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Demonstration and Test Structures
for Urban-Wildland Interface:
Wildfire and Wood-Destroying Insects

Stepr2n L. Quarles, Frank C. Beall, and Vernard R. Lewis

Abstract

Tz small structurzs were built as an integral part of
the pr-zmam of the UC Forest Products Laboratory. The
urbar-+ildland inter:ace building exhibits common
build:=: materials and construction details. Materials
were :z.2cted because of their common usage in Cali-
forniz -r because of their demonstrated fire, thermal,
or mc::zure performance characteristics. A number of
choicz: were related te fire test results on building sub-
asserr.-2s that were conducted with Federal Emer-
gency lanagement Agency support from 1998 to
2002. I=cluded are four cladding materials, three opes
of wirZows and glass, -wo types of roofing material, an
attic zrza and a cathedral ceiling, and five vent tyvpes.
The szing for the structure is a “fire safe garden” area
that c::plays models of plant types and arrangements.
The ¢z=onstration ccastruction materials also include
plywc:? and oriented strandboard sheathing; 2 by 4, 3
by 4, :nd 4 by 4 studs; flashing and seismic hold-
down: The“Villa termiti” serves as a test bed for detec-
tion z=2 treatment for insects, particularly beetles and
drywc-d termites. Tris building has easily removable
wall c=verings and oth=r areas to permit the insertion of
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special termite-containing blocks. With the blocks in
place, testing was done over a number of years to assess
the viability of a number of local or “whole house” treat-
ment methods, and the information has been since
published. Unlike normal residential structures, it has
been possible to determine the effectiveness of insect
location and extent of treatment. The building has also
served as a test-bed for assessing a wide range of
acoustic emission detectors for insects.

Urban Wildland Interface
Demonstration Structure

Federal Emergency Management Agency (FEMA)
funding provided to the University of California Forest
Products Laboratory (UCFPL) during 1998 to 2002 re-
sulted in considerable research on the performance of
common construction materials, and common land-
scaping vegetation, under simulated wildfire expo-
sures. Research conducted under this grant also re-
sulted in practical durability and performance
information related to general design and detailing of
structures, and the installation of materials. To aid in
the dissemination of this information to the construc-
tion community and California residents, ademonstra-
tion structure was funded and designed by UCFPL.

The demonstration structure is a slab-on-grade
foundation with a floor area of approximately 80 ft..
Construction materials were selected to demonstrate
the major components and assemblies found in homes.
With regard to wildfire issues, construction materials
included roof coverings, cladding options, framing and
glass types found in windows, and vents. Tiwo different
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roof overaang widths were incorporated into the design,
as well z< boxed and oren eave constructions. In order
to betrz: represent wildland to structure interface is-

© sues in :Zis setting, deZznsible space was created by in-

COrporaziig a patio anc grass into the landscape design
(Fig. 1. Native droughs: resistant plants were Incorpo-
rated in:> the near-hor—e vegetation plan.

Roof

The rzof shape cons:sts of a traditional gable design
with a 2-:2-12 pitch. Oxe-half of the roof was covered
with “2l-vear” asphal: impregnated fiberglass strip
(3-tab) sZingles, and th= other half was covered with
western 2dcedar, fire r=zardant treated shakes ("heav-
ies”). Tvr: 30 roofing fe!x was used in the construction,
and oriezz2d strandboa-z (OSB) as used as the sheath-
ing marszal.

The z:zhalt composizion shingles consist of a base
(felt) mazz-al, asphalt, 2ad a surfacing material (gran-
ules). W2z2n glass fiber 221t is used, a Class A rating is
obtainec :ar the roof ccvering, the highest fire resis-
tance raz:zg available. Usz of cellulose fibers as the felt
material would result in = Class C fire rating for the roof
covering

Fire-rz::xdant treatm=nrs (FRT) for many wood-bas-
ed cons::ction materizls have been available for a
number - ~ears. These t-pically are rated for interior or
exterior t:2 and can eith=r be spray applied (typically in
service} - zpplied using 2 pressure impregnation pro-
cess in a t-2ating facility. The shakes used in this struc-
ture werz pressure treazad using FTX fire-retardant
chemical : propriety formulation manufactured and
treated bx Chemco Corpe ration, that provides a “stand
alone” Clz:: B fire raung. This product has been listed
and appr=vad for use by the California Office of the
State Fire MMarshal and h-s passed the 10-year natural
weatherirz test required -v that office. A Class A “as-
sembly” r2:ng can be ac-ieved with this product if an
additiona! Zre barrier maz=rial is used between the FRT
shakes ar.- -he sheathing. Approved fire barrier materi-
als incluc: : Type 72 capsaeet material (also called roll
roofing) a=: DensDeck® sheathing, a glass fiber faced
g¥psum priduct manufacured by Georgia Pacific Cor-
Poration. ““hen used, the capsheet material is over-
lapped in s=eet fashion, st like normal roofing felr.
The DensZ2ck material comes in 4 by 8 sheets.

Even th-:gh the approvzd fire barrier materials have a
Class A fir= zating, research conducted at the UCFPL has
shown thz: some assem=ly ratings were vulnerable
when cons=iction materizls deviated from the assem-
bly originz - used to achice the Class A assembly rat-
ing. The T-—e 72 capsheer material should be rated for
€xterior firs sxposure. A fir=-resiscant tape for the panel
joints, or z:armacive shezthing material, may be re-
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Figure 1. ~ Demonstration Structure showing stucco
clad wall, asphalt comp roof covering, and landscaping
vegetation. A through-roof vent on the roof surface is
also visible.

quired to maintain the fire raung when DensDeck is
used.

Exterior Cladding

Four cladding marerials were used on the structure,
including hardboard, fiber-cement, vinyl, and three-
coat stucco. With the exception of the stucco, all clad-
ding materials consisted of hori=ontal lap siding prod-
ucts. The hardbeard product was a nominal 16-inch-
wide textured pattern with an approximate 13.5-inch
exposure, three nails per bearing, and a shiplap joint.
The fiber-cement siding was a nominal 6-inch-wide
textured pattern with a 5-inch exposure and a plain
bevel lap joint. Most of the fiber-cement siding was
blind nailed (nailed only through the underlap), but a
small area was face-nailed (nailed through both the un-
der- and overlap portion of the lap joint.) The vinyl sid-
ing had a 10-inch exposure and was locked at the lap
joints. Since the vinyl siding was used on an end-wall, a
rake soffit panel was used.

The fire performance of selected cladding materials
covered the spectrum. Traditional three-coat stucco has
been reported to perform well under urban wildland in-
terface (UWI) fire exposures. The performance of lap
siding products varied and was dependent on the clad-
ding material and the design of the lap joint. The lap
joint is the most vulnerable feature in solid wood siding
products (Fig. 2). Under simulated wildfire exposures,
performance improved when interlocking joints were
used, such as shiplap and tongue-and-groove joints.
Plain bevel lap-joints did not perform well. For exam-
ple, in testing conducted ar the UCFPL, flame penetra-
tion occurred in just over ] minute when plain bevel
siding was used, and just over 21 minutes when a
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Figure 2. ~ Fire tes: of a horizonta! lap siding product,
showing the vulnerz-iity of the joizz.

LB

shiplap pattern was =sed. Inboth czses a 150 kW flame
impingement expcs:re was used. Fiber-cement plain
bevel siding performad slightly bezter than the solid
wood shiplap proc::t, pointing t2> the benefit of a
-on-combustible product, particulzsly at the joint It
was interesting to r.-ze thaca fire r2zardane treated (in-
tumescent) solid w:2d product wizh a plain bevel lap
joint was also t2st=2 and it performed as well as the
shiplap and fiber-zzment produc:s. The composite
wood sid'mrr produ:ts <uch as hard’: :ard siding, did not

/

joints werse U‘s&.d Tz2 fm, e\pomre caused thcm to de-
form at the joints, r=:ulting in flamm.2 penetration to the
underside of the s:2:ng. Although ~inyl cladding docs
not sustain combus:on when the f.=me source is extin-
guished, it readily Z:forms and d-ops off the wall. In
this situation, the zre performancz quickly becomes
solely dependent o= :ny underlving materials that may
be present.

Windows

The fire perfor=:nce of windcwws depends on the
tvpes of frame m:z:2rial and glass. Research at the
UCFPL showed th:: the glass is the more important
factor when consicz-ing fire performance (Fig. 3), with
double pane windcs offering bett=r performance over
single pane, and te—pered glass pe-forming somewhat
better than anne:z 4. The demcnstration structure
U_St’-d three differez- frame materizls, including vinyl,
vinyl clad wood, 2=2 aluminum. The aluminum win-
dow was a single-Z:ng type and kad single pane, an-
nealed glass. Both -=e vinyl and vinyl clad wood used
double pane, temp=-2d glass. The vinyl window was a
double.- hung cpe _‘ oth the upper and lower sash can
move), and the vir~. clad was a glicing window. A glid-
Ing window is sim-r to a sliding glass door in that it

A8 two sashes, w1z~ one sash beirn g able to move hori-
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Figure 3. ~ Glass breakage and flame penetration dur-
ing the fire test of @ window.

zontally past the other. The size of the vinyl and alumi-
num windows was similar, both approximately 2 feet
wide and 3 feet high. The vinyl clad sliding window was
approximartely 4 feet wide and 3 feet high.

Venting

Results from research conducted at the UCFPL, and
from post mortems conducted after the 2003 Southern
California wildfires have shown that vents can provide
entry points for flame and burning embers (7). Flame
and ember entry can potentially cause loss of strue-
tures. Attic and crawlspace ventilation, obtained by in-
corporating multple vents in the building, have also
traditionally been required by building codes to serve as
a moisture management tool. The demonstration
structure included many examples of common roof and
soffit vents to facilitate a discussion of the design, vul-
nerability, and function of vents. Since the structure
swas built on a concrete slab, crawlspace vents could not
be used.

Roof vents included through-roof (“eve-brow”) vents
on both the shake and asphalt shingle roofs, and a ridge
vent at the roof peak. A gable end vent was used just be-
low the rake on the fiber-cement end of the structure,
and soffit vents were incorporated into the eaves.
Frieze-block vents were used on the side of the structure
that was built with an open eave construction. These
vents consisted of two 2-inch diameter holes drilled
through each piece of blocking that were inserted into
each roof rafter caviry (Fig. 4). One-quarter inch mesh
screen was attached to the inside of blocking member.
Strip vents were used on the boxed eave side of the
building. Soffit materials used in the boxed in eaves in-
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Figure 4. ~ Frieze block vents cut into the blocking in
an open z:ve.

cluded a Z5er-cement she2t materal and a 0.75-inch-
thick A-C olywood. A plastic strip vent was used with
the fiber-c2ment soffit mzrerial. This strip vent was de-
signed fc: use with the soffit material A meral strip
vent mazz=al was used -+ith the plywood soffic mars-
ral Regz:iing flame Im>ingement exposures, our re-
search sh--ved that the knots and core gaps in the inner
plies are =2 vulnerable “=acures in the plywood. Even
though t=: fiber-cemen: material 1s noncombustible.
this boxeZ-in eave would still be vulnerable to ember
and flame :mpingement exposures because of the ven:,

Roof Overhang

Wide rc 21 overhangs h=ve been shown to reduce the
amount ¢: warter-related camage that occurs in struc-
tures (3). = is also gener: ly thought that wide over-
hangs mz>: the structurs more vulnerable to ember
and flame :m1pingement exposures. In order to provide
a forum t- discuss these points, the demonstration
structure +:s designed tc have two overhang widths.
The boxec-:1 eave side of =he structure has a consistent
18-inch ovz-hang. The or=n-eave side of the strucrur=
was split €2 <hat one-half of the building length has an
18-inch ovzrhang, and the -emainder has a 6-inch ove:-

Other Features

The ins:22 of the structore was left unfinished in or-
der to shov ather constri~tion materials and demon-
strate selec==d constructicn practices. One-half of the
Structure ex-ibits an atric construction using manufac-
tured trussz:. The other h=if was built with a cathedral
ceiling. The shrough-roof +ent was only used in the ar-
tic portion -: the structure.

A variety »f wood products were used in the struc-
ture. The s:_ plate materia; was treated with one of the
NEW non-ar:2njcal preservatives, ammoniacal copper
quat (ACQ". Use of this mzrerial facilitates discussion
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Figure 5. ~ Six- and 18-inch overhangs were shown in

conjunction with this Open-eave construction.

of the recent voluntary withdrawal of chromated copper
arsenate (CCA), and some of the performance ISSUES re-
lated to the copper-based non-arsenical preservatives,
particularly relative to the performance of CCA. Both
plywood and OSB sheathing was used throughour the
structure. OSB was used as the roof sheathing and also
on selected walls. Plywood was used at the eave edge in
the open eave construction and on selected walls
Whereas Douglas-fir studs were used throughout for
wall framing, 3 by 4 members were used at locations
where panel-to-panel joints oceurred to “eliminare”
miss-nailing (“shiners”) at these locations. Even
though the contractor was told the racionale for using
the 3 by 4 members, some shiners did vceur. Useof 3 by
+'s at panel joints is a good idea, but evidencly not fool
proof. Finally, holddowns were used so thar seismic
1ssues could be discussed.

Villa Termiti

Structural insect pests have significant economic
impact throughout the United States. Ranlked in recent
surveys, termites and ants dominace the pest conerol
market for structures across the country (1, 2). Money
spent for the conrrol, prevention, and damage repairs
due to structural pests exceed $3.65 billion per year (4).
Among termites, species of STCArest pest importance in-
clude West Indian powderpost termite (Cryprotermes
brevis (Walker)), western drywood termite (lncisi-
termes minor (Hagen)), eastern subterranean termite
(Reticulitermes flavipes (Kollar)), western subterranean
termite (Reticulitermes hesperus Banks!, and Formo-
san subterranean termire (Coptotermes formosansus
Shiraki) (8, 20, 21). Although newer taxonomic tech-
niques and exotic pest introductions has and will con-
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tinue to increase the number of important termite pests
6, 21), the Argentine ant (Linepitzema humile) is the
dominant structura: ant pest in North America (23).
For reviews of imporiant structura!l pests in the United
States, see Su and Scheffrahn (20, 21), Lewis (8, 9), and
Mallis (15).

For many decades. the manager==nt of structural in-
sect pests was ach:zaved primarily chrough the use of
chemicals; drilling slabs for subsirface applications;
surface applicatiors to soil for su-terranean termites
and foraging ants, =migants for c-vwood termites, as
well as topical and =:bsurface injec:ions to wood. How-
ever, the public is s2owing increas2d interest in non-
chemical and leas:-zoxic approach=s to insect control
(11). Least toxic inc:des active ing2dients with benign
effects to mamma’: and other non-target organisms
and also includes :he use of dez=ction devices that
better target pes: :nfestations rasulting in lesser
amounts of toxic :,termls being zpplied. The list of
non-chemical anc lzast-toxic tz:zhniques presently
marketed in the Uz:zad States for szructural pests cur-
rently includes excz:sive heat anc cold, electrocution,
microwaves, baits -~wlogical comz-ol using parasites
and pathogens, actv2 ingredients zpecifically designed
for pest species, a=Z detection tecznologies for better
targeting of pest iz:zstations (5, & 21). For some ter-
mite species, marn~ 2f the non-cxzmical methods are
“spot or localized” :-zstricted to 2 =ingle spot within a
board or small grouvr of boards {11 17). Unfortunately,
there has been lim::z4 published f:22d research for most
non-chemical and 2z2st-toxic manz zement methods for
structural pests. Fomally, although non-chemical and
least-toxic manags==nt methods zre gaining in popu-
larity, their local z=zilability has =2en spotty or slow.
Good reviews for :z2mical, non-zhemical, and least-
toxic methods for =—znaging strucsral insect pests can
be found in Lewis = 10), Lewis a=d Haverry (11, 12),

Lewisetal. (13), M:zllis (15), Potter  16), Scheffrahn and
Su (17, 18), Sch:zifrahn et al. _19), and Su and
Scheffrahn (20, b

Test Bed

To simulate fielZ conditions, a ~~oodframe structure
(named Villa Term:=' was built sp=zifically as a test bed
for efficacy trails :avolving detzzzion devices, non-
chemical and leas:-:3xic managem.2nt methods for dry-
wood termites, as ‘-‘=‘l as exterior =oil sprays for forag-
Ingants. The test t=3 has three lev=1s (attic, drywall liv-
Ing space, and crzwl Space‘ and considerable useable
Space (20 by 20 ft. c- 400 ft.?) (Fig. 6. Construction ma-
terials included Zzcific Douglzs-fir (Pseudotsuga
Menziesii (Mirb,) Franco var. men=iesii) for stud walls,

€aders, and raftzrs, and foundz:ion-grade redwood
(Sequom semperi=:ns (D. Don! Zndl) was used for

Quarles, Begll, o= Lewis
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Flcrure 6. ~ The Woodfmme structure (Villa Termiti)
huﬂt specifically as a test bed for efficacy trials involving
detection devices, non-chemical and least-toxic man-
agement methods.

Figure 7. ~ Interior walls were built with 2-
studs, using 12-inch on-center spacing, allowing for
easy installation of the test boards.

by 6-inch

mudsill plates. The exterior of the test bed consists of
stucco walls and a shingled roof. Walls were built with
2- by 6-inch studs on 12-inch centers and allowed for
easy installation of test boards of varying sizes {Fig. 7).
No pressure-treated or otherwise chemically treated
wood was used in this building. To better reflect the dif-
ferent building styles used in northern versus southern
California (wood exteriors on raised foundations vs.
stucco exteriors on slabs), a combination foundation
were included in the design. An additional construction
feature included wood panels with a door and two win-
dows, the entire assembly being detachable for each ex-
terior wall (Fig. 7). There are no interior walls, insula-
tion, or fire blocking; however, the building does have
elecrrical wiring'and a nonfunctional wastewater plas-
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Figure S. ~ Sample tes: boards usedin the efficacy trials
involvizz drywood termite treatment methods, were 1
by 4s, Z 2y 4s, and 4 b:- 6s. Test board contained three
routed z:lleries of varying depth (one of which is shown
on the ~sht). Once gclleries were filled with allotted
numbe: of termites, t=e boards were assembled and
taped tcz2ther (left).

tic (AB:" pipe. This svmmetry of design allowed for
testing “nbiased by construction or aspect, and it en-
abled iz:2rnal replicati>n using an entire wall of wall
voids. T2 structure is lacated at the University of Cali-
fornia F::hmond Field Szation, Richmond, California.

Placement of Artificially Infested Sample
Boards in the Test Bed

For e=icacy trails involving drywood termite treat-
ment r::hods, sample zest boards were constructed to
contair ve termites (Fig. 8). The dimensional sizes of
boards used were 1 by s, 2 by 4s, and 4 by 6s. Each
board cz=zained three routed galleries of varying depth
(Fig. 8' Twenty-five live drywood termites (workers
only) we:z inserted into 2ach gallery, total per board 75.
Artificiz" infested bozrds containing termites were
random:=2d and installed in the test bed in exposed lo-
cations z=d behind drywall using drywall screws (Fig. 9)
(11). Dezending on the control method tested, 36 to 18
artificia_ infested boarc's were installed in the test bed.

Placement of Naturally Infested Boards

The cZeeria used for selecting naturally infested
boards fc: the study wers acoustical emission readings
greater t=:n 10 counts per minute in at least one moni-
tored pcsion within the board (11). Corresponding
acoustic =mission readings for stratified levels were ap-
proxima::=ly 10, 30, and > 40 counts per minute as regis-
tered by = handheld acoustic emission detector (Wood-
destroyiz: Insect Detector®, DowAgroSciences, India-
napolis, V). When possible, an equal number of boards
within ez:1 stratum wers installed in the three areas of
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Figure 9. ~ Arntificially infested boards containing ter-
mites were randomized and installed in the test bed in
exposed locations and behind drywall using drywall
Screws.

;i S —
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Figure 10. ~ Naturally infested boards with measur-
able termite activity (> 10 acoustical counts per min.)
were used for each test.

the test bed. All test boards were randomly selected and
test positions randomly assigned among boards. In total,
nine naturally infested boards with measurable termite
activity (> 10 acoustical counts/min.) were used for each
test (Fig. 10).

Drywood Termite Efficacy Studies

For drywood termite control efficacy studies, both
artificially and naturally infested boards were treated
with one of following treatments: fumigant (sulfuryl
fluoride or methyl bromide containing 10% carbon di-
oxide}, three different dosages (57.3 kg/m? 122.7
kg/m?, 381.8 kgy/m?) of liquid nitrogen; heat; micro-
wave; or electrocution (for descriptions of details for
each management methods see (L1)). Efficacy was high-
est (96% to 100%) for fumigants, heat, and liquid nitro-
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gen (two highes: Josages only); while intermediate and
lowest efficacy vziues (44% to 93%) were for low dosage
(57.3 kg/m?) of :uid nitrogen, microwaves, and elec-
trocution (11).

Additional s:udies conducted in the test bed in-
cluded evaluatica of detection devices, subterranean
termite (Reticu’zsrmes spp.) lab foraging study, and ex-
terior surface sc:l spray for controlling Argentine ants
(Linepithema hz:ile (Mayr). For the detection study,
an acoustic emis::on device was shown to be at least 80
percent effective in correctly identifying natural in-
fested boards cozzaining active drywood termite infes-
tations (14). Baszd on a lab bioassay performed in the
test bed, subterzinean termites (Reticulitermes spp.)
were not found 2 de attracted to treatments containing
partially decayec ~wood (22). For zhe Argentine ant exte-
rior spray stuc- a new cherzical active ingredient
(Chlorfenapyr, E~SF Corporaticn) was found to keep
foraging ants from entering structures, including the
test bed, for up :- $ weeks (23

Future Studies

A grant propc:z!to be submit:zd to a California state
agency is being rrzpared that will investigate the use of
infrared and x-rz+ for improvirg termite inspections.
Additional resez::h objectives include using acoustic
emission device: 0 monitor dri-vood termite foraging
and feeding act== to determire if these activities are
seasonal in occur2nce. Both st Zies will be conducted,
In part, in the t2:: bed.
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