


Since the early 1990s, TPO mem-
branes'acreptance and use have
grown. According to NRCA's 20(N-
2Nl Annual Marka Sut'rxy,TPO
membranes were used in 9.5 percent
of all low-slope roofing projects (new

construction and reroo{ing) in 2000,
totaling about $970 million in installed
costs.

At least four fundamentally different
formulations of TPO membranes cur-
rently are in service on roof qlstems in
the United States. NRCA believes this
is a conservative estimate of the num-
ber of formulations, or generations,
of TPO membranes currently in
existence.

But there still is not a recognized
material standard in the United States
that applies to TPO membrane prod-
ucts. Such a material standard cpuld
deline TPO roof membranes and pro-
vide rninimum physical property valtres
recognizecl as necessary lor long-term
field perlorrnance. Devekrprnent o{'
an Arnerican Sociefy for Testing an<l
Materials (ASTM) material standard
currently is under way; however, it like-
ly will be more than a year before this
standard is finalized and published.

NRCA rosoaroh

In 2000, citing a need for analyticd
data regarding TPO roof membranes,
NRCA'S Technical Operations Com-
mittee, with support from NRCA's
Executive Committee, authorized
an extensive study of TPO roof mem-
branes currently available in the Unit-
ed States. The research's puqpose was
to determine physical characteristics
of various TPO membrane sheets and
provide baseline data for future evalu-
ations of long-term performances of
TPO products.

NRCA's research is not intended
to highlight or single out any specific
manufacturers or products. Therefore,
product and manufacturer names are
not reported.

Sampling

To begin the study, NRCA obtained
full rolls of nine TPO roof membranes
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Thc rolls were provitled to NRCrt by
N RCA's technical cotl nrittee t163111f ers
from throughout the United States;
committee members purchased the
products through typical distribution
sources.

NRCA received the rolls with their
original packaging and labels intact.
Information from the packaging and
labels was recorded, and the rolls were
unrolled and visually inspected. Sam-
ples were taken from the rolls and
labeled in a manner that did not
identiS manufacturer or product
names.

The membrane samples included in
the research represent products from
six manufacturers. A light-colored
(white) TPO membrane was analyzed
from each manufacturer. A dark-
colored (for example, black or dark
gray) TPO membrane also was
analyzed from three product
manufacturers.

Eight of the products analyzed are
identifted on their package labels as
bcing 45 mils (0.045 inches [1.1 Inrn])
thick. One product was identifiecl as
being 60 mils (0.060 inches [1.5 mm])
rhick.

Figrrrt' I provirk's ckrscriptiorrs of'
t lrc TPO rrxlf nrernlrrant s arrrrlvzc<I.

Tesling

NRCA retained three nationally recog-
nized testing laboratories to perform
the laboratory analysis portion of the
research. The TPO membrane sarnples
were provitled to the laboratories with-
out iclentifying the products' manufac-
turers or brand names.

Laboratorv analvsis was conducted
according to recognized test methods,
including ASTM D751, "Standard Test
Method for Coated Fabrics."

Thiekness

Figure 2 reports the overall thickness-
es and thickness-over-scrim measure-
ments of the top and bottom coatings
of the membrane samples in an as-
received (not exposed or not weath-
ered) condition. The reported values
are averages of at least five measure-
ments uniformly distributed across
the rolls' frrl l  widtlrs.

Each product, except membranes
B and C, had overall thicknesses slight-
ly less than those inrl icated by tlreir

Reinforced TPO membrane: 0.U45-inch norninal thickness:
a white-colorrd top layer
Reinforted TPO membrane: 0.060-inch nominal thickness:

Reinforced TPO membrane: 0.045-inch norninal thickness:
a white-colored top layer
Reinforced TPO membrane; 0.045-inch norninal thickness:
a black-colored top layer
Reinforced TPO membrane: 0.M5-inch norsinal thickness:
a white-colored top layer
Reinforced TPO membrane; 0.045-inch nominal thickness;
a black-colored top layer
Reinforced TPO membrane; 0.045-inch nominal thickness;
a white-colored top layen
Reinforced TPO membrane; 0.045-inch nominal thickness;
a black-colored top layer
Reinforced TPO membrane; 0.045-inch nominal thickness;
a white-colorrd top

totc: lP units of inches can be converted to Sl units of millimeters by multiplying inches
by 2.54.

Figurc 7: Descriptions of the TPO roof membranes analyzed.



manufacturers on their package la-

bels. Assuming manufacturers intend

package label values to be nominal

ihi"knlr. values, NRCA considers

these slight variances generally

acceptablc.

T l  r , ' , , r ' t ' r i t l l  t l  l i t 'k l r t 'sst 's  lor  tn t ' r t  r -

branes B and C are identical to those

indicated by their manufacturers on

their package labels.

The thickness-over-scrim values for

all tested membranes, excePt mem-

brane B (the 60-mil- [0.060-inch-
( 1.S-mm-)l thick membrane), range

from 0.0122 inches to 0.0203 inches

(0.31 mm to 0.52 mm).

For membrane B, the additional

thickness appears as a result of addilion-

al top-ftlm thickness as compared with

the iS-mil- (0.045-inch- [r' l-mm-])

Figure 3: Water absorption of tested
memDranes.

) A

thick membranes analyzed. The

bottom-{ilm thickness for mem-

brane B falls within the range of

the 45-mi l -  (0.M5- inch-  [ l  l -mrn- l )

thick mernbranes analYzecl.

NRCA consi<lers a thicknt'ss-<x't'r-

s t ' r i t t t  va l r t t '  ar t  i t r tpor t l tn t  pro l t t ' t t  -

this value significantly can af{'ect liel<l

seaming and field-seam strength' A rel-

atively thick, consistent coating over

scrim thickness generally is desired at

top and bottom fihn surfaces to facili-

taie proper field seaming and provicltr

adequate field-seam strength'

Water absorPtion

In Figure 3, water absorption valrtcs ltrr

the tested products in as-received con-

ditions are shown. Water absorytion

is expressed as a percentage ofchange

in rnass after a rnernbrane is irnmersed
in water for 168 hours at 158 F (70 C).
Tlre reported values are averages ofat
least three llreasurernents frorn each
product.

Mernbranes D-1, D-2 and, to a

slightly lesser extent, membranes E-2

and F-l have significantly higher water

absolption values than other samples. '

For example, metnbrane D-I's value

is nearly twice that of membrane

F-2's.

This large variability in water ab-

solption valuds arnong products causes

NRCA some concern. It remains to be

determined whether these values sig-

nificantly will affect the membranes'

field perfonnances.

Dimensional stabilitg

Figure 4 reports the values for linear

rlilnensionirl cltange fcrr each product.

T l  r , '  r ' r t l r r , . ' s  i t l r '  ( ' x l ) t1 'ss ( ' ( l  l r s  p t ' r< r ' r l l  -

ages <l l ' t l i rrr t :r tsional change altcr cott-

t l i t i o r r i r rs  l i r r  s ix  l ro r r rs : r t  158 I r  (70  C) l

a negative valrre inrlicates a re<lttction,

ur rhtittk"g", in rnembrane size. The

reported valt tes art '  averages o[at

least flve rneasurements for each

product.

In general, the values aPPear to be

comparable to or better than other

single-ply roof rnernbranes. However'

membrane D-2 has a l inear dirnension-

al changt: valrrt: in tlre rn:rchine direc-

tion (tvtD) (long direction of a roll)

continues on Page 26
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c.<tntinued from page 24

noticeably greater than other mem-

branes tested.

Brilileness

Figure 5 reports brittleness-point
values for the membrane products in

an as-received condition tested accord-

ing to ASTM D2l37, 
"Test Methods

for Rubber Property-Brittleness
Point of Flexible Polymers and Coated

Fabrics." Brittleness point is expressed

as a temperature.

Values of tested membranes' brittle-

ness points range from -27 F (-33 C) to
-62F G52C). NRCA is concemed about

products with brittleness points greater

than -50 F (46 C), namelY membranes

B, C, D-1, D-2 and F-1. It remains to be

determined vdrether these values signifi-

cantly will affect membranes' long-tenn

lielcl perf<lnnances.

Breaking strongih

NRCA also tested the values {or break-

ing strength and elongation at break.

The membranes were tested using the
grab-test method defined in ASTM

bZSt in an as-received condition, as

well as after seven days and 28 days of'

heat aging. In Figure 6, the values are

reported in MD and cross-machine
direction (XMD) (across a rolls width).

Breaking-strength values are reported

Figurc 5: BriLtleness points of tested
membranes.

in pound force (lbfl units, and elonga-

tion is expressed as a percentage. The
values are the averages ofat least five

nleasurements for each Product.

F<lr nrodtrcts teste<l in an as-rc'ct:ivc<l

"nr,ditinr.,, breahng-stren$h valrres

range liom 232 lbl't<-r 362 lbf (1.03 kN

to I.6l kN): this includes the 60-mil-
(0.060-inch- [ 1.S-rnm-]) thick product,
membrane B. Elongation values range

from 26 percent to 66 Percent.

After seven days of conditioning,

breahng-stren$h values range

from2TS lbf to ggg lbf (r.22 kN to

1.7 kN) for all products and 275lbf

to 364lbf (1.22 kN to 1.62 kN) for

45-mil- (0.045-inch- [l. l-mm-]) thick
products only. Elongation values range
from27 percent to 38 percent. Gener-
ally, with the exception of membrane
F-2, all breaking-stren$h values re-
rnained the same or increased slightly
from their as-received values.

After 28 days of conditioning, the
samples' breaking-strength values range
from 253 lbf to 362 lbf (1.r3 kN to
l.6l kN) for erll membrure products
and 253 lbf to345 lbf (r.13 kN to
1.53 kN) for the 45-mil- (0.045-inch-

Ii.l-mm-]) thick products only. EIon-
gation values range from 2Zpercent
to 37 percent.

With the exception of membrane
F-2, all brezrking-strength and elonga-

tion values stayed the same or increased

slighdy during seven-day condiuoning
then decreased slightly durin g %-d"y
conditioning. Such a change in these
vahres is not unusual for membrane

pr<xhrcts ol'this $.pe, and NITCA consi<l-

ers the changt:s gent:rirlly accelttallle.

When rnernllrant: Ii-2 was tt:stcd in

an as-received condition, its breaking-

strengtl.r and elongation values were

relatively high, but the values de-

creased significantly with conditioning.

A change in physical properties ofthis

rnagnitude concerns NRCA because it

remains to be determined whether

continues on page 28

IloE: lP units of degrees Fahrenheit can
be converted to Sl units of degrees Celsius
as follows: C = F - 3A/1.8.

2 7  l  s o  l z s s l s t s l 2 2  l 3 0
MD = Machine direction
XMD = Cnoss-machine direction
llote: lP units of lbf can be converted to sl units of N by multiplying lbf by 4.448.

Figure 6: Breaking strengths of tested membranes
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I * 65 133 66 150 q2

B r 65 47 { 41

G * 77 132 53 1 3 1 56
0-1 109 1 2 8 1 1 0 1 1 0 80
0-2 ** + * 142 105 144 1 1 5

I-t 74 81 84 88 94 86
I-2 75 86 oq 94 86 g5

F-l 67 44 83 39 50 43
t-2 ** 43 72 82 34 81

r' Indicates samples did not tear in the direction of the original cut in sample prepanation
for testing.

o* lndicates no teat.

MD = Machine direction
XMD = Cmss-machine dirtction
Ilote: lP units of lbf can fu converted to Sl units of N by multiplying lbf by 4.448.

Figutu 7: Tearing resig/'ances of tested membranes,

I
I
I

continued frorrt page 26

the change signilicantly will a{l'ect the

p r<lrlrrc't .s I on g-tt' rrn field perforrn ance.

Tearing resislanoe

Values for tearing resistance using the

tongue-tear test method defined in

ASTM D751 also were determined.
Membranes were tested in an as-
received condition and after seven
days and 28 days ofheat aging. In Fig-
ure 7, these values are reported in MD
and XMD. Breaking-strength values

are reported in lbf units. Reported
values are averages ofat least {ive

measurements for each product.

For products in an as-received
condition, tearing-resistance values
range from 43 Ibfto l09lbf(190 N

to 480 N).

For rnembranes A, B, C, D-1, D-2

and F-2, breahng-strength values could
not be deterrnined in MD, XMD or
both. These products' test specimens
did not tear conventionally (most prod-
ucts exhibit tearing of reinforcing
scrirn). Instead, the fibers of these

prcldrrcts' rcinlbrcing scrirns bunched

but <lid n<>t necessarily tear. Bunching
of reinforcing fibers rypically is not
corrsirk'rc<l to be a failure of the

28

reinforcing scrirn because the scrirn dicl
not break. Horvever, srrch brrncl.ring
does rc,sult in a merttbrane's failure.

Aftr-.r seven rla1,s ,r1 "or't,ritioning, thi'
samples' values for tearing resistanct:
range from 39 lbf to 142 lbf (170 N
to 590 N). For rnembrane B, an MD
breahng-strength value could not be
determined because of bunching of the
reinforcing scrim. A{ter 28 days of con

ditioning, the values for tearing resis-
tance range from 34 lbfto 150 Ibf
(r50 N to 670 N).

For membranes E-l and E-2, NRCA
regards the tearing-resistance values

Figurc 8: Descriptions of tested
membranes' primary fire retardants

and chnnges o[ these values after con-
ditioning as generally acceptable. Brrt
NRCA is concemed about the changes
in tearing-resistan('e vahres for merl-
branes A, B, C, D-1, F-l and F-2 after
cnnditioning. It is unknown at this tirne
whether the changes signiffcantly will
affect these nrembranes' Iong-term
field performances.

A judgment regarding membrane
D-2 has not been made-the mem-
brane's tearing resistance in an as-
received condition could not be
determined because of bunching
of the reinforcing scrim.

Chemiaal analgsos

To determine the formulations of the
TPO membranes included in its re-
search, NRCA conducted in-depth
chernical analyses of the membranes.
The analyses consisted of dynamic
rnechanical ar.ralysis, fourier transf<rrnr
inll'aretl spectrosc'opv analysis an<l
scanning electnln n'ricroscopic
ar r al1'51 5.

The priurarl' purpose of conducting
these types ofanalyses was to deter-
mine the TPO membranes'composi-
tions as closely'as possible and provide
infonnation for evaluating these rnern-

branes' long-term lield perfonnances.
Such analyses also provide baseline
inlbrrnation for analyzing and com-
paring data fronr tl.ris research with
previous or frrtrrrt' TPO rnembrane
compositions.

Providing an in-depth report about

the chemical analyses is beyond this
report's scope because it may reveal
certain information proprietary to
TPO rnembrane uranufacturers and,
possibly, their raw rnaterial suppliers.
However, infonnation related to

chemical additives used in TPO mem-

branes to improve their fire-resistance
properties pelds data that NRCA cott-

siders necessary to report.

The use of certain chemical addi-
tives used as fire retardants (for exarn-

ple, l lrornine corrrp<lurtt ls) in TPO rtlol

rnerrtbranes nrav a<lversely affect Inelll-

branes' physical properties irfter accel-

crated aging. As it rtrstt lt, sorle TPo

Prt lfcssitt r ru I fu xtfh tg Novt'rrrlx'r 200 I

F-2

Magnesium hydt'oxide

Magnesium hydioxide

Magnesium hydroxide j

I err".'irr;"ret*o l



rnembrane manufacturers have indi-

cated they have switched to other fire-

retardant additives.

Figure 8 reports the results of the

chemiczrl analyses for fi re-retardant

additives in TPO membranes. Mem-

branes A and F-2 clearly contain

bromine compounds. The other mem-

branes contain other fire-retardant
chemical compounds, most notably

magnesium hydroxide.

Finding bromine compounds in

membranes A and F-2 is viewed by

NRCA as being significant because it

may adversely affect the membranes'
long-term performances.

Make infurmed decisions

TPO roof membranes are accePted

and used in the U.S. rooftng industry;
however, it is apparent there are signif-
icant differences among some TPO

rnentbritnes currently on the Inarket

and in service. Although the effects ol'

sorne of'these diflerences are ttnkn<lrut

at this time, NRCA believes other

differences will have notable effects on

the useability and long-term field per-
formances of TPO mernbranes.

It is clear the U.S. roofing industry

needs a credible material standard for

TPO membranes that is based on the

attributes necessary to ensure long-

term field performance. Such a stan-

dard should differentiate products of
questionable performance and those
of known long-term field performance.
A TPO material standard would be of

great assistance to roofsystem design-

ers, roofing contractors and building

owners when speci$ing and purchas-
ing TPO roof membranes. NRCA
hopes the ASTM standard currentlY
being developed can be srrch a trlateri-

al standartl an<l u.i l l  l te rl 'ai lable as

soon as pclssible.

Until an appropriate rnaterial

standard is available, NRCA encour-
ages roofing professionals to closely
evaluate product data and perfor-
rnance history of the specific TPO
roof membrane products they consider
using.

NRCA also recommends TPO mem-
brane manufacturers readily provide
information about-their products. Such
information should include physical
property data, including data after
accelerated weathering, such as heat
aging; performance history of a mem-
brane in its present composition; and
buil&ng code compliance information.
The information will help roofing pro-
fessionals make informed, proper deci-
sions reganling which TPO mernbrane

ETEI
t l ' o r l r r c l s  t l l ( ' v  s l l ( ) l r l ( l  t t s { ' .  |  {

trfark S. ()rultunt ir N/l(lAls rl's.sttcittttt

executioe director of technical sercices.

The U3. rooftng industry needs a oredible
maferial standard for TPO membranes.

Siatement ot Ownershlp, Managom€nt, and Clrculation

.d.||q/,6rd|l l ' t fffr dM(Mffi (5d q@ w mzw

1 0 ? 5 5  w .  H i g g i n 6  R o a d ,  S t e .  6 0 0 ,  R o s e m o n t  I L  5 0 0 1 8

1 0 2 5 5  W .  E i 9 9 1 n s  R o a d '  S t e ,  5 0 0 ,  R o 6 e r c n t  I L  6 0 0 1 8

M@dwf f i tu )

Car I  @d,  NRq,  10255 w.  H igg ins  Road,  Su i te  500,  Rosenont  IL  50018

ADbik! Puni. ln i ,  xRcA, 10255 f .  aiggins Rord, st€- 500 Rosercnt rL 50018

htc cael.1k, xRcA, 10255 r. Ste. 500, Rorercot IL 50018

Rosenont Il

.b ajB', tdb, d|@ rtu d* @tu d h .d
u  ere l ry@h. l412H.
O u. hdlb|)i,lx& 12 rM lw Mt M @ d @ 6tu'tu)

+ 6 h  1  @ d h d q d i l h d p r h s F . . M r y o d & t @ 1 k p ' @ v d h < : 4 t d b m
l ( * k h h .  b w d .

2  h d d f r . h & d @ & b . l l \ j f u | @ h b d l O d l l h ' | l i l d h r d @ c
r - i t u e i r 4 u H @ t i . i l ' w d  d , t t c d d t u b t r ' a @ f t  f f  d d  I  ' : o o d

d d t t h d . d d f f i , n @  d l f u . . & d h A f r e  r : @ b  h h 1 1 . t @  f f i t u

b h & d f f i r d . F 6 @ d

3  b . [ b r t u . r d ; & t u h * k h t m 1 5 r d ( f u b r u s l h t u t b E l s . ' . d l

.  h l $ . C * d W , d t u ( 1 ) f f i d @ ( @ r t u d b 3 s 1  d . d | d b h t ) . &

ax;< Lo-. r-* 46{s..d {l) i#sld da u* bfi6v66 !@ d d ftt l# ddbtd|d

5 ntE pd€rd d 'Mrs.lfurab a5.9€'6rr a' '<wiu wd'a'tr rns Sbtcm(d d d@$E Mmasenenr

*a(fu mr *tfua,l.,sr* pnnr.i,n -v ".-, ' '  eter o t tu pffitd 6 rc' @6Md!'a tu&r'

h h s * d d t u l : @

6 h6 t6 d€|. tkedtu 6e€r.'d ld. sderedd ke6hf r{ E 'ff ied

7 h rt tu! e.€d

F tu. t frb q puilA'.t ' t Mt ot otul Aip m4 b'd t..u.Pdtle ol P' @lt tMM

Psrdn !526. @ rmrF.d
reflJfr3526.l:)!:ters Ftuatua)

s1991n. bad,

Nat lona l  h f l Contracto!a

I'ntfu ssional Roofing November 2001


