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¥VIl. ASBESTOS-GEMENT SHINGLES

A. Prod cio

All asbestos-cement siding and roofing shingles are made from the same
materials; a mixture of Portland cement, asbestos fiber, ground silice, and
somerimes an additional fractiom of finely ground inert filler and pigment
{Supradur 1986a and b, Krusell and Cogley 1982). Domestically produced
shingles now contain 18 percent aébestos, while {mported shingles have 13
percent asbestos by weighe (PRI 1986, ICF 1986, Atlas 1986c, seé Attachment,
Item 1).

In manufaccturing asbestos-cement shingles, the raw materlals are aixed elther
in & dry or wet state. The mixture iz then placed on & moving conveyor belrt,
adding warer if rhe mixture is dry. The mixture proceeds through a series of
press rolls and is then texcured with a high pressure grain roll. The shingles
are then cured, cut to size, punched. or otherwise molded. Further processing
wmay include autoclaving. ceating. shaping or further compression (AIA/NA and Al
1986, Supradur 198&c¢).

Asbestos-cement siding shingles usually resemble shakes or machlne-grooved
shingles, amd asbestos—cemen:'roofing shingles generally resemble either zhakes
or slate (Supradur 1985), The slate style is the most popular asbestos-cement
roofing shingle. MNost of the sfding producrszs are thinmer than esshestos.cement
roofing zhingles and have a pzinted finish (Supradur 1986b). It 1s estimaced
that 77 percent of the asbestos shingle market is siding shingles and 23
percent is roofing shingles (PEI 1986, see Attachment, Item 1),

Asbestos-cement roofing and siding shingles have been used primarily on
residential properties, although some applications have also been found in
schools, churches, and historical restoration project:s' (Supraduxy 1986a, Raleigh
1986). In rural areas they are often found in agricultural buildings and farm
houses and are used to prevent fire or water damage because of their resistance
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to boch (National Tile Roofing Manufacrurer’'s Associavtion 1386, Raleigh 1986).
Currgntly, asbestos-cement roofing shingles have relatively no use in new
construction (Arlas 1986b) and ara principally being used for replacement and
maintenance in luxury homes, schools, churches, and histerlcal restorations
(Atlas 1986b, Supradur 1%86a). For historical resteoration they could be used
either to preserve the historical integrity of a landmark that originally had
asbestos-csment shingles, or.to replace real slate with a varlety of
asbestos-cement shingles that resemble slate (Atlas 1986b; National Roofing
Contractor’s Association 1986). Asbestos-cement shingles are used mostly fn
the Northeast and the Midwest and are generally ncot found in the Wezat or South
(Nationsl Tile Roofing Hanufactgrer's Assocliation 1986),

B. Producersz and Imporrers of asbestos.Cement Shjpgles

In 19281, there were three producers of asbestos-cement shingles:
International Buflding Products, National Gypsum, and Suprzadur Manufacturing.
Rational Gypsum stepped production prior to 1982 (TSCA 1982, ICF 1984).
International Bullding Productsz closed thafir asbestos aperations completely in
March 1986, however it is not known when they last produced asbastos-cement
shingles (Atlas 1986a), Table 1 presents production data for the only
repaining domestic producer of ashestos-cement roofing and siding shingles.

The only known importer of asbestos-cement shingles is Atlas Iuternational
Building Products (AIRP) in Monrreal, Qushec, Canads (Aclas 1986a and 1986b,
Etermit 1986).

€. Irands

Domestic production of asbestos-cement shingles for 1981 and 1985 are

presented in Table 2. While total domestic production of asbestos-cement



Table 1. Production of Ashestos-Cemant Shingles

1985

Asbastos -

1985 Cement

Asbestos Shingle
Consumption Production

(tons) (equares)
Total 3,893 176,643
Source: ICF 1986,



Table 2. Preoducticn of Asbestoes-Cement Shingles

Number of Gutput
Year Producers (sgquares)
1981 3 266,670
1985 1 176,843

Sources: ICF 1986, TSCA 1982,



shingles has declined 34 percent since 1981, Supradur’'s preduction has
increased 15 percent during this period (see Attachment, Iteuw 3).

It is not know how many asbestos-cement shingles are imported in the U,S.
According to the Bureau of the Census, 10,416.378> tens of e&sbestos-cexent
products other than pipe, tubes, and fittings were imported in 1985, of which
8,489 tons, or 81.5 percent came from Csnada (U.S. Dept. Comm. 1986a, 1986b).
This mumber most likely includes flat and corrugstad asbestos-cement sheet and
asbastos.cement shingleg. AIBP, the only imperter of thase products from
Canada roughly estimated that B0O percent of their U.S. shipments ere
asbestos-cement shingles (Atlas 198ta. Atlas 198?). Eighty percent cf Canadian
shipments, or &,79)1 toneg, converts te 64,654 squares of asbestos-cemant
shingles imperted in 1985. .

D. Substitutes

Table 3 summarizee the pripmary substitutes for asbestos-cement siding and
roofing shingles. There are ne gubstitutes for agbestos-cament shingles in the
maintenance and repair market because there are no substitute productz that
resenble the asbestos-cement product closely enough to be able to replace it in
parts (National Roofing Contractor’s Association 1986, Supradur 198€éb). Slate
is the only shingle chat would be close in appearance to some asbestos-cement
shingles, but ft 13 much thicker and far more expensive (Supradur 1986b). For
our study, we will consider substitutes that can be used instead of
asbastos-cement shingles for complete remocdeling or new constructien. The
fellowing section presents separate discussions of substitutes for
asbestos-cement ziding shingles and asbestos-cement rocfing shingles.

1. ashestes-Coment Sidipe Shinele Subatituces
The three primary substitutes for asbestos-cement siding shingles are

wood, eluminum, and vinyl sfding. Wood siding includes hardboard siding and

-5 -



9961

'T4UT4 UIYQ eaTEUARXO €3OG

‘TdaTA mYY 2633798
‘peIpnles s3UILTG O
'ITo ICT02 SPISR
"AUDIETART UOTRGIIO)

2930
Teaeaes pum igg ‘ineprg
'890Npozy WP Ing WadTY

unuEEEVY ) e ooy ‘peuyed aq yam) Ty Teaqyingy ‘B0 ‘osdamy
'Q 'w9eak WOITY R Ll AEL ] 'pejusp 8q ) ‘aYaojod Tutaasg 'Ry ORIy Sarpsg EOUTAMTY
ICIE 4 ¥
‘#3010
YITY uT ATV eYqETIOAV
“Jegees
PI®3 U 873333Q 8q 1m)
"oy emeIRduny
QIR 92083UWO pur opuvdeg 'peTnbet e3mueUTIN Oy
‘emgq Xea0 GpE) <ma X070) satduadusu) I3]0 TPINARY pUR
] 99967 wOITV ‘9§61 ‘peved wq 3wy g LEET T {go 'onguayop ‘cudyy
WWISHTY Y] oseucla) "auTaTe Be KTIEVe IITIY "exerd Teed 5 .uoy QLS FLY IS (T
‘9561 PI9L-LINIXND vwitey 90 J0u IQ ‘PrIvep o4 Ue) ‘ATpuIY P 303 ) Lung ‘pen]-uieiae) SutpYy TéuTA
“pooa XOpeO
AN(T BOUY saty 9, Lsay
"TAUEA 0117 100X
-ao) pun pusdxe q,usenq
‘118987 09 9ajeusdxe pacy ‘UUunTe 89 LBy0u €8 Y0y axeqy0 O1 Y3
'UEUFGETIE pUe TAXEA ‘ERTENTE TS PTW 'YW 'wwoow]
4957 Juesetniday 30 A35aelaa] EARY 14,9880 m AT7E8e qUep 3,06000 * 2990NR S L0
LR IE “utnd maygaerond swajnboy “ENUEE pue I3 "panjumsg
‘J96T I9PNAOUINLADMN TouvIRY "9LnJE (oW PQIVEQY TEUIA UB\) SAEIBTNOUT @IOH ‘poonkia ‘'a‘n #TIP18 pIvogpavg
‘6AT998 23y
QUENSTESY Puty
pviyy
94T o2mnp q9¢6T “HuTIeed eATIw0xd *IDYETNROT RATIF6FTT
nesng ayuyg J77dapueg xo ugead sexynkes LTeesn 101992 BT “epEUR) segeyg 1Tdepuvy
pu seTRuryS Jepe) pou 0l ‘SIS -BI 1} UON Syiduarie yBcg Aeasisey PUR "QN Ty K¢ JeAD pow peTfuyE JepeD pEd
TS AT
Seusaszey SIFTIqRT wAY sotaquRapesIg sednquenpy d93NJI6 J MMM OIMITINEG J0paId

PRTRUNYS 1UMURD-BBIBEQEY J0J BTGNS 1INPOI]

'E M)



INI0 TRIGARD DWW

J06[ Weey T W IETREU] 'yd ‘swa0) ‘eyyl ‘S

*{ p-a) uDTIRYE - T IeNqEOIUY ‘g0 ‘uoylunce wey
~O8dY ©,J02m)0BOUBH “TIOASUT 0) eAfuedsy - WUINEEBI 2OQIEBA PUE PUIY * GDPOTeN~JITMOPIT] 219
3008 oTTL TOVORINY TeTIvg *kawep “elqung ‘yD ‘efaea)y ‘yeyuon FIU #30I200) *e33l

' eay3I0TINY
‘USRI Uty

EITRL a1 P ¥D ‘Ww ‘'2°@ 9f

SP6T "IORTARRY BAT1IEZIH STTTIO 3830 (1ICy JaAD puUm
neeIg a0 IFTEepwRg ‘€Impead xeqee oYW e ) ‘' wrety Eys
Pus erfutys W) poy TOTIvg M UR9TEOX 01T &y 0) FUATNAXLE NIt KjeateTed ‘UTINNIL POSH WO TINEN o1 TutLpy podM IWpes

BINN0 TRINANY

R YD) ‘equRTy

sgiy 101 kLU d ] ‘8331904 e3¥I089

"GRGl USTINROSSEY ‘wopeaT1dde Ase3 TR | )

6, 2005025000 13000 ‘WIGUM 0% Lotwplel 9800 W0 ‘o0 eperad

ToUOT3Eg ‘T@al US]YPTO "aJVE Iajr0ug "qUESSIEST PUTH ‘ BUTAYa)- usug
~Gcay &, 2010%3m3numeE) T2 aq Loy ‘UDISTIRT IEYORY Heajge LY i u«cnuu.o
fayzooy ayeqdey Tew ey *eorfluys ssvTizeqry JUNRETEB 4IFF ‘ROTR EITTALGH pue sewyiaeqry ATewdey
VOTATTRNY YayIo5

EBOUATEFOK A3T1rqaT Ny llondn!\."nmn ni'e:c:‘:

APINFOR FNAcEy)

°q03130qng 3anporg

{PWNTIR)) € OTQey



1l with a small amount of radwood or cedar

red cedar shakes and shingles
paneling. Hardbeard is the most‘conmon wood siding preduct, comprising 69
percent of the wood siding category (American Hardboard Association 1986a, Red
Cedar Shingle & Handsplit Shake Bureau 1886b, see Attachment, Jtem 4).
Hardboard is made by mixing wood fiber (90 percent) with phenolic re=in (10
perceant) and compressing them under high pressure. Usually a wood grain is
enbossed onto the board to make it resemble redwood oY ¢edar; it can also have
a stucco or shake appearance. Hardboard comes in two main sigzes: lap panals
which axe 1 foot by 16 feet and boards which are 4 by B feet. Both come in
thicknessss varying from 7/16 to 1/4 inch. Rardboard has a national market,
although in the Scuth and the SoPthwosc brick and stucco, respoctively, are
preferred (Weyerhaeusar 198€). There are gbout 10 najor manufacturers of
hardboard siding including U.S. Plywood, Stamford, CT; Weyerhaueser, Kalamath
Falls, OR; Masonite, Laurel, M5; and Cecrgla-Facific, Atlanta, CA (Weyarhaueser
1986) .

Red cedar siding shakes and shingles comprise the ramaining 31 percent cof the
wood siding catagory {American Hardboard Association 1986a, Red Cedar Shingle &
Handsplit Shake Bureasu 1986b, see Attachment, ltem 4). Over %90 percent of
cedar siding is used in the Northeast, particularly New England. Red cedar is
an affective Insulator because ita c¢ellular structure retards the passage of
heat and cold through the wood (Red Cedar Shingle & Handsplit Shake Bureau
1986b). Cedar siding is usually stained by users although the etains are
usually flammable and make the product much less flame resistant.

Vinyl siding has been one of the larpgest growing siding producta and can

especially subscicute for asbestos-cement shingles in reslidential areas. 1t

1 Shingles are cawed on both surfaces, whereas shakes have at Ieast one
split surface and thus present a rugged, irregular texture (Red Cedar Shingle
and Handsplit Shake Bureau 1986a).



competes mostly with aluminum siding. Vinyl has taken a la¥Yger share of the
siding market in the past few years, thereby reducing aluminum‘s share. Both
aluminum and vinyl siding often have & simulated wood-grain finish and are
available in several colers. On¢ pajor problem with vinyl is its tendency to
expand and contract with changes in temperature. In hot weather winyl siding
may expand and cope loose from the exterior wall. In order to minimize this
expansion problem, vinyl siding is only avalilable in light colors that do not
absorb as much heat (Alcos 1986b, Commonwealth Aluminum 1986). Major producers
of vinyl siding include Certain-Teed, Vallay Forge, PA; Vipeo Inc., Columbus,
OR; Mastic Corp., South Bend, 1IN; Wolverine, Lincolrn Park, MI; Bird Inec.,
Bardstown, KY; Alcos Building Productg, Sidney, OH; and Aleide, a divisgion of
USX Corporation (Caertain-Teed 1986),

Aluminum 13 a proven product and has been avallable for over 30 years, longer
than vinyl siding. While aluminum i¢ more tamporature resistant than vinyl, it
dente much more eagily chan other siding products (Commonwealrh Aluminum 1986,
Certain-Teed 1988). Though metal, aluminur siding resists rusting by forming a
protective oxide coating (Commonwealth Aluminum 1986). Three major producera
of aluminum siding are Alcan Aluminun in Warren, OH, Aleoa Building Products in
Sidunay, OH, and Reywnolds in Richmond, VA. Both Reynolds and Alcoa also produsce
vinyl siding.

Painted steel, stucco, masonry, brick, and concrete blocks may also be used
as siding, but they will not be significant substitutes for asbestos-éément
siding shingles (Commonwealth Aluminum 1986, Krusell and Cogley 1982, American
Hardboard Association 1986b),

2. Asbhasros:Cament Boofing Shingle Substicutes

The primary substitutes for asbestos-cemant roofing shingles are asphalt
shingles (fiberglass or organic), cedar wood shingles, aml tile {(concrete or
<lay). Asphalt shingles are the most competitive asbestosg<cement roofing

-9 -



ghingles substitute, even though they have a shorter gervice life than other
eubetirutes (National Roefing Contractor’s Association 1586). Before 1960,
wost asphaltr shingles had an organic or wood-pulp base. Today, however, 83
percent of standard strip asphalt shinglez have a fiberglass base. All agphalt
shingles are fire resistant (fiberglass-asphalt shingles have a Class A fire
rating, the highest fire rating available; organic-asphalt shingles have a
Class C fire rating, which 1s a lower rating than Class A, but still somewhat
fire resistant). Fiberglaas-asphalt have slightly less bulk and are lighter
weight than the organic-asphalt shingles (Asphalt Rooting Manutacturer's
Asgscociation 1984). Some contractor’s prefer the organic- asphalt because they
have a longer proven track record than fiberglass-asphalt shingles and some of
the very light weight and cheaper fiberglass-based shingles are very brictle;
however, many feel that this problem has been resclved by the mamufacturers
(Qualifiad Remodelexr Magazine 1986, RSI 1986a)., There are over 20 domestic
manufacturers of asphalt shingles including Owens-Gorning Fiberglas. GAF,
Georgia Pacific, and Lunday-Thagard (Owens-Corming Fiberglas 1986, Asphalt
Reofing Manufacturer s Association 1981).

Alcthough not as fire resistant, red cedar wood shingles and shakes are
pepular roofing substitutes. Cedar shingles are made in che Nerthwest and in
British Columbila, Canada by over 450 mills; howaver, some of these are
virtually one man operations (Red Cedar Shingle & Handsplit Shake Bureau 1985).
Ninety-five pexcent of Canadian production is shipped To the U.S. and accounts
for 70 percent of U.S, domestic consumption (Red Ceder Shingle & Handsplit
Shake Buresau 1986a), Red ceadar shingles and shaites are distributed across the
U.S., the highest conceitration being in Galifornia, Wash{ngton, Oregon, and
Texas (Red Cedar Shingle & Handsplit Shake Bureau 1986b). Omly 15 to 30
percent of cedar roofing shingles and shakes are fire resistant, with a fire
rating of either Class B or Cilass C. Because of the fire hazard posed by

- 10 -



non-fire resistant cedar roofing shingles, some California towns have outlawed
thefr use (RSI1 1986b, American Wood Treating 1986, Chemco 19B6a and b).
Approximately 72,000,000 squares of asphalt fiberglass and organic strip
shingles were produced in 1985 (Asphalt Roofing Manufacturer’'s Association
1986, see Attachment, Item 6).

The tile roofing market is abour the same eize as the ceday roofing market,
each of which are less than one-tenth the size of the asphalt roofing shingle
market (National Tile Roofing Manufacturars Association 1286, Red Cedar Shingle
and Handsplit Shake bureau 1986a, Asphalt Roofing Manufaecturers Asscciation
1986). Concrate comprisas 90 psrcent of the tile market and clay helds the
remaining 10 percent (Naticnal Tila Roofing Manufacturer'’s Association 198€).
Tile is used primarily In the Sunbelt -- Florida, Callformia, and the South
(Raleigh 1986, Netional Tile Roofing Manufacturer's Association 1986). 1t is
very insulative bacausa tha air space betwaen the tile and the underlayment
creates &8 heat flow barrier (National Tile Roofing Manufaccurer’'g Asscociation
(n.d.)). Tile is avajilabla in three main s=tyles: =-tifle, mission, and flat
{shakes or slate-like). There are more than 13 U.§. concrete tile
manufacturers; the largest in the U.S. and the werld iz Monier Roof Tile imn
Orange, CA (Monier 1986a, National Tile Roofing Manufacturer’'s Association
(n.d.}). The four clay roof tile marmufacturer‘s, all located near clay
deposits, are Ludowici-Celadon, New Lexington, OH,; U.5. Tile, San Valle, and
MCA iIn Corona, CA (Matlional Tile Roofing Mamufacturer’s Asgociation 1986).
Slate 1s very expensive and has a vexy small share of the roofing market, It
i2 primerily used in the Vermont end New York area, the two states vhere it is
quarried,

The cost of asbestos-cement shingles and substitute roofing and siding

products ara compared in Table 4.
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Siding. WVood siding is the most expensive ashagtos.cement siding substiturae
overall.? Asbestos-cement shingles, vinyl siding, and aluninuvm siding are
close in overall price.

The substitute market for agbestos-coement siding shinglee is divided among
wood (hardboard and cedar shakes and shingles), 40 percent; vinyl, 35 percent:
and aluminum, 25 percent (see Attachment, Items 4-5).

Roofing. Table & shows that asphalt roofing shingl'es. the most popular
substitute for asbestos-cement roofing shingles, are also the 1£asc expensive
overall, even though they have half the service life. Both tile and cedar
shingles and shake roofing are wore tham double the cost of asphalt roefing
{see Attachment, Items 1ll-14).

Tha eurrant market eshare for subsrtirtuta roofing ehingles, bascﬁ on 1985
production, is asphalt shingles (primarily asphalt-fiberglass), 8& percent,
with tile (primarily concrete) and cedar wood shingles each taking 7 percant
(see Atrarhment, Item é). Aasphalt-fiberglass shinglas has been and continues
toc be the fastest growing segment of the roofing market, while cedar roofing
shingle and shake production has declined since 1983 (Red Cedar Shingle &
Handsplit Shake Bureau l986b)..

Because the domestic asbestos-camsnt shingle market is 7?7 percent siding and
23 percent roofing (PEI 1986), the combined roofing and siding replacement
parket for asbestos-cement shinglies would probably draakdosm as follows (see

Attachoment, Itema 4-7):

Z For the asbestos regulatory cost model, in ordar to simplify the number
of inputs, wood siding and wood roofing are combined inte one wood roofimng/
giding category for which price and market share are determined (see
Attachment, Item 4-7, 11).
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Projected
Harket Share

(percent)

Wood 32
Vinyl 27
Asphalt 20
Aluminun 19
Tile _2
Total 10¢

Table & presents the data for the asbestes regularary cost model and
summarizes the findings of this analyeis.

E. Summary

Asbestosg-cement siding shingles resemble shakes or machine-grooved shingles
and asbestos-cement roofing shingles ganerally resemble eirher shakaes or slate
(Supradur 1985), They are primarily being used for replacement and maintenance
in luxury homes, schools., churches, and historical restoration projects (Atlas
1986hL, Supradur 1986a). Of three domestic producers in 1981, only one,
Supradur, remains in 1986. Production has declined 34 percent from 266,670
squares in 1981 to 176,643 squares in 1985 (ICF 1984, TSCA 1982). Only omne
company, Atlas International Building Products (AIEP) of Montreal, Quebec,
Canada is known to impoxrt asbestos-cement shingles inte the U.S. (Atlazs 198éa,
Atlas 1986c) .

There are no substitutes for asbestos-cement shingles for maintenance and
rapair applications because no subscicute productes resemble the asbeatos
product closely enough to replace it in part (National Roofing Contractor’s
Agsociation 1986, Supradur 1986b). However, there are many adequate
substitutes that can be used for complete replacement, remodeling or in new

construction. The replacement market 1s as follows: wood siding and roofing,
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32 percent; vinyl siding, 27 percent; asphalt-based roofing, 20 percent.
aluminum siding, 1% percent; and tile roefing, 2 percent, Vinyl and aluminue
stéing cost about tha same as the asbestos product. Asphalt-based roofing
shingles are abour half the cost, and tile roofing and wood siding and roofing

are 45-80 percent more expensive than asbestos-cement shingles.
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ATTACINMENT

(1Y Calculation of percent of asbestos in domestic asbestos-cement shingles,

One domestic producer has a preduction capacity of 134,800 squaraes or
12,000 tons for siding shingles and 40,000 squares or 9,500 cons for roofing
shingles (PEL 1986). This gives an saverage welght of 178 lbs./square ((12,000
tons x 2,000 1lbe./%on) /(134,800 squaras)) for giding shingles and 475
lbs. /equare ({9,300 tons x 2,000 lbs,/ton) /(40,000 gguares)) for roeofing
shingles, This yields a roofing and siding shingle weighted average welght of
246 lbs,/square ({134,B00 aquares x 178 1bs./square + 40,000 squares x 475
lbs./ square) /174 800 aquares). The domestic producer's shingles have an
average of 44 lbs. of asbestes per =quare. Thersafore, ({44 lba. of
achestos/squara) /246 lbs_ /aquare) x 100 = 17_29 percant or 18 percant asbestos
by weight in asbestos-cement domestic shingles.

From the production capactities in squares shown above, It is sstimated
that 77 percent of the asbestos-cement shingle market ls siding and 23 percent
is roofing.

(2) Calculation for fuports of asbestos-cement shinglesx.

10,416,3785 tons of asdbestos-cement flat and corrugated sheet and
ashestoa-cement shingles were ioported into the U.S5. in 1985. 81.5 percemt, or
8,489 tons, of this figure was from Canada, Atlaz International Building
Products (AIBP), the only importer of these products frowm Canada estimates that
BO percent of their imports is asbestos-cement shingles (Atlas 1986a), Ten
percent aquals 6,791 cons or 13,582,000 1bs. of =sbastos-cement shingles,

AIBF estimates that 60 percent of the asbestos-cement shingles imports
are siding and 40 percent are roofing shingles:

Siding - 0.6 x (6,791 tons) - &,075 ctons = B,150,000 1lbs.
Roofing — 0.4 x (6,791 tons) ~ 2,716 tons = 5,432,960 1bs.

AIBP’s siding end rooEing shingles weigh 153 1lbs,/square and 450
1bs. /equare, respectively.

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

52,581 squares

Roofing Shingles = (5,432,960 1lbs.)/(450 lbs./square)
= 12,073 squares

Total lmports = 6&,654 squares
This astimate may bs low becausa 1t does not include the 1B8.5 percent of
asbestos-cement products other than pipe, rubes, snd fittings imporeed from

countries other than Canada. These imports from othey -countries may possibly
include some flat asbestos-cemant shingles (U.S. Dep. Comm, 1986a, 19B6b).
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{1985 production - 1981 production/1981 production) #* 100
= (176,643 squares - 266,670 squares/266,670 squares) * 100
= -33 8% = -34%.

Domestic production has changed as follows:

{1985 production . 1%81 production/1981 production) * 100
- (176,643 gqueres - 153,603 squareg/153,603 squares) * 100
- 15%.

() alculations
siding market.
Members of the Red Cedar Shingle and Handsplit Shake bureaw produced
355,825 squares in 1985, 5Since this association accounts for only 70 percent
of the cedar shingle and shake market, 355,825/70.70, or 508,321 red cedsy
shinglee and shakes were produced in 1985 (Red Cedar Shingle and Hendsplit
Sheke Bureau 1986a and b). Thie combined with 1,128,992 squares of hardboard
siding produced in 1985 wakes for a total of 1,637,313 squares (American
Hardboard Assoclation 1986a and 1986b). ’

(508,321/1,637,313) *# 100 = 31% red cedar siding
¢1,128,992/1,637,313) * 100 « 9% hardboard siding

({S) st3 es of the projected market share for wood, wvin

i were based on estimates from the following references:
Qualified Remodelar Magazine 1986; Alcoa 19862 and b; Contractor's Guide
1986.

(6)

B 118 DRSO pXcie kst

Asphalt fiberglass and organic standard strip shingles produced in 1985
~ 71,766,672 {Asphalt Roofing Manufacturer's Association 19Béb),

Menmbars of the Red Cedar Shingle and Handsplit Shake Bureau produced
3,885,174 squares of roofing shingles and shakes in 1985, Bince this
asgociation accounts for only 70 percent of the cedar shingle and shake market,
3,885,174,/0.70, ox 5,550,249 squares of red cedar shingles and shakes for
roofing were produced in 1985 (Red Cedar Shingle and Handsplic Shake Bureazu
1986a and b).

About 6,000,000 squares of tile roofing were produced in 1985 (Natiomal
Tile Roofing NManufacturer’s Association 1986).

This makes & total of 83,316,92) squares consisting of 86.1 percent
asphalt shingles, 6.7 percent wood, and 7.2 percent tile,
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{7 Calculation of total replacement market shares.

The following calculations are based on the fact that 77 perceant of the
asbestos-cement shingle market 1is =iding, and 23 percent is reoofing (PEI 19E6).
Woed reoofing 6.7% (0.23) +

and gsiding 40.08 (0.77) = 32, 343 = 32%
Vinyl 35.08 (0.77) = 26.95% = 27%
Asphalt 86.18 (0.23) = 19 _80% = 208
Aluminum 25.0e {(0.77) = 19.252 = 19%
Tile 7.28 (0.23) = 1.66z = 2%

(B)

Tha asbestos-cament shingle F.0.B, plant ¢ogt {s based on Supradur'’s
average price according to an ICF gurvay (ICF 1986). The asbestos-cemerit
shingle installation cost is & weighted average for 325 1b,./square snd S00
1b. /square rocfing shingles and 167 1b./square siding shingles (Mecans 1986a).

Rocfing asbtescos-cement shingle cost
325 1b. $40/8quara
Average $56_50

$iding eshestos-cement shingle cost $46/square for 167 1lb./square (Means
198¢6).

Because 77 percent of asbestos-cement shingle market is eiding and 23
porcent voofing,

(56 .50/aquare * 0.23) + (546/aquare * 0.77) = $48.42
= $48 for installation of asbestos-cement shingles,

(9) Cost of vinyl siding.

The F.0.B. plant cost for vinyl =ilding is based on the following
references: Alcoa 1986a and b; Certain-Teed 1986.

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

(10> <Cogt of aluninum siding.

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

The installation cost for alumirum siding is the same as for PVC siding
(Amerjican Home Iaprovement 1986; Wages and Evans 1986; Johnny B. Quick 1986).
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{11) wood

To determine the cost of wood siding and roofing, costs are first
derived separataly for wood siding alene and weod roofing alene. These costs
are than pultiplied by their share of the asbeztos-cement shingle replacement
markat to give a weighted average cost for wood roofing and siding.

{a) Lost of wood sidipg.

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

Since the €9 percent of the wood siding replacement market for
asbestos-cenent shingles is hardboard and 31 percent is cedar shakes and
shingles {(see previcus calculations)}, the average cost for all wood siding will
be

{$80/square x 0,31) + ($40/square x 0.69) -~
$52.40/8quare for wood siding

The installaction costs for cedar wood siding shingles and shakes are
averapged from Means 1986.

16" leng with 7-1/2" exposure = $78/square
18" long with 7-1/2" exposure = §71/square
8" long with 8-1/2" exposure = $B0/square

Average of these three » $76.33 or $76/square

The installation costs for hardboard siding was estimated to be double
that for aluminum and PVC, or $126/square. Even {f this estimate is a bit
high, ic will include the cost for painting that hardboard siding requires
(Apericau Home Improvement 1986, Moon Sidings 1986, Nationel Home Improvement

Co. 1986),

The weighted average cost for all wood siding is based on 69 percent of
the replacement market being hardboard and 21 percent cedar siding (see
previous calculations).

($126/aquare x 0.69) + ($76/8quare X 0.31) = $110.50 or $lll/equare
ie the average installation cost for wood siding.

The operationel life for wood siding ls determined by taking a weighted
average of thet Ior hardboard and for cedar wood.

Hardboard life = 25 years (Amevricen Bardboard Associlation 1983,
Weyerhaeuser 1986).

Cadar lifa = 40 vaars (ICF 1985).

(40 years x 0.31) + (25 years x 0.69) = 29.85 years = 30 years
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(b) Cost of wood yeofing.

The average estimated F.G.B. plant cost for non-fire treated cedar
roofing shingles is $68/square (American Uood Treating 1986, RSI 1986, Chemco
1986a).

The installation cost is an average of 16™ and 18" roofing shingles.

16" = $64/square
18" « S$538 /square
Average = $61/square

(e) Cost of wood siding and roofing
The vood roofing mavket represents l.54 percenc of the sntire
asbestog-cement ghingle replacement market. The wood siding market represents
30.20 percent of the entire asbestos-cement shingle replacement market for a
total market share of 32 34 percent for wood (see previous market share
calculations). Therefore, Toofing is ((1.54/32.34) x 100), or 4.8 percent of
the vood replacement market and siding is ((30.80/32.34) % 100), or 95.2
percent of the wood replacement market.
Thus the weighted average F.0.B. plant cost for wood is:
(§52/square x (.952) 4+ ($68 x 0.048) = §52.77/3quare = §53/square
The weighted average cost for installation of wood roofing and siding is:
(S$1llli/square x 0.952) + ($6l/square + 0.048) = $108.680 = $109/2quare

The total cost for wood is:

$52.77 + $108.60 = $161.37/square or
($163/aquare x 0.952) + ($129/equare x 0.048) = $167.37/square

The average weighted cperating life for wood roofing and siding is:

(30 years x 0.952) + (40 years x 0.043) = 30.48 years = 30 years

(12) Gost for asphalt standard gexip shingles.

The F.0.B. plant cost for asphalt shingles is a weighted average of
asphalt fiberglass, 83 percent, and asphalt organic, 1?7 percent, shingles
{Asphalt Roocfing Mamufacturar’'s Assoclation 1986},

Average price for fiberglass shingles = $18.50/square (Owens-Corning
1986).

Average for erganic shingles - $20/square (Owens-Corning 1986).

{$18.50/square x 0.83) = {($20/square x 0.17) - $18.75
= $19/square is the cost for asphalt shingles.

Installatjon cost is also a weighted average of standard strip organic,
235-240 1b. /square, and fiberglass, 210-235 1lb,/square shingles.
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Instellation cost for fiberglass = $30/square (Means 1986)
Instellation cost for organie = §27/2quare (Means 1986)

($30/square x 0.83) + (527/square »x 0.17) - §29.50
= §30/square is the average cest for installation of
aspbalt ehingles,

(13) cost of roofing rile.

The tile market is sbout 10 percent cley tile and 90 percent concrete
tile (National Tlle Roofing Manufacturer’'s Assocletion 1986).

The F.0.3B. plhut cost for clay tile is an average of four compaumies, San
Valle, U.S. Tile, MCA, and Ludowici-Celadon’s prices for Mission, §, and Flat
tile. S-tile was weighted 65 percent while the Mission and Flac were each
weighced 17.5 percent. Ludovici’s average price was weighted 30 percent,
while the other three companies vere sach weighted 23.33 percent (U.S5. Tile
1986, MCA 1986, San Valle 1986, Ludowici-Celadon 1986). This gave a clay tile
price of $134/square.

((0.30 (0.65 * 250.00 + 0.175 * 310.00 + 0.175 * 310.00)) +
{0.233 (0.65 *« 70,40 + 0.175 * 97,20 + 0,175 x 114.75)) +
(0.233 (0.65 » 55.00 4+ ©0.175 * 106.00 + 0.175 * 106.00)) +
{0.233 (0.65 % 58.50 + 0.175 * 90.40 + 0.175 * 100.57))).

The national average F.0.B. plant cost for concrete tile is $55/square
(Monier Roofing Tile Company 1986a and b).

Using the above tile market gharaeg an average weighrtad price waz derived:
{355/square x 0.90) + ($134/2quare x 0.10) = $62.90 = $63/square for tile
roofing, F.0.B. plant.

Instellation cost for clay was based on an avarage of S and Mission tile:
Mission = $84/square (Means 1986)
$§-Tile = $130/square (Means 1986)

Avergge cost = §$107 for clay tile installation

Installation for concrete tile is based on the S8-tile and corrugated tile
- £110/8quare (Msans 1986).

Total installation cogt for tile, concrete (90 percent) and clay (10
percent), is: (S1ll0/mquaze x 0.90) + ($107/square x 0.10) = $109.7 =
$110/square .

(14) Present value calculations for substitutes.

Na = 11fe of asbestos product
Nb = life of substitute product

TC = total cost of product
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PV = TC x (a/b) x (b-1)/(a-1)

(I.OS)N;
(1.05)N

e

H_ e 40 yea
- (1.05)£6 - 7.0400

L1

(a) ¥inyl siding

TC = §l11l3/square

N, = 50 yea
B 2 01,0550 = 12,4674

PV = $113 square x (10.467&/7,0400) x (7.0400 - 1)/(11.6674 - 1)
- §106.21 = $106/aquare
() Alunlpun siding
TC = $5128/aquare
N = 30 yeags
B - (1.05)°% ~ 11.4674

BV = $128 square x (l1.4674/7.0400) x (7.0400 - 1)/{11.6674 - 1)
= $120.31 - $120/square

{(c) ¥ood siding

TC = $163/square
N, — 30 yea
B - (1.05970 - 4.3219

PY = $§163 =square x (4.3219/7.0400) x (7.0400 - 1)/(4.3219 - 1)
= $181.95 = $182/square

(d) Hagpd zoofing
Na-Nb
Therefore FV = TC

(e) Xood siding and rogfing
TC = $162/s8quare

N = 30 yea
B - <1.05)SB - 4.3219

= 40 years

PV » $162 square x (&.3219/7.0400) x (7.0400 - 1)/(4.3219 - 1)
~ $180.83 = 3181/square

{£) Asphalit xoofing

TC = §49/square

N = 20 yea
B - 11058 _ 2 g533



PV = $49 square x (2,6533/7,0400) x (7.0400 - 1)/(2.56533 - 1}
- $67.47 = $67/square

(g) Iile ropfing

TC =« $173/square

N, = 50 yesa
E - (1.05)Sa = 11 4674

3
'

$173 square x {(11.6674/7.0400) % (7.06400 - 1)/(ll.4674 - 1)
$l62.61 - $162/square

od:

Tone of asbestos uged per umit of oucput

= 3,893 tone/176,643 squares
= 0.0220 tons/square

(Domestic production + Imports)/Domestic production

(176,643 squares + 64,654 squares)/ (176,643 squares) = 1. 37
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XVIII. DRI BRAKE LININGS

A. Product Degcription

Most new light and medium vehicles, f.e.. passengar cars and Light trucks,
are equipped with drum brakes on the rear wheels {and diec brakes on the
front). A drum brake consiztes of & metal drum within which there are tvwo
curved wetal "shoes,” lined on the outside with molded friction materisal,
called drum brake linings. When the dbrakes are applied, the curved shoes are
pressed ocut against a matal drum that is connected to the wheels of the
vahicle. The pressure of the shoes against the drum ctops the turning of the
wheals. There are two drum linings (one for each brake shoa) for sach wvhasl
{GM 1986a, ICF 1985).

In light and medium vehicles, the lining segments are usuwally a third of
an inch thick or less. In heavy vehlcles (i.e., heavy trucks and off-read
vehicles), the segments are at least three-quarters of an inch thick and are
called brake blocke, instead of drum brake lininge (Allled Automotive 1986).

Asbestog-baged drum brakas linings conrtain spproximarely 0.38 1be. 1l of
asbestos fiber per lining on averagae (ICF 1986a). Ashestos is used because of
fts thermz]l stability, reinforcing properties, £flexibiliry, resistance to
woar, and relatively low cost (Krusell and Cogley 1982).

The primary production process for drum brake linings is a wet-mix process
in which asbestos is combined wiﬁh resins, fillers, and othex product
modifiers and the mixture is then extruded into flat, pliable sheets. The
sheets are cut, formed into a curved shape, and then molded for 4 to 8 hours
under moderate heat and pressure. After grinding, the linings are bonded

(glued) or riveted to the brake shoe (ICF 19285). While bonded brake linings

l see Attachment, Ttem 1.
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have greater frictional surface area, rivered linings are quietey (Allied
Automotive 1986).

Secondary procesging of drum linings may be of several types. Some
precessors install new brake linings into brake assemblies for wvehicles,
Others rapackage linings for sale as replacement parts in the aftermarket.
Neither of these secondary processes involve grinding, drilling, or any otherx
treatment of the brake linings that is performed by the primary precessors.
Another distinet type of secondary processing is automotive rebuilding,
Rebuilders racaive used, worn brake linings attached to the shoes. The old
linings are removed from thes sheoes, the shoes srs cleaned by sbrascion, and new
linings are attached, The rebuilt shoes with linings are then packaged and
sold for the aftermarket (ICF 1985, Krusell and Cogley 1982),

B. Prodycerg and Imporxters of D Brake Linings

Table 1 liscs the thirtsen primary processors of drum brake limings in
1985. All produced an asbestos-based product. Nine of the processors elso
produced substitutes (ICF 1986a}.

Changes in primery processors from 198l te 1985 include Friction Division
Product’s purchase of Thiokel's Trenten, NJ, plant and Brake System Inc.'s
purchase of cne ¢f Raymark's Stratford, C7, plants (Fricticn Division Products
1986; Brake Eyatem=s ]9868). Brassbesteos of Paterson, NJ, went out of business
in Aupust, 1985 (ICF 1986ée2) and H.K. Porter of Huntington, IN, discontimued
production of drum brake linings in 1986 (PEI Associates 1986). Thus, eleven
companies continuve te preoduce azbestos drum brake linings.

Teble 2 lists the five cﬁrrenc secondary prccessors of drum brake linings.
The Standard Motor Products plant was formerly ocwmed by the BIS division of
Parker-Hannifan (ICF 1986a). At Echlin'’'s Dallas, TX, plant, which was

formerly owned by Raymark, linings are attached to brake shoes without any
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additicnal processing (Brake Systems 1986). Similarly, Wagner installz brake
linings with no additional processing (Wagner 1986a).

Teble 3 lists the twenty-one importere of asbestos-based drum brake
linings.

C. Ixends

Table 4 gives ths preduccfon of asbestos-baced drum brake linings snd the
corresponding consumprion of asbestos fiber. TFrom 1981 ro 1985 chere was a
1%_6 percent decline in production of asbestos drum brake tinings. This is
probably due to substitution of asbestos in the OEM, and the fact that certafn
luxury and high-performance carxs, that currently accounc for roughly S percent
of OFM light/medium vehicles, are now squippad with four disc brakes (e.g.,
Cadillac Seville and El Deorado, Coxvette, Pontiac S8TE and Fiero, and
high-perfermance Cemaros and Fivebirds) (CM 1986a).2

In addition, it should be noted that some luzury imports, e.g., MHercedes,
BMW, and Sasb, use disc brakes on all four wheels (GM 1986a, Saab-8cania of
America 1986). New Saab cars, in fact, use non-asbestos semi-metallic disc
brake pads on sll four wheels (Saab-Scania of Americe 1986). Information was
not availeble on whether all four diac brakes in Mercedes and BMW cars were
also non-asbestos-based. Nonetheless, the greet majority of imported vehicles
are stil]l aquipped with asbes=tos-based rear drue brakes (Ford 1986a, Abex
1986, MIT 1986). .

Producers and purcheasers of drum brake linings indicaced that as of the
1986 mode]l year, asbescos linings still account for %0-25 percent of the
original equipﬁcnt market {(OEM) and virtually 100 percent c¢f the afterwarket
(GM 1986a, GM 19B6c, Chrysler 1986, Allied Auromotive 1986, Wagner 1986b, Ford

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

2 pisc brekes are & higher-performance brake. Applicacions of drum and
disc brakes are discussed in further detajil later in this section.

-5 -



{ICF 1986a). Wagner installs eshestosz and non-asbestas brake pads with no
additional processing {Wagnar 1986a}.

Table 3 lisgts the 1981 and 1985 importexs of asbestos-based digc brake
pads.

€. Izends

Table 4 gives the production of asbestos-based disec brake pads (light/
medium vehicles) and the corresponding consumption of asbestos £iber. The
percent change in production and fiber consumption from 1981 to 1985 are -30.2
percent and ~25.3 percent, respectivaly,

1t should be noted that some Juxury import cars are now equipped with four
semi-metallic disc brakes (Allied Automotive 198€6). Saab is one such example
{Saab+Scania of America 1986): However, the great majoricy of imported cars
%11l have asbestos-based rear druo brakes (Ford 1986&., Abex 1986, MIT 1086).

A survey of producers. purchasers, and other sources revealed that
currently asbestos probably holds no mere than 15 percent of the QEM for disc
brake pads {(llght/medium vehicles) (ICF 1986a, GM 1986a, Ford 1986b, Chryeler
1986, Chilton's Motor Age 1986, Allied Automotive 1986, DuPont 1986).4 The
share, however, is significantly bigher for che afcermarket, though probably
not a majority (GM 1986a).°

Allfed Automotive stated that by 1980 agbestos would be Teplaced by nearly
100 percent in the OEM (Allied Automotive 1986), One eourca statad chat by
1690, %0 percent of OEM light/medium vehicles are projected to be front-wvheel
drive, requiring semi-metallic disc brakes in the front (Chilton's Motor Age
1986). Given the above two projections and the current trends of GM, Ford,

and Chrysler, it is clear that by 1990 asbestos-based pads will be almost

4 See Attachment, Item 2.

5 See Attachment, Item 2.



Table 4. Production and Fiber Consumption feor
Asberstos-Bagad Drum Brake Linings

1981 1685 References

Production (plecexs) 160,470,368 129,0&2.5?8a ICF 1986a, TSCA 1%82a

Asbestos Fibexr 23,878.0 24,691.8° ICF 1986a, TSCA 1982a
Consumption (tomns)

a Abex, Allied Automotive (both plants), Brake Systems, and Brasabestos
did neot provide production Information. Brassbestos went out of
business In August, 1985; it i3 essumed that they produced astestos-
based drum brake linings in 1985 (ICF 198€6a). Production was estimated
for these four companies using a method described in the Appendix A of
this RIa.

b Abex, Allied Automotive {(both plants), Brake Systemse, and Brassbestos
did not provide fiber consumption informaticn. Brassbestos went out of
business in August, 1965; however, it iz assumed that they consumed
asbegstos fibex foxr the production of asbestos-based drum brake linings
in 1985 (ICF 1986a). Fiber consumption for these four companies was
estimated using & method described in Appendix A of this RIA.



becn developed for many, if not most, OEM drum brake lining applicatioms (Abex
1986, GM 1986¢, Ford 19863).3 A report by the American Seociety of Mechanical
Engineers concluded that automobile and most trucks eould have completely non-
asbestos friction systems by 1992 (ASME 1987). Producers and users stated
that time is required to gear up commercial production of the substitute
linings, redesign brake systems to accommodate the particular cocfficient of
friction of the substitute material (where required), and to conduct field
tests in order to gain the acceptance of lining producers, vehicle and brake
system manufacturers, and consumers (GM 19B86c, Ford 1386a, Abex 1986).

With the exception of Allied Automotive and Abex, producers are epparently
not yet producing substitute drum brake linings in sizeable quantities (ICF
1986a) .4 Estimates for the time required to develop adequate production
capacity for substitutes were not available; however, this time period is
likely to be linked to vehicle manufacturexrs’ approval of new substituces.

Unlike disc hrakaes pads, in which a superior subhstitute has been available
for the last fifreaen yaars (1.e., sexni-metallic pads), non-asbestes drum brake
1inings are relatively new (Abex 1986, Ford 1986a). Both producers and users
of brake linings are highly averse to the risk cthat could be associsasted with
the use of new materials. The risk is magnifled, furthermore. when & major

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

3 Representatives from Ford and GM agreed there wers adequate substitutes
for many light/medium vehicle applications {cars and light trucks), but there
were problems with finding good substitutes for lerge cars and medium-zized
trucks (e.g., 2 1/2-ten delivery trucks) (Foxrd 1986a. GM 1986c). A
representative from Abex, however, firwly belleved that adeguate substitutes
have been developed for all drum braeke lining applicetions (Abax 19867,

4 pAg indicarad earlfer, Allied Auromorive estfmates that 18 percent of
ics 1986 drum brake lining production will be non-agbagtos (Allfied Avtomotfve
1386). Abex did not provide an estimate of the current share of its OEM drum
brake linings that are non-asbegtos, but did indicate that a significant
percentage was non-asbastos (Abax 1986).



1966a, GM 1986c, Allied Automotive 1986, Wagner 1986b).5 This risk translates
inte stringent and lemgthy testing processes required by both government and
automobile and brake lining mamwfacturers before acceptance of new fristion
materials and brake systems.

Sufficlient laboratory and vehicle testing has been conducted for the
substitute drum brske linings in order to certify that they comply with
federal performance and safety regulations (Abex 1986, Ford 1986a, Cﬁ 1986c) .8
Howevar, vehicle manufacturers alsc require, on average, a total of ons
million miles of field testing in a variety of geographic lecations, &nd under
a varicty of road conditions, before & new brake lining material or braks
system design will be f{ncorporated into OEM vehicles. Brake lining producers
and vehicle manufaccurers agreed thet this field testing has only begun (Abex
198€6, Pord 198¢a, GM 1986¢).

According to Ford, a potentisl alternative for asbestos in drun brake
linings wouid be te make light/medium vehicles with four non-asbestos

(seai-metallic) disc brakes (Foxrd 1986&).7 However, brake lining producers

5 Producers and users stated that there are two general types of
substitute linings -- those that raquire only miner modifications of brake
systems ond those that require major modifications or totel brake systen
redesigns (Ford 1986a, Abex 1986).

6 Compliance with federal performence and safaty regulations -- Pederal
Motor Vehicle Safety Standards (FMVSS) 105, 121, and the proposed 135 -- can
be certified at the testing facllicies of OEM brake 1lining producers. At
these facilities, producers always employ, at a ninlpun, dineamometer testing
(recognized In the industry to be the most reliable and accuréte laboratery
testing method) and vehicle testing in 8 controlled enviromment (f.e., race
track) (Abex 1986, Forxd 1986a, GM 1986¢c).

7 Semi-metallic disc brakes are already used eon the front wheels of 85
percent of all new light/medium vehicles (Allied Automotive 198€), and certain
domestic luxury and hipgh-performance cars are now equipped with four
non-ashestaos disc brakes (GN 1986a). Disc brakes, particularly semi-.metallic
disc breakes, have higher performance than drum brakes bacauze they have longer
gervice life and are generally betcer at removing heat quickly (GM 1986a).
Perhaps even more important for autcmakers, disc brakes have & very sctrong
marketing advantage: disc brakes make cars sell. They are an important
selling poinc with consumers {Ford 1986a, GM 19B8€a, Abex 1986).

-9 .



and vehicle manufacturers agreed that there currently is not a significant
trend towards four disc brakes in light/medium vehicles, nor is there likely
to be in the near future, because of importamt performance and economic
factors (Ahex 1986, GM 1986a, GM 19B6c, GMI 1986, Ford 198&a). First drum
brakes make suparior parking brakes (GM 1986a, Ford 198€as, Abex 1986).8 Disc
brakes, furthermecre, reduce fuel economy bvecause of "parasitic drag" and are
much higher in cost than drum brakes because of the mechanical system required
for disc brakes (Ford 1986a, GM 1986a). Bacause drun brakes are significantly
cheaper and are a lower performance brake, they are uesed for the raar wheelz,
with disc brekes in the front, in the vast majority of the light/medium
vehicle OEM (95 percent) (GM 19863).9 In most light/medium vehicles,
particularly those with front-wheel drive, there is significantly lezs brake
load or brake force in the rear than iu the front.lo Therefore, the cheaper
lower-performance drum brakes are used in the rear since the rear brakes do
not have to do wuch work (GN 1986&).11 A final key factor that would stall a
significant switch-over to four-disc-brake cars is the enormout equipment
radegign that would be required (GMI1 1986). Therefore, for the
above-mentioned reasonz, drum brake linings, at least in the near future, will
contimswe to be produced for the light/medium vehicle OEM atr roughly a 1l:1

ratio with disc brakes.

8 The parking brake either utilizes the existing rear drxum brakes
(sexrvice brakes), is a separate rear drum brake, or i{s a separate front disc
brake (fromt parking brake) (GM 1986a).

9 The remaining 5 percent are the luxury and high performance cars
equipped with four disc brakes (GM 198éa).

10 1n front-wheel drive care, the brake load {s 85 percent in the front
and in rear-wheel drive cars, about 70 percont of the load {5 in the front
(Ford 1986a, Design News 1584),

1l In mose cars, in fact, rear drum brakee would have the sane sexrvica
life as rear disc brakes because of the iight brake load (GM 1986a).

- 10 -



D. Subsritutes

As indicated sarlier, primary processors and vehicle manufacturers agree
that accepcable drum brake lining formulatlons have been developed fcr meny,
if not wost, drum brake liuning applications. Although these substitutes do
not have the same performance characteristics as asbestos-based linings (no
substitute currently provides all the advantages that asbestos linings do),
they are "accaeptable" from the standpoint of vehicle drivers: drivars will
accept changes iu performance, as long as there are no "surprises" vhile
driving that reduce safety (Abex 1986, Ford 1986a, GM 1986¢, MIT 1§ee).
Non-ashestos organice (NaOg) are acceptable substitutes that have been
develcped for the CEM. Lining producers and vehicle manufacturers agree that
NAQs would take the majoricty ¢f the asbescos-based COEM in the event of & ban
(GM 1986c. Abex 1986, Ford 1986a, Carlisle 1986).

NAG drum brake lining foermulations, Iin general, include the followfng:
fiberglass and/or Kevlar(R). mineral fibers,12 occasionally some steel wool,
and fillers and resins (Ford 1986a). Fiberglass and Kevlar(R), however,
usually account for only & small percentage of the total formulation. For
exagple, a representative from Ford stated that the optimal level of Kevlar(R)
in drum brake lining formulations is uwsually about 3 percent by weight (Ford
1986a). Thuz, labelling sudbstitute drum brake linings as Kevlar(B)-based or
fiberglass-based (producere tend to do this for marketing reasons) 1is
misleading (Abex 1986, Ford 19B6a, GM 1986c).

Cf the thirtsen primary processors of drum brake linings in 1985, at least
eight currently produce NAD linings. These firmes are: Allied Automotive,

General Motors Inland Division, Abhex, Nuturn, Virginfia Friction Products,

12 Mineral fibers commonly used by producers include: wollastenite,
phosphate fiber, aluminum silicate fiber, Franklin fiber, mineral wool, and
PMF (processed mineral fibexr) (ICF 1966a).

- 1l -



chrysler, Carligle, and Brake Syscems Ine, (ICF 1986a). Although, the
producers did not reveal the exact formulations of their NAO linings. they
provided partial lists of the ingrediencs in their mixctures (ICF 1986éa).

Five of The primary processors also produce a semi-metallic drum brake
lining. Thege firme are: abex, Allied Automotive, Carlisle, General Motors
Inland Division, and H.K. Porter (Abex 1986, Allied Actomotive 19B&, ICF
1986a) . Lining producers and Vvebicle manufacturers generally agree, however,
that there are serious producrion and performance prodlems wich zemi-metallic
drum dbrake linings (Abex 1986, GM 1986c, Ford 1986a, Carlisle 1986). H.K.
Porter, in fact, discontinued its scmi-metalllc (and asbestos) drum brake
lining operations in 1986 the firm stared chat ir was unablse cvoe find adaguare
substitute lininpe {PEI Associates 1986). Representatives from Abexz and Ford
scated that semi-metallics are very difficult to process into the required
thin arc-shaped lining segments and are, thus, very prone to crack (Abex 1985,
Ford 1986;),13 These represenrarives algo srarted thera wara unaccaptable
performance problemg, including ®*morning sickness,* which involves moisgture
getting into the lining evernight, rendering the product useless until it
heats up and dries out (Abex 1986, Ford 1986a). For the above reasons, lining
producers and vehicle manufacturers agreed that semi-meteallics would mot take
much of a share of the asbastos-baced OEM in the event of a ban (Abex 1986, GM
1986¢, Ford 1986a, Carlisle 1986).

Primary processors and vehicle manufacturers agree that there iz adequate
dynancmeter and vehicle-tasting capaclity among the OEM praducerz to develop
substitutes for the remaining OEM drum brake lining applications, i.e.

medium-sized trucks with four-drum-brake systems. The difficulty in

13 Semi-metallics can, hovever, be successfully manufactured for very
beavy brake block applications, where the arc of the segments is much wider
than in drum brake linings (because of the larger drum) and the segments are
congiderably thicker (Abex 1986).

- 12 -



developing acceptable substitute linings for medium-sized trucks results from
the more severe braking reguirements for the rear drum brakes of these
vehicles than for the majority of light/medium vehicles and the fact that the
drum brake linings for medium-sized trucks must be riveted, net bonded, te the
braka shee. Thus, an acceptable substitute lining must have structural
strength arocund the rivet area (Batelle 1987), Nevertheless, given enough
time substitute linings for medium-sized trucks wili be develaped,
particularly since brake systems can always be redesigned by including sexvo
mechanical systems to amplify or modify the braking ebility of a particular
substitute lining in order to achieve the desired performance (Ford 1986a,
Abex 1986, GM 1986¢, MIT 1986).

Replacement of asbestos-based drum brake linings in the aftermarket,
however, may be much more difficule. Most asbestos-based drum breke linings
producers and aute panufacturers agree that brake systems designed for
asbestos linings should continue to use asbestos linings. The parties
maintain a position that substitute lining formulations that were designed for
the OEM, when used to replace worn asbestos linings, do not perform as well &s
asbescos, and could jeopard;ze brake safety (Allied Automotive 1986, GM 198¢€b,
GM 1986c, Wagner 1986b, Ford 198&a, Ford 1986b). Abex, however, indicated
that 1t i3 selling its OEM non-asbestos organic <drum brske linings for the
aftermarkat and reports that they are performing well (Abex‘1986).

In‘gemul there are three important reasons for little or no development
of subscicuce formulations engineered for aftearmarket brake systems designed
for asbestos:

s Considerable teclhnical difficulties with developing

adeguate substitutes for a system designed specifically for
asbestos;

'130



e No federal safet{ and performance standerds for brakes for
the aftermarket; % and,

» High cost of producing and testing =zubstitute formulations
(Ford 1986a, Wagner 1986b, Abex 1986}.

Aftermarkat producers, sxcept for those who alsc produce for the OEM, are
generally small and almost totally lecking in testing egquipmenc (Ford 1986a).
Two firms stated thac if some of these firms deveted substantial resources to
testing and research and development, they would be out of business (Ford
1986a, Abex 1986)., As long as there are asbestos drum brakes sold in the
aftermarket, there will be little, if any, economic incentive to develop
recrofit substitutes (LEJ Space Center 1988). However, even with & ban on
asbestos linings for the afrermarket, the cost of substitutes designed for the
afrermarket are likely ro be ﬁkohibitive, given the technical difffcultfies
(LB Space Center 1986&).

Table 5 provides the data for the regulatory c¢ost model. The substicute
linings in the table are an NAQ lining produced by Abex and a semi-metallic
lining wade by General Motors Inland Division. It 18 assumed that
semi-metallic drum brake linings will account for a negligible share of che
market. MNote that the equivalent price of the WAO lining given in Table 5 s
close to the asbestes lining price decause of the longer service life.

E. sSuopary ’

Azbestos drim brakes are found on the rear wheals of mosrt new light and
medium vehicles, i.e., paszenger cars and light trucks {GH 198&a). Thirteen
companies producad asbeszstos drum brake lininga Iin 1985 and by the and of 198é
only eleven continued to produce the asbestos product (ICF 1986a, PRI
Associates 1986). In 1985, these producers comnsumed 24,.691.8 tons of asbestoa

to produce 129,042,578 asbestos drum brake linings. Between 1981 and 1985,

14 By contrast, OEM bralkes must meef federal regulatory standerdg --
FMVSS 105 and 121 (and, in the future, the proposed 13S).

. 14 -
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production of the asbestos linings declined 1%.6 percent (ICF 1986a).

tHowever, asbastos linings still accounted for 90.95 percent of the OEM and
virtually 100 percent of the aftermarket (GM 1966a, CM 1986c, Chrysler 1986,
Allied Autcmotive 1986, Wagner 1986b, Ford 1966a). Acceptable substitutes
have besn develcped for many, 1f net most, drum brake lining aspplicacions.

For the OEM, NAOs arse expected tc take 99 percent and semi-metallices 1 percent
of the asbestos drum brake lining market if asbestos were not available. HAOQs
cost the same as asbestos linings, while semi-metallics cost 73 percent more
than the asbestos-based produce. Developing adequate substitutes for the
aftermarket will be difficult due to technical difficuvicies and economic

factors.



ATT NT

The asbestos fiber comtent per lining was calcoulated by Jdividing the 1985
asbestes fiber consumption for drum brake linings by the 1985 preduction
of drum brake lininge for producers for which beth fiber consumption end
producction data were available: 24,.691.8 vons (49,383,600 1lbs.) divided by
129,042 578 piecas, or 0.38 lhs par piece.

A large producer of asbestos-based drum brake linings in 1981, stated that
the share held by asbestos in its OEM linings was 97 percent in 1983, 96
percent in 1%84, 91 percent in 1%8S, and is estimated to be 82 percent in
1986. One automobile wanufacturer stated that currently 95 percent of its
OEM drun brake linings were asbestos-based (GM 1986a). A second
autonobile manufacturer scated that currently 98.5 percent of its OEM
linings were asbestos-based (Chrysler 1986). On the basis of these
figures, it is assumed that asbestos holds roughly 90-95 percent of the
OEN for drum brake linings. Two major producers of brake systems for the
autonobile and truck aftermarkets stated that 100 percent of the
afrtermarket was still asbestos-based,

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

The consumption production ratic was calculated using 19,580,493 pleces as
the value for the 1985 V.S. iomports. (Total 1985 production is
129,042,078 pleces.) This value, however, only includes importe for the
firms who provided 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 asbesctos
product was assumed to be the same as that reported im 1984 in Appendix A
(ICF 1985). The two substitute lining prices were calculated by
increaging the weighted average asbestos product price by what Abex and
GM, respectively, reported &s the percentsge price increase for their
substitute product over thelr asgbestos product, One company indicated
that its KAO lining cost 25 percent more than its asbestos-based 1lining;
enother company stated lts semi-metalllc lining was approximsately 73
percent higher than its asbsstos lining. While the first company did not
indicate the service life of its NAD lining compared to ite asbestos
product, another manufacturer of NAQ drum brake linings, reported that NAO
linings had che same or up to 50 percent longer service 1life. Thus, a
service life increase of 25 percent over the life of the asbaestos product
(that was given in Appendix H) 1£ used in Table 5. 1t wes not clear
whether cenf-metallic linings had longer or shortaey sarvice life than
asbestos linings; therefore, the same service 1ife ae the asbestos product
is used.
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