect of curing on the |eachability of UDPF and found that even at very high
curing tenperatures (302°F (150°C)), >70% of the phosphorus and >50% of the
nitrogen inpregnated in the wood was |lost as a result of |eaching. A mjor
problemis that the phosphoric acid is not bound in the polynmer itself but is
only associated with the polymer through an ionic bond

LeVan and Hol mes (1986) eval uated several fire retardants for exterior use
and found that UDPF-treated shingles suffered fromreduced fire performance
after 5 and 10 years of outdoor weathering. The UDPF-treated shingles did not
suffer fromburning brand failures, but the results of flane spread tests
wor sened over the course of exposure. LeVan and Hol mes hypot hesi zed that the
fire performance would be reduced because the treated shingles had not been
heat cured. Gardner and others (1983) exam ned wood treated with Pyroguard H
(a mxture of UDPF and a proprietary preservative additive) and found that sone
| eaching did occur, especially of phosphorus. Al exiou and others (1986)
concl uded that Pyroguard H was an effective fire retardant in boards of Pinus
radiata. Unpublished work performed at the FPL supports the |eaching of
phosphorus from UDPF-treated wood, regardless of the curing time and
temperature (Sweet and Tran, in preparation).

Advances have been nade in the area of deposition of insoluble inorganic
conpounds. Wod has been treated with a cation-containing solution and then an
ani on-containing solution that forns insoluble products that precipitate in the
solid wood. Yasuda and Gta (1987) treated wood with a cal cium chloride
solution, then a sodium hydroxide solution, to forminsoluble calcium
hydroxi de. The wood was then treated with sodium al um nate and sodium sul fate
to precipitate the mneral known as ettringite (Ca,Al,(OH),(S0,),. 5HO0).

'The use of trade or firmnames in this publication is for reader information
and does not inply endorsenent by the U S. Department of Agriculture of any
product or service.
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This precipitate is insoluble, and Yasuda and a claimthat the treated wood
showed good resistance to insects and had good fire performance. Hirao and
others (1987) claimed good fire performance by treating wood with cal ci um
chloride and then sodium carbonate, thus precipitating calciumcarbonate in the
wood. Ota and others (1988) treated wood with barium chloride and then

di ammoni um phosphate, precipitating dibasic barium phosphate. The authors claim
that the treated wood showed good fire performance and resistance to insects.
Wood strips were treated by Ishikawa and Adachi (1991) with a barium chloride
and boric acid solution. The wood was then inpregnated with a di ammoni um
phosphate and boric acid solution, and finally bonded together with a water-
resi stant adhesive. |shikawa and Adachi claimthe resulting product had good
fire performance and was ternite resistant.

Current Research

The wood shake and shingle industry has traditionally used western
redcedar as the source for their products. As western redcedar has becone
unavail able, interest has arisen in using |ess durable wood for shakes and
shingles. As a result of concern over the potential contribution of untreated
shakes and shingles to spreading a fire, a conbined fire retardant-preservative
treatment would address both issues. A study is currently underway at FPL to
find preservatives that are conpatible with |each-resistant fire retardants.
Fourteen preservatives have been tested for conmpatibility with eleven fire
retardants. Mst conbinations have been inconpatible. O the conpatible
conbi nations, the nost prom sing conbination has consisted of an amno resin
fire retardant and a patented, commercially available preservative. This
conbi ned systemis currently in the patent application process, and a full ASTM
E108 fire test is planned for the spring of 1992. If the results of the fire
test are satisfactory, the conbined systemw ||l be licensed to a conmpany that
is ready to nmarket the product.

out | ook

The use of a conbined fire-retardant-preservative systemwould be of great
val ue for alnost any exterior use of wood where there is concern over the
potential contribution of the wood to spreading a fire. A sizable percentage of
the 321 nillion board feet (770,400 m) of preservative-treated |unber produced
(1987 data) could be treated with a conbined system The nost pronising
approaches are in situ deposition of insoluble inorganic conpounds and organic
polymers that include nitrogen and phosphorus in the polyner chain.

Gt her devel opments that may create a demand for conbined fire-retardant-
preservative systens are new specifications for fire-rated shingles and other
wood products, environnental concerns about sone existing preservatives and
fire retardants, and the grow ng demand for know edge about wood species that

are not decay-resistant.
CONCLUDI NG REMVARKS

Wbod and wood products are inportant building materials in both
residential and nonresidential construction. For nost applications, wod does
not need to be treated for flane retardancy. For applications where a higher
level of fire safety is desirable or necessary, fire-retardant-treated (FRT)
wood or wood products provide a viable alternative to traditiona
nonconbustible materials. Despite the current problenms involving FRT plywood
roof sheathing, the need for flame-retardant wood products will continue in the
1990s. There are significant potential markets for-conbined fire-retardant-
preservative treatnments and fire-resistive coatings. To inprove the effective
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utilization of our wood resources, the Forest Products Laboratory will continue
its active research programin devel oping, evaluating, and inproving fire
protection technol ogies for wood and wood products.
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