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PREFACE 
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MOISTURE AND FREEZE-THAW EFFECTS ON 
RlG1D THERMAL INSULATIONS 

by 

Chester W. Kaplar 

INVESTIGATIONAL PROGRAM 

Introduction 

This report covers an investigation of some physical properties of rigid thermal insulating 
materials proposed for use in construction. Since rigid thermal insulation 'is commonly used for 
roofs, beneath slabs on grade, ~nd in perimeter locatioas with embedment in the ground, it is 
likely to be exposed to moisture absorption. As data on moisture absorption are lacking, the'chief 
interest in thisi~vestigation was the evaluation of moisture absorption properties because of their 
probable adverse effects on the thermal insulating properties. ReSUlts of studies of effects of 
moisture absorption on thermal conductivity are presented elsewhere. 12 Strength and flammability 
characteristics were also evaluated. 

There were five main categories of tests: 

1. Physical strength and other physical properties 
2. M::>isture absorption during shallow submersion 
3. Moisture absorption under hydrostatic pressure 
4. Moisture absorption during embedment in moist soil 
5. Resistance to freeze-thaw under wet conditions. 

The tests are described and results presented and discussed in the order indicated. 

Materials 

A number of the most common types of rigid insulation were obtained (Table I). Most were 
purchased on the open market, while a few were samples submitted by contractors for construction 
projects. On open-market purchases, panels 2 in. thick were specified but 1- and Ph-in.-thick 
boards were accepted when 2-in. boards were not available. The following materials, mostly 
foamed plastics, were investigated: 

Beaded polystyrenes 
Extruded polystyrenes 
Polyurethanes 
Other insulation types 

Table I lists the prices of the materials. Most of the insulations used were polystyrene pro
ducts, which are well known, cheap, and popular in the construction industry. They were of two 
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Table I. Types of insulation tested. 

Appro" Appro" 
Density Thickness Price 

Insulation * Manufacturer Trade name (lb/ft') (in.) (1966) 

Pol,arethaaes 

PU 1 Unknown 1.6 2 Unknown 
P02 Dow Chemical Co. Thurane FR 1.9 2 Unknown 
PU 3 Deleted Deleted 2.2 2 91¢/bd ft 

Belded polystyreaes 

BPS 1a Armstrong Cork Co. Armalite t 0.9 2 11¢/bd ft 
(()'15.000 ft) 

BPS 1b Armstrong Cork Co. Armalite Self-Extinguishing t 0.9 2 11%¢/bd ft 
(0-15.000 ft) 

BPS 2 Sinclair-Koppers Co. Dylite 1.6 2.5 Unknown 
BPS 3a Deleted Deleted i.2 2 Unknown 
BPS 3b Deleted Deleted (self-extinguishing) 1.2 2 Unknown 

Extnaded poly sty rea .. 

EPS 2 Dow Chemical Co. Styrofoam 22 1.7 2 91,4¢/bd rt 
(15,000 ft +) 

EPS 3 Dow Chemical Co. Styrofoam BB 1.9 7 15.1¢/bd ft 
EPS 4 Dow Chemical Co. Styrofoam FB 1.9 7 Unknown 
EPS 5 Dow'Chemical Co. Styrofoam FR 1.9 2 9¢/bd ft 

(15.000 ft +) 
EPS 6 Dow Chemical Co. Styrofoam CB 2.0 2 91,4¢/bd rt 

(15.000 ft +) 

EPS 7 Dow Chemical Co. Styrofoam 33 2.1 2 91~/bd rt 
(15,000 ft +) 

EPS 8a Dow Chemical Co. Styrofoam SM (1'h in.) 2.4 1~ 17.6¢/bd rt 
(15.000ft +) 

EPS Sb Dow Chemical Co. Styrot'oam SM (2 in.) 2.4 2 Unknown 
EPS 9 Dow Chemical Co. Roofmate 2.5 2 $200/1000 fe 

11¢1bd rt 
EPS 10 Dow Chemical Co. Scorbord 2.5 2 l7¢/bd ft 

(15.000 rt +) 

EPS 11 Dow Chemical Co. Styrofoam HO-l 3.1 2 20¢/bd rt 
(15,000 ft +) 

EPS 12 Dow Chemical Co. Styrofoam HD-2 3.6 2 36.1¢/bd rt 
(15,000 ft +) 

.... .,.u. ... 
C".ellnllU' ,,1."88 (r.m cU> " 33.2t/bd n 

(1-5400 rt) 
Fiber glass 1 (FOt) Owens-Coming Fiberglas Corp. Fiberglas AE-6 9.5 4 1~1bd ft 
Fiber glass 2 (F02) Owens-Corning Fiberglas Corp. Fiberglas AE- F t 11.3 4 1'h¢/bd ft 
Perlite (P) Deleted· Deleted 10.7 1 7.6t/bd ft 
Asbestos board (AB) Johns-Manville Corp. Thermobestos 14.S 2 30¢/bd rt 

Cort board Deleted Deleted 15 1.6 Unknown 
Mineral wool board (MWB)Johns~Manville Corp. Rock-Corlt t 15 2 131~/bd ft 

* The designations in this column are used in the figures and in 80me cases in the text. 
t No longer manufactwed. 
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types: 1) extruded, homogeneously expanded foam.;boards, and 2) expanded polystyrene beads 
molded into boards. Both types had a closed cell structure and appeared to be equivalent, but 
laboratory tests revealed a significant difference in moisture absorption characteristics between 
them. 

Other insulation types we're: 

Three extruded 'polyurethaneS.' 

Cellular glass . . A very rigid closed-cell glass foam available in many preformed shapes. It 
is considered fire, vermin and vapor proof, moisture repellant, noncorrosive, and does not warp, 
swell or shrink. 

Fiberglas. The types examined were rigid board treated with a protective coating of asphalt 
for strength and moisture repellancy. 

Thermobestos. A molded, rigid high-temperature-resistant insulation of hydrous calcium sili
cate bonded with asbestos fibers. 

Perlite. A rigid, compacted material primarily of flame-expanded perlite with an organic 
fiber filler. It was claimed to be' noncombustible. 

Cork board. A coarse, granulated cork bonded with a special asphaltic, binder sandwiched be
tween two heavy sheets of asphalt-saturated paper. 

Rock-Cork. A compressed mineral wool with binder. 

Standard tests for physical characteristics 

Since properties other than thermal are also important in the use of insulations, tests were 
made to determine mechanical properties. These were chiefly standard strength tests and flam
mability tests. (In remote areas, the Arctic especially , fire is a most serious hazard.) Additional 
tests such as surface indentation were made to evaluate resistance to abrasion and damage during 
construction. 

Results of the physical tests are summarized in Tables AI and All (Appendix A). Additional 
engineering data and physical characteristics of a wide range of foamed insulations have been 
compiled by the New York Naval Shipyard1 and by Bender.2 However, data on moistUre absorption 
and its effect on thermal properties are lacking. 

TOTAL MOISTURE ABSORPTION DURING SUBMERSION IN WATER 

Exploratory long-term submersion tests on two :rigid ins ulations . (Group A) 

Cork board. Two specimens, cut to 6 x 6 x 1.6 in., with no edge sealant, were submerged 
slightly in water. Weight increase was measured periodically during 108 days of soaking. Before 
each weighing the specimens were allowed to drain for about 10 minutes after removal from the 
bath and their surfaces were dried by wiping them with paper towels. They were then weighed 
and returned to the bath. 

After 108 days of immersion the specimens were oven-dried. At this time the specimens were 
beginning to deteriorate; pieces of granulated cork were falling off the edges and the asphaltic 
paper was loosening up. The increase in water content as a percentage of original volume versus 
time is given in Table II and Figure 1. These data have been averaged and plotted in Figure 6b 
for comparison with other materials. , 
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Specimen 

C 

D 

Table II~ Water absorption by cork board. 
(Specimens 6 x 6 x 1.6 in. submerged in water.) 

Dry unit wt 
Moisture absorbed (% volume) as received 

(lblft') 1 day 15 days 45 days 

16.28 4.99 6.26 14.72 

14.74 4.79 5.83. . 10.37 

108 days 

13.63 

12.11 

Table III. Water absorption in two foamed extruded polystyrene boards (Styrofoam). 

Specimen 

S-33A S-338 S-22C S-22D 

Size (in.) 2.06 x 3.91 x 10 2.05 x 3.96 x 10 2.07 x 3.96 x 10 2.07 x 3.94 x 10 

Dry wt (lb) 0.094 0.095 0.084 0.083 

Dry unit wt 2.017 2.016 1.761 1.757 
(l b/ft') 

Volume (ft3
) 0.04661 0;04698 0.04744 0.04720 

31 days 
Water (lb) 0.1198 0.1224. 0.0944 0.0917 
Volume (%) 4.12 4.18 3.19 3.11 

119 days 
Water (lb) 0.1337 0.1320 0.1178 . 0.1132 
Volume (%) 4.60 4.50 3.98 3.84 

299 days 
Water (lb) 0.1462 0.1586 0.1200 0.1193 
Volume (%) 5.03 5.41 4.05 4.05 

61Odays* 
Water (lb) 0.14879 0.15659 0.11663 0.11541 
Volume (%) 5.12 5.34 3.94 3.92 

1107 days t 
Water (lb) 0.1538 ·0.1584 0.12075 0.12212 
Volume (%) 5.29 5.40 4.08 4.15 

* Small areas of rust-colored stain and possibly small areas of surface deterioration. 

t Large areas of rust-colored stain and areas of deterioration coated with bluish mold. 

Styrofoam 22 and 23. This initial exploratory set consisted of two different foamed polysty-
rene boards, 8-22 and 8-33. Two specimens of each, approximately 2 x 4 x 10 in., were submerged 
in tap water at room temperature. The edges were not sealed. Weight readings (following a 10-min
ute drain and surface wiping) were taken after 31, 119, 300, 610 and 1107 days. The water absorbed, 
computed as a volume percentage increase based on the original volume of the specimen, is shown 
in Table III and Figure 2. Photographs of two of the specimens are presented in Figure 3. 

Submersion tests on board insulations (Group B) 

As a result of the observations made on the cork board and the two extruded foamed polysty
renes a slightly expanded program of moisture absorption tests was carried out on a number of other 
common board-type thermal insulations: 
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Figure 1. Moisture absorption vs time, cork 
board (Group A). 
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Figure 2. Moisture absorption vs time, Styrofoam 22 and 33 (Group A). 
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. 4. Specimen S-338. 
Slight rust stain on sur
faces. Two highly rust-

I . 
ed spots, each about 1 in. 2 

Narrow ends have a moldy 
green stain. 

b. Specimen S-22D • 
Slight rust stain over most 
of surface. Narrow ends 
have moldy green appear
ance. Four dark rusted 
spots, each about 1 to 2 

in. 2 

Figure 3. Polystyrene specimens after 1107 days of submersion,(Group A). 
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Figure 4. Moisture absorption vs time (Group 8). 

AwtMl procedure C-240 was followed except that the soaking time was extended from 2( hours 
to 90 days. Other physical characteristics were also measured using ASTM procedures: flexural 
strength, compressive strength, density~;:: thermal conductivity (dry), flammability and impact tesis D 

tance. The results of all tests are given in Table All. Table AlII compares the results with data 
supplied by the manufacturers. For the most part, the data are comparable but occasionally sub
stantial differences may be noticed, probabiy bec'au~e of variations in the materials as a result of 
the manufacturing proc'ess. 

The results of the moisture absorption tests of Group B are shown in Figure 4. After an initial 
period of rapid moisture absorption a continuing, almost linear increase in moisture with time is 
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Figure 5. Moisture abs orption vs time (Group C). 

indicated, ~pproachingsomedistant asymptotic value. (Dow Chemical Company studies of mois;. 
ture absorption due to vapor gradients also show a straight -line absorption -relationship with time") 

Long-term moisture absorption tests on rigid insulation boards (Group C) 

One undesirable effect of moisture absorption by a thermal insulation is an increase in ther
mal conductivity. To obtain thermal conductivity data on soaked insulations 12a small group of 
rigid jnsulations (Group C) was selected. 

Styr~foam2.2 brand (polystyrene) 
Armalite (fused polysty~ene -beads) 
StyrofoamHD-l brand -<polystyrene) 
Styrofoam 33 -brand (polystyrene) 
Scorbord brand (polystyrene) 
PU 3 (polyurethane) 
Rock-Cork (mineral wool board) 

It was planned to use 2 x 12 -x 18-in. boards -for this soaking series. However, because of the 
small soaking tank and the scarcity of material the size was reduced t02 x 6 x 12~in. Because 
of the smaller specimens it was decided to seal-off aU the narrow edges and limitahsorption to 
the two faces. A pi as tic adhesive tape 2 in. wide was use<i as a seal. On some materials it 
seemed effective but on others some moisture may h;:tve penetrated at the tape edges, thus affect
ing the results to some degree. After completion of the soaking tests therm_al c-onductiv-ity deter
minations were made on several of the soaked specimens using the transient step temperatUre 
change method. 4* The guarded hot -plate apparatus was used for dry -specimens when two suffici
ently large specimens were available. Thermal conductivity results are presented elsewhere. 12 

The re,sults of water absorption tests on Group C specimens are plotted in Figure 5. The data 
for mineral wool board (Rock-Cork) are plotted in Figure 6 to a different scale because of the 
large amount of moisture absorbed by this material. 

* A theoretical analysis of the effect of specimen dim,ensions on the test results using the step temperature 
change- method has been made. utilizing thecomputer. 12 

' 
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Table IV. Water absorption during soaking: rigid insulations (Group D). 
(Edges of specimens not sealed.) 

Approx. Unit 
Water absorption - % by volume size dry wt 

Material Type (in.) (lblft') 2 hr 1 dar. 14 28 90 365 

Roofmate brand Polystyrene . 12 x 12 x 2.3 2.49 0.124 0.336 0.508 0.567 0.763 0.902 
Styrofoam BB Polystyrene 12 x 12 x 2 1.92 0.368 1.574 2.796 3.551 4.028 5.50 
Scorbord brand Polystyrene 12 x 12 x 2.1 2.49 0.085 0.359 0.614 0.699 1.041 1.210 
Styrofoam CB Polystyrene 12 x 12 ~2 2.02 0.276 0.574 1.685 2.247 2.586 2.686 
Styrofoam FB Polystyrene 12 x 12 x 2 1.96 0.2?1 0.683 1.97~ 2.987 3.427 3.991 
Styrofoam FR Polystyrene 12 x 12 x 2 1.93 0.230 0.651 1.367 1.574 2.159 2.238 
StYrofoam SM Polystyrene 12 x 12 x 1.5 2.32 0.091 0.223 0.327 0.446 0.558 0.697 
Thurane FR brand Polyurethane 12 x 12 x'2 1.91 0.44'2 0.673 1.323 1.634 2.083 2.80 
PU 3 Polyurethane 12 x 12 x 2 2:18 0.514 0.650 1.626 2.307 3.047 4.328 
Thermobestos Calcium silicate 6 x 6x2 14.6 85.73 87.77 89.518 89.727 89.811 
Perlite Perlite plus fibers 6 x 6xl 4.0 0.802 8.(»7 39.933 82.073 
D~lite Polystyrene fused beads 18 x 12 x 2.5 1.62 0.106 0.719 1.868 1.758 2.72 

Additional long-term moisture absorption tests (Group D) 

This group was tested primarily to measure the long-term moisture absorption characteristics 
of a number of new rigid plastic insulations. A large proportion were prefoamed, extruded poly
styrene products. Some were replacements for discontinued types such as Styrofoam 22 and 33. 
All are listed in Table IV. 

The specim~ns were submerged vertically in water with the top edge just below the surface. 
Since the specimens were larger than those previously used, no attempt was made to seal the edges 
against moisture penetration. The amount of moisture absorbed was determined by weighing after 
various time intervals (initial period: 2 hours) for a total period of one year. The results are given 
in Table IV. The increase in moisture, in percent of volume vs time, is plotted in Figure 6. Other 
physical characteristics, determined using appropriate ASTM procedures; are given in Table All 
and compared with manufacturers' values in Table AlII. 

Discussion 

The data in Figures 1, 2, 4, 5 and 6 indicate that all the rigid insulators tested absorb mois
ture with time, to some extent. However, there is a difference in absorptive capacity between 
materials. Some of the newer closed-cell foamed plastic thermal insulating boards are remarkably 
resistant to water absorption even when completely submerged. 

Fi gures 1, 2, 4 and 6 show that porous and fibrous materials like corkboard ,perlite with or- . 
ganic fibers, mineral wool, calcium silicate, and glass fiber board are more moisture-absorbent 
than foamed plastics. It is obvious that highly absorbent materials would be inappropriate for use 
where contact with water might occur. 

Figure 6 shows that the closed-cell polystyrenes, especially those with a dense·,~§urface skin 
layer, such as Styrofoam SM, Scorbord and Roofmate have the lowest absorption characteristics. 
Figures 4 and 5 show that the fus~d polystyrene bead board absorbed the most water up to 
160 days of immersion. This is undoubtedly due to the granular structure of the board and the in
terconnectinv, channels between the beads. However, high moisture absorption is not restricted to 
beaded materials since extruded foamed polystyrenes and polyurethanes may also be moisture-ab
sorbent because of incompletely closed cell structure. This is believed to be the case with PU 1 
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Figure 6. Long-term moisture absorption vs time. 

andPU 3 (Fig. 4, 5). The lower density polystyrenes are likely to absorb greater amounts of mois
ture (see Table IV). The less absorbent materials generally have a unit bulk density greater than 
2 lb/ft3 while the more absorbent products have a density less than 2lb/ft3

• PU 3 has a density 
greater than 2 lb/fts but is still relatively highly absorbent. The quality of thec,ell structure de
pends greatly upon the controls in the manufacturing process. 

It can be readily seen from Figures 4 and 6 that even the most absorbent of the plastic foams 
. show much less absorption than materials containing fibrous or organic components. Even cellular 

glass (curve CO in Figure 4b) shows a slightly greater tendency I for long-t~~~ moisture absorption 
than the newer polystyrene products represented in Figure 6a. 

From these data it appears that· many of the extruded foamed polystyrenes and closed-cell 
cellular glass insulations are highly resistant to moisture absorption even under long-term immer
sion. There is also some indication that either chemical or bacterial attack may have some effect 
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on polystyrenes submerged in water for long periods of time. There was evidence of discoloration 
and deformation of some of the specimens. No specific effort was made to study this aspect.* 

INTERNAL MOISTURE ABSORPTION DURING SUBMERSION IN WATER 

Shallow submersion 

For proper evaluation of insulation, it is necessary to know the extent of moisture penetration 
and its effect on the heat conductivity of the material. To obtain data on internal absorption, six 
insulating materials were submerged in water (conditions similar to those of the Group D tests) for 
a period of 18 months and then sectioned in thin slices parallel to the flat faces for determination 
of moisture content. 

Procedures • . The original specimens were 6 x 12 x 2 in. thick. After they were removed from 
the water, 2 in. was cut from each end and 1 in. from the side edges so that a specimen approxi
mately 4 x 8 x 2 in. remained for sectioning (Fig. 7). Flat parallel slices were cut as indicated for 
water content determination. The data obtained indicated the extent and amount of moisture enter
ing the material through the flat faces only. 

Result~ • . Figure 8 shows that moisture penetrated into the 2-in.-thick specimens. Absorption 
properties varied between different products. The apparently open structure of the fused polysty
rene beads (Armalite) resulted in a greater amount of moisture absorption than in other materials. 
PU 3 again showed higher absorption values than extruded polystyrene foams. Quantitatively, the 
internal absorptivity of the various products as plotted ·in Figure 8 follows closely the order of 
overall total moisture absorption recorded in the Group C. tests (Fig. 5), particularly for the bead
board Armalite and PU 3. 

Discussion. The majority of the test specimens had a relatively high moisture content in the 
outside slices directly in contact with water. This is not surprising since trimming and cutting 
during the manufacturing process often damages the cellular structure near the surface. ~vidence 

Figure 7 •. Sketch of specimen sec
tioning procedure for water conten ts . 

of internal absorption indicates that internal cells may be 
connected by minute orifices large enough to admit mois
ture or vapor. A Dow Chemical Company stUdy! showed 
that water vapor may enter the inner cells through thin cell 
walls under large vapor pressure gradients .. 

The relative effectiveness of a special surface densi
fication treatment on polystyrene Scorbord appears to have 
been effective in reducing the absorptivity of the outside. 
slices. This particular product appears to have a denser 
surface layer (skin) on the flat faces (but not ~dges) with 
consequent greater resistance to moist~re penetration. 

S .. bmersion under pressure 

To further explore the effect of very wet locations and 
hydrostatic pressures on rigid thermal insulations a series 

• Several samples of foamed plastics were sent to the Chemical Laboratory, Frankford Arsenal, Philadelphia, 
for inclusion in their Panama studies of plastics. The insulations were buried in the ground and periodic 
observations for bacterial and fungal attack were made. Arter two years none of the specimensO polyurethanes 
or polystyrenes, showed any evidence of bacterial or fungal attack although numerous root holes and imbedded 
roots were found in the specimens after removal from the ground. 
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of tests were planned to observe 
moisture absorption after exposure 
to hydrostatic pressure of approxi
mately 15 psi (equivalent to approxi
mately 34 ft head of water). 

Procedures. The 12 materials 
used for the hydrostatic pressure 
tests are listed ih Table V. Two 
5-in.-square representative speci
mens of each material were cut 
from larger boards and ovendried > 

at. 60°C before being placed in 
soaking chambers. Since the sam
ples were newly purchased, one 

c 
~ ----+-PU3 

5 x 5-in. specimen was submerged 
at nominal zero pressure (l-in . 
water cover), and the other placed 
in water in a pressure chamber for 
testing at approximately 15 psi air 
pressure on the water. The zero 
pressure series was to provide a 
basis for comparison with the 15-
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0.05 
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CON"OL 
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1.0 0.5 o 0.5 1.0 
Distance from center. of specimen, inches .. 

psi pressure series. 

All specimens of both series 
(nominal 0 and 15 psi) were sub

Figure 8. Internal moisture distribution after l8-month soak .. jected to shallow submersion for 
7 days except Perlite (P). . After 

Table V. Materials used In pressure 
soaking test., 

Density 
Material (lb/tt3

) 

Armalite ~OC89 

Cellular glass 8.66 

PU 1 1.64 

Perlite 10.70 

Roormate brand 2.48 

Scorbad h'and 2.1>1 

StyroCoam CBbraId 1.~ 

StyroCoam FR braId 1.90 

Styrofoam HO-1 brand 2.91 

StyroCoam HO-2 braId 4.42 

Thurane FR braId 1.90 

PU3 2.24 

7 days the zero pressure series 
group was removed and each 5 x 5 x 2-in. specimen 
was drained for' two minutes on absorbent paper and 
weighed~ A l-in.-thick layer was removed from each 
edge to eliminate edge effects .. The specimens were 
then cut to approximately l,4-in.-thick parallel slices 
(Fig. 9), w~.ighed and dried in an oven maintained at 
60°C over a period of three days. The moisture dis
tribution in each material is summarized in Figure 10. 

The second group of specimens was placed in a 
pressure-cooker type container. They wer~ kept sub
merged by a l,4-in. perforated Masonite board held in 
place by retaining clips fastened to the side of the 
chamber. The water level was maintained at 2 in. 
above the specimens. An air pressure of 15 psi was 
applied and maintained for 7 days. A mercury mano
meter attached to the container provided an accurate 
check on the pressure. 
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Figure 9 •. Sketch of sectioning 
procedure for 5 x 5 x 2-inch 

specimens. 

Upon completion of testing, each 5 x 5 x 2-in. specimen 
was drained for two minutes on absorbent paper and, the wet 
weight was recorded. One inch of material was trimmed off 
and the specimens were sliced parallel to the flat walls. 
The moisture content was determined for each slice. The 
internal distribution of moisture is summarized in Figure 11 
for the 12 materials tested. 

Results and discussion • . The pressure test at 15 psi is 
roughly equivalent to a 34-ft head of water. The test results 
revealed high resistance 'to moisture penetration by most of 
the foamed plastics. The correlation between long-term and 
hydrostatic pressure tests appeared good. A number of speci
mens showed slightly less internal wetting under 15-psi pres
sure than in shallow submersion for the 7-day period at nomi
nal 0 psi. (The pressure exerted on the material may have 
caused closure of some of the cells.) The beaded polysty

rene Armalite (BPS 1a) and the polyurethane PU 3 continued to show the highest absorption values . 
. Thurane FR exhibited very low absorptivity. 

In a number of materials practically no internal penetration of moisture took place during these 
short-term pressure tests. In several materials the weight loss upon drying was less than that ob
served in a control specimen not subjected to soaking. The fibrous perlite board (P) showed the 
highest absorption under pressure, approximately 50% by volume (but considerably less than the 82% 
absorption in long term soaking tests (Fig. 6). All materials showed high absorption values in the 
outside slices. The initial weight losses by oven drying of several control specimens not subject 
to soaking are shown in Figures 10 and 11 for comparison with tested specimens. 

1.0 

Q> 

~ 0.5 

~ 
>-

D 

C 
Q> 
U 

Q> 0.1 
Q. 

c 
0.05 Q> 

C 
0 
U 

Q> 

0 
~ 

0.01 

0.005 
PU2 

~I 0.001 
1.0 05 0 0.5 1.0 

Dislance from cenler of specimen, inches 

;;;" ) 
EPS II 

BPSla 

Q> 

E 

50 ~. 

10.0 

5 

~ 0.1 

t ~ 05 
:\ - . 
I' C 
I~ 

Air Dry .: 
Initial I ~ 
Control C 

SpeCimen ! ~ 0.1 
,U 

I, ~ 0,05 

~ 

0,01 

0.005 

Figure 10. Zero head, 7-day soak specimens 
(except Perlite).' 

Distance f rom center of spec I men, inches 

Figure 11. Summary graphs of moisture absorp
tion under 15 psi hydrostatic pressure; 7-day 
test. (EPS 11 not plotted; results similar to 

EPS 5 and EPS9.) 



MOISTURE AND FREEZE-THAW EFFECTS ON RIGID THERMAL INSULATIONS '. 13 

MOISTURE ABSORPTION.DURING EMBEDMEN'J:'IN MOIST SOlL 

. . 

Rigid board insul~tions are frequently ijsed in moist ground as perimeter insijlation. More 
recently they have beon used experimentqllytn ,highway pavements. to retqrd frost penetration. * 
Therefore long-term absorption. of moisture frolll the:soil and the effect of a number of freeze-thaw 

1 ., ' 

cycles on·highly wetted insulation board were consjdered important factors_to study. 

The moisture absorptic:>n characteristics of ~ number of rigid insulation bo~rd$ under long-term 
burial either:in a moist glacial till or a wet silt soil are given in this section; freeze-thaw effec-ts 
are covered in the next section. 

Cork board 

Two'specimens of cor}{ board, E and F .. approximately 6 x:6 x 1.6 in., were embedded in a 
glacial till (East Boston till), comp~cted to ~bout90% Proctor density and satQrated to 95% or 
higher~ Specimen E was· sealed at its ends wit,h asphalt ce.rnel)tof 100-120 penetration grade and 
given a slight coating of paraffin over the asphalt to keep soil from adhering to the asphalt. Speci
men F was not sealed. 

Testing of specimen E was discontinued after 40 d~vs when theaspha,lt seal'dripped and 
peeled off during removal from soil. The results are plotted in Figure 12. Specimen F was re
moved from the soil and the moisture gain recorded after approximately 20, 40, 80 and 500 days. 
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Figure 12. Moisture absorption by cork board '" 
wet glacial till. 

* Ret. 0, 6, 7, 8. 9, 10, 11. 

Foam.edplastics and other cellular materials 

A 3,.year prograIIl was initiated to. observe 
tbe effect of moisture qbsorption on insulations 
embedded in a moist sHt. The tests were in
tended to sijpplement the data obtained from 
90,.day soaking andhydro$tatic pressure tests. 
Other possible deleterious effects that might 
occur, such as bacterial, Cl1emical or physical 
effects, cQuId also be observed. 

Tberigid board insulations selected for 
this test were those whiCh previous tests had 
sllOwn to be most resh:;tant to moisture absorp
tion ·(those in Table V, with Styrofoam BB re
placing perlite). The soil selected was a local 
silt available in abundance in the Hanover, New 
Hampshire, area. 

A 44 x 32 x 18-in. metal tank was con
structedto contain the moist silt. A 2-in. 
gravel layer was placed on the bottom with a 

. t·in.-thick 90arse filter ~ayer above it and a 
1-in. fine filter layer.()[} top .. This was de
signed so th'.lt a continuous supply of water 
would be availableatttie bottom of the tank 

. in contact with the silt to maintain a moist 
condition bY'capillarity;' The tank hada 5-
gallon" water· supply which maintained the' 
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Figure 13 .. Gradation curves of soil and fiJtersused in soil burial tests. 

INSULATION DIMENSIONS: 5", 12",2" Thick 

Figure 14. Positions of specimens in soil~ tank •. 

water level about 6 in. from the bottom or 2 in. into the silt. Figure 13 shows the gradation curves 
of the filter soils and the silt. 

Samples of each of the insulations were placed in a vertical position in the test box in four 
rows of nine each, arranged so that one-third of the total number (1 specimen of each type) could 
be easily removed without disturbing the remainder. (Fig. 14). Specimens were wrapped with paper 
hand- towels to prevent. soil from adhering to the insulation-. 
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The silt was compacted around the insulation at optimum water content to 90% or more of 
Standard Proctor density. The insulation was covered by at least 1;2 in. of soil. Water was intro
duced into the gravel layer in the tank and maintained about 6 in. from the bottom. The silt ab
sorbed moisture by capillarity and thus was kept wet. Density and water content of the silt were 
sampled initially and each tfme a group of specimens was removed. The initial water content 

distribution is shown in Figure 15. 

Three 12 x 5 x 2-in. specimens of each of 12 different samples were used in the silt embed
ment ~tudies, divided into three separate but similar groups of 12 eaGh. The first group of speci
mens was removed from the silt after 4 months, the second after 15 and the final group after 34 
months. From each block a 1-in.-wide section was trimmed off each edge. The remaining 1O-in. 
length was further divided into three equal pieces and labeled top, middle or bottom, according 
to its position. Each piece was then cut into nine slices, as shown in Figure 9, for water con
tent distribution. The slices were dried in a 160°F (60°C) oven for 24 hours. 

Results 

The results are given in terms of the ratio of volume of water gained (computed from the 
weight loss) to the bulk volume of the slice. Since it was not practical to measure the volume 
of each thin slice the volume was computed from its oven-dry weight using the following relation-

ship: 

v w
p 
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where: V::: volume of slice, cm3
. 

W = oven dry weight of slice,. g 
p = average bulk unit ciensity of large sample, g/cm 3. 

The percentage volume r~tio of absorbed moisture in a ~liee is computed using the following 
relationship: 

% volume moisture 

where: w = weight (water) loss 

w 

Pw V 
x 100 

Pw = unit weight of wa,ter, g/ cm J 

The absorption data obtaineq from the 4-, 15- and 34-month series were plotted on semilog 
paper with the percept volume moisture gained as ordinate and the position of each $lice as ~b
scissa. In general the average moisture content ipcreased with time. In some cases the 4-rnonth 
absorption was greater than the 15-month. In these cases the percentage volumes were very low, 
normally less than 0.05; small variations in material structure and/or measuring errors could 
easily accoijnt for the difference. 

A summary Of the maximum amount of moisture absorbed by each· type of material (based on: 
examination of three separate·vertical $egments of each. specimen) during the 34.,.month period is 

presented in Figure 16. Results .on cork board buried in glacial till were presented .in Figure 12. 
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Cellular glass 

Styrofoam BB 

Styrofoam FR 
Scorbord 

Styrofoam FB 

Styrofoam HD-2 

Styrofoam CB 

Styrofoam HD-l 

Roofmate 

PU 1 
Armalite (fused beads) 

PU 3 

Table VI. Comparison of moisture absorption from 
34 months soil embedment and 18 months water. 

Air dry 
density 
(lb/ft3) 

,8.66 

1.90 

1.86 

2.54 

1.89 

4.42 

2.03 

2.91 

2.46 

1.64 

0.89 

2.24 

Moisture absorption % by volume 
34 mos. soil embedment 18 mos. in ,water 
(1) (2) (1) (2) 

Mid-section 
excludin8 

outer slices 

0.07 

0.09 

0.15 

0.16 

0.19 

0.20 

0.22 

0.25 

0.27 

0.79 

1.6 

4.7 

Total 
specimen 
includin8 

outer slices 

(1.33) 

(0.97) 

(0.44) 

(0.57) 

( 1.31) 

(0.58) 

(D.76) 

(1.5) 

(0.66) 

(3.2) 

(1.7) 

(7.0) 

Mid-sec tion 

0.18 

0.16 

7.8 

3.2 

Total 

(0.42) 

(1.8) 

(7.8) 

(7~3) 

The gross moisture gain by cork board in a wet soil was nearly as large as that gained by cork 
board specimens C and D (Fig. 1) which were immersed in water. 

Discussion 

The embedment of any high porosity material in a moist soil for almost three years to observe 
moisture absorption is considered a severe test condition. However, since the use of foamed 
plastic insulations in below-ground applications is increasing, evaluation of moisture absorption 
of these materials exposed to wet soil conditions is important. 

A summary tabulation listing the approximate average percentage of moisture, by volume, in 
the central portion of the specimen after 34 months of burial is presented in Table VI. Total mois
ture absorption including the outer slices is also tabulated for comparison. 

A comparison of the dry unit weights of the insulations and their absorption characteristics 
indicates that foamed polystyrene insulations with densities below 1. 9 - 2 Ib/ft3 absorb more water 
than those above 2 Ib/ft3 (see Fig. 17). Relatively highly absorbent materials like polystyrene 
beadboard (Armalite) and PU 1 have densities below 2 Ib/ft3, while the least absorbent types, i.e. 
HD-2, Roofmate, FR and FB, have densities of about 2.5 Ib/ft3 or higher. 

A review of the data from three of the most absorptive insulations in these tests (Fig. 4b, 5 
and 16) shows that 34 months of soil embedment resulted in more moisture absorption by the ure
thane foam than 18 months of submersion in water (Table VI). However, the beadboard absorbed 
considerably less water under the same conditions. A possible explanation for this may be that 
the porous structure between the beads is sufficiently large that only small negative (suction) 
pressures are developed by the air-water menisci formed in the beadboard because of moisture 
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Figure 17 •. Summary of water absorption due to 34 months embed

ment in moist silt. 

Table VU. General observations of specimens after 34-month bur.lal. 

Not original dimensions, stained, structure appeared quite good. 

Blackish stain lower areas, not original dimensions, structure good, little ruststain. 

Stained, slightly deformed probably due to emplacement, not very structurally sound, 
not original dimens ions 0 • 

Some rust stain,seemed very weak structurally while being cut compared to original 
material. 

Some stain (rust) in different areas, blackish in lower sections, not original dimen
sions. 

Some lower stain, some pinholes in sample, structurally sound, not CI'iginal dimen
sions, not cut rectangularaiginally. 

Some stain in all areas, not CI'iginal dimensions. 

Appears to be little moisture, very strong structurally, little stain, dimensions different. 

. Some stain (rust and blackish) lower areas, dimensions different, structurally sound. 

Some stain (rust type), structurally goal, notdim~nsionally sound. 

Some rust stain, blackish lower ~ of sample, internal structure very strong, little 
mOisture, dimensions different. 

Some rust stain, very wet on surface, some deformation may be due to emplacement 
and compaction of soil,- dimensionally different. 

·1 
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absorption. This would be similar to a layer of very coarse sand buried in a silt material. The 
coarse sand would lose moisture to the fine-grained silt soil until suction equilibrium pressure 
was established between the two. The urethane foam in these studies consisted of very fine cells 
which undoubtedly exerted a greater suction, when wetted, than the soil and therefore attracted 
water from the soil. 

For most of the other thermal insulations in the test series (excluding those discussed above) 
the amount of absorption resulting from long-term soil embedment was low, on the order of 0.3% 
by volume or less (in the central part of the specimen, excluding the two outside slices). In nearly 
all of the materials the two outside slices showed an increase in moisture. This is not surprising 
since the structure of these sections is disturbed as a result of cutting and slicing operations dur
ing manufacture and processing. 

In summing up, the studies do indicate that the extruded foamed plastics, in general, are resis
tant to moisture absorption, especially compared with older fibrous products, organic or inorganic. 

Some observations on the appearance of individual materials made at the time of removal from 
the soil after 34 months of embedment are presented in Table VII. 

FREEZE-THAW EFFECTS ON THERMAL INSULATING BOARDS 

. The use of thermal insulating boards in highway pavements exposes them to a wet environment 
and numerous freeze-thaw cycles during any given winter. To explore freeze-thaw effects a small 
program of tests was designed at USA CRREL. 

Procedures 

The twelve insulation types used in the 7-day soaking and pressure head tests were used in 
this series. Two additional samples were· included: a polystyrene identified as Styrofoam SM,* 
obtained in two nominal thicknesses, 2 in. and 11h in. 

Two 5-in.-square specimens of each material were used in this exploratory study. One was 
subjected to 15 freeze-thaw cycles and the other to 30 cycles while just barely covered with water. 
The freezing was from the surface downward, Simulating nature. 

The specimens were oven-dried and submerged in water for 7 days prior to the freeze-thaw ex
periments. After the 7-day soak the 28 specimens (14 different types) were removed and submerged 
fiat in shallow metal trays, nine to a tray (one polystyrene specimen, StyrofqamFR, was eliminated 
from the 15 freeze-thaw series because of space limitations). The trays generally took l1h hours· 
to freeze and about 3 hours to thaw. 

Results 

At the completion of each series the specimens were trimmed and sliced (Fig. 9), and the 
gain in water content determined. The internal moisture distributions for all materials after 30 
freeze-thaw cycles are shown in Figure 18. The data have been plotted in Appendix B for com
parison with the zero pressure, 7-day soaking and the 15-psi pressure immersion tests. In all 
cases the specimens subjected to 30 freeze-thaw cycles absorbed more moisture than those sub
jected to 15 cycles .. The cellular glass diSintegrated before it could be properly sectioned and 
weighed after 30 freeze-thaw cycles, illustrating the severe effects that may be imposed on mate
rials exposed to high moisture and cyclic freezing. 

* This type was used in the pavement insulation tests in the field at the Dow Chemical Co. plant in Midla~d, 
Mic higan.6 

. . . 
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After 30 cycles •• 

Examination of Appendix B shows freeze-thaw effects to be the most severe of all the tests 
made. The perlite-fiber material showed the largest water gain, 90% by volume in the freeze-thaw 
test as against 50% in the submerged pressure test. 

Discussion 

The freeze-thaw test appeared. to be most severe and had destructive results in highly absor· 
bent specimens. The internal water content increased in practically all the specimens after 15 
freeze-thaw cycles and increased more after 30 cycles .. One notable exception was high density
polystyrene Styrofoam HD-2 where 30 cycles began to indicate some adverse reactionJ., Roofmate 
also showed good resistance through 15 cycles but revealed signs of adverse reaction at 30 cycles. 

The conclusion is reached that under very wet conditions freeze-thaw cycles are likely to 
cause deterioration of cellular insulation and loss of insulating qualities due to moisture a bsorp
tion, especially if the voids becom'e saturated to 90% or more before freezing. ' Where winters are 
severe, pavement sections may not be subjected to many freeze-thaw cycles per winter. But in 
more temperate zones there may be several freeze-thaw cycles during a winter and if extreme wet
ness is present cellular breakdown may occur. Since insulations in the base course or on the 
subgrade may prevent vertical drainage, water may collect on the insulation. Even if some of this 
moisture drains downward through the jOints, this portion of the insulation is exposed to severely 
wet conditions and possible deterioration by repetitive freezing. A cellular glass product was 
severely damaged in a test sequence of this study. From field experience in Greenland spalling 
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has been observed in cellular glass insulation blocks during freezing when high vapor gradients 
were present within the jOints. 

GENERAL CONCLUSIONS 

The, following conclusions are made from the studies and observations reported~ 

1. None of the materials was completely resistant to'moisture absorption. 

2. Many foamed plastics are relatively highly resistant to excessive water absorption, al
though some are considerably more absorptive than others. 

3., Fused polystyrene beadboards absorbed more moisture than expanded, extruded polystyrene 
boards. 

4. The three extruded polyurethanes were generally more absorbent than the polystyrenes. 

5. Special s~rface layer densifications of some of the extruded polystyrene boards appeared 
to be effective'in reducing moisture absorption. 

6. Submersion under hydrostatic pressure of approximately 1 atm (15 psi gage) appe'ared to be 
less severe than shallow submersion for many of the rigid plastic foams in short-term (7-day) tests. 

7. Alternate freezing and thawing of rigid insulations in the presence of free water is more 
damaging to insulations than submersion and increases water absorption. Although cellular glass 
has very low moisture absorption in ordinary moisture tests, it deteriorates more rapidly in wet 
freeze-thaw tests than other insulations. 

8. Laboratory absorption and freeze-thaw tests provide a suitable means of distinguishing 
the least absorbent insulations. 

RECOMMENDATIONS 

Based on these studies the following recommendations are made: 

1. Selection of rigid foamed insulations to be used under wet conditions should be based on 
the results of long-term moisture absorption tests; a minimum of 30 days (as opposed to the 24-hr . 
ASTM test) is suggested. 

2. Selection of rigid insulations for applications under wet conditions with anticipated peri
odic freezing and thawing temperatures should be based on results of tests with 30 or mOre freeze
thaw cycles applied. 
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Table AI. Summary of physical tests on insulation samples. 

Test and applicable Cellular Styrofoam (expanded polystyrene) 
test procedures glass No. 22 No. 33' 

Color Black White Blue 

·Flexural strength (psi) 110.5 52.9 52.7 
(ASTM C-240, C-203) 

Compressive strength (avg. 
psi at 5% deflection) 73.1 19.4 22.3 
(ASTM C-240, C-165) 

Density (pcf) 
9.24 1.71 2.09 

(ASTM C-303) 

2 hrs 0.075 0.351 0.553 

Absorption-
24 hrs 0.136 1.234 1.227 
14 days 0.520 1.671 2.816 percent by vol. 

(ASTM C-240) 
90 days 1.784 2.653 5.029 
14 days 

0.111 0.310 0.021 (sat. soil) 

Indentation, in. 
(0.143 lb wt. and 0.094 0.093 0.073 

Impact' 4112 in. drop) 
(Fed. spec. 
SS-T-306b) Indentation, in. 

(0.350 lb wt. and 0.117 0.108 0.080 
6 in. drop) 

Flammability Burning SE' 
(ASTM D-635-44) 

Non-burning 
7.10 in.!min 1.24 in. of burn 

* Manufacture of AE-F Fiberglas board has now been discontinued. 
, Applicable to asphalt floor tile. 

RD-l 

White 

168.6 

Insufficient 
material 

3.13 

0.065 
0.497 
1.496 
2.207 

0:066 

0.Q76 

Burning 
4.10 in.!min 

Armalite (expanded 
polystyrene) 

RD-2 Plain SE'· 

White White White 

206.0 21.7 17.0 

Insufficient 
material 7.5 4.8 

3.59 1.01 0.95 

0.046 1.714 2.114 
0.256 2.399 2.644 
0.511 4.440 3.449 
0.652 6.739 5.860 

0.196 0.107 

0.038 0.066 0.090 

0.043 0.073 0.094 

Burning Burning SE' . 
4.03 in.!min 8.19 in.!min 0.40 ip. of burn. 

2 McBurney indentation test (Fed. Spec. SS-T-306b) as applicaQle to asphalt floor tile was performed on all above specimens 
without success. None of the materials were sufficiently strong to withstand the 30 lb point loading. 

, Self extinguishing type. 
4 Perpendicular (1) and parallel (II) to laminations. 

Fiberglas 
AE-F" 

AE-6 (Flooring type) 

Black Black 

31.4 108.8 (1), 
13.7 (11)4 

2.4 11.4 

9.54 11.29 

11.144 
19.534 
23.911 
29.736 

Did not pene- Did not pene-
trate asphalt trate asphalt 

coating coating 

Did not pene- Did not pene-
trate asphalt trate asphalt 

coating coating 

Non-burning Non-burning 

BPS 3 
.a. :Reg: b. SE' 

White White 

23.5 23.8 

6.8 .. 8.3 

1.22 1.24 

2.245 1.657 
2.645 2.712 
3.213 3.155 
4.913 4.360 

0.008 . 0.016 

0.066 0.068 

0:075 0.072 

Burning SE' 
9.20 in.!min 0.37 in. of burn 
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Table AI (cont'd). Summary of physical tests on insulation samples. 

_ . 

Expanded /lolystyrene 
• J 

Urethane 
Styrofoam Styrofoam Styrofoam Styrofoam Styrofoam Thurane Thermo-

Roofmatt SS Scorbord CS FB FR SM FR PUl bestos Perlite DyIite 

Color Blue White Blue Blue Blue Light blue Light blue .. Ivory Yellow white Gray BroWII White ~ 
'I:l 

FlexuraF strength. (psi) 88.5 45.3 106.0 51.8 61.9 91.3 78.7 46.5 34.9 109.8 32.6 46.6 'I:l 
(ASTM C-240, C-203) ~ 

<: 
Compressive strength (avg. t:J 
psi at 5% deflection) 21.5' 35.8 '29;9 41.6 33.3 41.4 46.1 32.3 31.3 225.2 21.0 10.73 ..... 

~ 
(ASTM C-240, C-165) 

~ 
Density (pcr) 2.46 1.90 ,2..54 2.00 LB9 1.86 2.35 1.90 2.24 14.83 10.7 1.62 
(ASTM C-303)r 

2 hrs 0.124 ' 0.368 0.085 0.276 0.271 0.230 0.091 0.442 0.514 85.729 0.802 0.106 Absorption - . 24hrs 0.336 1.574 0.359 0.574 0.683 0.651 0.223 0.673 0.650 87.773 
percent by vol. 14 days 0,508,. 2.796 0.614 1.685 ' 1.973 1.367 0.327 1.323 1.626 89.518 8.057 0.719 (ASTM-C-240) :, 28; days 0,567 3.551 0.699 2.247 2.987 1.574 0.446 1.634 2.307 89.727 1.868 90 days 0.763 4.028 1.041 2.586 3.427 2.159 0.558 2.083 3.047 89.811 39.933 

Indentation, in. 

Iinpact 
(0.143 lb wt and 0.021 0.070 0.023 0.062 0.085 0.045 0.021 0.019 0.052 Q.Jl1li 0.037 0.037 

(Fed. spec. 41h in. drop) 

SS-T-306b) Indentation, in. 
(0.350 lb wt and 0.032 0.104 0.034 0.093 0.123 0.081 0.038 0.029 0.083 0.025 0.044 0.052 

, 6 in. drop) 

Flammability SE Burning SE SE SE SE SE Burning SE , Burning 

(ASTM 0-1692-59) 1 in. of burn 2.85 in.lmin 1.13 in. of burn 1 in. of burn 1.03 in. of burn 1.05 in. of burn 1.25 in. of burn 8.18 in.!rriilr:t.75 in. of burn Non-burning Non-burnIng 5.11 in.lmin 
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Table An. Summary comparison of manufacturers data with test results. 

Flexural Com pressive Thermal 

strength strength Density Absorption conductivity, K 
(psi) (psi) (pet) (% by volume) (Btulhrlft 2

/
O Flin.) Flammability 

Cellalar ,ius 
Mfgr. data 75.0 100.0 9.0 0.2 (24 hrs) 0.38 @ mean :z:5oo F Non-burning 
NED lab test data 110.5 73.1 9.24 0.14 (24 brs) 0.375 @ mean _ 50°F Non-burning 

Styrof .... 22 
< 0.15 Ib/ft2 t Mfgr. data 42-61 16-32 1.6-2J) .23-.27 @ mean=40oF Burning 

(7-8 in.lmin) 
NED lab test data 52.9 . 19.4 1.71 0.07 Ib/ft2 0.246 @ mean Z2400F Burning 

(7.10 in.lmin) 

Styrofoam 33* 
<0.151b/ft2t Mrgr. data 48-99 16-38 1.7-2.3 .23-.27 @ mean-40°F SE* 

(Reduced b\I'n.) 
NED lab test data 52.7 22.3 2.09 0.12 Ib/rtS 0.229 @ mean_40°F SE* 

(1.24 m. of bum) 

Styrofoaaa Hi>-1 
Mrgr. data 70-90 50:80 2.8-3.2 Nil Less than 0.25 Burning· 

@ mean_40°F (6 in.lmin) 
NED lab test data 168.6 in8uff. mat '1 3.13 1.50 (14 days) Ins urf. mat '1 , Burning 

(4.1 in.lmin) 

Styrofoam HD-2 
Mrgr. data 150-170 120-140 . 4.3-4.7 Nil Less than 0.25 Burning 

@ mean,..40oF (2.5 in.lmin) 
NED lab test data 206.0 In surf . mat '1 3.59 0.51 (14 days) Insurf. mat'l Burning 

(4.03 in.lmin) 

Al'III&lUe (plalll) 
Mfgr. data 26.0 1.25 4.0 (Ult. by Yol) 0.24 @ mean=60oF Combustible 
NED lab test' data 21.7 7.5 1.01 4.44 (14 days) .170 @ mean=60°F Burnir.g 

(8.19 in.lmin) 

AlIIlaltte (SE.) 
Mrgr. data. 1.25 4.0 (Ult. by Yol) 0.24 @ mean:a60oF SE* 
NED lab test data 17.0 4.5 0.95 3.45 (14 days) .233 @ mean,..60o F SE* 

~.4 in. of burn) 

BPS 3 (plalla) 
Mrgr. data 21.0 10.5 0.9-1.2 <2.0 D.25 @ mean=40o F Combustible 
NED lab test data 23.5 6.8 1.22 3.21 (14 days) 0.123 @ mean=45~Y Burning 

(9.2 in.lmin) 

BPS 3 (IE.) 
Mrgr. data <2.0 0.25 @ mean=40°F SE* 
NED lab test data 23.8 8.3 1.24 3.16 (14 days) 0.20 @ mean=45°F SE* 

(0.37 in. of burn) 

* Selt extinguishing type. 
t <0.15 Ib/n l of surface ar~a (7 days). 
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Table All (cont'd).Summary comparison of manufacturers data with test results. 

Flexural Compressive - Thermal 
I 

,. strength strength Density Absorption conductivity, K 
(psi) (psi) (pet) (% by volume) (Btulhrlft 2/° F lin.) Flamm~bility 

Rooflllate 
Mfgr. data 25.0 3.0 0.25 (24 hr$) 0.23 @ 75°F SE* 
CRRELdata 88.5 21.5 2.5 0.34 (24 hrs) SE* 

Styrofoam BB 
Mfgr. dat~ 44.0 18.0 1.8 0.5 0.35 @ 75°F Burning 
CRREL data 45.3 36.0 1.9 1.6 (24 brs) 2.85 in. of burn 

Scorbord 
Mgfr. data 30.0 2.5 0.25 0.23 SE* 
CRREL data 106.0 30.0 2.5 0.36 (24 hrs) SE* 

Styrofoam CB 
Mgfr. data 70.0 30.0 1.9 0.12 0.30 @ 70°F SE* 
CRREL rjata 52.0 42.0 2.0 0.57 (24 hrs) SE* 

Styrofoam FB 
Mfgr. data 44.0 25.0 1.8 . 0.5 0.30 @ 75°F SE* 
CRREL rjata 62.0 33..3 1.89 0.68 SE* 

Styrofoam FR 
Mrgr. data 70.0 30.0 1.9 0.25 0.26@ 75°F SE* 
CRREL rjata 56.3 41.4 1.86 0.65 (24 brs) SE* 

Styrofoam SM 
Mrgr. data 30.0 2.5 0.25 0.23 @ 75°F SE* 
CRREL data 78.7 46.0 2.35 0.22 (24 hrs) SE* 

Thuruae FR 
Mfgr. data 26.0 2.0 0.75 0.15 @ 40°F SE* 
CRREL data 46.5· 32.3 1.9 0.67 (24 hrs) 8.18 in. of burn 

PU3 
Mrgr. data 50.0 37.0 2.3 2.0 (5 days) 0.14 @ 70°F Non-burning· 
CRREL data 34.9 31.3 224 1.63 (14 days) Non-burning 

Thermobeatoa 
Mfgr. data 95.0 165.0 11.0 None given 0.33 @ 100°F Non-burning 
CRREL data 109.8 225.0 14.8 87.8 (24 hrs) Non-burning 

. Perlite 
Mfgr. data 10.20 1.5 (2 hrs) Non-burning 
CRREL data 32.6 21.0 10.70 .0.80 (2 hrs) Non-burning 

DyUte 
Mfgr. data 60.0 24.0 1.6 0.25 @ 75°F 
CRREL data 46.6 10.7 1.6 0.72 (24 hrs) 5.11 in. of burn 

* Self extinguishing type. 
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