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¥VI1. ASBESTOS-GEMENT SHINGLES
A. [Eroduct Descplption

All =sbestos-cement siding and roofing shingles are made from the same
materials; a mixture of Porcland cement, asbestos flber, ground silica, and
sometimes an additlional fraction of finely ground inert filler and pilgment
{Supradur 1986a and b, Krusell and Gogley 19823, Domestically produced
shinglies nov contain 18 percent a#be;tos, while {mported shingles have 13
percent asbestes by weighe (PEI 1986, ICF 198f, Arlas 1986c, saﬁ Attachment,
Item 1).

In menufaccuring asbestos-cement shingles, the rew materlials are mixed elther
in & dry or wet state. The mixture is then placed on 8 meoving conveyor belt,
adding water if the mixture is dry. The mixture proceeds through a series of
press rolls and is then texcured with a high pressure graln roll. The shingles
are then ¢ured, ¢ut to size, punched, or otherwise molded. Further processing
may include autecleving, ceating, shaping or further compression {(ala/N& and Al
1286, Supradur 198&e¢),

Agbestos-cement siding shingles usually resemble shakes or machlne-grooved
shingles, and asbestos—cem&nt?rbufing shingles generally resemble elther szhakes
or slate {(Supradur 1985). The slate style is the most popular asbestos-cement
roofing shingle. Hest of the ={ding producrz are thinmer than sshestos-cement
roofing shingles and have a pzinted finish {Supradur 1986b}). It Is estimaced
that 77 parcent of the asbestos shinple market is siding shingles and 23
percent is reefing shingles (FEI 1986, see Attachment, Item 1),

Asbestos-cement roofing and siding shinples have been used primerily on
residential properties, although some applicetions have also been found In
schools, churches, and historical resteration prnjects'[Supradur 1986a, Ralelgh
1986%. In rural areas they are often found in agricultural buildings and farm
houses end are used to prevent fire or water damapge because of their resiscance
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to both (National Tile Roofing Manufacturer’s Association 1386, Raleigh 1986).
Curr;ntly, asbestos-cement roofing shingles have relatively ne use in new
construction (Atlas 1986b) and are primcipally being used for replacement and
meintenance inm luxury homes, schools, churches, and historical restorations
(Atlas 1986b, Supradur 1%6Ga). TFor historical restoration they could be used
aither to preserve the histeorical integrity of a landmark that originally had
asbestos-cement shingles, nr_tu replace real slate with a varlecy cof
asbestos-cement shingles that resemble slate (Atlas 1986L; Mational Reofing
Contractor’s Association 1986). Asbestos-cement shingles are used mostly in
the Northesst and the Hidwest and are generally not found in the West cr South
{National Tile Roofing Hanufactﬁrer's Assoclation L9863,

B. Producers snd Importers of Asbestos-Cement Shipgles

In 19681, there were three producers of esbestos-cement shingles:
International Buflding Preducis, Hational Cypsum, and Supradur Manufacturing.
Hational ¢ypsum stopped preduction prior teo L9882 (TSCA 1982, ICF l984).
International Bullding Froducts elosed thair ashbesros operations completely in
March 1986, however 1t is not known when they last producad asheasroz-cement
shingles (Atlas 19862), Table 1 presents production data for the only
remeining domestic producer of asbestos-cement roofing and siding shingles.

The eonly known importar of ashestos-cement shingles iIs Atlas International
Puilding Products (AIRP) in Monrranl, Cuahee, Canada (Arlac 1986a and L%¥BED,
Ecernit 19&6).

€. Irepds

Domestic production of asbestos-cement shingles for 1%8] and 1985 are

aregentad in Table 2. While total demestic production of azbestos-cement
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Table 1. PFroduction of Ashestos-Cemant Shingles

1985
Asbastos-
1985 Cement
Asbestos Shingle
Consumption Production
(tons) (equares}
Total 3,893 176,643

Source: ICF 19864,



Table 2. Production of Asbestos-Cepent Shingles

tivmber of Output
Ywar Producers {aguares)
1931 3 266,670
1985 1 176,643

Sources: TICF 1986, TSSA 1982,



shingles has declined 34 pereent sinee 1981, Supradur's preductlien has
increased 15 percent during this period (see Attachment, Item 3).

It ic not kpow how pany scbestos-cement shingles are imported In the U, 5.
According to the Bureau of the Census, 14,416.378> tens of esbestos-cement
products other than pipe, tubes, and fittings were loported in 1985, of which
8,489 tons, or 8l.5 percent came from Canada (U.5. Dept. Comm. 1986a, 1986b).
This mmber most likely Includes flar and corrugatad asbestos.-cement sheet and
agbagtos-cement shingles. AIBP, the only importer of thesge products from
Canada roughly estimated that B0 percent of their U'.§. shipments sre
asbestos.cement shingles (Atlas 198fa, Atlas 193?). Eighty petrcent of Canadian
ehipments, or B6,75%1 tong, converte fo &4 654 squares of asbestoc-cement
ghingles imported in 1283,

D. Substitutes

Teble 3 summerizes the pribary substitutes for asbestos-cement siding and
roofing shingles. There are ne substitutes for asbestos-cement shingles in the
maintenance and repalr market because there are no substitute products that
resenble the asbestos-cement product <losely enough to be able to replace it in
parts (Naticnal Roofinp Contractor's Association 1986, Supradur 198€b). Slate
iz the only shingle that would be close in appearance to some asbestos-cement
shingles, but it is much thicker and far more expensive (Supredur 1%86L). TFor
our study, we will consider substitutes that can be used instead of
asbastos-cement shingles for complete remodeling or new constructien, The
fellowing section presents separate discussions of substitutes for
asbestos-cement siding shingles and asbestos-cement rocfing shingles.

1. Ashesfos.Coment Sidipe Shipele Substitutes
The three primary substitutres for asbestos-cement siding shingles are

wood, aluminum, and vinyl siding. Wood siding includes hardboard siding and



Tekle 3.

Product Svbatitutes for Asbeatos-Camsnt Shinglas

FProduct Substitute MamwiPacturer Advaintages Dlsadvanteges Avallabl liky EsFarencus
Sldink Sebatitybee
Brad Cadar Ehingles amd over 430 kn U.5. amd Relatiwely high strangths Hon Tize-resistant, Rational Rad Cedar Shipngles snd
Pandapllt Shakes Canada . walght ratle. Uadally raculcss atbain ox Bandeplitk Bhaks Hutasu
Effmetive Insulnkar. protective coating., 1586k, Chamco 1906k
Ripid.
Wind ceaisbtant.
Abtractlvae,
Bardboard Elding . E, Flywood Hors irsulative Lhmn wingl Abmaeha moiEEHTE, Mational Wayarhapuser 1986,
Stamfocd, €T; acd alomndvism Requicas pootoctlve peint. At i car Aoeee
Haynrhsuswar, Dearn't dent manily am Dosen't have lenpeviky ef Improvement. 1964
Tacoms, WA; aod more alumirean, vinyl and aliminom,
than 10 others Kot mm noisy =» slwoloon. ¥Wore axpeniive to knaball,
Dosan 't axpand end con-
tract like vinyl,
Poxmn't hove koota like
owdar woeed .
Vinyl Eiding Cartain=Taed, Eany bta cot and hendls, Can T dentad, buk not an MNatiaonal Carteain-Tead 1986,
Valimy Forge, FA; Won't pasl, [lakw, Bliktac susily as aluminom. Commorpraalbh ALuminuam
Vipto, Cobubus, OH; ot cocrode. Can't ba pabnted. L1966, Alcom 19hEl, b
ard wevaral cbhers Inexpeneiva. Color pay fade cver timw.
Fo malntenascn reguited. Exparda snd oontroacte with
tempurators Chiope.
Con b brittle in cald
maathar.
Avallable only in Light
calorm,
Flaxible.
Alaninom Eiding Alcan Almmdmmm, Samral calogs, Can ba dented, Mat-ional Aleon 1%9Em, b,

Warzea, H;

Aloom Pulldlng Froducts,
Siduwey, OR; end sevaral
othars

Lightwalght.

Corrpalen rapintant.
folds coloz wall.

Fo peintenencs facquired,
Stiffexr then vioyl,

Camot be paintad,
Mors sxpmelws bhin wlorl,

Comormealkh AlymInom
1956
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1 with 2 amall amount of radwood o cedar

red cedsr shakes and shingles
peneling. Hardbeard is the mnstlcunmcn wood siding product, comprising 69
percent of the wood siding category (American Hardboard Association 19868a, Raed
Cedar Shingle & Handsplit Shake Bursau 1%86h, see Attsachment, Jtem 4).
Hardboard is made by mixing wood fiber (%0 percent) with phenolic resin (10
percant} and cempressing them under high pressure. Ususlly a wood grain iz
senboseed onte the board te make it resemble redwooed or ¢edar: it can s&leo have
& stuceo or chalke appearance. Hardboard comes In two main sizes: lap panels
which are 1 foor by 16 feet and boards which are 4 by B feet. Eoth come in
thickneseas varying from 7/16 to iI/4 inch. Rardboard hae & national market,
although In the South and the Soythwnst brick and stucco, raspectively, are
preferred (Weverhaeusar 1986). There are about 10 major manufacturers of
hardboard siding including U.§$. Plywoed, Stamford, CT; Weyerhaueser, Kalamath
Falls, OE; Masonite, Laurel, ME; and Ceocrgla-FPacific, Atlanta, GA (Weyerhaueser
15863,

Bed cedar siding shakes and shingles comprise the ramaining 31 percent cof the
wood siding catagery {American Hardboard Associstion 1986a, Red Cadar Shingle &
Handsplit Shake Buresu 1986b, see Attachment, Item 4). Ower 20 percent of
cedar siding Is used in the Northeast, particularly NHew England. Red cadar is
an sffective Insulatolr becauze Lits cellular strudctare retards the passage of
heat and cold through the wood (Red Cedar Shingle & Handsplit Shake Bureau
198EL). Cedar siding iz usually stained by users although the stains are
nsually flammeble and make the product such less flame resistant.

Vinyl siding has bean one of the larpest growing siding products and can

especially subscitute for asbestos-cement shingles In resldential aress. It

1 Shingles are cawed on both surfaces, whereas zhakes have at Ieast one
split surface and thus present & rugged, irregular texture {(REed Cedar Shingle
and Handsplit Shake Pureau 1986a).



competes mostly with alumipum siding. Vinyl has taken & larger share of the
siding matket in the past fev vears, thereby reducing aluminum’'g szhare. Both
aluminum and vinyl s5iding often have 8 simwlated wood-grein Linish and are
available in seversl colers. Ome major problem with vinyl is lts tendency to
axpand and centract with changes in temperature. In hot weather vinyl siding
nay expand and come loose from the exterisr wall. In ofder to ninimize this
expansion problem, winyl slding ix only avallable in Iight colers that do not
abzoyb as much heat (Llcoa 1986b, Commonwesalth Aluminum 19B6). HMHajor producers
of vinyl siding include Certain-Teed, Vellay Forge, PA; Vipes Ine. | Columbus,
OR; Mastic Corp., South Bend, IN; Wolverine, Lincoln Park, MI; Bird Inc.,
Bardstown, KY; flcos BPullding Productg, Sidney, OH; and Algide, s division of
USY Corporation (Certain-Teesd 1986),

Aluminum is & proven product and has been avallable for over 10 years, longer
than vinyl siding. While aluminum is more temperaturse resistant than vinrl, it
dents much more eafily than other siding products (Commonwealth Alumfinum 1986,
Gertain-Teed 198&). Though metal, alumlnuw siding resists rusting by forming a
pretective oxide ceoating (Commonwealth Aluminum 1%986). Three majer producers
of aluninum siding are Alcan Aluminua in Warren, 0H, Aleva Building Products in
Sidoey, OH, and Beynolds in Richmend, VA. 3Both Bsynolds and Alcoa also produse
vinyl siding.

Painted steel, stucco, masonry, brick, and concrete blecks may also be used
as siding, but they will not be significant substitutes for asbestus-éhmant
=iding shingles (Commonwealth Aluminum 1988, Krusell and Cogley 1982, American
Hardboard Associaticon 1986b),

2. Asbesros-Cemept Boofing Shingle Subssifutss

The primary substitutes for asbestos-ceament toofing shingles are asphalt
shingles {fiberglass or organic), cedar wood shinglas, and tile {(concrete or
¢ley). Asphalt shingles are the mest competitive ashestos-cement roofing
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ghingles substitute, sven theough they have & shorter gervice lifs than other
substitures (Hational Roofing Contractor's Assoclation 1586). Before 1960,
wost asphalt shingles had an organic or wood-pulp base. Today, however, 83
percent of standard strip asphalt shingles have o fiberglass base. All asphalc
shingles are fire resistant {fibarglass-asphalt shingles have a Class A fire
rating, the highest fire rating avajlable; organic-asphalt shingles have a
Class G fire rating, which 1s a lower rating than Class A, but still somewhat
fire resiscant). Fiberglass-asphalt have slightly less bulk and are ligheer
weight than the crganic-asphalt shingles {Aszphalt Reofing Manufacturer's
Associgtion 1984). Some contractor’'s prefer the organic- asphelt becaise they
have a longer proven track record than fiberglass-asphalt shingles and some of
the vary light weight aﬁd cheape? fiberglass-based shingles are very brittle;
however, matyy feel that this problem has been resclved by the memufacturers
{Cualifiad Remedeler Magazina 1986, RSI 198&a). There are over 20 domestic
manufacturers of asphalt shingles including Owens-Uorning Fiberglas, GAF,
Georgia Pacific, and Lunday-Thagard (Owens-Corning Fiberplas 1986, Asphalt
Reofing Marmfaeturer's Assoclation 1981}.

Alcthough oot as fire resistant, red cedar wood shingles and shakes are
popular roefing substituibas. Cedar shingles are made in che Morthwesc and in
British Columbla, Canadha by owver 450 mills; however, some of these are
virtuslly one pan opersticons (Red Cedar Shingle & Handeplit Sheke Bureau 19B5).
Ninety-five percent of Ganadian production Is shipped to the U.5. end accounts
for 70 percent of U.3, domestic consumption (Red Ceder Shingle & Handsplic
Shake Bureau 1986a). Rad cedar shingles and shakes are distributed across the
U.5., the highest concentration being in California, Washingten, Oregom, and
Texes {Red Cedar Shingle & Handsplit Sheke Bureau 1988b). OUmly 15 to 30
percent of cedar reofing shingles and shakes are fire resistant, with a fire
rating of either Clasg B or Class €. Because of the fire hazard posed by
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non-Lire resistant cedar roofing shingles, mome CGalifornis towns have ocutlawed
their use (R5I 1986b, american Wood Treating 1986, Chemco 1986a and b,
Approximately 72,000,000 sgquatres of asphalt filbergless and otrgenic strip
shinglez were produced in 1985 (Asphalt Roofing Manufaeturer’'s Associatlion
1986, see Attachment, Item 6).

The tile roofing matrket 1s abour the same size as the ceday roofing market,
gach of which are less than one-tenth the size of the asphale roofing shingle
market {Natiansl Tile Rocfing Manufacturars Association 1986, Red Cedar Shingle
and Hendsplit Sheke bureau 1%86a, Asphalt Roofing Manufacturers Asacciation
1986). Concrate comprises 90 percent of the tile market and clay helds the
remsining 10 percent (Naticmal Tila Roofing Msnufacturer's association 19B&),
Tile iz used primarily It the Sunbelit -- Floridae, Callforniz, snd the South
(Haleigh 198%, Hatlonal Tile Roofing Manufacturer’s Association 1986). 1t is
very insulative becausa the air space betwasn the tlle and the underlayment
creates g heat flow barrier (Hatrional Tile Boofing Manufacturexr'g Association
{n.d.}). Tile is availabla in threes main styles: =-tile, mission, and flat
{shakes or slate-like). There are mere than 13 U.5. conerete tile
manufacturers; the largest in the U.5, and the werld iz Moniar Reof Tile In
Orange, CA& (Monier 198&a, Natiemal Tile Roofing Manufacturer's Assoclation
{n.d.}). The four clay rocf tile marufacturer‘a, all located near clay
depesits, are Ludowici-Celadon, New Lexington, OH,; U.5. Tile, San Valle, and
MCA in Corona, CA (Matlonal Tile Roofing Manufactursr’e Assceiation 1986).
Elate L= very sxpensive and has a very small share of the rocfing market, It
iz primerfly used in the Vermont and New York atea, the two states where it Is
guarrcisad.

The cost of ashestos-cement shingler and substitute roofing and siding

products are compared in Table 4.
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Siding. Woed siding is the mest expensive asbastos-cement siding substlitura
overall.? Asbestos-cement shingles, vinvl siding, and aluwinum siding are
close In overall price.

The substitute market for asbestos-cement siding shingles iz dividad among
wood (hardboard and cedar ghakes and shingles), 40 percent; vinyl, 35 parcent;
and alumfinum, 25 percent (see Attachment, I[tems 4-53).

Beofing. Table 4 shows that asphalt reoofing shinglés. the most pepular
substitute foar asbestos-cepent roafing shingles, are alsc the l;ast expenslive
overall, even though they have half the service life. Eorth tila and cadar
shingles and shake Yoofing are mere than double the cost of asphalt reoefing
{see Attachment, Items 1l-14).

The current market share for substirtute roofing shinples, basep on 1985
production, is asphalt shingles (primarily asphalt-fiberglass}, B& percent,
with tile (primarily concrete) and cedar weod shingles each taking 7 percant
{see Attachment, Item 6}, Asphalrt-fibarglass shingles has been and continues
to be the fastest growing segment of the roofing market, while cedar roofing
gshingle and shake productien has declined since 1983 {Red Cedar Shingle &
Handsplit Ehaks Bureau lQBEb}..

Because the domestic asbestos-cemsnt shingle market is 77 percent siding and
23 percent toofing (PEI 1986), the combined roofing and siding replacement
parket for asbastos.cemett shingleg would probably breakdosm as follows (=ee

Artachment, Items 4-7):

2 For the asbestos regulatory cost model, in cordar to simplify the number
of inputs, wood piding end wood rcofing are combined inte one weod roofing/
eiding category for which price and market share are determined (see
Attachment, Item 4-7, 11%.
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Frojected
Harket Share

{percent)

Wood 3z
Vinyl 27
Asphalt 20
Aluminum 19
Tile —2
Total 100

Table 3 presents the data for the asbestos regulatory cost model and
sunmarizes the findings of this analysis.

E. Summary

Azhestos-cement siding shingles resemble shakes or machine-grooved shingles
and askestos-cement roofing shingles panerally resemble eirher shakes or slate
(Supradur 1985), They are primarily being used for replacement and maintenance
in luxury homes., schools, churches, and historical resteration prejects {(Atlas
1986L, Supradur 1986a). Of three domestic producers in 1981, only one,
Supradur, remains in 1986. TProduertion has declined 24 percent from 266,670
squares in 1981 to 176,843 gquares In 1%85 (ICF 1%84, TSCA 1982). Omly one
company, Atlas International Puilding Products (AIBP) of Montreal, Quehec,
Canada is known to ipport asbestos-cement shingles inte the U.5. (Atlaz 1986a,
Atlas 1986c).

There are no substitutes for asbestos-cement shingles for maintensnce and
rapalr applications bacause no substicute preducts resemble the asbestos
product elosely snough te replsace it in part (NMatienal Recfing Contracter's
Agsociagtion 1986, Supradur 1986b). However, there are many adequsate
substitutes that can be used for complete reaplacement, remedeling or in new

constructicn. The replacement market iz as follows: wood siding and roefing.
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32 percent; vinyl siding, Z7 percent; esphalc-based roefing, 20 percent;
alupinue siding, 1% percent; and tile roefing, 2 perecent, Vinyl and alumipum
gfding cosr about the same as the ashestos product. Asphalt-based reofing
ghinpglea are about half the cost, and tile reoofing and wood sidinp and roofing

are 43-60 percent more expensive than asbestos-cement shingles.
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ALTACIMENT

{1% Caleulation of percent of asbestes in domestic asbestos-cement eghinples,

Une domestic producer has a preduction capacity of 134,80 squares or
12,000 tons feor siding shingles and 40,000 squares or 9,500 cons for roofinmg
shingles (PEL 1986). This givas an sverage welight of 178 1bs./square ({12,000
tons x 2,000 1bs./ton) /{134,800 squaras)) for siding shingles and 475
los, /square ({9,300 tons = 2,000 lbs,/ton) /(40,000 gsguares)) for roofing
shingles, This yields a roofing and siding shingle weighted average welght of
246 lbs,/square ({134,800 aquares x 178 lbs./square + 40,000 squares x &4J5
l1bs./ square) /174,800 squares). The domestic producer's shingles have an
average of 44 lbs. of asbestes per square. Thersfore, ({44 lba. of
ashestos/square) /246 lbs. /aquare) x 100 = 17 .89 percent or 18 percant asbesstos
by weight in asbestos-cement domestic shingles.

From the production capatities in squares shown above, It is estimated
that 77 percent of the asbestos-cement shingle market 1s sliding and 23 percent

is roofing.

{2 Calculation for fmperts of asbestous-cement shingles.

10,416,3785% tons of ashestos-cement Elat and corrugated shest and
asbestos-cement gshingles were imported into the U.5. in 1985, 81.5 percent, or
B,489 tong, of this figure was from Canada, Atlasz International Building
Produrts {AIBP), the only importer of these products from Canadn estinates thar
EQ percent of their imperts is ashberztos-cement shingles (Atlas 198&a). Ten
percent aquals &,791 cteons or 13,582,000 1bs. of ashestos-cement shingles,

AIEF estimatas that &0 percent of the asbsstos-cement shingles imparts
are siding and 40 percent are roofing shingles:

Siding = @.6 = (6.,79L tona) = &,075 tons = B,150,000 1lbs.
Roofing — 0.4 x (6,791 tons) ~ 2,716 tons = 5,432,960 1lbs.

AIBP's =iding and roofing shingles weigh 155 lbs, /square ard 450
lbs. fequare, respectively,

Siding Shingles (8,150,000 1bs, )/ (455 lbs, /square)

32,581 squeres

(5,432,960 1bs. /(430 lbs./square)
12.973 squares

Roofing Shingles

Total lmports = 64,654 squares

Thia astimate may be low because 1t does nhot include the 18,5 percent of
asbestos-cement preducts other than plpe, tubes, and fictings imported from
countries other than Canada. These imports from ocher -countries may possibly
include pome flat asbestos-cement shingles (U.5. Dep. Comm, 1986a, 1986hL).
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{1985 production - 1981 productiens1981 production} * 104
= (176,643 squares - 26&,670 squares/166,670 gquares) * 100
= -%3 82 = -354%.

Domestic production has changed as fellows:

{1985 production - 1981 production/1981 praoduction) * 100
= {176,643 squeres - 153,603 pgquares/153 603 squares) * 100
- 15&%,

(4} : all
sidlng market

Hembars of the Red Cadar Shingle and Handsplit Shaks buraaw produced
355,825 squares in 1985, Since this association accounts for only 70 perésat
of the cgdar shingle snd ghake market, 355,825/0.70, or 308 321 red ceder
shingles and shakes ware producsd in 1985 (Red Cader Shingle and Handeplit
Shake Buraeau 1986s and b). This comblned with 1,128, 99% sgquares of hardboard
giding producad in 1985 nekes for & total of 1,63?,}13 gquares (American
Hardboard Assoclation 198%a and 198&hb).

{L08,3251/1,637,313) ¥ 100 = 31% red cedar ciding
{1,128,992/1,637,313) * 100 « 59% hardboard siding

{5 Est;mg; g of the projected market share for woed, winyl, snd alupiouwm in

were baszed on estimates from the following refarances:
Gualified Remodeler Magazrine 1986; Aleoa 1%986a and b; Contractor's Guide
198¢&.

(6}

Asphalt fiberplass and organic standard strip shingles produced in 1985
~ 71,766,672 {Aaphalt Roofing Manufacturer’'s Assoclation 19Béb).

Henbsrs of the Red Cedar Shingle and Handsplit Shake Bureau produced
3,885,174 squares of roofing shingles and shakes in 1985. BSince this
asgociation accounts for only 70 percent of the cedar shingle and shake market,
3,885 ,1%4/0.70, ox 5,550,249 squares of red cedar shingles and shakes for
roofing were produced In 1985 (Red Cadar Shingle and Handsplit Shake Burezu
19862 and L),

About 6,000,000 squares of tille roofing were produced in 1985 {National
Tile Boofing Hanufacturer’s Association 1986).

This makes s total of 83, 316,92] squares consisting of 86.1 percent
asphalt shingles, 5.7 percent wood, and 7.2 percent tile,
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{73 Calculation of total replacement market shares.

The folliowing caleulations are based on the fact that 77 percent of the
gsbestos-cement shingle market is siding, and 23 percent Is roofing {PET 19B6).
Weed roofivg 6.7% (0.23) +

and siding 40.0% {0.77) = 32, 34% = 32%
Vinyl 35.00 (0.77) = 26.05% = 27%
Asphalt B6. 1% {0.23) = 19 80% = 20%
Aluminum 23.0% {0.77) = 19.25% = 19%
Tile 7.2 {0.2) = 1.66% = 7%

{8)

The askestes-cament ghingle F.0.B, plant ¢oet It based on Supradur's
average price aceording to an ICF survay {ICF 1986). The asbeztos-cenent
shingle installation cost 1 = weightad average for 225 1b,/square snd 500
1b. /squere rocfing shingles and 167 lh. fequare siding shingles (Means 1986a).

Bocfing asbestos-cement shingle cost
335 1b. S40/gquara
Average $56_50

$iding asbestos-cement shingle cost $46/square for 167 lb./square (Msans
1986).

Because 77 percent of asbestos-cement shingle mwarket is siding and 23
parcent rooflng,

(56.50/aquare * 0. 23) + (546/zquare * 0,.77) = S68.562
= $48 for installation of asbestos-cement shingles,

9 Cost of winyl siding.

The F.0.B. plant cost for vinyl =iding i= baszed on the following
referances: Alcoa 19864 and b; Certain-Teed 1986,

The installation cost is for solid PVC panels 8"-10" wide, plain or
insvlaced (Means 1986).

(10} <Copt of alumipum siding.

The F.0.B, plant cost for eluminum siding is based on the following
references: Alcoa 1986a and b; Certain-Teed 1986&,

The installation cost for alumiram siding 1s the same as for FVC siding
{american Home Improvement 198&; Wages and Evans 1988; Johnny B. Quick 1986).
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{11} wood

To deternine the cost of wood siding and roafing, costs are first
derived separately for wood siding alone and weod roofing alene. These costs
are than multiplied by their share of the asbestos-cement shingle replacement
market te give & welghted average cost for wood roofing and siding.

{a) Cost of wood sidipg.

The F.0.B. plant price of cedar siding shingles and shakes is §80/square
(American Wood Treating 1286). The F.0.B. plant price for hardboard weod
siding iz $40/squere {Wevsrthasuser 1986, U.§. Plywood 1986},

Since the £9 percent of the wood siding replacenent market for
ashbeetos-cement shingles is hardboard and 31 percent is cedar shakes and
shingles {see prevlous calculations}, the average cost for all weod siding will
be

{580 /square = 0,31) + (540 square x 0.E9} -
552 .40/square for wood siding

The installatlon costs for cedar woed siding shingles and shakes are
averaped from Means 1586,

16™ leng with 7-1/2" exposure = $78/square
18" long with 7-1/2" exposura = $71/=square

18" Jong with 8-1/2" exposure = S80/=square

average of these three = $76.3) or §7&/square

The installaticn costs for hardboard siding was estimated to be double
that for aluminum and PVG, or $126/sguare. Even {f this escimate is a bit
high, it will include the cest for painting that hardboard siding requires
{Amerlicau Kome Improvement 1986, Moon Sidings 1986, National Home Improvement
Co. 1%86),

The weighted average cost for all wood siding iz based on 69 percent of
the replacement market being hardboard and 31 percent cedar siding (see
previous calculations).

($126/aquare x 0,697 + ($76/8quare % 0,31) = $110.50 or 51l1ll/square
iz the average installatlon cost for wood sidinp.

The operationel life for wood siding 1s determined by teking a weighted
average of that for hardboard and for cedar woed.

Heydboard life =~ 25 years (Americen Hardbeard Assoclation 1985,
Weyerhasuser 19856} .

Cadar lifs = 40 yeaars (ICF 1985}

(49 years X 0.31) + €25 vyears x 0.69) = 29.65 years = 30 years

-0 .



(b} Lot of wood yoofing.

The average estimated F.O.B. plant cost for non-fire treated cedar
roofing shingles is 468/square (American Wood Treating 1986, REI 1%85, Chemto
196%a) .

The installation cost is an average of 16" and 18" reofing shingles.
16% = %b4/square

18" = 858 /souare
Average = 561/square

(e} Lozt of wood piding sand roofing
The wood roofing market represents 1.54 percent of tha antire
azbestos-cemetit chingle replacemant market. The weod slding market repreaents
30.80 percent of the entire asbastos-cement shingle replacement market for a
total market share of 32 34 percent for wood (see previcus market share
caleculations). Therefore, roofing i1s {(1.54/32.34) x 100), or 4.8 percent of
the vood replacement markat and siding i ({30,.B0/32.34) % 100}, or 95.2
parcent of the wood replacement market.
Thus the weightad sverage F.0.B. plant cost for wood is:
(852 /souare x G 952) + (568 x 0.048) = §52.77/aquere = $53/square
The weighted avarage cost for installation of wood roofing and siding Is:
(511l/equare x 0.952) + ($6l/square + 0. 048} = S108. 560 = $510%/cquare

The total cost for wood is:

$52.77 + $108.60 = $161.37 /sguare or
($163/aquare = 0.952} + ($129/square x 0.048) = 5167.37/sguare

The average welghted cperating life for wood roofing and sliding is:
{30 years % 0.952) + (40 vears x 0.048) = 30.48 vears = 30 years

{12} Cost for asphelt stendaxd sexip shingles.

The F.0.E. plant cost for ssphalt shingles is a weighted average of
asphalt fiberglass, 23 percent, and asphalt organic, 1} percent, shingles
{Asphalt Roofing Masnufacturer'e Assoclation 1986},

Average price for fiberglass shingles = $18.50/square {Owens-Corning
198&).

Average for organie shingles — $20/square (Oweng-Corning 1986).

{$18.50/square x D.83) = {$20/square x 0.17) - S18.75
= §$19/square iz the cost for asphalt shingles.

Installation cost is also & weighted average of standard strip organic,
235-240 1b. /square, and fiberglass, 210-235 1b, /square shingles.
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Instellation cost for fiberglass = $30/square (Means 1%86)
Instellation cost for organic = $27/square (Means 1984}

{530/square x 0.83} + (527 /square x 0.17) = 529.50
= $30/square is the average cost for installacion cof
esphalt shingles.

(13) Cosr of roofing tile.

Tha tile merket iz shout 10 percent clay tile and %0 percsant concrete
tile {National Tlle Roofing Manufacturer‘s Assoclation 1988).

The F.0.B. plhnt cost for clay tile is an average of four compapies, San
Valle, U.S. Tile, MCA, and Ludowici-Celadon’s prices for Miesion, 5, and Flac
tile. S-tile was weighted 65 persenr while the Mission and Flar ware each
weighted 17.5 percent. Ludewici’s average price was welghtrad 30 parcent,
whiles the other thrae companies were esach weiphred 73 .33 perceant (1.£. Tile
1986, MCA 1986, San Veile 1985, Ludowici-Celadon 1986). This gave a clay tile
price of $5134/square.

((0.30 (0.65 250 .00 4 0175 = 310.00 + 0175 * 310.00)] +
{0.233 (0.&5 « JO 40 + 0,175 * 97,20 + 0,175 * 114.75)) +
(0.233 (0.65 * 55.00 + 0.175 * 106.00 + 0175 * 106.00)) +
£0.233 (0,65 « 38,530 + D.173 *= 90,40 + Q9.175 * 100.573)).

The nationel average F.0.BF. plant cost for conerete tile is $55/3zquare
fHonier Roofing Tile Company 1986a and b).

Using the abowe tiie parket shares an average weliphted price wasz derived:
(355/5quare x 0.90) + ($l34/square x 0.10) = $62.90 = $63/square for tila
rocfing, F.0.B. plant.

Inscellation cost for clay was based on an average of 5 and Mission tile:
Migsion = $EB&/square (Means 1986)

5-Tile = £130/zquare (Means 1986)
Average cost = 5107 for cley tlle installation

Installation for concrote tilée is based on the S-tlile and corrugated tile
= £110/square {Means 1985).

Totsal instellation cost for tile, comcrate (90 percent) and clay (10
percent), is: (5110/square x 0.90) + (5107 /square x 0.10) = $10%.7 =~
$110/square .

{14) Present walues calculstions for substitutes.

Ha = 1ife of asbestos product
Hb w life of auvbstitute product

TC = total gost of preduce
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PV =« TC x (a/b) x (b-1)/(a-1)

(l.OE)H;
(1,05)N

Fm
1

H = 40 yea
& - (1,ﬂ5;£5 - 7.0400

(a) ¥inyl siding

TG = §11l3/square

N, = 30 yea
B C (105550 - 12.4674

PV = 3113 square x (11.4676/7,04000 = (7.0400 - L)/(l1.4674 - 1)
- 5106.21 = $l06/square

(b Alupipum giding
T = 5128/aquarse
N

= 50 ysa
B2 (L0570 - 11,4674

BV = $128 square x (11.4674/7.0400) = (7.0400 - 1)/{11.6674 - 1}
= $120.31 = §120/=square

{e) Hood siding
TC = $l63/square

N = 30 vyea
B - {1.05}EB = 4 3219

PY = §163 equare x (4.3219/7.0400) x (7.0400 - 1)/{(4.3219 - 1)
= $181.95 = 5182/square

(d) Wogpd roofing

Na - Hh = 4} years

Theraefore FV = TG
(e) Nood siding and roofing
IC = $162/5quare

H = 30 vea
B (105920 - 4.3209

Pﬁ = 5162 sguare x (4.3219/7.0400) x (7.0400 - 13/{4&.3219 - 1}
~ $180.83 = 5181/square

{f) Asphalit rocfing

TC = 549 /square

K, = 20 vyea
E - {1.05)EE - 2.£333



PV = $49 square x (2.6533/7,0400) % (7.0400 - 1)/(2.6533 - 1}
- $67.47 = 567 /square

{g) Iile poofing

TC = §173/square
K, = 3} yes
B - .{1.{:5)56 - 11 4674

PV = $173 sqguare X {11.4674/7.0400) x (7.0600 - L}/(1l.4674 + 1)
= £162.61 -~ $162/squeare

Tone of asbestos ufed pox unlt of ocutput

= 3,893 tone/176,.443 =quares
= 0.0220 tons/=quare

{Domestic production + Imports)/Demestic production

(176,643 squares + 64,654 squares)/(176,643 squares) = 1. 37
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XvIIT. DR DRAKE _LININGS
A. Product Desceription

Host new light and wedium wvehiclas, 1.e., passenpar cars and Llight trucks,
are equipped with drum brakes on the rear wheels {and diec brakes on the
front). 4 drum brake ronmists of £ metal] drum withlin which there are two
curvad metgl "ehoes," lined on the outside with molded friction materisl,
galled drum brake linings. When the brakes are applied, the curved shoes axe
pressed out sgainst a metal drum that is coennected to the wheels of the
vehicle, The pressure of the shoes againgt the drum stops the turning of the
wheels. There are two drum linings {one for each brake shos) fer sach whasl
{GHM 19B6a, ICF 1985).

In light and medivm vehicles, the lining segrents sve usvally = third of
an inch thiek or less. In heavy wehlcles (i.e., heavy trucks and off-read
vehicles), the segments ara at least three-guarters of an inch thick and are
called brake blocks, instead of drum brake linings (Allled Automotive 1986).

Asbestos-based drum braks linings contain approximately 0.38 1bs.1 of
achbestos fiber per lining on averapgs (ICF 1986z}, Asbestos is used because of
its therms]l stabilicy, reinforcing properties, flexibility, resistance to
vear, and relatively low cost (Hrusell and Cogley 19823,

The primary producticen process for dewm brake linings is a wet-mix process
in which asbestos iz combinad wifh reslns, £illers, and other product
modifiers and the mixture is then extruded inte flat, pliable sheets, The
sheets are cut, formed inte a curved shape, and then molded for 4 c¢o 8 hours
under moderate heat and prassure. After grinding, the linings are honded

{glued) or riveted to the brake shoe ([ICF 19853). While bonded brake linfngs

1

l gee Atcachment, Ttem 1.
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have greater frictional sutrface area, riveted linings are quierer (Allied
Avtomotive 19863,

Secondary preocessing of drum linings may be of several types. Some
precessors install new brake linings into brake assemblies for wehicles,
Others repackage linings fer sale az replacement parts In the aftermarkset.
Meither of these secondary processes invelve grinding, drilling, or any othex
treatment of the brake linings that is performed by the primary precessoers.
Another distinet type of secondary procassing is sutomotive rebuilding,
Rebuilders racaive usad, worn brake linings attached to the ghoee. The cld
linings are removed from the shoes, tha shoas at's cleaned by zbrasion, and new
Linings are attached. The rebuilt shoes with linings ars then packaged and
sold for the aftermarket (ICF 1985, Krusell and Cegley 1982),

B. Prodycers and Importers of Drwe Brake Lininge

Table 1 liscs the thirteen primary processors of drum brake lininges in
19585, All produced an asbestos-based preduct. Nine of the processors selso
produced substitutes (ICF 1986a}.

Changes in primery processors from 1981 to 1985 Include Friction Division
Product's purchase of Thiokel's Trenton, NJ, plant and Brake System Inc.'s
purchase of ocne of Raymark's Stratferd, CT., plants (Frictien Division Products
1986; Breke Byatems 17858). Brasshestoes of Paterson, NJ, went out of business
in sugust, 1985 (ICF 1%Bfs) and H.K. Perter of Buntingten, 1IN, discontinued
production of drum brake linings in 1986 (PEI Associates 1986). Thus, eleven
conpanies continuve to produce asbestos dium brake Linings.

Table 2 ligts the five current secopdary processors ¢f drum brake linings.
The Standard Metor Products plant was fomerly owmed by the EIS division «f
Parker-Hannifan (ICF 1986a}. At Echlin's Dallas, TX, plant, which was

formerly owned by Raymark, linings are attachad te braks shoes without amy
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additicnal precessing (Brake Systems 1986). Similarly, Wagner installs brake
linings with no additional processing (Wagner 1986am).

Teble 3 lists the twenty-one importers of asbestos-based drum brake
lining=.

¢. Ixends

Table 4 gives the production of asbestos-baced drum brake lindings snd the
corresponding consumption of asbestes fiber. From 1981 to 1985 there wes a
1%.6 percent decline in production of asbestos drum brake linings. This is
probably due to substitution of asbestes in the OEM, and the fact Ehat certain
luxury and high-perfermance ¢axs, that currently a¢sounc for roughly 5 percent
of OEM light/medium vehicles, sre now aquippad with four disc brakes {e.g.,
Cadiilac Seville and El Derade, Corverta, Pontiac 8TE and Fiers, and
high-performance Cemaros and Firebirds) {CN 1936&}.2

In additien, it should ks neted that some lusury imports, e.g., Harcades,
EMW, and Sasb, use disc brekes on &ll four wheels {(GM 1986s, Saab-S5canla of
America 198G). New Saab cars, in fact, use non-asbestos semi-metallic disc
brake pads on all four wheels (Saab-5cania of America 198563, Informatlion was
not availeble on whether all four diac brakes in Mercedes and BMW cars were
alse non-asbestes-based. HNenetheless, the greet majority of imported wvehleles
are still aquipped with asbe=tos-based rear drue brakee (Ford 19&fa, Abex
1986, MIT 1986). .

Producers and purchasers of drum brake linings indicaced that as of the
198€ model vyear, asbestos linings still acceount for %0-25 percent of the
original equipﬁent market {OEM) and virtually 100 percent of the aftermarket
(GM 198Ea, GM 198&c, Chrysler 1986, Allied sutomotrive 1%E6, Wegner 1986b, Ford

1986a). However, producers and users agreed that adequate substitutes have

2 Disc brakes are a higher-performance brake. Applicacions of drum and
dice brakes are discuseed in further detajl later in thils section.

-5 -



{ICF 1986a). Wazner installs asbestosz and non-asbestos brake pads with no
additional processing {Wagnar 1986a}.

Table 3 lieg= the 1981 and 1985 importers of asbastos-besed diec brake
pads .

C. Izepnds

Table 4 gives the production of ashestos-based dise brake pads (Light/
medium vehicles) and the corresponding consumption of asbestos Liber. The
pearcent change in production and fiber censumpticon from 1981 te 1985 are -30.2
percent and -25.3 percent, respectively,

1t should be noted that seme luxury iwpert cars are now eguipped wich four
seni-metallic disc brekes (Allied Automotive 1986). Saabk is one such example
{Saab-Scenia of America 1935}: However, the great majoricvy of imported cars
3111 have asbestos-based rear drun brakes (Ford 1986z, Abex 198&, MIT 1524).

A survey of producers, purchasers, and other sources rewvealed that
currently ashbestos probably holde no more than 15 percent of the OEM for disc
brake pads {llight/medium vehlcles; (ICF 1%86a, GM 1986a, Ford 1986b, Chrysler
1986, Chilton's Motor Age 1986, Allied Automotive 1986, DuPont 1986).% The
share, however, is significantly higher for the aftermarket, though probably
not a majerity (GM 1986a).°>

4Allfed automorive stated that by 1980 agbestes would be replaced by nearly
100 percent in the OEM (Allied Automotive 1986). One sourca statad that by
1990, %0 percent of CEM light/medivm wvehicles are projected te he front-wheal
drive, requiring semi-metallice disec brakes In the front (Chilton’s Motor Age
1%86). Given the above two projections and the current trends of GM, Feord,

and Chrysler, it is elear that by 1990 ashestos-based pads will be slmest

& See Attachment, Item 2.

5 S5ee Attachment, Item 2.



Tabkle 4. Production and Flber Conmsumption for
Asbestos-Basad Drum BPrake Linings

1581 1885 References

Productlon (pleces) 160,470,368 129,042,578%  ICF 1986a, TSCA 1982a

Asbestos Fiber 21,8720 Eﬁ,EQl.Eb ICF 1986a, TSCA 1%8Za

Consumptien (tons)

8 Abex, Allied Automotive (both plants), Brake Systems, and Brasabestos
did not provide production informationm. Brasgsbestoz want out of
business in Auguse, 1585; It f2 essumed that rthey produced asbestos-
bazed drum brake linings In 1985 {ICF 19&€a). Production was estinated
for these four companies using a method deseribed in the Appendix A of
this RIA.

b Absx, Allied Autowmotive {both plants), Brake Systeme, and Brassbestos
did not provide fiber consvmption information. Brassbestos went out of
buzinezz in Aupgust, 1985: however, it iz assumed that they consumed
asbestos fiber for the produetion of asbestos-bDesed drum brake linings
in 1985 {ICF 1286&). Fiber consumption for these four companies was
estimated using & method described in Appendix A of this RIA.



been develeoped for many, if not most, OEM drum braks lining applications (ibex
1986, GHM 1986e, Ford 1?3&&},3 & report by the American Seciary of Mechanical
Engineers concluded that autowmcbile and most trucks eculd heve completely non-
asbestos frietion systems by 1992 (ASME 1987). Producers and usgers stated
that time is required te gear up commercial productlion of the subatitute
linings, redesign brake systems to eccommodate the particular coefffcient of
fricticen of the substitute material (whers reguired}, and te conduct field
tests in order to gain the ascceptance of lining producers, vehicle and brake
systam manufacturers, and consumers (GM 1986c, Ford 1%8%a, dbex 1984&).

With the sxception of Allisd Automotive and Abex, producers are apparently
not yet producing substituce drum brake lininge in sizeable quantities (ICF
1986a).* Fstimates for the time required to develop adequate production
capacity for substitutes were not avallable; however, this time period is
likely to be linked to wvehlele manufarturers® appreval of vew substituces.

Unlike disc hrakas pads, in which a =superieor substitute has been avallahle
for the last fifreen yeaare (1.e., semi-metallic pads}), non-asbestes drum brake
1ininpe are relatively new (Abex 1986, Ford 1%E885a). Both produceres and usars
of brake linings are hiphly averse to the risk chet could be associsted with
the use of new materials, The risk is magnifled, furthermore, when & major

brake system redesign is required for a substitute lining (Abex 1986, Ford

3 Bepresentatives from Ford and GM agreed there wera adequate substiturss
for many light/medium wvehicle applications {cers and lipght trucke), but there
were problems with floding good substitutes for lerge cars and medivm-sized
trucks (e.g., 2 L/Z-ton delivery trucks) (Ford 1986a, GM 1988c). A
representative from Abex, however, firmly belleved that adegquate substitutes
have been developed for gll drum breke lining applicetions {(Abeax 19887,

4 ps Indicared earlier, allied auromorive estfmates that 18 percent of
ice 1986 drum brake lining production will be non-asbastos (Allied Automotive
1386). &bex did not provide an estimate of the current share of its QEM diwm
brake illnings that sre non-asbestos, but did indicate that a significant
pereentage was non-ashestos (Abex 19883,

-8B -



1686, CH 1986¢, Allied Automotive 1986, Wagner lBEEb}.5 This risk i{ranslates
into stringent and lengrhy testing precesses reqguired by both government and
automobile and breke lining manwfzeturers before aceeptance of new friztion
materiels and brake systens.

Sufficient laboratory and wvehicle tasting has been conducted for the
substitute drum brake linings in order to certify that they comply with
faderal performance and safety regulations (Abex 198&, Ferd 19%8Es, ﬂﬁ 1686¢c) .5
However, vehicle manufacturers alsc require, on average, a total of one
million miles of field testing in a variety of geographic locatiens, and under
a vericty of road conditiomns, before a new brake lining material or brakse
system design will be incorporated inte OEM weohicles. Brake lining produceres
and wehizle manufascturers agresd that this field testing has only begun (Absx
1986, Ford 1986a, GH 1986¢).

According to Ford, a potentisl alternative for asbestos in drum brake
linings would be to make light/medium vehleles with four non-asbastos

(seni-metellic) disc brakes (Foxrd 19361}.? Howaver, brake lining producers

3 Producers and users stated that there are two general types of
substitute linings -- those that require only miner modifications of brake
systens #2nd those that require major modifications or totel brake systen
redesigns (Ford 1966a, Abex 1%86).

& Compliance with federal performance and safety regulations -- Federal
Motor Vehicle Safety Standards {(FMVS55) 105, 12}, and the proposed 135 «+ can
be cerrified at the testing facllicies of OEM brake 1lining producers. At
these facilities, producers always employ, at a minimum, dynamometer testing
({recognized In the industry to be the post relisble and accurate laboratery
testing methed) and vehicle testiong 1n =& controelled envirorment {f.e., race
track) (Abex 1986, Ford 1986a, GM l986c),

7 Semi-petallic disc brakes are already used on the front wheels of 85
percent of all pew light/medium wehicles (Allied Automotive 1984), and certain
domestic luxury and hipgh-performance cars are now equipped with four
non-asbestos disc brekes {OH 1986a). Disc brakes, particularly semi-metallic
disc brekes, have higher performance than drum brakes bacause they have longer
gservice life and sre generally betcer at rewoving heat guickly (CM 198&a).
Perhaps even moze importent for automakers, disc brakes have a vely stlong
marketing edvantage: disc bragkes make cars sell., They are an important
selling point with consumers {Ford 1986a, GM l9BSa, Abex 1985}.

-4 .



and vehicle manufacturers agreed that there currently is not a significant
trend towards four disc brakes in light/medium wehicles, nor is there likely
te be Iin the near future, because of important performance and sconomic
factors {abex 19B&, GM 1986a, GM 19B&c, GMI 1986, Ford 198Ea). First drum
brakes make superior parking brakes (GM 13E6a, Ford 15986s, Abex 1985}.E Dige
brakes, furthermore, reduce fuel economy becavse of "parasitic drag* emd are
mach higher in cost than drum brakes beacause of the mechanical system required
for disc brakes (Ford 1986a, GM 1986s8). Bacause drum brakes are sigpnificantly
cheapar and are a lower performance brake, they are ueed for the raar wheela,
with disc brskes in the front, in the vast majority of the light/medium
vehicle OEM (95 percent) (GM 1556&),9 In moet light/medium vehiclas,
partietlarly thosze with frent-wheal drive, there i{s sipnificantly leas bhrake
1oad or brake force in the rear than iun the frnnt.lﬂ Therefore, the cheaper
lower-performance druw bralkes are used in the rear since the rear brakes do
not have to do much work (GN 19565}.11 4 final key factor that would stall =&
significant switch-over to four-disec-hrake sars 15 the enormous equipment
radesizn that would be required (GMI 1986). Therefore, for the
above-menticoned reaeons, drum brake linings, at least in the near future, will
continse to be produced for the light/medium vehicle OEM st roughly a 1:1

ratio with disc brekes.

€ The parking brake either utilizer the existing rear drum brakes
feervica brakes), is a saparata rear drum brake, or iz 2 separats front dise
brake [front parling brake) (CM 1988a4),

9 Tha remaining 5 percent are the luxury and high parformance cars
equipped with four disc hrakes (GM 198&a).

10 In front-wheel drive care, the brake load is 85 percent in the front
and in rear-wheel drive cars, abecut 70 percent of the load iz In the front
(Ford 1986a, Design News 1984).

11 In most cars, in fact, rear drnumm hrakes would have the same seyrvica
1life as rear disc brakes because of the light brake load (GM 198&a),

- 10 -



D. Subsgitytes

As indicated sarlier, primary processors and vehicle manufacturers agree
that scceptable drum brake lining formulsatlons have been developed for meny,
if not wost, drum brake liming applications. Although these substitutes do
not have the same performance characteristics az asbestos-baesed linings (no
substitute currenily provides all the advantages that acbestos linings do),
they are "acceptable” from the srandpoinc of vehicle drivers: drivers will
accept changes in performance, as long as there are no "surprises” vhile
driving thac reduce safecy (Abex 1986, Ford 1986a, GM 1986¢, MIT l'E;EG).
Hon-ashestos organics (NaOs) are acceptable substitutes that have been
developed for the CEM. Lining producers and vehlcle manufacturers agrea thar
NADs would take the majerity of the asbestosa-based OEM in the event of 2 ban
fCM 19862, Absx 1986, Ford 1986a, Carlisle 19%986).

WaA0 drum brake lining fermulations, In general, include the following:
fiberglass asndsor Kevlar(R). mlneral fibers,1? occaslonally some steal wool,
and fillers and resins (Ferd 1986a), Fiberglass snd Kevlsr(R), however,
usually account for only & small percentage of the total formulatien, For
exagple, a represantative from Ford stared that the optimel level of Kevlar(R}
in drum brake lining formulsfions is usually about 3 percent by weight (Ford
19868). Thus, labelling substitute drum brake lining: as Kevlar(B)-based or
fiberglass-besed (producers tend to do this for marketing reaszons) is
migleading (Abex 1986, Ford 1986a, GM 198b6c).

Of the fhirteen primary processors of drum brake linings in 1985, &t least
pight eurrently producs HAD linings. These flrms ars: Alllied Automotive,

Genaral Motors Inland Diviegion, Abex, Ruturn, Virginia Frictien Products,

12 Mineral fibers commonly used by producers include: wollastonite,
phosphate fiber, aluminum silicate fiber, Franklin fibaer, mineral wosl, and
PMF {(processed minersl fiber) (ICF 1966a).

- i1 -



Chrysler, Carlisle, and Brake Svstems Ine. (ICF 1986&a), Although, the
producers did net reveal the exact formulations of thelr NAQ linings, they
provided partisl lists of the ingrediencs in thelir mixrtures (ICF 198&a).

Five of The primary processcrs also produce & semi-metallic drum brake
lining. These firme are: Abex., Allisd Automotive, Carlisle, General Motors
Inland Division, and H.K. Porter (Abex 1986, Allied Actomotiwe 19B&, ICF
1986a). Lining producers and .w.-hicle manufacturers genarally apres, howavar,
that there are serious production amd performance problame with semi-macallie
drum brake linings {Abex 1935, GM 19866c, Ford 1%986a, Carlisle 1986). H.K.
Forter, in fact, discontinued its seml-metsllle (end asbestos) drum breke
lining operations in 1986: the firm stared chat ic was unable ve find adaguate
substitute linings {PEI Assoclates 1%86)}. HRepresentatives from Abezx and Ford
stated that semi-metallics are very difficult o process into che required
thin arc¢-shaped lining segments and are. thus, very prone to crack (Abex 1386,
Ford 1956&}.13 Theze representarives also scarted there wara unaccsptable
performance problems, including "morning sickness,* which involves moisture
getting into the lining evernight, rendering the product useless wuntil it
heats up and dries out (Abex 1986, Ford 1%86a). For the zbove reasons, lining
producers end vehicle manufacturers agreed that semi-metallics would not take
much of & shate of the asbastos-based OEM in the event of a ban (Abex 1984, GM
1986¢, Ford 1986a, Carlisle 1986).

Primary processsrs and vehicles manufacturers agree that there ic adequate
dynamometer and vehicle-tasting capacity ameng the OEM producers to develep

substitutes for the remaining OEM drum brake lining applications, i.e.

medium-sizad trucke with four-drum-brake systems. The dLifficulty in

13 Sapi-metallics can, however, be successfully manufactured For very
heavy brake block applicetrions, where the arc of the segments is much wider
than in drum brake linings (because of the larger drum) and the segments are
considerably thicker (Abex 1986).
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developing acceptable substitute lininge for medium-sized trucks resulis from
the more severe braking regquirsments for the rear drux brakes of these
vehicles than for the majority of light/medium wehicles and the fact that the
drum brale linings for medium-sized trucks must be riveted, net bended, to the
braka shee. Thus, an acceptable substitute lining must have structural
strength arcund the rivet area (Batelle 1987}, HNevertheless, given enough
time substitute linlngs for mediun-sized trucks wili be develaoped,
particularly since brake systems can alweys be redesigned by including servo
rechanical systems to amplify or modify che braking ebility of & pagticulas
substitute lining in crder to achieve the desired performance (Ford 1986a,
Abex 1986, GM 1986, MIT 19EE],

Replacement of asbastos-bazed drum brake Linings in the aftermarket,
howevser, may be much mors difficule. HMost asbestos-based drum breks linings
producers and aute manufecturers agres that brake systans deslipned for
asbestos linings should continue to use asbestos linings. The parties
maintain a pesition that substitute lining formulations that were designed for
the UEM, when used to replace worn esbestos linings, do not perform as well &as
asbescos, and could jaopardize brake safety (Allied Autommtive 1986, GHM 198&b,
GH 1986c, Wagner 1%86b, Ford 198&s, Ford 19860k). Abex, howevar, indiecated
that it s selling its OEM non-asbestos organic drum brske linings for the
aftermarkat and reports that they are performing well (ﬁhequgﬂﬁ).

In genera) there are three impertant reasons for litrle or mo development
of substicuce formulations engineered for aftarmarket brske systems designed
for asbestos:

s Conslderable techmilcal difficulties with developing

adeguate substitutes for a system designed specifically for
ashestas

- 13 -



s Ro federal szfety and performance standeards for brakes for
the aftermariet:l® and,

= High coest of preducing and testing substitute fermulatiens
{Ford 1986a, Wagner 1986b, Abax 198&}.

Aftermarket producers, except for those whe alsc produce for the OEH, are
generally small and almest totally lacking in testing equipment {Ford 1986a).
Two firms stated that if some of these firms deveted substantial rescurces to
testing and ressearch and develepment, they would be out of business (Ford
19868, Abex 1986), As long as there are asbestos drum brakes sold in the
aftarmarket, there will be little, if any, economic fncentive to develop
recrofic substitutes (LBJ Space Centexr 1%86). Howewver. é¢ven with & ban on
asbestes linings for the aftermarket, the cost of substitutus designed for the
aftermarket are likely to be ﬁ&ohibitiva, glven the technlcal diffliculties
(LEJ Space Center 19BE&).

Table & provides the date for the reguletory ¢ost model, The substicute
linings in the table are an HAD lining produced by Abex and a semi-metallic
lining made by Genseral Motors Inland Division. It is ageuned that
seni-mecallic drum brake linings will account for a negliglble share of the
market. Note that the equivalent price of the WAD lining given in Table 5 is
close to the asbestes lining price because of the Longer service life.

E. Sunmary

Asbascos drim brakes are found on the resr wheals of most new light and
medium vehicles, 1.&., passenger cars and light trucks {GH 1988a). Thirteen
companies produced ashestes dyum brake linings In 1985 and by the and of 1988
only eleven continued to produce the asbestos product (ICF 1%86a, PEI

Associates 1986, In 1985, these producers consumed Z24.6%1.8 tons of asbestoa

to produce 179 042 578 asbestos drum brake linings. Between 1981 snd 19835,

Lé By contrast, OEM brakes must meet federil reguleatory standerds --
FMV5S 105 and 121 {and, in the future, the proposed 135).

- 14 -
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production of the asbestos linings deelined 19.6 percent {ICF 198fa).

Bowever , agbastos linings still accounted for 90.95 parcent of the OEM and
virtually 100 percent of the aftermarkst (GM 1986a, GM 1986c, Chrysler 1984,
Allied Automotive 1986, Wagner 1%B8&bk, Ford 1986a). Acceptable substitutes
have been develeped Lor many, I1f tet most, doum brake lining applications.

For the CEM, Hi0s are expected to take 99 parcent and semi-metallice 1 percent
of the ashgetos drum brake lining market if asbestos were not availsble., HADs
cost the same as asbestos linings, while semi-metalliecs cost 73 percent more
than the ashestos-based producet. Developing adequate substlitutes for the
aftermarket will be difficult dus to technical difficulties and ac¢oncmic

factors.
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The asbestos fibay coutent per lining was calewlated by dividing the 1985
sxbester fiber consumption for drum brake linings by the 1985 productien
of drum brake lininge for producers for which both fiber consumption end
production data were available: 24 691.% vons (49,383,600 lbs.) divided by
129 042 578 pieces, or 0.38 Tbs par piece.

A large producer of asbestos-based druw brake linings in 1981, stated that
the share held by asbestos In its CEM linings was 97 percent in 1983, %6
percent in 1%84, 91 percent in 1%85, and is estimated to be 82 percent Iin
1986. Ome autoncbile panufacturer stated that currently 95 percent of ita
OEM drum brake llnings were ashestos-based (GM 1986e). A second
automwbile mamafacturer stated thac currently %8.5 percent of Its OEM
linings were gsbestos-based (Chrysler 1986). On the basis of these
figures, it is assumed that asbestos holds roughly 90-95 percent of the
OEM for drum brake liniogs. Two major producers of breke systems for thse
autotobile and truck aftermarkets stated that 100 percent of the
afrermarket was still asbestes-based.

The product asbestos coefficient is the same value calculated in Jtewm 1
above, copverted into tons per piace,

The consumption production ratic was calculatad using 19 580,493 pleces as
the walue for the 1985 U.5. imports. (Total 19853 production is
129,042,078 pleces.) This wvalue, howvever, only includez imports for the
firms who provlded information (sea Table 4).

The asbestos product price is a weighted average (by production) of prices
for producers who provided information. The useful ]life of the asbestos
product was assumed to he the same as that reported In 19284 in Appendix A
{ICF 12£3). The two substituce lining prices wers caleulated by
incressing the weighted average ashestos produst price by vhar Abex and
GM, respectively, reported &s the percentsge price Inereass for their
subetiture product cver thelr aghestos product, One company indicated
that its NAD lining cosc 25 percent more than ics asgbestos-based linming;
gnother company stated lts semi-mecalllc lining was approximataly 73
percent higher than its asbsstos lining. While the firet company did not
indicate the service life of its NAQO lining compared to ite asbectos
product, ancther manufacturer of NAQ drum brake llnlngs, reported that NAC
linings had the sap= or up to 50 percent longer service life. Thus, a
gervice 1ife Increase of 25 percent over the life of the azbestes product
(that was given in Appendizx H) {s used in Table 5. It wes not clear
whether geni-metallic linings had longer or shortar sarvies 1ife than
asbestos linings; therefore, the same service 11fe ae the ashestos product
is used.
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