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ABSTRACT

Evith the MEC interior insulation table.

¥ l-'l.Sldﬂ!Ed concrete form (ICF) systems use a prefabricated formmade of foam insulation that is assembled into walls ar the building
¥:i1c and filled with concrete. ICFs are available from more than 20 manufacturers, and their use in the United States is growing.
F1CF walls have a high insulation R-value and significant thermal mass.

:’ n analysis was performed to determine whether the thermal mass tables in the Model Energy Code (MEC) fairly represent the
performance of ICF walls and, if not, propose an alternative approach. Computer simulations using DOEZ and BLAST were
berformed to determine the relative performance of ICF and lightweight walls in a prototypical house in a range of climaies.
¥he BLAST results fall between the MEC integral and interior insulation position table values. The DOE? resulls are consistent

nalyses were also performed to determine cooling load factors for homes with [CF walls. These factors can be used in conjuncrion
Fwith Manual J procedures for designing ai r-conditioning systems in residences.

INTRODUCTION

®..  Insulated concrete form (ICF) systems use a prefabricated
form made of foam insulation that is assembled into walls at
ithe building site and filled with concrete. Proprietary systems
fvary, but generally the wall has a layer of foam insulation on
Bthe outside, a layer of concrete in the middle, and a second
flayer of foam on the inside. Conventional finishes are applied
R0 suit the building purpose. ICFs are available from more than
£20 manufacturers, and their use in the United States is grow-
fing. ICF walls have a high insulation R-value and significant
ilhermal mass.

fi.  The Model Energy Code (MEC) is the model code that is
jthe basis for the residential code in most states. The light
opaque wall requirements are in the form of an overall U-
fiactor (U/o) and are a function of heating degree-days and
B¥hether the building is single family or multifamily. The
6 IEC includes three mass wall insulation requirement tables
/01 exterior, interior, and integral insulation (Tables
502-1-2313. and c), which depend on heating degree-days and
designed to produce a total annual heating and cooling load
grqual to the lightweight wall. The MEC mass wall tables
F(Christian 199 1) were accepted into the MEC in 1988. A major
g objective of this study was to determine whether these tables

.
e

fairly represent the performance of ICF walls and, if not,
propose an altemative approach.

Analyses were also performed to determine cooling load
factors for homes with ICF walls. These factors can be used in
conjunction with Manual J procedures for designing air-
conditioning systems in residences. Manual J (ACCA 1986)
contains the standard equipment sizing method used by the
residential HVAC industry, The current edition contains
procedures derived from the ASHRAE Handbook reformatted
for simplicity. Manual J provides equivalent temperature
differences (ETDs) for calculating the cooling load impact of
exterior walls. The cooling load per square foot of wall is
simply the wall's U-factor times the ETD. ETDs are tabulated
for different design temperatures and daily emperature
ranges. The manual provides ETDs for two types of exterior
walls, “frame and veneer-on-frame” and “masonry walls, 8 in.
(200 mm) block or brick.” A major objective of this study was
to develop ETDs for ICF walls.

ANNUAL ENERGY ANALYSIS FOR MEC

Computer simulations were used to determine the relatve
performance of ICF and wood stud walls in a prototypical
house in a range of climates. The energy figure of merit for the
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Figure I Elevation of prototype. ____._[-C—F—
CF
MEC analysis is the sum of annual heating and cooling loads.  the MEC analysis. Infiltration was simulated ata constant 0,35 § ICF
(n all cases studied, the ICF walls had a lower total annual load  air changes per hour (ACH). Natural ventilation was modeled § [CF
than a typical stud wall with the same U-factor. For the ICF  in both programs to eliminate cooling loads when it was possi- ] L —
walls, an equivalent U-factor was calculated and is the U-  ble to do this by opening windows. The restrictions of the | __._.IE-F—
Factor of & wood stud wall with the same total annual load. The  BLAST model required a fixed shading coefficient year- § 5TUL
simulation analysis is consistent with the approach used 1o round, so shades reducing the solar pain by 30% were assumed sTUL
develop the current MEC mass wall tables (Christian 1991). o be closed year-round in both programs. g ——
The house prototype, the weather data, and the simulation _ . ' | STU
models were updated to the best currently available technol- deri Tl;ef Typlca; P‘;[:t%ogomgfmah‘“?‘: (Tll:de), data set ; STUI
ogy. and the simulation analysis was expanded to include both erived from 1961-1990 data for the cies SOV In Table 1 2 p
DOE2.1E and BLAST. was used in the Model Energy Code analysis (Marion 1995), 4 dabe
The prototype house used in the simulation analysis is 2 The cities used are the same a5 those used by Christian (1991) § STUL
1540 fi2 (143 m?) single-story, slab-on-grade house, which with the addition of Sacramento. Heating degree-days for the ’
has been carefully construcied to have equal wall, glazing, and TMY2 data are shown for comparison with the MEC tables. S " gypsun
door areas on each of the four cardinal orientations in orderto  Although cooling climate is not 2 variable in the MEC tables, thickne
represent the average performance of houses randomly cooling degrec-hours and mean daily range are also shown to wall U-
oriented. It was derived from the prototype sed o developthe  help the reader in understanding the climates. that va
PEAR database (Huang et al.), the source of energy data for Simulations were performed using DOE2.1E (LBL | capa:::u
development of ANSVASHRAE  Standard 90.2-1993  |995), the Jatest version of the program used to create the orig- 4 I/ |
(ASHRAE 1993). [tis similar to Christian s (1991) prototype,  na] MEC mass tables, and BLAST, a program developed by kg °K)
which was also Fle:nvgd frorn Huang's work, but used nonuni- e 7.5, Army (CERL), which features a more fundamental | iayer W
fgrm glazm_g orientation. Figure | show?. one of the four iden- (and presumably more accurate) approa ch to calculating ayer.s
tfmal elevations of the house. The shading effects of houses. gy pamic loads. The BLAST loads model has been selected by .
h?;?s’ anda:z%et;t:cr:,wv:'thl:chlsa:;:(;;nd)til_:;alss(;:{’gh;;faml_l[y the U.S, Department of Energy for inclusion in EnergyBase, 3 ::n;() lﬁ
ing, was moceled With a m) Bigt, SMil-  ryAp eyt generation simulation program (Ellington 1996). 3 ¢
tance screen 20 fi (6 m) from the house on each side (not OF's mext generation &1 ion program ( g ) ‘l (400 n
chown in elevation). The house has 185 fiZ (17 m?) net of Energy results were calculated for 12 different wall § lor R
double-glazed windows, or 12% of the floor area in glass. systems: 6 [CF walls and 6 conventional wood stud walls, 25 § were 1
Constant thermostat settings of 70°F for heating and 78°F  shown it Table 2. All the ICF walls were modeled as constnic- § wall a
for cooling were used in the simulations to be consistent with  tions with Four layers. The inside laycr was Y2 in, (13 mm) § ¢ wood
g to pro
: , top
TABLE 1 I 1
Climates Analyzed ; Ann
City Heating Degree-Days, Cuooling Depree-Hours, Mean Daily Range, sev::R
Base 65°F Base 74°F “F - n
_ ) = — equiv
Miami, Florida 141 23296 11 — polat,
Phoenix, Arizona 1154 64321 % simul
Allanta Georgia 3090 17643 I “;f“"‘
chima
Sacramento, Califomnia 3386 10966 L \
Sterling. West Virginia {Washinglon. D.C) 5233 7355 20 I ) facior
R Wall
Denver, Colorado 6007 5850 25 §
- 2 — i % tnd |
Minneapolis, Minnesota 7986 18747 LA—— ”'. Tatio
; The
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TABLE 2
Wall Properties
‘Waﬂ Type # Concrete | Concrete Conductivity, | Foam/sheath Cavity Overall Heat Capacity,
Thickness, Btwh-°F-f-f R-value, R-value, U-factor, Brw/m?
in. F-th/Btu_ | Bumfl°F Bru/ft?

1 4 [333 16.7 na 0.055 105

: 2 4 1.333 12.5 na 0.071 0.5

: 3 4 1333 8.3 na 0.101 10.4

' 4 6 1.333 16,7 na 0.055 154
5 6 1.333 23 ha 0.100 15.3
6 4 09792 B3 na G.101 10.4
l None 1.32 i1 0.094 1.6
2 None 132 13 0.08BB 1.6
i None 50 13 0.065 1.4
4 None 10.0 13 0.048 1.4
5 None 15.0 13 0.038 1.4
6 None 20.0 13 0.032 1.4

" gypsum board. The next layer was foam insulation with a
thickness that varied by case to give an appropriate range of
wall U-factors. The next layer was concrete with a thickness
that varied by case in order Lo test the impact of wall heat
capacity. The properties of the concrete were: density of 140
/e (2240 kg/m®), specific heat of 0.21 Buw/Ib°F (880 J/
kg-*K), and a thermal conductivity that varied. The outside
layer was another foam insulation layer matching the second
layer.

Stud walls were modeled with an inside layer of Y2 in. (13
mm) gypsum board identical to the one in the ICF wall. The
next layer was 2 by 4 in. (50 by 100 mm) wood studs at 16 in.
{400 mm) on center with insulation in the cavity of either R-
1lor R-13 hr-ft2*F/Btu (1.9 or 2.2 m*-K/W). The wood studs
were modeled as a separate wall section occupying 25% of the
wall area. The outside layer was sheathing, either standard
wood fiber with an R-value of 1.32 (0.23) or foam insulation
to provide lower U-factor walls.

Annual Energy Results

Results of BLAST and DOEZ2 runs were analyzed for the
seéven citjes listed in Table 1 {Wilcox 1997a). For each city, the
equivalent U-factor of each ICF wall was calculated by inter-
D_Dlating the results of the simulations for the stud walls, Both
Simulation programs show that ICF walls have significant
mass effects, with BLAST showing larger mass benefits in all
climaes,

The ratio of the equivalent U-factor 1o the steady-siate U-
factor was similar for all of the ICF walls in cach climate. ICF
Wall No. 1 with 4 in. (100 mm) of high conductivity concrete
and R-16.7 h-fi®-*F/Btu (2.94 m*-K/W) foam had the highest
ratio (smallest mass elfect) in each climate and therefore is a

Thermal Envelopes VIVWalls—Practices

conservative case to represent the mass effect of all ICF walls
with equal or higher heat capacities and U-factors.

Comparison with MEC

The U-factors for ICF walls with performance equivalent
to a wood stud wall with a U-factor of 0.06 Biwh-ft?-°F (0.34
W/m?K) are plotted in Figures 2 and 3 with comparablc
equivalent U-factors from the MEC tables. The BLAST
results fall between the MEC integral and interior insulation
position table valugs. The DOE2 results are consistent with the
MEC interior insulation table within the precision of the
factors in the table, Results for Sacramento at 3380 heating
degree-days show a larger mass effect than those for Atlanta
at 3090 because Sacramento has a more favorable climate
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Figure 2 Comparison of BLAST [CF equivalent U-factors
with the MEC.
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Figure 3 Comparison of DOE2 ICF equivalent U-factors
with the MEC.

pattern with a larger summer temperature swing (mean daily
range).

We believe that the BLAST program provides a techni-
cally superior analysis of mass effects. Howegver, the DOE2
analysis and the MEC tables show a slightly smaller mass
effect. Based on these results, we recommend ICF compliance
be based on the factors in the MEC table for interior insulation
position. We believe this will provide conservative resulis that
ensure energy savings in the majority of buildings.

PEAK LOAD ANALYSIS FOR MANUAL ]

Computer simulations were used to determine the relative
peak cooling loads of ICF and wood stud walls in a prototyp-
ical house in 240 climates. For each climate, the operation of
the prototype house was simulated for a typical year using the
TMY?2 weather data sets. For each simulation analysis, the
peak cooling load that oceurred during the typical year was
recorded. Peak cooling loads for ICF walls were compared
with the peak cooling loads for wood smd walls and an appro-
priate ETD for the ICF walls was determined. The average
ETDs for the ICF wallz were tabulated using the Manual /
Table 7-4 format.

The prototype house was the same as used for the MEC
analysis. The cooling thermostat was held constant at 78°F
(26°C).

+ Medgar Marceau

The Typical Meteorological Year (TMYZ) data gq,
derived from 1961-1990 data was used in the simulations. [,
order to get a significant aumber of locations in each of i,
design temperature conditions bins, simulations were run o,
all of the 239 locations in the data set. Due to a minor byg
BLAST was unable to complete runs in four Alaska locations,
We also were unable to obtain DOE2 packed files for three
Alaska locations. The design temperature and daily tempera
ture range statistics were determined for each of the TMY?
weather years and used to correlate simulation results with the
ETDs in Manual J Table 7-4 .

Simulations were carded out using DOE21E and
BLAST. The BLAST results were used to develop ETDs for
ICF walls. The simulation results for cooling and heating peak
are listed in Wilcox (1997b).

Pealk load results were calculated for three different wall
systemns: an ICF wall and two conventional wood stud walls as
shown in Table 3. The ICF wall was modeled as a construction
with four [ayers. The inside layer was Y2 in. (13 mm) gypsum
board. The next layer was foam insulation. The next layer was
4 in. (100 mm) of normal weight concrate. The outside layer
was another foam insulanon layer matching the second layer,

Stud walls were modeled with an inside layer of 42 in. (13
inm) gypsum board identical to the one in the ICF wall. The
next layer was 2 by 4 in. (50 by 100 mm) wood studs at 16 in.
(400 mm) on center with insulation in the cavity of either R-
[1 or R-13 h-ft*-°F/B (1.90r22 mz-KfW). The wood studs
were modeled as a separate wall section occupying 25% of the
wall area. The outside layer was sheathing, either standard
wood fiber with an R-value of 1.32 (0.23) or foam insulation
w provide lower U-factor walls.

Cooling Analysis

Figure 4 shows the peak cooling loads from the BLAST
simulations for Sacramento, California, a hot, dry climate
with a large summer diumal temperature varation or daily
range. Data point 52 represents the peak for the prototype
with Stud Wall No. 2 that has a U-factor of 0.088 Brwh-ft*-°F
(0.50 W/m2K). Point S6 is the peak load for the prototype
with Stud Wall No. 6. the wall with the very low U-factor of

0o4/004

Loteoaaml

TABLE 3
Wall Properties
Concrete Concrete Foam/sheath Cavity Overall Heal
Thickness, Conductivity, R-value, R-value, U-faetor, Capacity,
Wall Typs in. Biu/h°F{r1e “F.M12 /Btu °F-ft? /Bt Btwh (2 F Bum® |
ICF 4 1.333 16.7 na 0.055 10.5
STUD none 1.32 13 (0.088 1.6
STUD none 200 13 0.032 1.4
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Figure 4 BLAST peak cooling loads for Sacramento,

0.032 Brw/h-f%.°F (0.18 W/m2K). Point I1 is the peak load
for the ICF Wall No. 1 that has a U-factor of 0.055 B/
hfE%-°F (0.31 W/m?-K). The peak load for the ICF wall is
lower than the peak load for either of the stud walls due to
the beneficial effect of the concrete mass in the wall.

Figure 5 shows similar results for Miami, a hot, humid
climare that does not cool off at night in the summer and has
a very small daily range. Although the absolute values of the
loads are different, the prototype with the ICF wall again has
lower loads than the prototype with a stud wall of the same U-
factor. This is the case in all of the climates simulated.

According to the assumptions of Manual J, the peak load
contributed by a wall of any type is proportional to jis U-
factor. A wall with infinite insulation and a U-factor of zero
has by definition a peak lpad contribution of zero. In order to
make the data for ICF walls usable in Manual J procedures, we
will make a consistent set of assumptions. Note that this
approach does not account for the beneficial effect of mass on
loads thermally connected to the indoor room air, which
occurs because of interior radiant heat transfer and indoor air
temperature swing. However, since ICF walls are always well
insulated on the inside, thiz effect is small for ICF walls and
can be ignored for our purposes.

The slope of the line $2-86 (Slope ;) represents the impact
of changing the stud wall U-factor on the cooling peak in
Sacramento:

Slopes = 1000 * (P2-P6)/((U2-U&) * 114Q) (1)
where
P2 = peak for Stud Wall No. 2,
P& = peak for Stud Wall No. 6,
U2 = U-factor for Stud Wall No. 2,

U6 =U-factor for Stud Wall No. 6,
1000 = conversion factor for kB to B,
1140 = opague wall area of the prototype house, ft’.

Table 4 shows the statistics for Slope summarized from
BLAST. Cities in Alaska and Cut Bank, Moniana, have been

Thermal Envelopes VII/Walls—Practices
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Fipure § BILAST peak cooling Ioads for Miami.

removed from this and subsequent analysis because the calcu-
lated peak loads were small or zero and cooling is not usually
installed in homes in these climates.

Point 50 in Figure 4 with peak load PO represents the peak
cooling load for the prototype house if the stud wall is infi-
nitely insulated (U-factor of 0.Q0}. In this case there is no heat
transfer through the wall. This value is caleulated by extrap-
olation using Equation 2.

PO =P2 = (U2 * 1140 Slope ; /1000) (2)
The slope of the line 50-I1 in Figure 4 represents the

effect of the mass and U-factor of the ICF wall on the cooling
peak. It is calculated using Equation 3.

Slape, = 1000 * (P1-POY/(U1 * 1140) (3
where
Pl = peak load of the prototype with ICF Wall No. 1,
Ul = U-Factor of ICF Wall No. 1.

Table 5 shows the statictics for Slope; from the results, For
some of the cities the Slope; 1s negative, This means that the
peak cooling load for the prototype with the ICF wall is lower
than it would have been with a stud wall that has infinite insu-
lation. The ICF wall has a beneficial effect and actually
reduces peak load due to its dynamic properties. This effect is
largest in climates with low design temperatures and large
daily ranges where mass effects are most significant.

ICF Factor

The I[CF factor is the relationship between peak cooling
load impact of the ICF wall and the stud wall for each climate.
It is calculated using Equation 4.

ICF Factor = Slape, I5lope, (4)

Table 6 shows the statistics for ICF faclor. An ICF
factor of 1 would mean that an ICF wall and 2 wood stud
wall of the same U-faclor would have the same peak cool-
ing load impact. An ICF factor less Lthan one means the [CF
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TABLE 4
Statistics for Slopeg by Climate Bin
Design Temperature Difference, °F <=5 10 15 20 25 39 |
Daily Temperature Range L M |H|L|M[BE | M[u|m|[H|M|H|d|
Analysis Bin Number L 121 3] 4|35 |6 7] 8] 9 | w]|uln|na]
Average 146 | 200 | 142 | (84 [ 210 | 221 | 2207 | 240 | 258 | 303 | AL.1 [ M0 327-
Maximum 169 | 284 | 191 | 278 | 31.0 | 27.2 [ 321 | 359 | 302 | 334 | 3[4 | 342 | 127
Minimum 11| a6 | 115 03 | 87 [ 148 | 157 | 158 | 198 [ 25.7 | 308 | 277 32?-
Standard Deviation 24 | 40 [ 42 | 59 | 4.7 38 | 41 44 | 32| 351 04 4.6
Count 6 19 3 15 65 22 49 20 12 5 2 yl 1_
TABLE 5
Statistics for Slope, by Climate Bin
Deslgn Temperature Difference, °F <=5 10 15 20 25 3
Daily Temperature Range L M H L M H M H M H M H H
Analysiz Bin Number | 2 3- 4 5 6 7 8 9 10 L 12 13
Averape A5 -03 (42| 68 | 47 | 23| 87 | 55 [ 100 { ML] | 157 [ 74 [ 155
Maximum 45 | 72 | 00 | 146 [ 160 | 7.8 {191 [ 126 | 153 | 146 | 166 | 146 | 153
Minimum 29]-10.1) 73 07 [ 66| 500 01 | -1} 33 16 | 149 | 00 | 155
Standard Deviation 67 | 39 1 35 | 41 [ 43 [ 33 | 41 | 44 | 40 | 48 1.2 | 105
Count 11 25 4 15 63 22 49 20 12 5 2 2 1
TABLE 6
Statistics for ICF Factor by Climate Bin
Deslgn Temperature Difference, °F =5 10 15 20 25 30
Daily Temperature Range L M H L M H M H M H M H H
Analysis Bin Number v 23 456 | 78|92
Average 04| 00 | 04| 04 02 | 01 0.4 0.2 04 [ 03 0.5 0.2 05 !
Maximum 03 |03 |02 10|06 |03|12|05][05]|05]|05i05]05 t
Minimum 09| 05|-06]|00|-00]|]-02[]00|01[02]01 05 00 05]
Standard Deviation 0s |02 |02f03|0z2|o01foz2|02]01]01]o00]03 :
Count 6 |19 3 | 156 |2]a{20]|w]|s5]|2]z2].1 {
TABLE 7
Manual J Equivalent Temperature Difference for Walls
Design Temperature Difference, °F <=5 10 15 20 25 3| 3
Daily Temperature Range L M H| L M|H|L|M|H M| H{M|H|HI{H
Frame and venecr on frame 176|136 226|186 13.6(27.6|23.6|18.6|28.6|23.6(28.6|33.6
Masonry Walls, 8 in. block or brick 103 6.3 153113 6.3 (203163113 |21.3(16.3)21.3(26.3
TMY Cities {25 4 l4|es|2|o0 492001235 |2]2]1]0
Analysis Bin L2 3|lals|le | x| 7]y |o|w|nfrjiaflz

260 Thermal Envelopes VI Walls—Practices ﬂ
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TABLE 8
ICF Equivalent Temperature Differences

PDesign Temperatute Difference, °F 10 15 20 25 k1] 35
Daily Temperature Range L M L M H M H M H H H
ICF Wall 6.5 3l 153 | 7.1 1 | 203 ] 51 62 | 145 | 57 13.5 | 263
! well would have a smaller cooling load than a swd wall The resulting ICF ETDs are shown in Table 8. For the
with the same U-factor. The smaller or more negative the  three bins (X, Y. and Z) for which there are no TMY cities,
[CF factor, the more cooling peak benefit is provided by  the stud wall ETD was used for ICF walls. This is not a
the ICF wall relative to stud walls. The average ICF factor problem since there are few real locations in these bins.
is less than one in all climate bins. Columbia, 5.C.,inbin 7  Four bins (I, 2, 3, and 6} that are not included in the
is the only city of the 221 for which the ICF Factor is  Manual J table are also not included in Table 8.
greater than one.
) Heat Transfer Multipliers for Cooling
3 Equivalent Temperature Difference o
¥ o . . Manual J uses heat transfer multipliers (HTMs) to
2 Table 7 shows the entries for exterior walls in Manual  spieyjate cooling loads. The HTM for a wall is the amount
J Figure 7-4 w1d'§ .the. corres!:andmg bll'l.. n.umber and  of heat that flows through one square foot of wall at a
aumber of TMY '::mes from this study. This is the same given temperature difference. For cooling, the HTM is
: data as T&‘ble 36 in chapter 26 ot‘.ASHRAE Fundamemgts. equal to the component thermal transmittance (U-Factor)
: 1985 edition. It includes three bins (X, Y, Z) for which ;e the summer equivalent temperature difference (ETD).
;‘ there are no TMY cities. There are four bins in this study
(1,2,3,6) that are not included in Manual J. HTM (cooling) =ETD = U (6)
The Manual J factors included in Table 7 were gener- .
. ated using a theoretical calculation rather than measured where
i weather data and an annual simulation (note for example = HTM = heat transfer multiplier, heat flow through one
i that the ETD's for each daily temperature range are spaced square foot of a wall at a given temperature
X “ o . the results
exactly 5°F ('2.8 C? apart). In qrder to make the results of difference, Buwh-fi%;
i our annual simulations usable in the Manual J procedure, _
‘% we have calculated ICF equivalent temperature differences ETD = equivalent temperature difference (summer), °F;
. :JésFed on the theoretical ETDs for the stud wall and our  (J = thermal transmittance of component, Biuh-f2-°F.
factor, . .
. . Th TD f] Tabl -
The ICF ETDs have the same relationship to the stud o FITM for an [CF \‘vall is the ETD from Table § mult
i EID plied by the U-factor. Typical HTM values for ICF walls are
s a8 the ICF Siope, has to the stud Slope; The ICF ETDs din Table 9. The values for ICF walls in Table 9
; are caleulated using Equation 5 presented in Table 9. The values for walls in Table 9 are
) consistent with values in Table 4 of Manual J. Values for ICF
Ja_: ICF ETD = Stud ETD * ICF Factor (5)  walls in Table 9 are for flat panel systems with no metal ties.
: TABLE 9
a L] a an
: Heat Transfer Multipliers (HTMs) for Cooling for ICF Walls (an Addition to Table 4 of Manual J )
No. 14 - Insulated Concrete Form (ICF) 10 15 20 25 30 | 35 u
HTM (Btwh per ft)
——— — e
L ICF Wall with R-12 Insulation 05 | 02 L1 05 |02 15 | 07 | 05 1.1 0.4 1.0 1.9 | .074
1 ICF Wall with R-15 Insulation 04 (02 |09 |04 |02 {12 |05 |04 (|09 |03 | 08 1.6 | 060
K. ICF Wall with R- 16 Insulation 04 {02 |09 |04 |02 | 12|05 |04 ] 08 |03 | D8 1.5 | .57
L. ICF Wall with R-17 Lnsulation 04 | 02 | 08 | 04 |02 | 1L (05|02 ]| 08 |03 |07 1.4 | 053
| M. ICF wall with R-20 Insulation pa |l o1 (o7 |03 [0 |09 ) 04|03 )07 ] 03|06 1.2 | 046 ]
N. ICF Wall with R-22 Insulation 03 (01 |06 |03 (0109 )04 |03 )|06])02]|06 1.1 | 042

Thermal Envelopes VIV/Walls—Practices

| . - . . . . . 3 . - . .
Values include interior and exterigr finishes and are for Mat pangl sysiems with no metal ties. For systems with irregular shapes o0 metal farm ties connecting the interior and
galerior insulation lnyers. use U-factors from Appendiz A or product manufacurer 10 caloulae the HTM {HTM » ETD 2 U-factor).
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TABLE 10
ICF Cooling Size Multipliers
Design Temperature Difference, °F =5 10 15 20 25 W ;
Daily Temperature Range L M| H |t |v B mM[H v | H|M|H i j
Analysis Bin Mumber I 2 3 4 5 6 7 8 9 10 It 12 13 |
Average 74% | 78% | 75% | 93% | 88% | 79% | 91% | 8a% | 90% | 84% | 90% | 87% | ooey
Maximum 93% | 87% | 77% | 99% | 96% | 85% | 98% | 90% | 92% | 88% | 90% | 8%% | 9qa
Minimum 47% | 27% | T1% | B5% | 76% | 74% | 84% | 79% | 88% | BO% | 89% | B5% _-9_0;,-
Standard Deviarion 20% | 14% | 3% | 3% | 4% (2% | 3% | 3% | 1% | 3% | 0% | 2%
Count 6 | w | 3 {15 |esla{awlao|n|s|2]2]1]

For systems with irregularly shaped insulation or metal form HEATING ANALYSIS

ties connecting the interior and exterior insulation layers, use

U-factors for the individual product to calculate the HTM. All Heat Transfer Multipliers for Heating

Manual J cooling HTM: include the effects of thermal mass L

and solar radiation (see footnote 5 to Manual J, Table. 4.) Table 2 of Mamual J, Heat Transfer Multipliers (Heating), _
includes precomputed factors for a variety of building enve-

ICF Cooling Size Multipliers lope components fur use in calculati.ng heating equiptnent size J
for a range of design temperature differences. The heat trans- |

Inorder to provide a perspective on the significanceof the o ylgipliers (HTMs) are multiplied times the net component -
ICF peak cooling load savings, the impact was caleulated for 5o and summed to caleuiate the total heating system load,

changing from a typical wood stud wall (Stud Wall No. 2, R- To calculate the HTM for an ICF wall, use Equation 8.
13 (2.2) insulation) to an ICF wall (ICF Wall No. 1, U-factor
=0.055 (0.31)). Table 10 presents values tabulated using the HTM = U-factor * AT (&)

Manual 1 table formart.
‘The values in Table 10 were calculated directly using the

BLAST simulation results and Equation 7. Values for each
city are included in Wilcox (1997b). AT = difference between the indeor and outdoor heating

where
U-Factor = steady state U-Factor for the ICF wall,

ICF Mult =P1/P2 6] design temperature, °F.
Typical HTM values for I[CF walls are presented in Table

Wwhere 11. The values for ICF walls in Table 11 are consistent with
Pl = peak load of the prototype with ICF Wall No. |, values in Table 2 of Manual J. Values for ICF walls in Table
P2 = peak for Stud Wall No. 2. 11 are for flat panel systams with no metal ties. For systems
TABLE 11
Heat Transfer Multipliers (HTMs) for Heating for ICF Walls (an Addition to Table 2 of Manual J)!
No. 14 - Insulated Concrete Form Winter Temperature Difference _|
(ICF) W 20 |25 [ 30 [35 [ 40 [as5 [ 50 [s5[e0 [65[70 [ 7580 |85 |90 ] 95| U

Finished - Above Grade

HTM (Btu/h per ft?)

I ICF Wall with R-12 Insulation | 1.5 | 1.8 [ 22 ] 26 |30 (3337 |40 |44 |48|52]55|59]|63!66] 70|00
J.ICF Wall with R-15 Insulation | 1.2 | 1.5 | 1.8 [ 2.1 |24 [27 |30 |33 )36 |39 (4245|4851 5457|0060
K. ICF Wall with R-16 [nsulation | L1 | 14 | 1.7 (20|23 |26 |28 |31 (34|37 40|43 |a6|{4a8]|5.1 |54 (0057
L. ICE Wall with R-17 Insulaion | 1.1 | 1.3 | 16 | 1922|124 27|30|32|35 38]40|43|4649]51 [0.05]
M. ICF Wall with R-20 Insulation | 0.9 | 12 | L4 | L6 | 19|21 |23 |26 28|30 (32|35 (3739|4244 (E(_i_
N. ICF Wall with R-22 Insulation |08 { L1 [ 13 [ 15| L7 | 19| 21|23 |25 (28|30 (32|34 |36|38]40 (0042

' Values inglwde interior and exueaon limahes and are for Oau panel systems with no meal ties For systems wirh jmregular shapes or metal (orm ties eoanecting the interior and
ekerior insulation |ayers. use U-factors from Appendix A ar product manufaciurer 1o cakeulale the HTM (HTM = WTD X U-Tactor).
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b with irregularly shaped insulation or metal form tics connect-
1 jng the interior and exterior insulation layers, use U-factors for
§ 1he individual product to calculate the HTM.

Heating Mass Effects

The purpesc of heating sizing is to ensure that the heating
system i5 large enough to maintain comfort under design, but
not necessarily worst case, weather conditions. Manual J and
grandard indusury practice rnake no allowance for mass effects
when sizing heating systems. Heating system loads are pener-
ally calculated assuming that the indoor and outdoor temper-
atures are constant at their design values and there is no solar
or internal gains. Under these conditions there are no mass
affects. For sizing purposes, the calculated Ioads are often
increased by a safety margin to account for morning warm-up
where mass effects result in larger rather than smaller equip-
ment size.

The simulations assumed that the houses were continu-
ously occupied with constant heating setpoints and normal
internal and solar gains. Under these conditions, the ICF walls
have lower peak heating loads than stud walls with the same
U-factor. However, this is not necessarily relevant o heating
system sizing. We do not recommend reducing heating
! system size for mags effects,

Bt £ 2L i s i e i P oy by

SUMMARY AND CONCLUSIONS

1. The DOE2 resulis show ICF walls have thermal mass char-
actenistics represented by the MEC interior insulation table.
The BLAST results show larger mass effects.

2. Manual ] provides equivalent temperature differences
(ETDs) and heat transfer multiplier (HTMs) for caleulating
the cooling load impact of exterior walls. The cooling load
per square foot of wall is simply the wall U-factor times the
ETD. ETDs for ICF walls are presented in Table &. The
HTM for an ICF wall is the ETD from Table 8 multiplicd by
the U-factor. Typical HTM values for ICF walls are
presented in Tables 9 and 11.
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