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Summary

The compression of fiberglass batt, loose-fill fiberglass, Toose-fiil
rock wool, and loose~fill cellulesic insulations due to the installation of
one insulation on top of another has been simulated by subjecting zpecimens
to known static loads. Decrease in thickness was measured as a function of
loading for freshly blown lcose-fill insulations and fiberglass hbatts shaken
to full thickness. The Jow density materials were affected the most, show-
ing compressions as high as 40% for loads of 12 kg/m2 (2.5 Eb/fiz). The
magnitude of the compression due to loading decreases as the density of the
loaded insulation increases. Correlations for compression as a function of
loading 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 B-value. Tables
have been prepared for the estimation of the amcunt of loose-fill insula-
tion required to upgrade existing R-11 or R-19 thermal barriers to higher
R-values. 1In 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.






TABLE OF CONTENTS
Introduction
Measurement of Thickness and Density
Results for Thickness under Loading
R-Yalue Calculation for & Compressed lIpsulation
Thermal Resistance of Two Lavers of Insulation

Discussicen of Results

Conclusions and Recommendations

iy Tdentification of Products Tested

2 Experimental Values for Thickness as a Functien

of Loading

C Caiculation of AR/R frowm Compression Data

D Calculated R-Values for Stacked Insulations

vii

j—

26

™)
o5

26

27

48

62






Reduction in the Thermal Resistance (R-Value) of Loose-Fili
Insulation and Fiberglass Batts due to Compression

Introduction

The recommended amount of rvesidential thermal insulation has increased
as a result of rising energy costs. 1In many cases homeowners find it eco-
nomically desivable 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
i5 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 insulaticn, there-
fore, must be added to bring the total R-value to the desired Tevel. 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, and 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'/fp (2)

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

men with an initial density, Pg> and initial thickness, To’ will have density o



N

=T o /T (3
P ofo’ (3)
after compression to thickness T. FEquations (1), {(2). and (3) can be com-
ness of a specimen of insulation can be determined as a function of compres-

sive force 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 Mode!l M-911 cathetometer. Specimens of fibergiass batts
1.219 m (48 inches) in Tength were shaken to obtain recovery beyond full thick-
ness. The specimens were then affixed to plywood sections slightiy Jarger
than the specimen by stapling the paper facing to the pliywood. 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 zerc point of tne 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 ]b/ftz). 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 be-
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 deterimined from the mass and dimensions of the specimen
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Figure 1. Photograph of Fiberglass Batt with Two Load Increments



at label thickness.

Testing of loose-fill insulations was accomplished using a 305 x 3056 x
305 mm (12 x 12 x 12 in) plywood box into which the insulation was blown. A
stot 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 1b/ft2) 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 1-L'O.l cm (f.04
inches). The values for the load increments were known to better than .05
kq/m2 (f.OI 1b/ft2). Specimen masses were known to better than 0.2 arams

(Y.0004 1b).

Results for Thickness under Loading

Results for thickness under loading were obtained for loose-fill cellu-
lose 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 O kg/m2 (0 1b/ft2) to
12.21 kg/m? (2.5 1b/Ft2) in steps of 2.44 kg/m® (0.5 1b/ft%). Specimen di-
mensions and density data are included in Appendix B.

The experimental thickness data were analyzed using Equation (4)

-AT/T = a + bw + ol (4)
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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 ¢ 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/m2 (1.0 1b/ft2) loading
as a function of initial density. All 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 initial 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 Py tO pe Was obtained using Equation (5) with b' and c¢' values

35 do = b'(pemp ) + c'(1/0e-1/0,) (5)



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

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 cbtain 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 layer is reduced due to compression. Equa-
tion (6) gives the total R-value in terms of the R-value per inch of added
insu]atfon,'ﬁé, the thickness of added insulation, TZ’ density of the added

insulation, DE’ and the R-value for the bottom layer of insulation, Rl.

R-Tetal = R,T, + R

275 1 - AR/R) (6)

1 (

AR/R = C, + Czw + C3w2

1
W= D2T2/12,D

The reduction term, AR/R, is represented in the above equation as a function
of the loading, w. The coefficients Cl’ CZ’ and 63 were obtained by the Me-
thod of lLeast 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 the Constants a, b, and ¢ in Equation {4)

Product a b o Number of Number of Average 1 Std. Deviation2
Specimens Points Deviation %

Fibergiass Batts - - - = - - - - -« - - - - - - - - - - o - - o oot ook e e e e e e e e e - - -
R-11 (A)3 -1.5100E-2 2.45658E-1 -2.7728E-2 5 46 i1.C 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 .y -1.8906E-2 1.64678-1 -1.4553E-2 5 27 i4.% 3.50E-2
R-19 (A) -3.6435E-2 2.3789E-1 -2.6452E-2 3 24 5.1 1.56E-2
R-19 (8) 5.1182¢-1 3.1385E-1 -4.0332E-2 3 24 17.6 7.94E-2
R-19 (<) 9.5779g-2 2.415%E-1 -2.9926E-2 3 24 2.9 1.398-2
Logse-Fiil =~ = o - - - oo - - o - e oo o - - o - o e o - o oo oo e e — - -
Cellulose " 2.3744E-2 1.0503¢E-1 -1.1340E-2 19 50 11.4 2.02E-2
Fiberglass  (F) 2.5511E-2 2.5155E-1 -3.8825E-2 12 60 11.5 3.76E-2
Rock Wool (£) -2.80128-2 1.2973E-1 -1.0507E-2 ¢ 44 32.4 4.365-2

(1) Average deviation computed using: E {-a7/T) cale - (-AT/T‘)eXD x 100

(-AT/T)exp
o [/ T \
2) ! :E: : eT/T)s cate = AT/T, exp)2 /ﬁj 0
\ 3=\

(3) Refers to producer, 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 resuits 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-
tation of numbers labeled Tz(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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Percentage Decrease in Thermal Resistance of R-19
Fiberglass Batts Resulting from Lompression
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Table 4

Percentage Decrease in Thermal Resistance
of Loose-Fill Insulations

Load Percentage Decrease in R(l)
YL 1V Cellulose Rock Yoo Fiberglass
0.000 0.000 0.00 0.00 0.00
0.977 0.200 4.49 ~0.202) 5.38
1.953 0.400 6.48 1.80 8.65
2.929 0.600 8.38 3.74 11.67
3.906 0.800 10.19 5.59 14.43
4.882 1.000 11.90 7.38 16.94
5.859 1.200 13.53 9.10 19.19
6.835 1.400 15.06 10.74 21.20
7.812 1.600 16.51 12.31 22.96
8.788 1.800 17.86 13.81 24.48
9.765 2.000 19.12 15.24 25.77

(1) {(-AR/R} x 100: Average °4 values: 2.2 1b/ft3 for cellulose,
1.8 1b/ft3 for rock woel,0.6 1b/ft3 for fiberglass. Corres-
ponding nominal R-values per inch: 3.55 for cellulose, 2.9

for rock wool, 2.2 for fiberglass.

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



Table b

Amount of Loose-Fill Insulation Required
to Upgrade R-11 to R-30

Top Layer
¢l LERW LFFG

0 3 3 r »
{un ) ( r ) I i
Bottom Layer Tz\uncorr) Tz(corr, Diff. Tz&uncc.r) Tz(corr) Diff. Tg(uncorr) Tz(vorr) Diff.

LFC 5.35 5.74 7.3% 6.55 7.03 7.3% 8.64 5.96 3.7%
LFRW 5.35 5.58 4.3% 6.55 6.83 4.3% 8.64 8.77 1.5%
LFFG 5.35 5.95 11.2% 6.55 7.28 11.1% &8.64 8.10 5.3%

1 LFC = Loose-Fil7l Celiulose, LFRW = Loose-Fi1l Rock Wool, LFFG = Loose-Fill Fibergiass
2 Entries are in inches

3 Diff. = (Tz(corr) - Tz(uncerr) J X 100/(T2(uncorr) )
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The extenl 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 tnickness 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 Lnat valu

The experimental compression data tend to be scattered for the first
increment of loading. This is due at least in part from different starting

densities for the

[€2]

pecimens tested. As-blown loose-fill specimens or as-ve-
covered batt specimens exhibited variation in density that has nol been taken
into account in the numerical calculations. An examplie of the varjation of
comprassion 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
for the fiberglass products.

Calculated values for the decrease in thermal resistance due to compres-
sion are substantially less than the corresponding conipression factors. The
increase in value per inch with density partily compensates for 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 Lo 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 Tow density ma-

terial. The compression caused by the instaillation of rock wool above fiber-
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alass 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
lowest 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 fibergliass batt in-
sulations and a number of specimens for each of the major loose-fill insula-

tions.
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Conclusions and Reccmmendations

Experimental data have been obtained which show that loose-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 abtained.
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 compression can be offset by in-
stalling additional material in the top layer. As much as 15% additional in-
sulation is needed Lo compensate for compression when high density material
is installed on top of low 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

A Owers-Corning Fiberglas
B Johns-Manville
C Certainteed
Loose-Fill
D Tennessee Cellulose Insulation
£ Delta Maid Rock Yool

F Owens-~Corning Fiberglas
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Appendix B

txperimental Values for Thickness as a Function of Loadin

i



SPECIMEN NUMBIR : il SPECTIMEN MUMBER + 12

2 SPECIMEN NUMBER @ 1%
BATT : o/ LOOSE-FILL : __ BATT : o LOOSE-FILL : BATT @/ LOOSE-FILL :
CABEL INFORMATION : THICKNESS ( dinches ) /e LABEL INFORMATION : THICKNESS ( dnches ) e  {ASEL INFORMATION : THICKNESS ( inches )  =fs
R-VALUE { ftlhroF/gea ) W R-VALUE ( 7tlnr®F/Btu ) 11 RUALGE ( ftlhrer/ate b 1y
MANUFACTURER A - MANUFACTURER A MANUFACTURER A
SPECIMEN DIMENSIONS : SPECIMEN DIMENSIONS : SPECIVEN DIMENSIONS
LENGTH { inches ) 4B 208 WIDTH ( inches ) 158  LEWNGTR ( inches } 47508  WIDTH { inches ) 155 LENGTH { inches } 6. 835 WIDTK { inches )} 155
TOTAL MASS { crams } NG .  PAPER ( grams ) _s.8 TOTAL MASS { grams ) Scw  PAPER { grams ) _ M7 - TUTAL MASS ( grams ) 4B8S  PAPER { grams ) 737
INSULATION MASS { grams ) 290, 2 INSULATION MASS ( grams ) 425.3 INSULATION MASS { grams } yiyi.3
DENSITY AT NOMINAL THICKNESS { ‘,b/ft3} 0568 DENSITY AT NOMINAL THICKNESS ¢ ‘:b/ft3) 0629 DENSITY AT NOMINAL THICKNESS ( ]b/f‘:B) 96le
{kgm® ) =00 {xg/m® 1 1007 { ke/n® ) 387
THICKMESS AS A FUNCTION OF LOADING: THICKNESS AS A FUNCTION OF LCADING: THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( 157962 ) TOTAL THICKNESS ( cnm ) TOTAL 104D { ib/ft? ) TOTAL THICKNESS { cm ) TOTAL LOAD { 15/71% ) TOTAL THICKNESS { cm )
oo 976 o0 g7 - 0o 9
0.5000 843 05026 - 2 A . 0.50/8 B.6I
1.0026 . Fe8 o lo9 LS4 J.0027 736
15149 b.5¢ 14977 ©i3 - 15027 ) 45
_ 20056 . sz L2986 508 20049 574
25078 o 4.75 2.5004 .- L 9% 505 o
_ Fow3 437 .. 29s8 S, X 30159 . 2 B
3.48%7 409 34298 4.13 - 34987 .55
R 1/ M 373 _ 3990 __ 38 3988l 44!




SPECIMEN NUMBER 15

BATT : o  LOCSE-FILL :

LASEL INFORMATION : THICKNESS { inches ) =i =,
R-VALUE { £8%heoF/Bra ) 4y

MANUFACTURER A

— MARUFACTURER

SPECIMEN DIMENSIONS :
LENGTH { inches § 48 1l WIDTE ( inches )} 155

TCTAL MASS ( grams ) Yeo PAPER ( grams ) - 157

INSULATION MASS { grams )

DENSITY AT NOMINAL THITKNESS

THY S5 AS A FUNCTION OF LOADING: THICKNESS A5 A FUNCTION § THICKNESS AS & fun

Wi

TOTAL (02D ( ib,’i’t2 k TOTAL THICKNESS ( om )

j )

oo GSE . oD i o6
o.¥ie? Zob G o
lone 5.9 >
59T R LG58

2645 @39 _ - A AY,

2 5154 Gl 96

30079 - S

3 500/ 5.3

3G9¢5 o 4.9

—_——— . - . ——— — - —




SPECIMEN BUMBER : _ 18

BATT : ~  LOOSE-FIiL :

LABEL INFORMATION : THICKMESS { inches )

R-VALUE ( ftlhroF/Btu )

MANUFACTURER

SPECIMEN DIMENSIONS :

LENGTH { inches ) 4.5 WIOTH ( inches ) S
TOTAL MASS ( grams ) Y413 PAPER { grams !

INSULATION MASS ( grams ) 352.9

DENSTTY AT NOMIMAL THICKHESS 1b/ft3)

,

THICKNESS AS A FUNCTION OF LOADING:
07AL LOAD ( 1b/7t° )
.0

05018

Loyl

SPECIMEN NUMBER :

LABEL INFORMATION

( ‘.<g/rn3 )

TOTAL THICKNESS (

LODSE-FILL

THICKNESS  { inches ) 22

R-VALLE ( “t2nroF/3tu ) |

MARKUFACTURER
SPECIMEN DIMENSIONS :
LENGTH { inches ) 48 o!
grams ) 433
INSULATION MASS ( grams ) 345 2.

NOMINAL THICKNESS (

b/t

WIDTH ( inches ) 1585

PAPER ( grams ) _ 18

5 _n.53¢

)
g/m” ) _8.56
THICKSESS AS A FUNCTIGH OF LOADING:

14900

19738

29647

298

B 3.2 .

AL B

TOTAL LGAD ( Tb/ 72 ) TOTAL THICKHESS { cm )
o0 /170
0. 5018 883
ol 98
14960 575 .
19188 N A
24824 4.3
. 29nE 392
39546 353
3954 329

SPECIMEN KUMBER

LABEL InFORMATIUN :

LERGTH { incnes

o/ LGOSE-FILL :

. el
R-VALUE { ft°hr®F/Btu ) 1+

WLEACTURER

SPECIMEN DIMENSIONS

INSULATION MASS { urams |

DENSITY AT MOMINAL TRICKNESS { b/ f

TEICKNESS AS A FUNCTION GF

TOTAL LOAD { lb/ftz

Q0
0 5018

S N

THICKNESS  { inches ) 2z

P4yg0R
TOTAL HASS ( grans ) 557

inches ) 199

Q.36
G412

Y XoJi ZA——
14960

7el.

19188

A L7 4 g
_345Y6
37568

FWk 506

Y60

PAPIR { grams ) et

LOLdd
10,39

THICKNISS { cm )

R/ —
B <Y

594

GE



SPECIMEN

( dachres ) 3/ L (CHHESS [ inches LABEL THFORMATION @ THICKRESS [ inches |
; GRUUE { fEZnp0r gt . Soualus [ fl e
R-YALUE { £tihroF/Btu ) I R-YALUE { ftSmrof/Btu ) 4y -YALYE ( Fethar®F/8t ) )32 o

MANUFACTLEER e AEUFACTURER c MANFACTURER

WITTH { inches 3

inchas ) _ ey

PAPER | grams } v PAPER ( grams )

SLATION HESS { grams ) 4e3.2 THILLAT

QENSITY T AGMDM “)/ftzl cess OUNSITY AT NOMINAL THICKRNCSS

A
{ ks/v” ) Lo.50

S LOADING: TRICKKESS AS & FUNCTICH OF L2
j T fcm ) TOTAL LOAD { ) {am )
DR & N < _ N - A 2
@ 5ei8 212z 0. 3o 778
;o851 777 [Holi — 38 e AOD 853 R
G4 2l
{49 &32 SNl I . 225
I 617 14798 533 o e e
15874 592 2482 o WEs

2958 87 23ug 457 ) e
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SPECIMEN NUMBER :

4

BATT : v LOOSE-FILL :

LABEL INFORMATION :

SPECIMEN DIMENSIONS :

LENGTH ( inches )

THICKNESS

R-VALUZ { Ftohrer/Btu ) i3

MANUFACTURER

47.350
TOTAL MASS ( grams ) L18

WIDTH { inches ) 5.5

PAPER { grams }

INSULATION MASS ( grams ) 596.3

A

DENSITY AT NOMINAL THICKNESS ( 1v/ft3) 0854
(kg/m> ) 13,68

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD { Tb/7t% )

2.0

9.39

100

1,50

( inches ) 398

=i}

TOTAL THICKNESS (

_ois
g47

89/
807

7%/

705
055

SPECIMEN HUMBER :

BATT :

4

LABEL INFORMATION :

L00SE-

5
FILL :

THICKNESS

{ inches )

R-VALUE { 7t2hroF/Biy )

MANUFACTURER

SPECIMEN DIMENSIONS :

LENGTH ( inches )

TOTAL MASS { grams ) 18

4750

WIDTH ( inches )

PAPER { gra

INSULATION MASS ( grams ) 596.!

ms }

55

819

DENSITY AT NOMINAL THICKRESS { ib/ftY) ogs
kg/m3 } 1363
THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD ({ 1b/£t2 )

’
A
/
\

TOTAL THICKNESS { cm )

o. 0 ~ . lon

.50 93¢ .

1, 00 __as4

1.50 795

200 749

250 679 o
300 &40

SPECIMEN NUMBER : ©

BATT : v LOOSE-FILL :

LASBEL INFORMATION : THICKMESS { inches ) _ 3% _

R-VALCE

( ftdaror/atu 1 3

MANUFACTURER A

SPECIMEN DIMENSIONS :
LENGTH ( inches ) 48 00
TOTAL MASS ( grams ) 114

WIDTH { fnches ) 155

PAPER ( grams } _ 9.8

INSULATION MASS { grams ) 3.2

DENSITY AT NOMINAL THICKNESS

{ 1b/£t%)  o89
( kg/m” ) 14.18

THICKNESS AS A FUNCTION OF LOADING:

TOTAL LOAD { 1o/%t% )
_o0o

TOTAL THICKNESS ( cm )
897

3.67

g

,.8'__//

76!




g SPECINEN NUMBER : jd

SPECIMEN NUMBER : 7 SPECIMEN NUMSER :
BATT : o~ LDOSE-FILL @ BATT : o/ LOOSE-FILL @ BATT &/ LOOSE-FILL =

35k LABEL INFGRMATION : THIiCK { inches ) 3%

LABEL INFOURMATION : THICKNESS { inches ) 392 LABEL INFORMATIGH @ THICKKESS { inches )

R-VALUE { ftlar®f/Btu } 3 R-VALUE ( £t2neoF/5tu ) 3 R-vALHE { Felarer/st ) 23
NMANUFACTURER A YARUFACTURER 4 MANUFACTURER A
SPECIMEN DIMENSIONS : SPECIMEN DIMENSIONS : SPECIMEN DIMENSIONS @
LENGTH { dnches } _ 475 WIDTH ( inches ) 155 LENGTH { inches }  475g WIOTH { dnches ) s  LENGTR (inches | Ya,vag  WIDTH { dncnes ) 158
GTAL MASS { grams } 94 PAPER { grams ) _ sva_ TOTAL MASS ( grams ) g€  PAPER { grams ) _gaf TUTAL MASS { grams |} o3 PAPER ( grams ) _83
(NSULATION MASS { grams )} f(wd ! INSULATLION MASS { grams ) 5859 INSULATION MASS { grams | @24
DENSITY AT NOMINAL THICKNESS ( 15/¢t°) 067 DENSITY AT NOMINAL TRICKNESS ( 1p/ft%) ggsg DENSITY AT HOMINAL THICKNESS { 1o/ft*} _ggry
(g’ ) 04 Crgmd ) 337 {wg/o® ) w08
THICKNESS AS A FUNCTION GF LUADING: THICKNESS AS A FUNCTION OF LOADING: THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD { 1b/t% ) TOTAL THICKNESS { e b TOTAL LoAg { 1usfil ) TOTAL THICKNESS ! cm ) TOTAL L0 ( b/t ) TOTAL THICKNESS { em )
oo G40 ) /023 00 37
230 854 1 ood! 799 A2, £44
L8O a4 /.59 473 o 25y 5%
150 263 o - T
2.00 T2 . _ o
259 567 -
Stes) 629 - L

e



SPECINEN MUM3ER
BATT : ¢

LA3EL INFORMATION

22

L00SE-FILL ¢

THICKKESS  ( inches ) _
R-VALUE | ftlnroF/Bu )

MANUFACTURER

SPECIMEN DIMEMSIONS

LENGTH

TOTAL MASS { grams ) 7¢7
[NSULATION MASS ( crams ) 59/6

DERSITY AT NUMINAL THICKNESS (
!

inches ) Y7792

WIDTH (

PAPER ( grams )

_0.592

]
1h/ft”°)
Ty 949

kg/m” )

[HICKNESS AS A FUNCTiON OF LODADING:

TOTAL L0AD ( 1a/ft° )

Q.0

0.50/8 I4.58
e LQIH S ___ 1302

B} __116¥

A9 1059

248 99z

29u8 9K

34596 B .85

3958 502

inches } 193

___ 1586

£95

TOTAL THICKNESS { cm )

TAIZKNESS  ( incnes |

R-valJE ( £2%nroF By )

MANUFACTURER
SPECIMEN DIFMENSIONS

LENSTH ( inches ; _y7.2§5
TOTAL ®ASS ( grams ) 95

INSULATION ¥ASS { grams | (40.2 _
DENSITY AT BOMINAL THICKNESS { 1D/T’t3)
{ kg/m’ )

THICKNESS AS A FUNCTIGH OF LOADING:
TOTAL LOAD { 15727 )

S S

PAPLR { yrams )

WIDTH { inches )

_.0.585
Rl

TOTAL THICKHESS

1702

Lq R

.0 5018

_ Lot

538

SPECIMEN DI

LENSTH { inches

TOTAL MASS { grams )

INSULATION MASS ( grars )

JENSITY A

THICKNESS AS

A FUNCTIW

\
i

TOTAL LCAD

THICKNESS L

VAL LE !
R-VALLE |

MENSTONS

Y.803  HID

088

B/fC

T inches )

inches |

PAPER { aran

2 e .
fEonr /oty ]

ams )
0. 554

S-S,

9

732

123



SPECIMEN NUMEER 22
3577 ¢/ LDOSE-FILL :
LASEL INFORMATION @ { inches ) ,:04'/‘

R-VALEE

MANUFACTURER

LENGTH { inches ) _¥2000

TOTAL MASS

{ grams } Tz

e
13

UNCTLON OF LOASIT

083 { 10758

FtonroF

TOTAL THICKHESS

N
'

con
299568

% S
LABEL INFORMATIOH { inches ) 6.5

2

R-VALUE { Ftoar®Sidte b 4

{ inches ) _y inches )+

1

{ grams ) 7

INSULATION MASS { grams ) 1,591

grams }

DENSITY AT

{em)
oL O 15 59 .59
J. 5018 1262 I A
Lol 370 L Ondd 1302 b
L) - 1< L4950 4.5t
16288 579 o, 10




SPECIMEN NUMBER : 30 SPECIMEN NUMBER : 3 SPECIMEN NUMBER : 32

BATT : v LODSE-FIil : _ BATT : /_  LOOSE-FILL : __ BATT : 7 LOOSE-FILL :
LABEL INFORMATION : THICKNESS { inches ) 6 LABEL TINFORMATION : THICKNESS { inches ) G__ . LASEL INFORMATION : TRICKNESS ( fnches ) G
R-VALUE ( FtPhroF/Btu ) 19 RVALGE { ftPhroF/Bry ) 19 ReVALUE { ftPhreF/Btu ) a9
MANUFACTURER c MANUFACTURER ¢ MANUFACTURER <
SPECIMEN DIMENSIONS : SPECIMEN DIMENSTONS : SPZLIMER DIMERSIONS :
LENGTE { inches ) 4B.ou2 WIDTH ( inches } LENGTH ( inches ] 48458 ~ WIDTH ( inches } _ o LENGTH ( inches } 4g.833  WIOTH { inches )
TOYAL MASS { grams ) Joz  PAPER ( grams ) TGTAL MASS ( grams ) 730 PAPER (grams ) __ _ TOTAL MASS ( grams ) 15 PAPER ( grams )
INSULATION MASS ( grams ) _Toz INSULATION MASS ( grams ) _ 730 INSULATION MASS { grams ) 751
DENSITY AT NOMINAL THICKNESS { tb/ft3) @598 DENSITY AT NOMINAL THICKNESS ( 16/:%) o7 DENSITY AT ROMINAL TRICKNESS { 1b/ftd)  pg3g
(kom’ ) G5B Ckom® ) _gs (ko/m® ) 009
THICKNESS AS A FUNCTION OF LOADING: THICKNESS AS A FUNCTION OF LDADING: TRICKHESS AS A FUNCTION OF LUADING:
TOTAL LOAD ( To/%t2 ) TOTAL THICKNESS { cm ) TOTAL LDAD { 1o/t TOTAL THICKNESS ( cm ) TOTAL L3AD { o/5t? ) TOTAL THiCKBESS { om )
.- N S 175 . p0 o w07 — 20 e 1736
. o 5018 _ 1353 . g.5008 295 25018 — 13
oMl N2 Y- A 0% Y o) T S el
. 19960 . pov _ /9960 98 19960 el
1988 90¢ 9 .88 . 197188 933
__aysd g0 . w7 o Aeed 837
L2918 o 7e 29k Y. — 2918 e FTe
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SPECIMEN NUMBER L¥C)

BATT & LOOSE-FILL :

LABEL INFORMATION . THICKNESS {4

SPECIMEN DIMENSIONS

'H [ inchas ) WIOTH { fnches )

LEneT
TCTAL MASS [ grams ) PAPER { grams }

TRSULATION MASS { grams } gu?
Ante

DENSITY AT NOMINAL THICKNESS | 1b/r‘t3) 2.1
{ or as blown ) ( kg/m3) _33.70

THICKNESS 45 A FUNCTION OF LOADING:

[vXe) . 12.787

g0z 1 9gé

—_— 15082 ioT
——l5ie N N,

2oibt i 2ol
257 — 9s0d
_ —_—
o -

SPECINEN NUMBER - LiEC
BATT i LO0SE-FILL
THICKHESS ({4

R-YALUE { ey

MANUFACTURER

aches )
_—

o8ty )

F8

2

LENGTH { inches ) WIBTH { inches )

— —_—
TCTAL MASS { grams ) PAPER { grams )

—_— _—

IHSULATION MASS { grams ) 10499
PR S NAMINA Tet e w3
DENSITY AT NOMINAL THICKNESS { 1h/7v”) 2122
{ or as bigwn 3 {ka/md 1 =z
VoY oas bligwn voXg/mT o) 333

THICKRESS AS A FUNCTION of LCATING:

TOTAL LCAD ( 1br7el )

TOTAL THICKNESS {dn.)
/708
(0981 -
(0.2%
oo
9.76¥

SPECINEN NUMBER :

—LEC3
LOOSE-FILL ;

BATT

THICKNESS {4

LABEL INFORMATION :

R-IALUE { £,

MANUFACT

SPECIMEN DIMENSIONS

nches )

v,

LENGTH ( inches ) WIDTH { inenes )
TOTAL MASS { grams ) PAPER { grams )
INSULATION MASS { graiis } 1555
PNBHIRAL THICKAESS { ib/ett) sp0m
Gr as blown ) { kg/m3 io3249

THICKNESS AS A FUNCTION OF LOAGING.
TOTAL LOAZ { 1o/5:7 )

2.0

&.5028

TOTAL THICKNESS { sin.)
/i Q95
8. 068
8.5

A
?

MGy

/U

i

<~

1]

R

LE



SPECTMEN HUMBER LEC-

AATT :+ LOOSE-fILL ¢

LABCL INFORMATICH : THICKMESS { dnches ¥ -

R-VALUE { FtohroF/btu )

SPECIMER DIMENSIONS

LENGTE | inches ) WIDTH { inches 1 _

PAPER

[ ograms )

TOTAL HASS ( grems

INSULATION MASS { grams }

SENSTTY AT LOMI

{ or as nlown |

THICKHESS AS A FUSUTION OF LOACING:
5

TOTAL LCAD | ib/f” ) TOTAL THICKNESS { in.)

(105

ita

~
— Lol

_pfoz8 . . 10 35%

. Jogde ER-I. _—
I - 17 - 3 LT H00
2080 . Gl —
) 25067 - L8

SEELINMEN DIMENSIORS
LENGTY { inches }

TCTAL MASS [ grams

inches b
2

friaroe/3ty )

LSUATION MASS { grams ) 1840

DEHSITY AT NOMIRAL THI
{ or as blown )

THICKRLSS A3 A FUNCTION OF LOADING:

TOTAL LOAD

0.0

L0508 .

15768 )

10T

1089

FECIMEN NUMBER

BATT ¢ LOOSE-FLLL ¢ v

THICKKESS

LABEL INFORMATION

SPECIMEN DIMERSIONS
LENGTH { inches )
TOTAL MASS { grams )

INSULATION MASS ( grams }

W3

DENSITY AT NOMINAL THICKNESS { ib/ft”)

blown ) Cke/mT )

{ or as

THICKHESS AS A TUNLTION OF LOADIN

TOTAL LOAD ( 1b/7t

LS9 -
PRI .
5167

L\t

inches )

WiIDTH { inches

PAVER | grams ) _—
3
i
[
{ "n.i
10 878 —
1o 218

513



R-VELUE [ Ft%hrof/Bey )

MANUFACTUR

WIDTH { inches }
PAPER { grams )

AT HOMIRAL T

([ or as blown )

(e

15iig
2o &l 10,458
25167 10,699

{ or as tlown )

6t




SPECIMEN NUMBER : LEF ) SPECIMEN NUMBER : LEE2

SPECIMENM NUMBER .

BATT : LO0SE~F BATT @ LOOSE-FILL : _/_ BATT @ LOOSE-FIiL @ v
LASEL INFORMATION : THICKNESS { inches 1 CABEL INFORMATION : THICKNESS ( inches ) LABEL INFORMATION : TICKNESS { dinches )} _
R-VALUE { Ft2aroF/Blu ) R-VALUE { £:Znro/3ty ) 3 ReVALUE ( 7tlnrof/Bic )
MANUEACTURER o MANUFACTURER A MANGFACTURER A
SPECIMEN DIMENSIONS SPECIMEN DIMENSIONS SPECIMEN DIMENSION
LEHGTH ( inches ) WIDTH { inches ) LEKGTH { inches ) WiDTh { inches ) LENGTH {inches ) __ WIDTH (inches )
TOTAL MASS { grams 3 PAPER { grams ) TOTAL MASS { grams ) PAPCR {grams ) ____ TOTAL MASS { grams ) PAPER { grams | __
INSULATION MASS { grams ) 143 INSULATION MASS ( grams ) w09 INSULATION MASS { grams ) 957
DENSITY AT NOMINAL THICKKESS ( Tp/£t3) 2.9 DENSITY AT NOMINAL THICKHESS { 1b/F:%) 09529 DENSITY AT NOMIMAL THICKMESS (
{ or as blown ) ko BTZZ _ { or as dlown ) {ke/m® ) 897 ( or as blown ;} ( kg/m’
THICKNESS AS A FUNCTION OF LOADING: THICKNESS AS A FUNCTION OF LOADING: THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD ( 1b/fte ) TOTAL THICKNESS { dn.) TOTAL LOAD { 1b/7t ) TOTAL THICKNESS ( dn.) TOTAL L0AD { Tb/9t% TOTAL THICKNESS ( in.)
0.0 11254 .00 118 oo 12628
. _0.5028 10416 0.5028 987 05028 10963
Loo82 10.005 __loos4 _ 7730 . 1 0044 __ Q582
- 1,510 9 500 1. 5098 993 /.5098 _ 89
2.0151 9208 ) 2039 o363 . 2oze _. 9o
26167 £.908 L A867 594 211 X A 796




SPECIMEN NUMBER . _LFEE3 SPECIMEN NUMBER . vEEY SPECIMEN MUMBER @ _ Lgrs
BATT @ LOOSE-FILL . e BATT : | LODSE-FILL : e BAYT : _ LOOSE-FiLL :
LABEL INFORMATION : TRICKNESS { inches ) LABEL INFORMATION : THICKNESS { Snches ) LABEL INFORMATION : THICKNESS { inches )
R-VALUE { Ftlnrer/sey ) R-VALUE { ft2hrop/5tq ) RVALVE { #t%hrorsbey ) »
MANUFACTURER A MANUFACTURER A MANUFACTURER A
SPECIMEN DIMENSIONS ; SPECIMEN DIMENSIONS - SPECIMEN DIMENSIONS :
LENGTH | inches ) WIDTH { inches ) LEHGTH { inches ) WIOTH { inches ) LENGTH { dnches ) WilTs { dnches Y
TOTAL MASS ( grams ) PAPER { grams } TOTAL FASS { grams ) PAPER { grams ) TOTAL WASS { grams } PAPER { grams )
INSULATION MASS { grams ) 438 INSULATION MASS { grams } =17 IHSULATION MASS { grams ) 4499
DENSITY AT NOMINAL TRICKNESS { ]b/ft3) os57 DENSITY AT NOMINAL THICKNESS { ‘;b/fts) 0588 DENSITY AT NOMINAL THICKNESS { 1b/ft3} 0. 59%
{ or as blawn ) (xem? ) saz {or as blown ) ( kg/m ) A7 { or as blown } { kg/m? ) G50
THICKNESS AS A FUNCTION OF LoADING: THICKNESS a5 & FUNCTION OF LCADING: THICKNESS AS A FUNCTION OF LOADING:
TOTAL LOAD { 1557 ) TOTAL THICKNESS ( dn.) TOTAL LOAD { To/¢¢? TOTAL THICKNESS (<n.) TOTAL LOAD { Tbs7t? TOTAL THICKNESS { in.)
9.6 ir.50% — o L 1E839 L0 12236
¢ 5078 /0,453 O 507 10,774 . & 5028 10,235
10082 & 884 [ GOBE 937 _ 10082 £738
I, 7873 1510 §.527 1500 &3t
2oisl 7150 Zorsi 7784 Zetgi xl
75067 .35 257 7.274 25067 7058 .
_— N o _— _— -— o
—_ - —_— - - —_—
_ o _—_— —_— - ————
—_— - —_— _— — -
_— —_ —_— —_— - —

It



SPECIMEN NUMBIR @ LEF6
BATT : _ LOOSE-FILL : e

THICKNESS ( inches )
2

LABEL INFORMATION :

R-VALUZ { ftohrof/Btu }

MANUTACTURER A

SPECIMLN DIMEMSIONS

LEnGTH { inches ) WIOTE { inches }

TOTAL KASS ( grams ) PAPER ( grams )

INSULATION MASS ( grams ) otk

DENSITY AT NOMINAL THICKNESS ( 1b/ft) 0568 _
( or as blown J (kg/m> ) 90 _
THICKNESS AS A FUNCYION OF LOAZIMG:

TGTAL LOAD ( '{b/ftz ) TOTAL THICKNESS ( n.)

o9 . i1g8_
05028 __ 93

. loos2 ____ B0

15000 78

QoS b
o 2sel G0y
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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 Toose-fill mineral fiber insulations were taken to be the same as the

composite values for R-11 batt insu]ations(l).



Table C-1

Numerical Data for the Calculation of 2R/R as a Funciion of Loading

Initial Initial R Initial
Product Thickness (BTUéftz Density Compression Constants k variation

{(inches) hr F) (1b/ft3) a b c b' ¢!
Fiberglass Batts = = = = = = = = = = = = = = = = = o & & =~ & o - 4 o - - h - e s - - e e e - - .- -
R-11 {A) 3.5 11.6 §.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-Z2
R-11 (C) 3.5 1i. 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 -1.4583E-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) £.0 19.0 8.614 $.5779E-2 2.4158E-1 -2.5926E-2 156311 2.6055E-2
Loose-Fill = = = = @ =@ = = o 4 4 mm - - h s e e s ks s o - e e - e o e e - e e — - == - - - -
Rock Wool 12.0 34.8 1.80 -2.8012E-2 1.2973E-1 -1.0507E-2 835837 .0
Cellulose 12.¢ 42.8 2.20 2.3744E-2 1,0503E-1 -1.1340E-2 Gil} &
Fiberglass 12.0 26.4 0.600 2.5511E-2 2.518BE-1 -3.8825E-2 -.184631 .7683E-2

{1} Constants for Joose-fill cellulcoss are inciuded in the program.

6Y



Figure C-1

Fortran Program for the Calculation of AR/R
as a Function of Load1ng for Mmera1 k1b°r Insu]at1ons

C CALC OF P AFTFR COMPROESSTON

1 READ (S 1uDsND=99C)S ) »ShrSLsteBsCHrl2 .03
00 FURMAT (3t Yei)
: WETTE (s 15PN ST 4S5 s SH
ARITE(E,150) A 4 (0
WRITE(G»150)02,C3
1H9 FURMAT(ZA-:§F12.Q,?X))
c( i 5 ) i
151 FﬁéL%T%ézf'LuAU (LS/FT2) (KL /M2)  THICANES S (In)  (Cw)
A H O(UNG) (S1) VEC 4N R ARV
20 2 Jslslh
H=Jge( o2
FT=0T¢{l.m{A*Sen+Tsknnl))
FO=sT#su/F7 )
Dﬁtﬁ?*(Fu“qU)* CI+01./FD=1./35D)
FRAT(ST/SHI+OK
FR=tT/fn
FIS=FTx2.54
HSzw=bo 85246
FRS=FP/S.574 oo n
D=(1e~Fr/SKR)I*100. ,
SHIIE (6»20N0) Wy nS,H ‘pf TSsr RefF RS eRrD
2090 FORMAT(ZX, 7(F1Ca4,2¥%))
Z CONT INUC
GO 110 1
999 CONTINUE
CALL &XIT
END
Nomenclature
ST Starting thickness, incles
SR Starting R-value, ft2hr"F/BTU
SD Starting density, 1b/ft3
A,B,C Compression constants from Table (-1

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

riran Program for the falculation of AR/R

t ion of Loading for lLoose-Fill (e?luluglc Iﬂ<uza ion

CaLd

=T
WD

Ealr el e yE T R e o]

-
MBS My TN T O LN E TN A

Gy 2 2768 COMPPESHION

CADES sl U e NP9 TS S ka8 lr ArBe U203

[t ¢ weerwibe WG

—
<

O DU T I R T e

~ oD

=

Z

AT 2.1)

£lee1503¢7,50. 80

-,

L]
3 e

]

il

;r?)‘i))

Ty e

TR g ey
-

foe %

DA e g

Vi I

iR T PRI R e R e e e

Lk g e A R N T AL N R e Bt B TR OV N s Pt

w LT U
At NS
P s N bt

TR
v
g

[

(1B T2) {
LEC oM R

WG AM2Y THICKNESS
?3031

et
=t Yo
! T

poy
»
y—r
-~

3 S

= e L e RA S
e et TR W LG ey I

[Er

At et lwdxa? )

o i

L ./5“4““
-

C3+{1le7tD> 2 /500

P S
L%
S FTwin{a183+,03%31«¥1)

[« SE SR 3~ S VRN
s«::_

W e T T e £ T8

R VAR R T

°

e T RV B I 1 B0 )
[Fag'es ]
e )

IAVE T s R W e cIaN R WL £ Ra gt
-
s

e B e
e
T e
- W
5
v Me

IR R T ]
>0

o T

g‘: ef Ref ES 2RO

N

X T
ny oy L7
I e O
> Z
S 12 T et
: s

e

(T N2

s~

™~ oag

et



Table -2

q
-

11 {A) Fiberciass Batis Due to Loading

of R-

Cecrease in R-Value

($1) DEC IN A

R {eNGI

{CM3

(KG/M2)  THICHKNESS (IN)

LOAD {LB/FET2)

AODD AL Tt oD A =100 I N O
FAMUNMN DM QWO INON O O N
[EREVe R ECe Ravi oy B i Rv Win IS g WEV Tuo)
DRNMND O * T O 1 OO CON
8 8 & g 0 0 ¢ P 2 000
PN T = MINW O et

ot emh i 4o anet w0V O OO

UMM A 2 NP0 M OO NI
TN U = N O ON YW A AP
N FTAP O PP v NN AN
QK P NS UINO VNI s NN
# 9 ¢ 8 0 & & B 0 08 et
e goed ot ord g e ] oyt e A ) ot 1t

WY PN M OO O O
CONPUND =00 P QD ST T O
Ba P NP0 DN N U0
P ST 2 N Poe T PTE 0t T8 T e P K2 00D
® & 0 % & 2 0 2 B " e e
O OOV ODh DM W oD e
wead wnd T

e @D BoP) OM TN srdomt Bl wot 2t TN
WD MG B0 S0 OO P P LD 3080 8 30
N AOIN P T NN O
U ot e oIl 20 P S el A0 D POy ON GO
LK I B DR L O I I I A
G0 0 R MWD O N AN ST

A QIO D F MO LOOIN
ST O O ST P U P
00 O\ A O QO PO et med N F WO TR
TANDIRAN DT ATANADND
L 200 I I D B DR L B T B B
NI IATI OI O NS NI Y DN vt ot

WY P M T O w1 GO P 0 P & Gl P
KON NGO N =t O =F AN ST O
M U RIC YR Mot 080 oF o4 O A
OGOV QOO0 @D 00 . Mo i P A AT
2 8 & & 5 & % & 8 0 0 80
C e OB OO e DN

e b o R |

DDDDVDDDIITIIODDD
OOODCOCQOOOOMO OO
OODODVOCTIOIDODOL
OB OO OO YT D
& % 2 0 9 2 ¢ 0 P g o 0y
DD C et T O OO IO

™)

R-Yalue with units Ft2hrlF/BTU

R(ENG)

(1)

R-Value with units m2%K/watt

1b/£t2 or kg/m?

LOADS in

{3)



Table £-3

Decrease in R-Yalue of R-11 (B} Fiberglass Batts Due to Loading

%

R

DEC TN

(S

(ENG)

R

THICKNESS (IN)Y  (CM)

(KG/M2)

LOAD (LB T2)

[ oY RN o B T
(X ETaT LB o (VTN Vol o)
AL vt T ed O A O
O OO0 R 00O
2 9 9 2 8 % & g %
G emt AL I OIMY

i et vl et OO OO

[ oV TTAT SNEN - S g ¥ J¥e]
DU O Oy O A = 00U
D womt LD e Doy 14 temd DN
Lk SN AT TR RISTTALS S8 g
® o ® & B B A s 8
ol g s o i ek ed e &

MY O S N M PN
ML P OO AN OO
- PV et e O8N
o P T et O N LY T
v & 6 ¥ 9 0 & 30
DN DRI a2
i

NN 0 AR O N O
O A MO EOLN O
et - CHEAIONMICON
A NP M O T i D
" * ¢ 9 @ v & @
7766355&&

U Cr o O F CRST L)
(el s R NTalebRsolial ot ol
P AN SO QUM e i
ONER MO TD SO0 T A
s 9 e P g0 B
[ SR el ST aPY- 4 TagTol Y - o

DODEDIDODD
DOoOOOOCO0
DODOOOODO
ZQBBOZABW
& 9 ¥ & 0 » B ¥
QOO el wded ot

R-Yalue with units ftzhroF/BTU

R(ENG)

(1)
(2)

2

m- 0K fwatt

R-Yalue with units

R{SI)

LOADS in

2~
v)
~



Table -4

in R-§

Jecrease

{517

{ENGD

(M3

Kisz S (IN 2

c
9

iK1

a6/ M2

123

- ow
[
H

{L48/

LG 4D

2500?J5L07\.»25rd7w
P A ONTUY ot 00 C BT T
P UV ONNCON U o T T o
IO =AU ~-TUNOUO N
 * 5 9 o ¢ & » 4 ® @
G A R R TS YTVl NV otk o

T ot gl g et o g naer

P PO P et X I O 2O ON
["atasd¥eEL 4 SNTRTe N N TRT S Te)
Vo Row B FREY] SR JNEY, . o § Ny N
O 3 P MO WD U NN U
L R I L I I I
et el e et g et et ypad e

WO W AR D IR
T IO DUNUN PN
OIMIND Ol A M OO N ON S T
WINPT NT + M CICRONON
% & a8 0 g0 2
[arfante N ¢ No NeA¥G NiaNe o1t & o}
e g

O P o P U NS G5 8 D 97 T
OOMNSNC Oyl 2 O P
MO F O A 0D TN s
OO N OV Ol I i O
LA L T T I
ED P M N D WD NN U

AT CII et T M0 OB
It QAN L DM D
AT P e e 2 (MO NP
NDITANDI PANYADN
a % ¢ 9 & 0 9o 9 * 0 @
PP AU OV TS DN

R RN v BT 2o Rag e ving)
Vol eToNVaYVE R FRTEET- o LY
AN O 20U ET v 00 O
N D el O M AR
L B I S BN |
LAl SN 2 TRV ol AN ko 8wy

4

SISOV DDDMD
COOOOORDOO oD
SOOOCOOOSMCOD
O T DDA oD ON
* 9 9% 00 0 00 s e
COOC vt rtemtet et NN

21 rOF /B TL

~
£
1

R-Vaiue with units

R(ENG)

(1)

(2]

, . . 20.,
R-Vatue with units m Qﬂ/watt

(81

R

[5Y]

I

1o/#t or kg/m

0

LGADS

—

3

~—r



-5

Tabie C

tts Bue to Loading

Ba

88

Decrease in R-Yalue of R-13 Fibergla

€51)

RO(ENG)

ToICHwESS (IND (C#)

22

(RG/H

LOAG (LE8/FT2)

B O e o AN OO LN
AL P LY LY - ON D Y
MO WD AN S
U BB B WO B LD
LANC K B LT O
o eed O 97 T 00 O D

N QT PG UV DI wed o
R et P U 0 G I B A
DGLials) Forko v IR LRV g% T o)
O DT O oot 3od st snnd v
® a2 & o 2 B s v © ¢

AASRACIOREANEGNTONE AT SV E LW T o¥ |
-

e alanl o TaTo N ST N o PR
COUAMD MO T O e
IR R TR OVt L)
G g L2 LS S 73 C\f 0o wordend
€ PR & B 2 0 g p @
O 0 N O DN OU NS D8
Ll e B R Pov PV P puer o)

=3 T OLOHD A MY OAD
latdTa R nal (Ve Lot ST VTS
IO I INON Y ol O8N SO P
ReAa N TaTas I- 8 SETaY ¥ Pt )
® P LK G P e e o
[eatent-pT-ul NS S NUPUY WY, }

00 P O8 MY I 200 CHLDY
[ eiatbogl- ofc s Bl v NWWT, L 17yt
P DL T U, SO CY
Ny dd A O e
LI T R I K R Y
Lanlanl oo Tanl o a Ton T RFNT AN V]

WA Z A ST ON ST 0D M0
LD 0D e LS O\ €00 LY et RO
P T O DU et O
N ONON N 20 2 0 60 el
LIS TN IR I R S Y
C et BUM S O D e S0

DTIDDOADOOD
TSODCAODOO
DRODODOIDOIS
RS EC I el cleeT WIS JY ¥ Y]
8 ¥ 09920 9 g @
DT LD wded omby=d g

w1

L

o

Sy SRR,

R-Valus with units #t2hrCF/BTU

. . 20
R-Yalue with units m k/watl

3
o

lbiftz or kg/m

LOADS in

¢

‘43.

N



to Loading

R-Value of R-19 (A} Fiberglass Batts Due

n
i

3
i

Decreoase

{KG/M2) THICswESS {INIT  (CM) R O{ENG) {(51)

LOAD (LB/F72)

(LA RS o P B N NN T o ¥ ST ¥ o TS T 5]
[Co N R aRVe Rt Pl N ViTat o Vikeny N
I et SO ML I G Nt o 1 O
W e N O e WD GO O8N GO &Y
® 8 O & 9 8 * 0 » g0 09
CO I e ON et BOGAO - D DN T e

T e el eedead 7 (NIONJ

CNMMANNWIINC S O N T WO
UN 8 ST OO S T bl Y ST S,
O <P W OO T TN v D UV
PO 2 G O A0 P Py P WOHOAD
2 & ® 8 9 ¢ & % & 2 B &
Lalag LaaRat han EaVE QT o VY JUF oF 1 N J o¥] o V1oV

T o N e N D A O Dt N (P
Lenlvo RN J SNEPE. s NTalanl o F¥vle NEK S ¥ 1
T2 T QN U v o o o L2 00~ NN
5 2 P P O % s e s o
[sofs o] WY 0 LR AR IN e RTATVATURYTAI VRN o
et sne) st g o st o] ord e Tl vk

MDA D ND OO ONT AN
A0 NN NI RN O T ST
WO QO MO NN B et 00D
N P =N OUNTO U G TS0
[ I 2T T TR BN B SN B B
W I MM T OV T
ert vand ood 1l e et ol el ol od

U o=t 2O R F OUAD GO WD N T
NI O D O ~F 78 oD 20 D e NG
t P RN NI WO O3 O OO0
PNOF AN A AN D iy ¥
2 % Q@ % 4 8 ¢ 2t e 90
WINWNNT - F T3 MR M

WV T 3 oF Oh =T 50 ) 00 P 50 P
O MTAN WIS BN w00 wF 5od P F52
M UV O S G0 U w1 TOAD F o Ol
OV ON O DN A0 2D G0 00 P N e N D
2 & @& & ¢ 8 5 ¢ 9o 0 § & g @
C et QU ST YT I OOt (U

7l gred gl gt

DDODDVDOTIODOLOTO
OIDVOODOOOOTTO 0D
DDQPOO TV ODOTCO OO
[WESGVvI-vio X VE. g¥ o k- oLiv JEVEL i ¢ £> o]
L I R IR IR I UK B I I ]
© T I et ot ot el aed O O O NN

56

R-Value with units Ft2hrPF/BTU

<o

R-Value with u

R(S1L;

H
7

(2

b/£t% or kg/me

LOADS in

(3)



Table C-7

Dacrease in R-Yalue of R-19 (B} Fiberglass Batts Due to Loading

%

(KG/M2)  THICKWESS (INJ3 (CM) R (ENG) (31) DEC IN R

LOAD (LB/FT 2D

DO OONC T e NP TS
[T R VORY. J JV] S N ]
P P O O COMILD & U
O T P SO UNED d ON PAMION v
¢ » B o w8 & 5 9 B ¢ @
[CeR el o RVaRe X oV E- gVl Mvol-ele]
vl e vt NG O QSO OO

NV A O F RO
WM P MO ON DI U O
et (N 0O 20 O A NG MY O P
LR AR R AN SO ST B o g apt ot 1)
o 6 4 2 2 2 ¢ 8 2o W B
LLARASEAREANRANION I H oW RA VI FEu VW)

MO MO O rdvii
DN w3 OO O ST OIS0
D 0 O e I M O OND
(Vo Reo J oS ReSRRN ]+ & RN gor R RN® LS S0 o
E 8 F % 4 9 ¢ % & 2t ®
P M WM T g MMM R
ek wod, woel snad ennd ot qrel] amall wrd wnd ool ol

MOV O QIR DD ST IO
W ONINANNCN NN
[TaReWe SN 4 L oot W NV« 1. o X o)
WO PN eA P D F T O
® 0 _ % 8 B 9 B P & o 0 9
W PO et et OOV GO P
P el

O MY p N O e T RO\ IV
ON MIAL NI O (NS S N 20 vt
O RO T IO
DN DM AN
© ¥V p * E 08 0 8 g s
[FaNTalialt St SN Jogl ool opl gl V1aN]

NO T AR OMOMIC
W MM IO r~ G0 T e D
B YR ED LR veid 80D T ot
[sa¥oaY v Y- nl= o 1o 2. o S S VY Y
8 0 0 & b 2 ¢ 0 2 2 e
C i MO TN e
vy

DDOIDIODDVDOOOD
OVOVOOOOQOOQ
QOO0 OOO0Q
N FPODONFDOONT

@ %y ® e e ¢V Qe
O DD e deded il I O NI

57

R-Value with units ftzhrOF/BTU

R(ENG)
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R-Value with units ftzhrOF/BTU
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th units F£hr0s/BTU
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Table C-1i

Decrease in R-Value of Loose-Fill Fiberglass Insulation Due to Loading

>

(513

R (LNG?

(CHl

(G M2)  TnICHENESS (IN3

LOAD (LB/FY 23

61

Y o LD 0 O P et T P S R MM
YT DR OV e O I DY
[ VAT DL B ol s NTSEr uF SN oy S Eal
P G O A e N o P G YOO
® 2 » % & 6 2 ¥ © 6 2 T 9 8
IR ot F W O e O (0 T0 O

st vt ot et O O N OO Ti N

A O O O W SO I UV
£ T L0 v o ON W B T NGO
ST st T D UM D O i 1) DD Y ot
IS T Te N 51 SENS I TR URTC - g R s Roted
® # & B O ¥ ¢ & & v v B o @
G T YT RO T POy )

SRS v D Y e D O 0D
G T3 NP ST O R UM TN CO T
2 A P TN OB DI AN A 2 U D O
[N LR ITR Yo Toa DA s Te STRT S LEREP ¥R
« 0o ¢ » ¥ 8 e & x5 5 5 ¢ ¢ 8
T DN e et CICD I S O O GO
OV O T Tnd O0f IO vl v ensd oot gond 1o}

PR vt CAD D0 P MM e PO RS ON
O G DD N P o WY et O P P ot
et O O O o £23 202 D D v D et
O N EOOT (O B I P et s R
% a »d 0 g 9 e s B T @
DU O et IO OV T PP
OO TREENE TS DN O ol st wmd oot v i

a5 £ F DI s O DI O D T
OO emd D Py et O3 amell 20 T 0 o NI
Lo UtV T - . RV ttel sV iNag op Tost e ]
A YLD N N, Y TR Y Y g TR T
2 * o o 8 & » @ 3 0 P oo ¥ @
ot € 2 ORI GO (0 S P P PP WD
ah e ot

[Tabar B gho %o S0 o ka1 o Rt Lol AN L]
OO UM ERETD DY rd QD T et fom ST €3
P AU S OO B A OO AL o et N
CR M ON ORI 00 80 & P b P B W00
2 2 ¥ a & &4 m ® & & 2 B 5 €
Lt SV L™ STaR Vol N o % sm L ot ]

2t o o4 e

D DODIODDIGDITD
OO0 0A0
[ JUTeoTumloNEK JUoL-ofe oV E e lse)
® & B 4 9 & p & P& B o a2 ¥
TR T rhet st ad =t O O O TN

s
Tl

FIB

R
N
Ny

g f‘z

e
L

th uni

~¥ajue wit

0
N

R{ER

(1}

. 20, ,
hounits m K/watt

*
[

R-Value wi

10/ Ft2 or kg/m’

LOADS in

(3)



62

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
guadratic 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 TZ 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 celiulose, Toose-fill rock wool,

and loose-fill fiberglass.



fa}
LA

Figure D-1

Fortran Program
107

for the Calculation of
R~ i

TAL for Stacked

COPROGRAM TO COMPIUTE R TOTAL RESULTING FROM TWO LOYERS
C O0F INSULATION
DIMENSION XYO32,YY{33
JSION XREICI2)LXOI0I2)» X020 123, 4C3012)
3 """/"). 25 'Ia"{-j,- « 6/
}"\A‘I ;\ V"\Y/’) 2 Q ° '? "J/f

cai DATA :(I?,l/ll-.plloxllnw13»:190;19-:‘."50311-:!‘90111-;lQ":
282 11/
203 DATA KO/~ 400K, « 50021, 1441, ~ e 3421

62, 1622111518110 954’11‘”’% ~e RN 3, -
ATA KO8 1la-a035 1] ;,&st
E10¢558: 13286, 13,2806.8-8

DATA XCA/-20 2509, -d- 0871
&:*§e3Q673“201”‘ﬁ:"2eE?i@

DO 4 I=1,12
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Ny
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R IRAIRLCRRAv AR CCTCE LG B

ARV RSV VIR

3
jax]
favpEes

3K 03010
DO 3 K=1+3

21=YY (32
PITE(G, 1133 R1,C1,08.03
TRITE(E, 1113 D2, 821
JRITECE- 112D
0

o

2 J=1,13

xDeL 12

PZ(ui+ 2*“H+F3*XM**Q)/IS@»@
L1C=R1%(1«~DRY

PReR2I*T2

PT=RI1C+E2

1300

ity PU=TI+E2
1496 WRITE(S,1130T2,RIC, P2, RT,FU
isgg 2 COMTINUE
1565 CONTINUE
ONTINUE

172¢ 18 FORMATIONS A//22Ks "R 8 "a75-2-4%s "DR CONS. '»3(ELI3-5,1X))
1ogd 111 FORMATC2W, "DEN OF + INS’,FGeR2:,2¥, "RAINO+ 5 F 62,77
tia

3

Isgs 4 G
1
1

2aga 11

2 FORMATCS8X, "ADDERCINY Rl COER R2 R TOTAL B\
\ UNCORR™>

285¢ 113 FORMATCZ2X,B5(F 1.2, 1X))

2186 99 CONTINUE

226§ CAalLl. EXIT

23¢9 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
M
XX, D2

YY, R21

AR/R expressed as a fraction

R-Value for the bottom layer under
compression, ftzhrOF/BTU

R-Value of added insulation, ftlnr®F/BTU

R-Total, corrected for compression,
ft2hrOF/BTU

R-Total, uncorrected for compression,
ft2nrOF/BTU

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

CZ value for Equation (6)

C3 value for Equation (6)

Loading due to added layer, 1b/ft2
Density of added insulation, 1b/ft>

R per inch of added insulation,
£t2hr°F/BTU in



Table D-2

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

Cellulose Added

ADDEDCINY
3.8
e DA
5. 00
G 07
T~8%
3.0¢0
9. 00
13.08
11.89
12.0¢

Rock Wool Added

ADDEDCIN)
300
4«20
5-80
600
T @0
B.00
EERON
1300
11.00
1202

Fiberglass Added

ADDEDCINI
3.-00
4.00
580
6o A
708
.00
9.00
12.0¢
11.409
12.22

Pl COFPR
16.25
1032
980
DeHld
9. 42
Fe 26
Qail
297
3435
B.76

B! COPRR
12.38
16.18
1¢.82
9.82
9.66
9.50
9.36
9.23
.11
.08

F1 COER
12.81
1074
12.67
1359
10-52
1045
10«38
19.32
1825
1818

re

1065
14.20
1775
2132
2h .85
D8 W40
31.95
35.5¢
39 .35
nZ. 60

re

8»70
11-6@
14.5¢
1748
2e. 30
23. 28
26.10
29 .08
31.9¢0
34-8¢

R2
660
8.80

11.09

13.29

15.4¢

17-60

19.8¢

22.90

24.20

26-40

R TOTAL "
PR30
24.22
27655
3¢.90
3427
3766
41-06
A4 07
4731
5136

F TOTAL 21

19. 08
21«78
24.50
2722
29.95
32. 74
35.46
3823
Ql.0@1
43.80

R TOTAL R
17.41
1954
2167
234 79
25.92
28 .05
372.18
32.32
34.45
36.58

UNCOFPR
21.65
25. 20
28.75
32302
35.8%5
3945
42.95
46+ 50
S50 05
53460

NCarp
i9.7¢2
22.64
25.58
2840
31.30
34.20
37-18
4. 80
4298
45.80

UNCORR
17.60
19.88
02.00
2420
26.40
28.60
30.8¢
33.08
5. 29
37-48



Table D-3

R-Total for R-11 (B) Fiberglass Batts
with Added Loose-F111 Insulation

Cellulose Added

ADDLEDCIID
Ze 00
e B0
5.7
Helrd
Te &
SeTC
PERAY
17600
11.688
L0

Rock Wool Added

ADDEDCIN
2.0
La2d
S @8
G 00
T« B8
.00
R4}
12.0@
11.26
12.00

Fiberglass Added

ADDEDCIND
300
40
5.0¢
6.00
T80
Y .00
Q- 00
14« B0
11.20
12.00

71 COPP
F+52
EXREN!
F.985
B+475
B.62
Bely
Be52
%.55
B.068
g.85

R1 CORFH
972
9.43
9.18
G597
.88
BeH7
$.59

[ =4

U
&

-

(S INe N e4]
[N I
(o NN &}

nt COFR
10.43
1G6.3¢
10. 17
1805
Q.94
9.83
.72
9.62
Q.52
9.43

j=¥ol
.

10.65
14. 28

¥

1

1775
21.27
RhLeE
28« 47
31.95
3550
39«5
42,

4

1

1

K}
o

o]

870
11.68
{4.56
1748
2@« 30
23.20
26412
22. 00
31.9C
34.8@¢

R2

§+ 60
8.88
11«88
12.206
15.404
17.64
19.88
22e0¢
2420
26« 48

POoToTAL P oimICOrE
2Ce 17 21.65
23441 25,27
CHe TE o9 .75
3035 32.20
33.47 35.85
36.24 39 .40
40 .48 n2.95
44 . 28 4657
47.73 53.65
51«45 52«60
B OTOTAL 7 UNCOFR
13.42 19.7¢
21.63 22.50
23.68 25450
P26:37 2l N
29.16 3130
31.87 3420
34-569 37.10
7654 HABP
A0 43 L42.90
#43.36 A5.50

R T0TAL R UNCORR
17.@3 1760
19:.18 1988
21.17 22.00
23.25 24.2¢
2% e 34 26«40
2743 28 « 68
29.52 38.80
31.62 33.76
33.72 35.20
3383 3740
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Teble D-4

R-Total Tor R~11 () Fiberglass 4
with Added loose-Fi1l Insulation

C21lulose Added

ALDEDRCIN)

Ri COPR Rz ;
3. 28 19 .84 1765 1265
4w G RS R Ta.28 5. 27
5.3 9.57 170775 2734 28 Th
SRR Sadal 21.2¢ 3874 32.28
Te &l F.25 Da.BE 2411 35.88
8. G Gali Q8 . 4ts 3754 3945
Qe 9C 2. 35 3195 4008 842.935
18- 08 8.99 35.58 A« 49 46«58
1182 g.958 3% .88 48 .1 S58-¢5
1200 Be25 A2 600 2le56 53.6Y

Rock Woel Added

=3
o
o
Pt
o
2
b
=
fes)

R TOTHL
i8.89
21a57

1)
=
s ]
o]
s K DG
*
-2

ADDEDCIN? Rl C
380 1€

i K
fa 00 .97

94
)

B 1D B =
- ORI (0
* >
i
0
o

-

[

Y
P

e
e

=

& A
: o O
oAt S S

1
Se GO 9« T8 i Dde 26 35
S 30 Dol 17-4 2T7-81 o &4
T- 283 .45 2.3 2975 3130
RN 932 2328 32.52 3428
920 @.21 26«18 3531 3718
1@. 00 Ga.i2 29 . 37 3%.12 [T« g8

11-80 Q.45 3190 G495
1260 208 34.840 43.89 AB. B8

Fiberglass Added

ADDED{IN) R1 CORR Re E TOTAL B UNCORF
3.2¢ 1867 Ge 60 1727 Te 64
4 3¢ 1658 888 19+ 38 1968
500 135 11-2¢ 2158 22. 88
Ge B f@ea2 13-20 23.60 2428
T 00 1824 1548 25- 74 2640
B0 18+26 17-6¢ 27806 28648
Qe ZY 19.18 1986 22.98 30.8¢
10.8¢ @11 22,00 32. 11 33. 80
1180 13. 84 Zhe 20 3424 35. 28
12.2¢ 997 25 40C 3637 37-4¢



68

Table D-5

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

Cellulose Added

ADDEDCIID Pl COPPR B2 R TOTAL I UNCORF
3.00 1%9.02 265 28 .58 2265
Lo PG 17.67 14.23 31.87 33.22
S 00 1733 1775 355 36475
GeCQ 17.20 2130 32.32 4230
Te {2 1663 24.85 41.83 43+85
Fe 0 1637 283 .40 a44.77 Q7«47
ERR 1638 3195 4B F3 52.95
1. 23 15.88 35.59 51.3¢ 54-58
11.88 15.53 39.05 5455 58.05
l2.¢0 15«27 UQ2.A7 5787 61.60

Rock Wool Added

ADDEDCINY  ¥1 COFR Fe F TOTAL R UNCORR
3.00 18.23 B 7 26.93 2778
4. 00 17.93 11568 29.53 3360
5.00 17.64 14.50 32.14 33.58
6.Q20 1736 17.40 34.76 36.40
Te G0 17«89 20«30 37.39 39.30
8.00 16.82 23.20 Q4002 N2.20
9.00 1657 26«10 4267 45.10
10.2@ 16.32 29.00 45432 48 .00
11.2¢ 1605 31.90 47-98 56.98
12.00 15.85 34.80 5865 53.80

Fiberglass Added

ADDED(INY R1 CORR R2 P TOTAL R UNCORR
3.00 18.85 6+.60@ 25.45 25.60
4.00 1875 BeBE 2755 27.8¢
5.00 18.64 11.00 29 .64 3¢.20
6.0d 18.54 13.2¢ 31.74 32.20
T.0¢ 18.43 15.48 33.83 34.40
8.080 1833 17.68 35.93 3660
9.00 1823 19.80 38.83 3880
10.00 1813 22.00 43.13 41.20
11.08 1843 2420 42.23 43208

12. 020 1793 26«40 44433 45. 40
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Table D-6

R-Total for R-19 {B) Fiberglass Batts
with Added Loose~-Fil1 Insulation

Cellulose Added

ADDED(IN) R{ CORF 1o ® ToTAL B UNCORD
300 16.58 10,65 27.23 29.65
400 15.98 14.2¢ 30,18 33.20
5@ 15.45 1775 33.2 A6 TS
600 14+98 21.38 36428 LB 30
T 3G 14.5% DULES 39.473 8355
8.00 14.95 28 . 0G 40.65 47418
9.00 13.99 31.95 45.924 50e95
15 00 13.79 35.50 49 .29 54.50
11.00 13.65 39.05 S52.70 58.05
12.00 13.59 40.60 56419 5160
Rock Wool Added
ADDED(INY P1 COBPR Ro P TOTAL R UNCORR
380 1693 .70 05.43 27,70
400 16-41 11.64 28 . 01 B30. 60
5.00 1523 14.50 3¢.43 33-50
600 15.49 1740 32.89 36.40
Te 00 15.10 20. 30 25.40 39 .36
800 14.76 2320 37.96 42.020
9.00 14.46 26410 48.56 45.10
19.00 14.28 29. 08 43.20 45 . B0
11.020 13.99 31.90 45.89 50.9¢
12.680 13.82 34 BE 4% .62 53.80
Fiberglass Added
ADDEDCINY Rl CORR B2 R TOTAL R UNCOPR
3.08 18.11 660 28071 25,60
G400 17.91 8.50 6. 71 27.50
5o @0 17+ 70 11.00 28 . 70 30. 00
6.00 17-58 13:20 0. 70 32.20
7. 00 17.31 15. 40 32.71 34040
8.00 1712 1760 34.72 26.60
9.00 1693 19.80 36+ 73 38.80
10,00 16+ 75 20.00 8. 75 41.00
1188 16+ 5% 4. 00 L@, 78 42.20

12.00 16.41 2648 4281 45. 46



70

Table D-7

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

Cellulose Added

ADDLDCINY Rl Cnee Vo F TOTAL P UNCOER
a0 1655 1755 2759 20.65
Ha 10 1641 14-00 051 33.20
Sefin 15320 1775 33. 79 36.75
Ge 0 15.73% 21.20 3723 LG 20
7. 030 15.49 Da-55 LFe 3N 4385
Sel0 1532 28 .40 43.72 NT7HE
DR 1502 31.95 4717 5G95
17a 1A 15.19 35.5¢ 50.59 54650
11.022 15232 39«05 54425 5% .25
12.08 1532 42 6P 5723 51.6(E
Rock Wool Added
ATDEDCIN) S R COFPE rFe P TOTAL P UNCOPE
2.3 1712 Gl 25.82 27«70
fa 00 16473 11.68 £8.33 3C.6¢
Se 2P 1627 1456 3857 3353
Ge (30 1607 17«40 3347 36«42
TeGF 15.81 20. 3¢ 36.11 39. 34
830 559 2320 38 . 72 42.2¢
Qe ZT 15.42 2610 4)e52 A5.18
1G.060 15.38 29.0¢ 4438 48 - el
11.530 15.22 31.9¢ 47412 56.9¢
12466 15.19 34.8Q 49.99 53.50
Fiberglass Added

ADDEDCINY P! CORR R2 R TOTAL R UNCORR
.00 1835 660 24.65 25.68
e A7 17.89 8.80 26 69 2T 88
5. 1772 11.60 28«72 30«08
He B 1'Fe 57 13.28 30 77 32. 20
Te G 1781 15.40 32.81 4640
8. 20 1727 1760 34.87 36.68
9.0 1712 12-.80 3692 38.88
10.86 1609 C2.08 3829 41.020
11.00 15.85%5 24«28 41.985 4320

12.00 16«73 2640 43.13 45- 43
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Table D-8

R-Total for R-11 LFC with Added Loose-Fil]

Insulation

Cellulose Added

ADDEDCINS
3. {17
L. P03
S5 (i@
5. 30
7o OF
Ba &
D 6
1¢-8¢
1i.o¢
1290

Rock Wool Added

ADDEDCIN
3. 80
Ls G
S5.00
6. A0
T 00
300
Qe PG
0. &g
11088
12.40

Fiberglass Added

ADDEDCIND
3-890
4.3
5.3
He 30
To B
800
Q.30
1¢. @9
11-80
1299

1 CORER

1@.16
.98
975
D.57
S}
Da28
Sel3
B2
HeDD
&etisy

Ri CORE

10,28
1g-19
.93
G TT
62
Ge 48
D.36
(il
Gel3
Qe il

R1 CORR

1867
180.61
10.54
1847
10.41
1934
18.28
ig.22
1716
i@ 14

ne

1@»6%
Ya.e 28
1775
21-368
LLA85
DB e 4
31.65
35.58
30 .25
{260

R2
5.70
11-68@
14.58
17.44
2¢. 38
23.28
2610
29. 8¢
3199
34-80

Re

He568
Z2.54
11.88
13.249
1546
17-68
1%.80
22. 00

24.2¢

2640

R TOTAL
251
2he 1B
27- 54
TH3 7
342086
37066
f41.98
A4.52
LT»97F
S5ied4

R TOTAL
18 .98
2178
P4
27«17
28.92
32.68
350&6
38s24
4103
4384

B TOTAL
1727
{9-.41
2154
23-67
25.81
27!9&
3d. 38
B2.22
34.36
3658

R UNCORR

21.85
2528
2875
32,38
3585
37 .40
4295

R UNCORR

19. 79
22268
25.58
PR 40
3138
3428
3714
a4 B3
42308
a45.94

R UNCORR

17+ 68
19.84
22. 89
R4.28
2648
pA A
30806
33.848
3% 28
37»448
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Table D-9
R-Total for R-19 LFC with Added Loose-Fil]
Insulation
Cellulose Added
ADDEDCIN) F1 COER Fe R TOTAL R UMCOEFR
.60 17.55 12.65 28.20 29.65
e BT 1718 14.28 3138 33.20
5.8 1684 1775 34.59 36.75
G« QG 1653 2130 3783 4B 32
Te 2 16.25 24,85 al.1p 4385
.00 16.00 28 .40 L4 .40 HT7e s
900 15.78 31.95 4773 5¢.95
12.00 15.58 35.5¢ 51.89 54.5¢
11.20 15.41 29.¢5 S54.46 58.05
12.00 15.27 42.6¢ 5787 61460
Rock Yool Added
ADDEDCIND R1 CORFE R2 E TOTAL R UNCOER
3. 032 1776 8. 70 26«46 27« T
4e P 17«44 1162 29« @4 30. 60
S« 0@ 17«15 14.59 31.65 3358
6« 08 1657 17 47 34.27 36403
T30 1662 22«38 36.92 39.30
8.00 16+383 23.20 32.58 42620
Y@ 16«16 26410 H2.26 A5 1@
10.00 15.96 29 .30 Ui e DA HhB e GF
11.02 15+ 78 31.90 4769 50.90
12.0C 15.61 34.80 5¢.41 53-80
Fiberglass Added
ADDEDCIN) Ri CORF R2 R TOTAL B UNCORR
3.00 18«44 6e60Q 25. 04 25608
Hae B0 1832 B3¢ 2712 27.8¢
5. 03¢ 18.28 11.00 20.20 3R.00
6.0 18 .9 13.28 31.29 32.20
T« 030 1798 1548 33.38 34+ 40
8.0 17.86 17608 35.46 3660
9.00 1776 19.88 3756 38.80
12.0882 1765 22+ B0 39+ 65 41«@3
11.00 1755 2420 4175 43.20

12.00 17.44 2640 4384 45. 40
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Table D-10

R-Total for R-11 LFRW with Added Loose-Fill
Insulation

Cellulose Added

ADDED(INY R1 COPR R2 R TOTaL R UNCORR
3.9¢€ 12.61 1865 2126 2165
400 12«45 1420 24565 25+ 2¢
S. 00 1929 1775 2883 28475
6.3F tZ.12 2138 31«42 32. 3¢
T F:95 24:85 34.8¢ 35.85
8.00 978 28 .48 38.18 39.40
.00 .62 31.95 4157 42.95
12.08 9.45 35.50 4495 46+ 50
11.00 928 39.085 48+ 33 5. 05
12. 2@ 9.11 A2.60 5171 53.640

Rock Wool Added

e

ADDEDCINY R1 CORP R2 R TOTAL R UNCORP
3.08 18.78 878 19.4¢ 19. 70
PRIG] 1357 11.58 22,17 22689
5.2¢ 1044 1450 2494 25.5d
G008 1236 17+ 40 2778 2849
T+ 003 1816 20.30 3046 31+30
8.00 18.433 23.2¢ 33.23 34.20
.00 989 26+ 10 35.99 37-189
16.08 9.75 29.00 38. 75 ad. @o
11-892 .62 31.98 4152 4290
12.900 9 .48 34.89 44.28 4580

Fiberglass Added

ADDEDCIMNY R1 CORR R2 P TOTAL R UNCORR
3.08 1287 6.60 1757 {7.-60
400 10+93 8.80 19.73 19-8¢
S5e.20 1388 1120 2188 22. 00
6. 08 1@-84 13.2¢ 2U.034 24.29
708 18.79 15.408 2619 26+ 40
8.00 1275 17.60 28. 35 28,68
3.00 1070 1980 36.50 30.88
19. 00 10.66 22.0¢ 32465 33.900
11.28 1961 24.208 34.81 35. 20

12.08 19.57 26.48 3697 27.40
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Table D-11

R-Total for R-19 LFRW with Added Loose-Fill
Insulation

Cellulose Added

ADDED(IN) TR1 COFPP ne P TOTAL P UNCOERR
3.82 1833 1@.65 28 .98 29.65
4o OO 18 .05 14.20 32.25 33.20
S«Z8 17«76 1775 35.51 36+ 75
6o 0 17«48 21.33 3873 40«30
T« 20 17.19 24.35 NS Bl 43.89
B 00 16.90 P8 a0 45.3¢ 4740
Se@F 1661 31.95 48 « 56 5€.95
1Z2.60 1632 35.50@ 51.82 5458
11.08 1622 39. 05 55.07 5805
12. 00 1573 42-60 5833 61.60

Rock Wool Added

ADDEDCINY  FEl1 COFR Ra R TOTAL R UHNCORFR
3.0 18.49 G703 27«19 27«70
LeQO 1326 11.69 29856 3060
508 18.22 14.52 32.52 33.5¢
.00 1779 1742 35. 19 36.40
Te 200 17586 20.30 37.86 39-30
8.40 17.32 23«20 L4Ze52 42,20
9.a¢ 17.¢8 26.10 43.18 45+ 16
12.00 16.85 29. 20 #4585 48 « ¢
11.22 16.61 3198 48451 5¢.98
12.060 1637 34.807 51.17 53.849

Fiberglass Added

ADDEDCIN) 1 CORH R2 R TOTAL ¥ UNCORR
3.00 18+95 6468 2555 25. 60
400 18.87 8.8¢ 2767 2780
Se.0¢ 18.88 11.63¢ 29.83 3G. 206
6.8 18«72 13.29 31.92 32.20
T« B¢ 1864 15.4¢ 34.04 34,48
809 18.57 1760 36.17 3660
9. 80 18.49 19.80 38 .29 38.80
18.060 18.41 22.20 4@.41 41.80
11.00 18.33 24+ 20 42453 43.20

12.08 18.26 26+ 48 L51666 45. 40
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Table D-~12
R-Total for R-11 LFFG with Added Loose-Fill
Insulation
Cellulose Added
ADDEDCIN? Rl COPRR B2 R TOTAL R OUNCORYE
308 Qe 79 165 Do e Ak 21.6%
L0 Qe 14. 28 23466 25 2¢
5. 44 9.15 1775 PELD 0 287D
He G0 L5857 2130 317 30.30
T8 861 2455 33.46 35.85
G B2 3.37 DG ng 25a 77 32. 407
Fe OF 15 3195 Aa 18 L2485
13-00 Te25 35.58 4? 45 4656
1188 Te 7% 39.85 1533 5{e b
12. 73 Te623 42660 ‘ud3 5368
Rock Wool Added
ADDEDCIND Bl CORR P2 ¥ TCTAL R UNLOERR
3. 0¥ $ .98 B.70 &+08 19. 70
be 8] 2.7C 11-.66¢ 21«38 2860
5,26 Q.43 14.50 23.93 £5« 50
Ee G0 918 1748 2658 2% L
Te B0 BG4 28. 38 29 .24 31.38
B0 Be.72 2328 3ie2 34-20
9.04 Bev2 26+ 183 3he G2 3718
1368 3633 29 . 3¢ 37.33 4ide B0
11. 288 8158 3199 40«85 H42.98
12.2C TeG9 3488 42 TR 4554
Fiberglass Added
ADDEDCIND P1 COER R2 R TOTAL 7 UNCOER
3.80 17«59 5060 1719 17.602
ha 3 19+ 48 B.8¢ 12.28 19.88¢
5. 30 10. 38 1188 21.38 22.08
6.00 18- 28 13.20 23.48 2420
T-00 186.17 15480 25.57 26+ 48
B.00 10-28 1760 27«68 28- 60
5.8 9.94 1988 29. 78 3¢-34
13.04 9.88 2200 3188 33- 08
11-88 9.79 24628 3399 3528
12.08 Ge 78 26+ 4@ 3618 3740
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Table D-13
R-Total for R-19 LFFG with Added Loose-Fill
Insulation
Cellulose Added
LRDDEDCLIND vl CORP ne B oTOTal 2 UNCORR
3.043 1696 {255 27«61 29 « 65
La00 1643 1/ 28 3B 63 33.20
Se00 1595 17«75 33. 78 36.175
GO 1552 21.30 36.82 4. 32
T 2 1514 2485 39.99 H3e85
307 1a-81 26+ 49 4321 HTe 4P
93 14-52 31.85 HE 48 5395
10«30 14«32 35.50 89 .89 54:56
11.06 1412 39 .05 S3«17 58.05
t2.086 14 02¢ HN2«68 56.60 61«60
Rock Wool Added
ADDEDCIND R! COEE R2 P TOTAL R UNCORFR
3. 020 17.27 70 25.97 27« T
He A0 16531 11608 28«41 3060
S5.¢0 16.38 14-5¢ 3088 33.50
600 15.99 1740 33+ 39 36.408
T30 1563 2030 35493 39.30
8.0 1538 23.20 383.50 42.20
9.00 15.01 26. 10 Alel] 45, 1@
17 @0 1475 29 g3 43«75 48 .30
11.20 14.53 31.00 Q643 50.92
12.00 14634 34-80 49«14 5380
Fiberglass Added
ADDEDCIND R1 CORR R2 B TOTAL R UNCORP
3.03 18«29 6e60 24.89 25.60
430 16.11 B30 26.91 2789
508 17.93 11.00 28.93 SQ-GE
6«33 1776 13.20 30.26 32.20
T« B3 17.59 15.40 32.99 3440
8+00 17.43 1760 3503 36+ 60
Q.00 17.27 19.808 3707 38.80
18. 6440 17«11 22.00 39.11 4100
{1.00 1696 24.208 4116 4320

12.060 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

ADDED(INY> PRI CORR R2 ® TOTAL R UNCORR
3.2¢ 12. 66 1@.65 23.21 23.65
4.00 12.58 14.20 2675 27.20
5.08 1245 17-75 39.20 30. 75
6+ 00 12.37 21.30 33.67 34.38
7+ 26 12.32 2485 3715 3785
8.3¢ 12.24 28.40 4064 4148
2.080 12.19 31.95 4414 44495
12-.-00 12.15 35.50 4765 48.50
11.90 12.12 39-85 51.17 52.85
12- 09 12.10 42.60 54.79 55.60

Rock Wool Added

ADDEDCINY R! CORR R2 R TOTAL R UNCORR
3«00 12.72 8e78 21.42 21«70
4.3 12.63 11.60 24.23 24.60
5. 08 12.54 14.50 27.04 27.50
6. 00 1246 1740 29.86 30.49
T- 380 12.39 20.20 32.69 33. 38
800 12.33 2320 35.53 3620
9.00 12.27 26.10 38.37 39.1¢
10.08 12.23 29. 00 41.23 42.00
11.6¢ 12.19 31.90 4h e @9 44.90
1288 12.15% 3480 46.95 LTeB0

Fiberglass Added

ADDEDCIN) Rl COPRR R2 R TOTAL F UMCORR
3.0 12.93 660 19.53 19.50
4. 00 12.89 83.88 21.69 21.86
5.0¢ 12.8¢6 11.8¢ 23.86 24.900
6.00 12.82 13.2¢ 26.022 26+ 20
Te B0 12.79 1548 28.19 28.40
8.00 12.75 17-6¢ 3835 30,60
9.02 12.72 19.82 32.52 32.8@
18.00 12.69 22.00 34+69 35.08¢
11-08 12.66 24.29 3686 37+20

1208 12.63 2640 39.03 39.47
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