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-1- ROOFI NG MEMBRANES This invention relates to nenbranes adapted for the ‘

wat er proofi ng and sealing of substrate structures, particularly in roofing

applications. Mre.particularly, this invention relates to wat er pr.oof i ng

nenbrane | ami nat es’ adapted to have inproved di nensional stability and o
Mt 5 m ni mal adverse physical change in their |lamnar structure

u the conditions of high tenperature normally encountnggg roof t

e qﬁ% nment. Fl exible sheet-like |am nates of support f||P ggpga Qf”

selN—adhesi ve bitum nous waterproofing |ayers pre-formed in the factory

have been 10 successfully enployed in roofing applications as-substitutes

for the. nore conventional -waterproofing nmenbranes which are constructed at

the job site by plying together one or nore |layers of bitunen-saturated

paper or felt and bitum nous adhesives. The pre-forned, self-adhesive

| am nat e- nenbr anes of fer many advantages including factory controlled 15

preparation, avoi dance of heating equi pnent and handling of hot naterials

at the job site, as well as nany y performance advantages. Flexible

pre-forned | am nates of the aforenentloned type and their use to form

wat er proofing layers in various kinds of building structures are descri bed

for exanple in U S. PatBRPEING MEMBRANES; 3 853, 682; 20 and 3,900, 102

to John Hurst. Such patents describe in particular t he preparation of

flexible Ian;}.ﬁé; g’?‘ﬁ% p‘{qa:% %]30 g’g r%n%? t%d féro hg—xagglrgr&fl.gger of a

pol ymeric or
\_/ and sealing of substrate structures, particularly in roofing applications.

More.particularly, this invention relates to waterproofing membrane
laminates adapted to have improved dimensional stability and to exhibit
5 minimal adverse physical change in th__e'ir laminér structure under thé
conditions of high temperature normally encountered in a roof top
environment, _
Flexible sheet-like laminates of support films and self-adhesive
bituminous waterproofing layers pre-formed in the factory have been
10 successfully employed in roofing app!iéations as substitutes for the more
conventional waterproofing' membranes which are constructed at the job
\/ - site by plying together one or more layers of bitumep-satqrated paper L
or fe!t'and bituminous adhesives. The pre-formed, self-adhesive
laminate-membranes offer many advantages including factory cbntrolled
15 preparation, avoidance of heating equipment and handling of hot
materials at the job site, as well as many perforinance advantages.
| Flexible pre-formed laminates of the aforementioned type and their
use to form waterproofing layers in various kinds of building structures
are described for example in U, S. Patent Nos. 3,741,856; 3,853,682;
20 and 3,900,102 to John Hurst. Such patents describe in particular the
preparation of flexible laminates containing a support material, for

example a layer of a polymeric or metallic film, and a layer of



-2- sel f-adhesive or pressure-sensitive adhesive, bitunen-elastoner

wat er proof i ng conposition. As discussed In particular In U S. Patent
35900, 102, such' | am nates may |deally be constructed {p the plant In the :
formof a foll with a protective sheet, for exanple siliconizZed paper 5 k
appl i ed agai nst the sel f-adhesive bitum nous waterproofing |ayer, -

trai@‘, rted to the job site, and thereafter applied to a substrate sive _
si de &own, each successive lamnate strip being made to overlap the e of
the previously applied strip of laminate to Insure a continuous

wat er proofing seal. 10 Copending Application 81 18060 relates to an

i nproved | am nate which enploys a thin layer of nmetal filmor foi

posi tioned between and adhered to a poky2e#ic filmand a |ayer of a -

wat er proof i ng pressure-sensitive adhesive or self-adhesive bitum nous

conposi tion. Thesg IHUNA G5 HeksOife-teAdReASdRENTVE] Bififindh-blastoéPOSI t €”

support system ~consisting of the polymer filmnetal Tilmlamnate which
carries or suppatérgrosfingesmpeiitich.or As lisesad nolfpwaeﬂairlmsu.sscbaasnt

t hose of Canadi an Pat ent . 1,008,738, are the preferred polyner filnms for
use I n these | agi9oit, @62, Such lamirntéesdhdy Idaallywbe cdonsarudied Hnatheaplant In the
oriented or oriented and cross-lamnated films, 20 exhibit reduced

wri nkling foll ofénmmy cfcheollowithoa protentivessheetndforuexampiensilicaniaed rpanes

heat, for exanple, exposure to the sun. The thin nmetal |ayer provides

i ncreased fir& ppraliedtagainstpthe, selfsadhesive bitumingus wataERILoEiMG Y e i on from

contect 13,16, Rt o 3 e U S35l FonBRRREE,
fi1mand has 2 sHSLR!Lidh! dol ket WRLLLEIGE 1aAinat AR bEHFIRLE o

provi des a relatrve
overlap the edge of the previously applied strip of laminate to Insure a

]
continuous waterproofing seal. ‘
10 Copending Application 81 18060 :
relates to an improved laminate which employs a thin layer of metal filrﬁ ' |
or foil positioned between and adhered to a polYmerié film and ‘a layer
of a waterproofing préssure-sensitive adhesive or self-adhesive __
bituminous composition. These laminates may be viewed as comprising a
15 ‘“"composite" support system, consisting of the polymer film-metal film
\/ léminate which carries or supports the adhesive layer. 'Orlentéd
polymer films, such as those of Canadian Patent No. 1.608,738,' are the
preferred polymer films for use in these laminatés.. S.uch oriented films,
v_vhiéh can be biaxialiy oriented -oa-' oriented and cross-laminated films,
20 exhibit reduéed wrinkling follou'f:ing .adhe-sion to a substrate and
subsequent exposur§ to heat, _.fbr example, exposure to the sun. The
thin metal layer provides increased fire protection; prevents oils in the

bituminous compos'ition from contacting the polymer film, with a

resultant increase in the physical and chemical sta'bmty of the film;

.25 and, since it is rigidly bonded to the film and has a substantially lower '

coefficient of thermal expansion, provides a relatively high level of



di nensi onal stability to the lam nate under high tenperature conditions. In

addition, the relative coefficient of thermal expansion of the film and
foil are such that, at elevated tenperatures, the edges of the -lannate -
tend to curl downward so as to provide a "self-sealing effect in’5 :
ov appi ng (joint) areas of adjacent, overlappi/ng | am nates. Al though the
1 afn es of the-~aforenentioned applicatidn,” and nore specificalljy the, ;
co te support systemthereof, provide certai’n advantages, they an*%‘-?‘
furxber I nproved or optim zed for roofing applications. For exanple, when
the |l am nates are subjected to the 10 rel atively high surface tenperatures
of the bl ack roof environnent. e.g. above 72 C (¢60[err]F)the orilented
pol ymer film has been found_t% under go cracking 1 eading to nenbrgne
degradation. This adversely affects the appearance of the nenbrane, largely
el i m nakhessibdl? RGBS ARe qsmhfaabhue.aﬁqu tiperire tdRaIKNRY foil) and
bi tum nous 15 adhesive by the polyner filnme_and Increases the pogsibility

- of | edkaspditipay the nklativey caeffiient| afpteomalt expenisioneof thi filre@ndnmenbrianes. I n

addi ti on, when subjected to.the relatively high tenperature condi

54C ( 1f[aseryuch Hetgabgleypted trmpesaiunes o the edges, of
rever & g’% S Wolhwalbd s da%"‘%""éml&é‘,_“f u g3
edges, 5 aga 8i 19

I'n Increasing t € possi

y

séoa?ln' g}}(:f‘e%@ iUr! upwar

itions of

gﬁh’éﬁ"ﬂééﬁ‘ propdnsity to

at their

age at overlap jjoints.

- Thus, dvierfappingegBirdpirésdot adpeamt, dverRppmgeimiRites.or oof i ng | ami nat es~whi ch
have the aforedescribed conposite support system and incorporate ithe

~ advant agedthesgbotheplamingtes Rf dbe aéerementioned 2ppiicetinn. @ndeaertei ng of the

POTYIMeL eLd PR SsiB AGpsart dyl B76i8e ordal?"

i?edg gemu QR'enreg%( ,p

advaniages, théy ran be further lmprovéd or optimized for roofing

FRUNCLNY

- applications. For example, when the laminates are subjected to the
10 relatively high surface temperatures of the black roof environment, e.g.
above 72°C (16U F)the oriented polymer film has been found to |
undergo cracking leading to membrane degradation. This 'adverse'ly' -
affects the appearance of the membrane, largely eliminates the
protection originally afforded the underlying foil and bituminous
15 adhesive by the polymer film, and increases the pos_slblllty of leakage,

particularly at overiap joints between adjacent t_ﬁei_nbranes. in addition,

when subjected to the relatively high temperature conditions of 54°C (130°F)

or gr'eat_er. the laminates display a mark_éd' propensity to reverse any -

tendency for downward curl and to instead cuv_"l uf:warq at 'their_ edges,
20 again increasing the éossibilitymof_l_eakage at overlap joints. Thus, it
has been desired fo provide imp'rov'ed'__wat'e'r"prooﬁ_ng laminates wﬁlch
have the aforedescribed composité"support system ahd ‘incorporate the
advantages thereof but which do not éxlhib"_it cracking or peeling of the
polymer film or upward edge curling upon exposure to high

25 temperatures.
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25 tenperatures. -4- According to the present invention, there is
provided a | am nate nenbrane assenbly conprising: (a) a |layer of a

shri nkabl e ponHE( filmhaving a shrinkage onset tenperature above 38 C
(100[err]F); 5 | (b) another | ayer of another material havi

| ower coefficient of thermal expansion than said polyner film bel ow saijfd
shiiikage onset tenperature and exhibiting a | esser degree of shrinkag ?
t han“sai d pol yner fil m above sai d shrinkage onset tenperature, said ot
material being 10 selected fromthe group consisting of netal foils,

pol ymer sheets, woven scrins, and unwoven scrins, and (c) a |layer of a

t her nopl asti ¢ adhesi ve positioned between_gnd adhering said filmand said
other layer, said adhesive having sufficient bonding strength 15 bel ow said
onset tenperature to substamtdmiilng tohthetpredentti \ievnnttémmtmev\één sai d
filmand said other |ayer and having sufficient plasticity above said

shri nkage onset Péﬁﬁéﬂaﬁu?e1§Q%qi§enPFmPé?%f|i§§ mEAPPHhetWREN said film

and sandoother Layers 20 fnh A Agatigr R PR b San U I ey
support system uhgheifkhgé sHeetRembekataAd @Gveblsta% (1oo°r),
5 (b) another layer of another material having a
lower coefficient of thermal expansion than said polymer
\\J/ £film below said shrinkage onset temperature and exhiﬁi;ing
a lesser degree of shrinkage than said polymer film above
said shrinkage onse£ temperature, said other material being
10 selected from the group consisting of metal foils, polymer
sheets, woven scrims, and unwoven ;crims, and
(c) a layer of a therméplastic adhesive
positioned between ané adhering said film and said other
layer, said adhesive having sufficient bonding strength
15 below said onset temperature to substantially inhibit
relative movement between said £ilm and said other layer
\\y/ and having sufficient plasticity abpve said shrinkage.onset
temperature to permit relative movement between said film
and said other layer.
20 The present invention thus provides waterproofing
laminates .comprising a polymer film in a composite laminate
support system, wherein the polymer film can exhibit a
decreased tendency to underco cracking unde; conditions of
high temperature commonly encountered in a rooftop |
25 environment. The laminates of.the present invention caﬁ

‘display a high level of dimensional stability under the



decreased tendency to undergo cracking under conditions of high tenperature
commonly encountered in a rooftop 25 environnent. The | am nates of the
present invention can display a high I evel of dinensional stability under

t -5- conditions of thermal cycling which can be encountered in~
réé%i)g applications and tend not to undergo the upward edge curling _
r red to above. The present invention also relates to 5 wat er proofed; ;
roofing assenblies including such nenbranes. In particular, the inventione®
provi des a wat erproofed roofing assenbly including a roofdeck substrate
having thereon a plurality of nenbranes each including:- (a) a layer of a
shri nkabl e polyner film having 10 a&S5shri nkage onset tenperature in the
range of about 49 Cto 66 C (120 to 1500F), (b) another |ayer of another .
materi al IRAAGIFignEoREr theers] Gyveddngr wvhheh ngan b aascynterdd £ai d pol yrer

filmbelow sai.d shrinkage, onset rature and, exhibiting 15.a | esser

degree of 'lﬁﬁaagp%ﬁ%tjs%ﬁj a&ﬂt 3’%@5 P?Fn?%t“’hqﬁfngng\&?g .ggVarghri nkage

onset tenmgy, t%‘%ii-ﬁgié PLhedq "B abbdk being selected fromthe group -

consi sting netaﬁ 0|?s, pé?yner sheets, woven scrins, and unwoven

scrims, and (c) a | gxerppésent HerwveaRisat alsadhealutes to '
S waterproofed roofing assemblies including such membranes.

In particular, the invention provides a waterproofed

roofing assembly including a roofdeck substrate having y

thereon a plurality of membranes each including:-
(a) a léyer of a shrinkable polymer film having
10 a shrinkage 6nset temperature in the range of about 49%¢ to
66°c (120 to 150°F),

{b) anéther layer of another material having a
lower coefficient of thermal expansion than said polymer
film.below said shrinkage onset temperature and exhibiting

15 a lesser degree of shrinkage than said polymer film at and
‘above said shrinkage onset temperature; said other material
being selected frbm the group consisting of metal foils,
polymer sheets, woven scrims, and unwoven scrims, and

(c) a layer of a thermoplastic adhesive

20 positioned between and coextensive with said film and said

| foil and-adherihg said film to said other layer; |
said thermoplastic adhesive having sufficient
bonding strength below said shrinkage onset températuré to
sﬁbstantially inhibit relative mbvemént_between-said film
25 and said other layer such that, with increasing'temperature

below said-shrinkage'onset temperature, the thermal

*



20 positioned between and coextensive with said filmand said foil and
adhering said filmto said other |ayer; said thernoplastic adhesive havjing
suf ficient _bonding strength bel ow said shrinkage onset tenperature tg
substantlally inhibit relative novenent between said film25 and sa

ot her .l ayer such that, with increasing tenperature bel ow sai-d shrinkage s
onsétéienperature, the t her mal - -6- expansion of said filmis controlled
by its adherence to said other |ayer; and said thernoplastic adhesive .
having sufficient plasticity at and above said shrinkage onset tenperature
to 5 permt relative novement between said fi.lmand said other layer such
that said fil mundergoes shrinkage at and- gbove sai d shrinkage onset
tenmperature without substantial inhibition by its adhesion to.said other

| ayer. The invent¢xpengilon b seid &ilemdisy contisekieddyld tsr adherenes| towi ng
descripti.on whi chsdid gjt‘h@@ DyveRy a}fd exanpl e only WI th reference to the

acconpanyi ng drawi ng, in m?ﬁgrn% éqﬂf% ialsaghgg ﬁ?yl "EH?%E@%AQ@ of a

characteristic curve of a @g e8FVeSbi°
i nventi on show nPkaftigdsynatnard Fbavee saiidssheinkags Ctﬂ‘i@ta&HEEH'%tW to
tenperature, 5 permit relative movement between said film and said other

layer such that said film undergoes shrinkage at and above
said shrinkage onset temperature without substantial
inhibition by its adhesion to said other layer.

\\.f- - The invention will be more clearly understood

10 from the following description which is given by way of
example only with reference to the accompanying drawing, in
which:-

Figure 1 is a graphical illustration of a
characteristic curve of a thermoplastic adhesive of the

15 present invention showing the dependence of the elasticity
of the adhesive on temperature,

Figure 2 is a partial perspective view of a
membrane assembly constructed in accordance with one
embodiment of the'present invention,

20 Figure 3 is a similar view of a membrane assembly
of Figure 2 showing shrinkage of the polymer film under
conditions of high temperature. :

~— ' The polymeric films generally employed as support'

materials in roofing laminates normally possess a

25 relatively high coefficient of thermal expansion, e.g.
above 16.7 x 1079 em/em/°C (30 x 1076 in/in/°F), such that
with increasing temperatures in a rooftop environment these
films can undergo excessive expansion. This expansion will
generally result in wrinkling or buckling of the film which

30 can destroy the water-tightness of the applied laminate
system, particularly in overlap joint areas between



.Figure 2 is a partial  perspective view of a nenbrane assenbly constructed

i n accordance with one enbodi nent of the present invention, 20

Figure-3 is a simlar view of a menbrane assenbly of Figure 2 shomnng

sh age of the polymer filmunder conditions aof high tenperature. The

pgl R®ric filnms generally enployed as support materials in roofing

| 3 ates normal |y possess a 25 relatively high coefficient of thermal o
expansion, e.g. above 16.7 x 10-6 cmcn[err]C (30 x 10 6 in/in/COF), suct
that with increasing tenperatures in a rooftop environnment these films can
under go excessive expansion. This expan5|on will generally result in

wr.i nkl'ing or buckling of the fil m®hi ch 30 can destroy the water-tightness

of the applied l.am nate system partjcul arl ove oj nt* areas between
-7- adP&@gﬁFnFa&PW&Pé§es'¥h&gusrplﬁa aBrBG%ﬁeBeﬂﬁ??%f f i J"i’reat or prepare

Lhe POIOKTS (] BB MIARCRoURCD ERTH U Binkhfol L) RV fe s kage

capabi | erta erature ( shr age onse
in the f£ilm having a shrlnkage capability above a certain

temperature ("shrinkage onset



tenperature”) in order to effectively counteract the otherw se |nherent
expansion of the film Irparting this shrinkage behavier to the filp

nost preferabl:y acconplished by nmechanically stretching the filml <ﬁ%t’_
its | engt hwi se and wi dt hwi se direction to provide a biaxial orientatdern 5
thereto or by cross-lamnating uniaxially or biaxially oriented (stretched)
filkgs. Processes for preparing oriented (blaxially oriented or

cross-lam nated) polyner filns are well known In the art. Notwithstanding

t he shri nkage behavior of the orientedgae yner filns, bel ow the shrinkage
onset tenperature these filns expand as per ‘10 their relatively high
“coefficient otemperiatite")xipaosden tardfddiively maunperact tbetdtheewisecinherenthed
di sadvant ages of such expansi on. This excessive expansi on may be controll ed
by | ani nat i ngespansientafnthies £lim. bdmpariing Hhis sheinkagepbeRamder ftp| the 8lm Iset al

foil having a | ower coefficient of thermal expansion than the pol r film
e.g., as 15 mostipsearably @spenelished RMpPF"e'%ﬁ"l‘Sﬂ')Bft‘l%?SBG'.g the, fﬁﬁ\y g\e &edh

he pol fil | foil have | fqre b i g '

e L IR e el AaR0R0 JoohRite RSN BERABAN e |
ahen set, o e R AP RUCPyY e e BBl W Bla Y Sridrtedc, TN
respectively Rofidechdd) Mand prodesks Ifox qstepliNg! BFEHEEP bl bridked™ i

conditions, in keeping with the objective of utilizing the netal foi :

control thernmak eope+riamiriated) t ipolyamdry fitrhs farknwell rkriompiinicthecams.t h t he |
present |nventi.on, it has been determ ned 25 that the enploynment of such !
adhesi ves |'s hi ghiNotwitihssandibgethei shrinkgge dbehavinr of aheionjented polyagrit'y |
and di mensional stability of the oriented, shrinkable polynmer filmand the |
| ami nat e over fme erkedew ttheeshrinkegs opset temperature these filins expand as per 5

i

l

10 their relatively high cpefficient of thermal expansion and thus, may

| provide the aforementioned 'disad\}antages of such éxpanslon. This
excessive exbansion may be controlled by laminating or coextensively
bondin.g the oriented_ polymer film to a2 metal foil having a lower
coefficient of thermal expansion than the 'polymer.film, e.g., as

15 disclosed in copending Applicaition 8_1 18060. To this
end, the polymer film and metal foi.l have heretofore been rigidly

bonded by adhesives which largely retain their high level of rigidity

- over the range of temperatures experienced in the roof environment.
Thus, these adhesives, when set, are relatively hard, inflexible - !
20 materials which refain the respectively bonded film and foil in fixed
relation under vaf_yin_g thermal condi-tions, in keeping with the objective
of utilizing the metaf foil to con_trol'thermal expansion of the polymer
film. |
In accordance .with the present invention, it has been determined
25 that the embloyment of such adhésives .is highly undeslra__ble with regard
to maintaining the integrity and dimensional stability of the oriented,
shrinkable polymer ﬁlm and the laminate over extended time in rooftop .

applications. Specifically, it has been determined that s_ucﬁ_ adhesives



applications. Specifically, it has been deternined that such adhesives
or, m)re specifically, the fixed lamnation of the filmto the foil by such

adh , deleteriously inhibit the shrinkage of the polyner fi1mabove -
th rfilnkage onset tenperature to the effect that the polymer film~™inp
att\efpiA ng to relieve internal stresses vhich would normally be relievéd 5

i ndered shrinkage, undergogs_substantial cracking and splitting at
its interior areas and curling a ong its edges. Further in accordance Wi t‘#{
the present Invention, It has now been found that t lese problens can be

ef f ecti &l yosecsrasifically .Hiheiifipd lamipatigneaf the filmota fae ffelll byissueh certain

" thernopl asti.c adhesives reseF"ji | nvent on .agcordingly provides;

| ami nat &9 mﬁF%né’e&ég'é’HH?llVeg"’éBHpm%ls nkagg 9 nk’éﬁ)l \ﬂ'ﬁ?'}/ M T?‘Nﬂ hﬁ.VI hg a
h k -

Tover cH% PREFUREs R sl F e Rt R iaridke et e hefmier| fimetBw chel ©
shri nkag emg%ﬁtﬁ-,r o FRAEAL hferf s sgeuﬂgkpfm.gfdgng,{rﬁ 1y el Fifeed eSSel

degree o I nkage than t e shri nkage onset .
t enpepabyr @hhindd réd I easaheefg&esgu&tbﬁuﬂ cP&%iﬁ?Ws BtMRgn and:
adhering the filmto the foil, the adhesive having sufficient bondlng .

strengt at drsdintegiodti ageabeémmlnnngmmngage edgeel tenperature to :
substantially inhibit relative novenent between the polyner film and the
foil and haFuntheroinsareonsdange withsthecpresemt imventiooydtthas sowi bkerge onset

tenperature to permt relative venent .of the filmand. the foil. The :
mai nt en%fr\'l’f@ dhaty these, prokiems, can depstfactiveiveeyengemer by honding niher oi | bel ow
the shr g,l%%e Pﬂ# et% {hemf)m %ts'i'r § c%r?a\fﬁd%er}nggbstlc adheswes. The ; \./ :

10 present invention accordingly provides 'Iaminate membrane assemblies | .
comprising a shrinkable polymer film having a shrinkage onset temper- '
ature above 38° (100°F):a foil layer having a lower coefficient of
thermal expansion than the polYmer film below the shrinkage 'o'nset .
temperatUre of the polymer film and exhibiting a lesser degree of | o

15 shrinkage than the p'o'lym'er: film above the .shrinkage 'onset'temperature:
and a thermoplas’tfc adhesive layer positioned between and adhering the
film to the foil, the adhesive having sufficient bohding' strength_ and
rigidity below the shrinkage onset temperature to substantially'inhlbit _ \/
relative movement between the polymer film and the foil and haQing .

20 sufficient blasticity at and above the shrlnkege onset tempereture to
permit relative movement of .the film and the foil.

The maintenance of a relatively rigid bond between the film and
the foil below the shrinkage onset temperature provides that the |
expans:on of the lammate below that temperature is controlled prlmarlly

25 as a function of the coefficient of thermal expansion of the foil, l.e.,

the thermal expansion of the film is controlled_ by Its adherence to the
foil and the coefficient of thermal 'expans.i'on of the Iaminate'.a.ssembly is

close to that of the foil per g; Hot&ever, altho:ugh the thermal



expansion of the |lam nate below that tenperature Is controlled primarily 25
as a function of the coefficient of thermal expansion of the foil, I|.e., '
the thermal .expansion of the filmis controlled by Its_adherence to thf:;gib
foil and the coefficient of thermal expansion of the |arinate assenbly
close to that of the foil per se. However, although the thernal -10-
expapsi on and novenent of the filmis substantially inhibited bel owthe
shrinkage onset tenperature, it need not be, and preferably Is not, totally
i nhibited. The film may expand and nove relative to the foil 'to a mnor
degree in order to relieve stresses geperated by the Inherent 5 tendency of
the filmto expand. If not relieved, such stresses may result in winkling

buckl i f the fi,lm_ Thi ' L at ' LAl
esirabl ¢ ai 1 cAREPRTRP A0 TR Bt o) YNl P s BhbiES B hy

bef whi ch ' ' _ ' | ' fulrs :
Accordingly. i na'tuPHE et EmpHFEPIEHAR by By, irks BrEfrEsly IF¥RL:

I evel of plastighdayiyeifibRbd! AL Ak RSy RebaWd! i Hdvienkélgtiveneethe foll to
tenperature. The dinensional stability of the inventive | am nates bel ow t he

shrinkage onset at aifeeT Gégire irs orters toi rphiele cstnessescgéreratet by tejhherprithe
substantial inhibition of the thermal expansion of the polynmer filmwth
the 15 pref er Sedendertiyt pbrtheffilm toexpeadef 14 mathoelieneg: csucly stressesimrRy and
novenent of the film particularly at tenperatures agﬁroachi ng t he

shrinkage onset reewbdnawainkling os RpddinG ot thenllifye SRiemineifelaiivere, the

th\e\i/r’mpl ast i_C movement may prove specially desirable at temperatures approaching the
shrinkage onset temperature, at or before which the cumulative film
expansion |s at its- greatest level, . Accordingly, the therméplastlc
iO adhesive preferably exhibits a minor level of plasticity even at
‘temperatures Selow the shrinkage onset temperature. The dimensional
'stability of the inventive laminates below the shrinkége onset
temperature is thus significantly enhanced by coupling the substantial
- inhibition of the thermal expansion of the polymer film with the
15 preferred condition of allowance of a minor degree of expansion and |
movement ofl the film, -particularly at temperatufes approaching the
\/ . shrinkage onset temperature.
At and above shrinkage onset tempefature, the thermoplastic
adhesive of the present invention softens to permit relative movement
20 between the film and foil. As used berein, the term "thermoplastfc" is
to be taken in its usual and ordinary sense, i.e., to refer to the
condition or property of softening or fusing when heated and of
hardenihg again when cooled. The thermoplastic adhesives used in the
present invention become sufficiently plastic at or slightly below the
25 shrinkage onset temperature, e.g., about 0.5 to 6°C (1-10°F)
below the shrinkage onset temperature to permit relative

movement between the film and the foil, i.e. to permit

shrinkage onset of the film and to satisfactorily




adhesive of the present invention softens to permt relative novenment 20
between the filmand foil. As used herein, the term"thernoplastic" is to
be ninits usual and ordinary sense, i.e., to refer to the-condition
when

or erty of softening or fusing when heated.and of hardening agdim,

CO . The thernopl asti c adhesives used in the present invention bec
sufficiently plastic at or slighthby=below the 25 shrinkage onset

tenperature, e.g., about 0.5 to 6[err]C (I-10F) bel ow the shrinkage o
t enper agédbembAaperthe sietimkage nof/ ethent£ ke viete rthate gainh.and the foil

to permit shrinkage onset of the filmand to satisfactorily accomnm

t he shirhekeaftersf ashe aifumction ofhincreasing. temparatiyne the,@dhesgivesqt i on

I ncreasing tenperature, the adhesives becone jncreasingl l.astic, as
necesshesome ingneasingly RIRFiic o ESoREREIFAMA AR 13t %ﬁt"gﬁ?’i%ﬁgdgﬁi the fi

one

hset

|
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| ngernal,, t&%g?&%ﬂ&“ B%édhgfgrlnaﬁdthatth@??étﬂﬁgll???sth%nﬂinﬁ"tbysmﬁﬁ.eﬁse ory

el Pmi nate theé cracking ‘and splitting o m and edge curling of
| am najgsphioCh duyired fUffRieMtSR PeleVe Interhal shrRskes aherewithineERg) of
filmand foil is“sufficiently 10 wuninhibited to permt the filmto s
to thetHe@se sesrantialiyt dearebseve elirhinate aheidraekita andr splftting

Not wi t hst andi ng the thermal dependence of the plasticity of. the adhesilve, :
howevenf the filmuind pdoe iclelingf ¢f thelaminste svhichawould otharwdseit ur es t o lwhi ch
the lamnate |s exposed to retain the filmand foil In adherent, |am nated -

rel ati @aeWr.p. Thus, the relative movement of the film and foil is sufficiently
10 uninhibited to permit the film to shrink to the degree necessary to
achieve relief of intérnal stress. ‘Notwithstanding the thermal -
dep;eﬁdence of the plasticity of the adhesive, however, it should
provide sufficient adhesion at all temperatures to which the laminate |s
exposed to retain the film and foil in adherent, laminated relationship. .
15" As noted above, at temperatures slightly below the shrinkage onset
temperature the thermoplastic a-dhesive may acquire sufficient plasticity
to permit relative movement of the polymer film. In such instances, the
polymer film, which still tends to expand at such temperatures, may
undergo such expansion without substantial inhibition by the adhesive.
20 A!though this may be beneficial in permitting the aforementioned desired
level of minor expansion and movement of thé film below the shrinkage
oriset temperature, it is nonetheless preferred that the adhesive acquire
the necessary plasticity to permit relative movement of the film at a
temperature closely ﬁpproaching or at the shrinkage onset temperature.
25 Where the 'adhes_ive'acquirés the necessary plasticity within about -12°C (10
of the shrinkage onset temperature, the level of uninhibited expansion
of the polymer film is relatively minimal and does not generally.

adversely affect the dimensional stability of the laminate.
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15 As noted above, at tenperatures slightly bel ow the shrinkage onset
-tenperature the thernopl astic adhesive may acquire sufficient pl,jalajty to
permt relative novenent of the polynmer film In such instances,‘z‘j" L
polymer fitm which still tends to expand at such -tenperatures, hey—tndergo.
such expansi on wi t hout substantial inhibition by the adhesive. 20 Although
thi§,hay be beneficial in permtting the aforenentioned desired |evel of .

m nor “expansi on and novenent of the film bel ow the shrinkage onset
tenperature, It is nonetheless preferred that the adhesive acquire the
necessary plasticity to permt relative novenent of the filmat a
tenperature cl osely approaching or at the shrinkage onset tenperature. 25
Wher e the adhesive acquires the necessary Qi%§ticity wi thin about -12 C
(104F) of the shrinkage onset tenperature, t

e |l evel of uninhibited

expansi on of the polyner fikfyifléaale pollymst nfiEh ANdhdeeswhoth gestensdd |y
adversely affect the di.nensional stability of the | am nate. -12- Any

fl exi bl e pol yner ftideated oheecoatwd dio panvhdet a eshrihkageccapalilbtyrivvitde a
shrinkage capability to the fil mor sheet when heated can be used in the

present invention.fBafraFh§ebrikan feasedoFrRbe P2 1o 588 BreseRtini nat ed
I SAEh Dot a0 BRARL s

chloride polystyrene, e, P ene terep
pol yet hyl ene vg nyl_1agRhakedCcopDhy ey sukit pel pRerfGind @aitkeii hescapol yner,

and et hyl ene- propyl ene-di ene nononer terpolynmer nmay be - .
- polyolefins; polyvinylidene chloride polystyrene, polyvinyl
~ chloride, polyethylene terephthalate, polyethylene vinyl
acetate copolymer, butadiene-acrylonitrile.copolymer, and
ethYlene-propylene-diene monomer terpolymer may be
10 employed. Preferred films are biaxially oriented and
oriented and cross-laminated polyolefins, especially
polyethylene. Oriented and cross-laminated high density
polyethylene is an especially preferred film material.
| The shrinkage onset temperature of the polymer
15 £film may fall for example within the range of 38°%¢ to 93°%
(100 - 200°F). The preferred biaxially oriented and
oriented and cross-laminated polyethylenes generally have a
shrinkagé_onset temperature within thé range of about 49%
to 66°C (120-150°F}. It is preferred to employ polymer
20 films which shrink about 1% to 3%, i.e. which shrink in a
widthwise and lengthwise direction an amount equal to about
1% to-3% of the initial surface area of the polymer film.
This level of shrinkage has been found to satisfactorily
counteraét or compensate for the thermal expansion of most
25 polymer films while ultimately exhibiting, after Shrinkage,
satisfactory physical and dimensional stability and a

satisfactory



10 enployed. . Preferred films are biaxially oriented and oriented and
cross-| am nated pol yol efins, especially polyethylene. Oriented and
s5-1am nated high density polyethylene is an especially preferred film

=ﬁérial. The shrinkage onset tenperature of the polyner 15 -filmray fal

or /exanple wthin the range of 38 Cto 93 C (100 - 200[err]F). The _
preferred biaxially oriented and oriented and cross-|am nated pol yet hyl enes:
general ly have a shrinkage onset tenperature within the range of about 49>
OCto 66[err]C (120-150[err]F). It is preferred to enploy polymer 20 filns
whi ch shrink about 1%to 3% i.e. which shrink in a w dthw se and

| engt hwi se direction an anount eqddk to about 1% to 3% of the initial ,
surface area of the polyner film This |evel of shrinkage has been found to
sat i sf aavetnage csumurfase @re@omfePodvaerofidmeonnthanlavipake; on of nost
25 polynmer filnms while ultimately exhibiting, after- shrinkage, satisfactory
physi cal and dingﬁﬁ(ﬁ%%ym§ﬁaﬁﬂﬂﬂt?réﬁﬁrébéﬁthéFaétSP}°kne§§3l“coverage or

surface area of pql yner fi on e3l am nat he pokgnmer filmpreferably
has a.tqh%ﬂﬁﬁﬁﬂ?ié?t%ﬂ%“ﬁaﬂggboﬁ é@outcy.éﬁ gslg[§r2§ cn??o‘%Sgé x 10[err]
cm (3t Iyl S ~Enanal |yt l;ao.nat t he,,l nLigp.are 5
congtrtﬁgea.%5%735%%£%%?§%%rxrfl2??%??F§?Ig%bgﬁﬁggﬁvgﬂgfaa it

5 constructed with the polymer film initially being '

coextensive with the foil léyér and bonded to the foil by

the thermoplastic adhesive across its entire length. g#J



coextensive wth the foil layer and bonded to the foil by the ther astic
adhesive across its entire length. -14- The polynrer-filnms may ' :
be coated with'materials designed to prevent degradation, e.g., vol et -
absorbers:” The adhesive used to bored the polynmer filmto the f.oi ayer
may-'be any hot nelt, organic sol vent-based, or water-based adhesive 5
exhuji_ ting the desired thernoplastic behavior. Consistent wth the

af orenenti oned shrinkage onset tenperatures of polynmer filns used herein,
t he adhesives nost suited for use her@i h%aTe those which become
sufficiently plastic to permt relative novenent between the filmand foil
at tenperatures wi Therpdipmer fiims méy xtondain3or &er poated wishemalerials designed
(90-200[err]F). 10 a given pol ?/mer' film an adhesive may exhibit relatively
minor |evels ofo preeentcegrasiatiogi & g.bepldravislet ARsORRYFe onset tenperature
and gradual ly increase In plasticity, w, I ncr.easi ng t r re. . As the
shrinkage onset temp8raghesive ysaép*PoB%éghsrP?‘xs‘EHQ@f“ ?%%F#@ﬁegagérl 'HLY '
plasticity shoul d accel erate | o} 14t - apnt of 15
Phe tiim and 8F TRl fisfl aotdarf ARHARREA R, b Gt Hask SONEIRT e
preparing s i5i Lepign | RANARRIrASt ConAAsHeAti WRR {HROWN i N
the art whi ge?:,’gﬂsbt\gs _ste ﬂ%!rigdqn trﬁﬁ%gsﬁiﬁose,bgsed.on et hyl ene

copol ymers, pr gfykReRtisaRd IshirRiigeporiseti teripeeatures gfopylymestefijmEiiskt 20
pol yvi nyl acetates, -acrylic resins, and m xtures thereof. Preferred

adhesi ves are haie, theecadlmsiedshmosth suitedofomuse herain 2ceithess which

|
o/ become sufficiently plastic to pérmit relative movement between the film i
and foil at temperatures within the .range of about 32°c to 93°C (90-200°F):;.
10 .a given polyinef film, an adhesive may exhibit relatively minor levels of :
p_lastidty or "give" below the shrinkage onset temperature and f
gradually .increase in plasticity with increasing temperéture. As the ;
shrinkage onset t'emperature is approached or reached, the increase in '
piasticity should acceleréte to a level permitting relative movement of | l
15 the film and foil. _ |
Thermoplastic adhesives and methods of formulating and preparing
some are well known in the art. Thermopl#st!c adhesives known in the

art which can be used herein include those based on ethylene -

. copolymers, propylene copolymers, polyvinylesters.' polyamides, EPDM,

20 polyvinylacetates, acrylic resins, and mixtures thereof. Preferred
adhesives are those jbased on ethy!éné copolyineré, pari_:lcu!arly
eth_ylene-viny] acetate (EVA) cbpolymers.

The desired -ad'hesiveness' a.nd thermoplastic and Viécometric
properties may be ac_hieVed in the adhesive 'by' various methods known
" 25 in the art. Apprdpriate mfxtures of polyme‘fs ma'y bé dsed, 'as well as
modulation of comonomer content and mo!ecular"we'!g'ht in a given base

polymer. In addition, known additives such as plasticizers, modifier

resins, waxes, processing oils, fillers and thickenin'g agents, may



et hyl ene-vinyl acetate (EVA) copolymers. The desired adhesiveness and
t hernopl astic and visconetric properties nmay be achieved In the adhesive by
varhous methods knowa 25 in the art. Appropriate. mxtures of pelyners may -
ed, as well as nodul ati on of conmonomer content and nol ecul ar wef ght: In
ven base polyner. In addition, known additives such as plasticizers,:
‘nodi fier resins, waxes, processing oils, fillers and thickening agents, ﬁgﬁ
be used to nodul ate the thernoplastic and visconetric properties of the ;
adhesive. Anti-oxidants and preservatives may al so be Included. The
utilization of nodifiers and addrtiives to adjust the properties of
t her nopl asti ¢ adhesives is - well ‘known and, in general, procedures 5 known
in the apt weRd be nodulanecthd thermmdplastio @ndeviscotieprio pnopeeties &f thee _
‘quantitative measure which nmay be used in deternmining the suitability ofia
gi ven adhdbésivef oAntbwxigpntscand ereservatives: may 2lss denincludedur d hehe '
el asti c conponent of. Young's nndu#gs, E'&Eﬁs a LunctiOn,of t.enper at ure,
utilizi nytiizatieqefe@odifigng 7M1 Yes te,adjush thaRroprEHRRH f nay be

graphi cal | resented,as, In FIG 1 wherein the vertical_ axis represents i
" measure 'h%/”‘?ﬂp??t"’r ﬁg&ﬁﬁigﬁc'ﬁgwﬁlﬁ_j‘é{"qvﬂbgfgr ity g?gg’éﬁ'e,P?ﬁg‘i‘iBﬁﬁt i zontal akis

shows d n i r I e LSt ' t enperat ure
of th pArSAD, Y the RE Ay e efiBlbyBuctr plielliy SdsaorositRE, TThche
relatively C%?Bﬁ@tqﬁntﬂtétivkmﬁbuws&hb%?\ﬂbl lusedsird dRt&inRAIfY thee
"pl ateau” region of the curve of -FIG ‘1 (although E° may decrease slight
~ bel ow T[ guithbRitiydenai giyent Beheuieé cdor ausenimahe degrsent dhvemntioradneg
plasticity bel ow - o ' . . ' -

may measure the e!astic_: com_ponent pf _Young's modplus, E', as a

.yl
ot

ORIy Wpy———

function of temperature, utili?ing proéédure§ known in the art. Sﬁch
10 measurements may be graphiéa}ly_ presented as in FIG. 1 wherein tﬁe
vertical axis repre_sénts.measdrg_r_nent of E' in dynesl'crn'2 on a |
Ibgarithmic scale, the hortizontal axis show_s ihcreasi.ng tempe}ature,
and T1 is the shrinkége onsét temper.a.ture of the po-lyme_r film. In
adhesives suitable for. use h_ereinl, E' should be relatively constant.at
15 temperatures below.'l_'1, és depicted by the "plateau" region of the
| _curve of FIG. 1 (although E' may d.ecrease slightly below T‘, i
évidencing the preferred nﬁnor degree of increasing plasticity below | \/
T1) and, at temperafures at or slightly below T1, E' sho’uld. dec'rgase 5
rapidly and thereafter continue to decr_eas.e., as depicted by the "Break"
20 in the curve of FIG. 1 at T1 and the cpntinued. d_owgward §lope
fhereéfter. _ _ |
The change in E' as a functio_n of temperature will generally serve

as an inlication of changes in the plasticity of the adhesive, with

decreasing E' evidencing increasing plasticity. Suitable values for E'
25 c¢an vary over a wide range depending on the type of polymeric film of

foil which is used.

e o L



T and, at tenperatures at or slightly below T [err] E should decrease

rapidly and.thereafter continue to decrease; as depicted by the break" 20
i‘n the curve df FIG .1 at T and the continued downward sl ope the frer. -

"~ The change in E as a function of tenperature will generally s&rvE&' 2§ an in. -
catiton of changes in the plasticity of the adhesive, with decreasing E.
evi\dencing increasing plasticity. Suitable values for E 25 can vary over
a wi de range depending on the type of polyneric filmor foil which is used.
-16- Particularly preferred adhesives for use in this invention conprise.
EVA in a wei ght percentage range of about 60%to 80% nmodified with a rosin
ester and a picco resin to increase adhesi veness and achi eve substantial 5
softening (plasticity) in the range of 4_h§rr]c to 60[err]C (120 - 140F).
The ring and ball softening point (ASTM E-28-67) of the particularly

preferred adhesives is. ingyhe;tatfelPiptHetrehCaliRedAldLEdCuse in this
(200-250[err]F), nost preferably 104[err]C to 1210C (220 to 250[err]C).

- 10 . inveltitdn eloppriisa Evyein of wielight hpe noeritestel caaghesfve can
be used in the inventive |anminates, Generally, an adhesive layer of 1.78 x
10 3 cmto 3.3 x3heuy 644 ite BARCRARLEied G‘(}lt&eé sgeinreies fnédHeEFSWand

t her mal perfornancgan to increase adhesiveness and achieve substant;al

5 softening (plasticity) in the range of 49°c to 60°c (120 -

{\4; 140°F). The ring and ball softening point (ASTM E-28-67)
of the particularly preferred adhesives is in the range of
93°¢ to 121°% (200-250°F), most preferably 104°c to 121°%
(220 to 250°C). |

10 A relatively thin layer of the thermoplastic
adhesive can be used in the inventive laminates.
Generally, an adhesive layer of 1.78 x 1073 cm to 3.3 x
1073 cm in thickness provides satisfactory adhesion and
thermal performancé. _ |

15 The material in the other layer, which herein is
frequently referred to as a "foil" layer, is selected from
the groﬁp consisting of metal foils e.g. of aluminium,
copper, zinc, etc, polymer sheets, 'such as polyester

sheets; and woven or unwoven scr:Lm materials, which could be,such as

20 nonwoven and woven polyester scrims, nonwoven and woven
glass scrims, and wovén.polyamide scrims. The thickness of
the other layer is nérmally in the range of'about 0.25 x
1073 cm to 25.4 x 1073 cm (0.1 to 10 mils).
- As indicated previously, the coefficient of
25 thermal expansion of the other material is lower than that

of the polymer film. 1In addition it is preferred that the



15 The material in the other |layer, which herein is frequently

referred to as a "foil" layer, is selected fromthe group consisting of

al foils e.g. of alumnium copper, zinc, etc, polynmer sheets; such as
ppliMedter sheets; and woven or unwoven scrimnaterials, which:-could be,such
ak 20/nonwoven and woven pol yester scrins, nonwven and woven gl ass scrins,
a ven pol yanmi de scrins. The thickness of the other layer is normally iQ;

the range of about 0.25 x 10-3 cmto 25.4 x 10-3 cm (0.1 to 10 mls). As
i ndi cated previously, the coefficient of 25 thermal expansion of the other.
material is lower than that.of the polymer film In addition it is -
preferred that the -17- coefficient of thermal expansion is |ess than
13.9 x 10 66cmcm C (25 x 10 6 in/+b7-F). Aluminiumfoil, with an

approxi mate coefficient_of thermal expansion of 6.67 x_10[err] gncm C (12
x 10 in/iGPeEfirienterhtdiermadderpppsion ifmrlesisathap LAed ihvidhtion. Above

the shrink egt reatéur.e, .t he- ot heyr, . nmateria ou/ ve a | owner
degree of g&?F%Zage(%ign)eli e 6@@/’%23?? I %l‘@&grﬁﬁkbﬁghu"ﬁ%ma?n _
approximate coefficient of thermal expansion of 6.67 x 10"6

cm/cm/°C (12 x 10'6

in/in/°F) is the preferred foil g
5 material of the invention. | |
Above the.shrinkage onset_tgmpérature, Ehe other
material should have a lower degrée of'shrinkége than the

polymer film. Depending on the



-18 - type of foil layer -used, it may sinply shrink™ess than the pol yner
film retain an essentially constant dinension or, In nost Instances,

.aontinue to undergo a minor |evel of expansion, consistent with Its )
relatively | ow coefficient of thermal expansion. 5 In a preferrad =~
enbodi nent, the lam nates of this Invention also conprise an adhesive |ayer :

adhgred to and coextensive with the surfgcg of the foil Iayer ppposi te the
t hernopl asti ¢ adhesive | ayer. Self adhesive or pressure sensitive

her m esi Ve Sel e or pressure st -

mxture of & bAERONGI IEEr F4HE -1t BRY SRt aFSIniO s, Fhartand Ve A °
f bl '

Gmpl oyed | n”subhons P RlalR EHTRL ipBRpRer, It aNSiagRes PRk BPks |

about 20 t0 5040 REHPED D¥iHEH JbelOff biiSariibh TIcBALSLIR Rithalts FAISLIVERMow
"bi tum nous adhesive" as used herein includes adhesive conpositions 15

~contai ni ng aspkaefficiérstr o thérmsl egsdnsiar,, or pitch. The bitum nous adhesive
| ayer may be reinforced with fibers and/or particulate fillers. The

adhesi ve compositi dn ampreférced cembadiment c dhe daminates of xthis deventior ahsant
such as mineral oil, Suitable polynmers |nclude thernoplastic polynmers such
" as pol yet hyl en&°RRAIsERN 2dpasivasiayep adhened decend ioeextanshyemith dhe ppinface

s Bl ended I nt §TCRE Bt (iveh SResi, the dherrlnstic, Anegveclanas: o 38l n mx.

Coneral 12Ut BaREALY U EHBRDCEUIRTAYE OB O3B L SRR 5

ésm%ye;{] C.. an Srgégr/rgqg\ Tkﬂagg%%{%msﬁs%g P iRt He0of rﬁﬁ@ﬁaﬁ@u\é m3tdrfar 100

10 and a natural or synthetic polymer, preferably a rubber or other
élasiomeric polymer. The amount of polymer employed in such

- compositions is typically from about 1 to 100, preferably about 20 to
50, percent by weigﬁt of the.bitumlnous material. The term
"bituminous adhesive! as. used herein includes a_dheslvé compositions

15 containing asphalt, tar such as coal tar, or pitch. The bituminous
adhesive Iayer may be reinforced wit'h'fibers' and/or particulate fillers.
The adhesive cé_mposition may also contain a conventional extender
componeht éuch és mineral 6il. Suitable polymers.lnclbde 'ther.mbplastic
polymers such as polyethyleﬁe .and the. like. As a_forementibned, the.

20 preferred polymer "component is rubber which may be a virgin rubber
or reclaimed rubber which is blended into the bitumen at élevat_ed
temperature to form a smooth mix. Generally, suitable bituminous
adhesive compositions have softening. points (measured by the Ring ana
Ball method) of 70° to 120°C., preferably 75° to 100°C., and

25 penetration values of 50 to 400, préferably 50 to 100 dmm. at 25C. (150 |
g/5-ASTM D217).

In order to givg obtimum sealing and waterproofing performance

the adhesive layer should be at least 0.025 cm (0.010 in) thick and
prefefably in the range of about 0.064 to about-O..' 508 cm




In order to give optinmum sealing and waterproofing perfornmance the adhesive

| ayer should be at l[east 0.025 cm (0.010 in) thick and preferably in the

rapge of about 0.064 to about 0.508 cm  (0.025 to about, 0.200+ n) thick. -

hesi ve | ayer can be conprised of one or nore |layers of "the T

ntioned bitum nous adhesive, not necessarily of the sane S
osition, to give an adhesive | ayexrsw-thin the overall aforementioned

t hickness range. 5 Further, the adhesive |ayer_can have a reinforcenment =~
such as an ¢PePr vy @bbubr P c20Qdmde thieki m Be adhesike lawsf ed therein jto
strengthen It. The bitfum nous adhesive |ay at, |l east. at Its surface

9 theg

renote fronfimBeiBMPrissg e’ 0M%ohMAFR 1Ay _ﬁﬁpé?'gﬂ*B"tef_’ve and tacky [at -
nor mal anbi ' i i fl etdmppbeiied, Ve &R
Cubstrate. SRamBIRHREHE, e Helbluahilflof thefambedddlitRl ' SRetn | ods
wat er pr 0of i §ghdshyeelayehiwithihStheedversk alforthentiondts thitknedsuramgeat hi gh and | ow
tenperature. Normally, the adhesiveness of the bitum nous adhesive ‘
conposi 5 onFurthens the adhesive Iprasyveale have gt reinforcement fyeh as eh aree foi |

| ayer. 15 ferring further to the draw ngs, FlIC I s,.a partial ;

per spect i vewﬁ?"e"wg%"qa S?‘%Fer_srcéﬁ‘ Pﬁrﬁgﬁa_'pg gq;a{’\éﬁle%f §§‘eFGﬂ s?’ﬁ%mei"o_ﬁ? The | .
lam nate 10TREMBHUMRSUABINEINGE R, atleddtkadits Qﬂ'{é@é”?fenfdté'fﬂﬂénl thended over
Its entire surface to a foil layer 13 by thernopl astic adhesive |ayer 1. A

relatively fdii Hyerayempreferablyi pressurarsensitiesiand tackp@ti narowl dmblentbonded 20
to foil 13 to provide an adhesive ca abil.it}o/1 to the |lamnate for facilel

appl i cati ontampesaturpdprofdsr that it be|selfGadheshyrgte Agsuhsteate. | IMenate prior

10 bituminous adhesive layer serves to form a continuous waterproofing

i
layer which is self-sealing against punctures at high and low i

temperature. Ndrmally_..' the adhesiveness of the bituminous adhesive

composition is sufficient to provide a satisfactory bond with the foil
layer. _ . . : - S ' |

15 Referring further to the drawings, FIG. 2 is a partial perspective

view of a preferred laminate of the present invention. The laminate 10

comprises an uppermost, shrinkable polymer film 11 bonded over its

entire surface to a foil layer 13 by thermoplastic adhesive layer 12. A

relatively thick layer 6f a bituminous adhesive composition 14 is.-bonded

20 to foil 13 to providen an ad.hesi_ve capability to thé laminate for. .faclle \)
épplication to a substra.'te. To facilitate handling of the laminate prior
to appliéétiori, a 'relea;e layer .(not shown.'). e.g., slli'conlze'd'paper, can
be mated to the eéxposed, adhesive surface of layer I3, The'r"élease

layer is readily removed to expose the adhesive surface of layer 18 just

25 prior to application. The use of release layérs in this fashion is
described, for example, in U. S. Patent No. 3,900,102. - ;
FIG. 3 illustrates the laminate 10 after exposure to temperatures

above the shrinkage onset temperature of polymer film il. "Thus,

polymer film 11 has smaller widthwise and lengthwise dimensions than in
FIG. 2 and adhesive layer 12 has become sufficiently plastic to permit

shrinkage to the smaller dimension. . '



L

to application, a release |layer (not shown), e.g., siliconized pape

be mated to the exposed, —adhesi ve surface of |ayer #4.- The rel eg ayer 'is
readily removed to expose the adhesive surface of |ayer 14 just 7prior .
to application. The use of release layers In this fashion |Is destribed, for-

example, in U S. Patent No. 3,900,102. FIG 3 illustrates the lamnate 10"

af t\er exposure to tenperatures above the shrinkage onset tenperature of

polymer film 11. Thus,

dimensions than in FIG 2 and adhesive |ayer 12 has becong, sufficiently

lastic t it_shrinkage to th || ] i on. .20- The | ani pat
T0 Totaing an ossEheilamigsie i reins P eesentiollv; BCareis Mhtmmel Frafill o,

due to its abj
~and to permt

| am nates may be ap

polymer filmJlldas smaller widthw se and | engthwi se

it et SORTE Rtk PO AP 6, GUBEB P ackbifpayer i1
wat er pr oof i nge gAI g’;%f_toif% Bhiyhief fifky SR ¥ perfitNAb&Ssary Rindirddey o thé he

led to a'substrate in side-by-side,” abutting fashion

or in an overpapriepodfifd.r angement and seal ed at the abutting or overlapping

joint, e.g. wmth a suitable |iqgui d adhesi ve or adhesive tape.

may be affisxed t ol heatstiriofingeapplicdtionscafithe dnventive 1ominates c at pluratity
adhesive at the job site or by nailing. A ballasting |ayer such as gravel
‘may al so be uektdhe damiraites mayebeanpiiedeton substratesin side-byirside, ctbutting
| am nates of this Invention conprising a bitum nous

10

15

20

25

fashion or in an overlapping arrangement and sealed at the abutting or
oVerIapping joint, e.g. with 5 suitable l!cjuid adhesiQe oir adhesive tabe.
The laminates may be affixed to the substrate by, for example, spbt
applicétion of adhesive at the job site or by nailing. A ballas_ting layer
such as gravel may also be used to énchor_ the laminate on the
substréie. | | _
The preferred laminates of this invention comprising a bituminous
adhesive layer adhered to the outer foil surface, e.g., bituminous

adhesive layer 14, are preferably applied to the substrate in

The | am nat es

overlapping fashion with the adhesive layer down and a marginal portion '

of the adhesive layer bonded to the facing layer of the underlying

(overiapped) laminate to provide a watertight seal. The remainder of
: }

the adhesive layer serves to adhere the laminaté to the substrate.

While this is the preferred method of application, the laminate may also

.be applied with the adhesive layér uppermosi, e.g., as described in the

copending Applicatioh 82 11497.

As an additional componer{t, the larhinateé may combrise a coating
or _lahinated layer on the surface of the polymer‘ film remote from the
thermoplastic adhesive layer. In particular, white coatings or layers
which reflect incident -fadiation may be us'e.d to. dec‘rease'temperature
build up in ‘the laminate and otherv)ise afford protection thereto. Theée

coatings or laYers may be applied at the job site or factory applied.
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adhesi ve | ayer adhered to the outer foil surface, e.g., bitum nous 15
adhesi ve |layer 14, are preferably applied to the substrate in overl appi ng
‘lS‘Q'on with the adhesive |ayer down and a margtnal porti.on of t‘he adhesive
Vet bonded to the facing | ayer of the underlying (overlappéd) |aninate to
provide a watertight seal. The renmi nder of the adhesive |ayer serves to _ .
adhere the lamnate to the substrate. 20 Wiile this is the preferred nmethoe#
of application, the lanmnate may al so be applied with the adhesive | ayer:
uppernost, e.g., as described In_ tde copendlng Application 82 11497. As,an
addi ti onal conponent, the Ian1nates may conprise a coating or |lamnated |.
| ayer on the surface of the polynmer filmrenpte fromthe 25 thernnplastlb

adhesi ve | aydihe |amipatesi %qulalus "\M?Pttlé’“c@ah%sfa'a’r' cptedo Py GRRLING tBe| ect l

i nci dent radi atlon rrg\é be u_sedllrl (ﬂ frease te eratu e bwlﬂq in the

| ami nat e BRI esive oy 2Bl 5t3t6n §-Rer ¢ 5oa “I‘ﬁ s¥ &8 P‘WSS Br Iaye.rs
may be_a lied a t y nat es! of
this i nvgn ngnyrﬂélr fq% %R%rlﬁéar}eatgfg&ﬂgofg ||r?ggf eef?r%tﬁ ag?| C ad emgl ve in a
fluid st gfge &eadhaava *Eeéttnllﬂs’uﬁﬂléﬁtlyp'?lwand Qmmkymry biharadl -
laminating the foil layer to the coated polymer filmuwhile the adhesive is
still suthé GorNt A/ titumidot® auMesBieatdyari inyy atheeesften te aPpIéDith. the ;

bi t umi nous adhesive |ayer may thereafter be applied to the foil by nethods
wel | knovwil lby mietheds welbkhowedirbghe@rti datiowed dfy epbbastiomafereleaset he !

exposed surface of the bitum nous adhesive. The | am pates_are generally i
stored aR@Pshitppthe PXPTRd SUBiAGe f Hhe Situmigous adhesive. The

laminates are generally stored and shipped in rolls and unrolled and

applied at a job site with removal of the release paper, €.g. as
10 illustrated in U. S. Patent No. 3,900,102,
The present invention is further illustrated by the following i

Example which is intended as illustrative and not limitative.

EXAMPLE
A 0.2 mm (8 m:l.l) polyethylene sheet cons:Lstlng
15 of four cross-laminated | : ;
biaxially oriented polyethylene plies. was coated with an EVA based hot
melt thermoplastic adhesﬂive comprising about'70$ polyethylene-co-vinyl
acetate with a vinyl acetaie content of 25%, abolxt 20% of a rbs.in ester, ;
- |

about_s% of a picco resin, and about 3% wax. The sheet was coated by

20 first melting the adhesive combosltlon and applying the fused
compesition to the sheet With a roller applicator. Immedlately after O
application ef the edhesive i.e. prnor to substantlal coollng of the
adhesive, the coated sheet was transported into contact with a

8.89 x 107 cm (0.35 mil) | | | i

a



applied at a job site with renoval of the rel ease paper, e.g. as 10
illustrated in U S. Patent No. 3,900,102. The present invention is f er
i*l lustrated by the fallow ng Exanple which is intended as iIIustratiféi%Ey“-
not limtative. EXAMPLE A 0.2 mm (8 nill) polyethyl ene sheet consisti 5.
.of four cross-lam nated biaxially oriented polyethylene plies was coated
wi tthiéan EVA based hot nelt thernoplastic adhesive conprising about 70%
pol yet hyl ene-co-vinyl acetate with a vinyl acetate content of 25% about -
20% of a rosin ester, about 8% of a picco resin, and about 3% wax. The
'sheet was coated by 20 first nelting the adhesive conposition and applying
the fused conposition to the sheet with a roller applicator. Imediately
after application of the adhesive, i.e. pRRer to substantial cooling of the
adhesi ve, the coated sheet was transported into cont; é&:wth a 8.89 x 10-4
cm (0.35 nil) aluminiym,&pil pheet |haviog: thavﬁﬁ’get"h@c 8 %P8th as the
pol yet hyl ene sheet., d.the resultant, l.an _ efgﬁ ' : LGl ent
pressure bet vveerpcblrﬁfgglé'&_ef‘& Fse?%)' g“odvitg‘? gﬁggé%@}' ve a(@;j{‘yatetrg '?ngétﬁi.é%g ‘-b%
about 2.54 x 1035¢#2i(ch it pressurOKetilecnBppbRes Ctb WL ITUDrdvEger bl s vas
chilled to provide a rapid set of the adhesive after conpgessi??. T?s

cm mi .

adhesive utilizesdhesive dakeanphickmebs ofi about 2.54 x 10"_
5 One of the opposed pressurizing rolls was chilled to

provide a rapid set of the adhesive aftér compression.
| | The adhesive utilized in this Example had a ring
and ball softening point of about 104°C (220°F (ASTM-E
28-67), a density of about 0.975 gm/cc (ASTM-1475), a

10 tensile strength of about 4.3 x 106 Dyne/cm2 (62.9 lb/inz)
(ASTM D-638-68) and elongation of about 995% |
(ASTM-D0638-68).

The polymer film was measured to have coefficient

of thermal expansion of about 37.8 x 10”8

cm/cm/oc (68 x

15 10'6 in/in/°p) while that of the aluminium foil was _ '
measured as about 7.8 x 10°¢ cm/em/Cc (14 x 107° in/in/F).
The shrinkage onset temperature of the polymer film was
about 57°¢ (135°F). |

A waterproofing bituminous adhesive consiéting of



and ball softening point of about 104 C (220[err]F (ASTME 28-67), a
density of about 0.975 gmicc (ASTM 1475), a 10 tensile strength of about
4.3 x 106 Dyne/cnferr] (62.9 Ib/in2) (ASTM D-638-68) and el ongati.on of
3 t 995% ( ASTM D0638-68). The polyner fil mwas neasured to have .
Qg i cient of thermal expansion of about 37.8-x 10-6 cmicm C (68 x 15 10
A/in/OF) while that of the alum niumfoil was neasured as about 7.8 X
10[err] cmicm C (14 x 10 6 in/in/ F). The shrinkage onset tenperature of
the polyner filmwas about 57[err]C (135[err]F). A waterproofing bitum nous
adhesi ve consi sting of -23- asphalt, styrene-butadi ene rubber, and oi
was then applied to the exposed suRBace of the al uni nium foil to conplete

the assenbly. The bitum nous adhesive | ayer _was_about 0.1 cm (42 mls):
t hi cknegsphslt, Styre“e‘bpéﬁdbaPﬁOSBQbSF'c%ﬂ$a9+%dﬂasth%RwﬂERﬂ”eqzmﬂ nate

%hh”‘e'ﬁ?LgtoSﬁ%gfﬁ?sBE%EaQ’%‘ﬁyE%EBZ&?&E%L%#Z' GhE s Ef o5 ot TR Sines v sol ¢
" 435"

aﬁoaeGZSgﬁcg%ggh%ggo F?ﬁ nﬁggwﬁlgé sexﬁ*%|?9£F§%¥€lggﬁ%qﬂﬁggéici Sokgfow

.121[errkﬁ ((420mls) in thickness. | | '

5 : For purposes of comparlson, a "control” lamlnate
similar to the above was prepared qtlllzlng in place of the
thermoplastic adhesive én ethylene-acrylic_acid-copolymer \,)
based laminating adhesive sold by the Dow Chemical Co as |
"Dow 435". This adhesive had a melting point above 260°C

10 (500°F) and did not exhibit significant plasticity below
121% (250°F). |

N The respective laminates were adhered to a
substrate and subjected to répeated thermal cycling over a
tehperatdre range'of -32% (-25°F) to 104° (220°F). fThe

15 1inventive laminate maintained a flat profile on the
substrate without buckling or edge curling. The polymer
£ilm of the inventive laminate retaihed a smooth, flat .
appearance and, by visual examination, did:nbt crack or
peel. Over the same period of time (about 6 days; 12

20 ﬁherméi cycles) the control laminate curled and buck;ed and
the polyethylene £ilm uﬁderwent substantial cracking. |

-In a separate test, the respective adhered

laminates were subjected to respective temperatures of 82°c
o
(180°F), 72°% (160°F) and 49°C (120°F) for extended periods

25 of time. After 21 days at 82°C (180°F) the polyethylene

film of the control laminate was cracked and wrinkled.

e
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The respective | am nates were adhered to a substrate and subjected to
repeated thermal cycling over a tenperature range of -32 C (-25 F)
¥04[err]C (220F). The 15 inventive |lam nate maintained a flat pr@ 5
the substiate w thout buckling or edge curling. The polynmer filmo SR
inventive |lam nate retained a snooth, flat appearance and, by visual
exagination, did not crack or peel. Over the sane period of tine (about 6
days; 12 20 thermal cycles) the control |amnate curled and buckl ed and

t he pol yethyl ene fil munderwent substantial cracking. In a separate test,

the respective adhered | am nates were sugjt(_act ed to respective tenperatures
of 820C (1800F), 720C (160[err]F) and 49 (1200F) for extended peri.ods 25

ft After 21 days at 82 C (180 t 44d f th

gontlrg}3 | ani ﬁrac'.’tlé‘l\?oég EFgHQEH 4RGP %é{:%ﬁ& Pte'goéd/dgﬁ q:gr ir ec'{snuf)ts wgre

observed- after og.fi\ys i&té? gnglggggrgéF 90 | f,{(?@[g)e waek &ndYerr]C
rr e buc

(1200F), the c | am nate was curled and In contrast, after
simlar peri O(i%mqfnakle”%a@t L8 HCERECHLNR] bEIDEL At dbiBsradtie fted Nvent i ve

| am nate retained 1ts snooth, flat profile on the substrate and no cracking

of the pol yet imanarf penivas ofseimedat the respective temperatures, the

5 inventivellamina_te retained its smooth, flat profile on the
substrate and no cfééking of the polyethylene film was

o/ observed.



-25- CLAI MS 1 Alamnate menbr ane assenbly conprising: (a) a layer of
as nkabl e pol ymer film having a shrinkage onset tenperature above

38| ] C (100[err]F): (b) another |ayer of another material having a 5

lo coefficient of thermal ‘expansion than said polyner film bel ow said
shrinkage onset tenperature and exhibiting a | esser degree of shrinkage .
t han sai-d polyner filmabove said shrinkage onset tenperature, said other~§j
material being selected fromthe group consisting of metal foils, polyner

~ 10 sheets, woven scrins, and unwoven scrins, and (c) a layer of a
thernDpIastlc adhesi ve p05|t|oned bet ween and adhering said filmand said
ot her |ayer, said adhesive having sufficient bonding strength bel ow said
onset tenperature to substantially igthibit 15 relative novement between
said filmand said other |ayer and having sufficient plasticity above said
shrinkage onset tenperature to @e;m tz melsati ve novenent between said film
and said other layer. 2. A nenbrane according to claim1l further 20

conpri sing an adhesilve Payemipatermhhiranehessembly ecaipiigiiagot her | ayer

.Opp03|te said layer of a thernopl astic adhesive.
(a) a layer of a shrinkable polymer film having

a shrinkage onset temperature above 38°%¢ (lOO?F);
(b) another layer of another ma;erial having a
5 lower coefficient of thermal expansion than said polyﬁer
film below said shrinkage onset temperature'and eghibitihg
a lesser degree of shrinkage than said polyner f£ilm above
.said shrinkaée onset température, said other material being
selected from the grouﬁ consisting éf metal foils, polymer
10 sheets, woven scrims, and unwoven scrims, and
(c) a layer of a thermoplastic adhesive
positioned between and adhering said film and séid other
layer, said adhesive having sufficient bonding strength
below said onset temperature to substantially inhibit
15 relative movement between said film and said other layer
and having sufficient plasticity above said shrinkage onset
temperature to permit relative movement between said £film |
and said other layer. | _
2. A membrane according to claim 1 further
20 comprising an adhesive layer adhered to the surface of said
other layer oppoéite.said layer of a thermoplastic
adhesive.
3. A membrane according to claim 2 wherein said
adhesive layer coﬁprises é bituminous adhesive coméésition.

25 . 4. A membrane according to claim 1, 2 or 3

UL
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3. A nmenbrane according to claim2 wherein said adhesive |ayer conprises a

bi t um nous adhesi ve conposition. 25 4. A nenbrane according to
claim1, 2 or 3 -26- wherein said polynmer filmis biaxially oriented
oriented &and cross-lam nated. 5. A nmenbrane according to claim4 wherg
said _polymer filmis a polyethylene film 5 - 6. A nenbra

acdgording to claimb5 wherein said polyethylene filmis a high densit
pol yethylene film 7. A menbrane according to any precedi ng cl ai m wher
sai d thernopl astic adhesive is an ethylene-vinyl acetate copol yner based
adhesive. 10 8. A nenbrane according to any preceding claim
~wherein said thernopl asti c adhesi ve acquires said plasticity at a
tenperature within the range of about 32-@80 93 C (90 to 200F). 9. A

menbrane according to, cl aim 8 ereip, sai,d 15.the pl asti.c esiLy
contains one or Hg?’ée’rfbcﬁ?{a Rﬁﬂ@gfng‘?fﬁds klﬁéﬁﬁ;go&%lcecnotreg?g’g ?51§?\§Ed
preced!ng'clain1g9§rggggég¥1$igg gh.l ayer has a coefficient of thernal
expansi on of |ess than 13.6 xcnmcml C (25 x 10-6 20 in/in/OF).

_ 5. A membrane according to claim 4 wherein said
polymer film is a polyethylene film.
5 6. A membrahe according to claim 5 wherein said
polyethylene film is a high density polyethylene film.
~ ' _ . 7. A membrane according to any precedihg.élaim
wherein said thermoplastic adhesive is an ethylene-vinyl
- acetate copolymer based adhesive.

10 8. A membrane accofding to any precediﬁg'claim
wherein said thermoplastic adhesive acquires said
plasticity at a tempetatuge within the range of about 32°C
to 93% (90 to 200°F).

_ 9. A membrane according to claim 8 wherein said

15 thermoplastic adhesive contains one or more modifying
resins. | | |

o/ - - 10. A membrane according to any preceding claim
wherein said other layef'has a coefficient of thermal
expansion of less than 13.9 x lo_s.cm/cm/°c (25 x 1076
20 in/in/°F). | .
11. A membrane according to any preceding claim
wherein said polymer.film is capable of undérgoing abqut 1%
to about 3% shrinkage. |
12. A.membrané of claim 11 wherein said other:
25 layer is aluminium foil. |

13. A membrane according to any preceding claim

U



11. A nenbrane according to any preceding clai mwherein said polyner film
I s gapabl e of undergoi ng about 1% to about 3% shrinkage. 12. A nenbrane of
cI:ﬂFi41 wherein said other 25 layer is alumniumfoil. 13. A nmeabrane
ailng to any preceding claim -27- wherein the polyner filmhas a
fdage onset tenperature in the range of 490C to 66[err]C (120 to _
Ofefr]F). 14.. A nenbrane according to claim1l and substantially as -
‘her ei nbefore described with or without 5 reference to the acconpanying
drawi ngs. 15. A nenbrane according to claim1 substantially as described
in the Exanple herein. 16. A waterproofed roofing assenbly including a
r oof deck substrate having thereon a plurality of nmenbranes 10 according to
any preceding claim 17. A waterprogefed roofing assenbly including a _
roof deck substrate having thereon.a plurality of nenbranes each including: -
(a) a | ayewhefrednshbhe npalyme pdignmehasi & nslincinkagel Snsatshenpkoapamnset
tenperature in the range of about 43 Cto 66 C %%20 to 150F). (b) another
layer of ad®t kB RaRe?ief 4P g 46 C (120 to 1507F).

14. A membrane accprding'to claim 1 and
substantially as hereinbefore described with or without
5 reférence'td the accompanying drawings.

15. a membranefaCCOrdfng to claim 1

substéntially as described in the Example herein.

16. A waterproofed roofing assembly including a

roofdeck substrate having thereon a plurality of membranes
10 according to any preceding claim. '

17. A waterprbofed'roofing assembly including a
roofdeck substrate héving thereon a plurality of membranes-
each including:-

(a) a layer of a shrinkable polymer film having

15 a shrinkage onset témperature in the range of about 49°C to
66°C (120 to 150°F),
| | (b) anothef layer of another material having a

loﬁerldoefficient of thermal expansion than said polymer
film below said shrinkage onset temperature and exhibiting
20 a lesser degree of shrinkage than said polymer film at and
| above said shrinkage onset temperature; said other material
being selected from Ehe group consisting of metal foils,
polymer sheets, woven scrims, and unwoven chims, and
| (é) a layer of a thermoplastic adhesi&e
25 positioned between and coextensive with said film and said

foil and adherihg said film to said other layer;

* €L M8 %
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| ower coefficient of thermal expansion than said polyner film bel ow said
shri nkage onset tenperature and exhibiting 20 a | esser degree of shrinkage
t'han said pol yhrer fil.mat and above sai d shrinkage onset tenperature;/SaLd -
other matérial being selected fromthe group consisting of netal foil(s® N
polyer sheets, woven scrinms, and unwoven scrins, and (c) a |ayer of o
t hepsopl asti ¢ adhesi ve 25 positioned between and coextensive with said film
and said foil and adhering said filmto said other |ayer; -28- said

t her nopl asti c adhesi ve having sufficient bonding strength bel ow said
shrinkage onset tenperature to substantially inhibit relative novenent
between said filmand said other |ayer such that, with increasing
tenperature 5 bel ow sai d shrinkage onselgtenperature, the thernal
expansion of said filmis controlled by its adherence to said other |ayer;
and sai d thernopl asti c adisesdvehéemopilpstifcf adheaivel loting tspfdti chenlt above

sai d shrinkage onset tenperature to 10 permt relative novenent between
said filmand saPePbinskestirapathsbelry Hid ghginkage enfratgdeaPsSKRrLUKAJES at

d aboy i d shr,ink t t i t hout tantial _Lghppbjti
by i (3 adhesi on TS IaLRY, PATETE A o BeERRr St BaSRarngotd Er m 16

or 17 and said other layer such that, with increasing temperature

5 below said shr;nkage onset temperature, the thermal
| expansion of said film is controlled by its adherence to
said 6ther layer; and
said thermoplastic adhesive having sufficient
plasticity at and above said shrinkage onset tempeiature'to
10 permit relative movement between said film and said other
layer such that said f£ilm undergoes shrinkage at and above
.said shrinkage onset temperature without substantial
inhibition by its adhesiqn to said other layer. .
18. An assembly according to claim 16 or 17
15 wherein said membranes are disposed in errlapping fashion.
19, An assembly according to claim 18 wherein
said membranes further comprise a bituminous adhesive layer
adhered to that surface of said other layer remote from
said layer of a thermoplasfic adhesive, a marginal portion
20 of respective bituminous adhesive layers being bonded to
the facing layers of respective adjacent membranes to form
waterproof errlap jéints.
20. An assembiy according to claim 19 wherein
said membranes are disposed with the respective bituminous
25 adhesive layers facing said substrate and adhefing said

membranes to said substrate.

'\,
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15 wherein said menbr anes are di sposed in overl apping fashion. 19. An
~assenbly according to claim 18 wherein said nenbranes further conprise a

bi tang nous adhesi ve | ayer adhered to that surface of said,other fayer |
re fromsaid |ayer of a thernoplastic adhesive, a marginal portidon 20
of pective bitum nous adhesive |ayers being bonded to the facing |ayers,-
of spective adjacent nenbranes to form waterproof overlap joints. 20. Al -
assenbly according to cl-aim19 wherein said nenbranes are di sposed with the
respective bitum nous 25 adhesive | ayers facing said substrate and adhering
said nmenbranes to said substrate. -28a- 21. An waterproofed assenbly
according to claim16 or 17 and substantially as herei nbefore descri bed.
~-28a- '
2.1. An waterpi:oofed assembly according to claim
16 or 17 and substantially as hereinbefore described.
- 1
o’
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