TECHNICAL DATA SHEET/No. 2-6 1982

THERMAL PERFORMANCE OF MASONRY WALLS INSULATED WITH PERLITE

'The continuing need to conserve energy has resulted in mandated
requirements for the thermal performance of construction. Since
it is impractical to measure all buildings or building components
and systems for thermal properties, simple and accurate methods
to reliably predict thermal performance are necessary. Design.
professionals must estimate the energy requirements associated
with all types of building systems, including masonry, to select
appropriate systems and to provide for economical heating and
cooling design. :

Much of the thermal data available for concrete block construc—
tion use the block density as a guide to thermal conductivity.
However, actual thermal testing shows it is not possible to accu-
rately predict the conductivity of masonry block from the density
- of the concrete, because of the diversity of materials used in
concrete for bleock manufacture (aggregates, etc.).®* Thermal con-
ductivity tests of similar density concretes produce considerable
variation. ' ‘ '

In the interest of presenting realistic information, Perlite Tn-
stitute sponsored research to develop an accurate calculation
method useful in predicting the thermal performance of concrete
block walls insulated with perlite loose fill.

Two calculation technigques, the series~parallel (isothermal ‘
planes) and the parallel analyses methods, are given in the ASERAE
Handbook of Fundamentals to determine the thermal performance of
building assemblies from the properties of the individual compon-
ents. The series-parallel method has been regarded as more
accurate in representing actual installations.-:4% However, the
effects of moisture, mass, air infiltration, orientation, con-
struction technigues and other factors influencing total perform-
ance, including dynamic effects are not included in this analysis.
The thermal resistive components generally dominates in determin-
ing thermal performance, and for comparison purposes, is used to
provide realistic design information. : -

- PERLITE INSTITUTE SPONSORED TEST PROGRAM TO DEVELOP MODEL OF
CONCRETE BLOCK WALL THERMAL PERFORMANCE

The program provided a data base to assist in developing a matha-
matical model of the thermal performance of typical perlite
insulated two-core concrete block wall constructions.
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The measured wall thermal transmittance (U value), in comparison
with the calculated data based on the concrete block and perlite
insulation components, established the validity of generatlng_
thermal transmittance design values based on series-parallel cal-
culations. This model and the verification are presented in
following sections. The following information discusses a part of
the test program. -

Four walls were constructed using four block types of known thermal
conductivity from measurements conducted in accordance with ASTM

C 177 "Steady-State Thermal Transmission Properties by Means of
the Guarded Hot Plate." The blocks were standard 8-inch two-core
concrete blocks. The walls were constructed four blocks long and
~eight courses high using a dry stack assembly. Two tests were
conducted on each wall, one with the cores empty and one with the
cores filled with perlite. The thermal transmittance of each wall
was tested in accordance with ASTM C 236 “Thermal Conductance -and
Transmittance of Built-Up Sections by Means of the Guarded Hot
Box."

TABLE'A THE MEASURED THERMAL PERFORMANCE OF FOUR 8-INCH
: ‘ TWO-CORE CONCRETE BLOCK WALLS
UNFILLED AND FILLED WITH PERLITE -

o te Block Thermal Transmittance
?g?re © t;oc (U value) at 75F and 15 mph
lscrlp }on Btu/h-ftz-
Designation | Block Den51ty Cores Cores Fllled with [Reduction

lbs/ft -Unfilled |7 lbs/ft Perlite %,
#20 73 0.35 0.15 57
#28 108 0.45 0.29 - 36
#32 112 ' 0.47 . 0.32 32
#38 129 0.54 0.35 ' 33

The last column in Table A shows the percent reduction in U value
which is, achieved by filling the cores with perlite loose f£fill
lnsulatlon The greater effect of the perlite fill occurs at
lower concrete thermal conductivity. This is because at low con-
crete thermal conductivities a greater percentage of energy 1is
passing through the core section. 2s the thermal conductivity of
the concrete increases, a greater percentaqe of energy passes
through the webs and the effect of filling the cores is lessened.

SERIES-PARALLEL (ISOTHERMAL PLANES) ANALYSIS FOR MASONRY THERMAL
PERFORMANCE CALCULATICNS ' -

Providing the thermal conductivi:ies of the system components are
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known, the thermal transmittance qf a two-core concrete block wall
system can be modelled using the simple technique of adding the
thermal resistances in series ‘and parallel by contrlbutlng percent
areas.

-For a two-core block, a schematic of thermal resistance:

Series-parallel
(Isothermal Planes)
Model _
R; = inside air film resistance

Re R, = face shell resistance
R; Rg Rg Ry S | L
Hﬁdpmw&w{:::::}wﬁmwﬁﬁh Ry, = resistance of perlite insulation

Ry o _ .

P Ry = web resistance

Ry = outside air film resistance

A schematic of a typlcal two~core concrete block filled w1th per=
lite is shown below together with a mathematical analog. For
~simplication, the block is assumed to have sguare corners, no
radii, and no ears.

et : T
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For the series-parallel model, the equation for calculatlng the
overall thermal resistance of the block, Rb, can be written as:

' As . A,7-1 '
Rb=Ri+Rs+—P:'p"+-—R—;; +RS+R
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where A. = percentage of cross sectional area not taken by webs
expressed as a decimal number 2y /L '
Ay = percentage of web cross sectional area expressed as a

decimal number 1 - (2y /L)

The thermal resistance terms are obtained or calculated as follows:

R; and R, are literature values
X
_ %
Rs = 5
¢

where Xg = thiékness of face shell

Ao = apparent thermal conductivity of concrete
Xw

R o T
A

P %

where X, = thickness of core-web

Ap = apparent thermal cohducﬁivity of perlite
X,, .
R, = I

C

"This technique was employed for the four current walls measured in
the guarded hot box using the measured values of thermal conduc-
tivity of the block concrete and perlite insulation.

TESTED AND CALCULATED RESﬁLTS/VERIFICATION OF MODETL,

Comparison of values resulting from the calculation procedure
against perlite insulated and uninsulated wall sections tested in
accordance with ASTM C 236 shows the viability of the calculation
procedure. The analytical technigue will produce calculated
values within 15% of actual measurements in most cases. Such
values, providing that the concrete thermal conductivity is known,
will be very good estimates of the actual resistive thermal trans-
mittance and are considered to be more valid and rigorous than
rost previous literature values based only on concret@ density or
the parallel analyses ~=thod.

Thus for a standard twc :ore 8-inch block where:

i

fl

X, = 5-1/8 inch
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W 1 inch

L

15-5/8 inch

and for perlite loose-fill at 7 lb/ft3 having an apparent thermal
conductivity of 0.34 btu in/h-ft2-°F, the series-parallel (iso-

thermal planes analysis) can calculate the thermal transmittances
for various thermal conductivities of the concrete block material.

Table B compares the measured and calculated thermal transmittance
for the test walls. The percent deviation was calculated as being
(Ugy - Uplloo
_ .

where U, and U, are the calculated and measured

thermal transmittance deviation respectively.

TABLE B

THE MEASURED AND CALCULATED THERMAL TRANSMITTANCE OF
FOUR 8-INCH TWO-CORE CONCRETE BLOCK WALLS, EMPTY AND
FILLED HITH 7 Tbs/ft3 PERLITE LOOSE FILL INSULATION

Thermal Transmittance Percent Deviation
Concrete Concrete . Btu/h.fts °F : of
Density Thermal Conductivity Empty Perlite Filled Calculated Values
I1bs/ft3 Btu-in/h-ft2.°F ~ Caiculated Measured Calculsted Measured Emp ty Filled
73 - 2.6 0.345 0.35 0.12 0.15 -1 -20
108 7.3 0.475 0.45 0.235 0.29 +6 -19
112 : 10,1 0.52 . .47 0.295. 0.32 +11 -8

iz 4.7 - 0.575 0.53 0.375  0.35 +8 47

Table C shows the results for a seven-fold increase in concrete

block conductivity from 2 to 14 Btu-in/h-ft2-°F.. This range

covers that of all concretes currently in use for block -construc-

tions. ' The results confirm the considerable improvement obtained
- by using loose~fill insulation. '

Table D exhibits thermal values of perlite insulaped‘block based
on concrete thermal conductivity values published by the Natiocnal
Concrete Masonry Assoc:lation'(NCMA)6 and the series-parallel
(isothermal planes) model. : :
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TABLE C

Concrete Thermal

Thermal Transmittance of

Page 6

CALCULATED THEERMAL TRANSMITTANCE OF
CONCRETE BLOCK WALL SYSTEMS

Percent Reduction

Conductivity B-<inch Two-Core Block for Filled System
. Btu/h- ft2.°F
Btu-in/h.ft2.° Unfllled Filled 7 pcf
: Perlite
2 0.312 0.101 67.6
4 0.401 0.157 1 60.9
6 0.452 0.206 54.4
8 0.489 0.251 48.7
10 0.319 0.29] 43,9
12 ¢ 4 0.329 39.5
14 ¢ 36 G.363 35.9
TABLE D THERMAL RESISTANCE (R) VALUES' AND THERMAL TRANSMIT-
TANCE (U) YALUES? OF CONCRETE BLOCK WALLS UNINSULATED . AND
INSULATED WITH PERLITE LOOSE FiLL4
Block & in, Block 8 in. Black 12 in. Block
lnsulated Insulated tnsulated
Bensity . Umnsulated with Perlite Uninsulated with Perlite Unmsulated with Perlite
{PCF} 'y R b R? g R u* U R U
82 l.SO - 0.38 5.93 0.15 203 0.35 8.25 0.11 2.;0 0.2z 11.53 008
95 - i.57 0.41 4.28 0.:8 177 0.33 6.78 0.13 2.00 0.35 564 0.18
165 1.45 0.44 £.25 0.20 1.63 0.40 5.91 0.15 1.84 0.37 8.38 ¢.11
113 134 0.46 3.69 0.22 1.51 042 514 0.17 1.7¢ 0.3% 7.21 0.12
173 1.20 0.49 KN 0.26 1.36 0.45 423 0.20 1.54 0.42 5.88 0.15
133 1.06 0.52 2.42 0.31 1.21 0.49 337 0.24 1.38 0.45 4.64 0.18

1. The values in this table represant typical A
vaiues o sancrele biock. The actual R of 3
©concrate block is influenced by the consrete
constituents and by meisture conlent. More
accurale estimates of thermal performance
can be made il the actual thermai conduc-
tivily k ‘or thermal resistance R of the specitic
black Mas been delermined by lesls. Pro-
2. R valuos expressed In °F + it' » h/Blu do
nol inzlude inside and outsida air film - re.
sistarces. To determing total resistance {AY
of single wythe block walls add .B5 to A values
shown above.

factors:

3. U values expressed in Bly/h = 17 * *F were
caiculated using thermal conductivily k lactor
of 0.2 Btu ¢ in/h * 17 » *F Cillersnl densiies
of pertite in the core spaces of concrete block
has only a slight effect on the averall U valye.

tlve. Some designers may chocse 1o use :
mass correclion factor which will resull ir
lower U vatuas.

4. U valuas shown [nclude the effect of ingida
angd outslde air film resistances (15 mgh w:n 3. AMetric: To determing R anc U values in &
[metric) units usa the foitawing canversior

§. These U valuea are based on sleady stale factors:

heat Hlow and must be considered cansaerva-

Thermal resistance, A:'F v 17 * h/Btu x 1.761 162 £~01 = K » m'/W
Thermal transmittance, U: Btu/h * 11 * “F x 8687 263 E + 00 = W/m? * K

THE EFFECT OF DIFFERING PERLITE THICKNESS AND DENSITIES OF

INSULATED BLOCK THERMAL PERFORMANCE

The apparent thermal

conductivity of perlite is related to density.

Tests of the same density perlite at varying thicknesses were con-
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ducted in accordance with ASTM C 518 "Steady State Thermal Trans-
mission Properties by Means of the Heat Flow Meter" to determine
if a "thickness effect" was preséent. For the range of density
typically used as masonry insulation there is little or no thick-
ness effect. Results of measurements at test thickness of 1 to
2" are representative of the material in use and can be used for
deriving R values at greater thicknesses.

Table E exhibits this consistency of measured conductivity in
- several samples of perlite at-varying thicknesses.

TABLE E

THE APPARENT THERMAL CONDUCTIVITY OF PERLITE

Test Density|Test Thiﬁknass Apparent Thermal Conductivity at °75p
1b/f£t3 " in. Btu-in/h.ft2. o
4.55 2 0.298
4.55 6 0.296
6.35 3.7 0.34
6.35 6.0 0.33
7.0 2.0 0.34
6.0 0.34
7.4 2.0 0.35
6.0 0.35

Any change in the resistance of an insulated block as a function
of perlite differing densities is-small, generally less than 5%.
For instance, the change in R value on a 12" block manufactured
with 80 pcf concrete from insulating the cores with S pct perllte
in comparison with 7 pcf is less than 2%. This is because a
large proportion of the energy passing through -2 block is con-
ducted through the webs of the blocks. The isothermal planes
model accommodates different perlite conductivities in the
insulated cores of the block. For design purposes, the Perlite
Institute thermal values published in Sweet's Catalog 7.14d/Pe
can be considered representative of the masgonry incsulation mater-
ial. More specific .information regarding the thermal conductivity
'of perllte insulation 1is contalned in other P.I. literature.

Figures F, G and H exhibit thermal values of perlite insulated
single wythe concrete block walls using the series-parallel (iso-
thermal planes) model. Figure F exhibits the percentage increase
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in thermal resistance, R value, of concrete block walls as a re-
sult of using perlite loose f£ill insulation in the block cores.
The curve in Figure F_is based on a multiplicity of block samples
at varylng densities.

Once the thermal conductivity of the concrete used in block manu-
facture has been determined, the thermal transmittance (U value)
of the completed, perlite insulated wall is shown in Figures G and
H. Figure G is for conventional face shell mortar bonded block
wall construction. Figure H pertains to dry stacked, surface
bonded block wall construction.

PERFORMANCE OF PERLITE LOOSE FILL INSULATION AFTER INSTALLATION
IN MASONRY WALLS

Once insulation is placed within a structure, its performance is
largely dependent on its in-place dimensional stability. In re-
spense to this legitimate concern, Perlite Institute sponsored
measurements of insulated masonry to record any "settlement" or
volume change which may take place over a period of time in a
functioning instdllation. The building selected was a l2-inch
concrete block structure in Dundee Industrial Park, Andover, Mas-—
sachusetts. The walls are 20 feet in height, with strategically
placed plexiglas blocks to observe any change in the perlite in-
sulation. The building was constructed by the dry stack-surface
bond method and core holes were aligned to form unobstructed 20
foot vertical columns for the insulation. An independent inspec-
tion and testing laboratory was engaged to witness and record
settlement data at 90 day intervals. The results indicate minimal
settlement. The inspection report dated 235 days after installa-
tion measured net settlement in the 20 foot column of perlite to
be 0.41%. Additional measurements show the insulation has ceased
to "settle" and no further dimensional changes have occurred.



{ Figure E Empty Concrete Block Wall with Perlite
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GLOSSARY

ASHRAE: American Society of Heatlng, Refrigerating and Alr—con—
ditioning Engineers, Inc. ’

ASTM: BAmerican Society for Testing and Materials.

insulatiOh, thermal: a material or assembly of materials used
prlmarlly to provxda resistance to heat flow._

isothermal plane: a surface or plane of uniférm temperature.

parallel-path analysis: an approximate method of calculation for
determining the thermal performance of building structures
-where the components of the structures are arranged so that
parallel heat flow paths of different thermal resistances re-
sult. No lateral heat flow between paths is assumed.

' perlite: a naturally occurring volcanic mineral which is expanded
under high temperature to product granular lcose £ill insula-

tion. The expanded particles consist of sealed air cells
within a mineral matrix.

-Series-parazllel or isothermal planes analysis: an approximate
method of calculation for determining the thermal performance
of building structures where components are arranged in layers
‘and the thermal resistance of the structure is the sum of the
‘thermal resistances of the layers. It is assumed that heat

can flow laterally in any layer so that transverse isothermal
planes result.

settlement: the consolidation of an insulation material over time

due to gravity, thermal eycling, vibration or the presence of
moisture,

: SlllCOﬂ@ treated perlite: expanded perlite particles coated with
a silicone material to produce a highly water repellent loose
fill insulation material. The material 1is inert, odorless,
does not promote fungal or rodent attack, is light in weight
and has superior fire resistance properties.

thermal conductivity, k: a property of a homogeneous body
measured by the ratio of steady state heat flux {time rate of
heat flow peér unit area) to the temperature gradient (temper-
ature différence per unit length of heat flow path) in the
direction perpendicular to the area. ‘Typically measured in
units of Btu-in/hr- frl-op,

thermal resistance, R: a Droperty of a particular body or assem-
bly measured by the ratio of the dlfference between the




GLOSSARY _ (Continued)

average temperatures of two surfaces to the steady state heat
fluvx in common through them (time rate of heat flow per unit
ars: of one surface which must be identified). Typically
measured in units of hr-ft2F°F/Btu-in.

thermal transmittance, U (over—~all coefficient of heat transfer):
the ratio of the steady state heat flux from the surroundings
on one side of a body, through the body, to the surroundings
on its opposite side (time rate of heat flow per unit area of
a surface which must be identified) to the temperature differ-
ence between the two surroundings. Typically measured in
units of Btu/hr-ft2.°F,

thickness effect: the recognized phenomenon of reduced thermal
performance of an insulation material due to increased thick-
ness. For instance, the effectiveness of 6 inches of many
insulations is less than 6 times the measured effectiveness of
1 inch.

SRS :gem



