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Summary

The compression of fiberglass batt, loose-fill fiberglass, loose-fill
rock wool, and loose-fill cellulosic insulations due to the installation of
one insulation on top of another has been simulated by subjecting specimens
to known static loads. Decrease in thickness was measured as a function of
loading for freshly blown loose-fill insulations and fiberglass batts shaken
to full thickness. The Tow density materials were affected the most, show-
ing compressions as high as 40% for loads of 12 kg/m2 (2.5 lb/ftz). The
magnitude of the compression due to loading decreases as the density of the
loaded insulation increases. Correlations for compression as a function of
Toading were obtained and used to calculate R-values for stacked insulations.

The decrease in R-value due to compression can be offset by increasing
the amount of insulation added to reach a desired total R-value. Tables
have been prepared for the estimation of the amount of Toose-fill insula-
tion required to upgrade existing R-11 or R-19 thermal barriers to higher
R-values. In most cases an increase in the thickness of the added insula-

tion of 25 mm (1.0 inch) or less will compensate for the compression effect.
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Reduction in the Thermal Resistance (R-Value) of Loose-Fill
Insulation and Fiberglass Batts due to Compression

Introduction

The recommended amount of residential thermal insulation has increased
as a result of rising energy costs. In many cases homeowners find it eco-
nomically desirable to install additional insulation in attics on top of in-
sulation already in place. The current practice for determining the amount
(thickness) of insulation to be added assumes that the total R-value achieved
is the sum.of the R-values of the original insulation and the newly installed
insulation. The installation of a second layer of insulation in an attic
space, however, results in a compressive force and resultant reduction in the
thickness of the first layer of compression. Additional insulation, there-
~ fore, must be added to bring the total R-value to the desired level. The
data reported in this report can be used to determine the thickness reduction
of loose-fill insulations and fiberglass batts that result from compressive .
forces exerted by additional insulation. The thickness reduction is accom-
panied by an increase in density and a reduction in the R-value of the com-
pressed layer.

The R-value, R, of thermal insulation is defined in terms of thickness,

T, anq thermal conductivity, k. The thermal conductivity of a specimen of
R=T/k (1)

insulation is related to the density, p, of the insulation by Equation (2)
k=a'"+b'p+c'/p (2)

while the density varies inversely with thickness. Thus, an insulation speci-

men with an initial density, Po? and initial thickness, To’ will have density o



Ny

p =T /T (3)

after compression to thickness T. Equations (1), (2), and (3) can be com-
bined to give R as a function of T for an insulation specimen. The thick-
ness of a specimen of insulation can be determined as a function of compres-
sive forcé loading, and the resultant R-value can then be calculated from

relationships between k and p.

Measurement of Thickness and Density

Initial specimen thicknesses and thicknesses under loading were mea-
sured with a Gaertner Model M-911 cathetometer. Specimens of fiberglass batts
1.219 m (48 inches) in length were shaken to obtain recovery beyond full thick-
ness. The specimens were then affixed to plywood sections slightly larger
than the specimen by stapling the paper facing to the plywood. The insula-
tion specimens were marked at five equally spaced points along the top edge
using a syringe filled with black ink. Initial thickness was determined by
measuring the elevation relative to the cathetometer zero point of the top
of the mounting board and the average of the five inked points along the top
edge of the batt. Flat loads approximately the same size as the batt speci-
mens were fabricated from cardboard and styrofoam. The loads were constructed
to provide increments of about 2.44 kg/m2 (0.5 1b/ft2). Load increments were
placed on top of the batt specimens and the resultant thicknesses were measured.
The first series of measurements were allowed to stand for several hours bhe-
tween load increments to make certain that an equilibrium thickness had been
reached. In every case it was observed that equilibrium was attained in less
than ten minutes. A period of thirty minutes, therefore, was taken as suffi-
cient for equilibrium. Figure (1) is a photograph of a specimen of fiberglass
batt insulation with two increments of compressive load. Densities of the

batt specimens were determined from the mass and dimensions of the specimen
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Figure 1. Photograph of Fiberglass Batt with Two Load Increments



at Tabel thickness.

Testing of loose-fill insulations was accomplished using a 305 x 305 x
305 mm (12 x 12 x 12 in) plywood box into which the insulation was blown. A
slot was cut in each of the vertical sides of the box to permit sighting of
the top of the insulation in the box. The box containing loose-fill insula-
tion was placed on a revolving platform so that four thickness measurements
could be made. A photograph of the apparatus is shown in Figure 2. The
loose-fill insulations were also loaded with increments of approximately
2.44 kg/m2 (0.5 lb/ftz) and the thicknesses measured with a spotlight and the
Gaertner cathetometer. Specimen density was determined from a measurement
of the mass of the insulation in the box.

Thicknesses were measured in this work to better than 0.1 cm (t.04
inches). The values for the load increments were known to better than .05
kq/m2 (t.01 1b/ft2). Specimen masses were known to better than 0.2 arams

(X.0004 1b).

Results for Thickness under Loading

Results for thickness under Toading were obtained for loose-fill cellu-
Tose insulation (LFC), loose-fill rock wool insulation (LFRW), loose-fill
fiberglass insulation (LFFG) and fiberglass batts produced by the three major
producers. Appendix A identifies the particular products that were tested.

Appendix B contains the data that were obtained. In most cases thick-
ness measurements were made at loads ranging from 0 kg/m2 (0 lb/ftz) to
12.21 kg/m> (2.5 1b/ft%) in steps of 2.44 kg/m® (0.5 1b/ftZ). Specimen di-
mensions and density data are included in Appendix B.

The experimental thickness data were analyzed using Equation (4)

aT/T'E 5% B (4)



PHOTO Y170428

vl

Figure 2. Photograph of Slotted Box Mounted on Revolving Pedestal
that was used for Loose-Fill Insulations



where AT is the change in thickness resulting from a loading of w 1b/ft2.

Values for the parameters a, b, and c¢ in Equation (4) were determined for
each of the products tested using the Method of Least Squares. Results for
the insulations tested are given in Table 1. Figures 3, 4, and 5 show
curves of -AT/T versus loading. The curves were drawn from the results ta-
bulated in Table 1. Figure 6 shows the scatter about Equation (4) of the
experimental compression data for R-11(A) fiberglass batts. Experimental
results for the other insulations tested are similar to those shown in Fig-
ure 6. Figure 7 is a plot of compression at 4.88 kg/mZ (1.0 1b/ft2) loading
as a function of initial density. A1l of the products tested are represen-
ted in Figure 7.

The numerical results in Table 1 can be used to obtain the thickness to
which an insulation will be reduced due to a compressive load. Thickness
under compression is obtained by subtracting the thickness decrease, (AT/T)TO,
from the 1nitial thickness, To' The value for the thickness under compres-
sion can then be used to calculate the density, using Equation (3), and the
thermal conductivity. Values for thickness and density can then be used to

calculate R-value using Equations (1) and (2).

R-Value Calculation for a Compressed Insulation

Thermal resistances were calculated by substituting the thicknesses and
thermal conductivities of the compressed specimens into Equation (1). Values
for thickness under compression were determined from the information summar-
ized in Table 1. Label thicknesses were assumed as the starting point for
unloaded fiberglass batts. The change in k resulting from compression of the
batts from P, to pg Was obtained using Equation (5) with b' and c' values

SF
sk = \ (@ dp=b"(prp.) + ' (1/op1/p,) (5)
3p £ Pgtife
°o



obtained from a published report dealing with insulating batts.(l) The
changes in k with p for loose-fill mineral fiber insulations were taken to
be the same as the corresponding batt insulations. Correlations for loose-
fi1l cellulose published by Shirtliffe and Bomberg(z) were used. The nu-
merical data used are listed in Appendix C.

Figures 8, 9, and 10 show results obtained for the percent decrease in
R-value resulting from compression. The percentage decrease in R-value is
less than the percentage decrease in thickness since k for the products
tested decreases with density in the density interval tested. The results
shown in Figures 8, 9, and 10 are given in Tables 2, 3, and 4. The comput-

ter codes used to obtain these results are reproduced in Appendix C.

Thermal Resistance of Two Layers of Insulation

The numerical data in the preceding section can be used to determine
the total thermal resistance of two layers of insulation. The effective
thermal resistance of the bottom Tayer fé reduced due to compression. Equa-
tion (6) gives the total R-value in terms of the R-value per inch of added
insulation, ﬁé, the thickness of added insulation, T2, density of the added

insulation, DZ’ and the R-value for the bottom layer of insulation, Rl'

R-Total = R,T, + R

= , 2
AR/R C1 + C2w + C3w

W = DZT2/12.0

. The reduction term, AR/R, is represented in the above equation as a function
of the loading, w. The coefficients Cl’ C2, and C3 were obtained by the Me-
thod of Least Squares and are listed in Appendix C.

The amount, T2, of added insulation required to upgrade a given installed

insulation to a specified R-TOTAL can be determined from Equation (6). A



Table 1
Values for th2 Constants a, b, and ¢ in Equation (4)

Product a b C Number of Number of hverage 1 Std. Deviat‘ion2
Soecimens Points Ceviation %

Fiberglass Batts - - - - - = - - - - - - oo oo - oo oo ottao e oo e e -

R-11 (A)3 -1.5100E-2 2.4558E-1 -2.7728E-2 5 40 11.0 4.80E-2
R-11 (B) 7.2433E-2 3.0427E-1 -3.8971E-2 3 24 7.6 3.97E-2
R-11 (C) 2.3352E-2 2.6026E-1 -3.0797E-2 3 24 6.3 2.64E-2
R-13 (A) -1.3906E-2 ~.6497E-1 -2.4553g-2 5 27 14.6 3.50E-2
R-19 (A) -3.54:5E-2 2.3789E-1 -2.6452E-2 3 24 5.1 1.56E-2
R-19 {B) 5.11€2E-1 3.1385E-1 -£.0332E-2 3 24 17.6 7.94E-2
R-19 (C) 9.5779E-2  2.4159E-1  -2.9923E-2 .3 24 2.9 1.39E-2
Loose-Fill = = - - = - - - - oo e e e i m e et e e o e e e b o e e e e o o e e e e e e e o
Ce]]ﬁ]ose (D) 2.3744E-2 1.0503E-1 -1.1340E-2 10 50 11.4 2.02E-2
Fibergtass (F) 2.5511E-2 2.5155E-1 -5.8825E-2 12 60 11.5 3.76E-2
Rock Wool (E) -2.8012E-2 1.2973E-1 -1.0507€-2 9 ‘ 44 32.4 4.36E-2

(1) Average deviztion compLted using: ‘ (-aT/T) cale - ('AT/T)exp x 100

- \ { AT/TTéXp
(2) (Z ((_AT/T)i calc ~ (_AT"T}i exp)2 /N/’ 0.3
i=1

(3) Ra=fers to prcducer, see Appendix A
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Fortran program and numerical output for R-TOTAL for several combinations of
insulation are given in Appendix D.

Table 5 contains computed T2 results for nine combinations of stacked
loose-fill insulations. The table gives the thickness of insulation required
to upgrade an R-11 insulation to R-30. Compression is included in the calcu-
lation of numbers labeled T2(corr) while no compression is included in the
calculation of numbers labeled Tz(uncorr). The results in Table 5 were ob-

tained from the tables included in Appendix D.
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Table 2

Percentage [ecrease in Thermal Resistance of R-11 and R-13
Fibercless Eatts Resulting from Comprescion

Load Percentage Decreasz in R(l)

kg/m 1b/ft> -1 (M) Rl (s R-11 (C) R-13 (A)
0.000 0.000 0.CO 0.00 9.00 0.00
0.977 0.200 2.C1 8.06 1.28 0.54
1.953 0.4C0 4.76 11.32 5.96 1.73
2.929 0.6C0 7.32 14.25 9.39 2.80
3.906 0.8C0 9.67 16.81 11.58 3.75
4.882 1.0C0 11.81 18.99 13.49 4.57
5.859 1.200 13.74 20.75 15.13 5.25
6.835 1.400 15.45 22.04 16.48 5.81
7.812 1.600 16.9%4 23.0103) 1752 6.23
8.788 1.800 18.20 18.24 6.50
9.765 2.000 19.24 18.64 6.64

(1) (-AR/RO) x 100, R0 is label R-Value at label thickness

(2) Refers to procucer ccode in Appendix A

(3} Extrapolation of k versus p becomes questionable beyond this point.

81



Table 3

Percentage Decrease in Thermal Resistance of R-19
Fiberglass Batts Resulting from Compression

Percentage Decrease in R(l)
1b/Ft? R-19 (a)(2) R-19 (B) R-19 (C)
0.000 0.00 0.00 0.00
0.200 0.58 6.93 7.85
0.400 3.11 10.48 10.19
0.600 5.51 13.78 12.33
0.800 7.75 16.82 14.25
1.000 9.84 19.58 15.93
1.200 11.77 22.03 17.37
1.400 13.53 24.16 18.55
1.600 15.13 25.94 19.47
1.800 16. 56 27.35 20.12
2.000 17.82 28.36 20.50

(1) (-AR/RO) x 100, R0 is label R-Value

(2)

at label thickness

Refers to producer code in Appendix A.

61
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" Table 4

Percentage Decrease in Thermal Resistance

20

of Loose-Fill Insulations

1b/ft2 Cellulose
0.000 0.00
0.200 4.49
0. 400 6.48
0.600 8.38
0.800 10.19
1.000 11.90
1.200 13.53
1.400 15.06
1.600 16.51
1.800 17.86
2.000 19.12

Percentage Decrease in R
Rock Wool

0.

-0.

10.
12.
13.
15.

20(2)

.80
.74
.59
.38
.10

74
31
81
24

(1)

Fiberglass
0.00

5.38

8.65
11.67
14.43
16.94
19.19
21.20
22.96
24,48
25.77

(1) (-AR/R) x 100: Average oy values: 2.2 1b/ft3 for cellulose,
1.8 ]b/ft3 for rock wool, 0.6 1b/ft3 for fiberglass. Corres-
ponding nominal R-values per inch: 3.55 for cellulosc, 2.9

for rock wool, 2.2 for fiberglass.

(2) Apparent-anomaly caused by scatter in compression data at low density.



Bottom Layer

o

Table 5

Amount of Loose-Fill Insulation Required

to Upgrade R-11 to R-30

Top Layer
Lrct LFRW

LFFG

T2(uncorr)2 Tz(corr) Diff.3 TZ(Uncorr) T2(corr) Diff. T2(uncorr) T2(corr) Diff.

LFC 5.35 5.74 7.3% 6.55
LFRW 5.35 5.58 4.3% 6.55
LFFG 5.35 5.95 11.2% 6.55

LFC = Loose-Fill Cellulose, LFRW = Loose-Fill Rock Wool, LFFG
Entries are in inches

Diff. = (T2(corr) - Tz(unccrr) ) x 100/(T2(uncorr) )

7.

03 7.3% 8.64

.83 4.3, 8.64

.28 11.1% 8.64

Loose-Fill Fiberglass

8.96

8.77

9.10

3.7%

1.5%

5.3%

1¢
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Discussion of Results

The extent of compression which results from the installation of in-
sulation on top of existing insulation is shown in Figures 3, 4, and 5. The
data show compressions well above 40% for the fiberglass batts tested. It was
also observed that the thickness of fiberglass batts continued to decrease for
compressive loads as high as 12.2 kg/m2 (2.5 1b/ft2). It is unlikely at pre-
sent that loads due to added insulation will exceed that value.

The experimenta]icompression data tend to be scattered for the first
increment of loading. This is due at least in part from different starting
densities for the specimens tested. As-blown loose-fill specimens or as-re-
covered batt specimens exhibited variation in density that has not been taken
into account in the numerical calculations. An example of the variation of
compression with a given load is shown in Figure 7. The average compressions
in Figure 7 show quite clearly that starting density is an important factor
tor the fiberglass products.

Calculated values for the decrease in thermal resistance due to compres=
sion are substantially less than the corresponding compression factors. The
jnérease 1n value per inch with density partly compensates tor the decrease
in insulation thickness. Figures 8, 9, and 10 sHow R-value decreases above
25% for the lowest density materials tested. The effect of loading on R-value
decreases as the density of the loaded material increases. Thus, rock wool
and cellulose are less affected by stacking than fiberglass.

The overall effect of stacking of insulations is that material must
be added to the second layer to compensate for the compression of the bottom
layer. Table 5 contains examples of the amount of added insulation needed to

upgrade an R-11 insulation to R-30. As expected, the most significant results

occur when a high density insulation is installed on top of a low density ma-

terial. The compression caused by the installation of rock wool above fiber-
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glass can be compensated with approximately 0.75 inches of rock wool. Tables
have been prepared and included in Appendix D for the estimation of the amount
of added insulation required to upgrade from R-11 or R-19 to a higher R-value.

The amount of extra added insulation is generally less than one inch for the

Towest density insulations and is around one-half inch for the higher density
insulations.

The sample size for the present study is admittedly small. The sample
did, however, include specimens of the commonly available fiberglass batt in-
sulations and a number of specimens for each of the major loose-fill insula-

tions.
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Conclusions and Recommendations

Experimental data have been obtained which show that lToose-fill insula-
tions and fiberglass batts will be compressed by the addition of a second
layer of insulation. Compressions were greatest from the low density insu-
lations where thickness decreases as much as 40% were measured.

Calculations have been completed which show that the R-value of the bot-
tom layer of insulation in a stacked configuration will be reduced. The re-
duction is greatest for the fiberglass insulations. Adjustment in the amount
of insulation added must be made if the desired R-TOTAL is to be obtained.
Tables which can be used to estimate the amount of insulation needed to reach
a specified R-value have been prepared using the compression data obtained
in this study. The loss of R-value due to cgmpression can be offset by in-
stalling additional material in the top layer. As much as 15% additional in-
sulation is needed to compensate for compression when high density material
is installed on top of Tow density insulation.

The compression factors should be included in the calculation of the
amount of insulation required to upgrade existing insulations. The result
of including the compression factor will be the installation of additional
insulation.

Results have not been obtained for currently produced rock wool batts.
The rock wool products should be tested. There are also a number of products
that presently have a small percentage of the insulation market that should
be tested.

A1l of the insulation material tested in this project was fresh. In
practice, however, the loaded insulation will have been in place for some
time. The effect of aging on the compression of insulation under static

loads should be investigated.
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Appendix A

Identification of Insulation Products Tested

Identification Manufacturer

Fiberglass Batts

A Owens-Curning Miberglas
B Johns-Manvilie
C Certainteed
Loose-Fill
D Tennessee Cellulose Tnsulation
E Delta Maid Ruck Wuul

F Owens-Corning Fiberglas
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Appendix B

Experimental Values for Thickness as a Function of Loading



SPECIMEN NUMBER : !

BATT : v/ LBOSE-FILL :

LABEL INFORMAT.ON : THICKNESS ( inches ) Y

R-VALUE ( ftlar®F/Btu ) _

MANUFACTURER A
SPECIMEN DIMENSIONS :
LENGTH ( inches ) 4B.208
TOTAL MASS ( gaams ) MGb
INSULATION MASS ( grams ) 2a0.2
DENSITY AT NOMINAL THICKNESS ( 1b/7t%) 0568

{ kg/n? ) 9.0

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LCAD ¥ 1b/Ft2 ) TCTA_ THICKJESS © cm )

c.Q 97
C.5000 8.43
1.0026 7.08
L5149 &.5%
20056 5.52
Z.5078 .75
Tl 4.37
34897 409
3995 373

WIDFH ( dinckes ) _183

PAPZR { grams ) __ 153

SPECIMEN NUMEER : 12
BATT : o LOOSEZZIL :
LABEL INFGRMETION : “HICKNESS { inches ) 2l

R-VALUE ( tZhroF,Btu ) _ 1
HANUFACTURER A
SPECIMEN GIJBNSIONS :
LENGTH ( inzhes ) 41 sp8
TOTAL MASS [ grams } Soo
INSULATIOM MASS ( grans ) 415.3
DENSITY AT MOMINAL THICKNESS ( 1b/ft3) 0.679

W.DTH ( inches ) 155

PAPER ( grams ) M7 -

SPECIMEN NUMBER : _ 13 |

BATT -/  LOOSE-FILL :

THRICKNESS { inches ) 2
R-VALUE ( ft2hroF/Btu ) 1y

LABZL INFORMATION :

MANUFACTURER A
SPE-IFEN DIMENSIONS :

LENSTE ( inches } 46.815 WIDTH ( inches } 155

TOTAL MASS ( grams } 48S PAPER. ( grams ) 13.]

INSBLATION MASS ( grams ) uin.3

DENZITY AT NCMINAL THICKNESS ( lb/fts) Q616

( ka/m® ) 10.07 ( kg/m® ) 9.87
THICKNESS A3 & FUNGTICN OF LOADING: THIGKMESS AS A FUNCTION OF LOADING:
TOTAL _0AD » H:/ft2 ) TOTAL THICKNESS ( cm ) TCTAL LOAD ( lb/ftz ) TOTAL THICKNESS ( cm )
o.c 8.72 O.0 9.41
05226 8./2 ©.5018 8.6!
10149 094 1.0027 236
14937 ©.i3 1.5027 o045
1.9986 508 20049 574
2.5k 4.34 2.495 525
. 2.9e% 4.49 -3.0159 .86
3.ygee .43 3.4987 .55
3.93% B2 3.988! y 4l

8¢



SPECIMEN NUMBER : 15
BATT :
LABEL INFCRMATION :

LOOSE-FILL :
THICKNESS { inches ) 22
R-VALUE ( ftlhroF/Btu ) _ 11

MANUFACTURER A
SPECIMEN CIMENSIONS :
LENGTH ( inches ) 48.16b
TOTAL MASS ( grams ) Ygd
INSULATION MASS ( grams ) 408.3
DENSITY AT NOMINAL THICKNESS ( 1b/ft3) 0.595

(kg/m’ ) Q.53

THICKNESS AS A FUNCTION DF LOADING:

TOTAL LOAD ( 'Ib/\"t2 ) TOTAL THICKNESS ( cm )

Q.0 943
24907 853
Lono 765
1.5/45 »92

20145 @39
2.515¢ @11

3.0079 557
3. 510! 519
39995 4.8¢6

WIDTH { inches } 15.5

PAPER ( grams ) =157

SPZCIMEN NUMBER : Vo

BATT : ~  LOOSE-FILL :
LASEL INFORMATION :
R-VALUE ( ftlnroF/Btu ) 1
MANUFACTURER A
SPECIMEN DIMENSIONS :

LENGTH { inches ) _47.525  WIDTH { inches ) 15.5

TOTAL MASS ( grams ) 433
INSULATION MASS ( grams ) Q8.1
DENSITY AT NOMINAL THICKNESS ( 1b/ft3) 0.587

( xg/m> ) 940
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LDAD ( lb/ft2 ) TOTAL THICKNESS { cm )

9.0 943
0. 5035 8.66
L0038 272
1. 5044 (98
1.9967 i
2499 5.9
2.9885 5.58
34u3 53/
3.953%2 4.96

THICKNESS ( inches ) 32

PAPER ( grams ) 4.9

SPECIMEN NUMBER : 1

BATT : B
LABEL INFORMATION :

LOOSE-FILL :

THICKNESS { inches ) RUL

R-VALUE ( ft?hroF/Btu ) 1

MANUFACTURER
SPECIMEN DIMENSIONS :

LENGTR ( inches } Yyg.083
TOTAL MASS { grams )} sSo5

B

WIDOTH ( inches ) 14.5

PAPER ( grams ) L1.9

INSULATION MASS ( grams ) 437,)

DENSITY AT NOMINAL THICKNESS ( 1b/ft3) 0.639
( kg/m3 ) l1o0.23

THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( 1b/ft2 )

TOTAL THICKNESS ( cm )

Q.0 11.06
05009 9.2
0.993¢ 7.50
£495% .33
1.9850 556
24678 486
2.9997 4.37
3420 394
3.9%38 365"

6¢



SPECIMZN NUMBER : 18

BATT : ~  LOOSE-FILL :

LABEL INFORMATION : THICKNESS ( inches 32
R-VALUE ( ft?hroF/Btu ) __1)
MANUFACTURER B

SPECIMEN DIMENSTONS :

LENGTH ( inches ) _46.715 WICTH ( inches } _15.S
TOTAL MASS ( grams ) 4\9 PAFER ( grams ) tolo.1

INSULATION MASS { grams ) 352.9

DENSITY AT NOMINAL THICKNESS ( 1b/ft3) o s3c
( kg/m® ) 849

THICKNISS AS A FUNCTION OF LOADING:

TOTAL LOAD ( lb/ft: ) TOTAL “HICKAESS ( cm )

0.0 982
0.50/8 208
Loyl 59
19960 563
1.9788 .95
29687 »44
2918 Y03
34740 375
3.9568 3.5+

SPECIMEX NUMBER : 12

7

BATT : «/

LOOSE-FILL :

LABEL INFORMATION : THICKNESS { inches ) 5"1

R-VALUE ( ftlhreF/Btu ) ||
MANUFACTURER B
SPECIMEN DIMENSIONS :
LENGTH  inches '+ L g ol
TOTAL MASS ( grams. ) 433

WIDTH { inches ) 155
PAPER { grams ) ©1.3
INSULAT.ON MASS ¢ grams ) 3,5.2-
DENSITY AT NOMINAL TRICKNZSS ( 1b/ft3) pg3d

( kg/m®) _8.5¢
THICKNESS AS A FUNZTION 9= LOADING:

?
TOTAL LOAD ( 1b/7t™ ) TOTAL THICKNESS ( cm )

o.c (170
o.5018 883
1.014%s . bY8
1.£9%0 57
1.€738¢ 4.97
24824 4.38
2.8 3492
395 353
3.758 32%

SPECIMEN MUM3ER : 21

BATT : . LOOSE-FILL :

LABEL INFCRMATION : THICKNESS ( inches ) s
R-VALUE [ ftZhr°F/Bty ) 1
MANUFACTURER e

SPECIMEN CIMENSIONS :

LENGTH { inches ) _4yg3.708  WIDTH { inches ) _ 195
TOTAL RSS ( grans ) 5§52  PAPER ( grams ) _ joib
INSULATIOM MASS © grams ) _¢s50.4
DENSITY AT NOMINAL THICKNESS ¢ 1t/Ft3) _o0y3

(ke/m® ) 030
THICKNESS AS A FUNCTION OF LOADIMNG:

FOTAL LOAD ( lb/ft2 ) TOTAL THICKNESS ( cm )

0.0 10.86
0.50(8 9.12
Lol 762
14940 o7t
19738 6.03
24824 54
2978 5.06
3¢5% 4.60

39568 420

43



SPECIMEN NUMBER : 28

BATT : ,°  LOOSE-FILL :

LABEL INFORMATION : THICKNESS { inches ) 22
R-VOLUE ( “tZhroF/Btu ) __ 1
MANUFACTURER ¢

SPECIMEN DIMENSIONS :

LENGTH ( inches ) y8.323 WIDTH ( inches } 15.5

TOTAL MASS { grams ) s= PAPER ( grams ) 4q.8
INSULATION MASS ( grams } ysi2
DENSITY AT NOMINAL THICKNESS ( Ib/ft3) 0.655

( «/m®) Jos0
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( 1b/ft2 ) TOTAL THICKNESS { cm )

2.0 10.38
0.50/8 ?2z
L0191 277
149€0 623
19788 647
24874 S¢z
29118 487
39546 4.52
39568 422

SPECIMEN NUMBER : 29
BATT : /  LOOSE-FILL :

LABEL INFORMATION : THICKNESS

( inches ) e

R-VALUE ( ftZhroF/Bty ) _ u

MANUFACTURER
SPECIMEN DIMERSIONS :
LENGTH { inches ) yg.833
TOTAL MASS { crams ) Sout

WIDTH ( inchas ) _ 1s.§
PAPER ( .grams )

1y0.8

INSULATION MASS { grams ) 3.2

DENSITY AT NOMINAL THICKNESS ( ]b/ft3) O.loly

{ kg/m’ )

THICKNESS AS £ FUNCTION OF LOADING:
TOTAL LOAD ( b/FtZ

19.97

TOTAL THICKNESS { cm )

0.0 8.9
©.50/8 278
l.otg! .58
14960 5817
1.9788 533
248 4495
2928 4.57 .
3.9Y5%6 436
3.958 4,10

SPECIMEN NUMBER : 3
BATT : /  LOOSE-FILL :

LABEL INFOIMATION : THICKNESS

{ inches ) 35/8
R-VALUE ( ftPnrF/Btu ) 13

MANUFACTURER A
SPECIMEN DIMENSIONS :

LENGTE { inches ) Y48.00 WIDTH ( inches ) _15%

TOTAL MASS ( grams } (o4& PAPER { grams ) 871.8
INSULATION MASS ( grams ) 5(5.2
DENSITY AT NOMINAL THICKNESS ( 1b/ft3) 0.798

( kg/m® ) 1299
THICKHESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( H)/ft2 ) TOTAL THICKNESS ( cm )

0.0 10.29
050 9.67
1.00 893
L.50 823

1€



SPECIMEN NUMBER : Y
LOOSE-FILL :

THICKNESS  ( inches ) __ 394

R-VALUE { ft2hroF/Btu ) 13

A

BATT : /_
LABEL INFORMATION :

MANUFACTURER
SPECIMEN DIMENSIONS :
LENGTH ( inches ) 41.3350 WIDTH ( inches } 15.5
TOTAL MASS ( grams ) 68 PAPER ( grams ) 813
INSULATION MASS ( grams ) 536.3

DENSITY AT NOMINAL THICKJESS ( 'Ib,’fta) 0.65¢
{ kg/m3 ) 1363
THICKNESS AS A FUNCTION ©F LDADING:

TOTAL LOAD { lb/f‘.2 ) TOTAL THICKNESS ( cm )

0.0 [cts”
250 c47
LoD esi
150 &a7
200 20!
250 295

300 @58

SPECIMEM HUMBER : =
BATT : «/  LOOSE-FILL :
THICLNESS { inches ) __ 3%

R-VALUE ( frlhroF/Btu ) I3

A

LABEL INFORMATION :

MANUFACTURER
SPECIMEN DIMENSIONS :
LENGTH { inches } 4150 WIDTH ( inches ) 5.5
TCTAL MASS ( grams ) 18  PAPER.( grams ) 819
INSULATION MASS ( grams ) $9o.!

DENSITY AT NOMINA_ THICKNESS « 1b/ft3) o.85
i kg/m® ) 1363
THICKNESS AS A FUNCTION OF LOADING:

TGTAL LOAD ( lb/ftZ ) TOTAL THICKNESS ( cm )

0. G 10.7!
.50 974
1 0C g.84
1.50 795
200 749
250 ©.79
300 640

SPECIMIN NUMBER : 2
BATT : v~ LOOSE-FILL :

THICKNESS { inches ) 3

R-VALUE ( ftZhroF/Btu ) 13

A

LABEL INFORMATION :

MANUFACTURER
SPECIMEN EIMENSIONS :
LENGTH ( iinches ) 48.00 WIDTH { inches ) 155
TOTAL BASE ( grams ) 14 PAPER ( grams )  ¢1.8
INSULATIO~ MASS { grams ) (031.2_
DENSITY AT NIMINAL THICKNESS ( ]b/ft3) 0.89]

(ke/m®) 1418

THICKNESS 1S A FUNCTION OF LOADIMG:

FCTAL LOAD ¢ lb/ft2 ) TOTAL THICKNESS ( cm )

0.0 897
.50 8.67
1.00 8.1/

1.50 76!
2.00 7/6

2.50 ©.76
300 ©.32

A



SPECIMEN NUMBER : 7
BATT : «/

LOOSE-FILL : .

THICKNESS ( incaes ) _ 3%
R-VALUE ( #tohro=/Btu ) 3

MANUFACTURER A

LABEL INFIRMATION :

SPECIMEH DIMENSIONS :

LENGTH | finches ) _475 WIDTH |

TOTAL MASS ( grams ) 94

INSULATION MASS ( grams ) _gye i

DENSITY AT NOMINAL THICKNESS ( 1b/ft3i _087%
(kg/m® 1 .04

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( lb/ft2 ) TOTAL THICKNESS ( am )

0.0 9.40
0.50 894
1.00 8.4
1,50 263
2.00 22
250 bb?

300 623

inches ) _15.5

PAPER | grams } 8.9

SPECIMEN NUMBER :' 9
BATT : /  LOOSE-FILL :
LABEL INFORMATION : THICKNESS ( inches ) 35&

R-VALUE ( ft2hroF/Beu ) 3

MANUFACTURER A
SPECIMEN DIMENSIONS :
LENGTH ( inches ) #7158
TOTAL HASS ( crams ) pp8
INSULATION MASS ( grams ) £85 g
DENSITY AT NOMINAL THICKNESS ( 1b/ft3) 0835

( kg/m3 ) 43.37

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( Ib/ft2 ) TOTAL THICKNESS ( cm )

c.o 1023
/003! 759
1.9991 423

WIDTH ( inches ) 1.5 '
PAPER ( grams ) &3./

SPECIMEN NUMBER : Y
LOOSE-FILL :

THICKNESS ( inches ) 3

R-VALUE ( ftZhroF/Btu ) 13

BATT : v
LABEL INFORMATION :

MANUFACTURER A

SPECIMEN DIMENSIONS
LENGTH { inches ) 4ye.125
TOTAL MASS ( grams ) 07 PAPER ( grams ) €3

INSULATION MASS ( grams ) b4

DENSITY AT NOMINAL THICKNESS { ]b/fta) 0879
( ka/m® ) sv.08

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( lb/ftz ) TOTAL THICKNESS ( cm )

9.0 /1.37
LOIO . 894
2054 69

WIDTH ( inches ) is.g

€e



SPEZIMEN NUMBER : 23

BATT :
LABZL INFORMATION :

LOGSE-FILL :

THICKNESS  ( inches ) 17

R-VALUE { ft%hr°F/Bts )

—_—
MANUFACTURER: . A

SPECIMEN DIMENSIONS :

LENGTH ( inches ) 42792

TOTAL MASS ( grams ) _7¢7

WIDTH ( inches ) _ 155
PAPER { grams ) S%.5
INSULATION MASS ( grams V 49,4
DENSITY AT NOMINAL THICKHESS { 1t/ft3) 0.592

( k_c,/m3 ) 749
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( HJ/fT.2 ) TOTAL THICKNESS ( cm )

Q2.0 15.86
Q 5018 14.58
1.0 /302
1.4%0 11.6¢
1.9788 10.59
29824 992
798 9.13
34546 g.5!
3.9%8 g0z

SPECIMZN NUMBER :

BATT : [/

LABEL INFORMATIDF :

-
LODSE-FILL :

THICKMESS  ( incres ) GO

R-\ALLE { ft2nroF/Btu ) 19

MANUFACTURER A
SPECIM:IN DIMENSICNS :

LENGTH ( inches ) _y1.:1§5 WIDTH { inches )

TOTAL PASS ( grams ) (.c5” PAPER ( grams ) 4.8

INSULATION MASS ( crams ) &40.2

DENSIT™ AT NOMINAL THICKNESS ( 'Ib/ft3) 0.255
(kgm®) 38

THICKNESS AS A FUNCTION JF _OADING:

TOTAL LOAD ( 1b/¢% ) TOTAL THICKNESS { cm )

0.0 17,43
Q. 5918. 15.38
Lot 1928
1496C 12.33

1.9768 /ol

24854 10.67
2678 1.2
34546 S.2
39528 §&73

SPECIMEN NUMBER : 75
BATT : »  LOOSE-FILL :

LABEL INFORMATION : THICKNESS

[ inches ) b
R-VALUE ( fz2hroF/Btu ) 13
MANUFACTURER A

SPECIMZN DIMENSIONS :

LENGTH ( ‘inches )} 4(.833

TOTAL 4ASS ( grams ) (88

WIDTH ( inches )

PAPER { grams ) _ S4y.4
INSULATION MASS ( grams ) _(33.6

DENSIT? AT NOMINAL THICKNESS ( 1b/ft3) 0 55¢
(kam®) 598

THICKNISS AS A FUNCTION OF LCADING:

TOTAL LOAD ( lb/ftz ) TOTAL THICKNESS ( cm )

0.0 1582
0. 5018 14.84
Lot 12.70
1.4960 : .33
1.9788 j0.14
29824 93¢
298 873
39596 8.2¢

3.95t8 7280

ve



SPECIMEN NUMBER : 20

3ATT : /  LOOSE-FILL :

LABEL INFORMATION : THICKNESS ( inches ) G2
R-VALUE ( felhroF/Btu ) __ 19
MANUFACTURER

__B
SPECIMEN DIMENSIONS :
LENGTH ( inches ) _Ygoco0 WIDTH ( inches ) 15.5
TOTAL MASS ( grams ) _702 PAPER ( grams ) _ -y
INSULATION MASS ( grams ) 4306
DENSITY AT NOMINAL THICKNZSS ( W/ft3) _0.¥9%

(ka/m® ) 7795
THICKNESS AS A FUNCTION OF LOADINS:

TOTAL LOAD ( 1b/f‘£2 ) TOTAL THICKNESS ( cm )

0.0 17.88
9. 5018 /3.39
Lory! 10.33
14960 244
1.9788 73
24824 6.39
2,918 5.7
39546 523
3.9568 .85

SPECIMEN NUMBER : 2
BATT : v LOOSE-FILL :

LABEL INFORMATION : THICKNESS ( inches ) G2

R-VALUE ( ft%hroF/Btu ) 19

MANUFACTURER
SPECIMEN DIMENSIONS :

5
LENGTH { inches ) _y8.333 WIDTH ( inches ) _15.5

TOTAL MASS ( grams ) _73) PAPER. ( grams ) 9

INSULATION MASS ( grams )} _(,59.t

DENSITY AT NOMINAL THICKNESS ( ]_b/ft3) _o5b
( kg/m® )

THICKNESS AS A FUNCTION OF LOADING:

826

- TOTAL LDAD { 1b/ft? ) TOTAL THICKNESS ( em )

0.0 1559
0.5018 1262
10141 a.70
14960 813"
1.9188 ‘ ]
24804 6.03
2918 595
39596 4.99
3.9568 467

SPECIMEN NUMBER : 22
BATT : /_  LOOSE-FILL :
LABEL INFORMATION : THICKNESS ( inches ) %5

R-VALUE { ft?hrF/Btu ) __ 9
MANUFACTURER B
SPECIMEN DIMENSIONS :

LENGTH ( inches ) _4779Z
TOTAL MASS ( grams ) _7/9

WIDTH ( inches ) %5

PAPER ( grams ) __ 17i.
INSULATION MASS ( grems ) 4#7.9
DENSITY AT NOMINAL THICKNESS { 1b/ft3) _p.53

( kg/m® ) 821
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( 'xb/ft2 ) TOTAL THICKNESS ( cm )

2.0 . /6.89
0.5018 /502
Lol 13.02
14960 1.5
19788 10,10
24824 &894
2.9118 808
395% 752
3.9568 5.9

1



SPECIMEN NUMBER : 30

BATT : LOOSE-FILL :

LABEL INFORMATION : THICKNESS ( inches ® 3
R-VALUE { ftZhroF/Bte ) 9
MANUFACTURER c

SPECIMEN DIMENSIONS :

LENGTH ( inches ) 48 o42 WIDTH ( inzhes )

TOTAL MASS ( grams ) 02 PAFER. ( grams )

INSULATION MASS ( grams ) 7102

DENSITY AT NOMINAL THICKNESS ( 'Ib/ft3) £ 598
(kg/n’ ) ass

THICKNESS AS A FUNCTICN OF LOADING:

TOTAL LOAD ( ]b/ft2 3 TOTAL THICKEESS { cm )

{

0.0 '%. 75
0. 5018 *3.57
1.0J41 .26
14960 0.0¢
19788 9.0
24824 820
- 29718 7.64
34596 25
3.95%8 o7z

SPECIMEN NUMBES: : 3

BATY = /  LCOSE-FILL :

LABEL INFORMATION : TH:CKHESS ( inches ) A
R-YALUE { £tZhroF/Bty ) 9
MAFLFECTURER

SPECIMEN DIMENSICNS :

LENGTH ( inches ) _y8.458 WIDTH ( inches )

TOTAL NASS ( grams ) 73  PAPER { grams )

INSULATION MASS ( grams ) 730

DENSIT™ AT NOMIMAL THICKN:ISS ( 1b/ft3) Q.67
(ko/m®) _gg8

THICKNESS AS A TUNCTION JF LOADING:

TOTAL LOAD ( ’lb/f:2 » TOTAL THICKNESS ( cm )

o0 1627
8. 508 12.75
Lo 109
/. ¥960 988
19788 826
28K 87
2578 754
295%6 22!
3.8%8 @38

SPECIMEF NMBER : 32

BATT : _~  LOOSE-FILL :

LABEL IMFOMATION : THICKNESS ( inches ) b
R-VALUE { ftZhroF/Bty ) 19
MANUFACTURZR c

SPECIREN D IMZNSIONS :

LENGTH ( imches ) _yg 833 WIDTH ( inches )
TOTAL MASS ( grams ) 7351 PAPER ( grams )
INSULATIZN MASS ( grams ) 75!

IjENSIT'Y AT NOMINAL THICKNESS ( ]b/ft3) 0.630
( kg/m3 ) 10.09
THICKNESZ A3 A FUNCTION OF LOADTHG:

ToiA. LOAD ( lb/ft.2 ) TOTAL THICKNESS ( cm )

2.0 17.36
0. 5018 1382
[ Oyt .66
1.9960 10.38
13788 9.33
24824- 837
2918 776
345%6 7.19

39568 ©92

9¢



SPECIMEN NUMBER : _ LEC1
BATT : ___  LOOSE-FILL : /_
LABEL INFORMATION :

THICKNESS  ( inches )

R-VALUE { ftZhreF;Btu )

MANUFACTURER
SPECIMEN DIMENSIONS :
LENGTH ( iaches )
TOTAL MASS ( grams )

WIDTH ( inches }

FAPER ( grams )

INSULATICN MASS ( grams ) 842

DENSITY AT NOMINAL THICKNESS ( lb/ft3) 2.10%

( or as tlown )
THICKNESS AS A FUNCTION OF LOADING:
TGTAL LOAD ( 1b/ft2 )

(tm®) 3370

TOTAL THICKNESS ( <in.)

9.¢ 12.787
9.5028. 11.96¢
1.00872 11.207
L5110 10.663
20151 {0202
25167 9.924

SPICIMEN NUMBER : LECZ
BATT : __ LOOSE-FILL :
LASEL INFORMATION : THICKNESS ( inches )

R-VALUE { ft2hroF/Bty )

MANUFACTURER D
SPZCIMEN DIMENSIONS :
LENGTH { inches ) WIDTH ( inches )
PAPER { grams )
INSULATION MASS ( grams ) 11599
DENSITY AT NOMINAL THICKNESS ( ib/ft3) 2,422
( or as blown ) { kg/m3) 33.39
THICKNESS AS A FUNCTION OF LOADING:

TOTAL MASS ( grams )

TOTAL LOAD ( lb/ft2 ) TOTAL THICKNESS { <in.)

2.0 1.708
0.5028 10.981
1.C082 10.29
L5110 9.7%¢
2851 997¢

2.5/67 944

!
]

SPECIMEN NUMBER : LFC3
BATT : __ LODSE-FILL :
LABEL [NFORMATION : THICKNESS ( inches )

R-VALUE { ftZhroF/Bty )

MANUFACTURER D
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH ( inches )
TOTAL HASS ( grams ) PAPER ( grams )
INSULATION MASS ( grams ) 1555

DENSITY AT NOMINAL ThICKNESS ( 1b/ft3) 2.028

{ or as blown ) ( kg/m3 ) 3249 _
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( 'Ib/ft2 ) TOTAL THICKNESS (:in.)

a.0 ) 11.095
0.5028 10.000
1.0082 9.¢39
1.510 8.986
20151 §.575
2.5167 2.280

LE



SPECIMEN NUMBER : Lecd
BATT : __ LOOSE-FiLL :
LABEL INFORMATION :

THICKNESS { inches: )

R-VALUE { f%hr°F/Btu )

MANJFACTURER
SPECIMEN DIMENSIONS
LENGTH ( inches )
TOTAL HASS { grems )

WIDTH ( iaches )

PAPER { g-ams )

INSULATION MASS ( gréms ) 1132

DENSITY AT NOMINAL THICKHESS ( 'Ib/ft3) 2.267

{( or as blown )
THICKNESS AS A FUNCTiON OF LOADING:
TOTAL LORD ( ib/f<2 )

( kg/m’ ) 3.3

TOTAL THICKNESS (=in.)

0.0 v.053
0.5028 10. 258
1.0082 957
1.5i10 .40
20i51 G.co2
2.5167 8.7/

SPECIFEN NUMBER : _FCS
BATT _ LOOSE-FILL : /.
LABEL INFORMATZON : THICKNESS ( inches )

R-VALJE ( ft%hroF/Btu

MANUFACTURER
SPECIMEN DIMENSIONS -
LENGTF ( inches ) WIDTH { inches )
TOTAL MASS { grams } PAPER {.grams )
INSULFTION MASS ( grams ) 1840
DENSITY AT NOMINAL THICZINESS ( ]b/ft3| 2.333
( or as blowy ) (kg/m3 V' 3237
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LCAD ( N:o,"'tZ ) TOTAL THICKNESS { &n.)

c.o 1.531
c 5¢28 10.890
LooEZ 10.469
L.5Ito 10.089
2215 9.833
2517 9475

-

SPECIMEM NUMBER : L=Cé&
BATT © _ LOOSE-FILL :
LABEL IMFORMATION : THICKNESS ( inches )

R-VALUE { ft2hroF/Btu )

MANUFACTURER ' e
SPECI4EN DIMENSIONS :
LENGTH ( inches } WIDTH ( inches )
TOTAL MASS ( grams ) PAPER ( grams
INSULATION MASS ( grams ) W43

DENSITY AT NOMINAL THICKNESS ( ]b/ft3) 2.059
( or as tlown ) ( kg/m ) 3298
THICKAESS AS A FUNCTION OF LOADING:

TETAL LOAD ( 1b/Ft% ) TOTAL THICKNESS ( 5n.;

0.0 12,000
0.5028 10.878
L 0082 10.318
1.5110 9.941
20151 9.523

25167 8.990

8¢



SPECIMER UMBER : _ \¢FC 7
BATT : __ LOOSE-FILL : /_
LABEL INFORMATION : THICKNESS ( inches )

R-VALUE { ftZhref/Btu )

MANUFACTURZR D
SPECIMEN DIMENSIONS :
LENGTH { inches ) WIDTH ( inches )
TOTAL MASS ( grams ) PAPER {.grams )
INSULATION MASS ( grams )} 206

DENSITY AT NOMINAL THICXNESS ( ]b/fta) 2.390
( or as blown ) { kg/m3) 38.28

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( lb,'ft2 ) TQTAL THICKNESS ( <in.)

0.0 12. 455
g 5028 14.777
l.ao82 1.253
[.510 -/0.827
2.0151 10498
2.5167 lo.c9

SPECIMEN NUMBER : LFc8
BATT : __ LOOSE-FILL :
LABEL INFORMATION : THICKNESS ( inches )

R-VALUE ( ft?nr°F/Btu )

MANUFACTURER D
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH ( inches )
TOTAL MASS { grams ) PAPER ( grams )
INSULATION MASS ( grams } 1863

DENSITY AT NOMINAL THICKNESS ( ]b/ft3) 2.346
( or as blown ) ( kg/m® ) 3763
THICKNESS AS A FUNCTION OF LOADING: '

TOTAL LOAD ( 1b/ft? ) TOTAL THICKNESS ( in.)

20 1.613
2.5028 1¢. 840
l.0082 10.288
1.5110 9.873
20151 9. 704
2.5167 ¢.257

SPECIMEN NUMBER : _ Lec9
BATT : ___ LOOSE-FILL : _/
LABEL INFORMATION : THICKNESS ( inches )

R-VALUE ( ftZnroF/Btu )

MANUFACTURER D
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH ( inches )
TOTAL MASS ( grams ) PAPER {.grams )
INSULATION MASS ( grams )} bbb

DENSITY AT NOMINAL THICKNESS ( ]b/ft3) 2179
( or as blown ) ( kg/m3 ) 3790
THICKNESS AS A FUNCTION OF LOADING: l

TOTAL LOAD { 1b/t2 ) TOTAL THICKNESS ( i7n.)

0.0 11.063
0 5028 10.075
0082 9.554
1.5110 9113

2.0151 8859
2.5167 8504

6€



SPECIMEN NUMBER : __Lecio
BATT : _ LOOSE-FILL :

LABEL INFORMATION : TRICKNESS ( inches )

R-VALUE ( ft2hrof/Ety

MANUFACTURZR
SPECIMEN DIMENSIONS :

LENGTH ( inches ) WIDTH ( inches )

TOTAL MASS ( grams ) PAPER { grams )

INSULATION MASS ( grams )} 11,93

DENSITY AT NOMINAL THICKNESS ( 'ib/ftz') 2.99
( or as blown ) ( L:g/ma) 35.22

THICKNESS AS A FUNCTION OF LCADENG:
TOTAL LOAD { 1b/7t2 )

TOTAL THIZKNESS ( in.)

0.0 1254
0.5028 10-416
l.oog2 10.205
1.5110 9.500
2.015( 208
25167 8908

SPECIMEN NUMBER : _ LEF)
BATT : . LOJSE-FiLL : /.

LAB:L INFORMATION: : THECKNESS ( inches )

R-VALUE { ft%hr°F/Btu )

MANUFACTURER A
SPECIMEN DIMINSIONS =
LENSTH { incaes ) WIDTH ( inches )
TOTAL MASS ( grems ) _ PAPER { grams )

INSLLATION MASS ( grams ) 409

DENSITY AT NOMIMAL THICKJESS ( ]b/ft3) 0.529
( or as blown | { kg/ma) 841

THICKNESS AS A RUNCTIIN OF LOADING:
TOTAL LOAD ( 15¢f:% )

TOTAL THICKNESS (<in.)

2.6 1t.178
2.5228 9.287
1.0094 7.730
1.5098 6993
2.0,397 . 363
25167 5.94!

SPSCIMEN NUMBER : LEF2

BATT = __ LOOSE-FILL : v/

LABEL. INFORMATION : THICKNESS ( inches )
R-VALUE ( ft2hr°F/Bty )

MANUFACTURER A
SPECIAEM DIMENSIONS :
LEFGTA ( inches ) WIDTH ( inches )
TOVAL MASS ( grams ) PAPER ( grams )

INSULATION MASS { grams } 457

DERSITY AT NOMINAL THICKNESS ( ]b/ft3) 0.528
( or at blown ) ( kg/m® ) 846
THICKMESS AS A FUNCTION OF LOADXNG:

TOTAL LOAD { 1b/Ft% ) TOTAL THICKNESS ( 4n.)
0.0 12625
0.5028 10.963
. 0044 2.582
/.5098 8.946
2.0126 7950
2.5167 7456

0f



SPECIMEN NUMBER : _Lee 3
BATT : __ LOOSE-FILL : ./
LABEL INFORMATION :

THICKNESS ( inches )

R-VALUE ( ftZhroF/Btu )

MANUFACTURER
SPECIMEN DIMENSIONS :
LENGTH ( inches }
TOTAL MASS ( grams )

WIOTH { inches )
PAPER ( grams )

INSULATION MASS ( grams ¥ 438

DENSITY AT NOMINAL THICKNESS { 1b,’ft3) Q.557

( or as blown )
THICKNESS £S A FUNCTION OF LOADING:
TOTAL LOAD { 1b/t2 )

0.0
0. 5028
1.0082

1.5110
2015/
25167

( kgsm® ) &892

TOTAL TRICKNESS ( in.:

1. 504

/0.152

8.886

7.873

2180

6735

SPECIMEN NUMBER : _ \LFr4
BATT : __ LOOSE-FILL :
LABEL INFORMATION : THICKNESS ( inches )

R-VALUE ( £t2hroF/Bty i

MANUFACTURER A
SPECIMEN DIMENSIONS :
LENGTH { inches ) WIDTH ( inches )
TOTAL MASS ( grams ) PAPER ( grams )
INSULATION MASS ( grams ) 517

DERSITY AT NOMINAL THICKNESS ( ]b/ft3) 0.588
{ or as blown ) ( kg/m3) 9y2

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LDAD ( 1b/ft? ) TOTAL THICKNESS ( <in.)

0.0 12.839
0 5028 10774
1.0082 9.z
1.510 £.527
20151 7784
2.5167 7.274

SPECIMEN NUMBER : _ LEFS
BATT : __ LOOSE-FILL : /_

LABEL INFORMATION : THICKNESS ( inches )

R-VALUE ( ftlhrof/Btu ) __

MANUFACTURER A

SPECIMEN DIMENSIONS :
LENGTH { inches ) WIDTH ( inches )
TOTAL 1ASS ( grams ) PAPER { -grams )
INSULATION MASS ( grams ) 4499

DENSITY AT NOMINAL THICKNESS ( 1b/ft3) o593
(kg/m’) 950 _

THICKNESS AS A FUNCTION OF LOADING:

( or as blown )

TOTAL L0AD { Tb/ft? ) TOTAL THICKNESS ( in.)

2.0 12. 7296
0 5028 10.235
1.0082 £.938
1.5110 8134
2.015! 297/
2.5/67 7058

[§7



SPECIMEN NUMBER : _FFe
BATT : __ LOOSE-FILL :
LABEL [NFORMATION : THICKNESS ( inches )

R-VALUE ( ftZhroF/Btu )

MINUFACTURER A
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH { inctes |
TOTAL MASS ( grams )
INSULATION MASS ( grams ) Yt

DENSITY AT NOMINAL THIZKNESS { 1b/fFt3) 0 568
(kg/m> ) 920
THICKNESS AS A FUNCTIO4 OF LOADING:

PAPER ( grans )

{ or as blown )

TOTAL LOAD ( 1b7Ft% ) TOTAL THICKMESS { d1.)
20 4 .803
0.5028 2,73,

1.0082 2057
1.5110 2295
20151 2.635

-

2.5767 &./0a

SPECIMEN NUMBEF. : LEE7
BATT : __ LCOSE-FILL :
LABEL INFORMATION : THiCKHESS ( incres )

R-VALYE ( ftehros/Btu

MANUFACTURER

SPECIMEN DIMENSIONS :
LENGTE ( inches )

TOTAL “1ASS ( grams )
INSULATION MASS { grams }

{ or as blown )

WIDTH {

inches )

PAPER { grams )

S45
DENSITY AT NOMINAL THICEMESS ( ]b/ft3_l

{ kg/m3 ]

THICKMESS AS A FUNCTION OF LOADING:

Qe27
LOE

TOTAL LOAD { 1b/¢2 ) TO™AL THICKNESS ( _1"}1.)
o.2 12. 78
0. 5028 10.539
l.oo82 9.849
1.5110 9.c29
2o 81 8.5/b
2.5067 7.758

SPECIMEN NUMBER : __ \erag
BATT : ___ LOOSE-FILL : /_
LABEL INFORMATION : THICKNESS ( inches )

R-VALUZ { ftZhroF/Bty )

MANUFACTURER A
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH ( inches )
TOTAL MASS ( grams ) PAPER ( grams )
INSULATION MASS ( grams ) S20

DENSITY AT NOMINAL THICKNESS ( ]b/ft3) 0667
( or as blown ) ( '<g/m3 ) 1068
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD { 1b/ft2 TOTAL THICKNESS ( in.}

.0 /1. 39
o.5028 10.289
1.0082 9.286
15110 8.407
2015/ 7.863
2.5/67 2.253

av



SPECIMEN NUMBER :
BATT : __ LOOSE-FI

LABEL INFORMATION :

SPECIMEN DIMENSIONS :
LENGTH ( inches )
TOTAL MASS { grams )

LEE
LL: _«

THICKNESS  ( inches )
R-VALUE ( ft2hroF/Btu )

MANUFACTURER

WIDTH ( inches )
PAPER (.grams )

INSULATION MASS ( grams ) =i

DENSITY AT NOMINAL THIZKNESS ( 1b/ft3) 0.670

{ or as blown )

(kym®) 4073

SPECIMEN NUMEER :
BATT : _
LABEL INFCRMATION :

SPECIMEN DIMENSIONS :

LINGTH ( inches )
TOTAL 1MASS ( grams )

LE- 10

LOOSE-FILL :

THICKKESS ( inches )
R-VALUE ( ft%hroF/Bty )

MANUFACTURER

WIDTH ( inches )
PAPER { grams )

INSULATION MASS ( grams ) s525

DENSITY AT NOMINAL THICKNMESS ( lb/ft3) Q602

( or as blown )

( xg/m® ) _9.0¢

SPECIMEN NUMBER :

LEF

BATT : __ LOOSE-FILL : _/

LABEL INFORMATION :

SPECIMEN DIMENSIONS :

LENGTH ( inches )
TOTAL MASS ( grams )

THICKNESS ( inches )
R-VALUE ( ftZhroF/Btu )

MANUFACTURER

WIDTH ( inches )
PAPER ( grams )

INSULATION MASS ( grams ) _ S7/

DENSITY AT NOMINAL THICKNESS { 1b/ft3) 0.663

( or as blown )

(ka/m® ) ez

THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( 1b/ft? )

TOTAL THICZKNESS ( sin.)

0.0 21.105
0.5028 9.788
1. o082 8478
1§10 7756
2015/ . 7154
2.5/67 6748

TAICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( 1b/ft2 )

TOTAL THICKNESS ( din.)

2.0 12.739
9.5028 11.060
/0082 10,144
1500 9.473
20151 §333
2.5167 26/3

THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( 1b/ft2 )

TOTAL THICKNESS ( <in.)

20 12.580
0. 5028 //.-332
lov82 /0.325
15110 g 930
2.015! 8937
25167 7.948

Ep



SPECIMEN NUMBER : _ L=Fi2
BATT : __ LOOSE-FILL : /.
LABEL INFORMATION : TEICKKESS ( inches )

SPECIMEN DIMENSIONS :

LENGTH { inches }
TOTAL MASS ( grams )

R-VALUE { ft2hroF/Etu )

MENUFACTURER A

WIDTH ( inchass )

PAPER { grams )

INSULATION MASS ( grams ) 488

DENSITY AT NOMINAL THICKNESS ( lb/ft3) 0.599

( or as blown )

(ke/m®) Qoo

SPECINEN NUMBEF: :
BATT :
LABEL INFORMATEON :

SPECIMEN DIMENSIONS

LENGTH ( inches )
TOTAL 1ASS ( crams )

INSULATION MASS. { grams )
DENSIT* AT NOMINAL TRICKNESS ( 1b/ft3)

{( or es blowr )

LER2

LGOSE-FILL :

THICKRESS ( inches )
R-“ALUE { ft°hr°F/Btu ©

MARUFACTURER E

WIDTH { inches )
PAPER ( grams: )
154 6

1920

( kg/m® ) 307

THICKNESS AS A FUNCTIOM OF LOADING:

THICKNESS AS A “UNCT:ON OF LOADING:

SPECIMEH MUMBER : LFR3
BATT : __ LOOSE-FILL : /
LABEL INFORMATION : THICKNESS ( inches )

SPECERMEN DIMENSIONS :

LENGTH + inches )
TOTAL MASS ( grams )

R-VALUE { ft%hroF/Btu )

MANUFACTURER E

WIDTH ( inches )
PAPER ( grams )

INSULATION MASS ( grams ) 1477

DENSLTY AT NOMINAL THICKNESS ( 1b/ft3) 1.183

{ or as blown )

( xg/m* ) 2856

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( 1bFt? )

TOTAL TH:CKNZSS ( _1‘;1.)

0.0 W91
0.5028 [0.27s
l. 082 8917
15110 £.069
2.015¢ 7.30%
2.5167 t92¢

TOTAL LOAD { ib/ftZ )

TOTAL THIZKNESS ¢ <in.)

2.0 1.5
0.5028 /1. 40
) 0082 10.89
15no /239
2.9/5¢ 973
25157 <29

TOTAL LOAD ( Tb/ft2 i

TOTAL THICKNESS ( in.)

0.0 12,12

0.5028 s
1.0082 .ot
1. 5010 10.3¢4
2.0i5! 960
2.5l67 .29

vy



SPECIMEN NUMBER : ieRd
BATT : __ LOOSE-FILL :
LABEL INFORMATION : THICKNESS ( inches )

R-VALUE ( ft’hreFsaty )

MANUFACTURZR
SPECIMEN DIMENSIONS :
LENGTH { inches ) AIDTH { incaes )
TOTAL MASS ( grams ) PAPER ( grams )}
INSULATION MASS ( grams } 1470
DENSITY AT NOMINAL THICKMESS ( ab/ft3) 30
( or as blown ) ( <g/m3) 3044
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( lb/ft2 ) TOTAL THICKMESS ( ir.)

0.0 .20
0.5028 i1.10
l.282 0.6
1.5t10 9.5%
2.015/ 205
2.5167 8.65

R S

SPECIMEN NUMBER : LFRS
BATT : __ LOOSE-FILL : /.
LAEEL INFORMATION : THICKNE3S ( inches )

R-VALUE ( ftZnroF/Btu )

MANUFACTURER E
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH { inches )
TOTAL HASS | grams ) PAPER ( grams )
INSULATiON MASS ( grams ) 1526
DENSITY AT NOMINAL THICKNESS ( ]b/fta) .19
{ or as blown ) ( kg/m3) 2867
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( ‘Ib/ftz ) TOTAL THICKNESS ( <in.)

0.0 12.%6
0.5028 1216
1.0o82 1169
L.5110 .22
2.015/ 10.59
2.5167 19.18

SPECIMEN NUMBER : LFRG
BATT : _ LOOSE-FILL :
LABEL INFORMATION : THICKNESS ( inches )

R-VALUE ( ft2hr°F/Btu )

MANUFACTURER E
SPECIMEN DIMENSIONS :
LENGTH ( inches ) WIDTH ( inches )
TOTAL MASS { grams ) PAPER ( -grams )
INSULATION MASS ( granms ) 1w
DENSITY AT NOMINAL THICKNESS ( 1b/ft3) 2.8
( or as biown ) ( kg/m3) 3v.4¢
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( 1b/f’t2 ) TOTAL THICKNESS ( in.)

0.0 11.26
0.5028 11.04
1.0082 10.69
1.510 10.12
2.0151 965

2.516] 9.23

GY



SPECIMEN NUMBER : LERT

BATT : __ LOOSE-FILL :

i

LABEL INFORMATION : THIZKNESS ( inches )

R-VALUE ( ft2hr°F/Btu )

MANJFACTURER

SPECIMEN DIMENSIONS :
LENGTH { inches )
TOTAL MASS { grams )

INSULATION MASS ( grams )

m

WIDTH ( inzhes )
PAPER { g~ams )

1571t

DENSITY AT NOMINAL THICKHESS ( 1b/ft3) 194

( or as blown )

( kg/m3 ) 3.08 -

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ( 1b/f‘_2 ) TOTAL THICKNESS (fih.)
Q.0 1.a4¢
0.5028 11.90
/.008Z 143
1.5n0 10.99
2.015/ 1003
25667 Gap!

SPECIMEN NUMBEF. : LERS
BATT : __ LOOSE-FILL : _/

LABEL INFORMATLON : THICKMNESS { inches )

R-ALVE { ftehroF/Btu )

MABUFACTURER
SPECIMZN DIMENSIONS :
LENGTH ( inches ) WIDTH { inches )
TOTAL +ASS ( grams ) _ PAPER { gviams )

INSULATION MASS { grams | _ 1456

DENSITY AT NOMINAL THICENESS ( 1b/ft3) 1wj
{ or 2s blown ) ( kg/m3) 2675

THICKNESS AS A FUNITION OF LOADING:
TOTAL LOWD ! b/7t? )

TOTAL THICKNESS | <in.)
00 12.74-
0.5028 12.38
1.00E2 1429
15012 1096
Zo151 9.95
2507 9%

SPECIMEN NUMBER : LERS
BATT : __ LOOSE-FILL : /

LABEL INSORMATIOW : THICKNESS ( inches )
R-VALUE ( ft2hroF/Btu )

. MANUFACTURER E
SPECI4EN DIMENSIONS :
LENGTHY ( inches ) WIDTH { inches )
TOTAL MA3S ( grams ) __ FAPER ( grams )

INSULATION MASS ( grams ) 345

DENSITY AT NOMINAL THICKNESS ( lb/ft3) 1.6l

( or as blown ) { kg/m3 ) 2579
THICKAESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( ]I)/ft2 ) TOTAL THICKNESS (in.)

2.0 12.20
0. 5028 /1.35
10082 10.57
1.5110 9.74
2.015/ 9.16
25167 864

9t



SPECIMEN NUMBER : LERIO

BATT : __ LOOSE-FILL :

e

LABEL INFORMATION : THICKNESS { inches )

R-VALUE { fthroF/Btu )

MANUFACTURER €

SPECIMEN DIMENSIONS :
LENGTH ( inches )
TOTAL MASS: { grams )

WIDTH ( inches )
PAPER. ( grams )

INSULATION MASS ( grams ! 1322

DENSITY AT NOMINAL THICKNESS ( lb/ft3) w48

( or 2as blown )

(kg/m®) _Zz3m

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD { 1b/Ft? )

0.0

0.5028

/, 0082

l.5110

2.015/

25167

TOTAL THICKNESS { in.)
13.04

/2.00

10.88

0.1
9.29
9.00

LY
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Appendix C

Calculation of aR/R from Compression Data

This appendix contains Fortran programs and output for AR/R as a func-
tion of loading for the products tested. The programs use the compression
parameters a, b, and ¢ listed in Table 1 and values for b' and c' in Equation
(5) published by Tye et a1. (1) for fiberglass and rock wool and Shirtliffe
and Bomberg(z) for cellulose. Table C-1 is a listing of the numerical data
that were used. The variation of thermal conductivity, k, with density for
the loose-fill mineral fiber insulations were taken to be the same as the

composite values for R-11 batt 1nsu1ations(1).



Table C-1

Numerical Data for the Calculation of AR/R as a Function of Loading

Initijal Iritial R Initial
Product Thickness (E-TUéft2 Density Compression Constants k variation
(inches) hr F) (1b/ft3) a b c b c'

Fiberglass Batts - - - - - = - - - - - - - o 0w oo oo ool

" R-11 (A) 3.5 11.0 0.599 -1.5100E-2 2.4658E-1 -2.7728E-2 -.184631 .7683E-2
R-11 (B) 3.5 11.0 0.568 7.2433E-2 3.0427E;1 -3.8971E-2 -.184631 .7683E-2
R-11 (C) 3.5 11.0 0.646 2.3352E-2 2.6026E-1 -3.0797E-2 -.184631 .7683E-2
R-13 (A) 3.625 13.0 0.855 -1.8906E-2 1.6497E-1 -1.4553E-2 -.184631 .7683E-2
R-19 (A) 6.0 19.0 0.567  -3.6435E-2 2.3789E-1 -2.6452E-2 -.156311 2.6055E-2
R-19 (B) 6.5 19.0 0.508 5.1182E-2 3.1385E-1 -4.0332E-2 -.156311 2.6055E-2
R-19 (C) 6.0 19.0 0.614 9.5779E-2 2.4159E-1 -2.9926E-2 -.156311 2.6055E-2
Loose-Fill = = = = - - o o o m e e o e e e e o e o m e e e e e e e e e e - e s oo oo -
Rock Wool 12.0 34.8 1.80 -2.8012E-2 1.2973E-1 -1.0507E-2 -.035837 .0
Cellulose 12.0 42.6 2.20 2.3744E-2 1.0503E-1 -1.1340E-2 .0(1) .0
Fiberglass 12.0 26.4 0.600 2.5511E-2 2.5155E-1 -3.8825E-2 -.184631 .7683E-2

(1) Constants for loose-fill cellulose are included in the program.

6t
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Figure C-1

Fortran Program for the Calculation of AR/R
as a Function of Loading for Mineral Fiber Insulations

C CALC OF R AFTFit COMPRESSTION

1 REAY (S»100,ENN=99G)Si »SKrSDsAB,CrC25C3
0¢ FORMAT(3HI41) _
100 WRITE (b5 15R) 8T »50» SH
WRITE (E5150) A, BeC
WRITE(6G,15N)C2,C3
159 FURMAI(ZX»?()FIZ.Q;ZX))
WRITE (6415 ] ) ) e )
FGRMAT(2K»*LYADU (LB/FT2) (KG/M2)  THICKNESS (IN
tot k ROCENGY (S1) DEC 4N R %9,7)
(AR 2 J‘:l!l&
FT=5T+(l.m(A+Ben+Celinanl))
D=ST*#SO/FT i
gﬁ:EZ-(Fu-SU)oCS*(1./FD-1./>0)
FR=(ST/SRH) K
FR=FT/FK
FiIS=FT#+2.54
WS=nw& 80520
FRS=FPI?.6€¢.) 100.0
=(1:mFR/SKD* . o
ER&%E;&I_ZQ")V}'HS;FI}FISﬂ' RsF RSHRO
200 FORMATCZ2K, TCF10.4,2%))
2 CUNnT INUC
60 10 1
999 CONT INUE
CALL EXIT
END
Nomenclature
ST Starting thickness, inches
SR Starting R-value, ft2hr F/BTU
SD Starting density, 1b/ft3
A,B,C Compression constants from lable C-1

C2, C3 k variation constants from Table C-1
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Figure C-2

Fortran Program for the Calculation of AR/R
as a Function of Loading for Loose-Fill Cellulosic Insulation

CALC QF P AFTFR COMPPESSION
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Table C-2

Decrease in R-Value of R-11 (A) Fiberglass B3atts Due to Loading
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Table C-3

Decrease in R-Value of R-11 (B) Fiberglass Batts Due to Loading
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Table C-4

Decrease in R-Value of R-11 (C) Fiberglass Batts Due to Lcading
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Table C-5

Decrease in R-Value of R-13 Fiberglass Batts Due to Loading
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Table C-6

Decrease in R-Value of R-19 (A) Fiberglass Batts Due to Loading
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Table C-7

Decrease in R-Value of R-19 (B) Fiberglass Batts Due to Loading

z .

DEC IN R

(KG/M2) THICHKANESS CIN) (CM) R.CENG) (S1)

LOAD (LB/FT2)

WOORT X HNM IO
NN O DO FNINMNMNM
MO O OMWO S TNN 2
O\ T N DO UNO O\ MM N
® e % ¢ ot 00 00 0o
WOMWOONTNMN’DODOON
— e = IO NN

NDVDNMONIONAROONN
WNN MO YN
R DO O MMALMONAL AL
O\ DD T ST MM
e 8 0 o 0 & 0 ¢ 0 0 0
MO OO O O VO VY

OMOCOMOON Ordeiie
NN ITOMOOTNIO N
WOOAWIDNMN~NON O~OND
WDODIMOVNDITOTDOT T
® 0 0 0 s 000 e
AN WININT 3 MMM
et e #d et et ol o ot ol S vt el

MONDANNDO FANIANIN
N oNNnSNNONNINO
NARNLTTOWNMNADDL
OWONAANINOFONTO
e ¢ 0 0 0 g0 0 0 0
TNt et OONONONMNMN
el ot

O MEN v INO = -FT N O\ M
MMM QUNST T IND
SO OMODANNFTNI
N DN DIV AN NN
5 ¢ 9 0 2B 0 2 8 *
NN T ITMmMmmMmnNN

NOQOTOTONTOMOMI
O MOMNNON TN
A LN N M et QO D T ot
O\ NN N DDA
@ 0 ¢ 0 0 80 0 s ¢ o0
CrpfMIINENEONOe

vl gmd

OODDODDODIDODO000Q
OQOOCOOO OO
ODOVODOODOOC
N2 OVONIODONT
L 2 Y B B B BB
COOOmimimiemt =i\

57

R-Value with units ft2hr°F/BTU
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Table C-8

Decrease in R-Jalue of R-19 (C) Fiberglass Batts Due to Loading
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Table C-9

Decrease in R-Value of Loose-Fill Cellulosic Insulation Due to Loading
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Table C-10-

Decrease in R-Value of Loose-Fill Rock ‘Wool Insulation Due to Leading
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Table C-11

Decrease in R-Value of Locse-Fill Fiberglass Insulation Due to Loading
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DEC IN K
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Appendix D
CALCULATED R-VALUES FOR STACKED INSULATION

The Fortran program included in this appendix can be used to compute
R-TOTAL for two layers of insulation. The program is designed to use a
quadratic expression for the fractional decrease in R-value due to compres-
sion. Table D-1 contains values for the coefficients Cl’ CZ’ and C3 in
Equation (6) obtained using the Method of Least Squares. Tables D-2 to
D-13 are output from the computer program. Tables have been generated for
each of the products tested. Values have been computed for R-TOTAL result-
ing from the addition of T2 inches of loose-fill insulation. Entries are
shown for R-TOTAL uncorrected for compression (R UNCORR) and R-TOTAL which
includes a correction for compress (R CORR). A listing has been included
for each product loaded with loose-fill cellulose, loose-fill rock wool,

and loose-fill fiberglass.
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Figure D-1

Fortran Program for the Calculation of
R-TOTAL for Stacked Insulations

10¢ C- PROGRAM - TO COMPUTE R TOTAL RESULTING FROM TWO0 LAYERS
208 C OF INSULATION

210 DIMENSION XX(3),YY(3)

211 DIMENSION XRI1C12),XC1C12),XC2(12),XC3(12)

215 DATA X¥/2¢2,1.8,4+6/

220 DATA YY/3.55,2.9,2.2/

221 DATA XR1/11es1lest1es13¢5194519., 19¢,11e519e511e,519.,

229 &11.7/

223 DATA XC1/-+42098, 500891, 1.461s=34217s-:93748,1.2001,

224 62.162,1.011,1.0811,-.95483,-.95483,.+ 78993/

225 DATA XC2/14.403,17+195,26+242,6+1403,11.525,23.845.

226 &19.556513:286,13.286,8.085.,8.05,20.237/

227 DATA XC3/-2.2509,~4+38715,-841943,~1s296,-+499126,-5.199

228 &,-5.3467+-2.19145,-2.1914, 394988, .094988,-3.0365/

300 DO 4 I=1,12

301 RI=XRI1CI)

ap2 C1=XC1CI)

333 C2=%C2¢1)

384 C3=¥C3C1)

31 DO 3 K=1,3

315 D2=XX (K)

320 R21=YY(K)

409 WPITE(6,11@)R1,C1,C2,C3

5¢0 WRITE(6,111)D2,sR21

600 WRITE(6,112)

700 DO 2 J=1,10

800 T2=2+dJ

9g0 XM=T2%D2/12.

190¢ DR=(C 1 +C2%XM+C3*XM*x%x2)/ 1000

1190 RI1C=R1%(1.-DR)

1208 R2=R2I*T2

1300 RPT=RI1C+R2

1319 RU=R1{+R2

1400 WRITE(6,113)T2,R1C,R2, RT,RU

iseg 2 CONTINUE

1sgs 3 CONTINUE

1566 4 CONTINUE

1760 110 FORMAT(2X,///+2X5'E @ "»F6.2,4Xs 'DR CONS.«',3(E13.5,1X))

1960 111 FORMAT(2X, 'DEN OF + INS',F6+2,2Xs "R/ZIN,+',F6e2,//)

2000 112 FORMAT(8X., "ADDEDC(IN) - Rl CORR R2 R TOTAL R\
\ UNCORR")

20s@¢ 113 FORMAT(2X5>S5(F1@.2, 1X))

21806 99 CONTINUE

2200 CALL EXIT

o3¢0 END
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Table D-1

Definition of Variables in Program for the

Calculation of R-TOTAL for Stacked Insulations

DR
R1C

R2
RT

RU

T2

XC1

XC2
XC3

XM

XX, D2
YY, R21

AR/R exbressed as a fraction

R-Value for the bottom layer under

compression, ftzhrOF/BTU

R-Value of added insulation, ft2hroF/BTU

R-Total, corrected for compression,

£t2hrOF/BTU

R-Total, uncorrected for compression,
£t2hroF/BTU

Thickness of added insulation, inches
C, value for Equation (6)

C, value for Equation (6)

C3 va]ue'for Equation (6)

Leoading due to added layer, Ib/ft2
Density of added insulation, 1b/ft’

R per inch of added insulation,
£t%hroF/BTU in



65

Table D-2

R-Total for R-11 (A) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDED(IN)> R1! CORR F2 R TOTAL B UMCORR
3.00 16.25 18.65 20.90 21.65
4.00 18.02 14.20 24.22 25.20
S5.00 9.80 17.75 27.55 28.75
6.-008 9.60 21.30 30.90 32.30
7.00 9.42 24.+.85 34.27 35.85
8.00 9.26 28 .40 3766 39.40
9.020 9.11 31.95 41.096 42.95
10.00 8.97 35.50 4447 46.50
11.20 8.86 39.85 47.91 5@.@5
12.060 8+.76 42.60 51.36 53.60

Rock Wool Added

ADDED(INY PR1 CORR R2 R TOTAL R UNCOPP
3.028 19.38 8.70 19.08 19.7@
4.020 10.18 11.60 21.78 22.60
500 1@.8a 14.5@ 24.50 25.50
6.00 9.82 17.40 27.22 28.40
7-80 9.66 2@.30 29.96 31.30
8.00 9.50 23.20 32.7@ 34.20
Q.00 9.36 26.10 35.46 37.10
10.00 9.23 29 .01 38.23 4000
11.9¢ 9.11 31.90 41.91 42.90
12.00 9.02 34.80 43.80Q 45.89

Fiberglass Added

ADDEDC(IN)> R1 COPRR R2 R TOTAL R UNCORR
3.00 18.81 660 17.41 17.60
4.00 1074 8.8¢0 19.54 19.80
Se 0 10«67 11.00 Plea? 22.00
6.00 10.59 13.290 23.79 24.20
T« 00 16.52 15.40 25.92 26.40
8.00 1045 1.7-60 28 .05 28.60
9.00 ) 10.38 19.80 302.18 30.80
18.00 16.32 22.00 32.32 33.00
11.0206 16.25 24.20 34.45 35.20

12.09 10.18 26.40 36.58 3740
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Table D-3

R-Total for R-11 (B) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDEDC(INY Rl CORR R2 R TOTAL R UNCORE
3.0¢ 9.52 1065 2017 21.65
4. 0¢ .21 14.2¢ 23.41 25.20
S.0¢ 8.95 1775 26. 70 28. 75
620 8.75 21392 3@.085 32.30
7-@@ . Rh2 2/1+.85 33.47 35.85
Aagg g:89n0 o8 40 XICERR' e AN
9080 84533 31.953 d4Y.yd 42eYhH
12.0¢ % .58 35.50 44 .08 4659
11.00 8.68 39.085 47.73 5S@.85
12.00 8.85 42.60 S1.45 53.60

Rock Wool Added

ADDEDCINY Rl CORR R2 R TOTAL R UNGOFR
3.00 9.72 8«70 1842 19.70
4.00 9.43 11.60 21.03 22.60
5.00 9.18 14.50 23.68 25.50
G 00 8497 17.40 28.37 28..up
Te00 g.00 2030 29.10 3130
8.00 867 23.20 31.87 34.20
Ye i K59 2;-1@ 34469 37.10
10.208 8.54 29 .90 37.54 4g.0809
11.00 8.53 31.90 40.43 42.90
12.00 8.56 34.80 43.36 45.80

Fiberglass Added

ADDEDCINY R! CORR R2 ‘ R TOTAL R UNCORR
3.00 18.43 6+60 17-93 17-60
4.00 . 16.38 .- B.8d 19-10" ©19.80
5.080 1017 . 11.08 o 21.17 . 22.00
6.00 .l@.@5 © . 13.20 23.25 24.20
7.00, 9.94 15.40 . 25.34 26.40
9.00 9.72 19.80 29.52 - 30.88
10.08 .62 23-00 . , 31:63 33.00
1'1.00 9.52 24.20- - 33.72 . .35.20

12.00 © 9.43 26.48 " 35.83 37.40

S

§-
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Table D-4

R-Total for R-11 (C) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDEDCIN) R1 ‘CORR R2 R TOTAL R UNCORR
3.00 10.04 1065 20+ 69 21.65
4.020 9.80 14.20 24.00 25.29
S.80 9.59 17«75 27.34 28.75
6.00 9.41 21.30 30. 71 32.3@
7.00 9.26 24.85 34411 35.85
8.008 9.14 28 .40 37.54 39.40
9.00 9.05 31.95 41.00 42.95
16.00 8.99 35.50 44.49 46450
11.00 8.96 39.@5 48.01 S@. 05
12.00 8.96 . 42.60 51.56 53.60

Rock Wool Added

ADDEDCIN) Rt COPR R2 R TOTAL R. UNCORR
3.00 10.18 8.70 18.88 19.79
4.00 9.97 11.60 21.57 22.60
5.00 9.78 14.5¢ 24.28 25.50
6.080 9.61 1740 27.01 28.40
7.00 9.45 20.30 29.75 31.30
8.00 9.32 23.20 32.52 34.20
9.00 9.21 26.10 35.31 3710
10. 00 9.12 29.0¢ 3g.12 40.00
11.080 9.05 31.99 40.95 42.90
12.00 9.00 34.8¢ 43.80 45.80

Fiberglass Added

ADDEDCIN) R! CORR R2 R TOTAL R UNCORP
3. 00 1067 660 17.27 17.60
4.020 18.58 8.80 19.38 19.80 -
S5.00 1050 11.02¢ 21.50 22.00
6+ 00 18.42 13.20 23.62 . 24.20
TG0 10.34 1540 25.74 " p6.40
8.00 10.26 17.60 27.86 2860 -
9..00 1918 19.80 29.98 30:8¢@
10.0¢ 18+11 22.00 32.11 33.00
11.00 18.24 24.20 3424 35.20

12.020 9.97 26.40 3637 " 37.40
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Table D-5

R-Total for R-19 (A) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDEDCIMN) Rl CORR  R2 R TOTAL R UNCOSE
3.00 18.03 18+ 65 28 .68 29.65
4.00 17.67 14.20 31.87 33.20
5.00 17.33 17-75 35. 08 36.75
6+60 17.00 21.30 38.392 40.30
7. 08 16.68 24.85 41.53 43.85
3.00 16437 28+ 40 4477 4749
v.900 16. 0% 31.95 4823 5%.95

16. 00 15.88 35.50 51.3¢ 54.58

11.00 15.53 39.05 54.58 58+ 05

12.60 15.27 42.6¢ 57.87 61.60

Rock Wool Added

ADDEDC(IMN) PR1 COER R2 P TOTAL R UNCORR
3.00 18.23 B 70 26.93 27.70¢
4.00 17.93 11.60 29.53 38.60
" 5.00 17.64 14.50 32.14 33.50
600 17306 17+ 40 34+ 76 36+ 40
Te OO 17«89 2030 37+ 39 39. 30
8.00 16.82 23.28 48.02 42.20
Y.l 1657 26 14 4267 45.18@
10.02 1632 29.00 45432 48 .40
11.06¢ 16.08 31.90 47.98 .50.90
12.00 15.85 34.80 S5@.65 53.80

Fiberglass Added

ADDED(IN) R1 CORR R?2 R TOTAL R UNCORR
300 1885 6.60 2545 25.60
4.00 1875 BeBY 2755 27.80
S.00 18.64 11.008 29.64 30.00¢
6.00 18.54 13.22 3174 32.20
7. 00 1843 15+ 40 33.83 34.490
8.00 1833 17.60 35.93 36.60
9.00 18.23 19.060 38.83 38.80
18.00 1813 22.00 4Me 13 41.0¢
11.00 18.03 24.20 42423 43.20

12.008 17.93 26+ 40 44.33 45.40
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Table D-6

R-Total for R-19 (B) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDEDCIN) R! CORE  R2 P TOTAL R UNCORRP
3.00 16.58 18.65 27.23 29.65
4.00 15.98 14.20 36.18 33.20
5.0 15.45 1775 33.20 36.75
600 14.98 21.30 36.28 40.30
7.00. 14.58 24.85 39.43 43.85
800 14.25 28. 40 42.65 47440
9.00 13.99 31.95 45.94 50.95
12.00 13.79 35.50 49.29 54.50
11.00 13.65 39.05 52.70 58. 05
12.00 13.59 42.60 5619 61.60

Rock Wool Added

ADDED(IN) R1 CORR R2 B TOTAL R UNCORR
3.00 16.93 870 25.63 27.70
4.00 16.41 11.60 28.21 30.60
S.020 15.93 14.56 30.43 33.50
6.00 15.49 17.46 32.89 3640
7.00 15.10 20.30 35.40 39.30
8.00 14.76 23.20 37.96 42.20
9.00 14.46 26.10 40.56 45.10
10.00 14.20 29.00 43.20 48. 06
11.00 13.99 31.960 45.89 50.98
12.00 13.82 34.80 48 .62 53.80

Fiberglass Added

ADDEDC(INY RI1 CORR R2 R TOTAL R UNCOPR
3.0 18.11 6+60 244171 25.60
4.00 17.91 8.80 26+ 71 27.80
5.00 1770 11.00 2G.70 30.00
6. 00 17.50 13.20 30.70 32.20
708 17.31 1540 32.71 34.40
8.00 17.12 17.68 34.72 36.60
9.00 1693 19.80 36.73 38.8@
10.00 16+ 75 22.00 3875 41.00
11.00 16+58 24.20 40.78 43.20

12.00 16.41 26+ 40 42.81 AS5.40
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Table D-7

R-Total for R-19 (C) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDEDCINY PRl CORP E2 R TOTAL R UNCORR
2.00 16+55 16+ 65 27.50 29.65
4.00 16.41 14.20 3061 33.20
5.080 16.24 17+ 75 33.79 36+ 75
620 15.73 21.230 37.@3 4¢.20
7.00 1549 24.85 4«34 43.85.
8.0 15.32 28 . 40 43.72 47.40
2.00 15.22 31.95% 47417 50.95
12.00 15.19 35.5@ 5G.69 54.50
11.089 15.23 39.05 S4.28 58 .85

12.020 15«33 42.60 57«93 61.60

Rock Wool Added

ADDEL(CIN)Y R! CORF k2 R TOTAL R UNCORE
3.0 1.7.12 8.70 25.82 27.70
4.00 16.73 11.60 28.33 3¢.6¢€
5.00 1637 1458 3087 33.50
6.€Q 16.@7 1742 3347 36-4€
7080 15.81 28.32 36.11 39.308
8-00 15-5¢9 23.20 38.79 43.20
9.0@ 15.42 26-10 41.52 45.10
10.00 15.30 29.00 44.30 48 . 00
11.00 15.22 31.90 47.12 58.9¢
12.00 15.19 31:80 49.:99 £3.80

Fiberglass Added

ADDEDCIN) PR1 CORR R2 R TOTAL R UNCORR
3.00 1885 660 24.65 25.60
4.09 17.89 8.80 2669 n7.60
5.00 17472 11.08 28. 72 30.08
600 1757 13.28 30.77 32.20
7. 080 17.41 15.48 32.81 34.40
8.00 17.27 17+68 34.87 36.60
9. A0 17.12 19-80 36.92 38.80
10-08 16.99 22.00 38.99 41.00
11.00 16.85 24.28 41.05 43.20

12.08 16.73 26-40 43.13 45.40
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Table D-8
R-Total for R-11 LFC with Added Loose-Fill
Insulation
Cellulose Added
ADDEDCINY R1 CORR R2 R TOTAL R UNCORR
3.00 10+ 16 19.65 20¢.81 21.65
4.00 9.95 14.28 24.15 25.20
5.00 9.75 17.75 27.50 28.75
6.00 9.57 21.30 30.87 32.30
7.00 9.41 24.85 34.26 35.85
8.00 9.26 28 .40 39.66 39.40
9.60 9.13 31.95 41.08. 42.95
10.00 9.082 35.50 T 44.52 46.50
11.00 8.92 39.05 47.97 50.05
12.0¢ . 8.84 42.60 51.44 53.60
Rock Wool Added
ADDEDCINY Rl CORR R2 R TOTAL R UNCORR
3.009 10.28 8. 70 "18.98 19. 7@
4.00 10.10 11.60 21.70 22.60
5.00 9.93 14.50 24.43 25.50
6.00 9.77 17.40 27.17 28.40
7.-00 9.62 20.30 29.92 31.30
8.00 9.48 23.20 32.68 34.20
9.00 9.36 26.10 35.46 37.10
10.20 9.24 29.00 38.24 4@.09
11.00 9.13 31.90 41.083 42.90
1200 9.04 34.89 43.84 45.80
Fiberglass Added
ADDEDCIN) Rl CORR  R2 R TOTAL R UNCgRR
.00 10.67 6+60 17.27 17.6¢
19.41 19.89
L.00 1@.61 8.80 A n
5.00 10.54 11.00 21.54 ea. 00
6.00 1047 13.20 23.67 24.20
7.00 10.41 15.40 25.81 26-49
8.00 18.34 1760 27.94 28.60
9.g0 ~ 18:28 19-80 30.08 38-80
1G.006 12.22 22.qa 32.22 33.00
11.00 1616, 24.20 34.36 3520

12.00 10.10 26. 40 36.50 37.40
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Table D-9
R-Total for R-19 LFC with Added Loose-Fill
Insulation
Cellulose Added
ADDEDCIN)Y R1 CORR R2 R TOTAL R UNCORR
3.00 17.55 10.65 28 .20 29.65
4.00 1718 14.20 31.38 33.20
5.00 16.84 17. 75 34.59 36.75
600 1653 21.30 37.83 4030,
VERCL] 16.025 04.05 41418 43.8%
8.00 16.00 28.40 4440 4740
S.By 157U 31:98 4773 SPeYS
1v.vp I5e58 35.50 51.68 54.5C
ll-@Q 15.41 39.05 Sde46 - S58.085
12.020 1527 42.6C 57.87 61.60
Rock Wool Added
ADDEDCINY R1! CORR R2 R TOTAL R UNCOERR
3.00 1776 8.70 2646 27«70
400 1744 1169 29 .04 33.60
5«00 17.15 14.50 31.65 3350
600 1687 17.48 3427 36.40
700 16+62 20«30 36+92 3930
8.00 16.38 23.20 39.58 42.20
0.00 16.16 26.10 42.06 45. 108
1d. 00 18.96 20.00 h 96 h8.0%
11.¢02 15.78 31.90 47.68 50.90
12.00 i5.61 34.80 56G.4] 53.80
Fiberylass Added
ADDEDCIN) Rl CORR R2 R TOTAL R UNCORR
3.00 18.44 6.60 25.04 25.60
s Q0 18a.32 AeA D710 07:8¢
S.00 18.20 11.00 - 29.20 36.00
600 18 « B9 13.20 31.29 32.20
T« 00 17.98 1540 33.38 34+ 40
8.00 17.86 1760 35.46 36+.60
9.00 1776 19.88 3756 38.80
10.00@ 17.65 22.00 39.65 41.00
11.60 17.55 24.20 41.75 43.20

12.002 17.44 26.40 43.84 45.40
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Table D-10
R-Total for R-11 LFRW with Added Loose-Fill
Insulation
Cellulose Added
ADDEDCIN) RI COPR R2 R TOTAL R UNCORR
3.00 18.61 1¢.65 21.26 21.65
4.00 19.45 14.20 24465 25.20
5.00 10.28 17.75 28.03 28.75
600 19.12 21.30 31e42 32.30
7.-00 9.95 24.85 34.80 35.85
8.00 9.78 28 .40 38.18 39.40
9.00 9.62 31.95 41.57 42.96
10.090 9.45 35.50 44495 46450
11.00 9.28 39.25 48.33 50.05
12.00 9.11 42.60 51.71 53.60
Rock Wool Added
ADDEDCIN) R1 CORPR R2 R TOTAL R UNCORP
3. 00 18.70 8.70 19.40 19.78@
4.00 18.57 11.60 22.17 22.60
5.00 10.44 14.50 24.94 25.50
6+00 10.30  17.40 27.78 28.40
700 18.16 20. 32 ) 30.46 31.30
8.00 10.083 23.20 33.23 34.20
9.030 9.89 26.10 35.99 37.18
10.00 9.75 29,00 38.75 40.900
11.00 9.62 31.9@ 41.52 42.90
12.00 9.48 34.80 44.28 45.80
Fiberglass Added
ADDED(IN) R! CORR R2 B TOTAL R UNCORR
3.00 1697 660 17+57 1760
400 16.93 8.80 19.73 - 19.80
600 16.84 13.20 24.04 24.20
7.00 18.79 15.4@ 26419 26.40
8.00 18.75 17.60 28 .35 28.60
9.008 160.70 19.80 30.50 30.80
10.00 10.66 22.00 32.66 33.00
11.00 10.61 24.20 34.81 35.20

12.00 18.57 . = 26.40 3697 3740
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Table D-11
R-Total for R-19 LFRW with Added Loose-Fill
Insulation
Cellulose Added
ADDEDCINY R! CORP R2 B TOTAL R UNCORR
3.00 18.33 10.65 28 .98 29.65
400 18.0@5 14.20 32.25 33.20
S. 20 17.76 1775 35.51 36+ 75
600 17448 21.3@ 38.78 40.3¢
700 17.19 24.85 42.34 43.85
8.00 16.90 28 « 40 45.30 4740
9.00 16.61 31.95 48.56 58.95
10 G0 P16 15. 83 5l.8p 54:5§
1100 1602 39.05 55.07 58.05
12.0¢ 1573 42.60 58.33 61.60
Rock Wool Added
ADDED(IN) Rl CORR R2 R TOTAL R UNCORR
3.00 18 .49 8.70 27419 27.78
4.00 18.26 11.60 29.86 30.60
Se.00 18.¢2 14.50 32.52 33.50
6.00 1779 17.40 35.19 36.40
7.00 17.%6 20.30 3786 39.30
G000 17:32 23. 20 BBe5Y 4.00
9.0¢ 17.28 26. 10 43.18 45.1@
16.00 16.85 29.00 45.85 48 .00
I'le U 1661 31.90 48.51 50.90
12.00 1637 3/.80 5117 53.89
Fiberglass Added
ADDEDCINY R1 CORR R2 R TOTAL R UNCORR
3.00 18.95 6+60 25.55 25. 60
L@@ 18:87 8.80 27467 e
5.8% 18.80 11.2¢ 29.80 30.20
6.00 18.72 13.20 31.92 32.20
780 18.64 1548 34.04 34.40
8.00 18.57 1768 3617 36.60
9.00 1849 19.89 38 .29 3R%.84
10.00 18.41 22.00 4@.41 41.00
11.08 18.33 24.20 42.53 43.20

12.00 18.26 26.40 44.66 45.40
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Table D-12
R-Total for R-11 LFFG with Added Loose-Fill
Insulation
Cellulose Added
ADDEDCINY R! CORR R2 R TOTAL R UNCORR
3.00 9.79 10.65 20«44 21.65
4.00 9.46 14.20 23.66 25.20
S5.040 9.15 1775 26.98 28. 175
6.00 887 21.30 30.17 32.30
T80 - 8.61 24.85 33.46 35.85
8.00 8.37 28.40 36+77 39.40
9.00 8«15 31.95 40.10 42.95
10.00 7+95 35.58 43445 46.50
1t.00 7.78 39.05 46.83 5@.05
12.00 7+63 42.60 S@.23 53.60
Rock Wool Added
ADDEDCINY RI1 COPRR R2 R TOTAL R UNCORR
3.00 9.98 8.70 18.68 19. 70
4.08 9.70 11.60 21.30 22.60
S.00 9.43 14.50 23.93 25.50
6.00 9.18 17.40 26.58 28 .40
700 8.94 20@.30 29.24 31.38
8.00 8.72 23.20 31.92 34.20
9.00 8.52 26.10 34.62 37.10
10.00 8.33 29.00 37.33 40.00
11.00 8.15 31.99 40+ 05 42.90
12.00 .99 34.80 42.79 45.80
Fiberglass Added
ADDED(IN) Rl CORR R2 R TOTAL R UNCORR
3.00 18.59 6.60 17.19 - 17.68
4.00 10.48 8.80 19.28 19.80
Soﬂﬂ 19.38 11.008 21.38 22.006
6.00 18.28 13.20 23.48 24.20
700 1017 15.40 25.57 26.40
8.00- 19.08 17.60 27.68 28.60
9.00 9.98 19.8¢ 29. 78 30.80
10.0202 9.88 22.00 31.88 33.00
11.00 9.79 . 24.20 33.99 35.20

12.00 9.70 26.40 36.10 37-40
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Table D-13 -
R-Total for R-19 LFFG with Added Loose-Fill
Insulation
Cellulose Added
ADDED(IN)Y =21 CORR R2 R TOTAL R UNCORR
3.00 1696 18.65 27.61 29.65
H.00 1643 14.20 3G.63 33.2¢
S«030 1595 1775 33.708 . 36«75
600 15.52 21.30 36.82 4@. 3¢
T 00 15.14 24.85 - 39.99 43.85
8.00 14.81 28.409 43421 47« 40
Q-00 14.50 " 31493 4% .48 nBs95
1 7. A0 14:30 3530 49 .80 54.58
11.00 14.12 39.05 53.17 58.05
12.00 14.C306 4260 S6.60 61.60
Rock Wool Added
ADDED(IN) R1 CORE R2 R TOTAL R UNCORR
3.00 17.27 S.70 25.97 2770
H4e B0 16.81 11-68 28 .4 30.60
S5.020 16.38 14.5¢ 3088 33.508
600 15.99 17+ 40 33,39 36.40
T+ Q00 . 1563 20.30 35.93 39.38
S-QB 15.30 23.20 38.50 420
Q.0 1881 261D 1111 ' 45. 10
10. 006 14.75 29.00 43.75 48 « B0
11.00 14.53 31.99 46.43 S50.90
12.00 14.34 34.80 49 .14 53.80
Fiberglass Added
ADDED(IN) RI1 CORR R2 R TOTAL R -UNCORP
3.00 18.29 fa 34.89 25+ 60
400 18.11 8.80 2691 27.80
5.9 17.93 11.08 28.93 SQo@ﬂ
6«00 1776 13.20 38.96 32.20
Te B9 17.59 1540 32.99 34.40
8.00 17.43 1768 35.03 36.60
9.00 1727 19.89 37.87 38.80
10.00 17.11 2200 39.11 41.00
11.00 1696 2420 4116 43: 20

12.900 16.81 26.40 43.21 45.40°
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Table D-14

R-TOTAL for R-13(A) Fiberglass Batts
with Added Loose-Fill Insulation

Cellulose Added

ADDEDCIN) Rl CORR R2 R TOTAL R UNCORR
3.00 12. 66 10.65 23.31 23.65
4.00 12.55 14.20 26.+75 27.20
5.080 12.45 17.75 30.28 - 38.75
600 12.37 21.30 33.67 34.30
7-00 12.30 24.85 37415 37.85
8.00 12.24 28.40 40.64 41.40
9.00 12.19 31.95 44.14 44.95
10.00 12.15 35.50 47.65 48.50
11.00 12.12 39.85 - 51.17 52.05
12.00 12.10 42.60 54+ 70 55.60

Rock Wool Added

ADDEDCIN) R! CORR R2 . R TOTAL R UNCORR
3.00 12.72 8.70 21.42 21.70
4.00 12.63 11.60 " 24.23 24.60
5.00 12.54 14.50@ 27.04 27.50
600 1246 17.48 29.86 30.40
7. 00 12.39 20.30 '32+69 33.30
8.00 12.33 23.20 35.53 36.20
9.00 12.27 26.10 '38.37 39.10
10.00 12.23 29.00 41.23 42.00
11.00 12.19 31.90 44.09 44.90
12.00 12415 34.80 46495 47.80

Fiberglass Added

ADDEDCIN) R1 COERR R2 P TOTAL R UNCORR
3.00 12.93 660 19.53 19.60 -
4.00 12.89 8.80 21469 21.80
5.00 12.86 11.00 23.86 24.00
600 12.82 13.20 26.02 26.20
7.00 12.79 15.40 . 28.19 28. 40
8. 00 12. 75 17.60 30.35 30.60
9.00 12.72 19.80 32.52 32.80
10.00 12.69 22.00 34.69 35.00
11.00 12.66 24.20 36.86 37.20

12.00 12.63 26.40 39.03 39.49
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