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RATE OF WETTING-LABORATORY
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from the aforementoned CREEL protecied miembrane roof eleven years

| I I T ] T [ after it had been installed. ) . -(‘ )
| When we disassembled that roof in 1983 we found that most of the insu-{ Do«
lation was dry and had retained more chan 80 percent of its inital B ~v31uf3‘
However, a few boards were noticeably heavier than the rest. These speci-

mens were not umiformly wer (Figure 6), We measured their thermal resis-

tance and their moisture content.

The laboratory tests demonstrated that in an environment with a severe
wetting |:r«-:um|:i;rj+ extruded polystyrene is much more likely to retain its
thermal resistance than are expanded polystyrene or urethane. !

Insulztion above 3 membrane in a protected membrane roof is in a rela-
tively harsh wetting environment but that cnvironment is not as harsh as
that produced in our laboratory tests. We conducted an exposure test (o de-
termine how well these same insulations will perform on an actual protected
memberane roof that is not scaled on top or subjected to 3 sustained one-way
i vapor drive.
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EXPOSURE TESTS
Time (doys)

In 1980, 305 mm by 305 mm (12 in. by 12 1n.) specimens of urethine, éx-
truded polystyrenc and cxpanded polystyrene were placed in the CRREL
protected membrane roaf (Figure 7)

FIGURE 4. [ncrease in water contene with time for laboratory specimens

I. The membrane was often wet 1 this

',u'h.{ hi,!'l_{l:l”'l TEMPErALUres as 1 t]'l.l:.' Wﬂ'“i.lli; Jppill'il'l'l.lli. Mfﬂ.‘-ll-l'f“l[‘”'[\ wWere i

made in accordance with the ASTM Test for Steady-State Thermal Trans- oo T | 1 | | | T
mission Properties by Means of the Hear Flow Meter {C 518-76), The re-
quirements of this standard were met except that the specimens were not dry
since the purpose of the study was to test wet specimens and six successive
readings for all wet specimens did noc always yield thermal resistance valuces
agreeing within one percent.

Asa specimen takes on water, its thermal resistance decreases, The rano of
its wet thermal resistance o ies dry thermal resistance is 3 measure of its
thermal efficiency. We call chis efficiengy ratio, expressed as a percentuge, the
Thermal Resistance Rario (TRR). The decay in TRE as the specimens ook
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Polystyrens
on maisture s shown in Figure 5. Three specimens (URE, EPS-1 and EPS- - 35xg/m® Ny =
2) are each represented by the single solid curve. The curve below is for the (2apch) T —
extruded polyseyrene (EXT) specimien. That curve has a solid upper portion; 20—
then, ar a TRR of about 68 percent, the curve becomes dashed. Because the - -
EXT specimen ook on very bule water even after five years 1o the libora- 1 | 1 I 1 |
tory wetting apparatus, the laboratery resules only provide dara for thar o 20 40 &0 1aa

EXT specimen up to a volumetric watér content of about 11 percent. The'
EXT curve was extended by testing picces of similar insulation removed

water Content (36 vol)

FIGURE 5 The decav in thermal resbnnce for laboratory specimens,
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i EXTRUDED
! EXPANDED F:QLTETTRENE FOLYSTYRENE URETHANE
30kg/m® |6 kg/m> 34 kg/m3 32 kg/m>
(1.9 pef) (2.1 pef) (2.0 pcf)
|
\ 2 Layers
. (each foced)
EP5-2 EPS5-I EXT URE
§ FIGURE 8 The type and thackness of the exposure test specimens
FIGURE 6. Section throngh aswet board of estonded palysyrene afier 11 yvears of exposise in | area because the lip of the nearby drain was 2 little higher than the mem-
P Hamnpshare brane here and dirt had accwmulated within the surrounding protected
membrane system, retarding drainage
The type and thicksess of each exposure specimen are shown in Figure 8.
MNote that the higher density, expanded polystyrene speamen (EPS-2) is in
one layer while all ather specimens arc in two lavers with the top layer desig-
I nated T and the bottom layer, 8. The EPS-2 specimen was the same marterial
used in the aforementioned Alaskan protected membrane roof. The top and
\ borom urethane specimens were each faced with an asphalec fele.

The sides of insulation boards are not sealed when they are used in roofs.
However, since such boards are much larger than these specimens, we sealed
two adjacent sides of cach exposure speaimen. The remaining two sides were
unscaled to represent the exposed edges and corner of a typical roof insula-
tion board.

J A 610 mm by 610 mm (2 fr. by 2 ft.) concrete paver was placed directly
on top of the spec

wsdically over & three-year period the paver was
maved aside,

The rates of wemng |

three SPCCIMETS are sNown 1n I
ation in the rate of weming: As in the laborarory tezt, the urethane and ex-
panded polystyrene specimens became quire wer and the extruded polysiy-
rene specimen remained reladvely dry, The rate of wetting for each expasore
specimen was less than thar of the corresponding laboratory specimen.
The rates of wetting for the EPS-2 specimen and the bortom layer of the
ered mentbrane roof other three exposure speaimens are shown m Figure 10, There i 3 noticeahls
114 ' '

FIGURE 7. Exposure test speoimens fnstalled in che CHEEL prote
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FIGURE 9. Increase in warer content with gme for the dop layer of the eXposure fost speci-
et
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FIGURE 1 Increase inwater content with rime for che bonve leyer of the sxposure test spea-
mens.
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reduction in wetting rate during the summer for speaimens EPS-1 and URE.
Again the EXT specimen remained relatively dry while the others took on
a significant amount of water.

Some of the difference in performance between the EPS-1 and EPS-2
specimiens is due to the ditference in density (EPS-2, which is about twice as
denise 18 EPS-1, is somewhat more tesistant to water). However, 2 portion of
the difference is also related to the difference in thickness (EPS-2 is twice as
thick as EP5-1).

We calculate that, over the course of a year, the laboratory test vapor drive
would average about five tines the average vapor drive to which the expo-
sure test specimens were subjected. This helps explain why the laboratory
specimens wet more quickly than the exposure specimens did.

After 1178 days of cxposure, the specimens were removed from the roof,
surface-dricd with paper towels, wrapped in 1 film of plasticized polyvinyl-
chloride. then tested in a heat flow meter, thermal conductivity instrument,
Results are presented in Table 1.

Comparing laboratory test and exposure test findings, we conclude that'
the laboratory test gives a reasonable prediction of ficld performance in cold
regions. Extrapolating these findings to the 10 to 20 or more years of per-
formance desired of a roof insulation, it scems clear that only extruded paly-
styrene insulation should be used in protected membrane roofs where water
can pond on the membranc and pavers rest directly on the insulation,
thereby retarding upward deying.

The positive effects of 2 sloped membrane and ventlation of the top sur-
face of the insulation in a protected membrane roof have been demonstraced
in Canada [13]. In order to assess these factors, numerous full-board expo-
surc specimens of expanded and extruded polystyrene were installed in two
layers in the CRREL protected membrane roof during the summer of 1943
(Figure 11). About 2 year later the specimens were reweighed. All the ex-

Table 1. Thermal resisiance ratio (TRR) of exposure tes! specimens of
the end of the tes!.

TRR (%)
{ofter 1178 days of expasure)
Top Layar Battam Loysr
Exiruded Pobystyrena 34 kg/m* (2.1 ped] 1040 100
Expandad Fobystyrens 30 kg/m® (1.5 pdi] 41 -
Exponded Polystyrens I6 kgfm* {1.0 pcf} 26 32
Urethans 32 knfm* [2.0 pdd]™* 13 44

*Cindy one boryes

**Fodngs not incuded.
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FIGURE 11 Seyeene test boards installed by the CHREL protected membrane roofin 1983

truded polystyrene boards had raken on very little moisture. Where the
membrane was dead level and no ventilation was provided between the
pavers and the insulaon, the EPS had a TRE as low as 48 percent. Where
the miembrane was on a slope of abowt 1:50 (U4 in i) and crushed rock was
used as ballast, the TRI of the EPS was above 84 percent. Obviously mem-
brane slope and surface ventilation ard important, However, since the EPS
lost up 1o 16 percent of its insulating ability in one year, we are not very ap-
umistic about its use cven I well-sloped, well-ventilated protected mem-
brane roafs. The specimens installed in 1983 will be periodically reweighed
over the next several years to better define theie long-term wetting charac-
Lerishcs

CONCLUSIONS

A laborarory werning test has been developed thar subjects insulation
specimens which are sealed on their edpes and cold side o thermally in-
duced vapor pressure gradients. The rest provides a valuable indication of
the wetting behavior of msulations used in protected membrane roofs in
cold regions. These laboratoey teses, plus exposure teses and Deld expernience,
wdicare that extraded polyseyeene insulation can be used above the mem-
beanie in protected membrane roofs, but expanded polystyrene (EPS) and ure-
thane insulartion should nor be used since they are likely 1o become wer and
lose much of their insulating abiliry,
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The rate of wetting for isulation in 3 protected membrane roof can be
reduced by providing the membrane with slope to drain amd configuring the

ballast so that the upper portions of the insulstion can air-dry.
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