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ABSTRACT |

andard's' and contracts leads to the need for a quick merhod of estimating the whole
wall R-value for exterior envelope sy.s'tems tlatmn of thé actual whole wall R-value of traditional dimensional wood-framed
wall systems is, in geneml well understo by the residential designer and building contractor. However, the accuracy of esti-

mating the thermal pe;formance ofother iable wall systems falls off rapidly, particularly if several different types of wall systems
are bemg conwdered at the bm pt 10 l"d 51, gn srages" At the Envelopes VI conference m I 995 a new methodoiogy was

The trend toward system performance cades,

the Building Envelopes VI conference in 1995 (Christian and
Kosny 1995).

The complete whole wall rating procedure provides a
means to compare the performance of wall systems with
respect to five elements:

: 1. thermal shorts,
: most important 2
_e\_felopment and

private buﬂdmg mdustry

bi R&D d E 1 t exterior envelope thermal mass benefit, for walls with more -
public sector nce () accc cra

mass than conventional 2 in. x 4 in, (3 cm x 10 cm) dimen-
stonal wood frame,

wall portion of a res1dent1a1 bulidlng The N aﬁonal Fenestra-
tion Rating Council provides the thermal performance label construction,
for windows and doors. The approach wa flrst presented at 4,  moisture control, and

3. airtightness relative to typical wood-frame opaque walE
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The Whole Wall Thermal Performance Calculator
utilizes the conductivity of areas associated with different
details of a residential opaque wall system. The whole wall R-
value is the major output of this interactive tool and can be
used to compare the thermal performance of alternative walls.
The whole wall R-value accounts for all of the major thermal
shorts in the opaque wall, For instance, if the corner detail area
has proportionally more highly conductive structural material
than insulation when compared to the clear wall area, the
whole wall R-value will be less than the clear wall R-value.
The percentage difference between the whole wall and clear
wall R-value is an excellent metric to describe the severity of
thermal shorts that exist in a wall system option for a particular
building. The lower the percentage difference between the
whole wall and clear wall R-values, the less thermal shorting.
Thermal shorts result in additional unwanted heat loss in the
winter and heat gain in the summer. They also contribute to
nonuniform interior surface temperatures, which can lead to
“ghosting” and interior moisture condensation, which, if
severe, propagates mold, mildew, and poor indoor air guality.
For illustrative purposes in this paper, a standard house is used
to select the quantity of each interface detail and to present a
set of comparable results. The reference house, shown in
Figure 2, has four wall-to-wall corners, seven windows, and
two doors. The one-story wall has a 164 ft (50 m) perimeter.

Before presenting the whole wall R-values for the 17 wall
systems applied to the simple 1540 ft* (143 m?) ranch style
home, a few definitions of terms wsed in this paper are
provided. The clear wall R-value, measured in the hot box and
predicted by the computer model, represents the area of the
wall containing insulation and only the necessary structural
mermbers away from all interface details, The interface details
are the wall connections to other envelope components {wall-
corner, wall-floor, wall-ceiling, window surround, and door

TotalFloor Area :
143n7.{1540 %)
Total Glazing
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Figure 2 Floor plan and elevation of ranch house.
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o X 6 wallis reaily only 41%

surraund), The whole wall R-value reflects the weighted ther-
mal performance of the total clear wall area and the actual
number of envelope interface details for any given user-input
building plan and wall elevations. The total time to input the .
building description into the Whole Wall Thermal: Perfor--
mance Calculator on the Internet is less than 10 minutes’ per -
wall system. The major output of interest is the whole wall R- :
value comparison to the clear wall R- value

Figure 4 Perfectly installed batts.
RESULTS A hot box test for a 2 X 6 wood-frame 24 in. (0.61 m)
o.c. wall, with R-19 hft>°F/Btu at 75°F (3.3 m>K/W)
fiberglass batt insulation very carefully installed in the
cavity with typical electrical wiring, was conducted in
. September 1998. The insulation was installed in the cavity,
. as shown in Figure 4, before installing the interior or exte-
" rior sheathing to allow visual inspection of the “perfect”
+*. batt fit from both sides. The test wall was constructed with

an electrical switch box at mid-height and an electrical

duplex box 14 in, (36 cm) from the bottom of the 8 ft x 8 {t
{24 m x 2.4 m) test wall. An electric wire was connected
between these two boxes and strung at midpoint of the 5.5
in. (14 cmy) thick cavity. The batt was cut to accommodate
the wire and no insulation was compressed, The hot box
measured surface-to-surface R-value for a 2 x 6 wall cavity
with perfectly installed insulation, exterior OSB (orientated
strand board) sheathing, and interior gypsum drywall board
was 15.4 h-f2°F/Btu at 75°F(2.7 m*K/W). The fiberglass
batt with 5.5 in. (14 cm) thickness was tested according to
ASTM C-518 and found to have a resistivity of 3.16
hf2°F/Btu-in. at 75°F (22 m-K/W). The R-value calcu-
- lated for the appropriate ciear wall without the presence of
- "the electrical boxes and wire and an assumed resistivity of

3.45 h-ft2-°F/Btu-in. at 75°F(24 m-K/W), as shown in Figure
3, was 16.5 hft>°F/Btu at 75°F (2.9 m*K/W) (Christian
and Kosny 1996). The test wall was constructed with no
_infentional holes into the cavity from either side other than
‘through the electrical boxes. Secondly, zero pressure differ-
ence was fixed across the wall for the entire test. The one
: her 2 x 6 wood-frame wall that was tested earlier for
‘comparisotn to structural insulated panels (panels composed
‘rigid insulating core between skins of sheathing, typi-
-_caH' made of oriented strand board) was tound to have an
“Ravalue 'of 14.8 h-f2°F/Btu at 75°F(2.6 m2-K/W). This

Wood Frame

is stick built and, with carefal deSI 0
efficient walls can. be bmi” '

Cssa hlgher i :
appropnate whole wali R-vaiue e

tunately, many time‘; the sglect i

' 's&vmgs determmatlon <:hould use an- mcrease_
only 4 not 8 ft2 °Fthu at 75°F (o 7 not 1.5-_“

Standard 2 x 4 in wall 16 in. o.c] |2* & Wood "‘""'_ gkealos il

12 20 earlier panel did not have any electrical wiring and had
3 10 s fiberglags batt insulation with a similar resistivity of 3.16
g 8 T h-f%-°F/Btu-in. at 75°F (22 m-K/W). A second test was run :
£ s E 10 with perfectly installed insulation with a lower climate-side -~ -~
% 4 -§ 5 temperature of 20°F for this paper, resulting in a mean insu-"
€ 2Y e | lation temperature of 60°F (16°C). This resulted in an iden-..

0 0

tical R-value of 15.4 h-f>-°F/Btu at 75°F (2.7 m K/W at

B Clear wall 24°C,
E5 Whole wall Whole wall

It is assumgid that the same 17% reduction £ whol
from clear wall R-value for 2 x &¢
above in the calculations for; F __ur

Figure 3 Wood frame has diminishing returns as higher
R-values are pursued.
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Figure 5 Compressed batt due to elecmcal w:rmg

 wall with 3.16 h-f>“F/Btu in batts. Then the whole wall R-
value for the as-tested 2 x 6 assembly is: 12.8 h-ft?-°F/Btu at
75°F (2.25 m>K/W) at 24°C. This is a surface-to-surface R-
value and accounts for gypsum: interior: finish. but does not
account for the final exterior finish, such as: fé(ée Bffek or
wood siding, nor the air film resmtances ‘on the mterlor and
exterior surfaces. : :

Batt Insulation Installed with Rounded Sheulders and
Excessive Compression Due to Cavity Electrlcal Wiring.
The batts from the test described above were’ removecl -and
installed in a very typical fashion. The procedure was to, just
push the batts in from the inside without cutting them to fit
around the electrical wires and outlet boxes; as shownin Figure

“'occur within the wall. The resulting hot box measured R: valie

a mean temperature of 75°F (24°C)—50°F(10°C) on’the
- putside and 100°F (38°C) on the inside. The naturai convection
- is more likely to occur under conditions of greater temperature
~difference across the wall, However, the resulting hot box tests
'did not measure any noticeable reduction in R-value when the
“batts were installed with likely linear air pockets in each cavity
‘on' the exterior side of the batts. The measured R-value at a
 temperature difference of 80°F (27°C)—20°F (7°C) on the
tside and 100°F (38°C) on the inside—was 14.4 h-f%-°F/Btu
2.5 m*K/W). The expected increase in fiberglass resistivity
Wer temperatores is enough to account for the increase in
lue. There is no suggestion of increasing natural convec-
ion, 1 'admg to lower R-value.

The same 17% reduction of whole wall R-value from clear
I1 R-valie for 2 x 6 wood-frame walis reported above for the
'afcuia ons Shown in Figure 3 results in a whole wall R-Value

" 5.The friction between the batts and the vel‘tical"stu'd's' the hori-+
* zontal bottom plate and the horizontal top piate resuits in
linear air pockets with no insulation around the’ éntire penm—j_
eter of each cavity space. These air pockets, shown in Flgure'_-_
" 5 and Figure 6, are speculated to enable natural convection (o

of this test wall was 14.1 h-f2-°F/Btu at 75°F (2.5 m? K/W) at

AIr P_ockets

Figure 6 Batt with rounded shoulders.

and the insulation was carefully placed to accommodate the
wiring without batt compression, as shown in Figure 5. This is
frequently the way insulation crews install fiberglass batts.
The hot box test result showed very little impact of the remain-
ing rounded shoulders, shown in Figure 6. The resulting R-
value at 80°F (27°C) temperature difference across the wall,
20°F (=7°C) on the outside and 100°F (38°C) on the inside,
was 14.7 h-f2-°F/Btu (2.6 m*K/W). This can be compared to
the “perfect case” at these same testconditions of 15.4 h-ft2-°F/
Btu (2.7 m>K/W).

The same 17% reduction of whole wall from clear wall R-
value for the 2 x 6 wood frame wall shown in Figure 3, along
with an adjustment for the mean insulation temperature from
60°F (16°C) to the nominal 75°F (24°C), is used to estimate
the whole wall R-value for the as-tested assembly. The result
is 12.2 h-ft% °F/Btu at 75°F (2.15 m>K/W) at 24°C. This is 5%
less than the R-12.8 for perfectly installed batt insulation.

Batt Insulation Instalied with Rounded Shoulders and
2% Cavity Voids. This test was the same as described above
in “Bait Insulation Installed with Rounded Shoulders” except
Lin. (2.5 cm)strips of the batts were cut off at the top and bottom
ineach cavity. The impact of this added 2% balt void in a cavity
that already had rounded shoulders was surprisingly small. The
resulting R-value was 14.0 h-{2-°F/Btu at 60°F (2.5 m>K/W),
only 0.7 h-fi2-°F/Btu at 75°F (0.1 m*K/W) at 24°C less than
intheroundedshouldertest(14.7h-ft>-°F/Btuat 60°F{2.4 m> K/
W at 24°C]) under the same test conditions of B0°F (27°C)
temperature difference with 20°F (=7°C) on the outside and -
100°F (38°C) on the inside. S

Using a 17% reduction of whole wall from clear wall R' ity
valuefor2x6woodframeandanadjustment formeaninsufa
temperature from 60°F(16°C) to nominal 75°F (24-
whole wallR-valuefortheas- testedassemblylscaicula _

t wall &es'c_ribed above was again opened Cofac



Figure 7 Rounded shoulders and facer fastened to inside
of stud.

instailation is depicted in Figure 7. The potential natural
convection path would be up the wall on the inside as a result
of the linear air pocket created by fastening the paper facer to
the inside surface of the 2 x 6 studs on each side of the cavity,
over the top of the batt where it was cut 1 in, (2.5¢ m) short,
down the wall in the air space formed by the rounded shoulders
of the batts, and back to the interior base of the wall as a result
of the air space formed at the bottom of the cavity due to the
1 in. (2. Scm) of batt cut off at the bottom. Once again, the
impact was not significant at the 60°F mean temperature
imposed in the tests. The resulting R-value of 13.2 hf*-°F/Btu
(2.2 m%K/W)is only 0.8 h-ft*-°F/Btu (0.14 m*K/W) less than
the rounded shoulder and 2% void test reported above (14.0
h-ft*-°F/Btu [2.5 m*K/W D) under the same test conditions of
809F(27°C) temperature difference with 20°F(-7°C) on the

~-outside and 100°F (38°C) on the inside.
.7 Using a 17% reduction of whole wall from clear wall R-

valte for a2 x 6 wood frame and an adjustment from mean
: iris'i'xlati(:')ﬁ:temp_eraturc of 60°F (16°C) tonominal 75°F (24°C),
the whole wall R-value for the as-tested assembly is calculated.
The result is 110 h-f2.°F/Bta at 75°F (1.9 m2K/W at 24°C),
which is 14% Iess than the perfect case of 128 h-ft>°F/Btu at

~ 75°F If the expectation of the consumer is based on the mate-:
rial label of R-19 h-ft*-"F/Bu at 75°F (3.4 m>K/W), then the -

whole wall R-value based on this “worst case typical installa

1996), we also foun

WOOD STUD WALLS:

oS oSN - piywood 0.5-in.
- cptonal EPS sheathing
0.0, 0.5, or 1.0-in.

-wood studs:
3-1/2"x 1-1.2"

mineraiflber 3.5-In.,
—— or smpty cavity
- gypsum board 0.5-in.

- wood slding 0.5-in.
-opliona! £F3 shesthing
0.0, 0.5, or 1.0-in.

- metal studse: - plywood 0.5-In.

3-ti12"x 1-5/8"

-thickness 0.0478-in. - mineral fihor 3.5-In.,

o am pty cavity
~gypeum BoRrd T5-In.

Figure 8 Wood and steel frame walls.

fion” of batts in a 2 x 6 in. wood-frame wail represents a 42%
reduction. The seemingly insignificant insulation installation
errors and thermal shorts resulting from interface details accu-
mulate to significant impacts.

Steel C-Stud

Cold-Formed Steel-Frame C-Stud. A conventional
metal-frame wall was constructed as shown in the bottom half
of Figure 8: ¥%2in. (1.3 cmn} OSB board, R-11 hft2°F/Buat75°F
(1.9 m> K/W at 24°C) 3 V4 in. (9 cm) fiberglass batts between
3%in. (9 cm) steel studs 24 in, (6lcm) o.c. and Y2 in, (1.3 cm)
gypsum board. The hot box test of it vielded an R-value of 7.3
h-ft*-°F/Btu at 75°F (1.29 m*-K/W at 24°C). The HEATING
7 simulation yielded 7.5 h-ft2°F/Btu at 75°F(1.3 m>K/W at
24°C), which was within 3%. Using the validated model’s clear
wall R-value and the 25% reduction to account for the lower
R-values of the interface details results in 4 whole wall R-value
of only 5.6 h-ft2.°F/Btu at 75°F (1.0 m2K/W at 24°C). In the
study from which Figute 3 was obtained (Christian and Kosny
e also fourd a 25% reduction (6 account for the lower
R-values of the: interface details in a steel-framed house like

ea w al

| ‘Whole

wal

Stes! hat channe!

Figure 9 Metal or wood horizontal spacers.
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of mstallmg the hat

the net effect is not very

Top plate and wall
opening headers

track

'm) C -shaped studs made of 18

__41cm) o.c. The 1 in. (1 3 cm)

Watll without insulating sheathing.

Bottom

Rootiwall
. intersection

R-11 Fiberglass Batt

36% above conventional metal frame with no exterior foam
sheathing.

Alternative Steel Frame Technology
Wood and Steel

Horizontal Wood Furring. A wall similar to that in
Figure 8 (lower) except using wood furring strips (right bar of
Figure 9) instead of metal hat channels was hot box tested. The
simulated clear wall R-value is R-11.3 h-f*/Btu-in. (2.0 m* K/
W). The whole wall R-value for this wall is 8.2 h- ft>-°F/Btu
(1.45 m>K/W), 46% better than the conventional metal base
case of 5.6 h-f2-°F/Btu (1.0 /W). Compared to using metal hat
channels, installing wood spacers adds less than 1R h-fi-°F/
Bt (0.18 m>K/W) at 24°C (Kosny et al. 1998c).

Revalua [hWZF/Btu}
18 Clear Wall _
A% TS

~ Whole
Wail
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metil _wgﬂls _
. at75°F(13 l'fl2

and gypsum
85 hft?°F/Btu
odeling showed 'that the: whole wall R-
ver than the clear wall, which converts to

available; - However, this system’s thermal
proachies that of 2 x 4 wood frame.

“ with SPUF

N --rh'i'ner'a_'! fiber 3.5n.

- gypsﬁm board 0.5-in.
insulating foam 0.5-in.

- metal studs: 3-1/2 in.x 1-5/8 in., thickness 0.0478-in.
o Figure 14 Wall with and without sprayed foam.




Spray Foam Cavity Seal and Flange Cover. Figure 13
shows that this wall starts with a conventional steel frame.
© Polyurethane insulation is then sprayed into the cavity from
- the open interior side over the metal flange, at thickness
;- shown in Figure 14. Once the spray foam is in the cavity,

conventional fiberglass batts and drywall ar¢ installed from
thie inside of the wall. The hot box tést of the clear wall,
using 3 Y% in. {9 cm) steel studs 24 in. (61cm) o.c., yielded
11.1 hf2-°F/Btu (2.0 m?-K/W). Material test results (ASTM
C'518) showed a resistivity of 7.0' h-ft>°F/Btw-in. (1.2 m> K/
W) using a freshly measured spray-polyurethane specimen
" Y4 in. (1.3 cm) thick and less than one month old: The whole
wall R-value was predicted to be 26% lower than the clear
wall, whlch converts to a whole wall R value of 3, 2 h-fE2-F/
Btu (1.5 m” -KIW). The comparatwe whole—wall Rmvalue for
" a similarly constructed conventional : metai frame wall
© system is about 35% less than the whole wail R—value of the

* This will reduce the risk of “ghosting” 't&érk matkings o

emperatures. Placing the thermal break::

dlrectly to each stud.

Structural Insulated Panel .
with Compressed Straw Core

: The straw structural msu]ated panel (StrawSIP) wall
. system is based on structural insulating panel technology.

R-value [hft2F/Btu]

" spray foam and steel system and is descnbed in more detail__
in Kosny et al. (1998a). The application of the sprayed polyw_

-urethane foam reduced local mtenor temperature depres-"._Z._-wood_frame walls. The results provide DBMS (dynamic

“‘benefit for massive envelope systems) values for the StrawSIP
- wall that reflect the thermal mass benefits inherent in this wall

“the wall at locations with embedded thermal: Shorts) “The:
ghosting is caused by nonuniform 1ntemal _waIl surface"

. flange allows exterior wood sheathing: to " be mstaliedj‘-_ :

Double-core compressed straw panels (96 in. x 96in. x 7 7/8
in. [2.4 m x 2.4 m x 0.2 m]) consist of two 3.5 in. (9 cm) thick
core panels made of compressed straw (density approimately
14 1b/ft3 [224 kg/m3 1) and two layers of OSB. StrawSIP panels
are joined using solid wood profiles.

The hot box test yielded 16.5 h-fi-°F/Btu (2.9 m* K/W).
The HEATING 7 simulated clear wall R-value was 16.7 h-ft%/
Btu-in. (2.9 m*K/W). The whole wall R-value was 15.7 h-ft*/
Btuin. (2.7 m>K/W), which is only 6.0% less than the clear
wall (Kosny et al. 1998b).

A dynamic hot box test and finite difference computer
modeling were utilized to examine the dynamic thermal
performance of the StrawSIP wall system (Kosny et al.
1998b). The whole building computer model DOE-2.1E (LBL
1993) simulated a representative single-family residence in
six .S, climates. The thermal performances of ranch-style
residential houses containing StrawSIP and wood-frame walls
were analyzed. The building toad data generated for StrawSIP

. -walls were compared with the data obtained for lightweight

system The product: “‘[steady-staie R-value (for StrawSIP
W_aH)] * DBMS x (100 - difference between clear and whole
wall R-value)%/100” expresses the whole wall R-value that

Swould be needed in conventional wood-frame construction to

: 'produce the same loads as the StrawSIP wall system in each of
directly to the exterior flange and enables easxer mstaliauon--- :

'~ the six climates. This product not only accounts for the steady-
" of siding without having to meehamcally fasten the 31d1ng_' :

- 'state R-value but also the inherent thermal mass benefit and
"inherit thermal shorts in both the massive and wood-frame

walls, There is'no physical property associated with the prod-

‘uet “R-value x DBMS.” DBMS is a function of climate, build-

irig type, and base envelope system (i.e., conventional 2x4
wood-frame technology). The dynamic responses of these
walls are compared to steady-state clear and whole wall R-
values in Figure 15.

25
20 |
15

Hot Box Ciear wall

. Whoie + Mass Mlnn




Figure 16 The first straw bale Wall_ as:Rand stuccoe

Because compressed straw msuiatm coreshaveade

stakes The stzikes were pou
(61 cm) centers '

The first tést:(_)f a:

straw alone (Christian et al, 1998) The: data analy51s an
_computational fluid dynamic computer model gc
that internal natural convection was a very likely cause for this
discrepancy. However, only 5% to 17% of the convec_

occurred within the straw itself. Most of the cotivection
occurred in the discontinuous gaps between the drywall and'

the straw bales and the stucco and the straw bales.

In those buildings where drywall or sheet paneling is
used, efforts should be made to fill the void between the bales
and the back of the sheathing with a material of permeability
similar to that of straw bales. This straw bale test wall was

_Thérmat Envelopes VI Wails—Practices

Figure 17 Stucco mechanically applied to the second
straw bale wall.
hand stuccoed on the exterior, and drywall was applied on the
interior surface. The exterior surface with the first stucco coat
half done is shown in Figure 16. The wall was built with the
help of a team of high school science teachers during a teacher
leadership project.

Shot Stucceed with Pumper and Concrete Trucks. A
second straw bale wall was built and tested in the spring of
1998, Wall surface treatment was changed for this wall. Figure
17 shows how both sides were mechanically stuccoed with
concrete and pumper trucks. The option of applying the stucco
with a pumper truck enables air pressure to apply the cemen-
titious material against the wall with good penetration into the

“ straw, virtually eliminating air gaps. Mechanical stucco appli-

cation requires on-site cement and pumper trucks and opera-

tors

This wall was constructed at a national building energy

:-'research laboratory equipped with a guarded hot box, Live
“digital photographs of the test wall construction and live hot

box data were available on the Internet while this experiment

‘was ongoing. The straw was under 14% moisture content at

1e of construction but picked up moisture after stucco appli-
atlon The waIl was gaven time to dry out in the laboratory

ead'Y—StQté R—Vé]ue hot box
traw. bale’ wall with mechanlcally
5 was 26 hft°F/Btu-in. at 75°F (4.6 m2K/W).
evidence of natural convection in this wall,

. thch was constructed under the supervision of David Esin-

berg, dtrcctor of the Center for Appropriate Technology in
Tucson, Arizona, and Tav Cummins, California Energy
Commission. The State of California used this test result to
base line straw bale construction in California for compliance
with Title 24.
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Autoclaved Concrete Block

An autoclaved lightweight concrete solid block wall
system was tested and analyzed (Kosny et al. 1997a). The
blocks were 7 % in. wide, 24 V2 in. long, and 9 3% in. high
(20 cm % 62 cm x 25 cm) and had an average density of 31
1b/ft (496 kg/m®). The blocks were joined usifig thin insu-
lating mortar, 3/8 in, (1em). The surfaces were 'co'veréd' with
latex stucco on the exterior and plaster on the mtenor ‘The
clear Wall hot box test result was 9.4 W% *F/Buid m “at: 75°F
(1.7 m? -K/W)., The whole wall R-value-'.ls'_ 86 hACCR
Bruin. at 75°F (1.5 m*K/W), only 8% less:than the clear
wall value. For a convennonal --4 wood_frame ‘wall

the. thennal
product

value)%/1007 expresses the R-vatue that would be needed in
conventional wood-frame construction to produce the same
loads as the ACC block wall system in each of the six climates.
The resulting product not only accounts for the steady-state R-
value but also the inherent thermal mass benefit and the ther-
mal shorts in both the autoclave and wood frame walls, As
stated earlier, there is no physical property associated with the
product “R-value x DBMS.” DBMS is a function of climate,
building type, and base envelope system (i.e., conventional 2
x 4 wood-frame technology).

Because of the solid concrete walls, the total space heat-
ing and cooling loads of houses built with the ACC block wall
are reduced when compared to a light frame wall with equiv-
alent steady-state R-value, As shown in Figure 18, even for
very severe climatic conditions (e.g., Minneapolis), ACC
block walls perform as well as R-12.1 wood-frame whole wall
(the whole wall equivalent value accounts for the 8% differ-
ence between the clear and whole wall). In Washington, D.C.,
ACC block wall performs as well as R-13.4 wood-frame
whole wall. The ACC block wall thermal performance rate
was best in Phoenix, where the comparative wood-frame
whole wall R-value should be R-16.8 (Christian and Kosny
1996).

Insulated Concrete Forms

A wall was built with insulated concrete form (ICE)
blocks 9% in. (0.23 m) thick for testing in a guarded hot-box
under steady-state conditions. The exterior surface of the
wall was finished with a ¥2 in. (1.3 cm) thick layer of stucco
and on the interior surface, %2 in. (1.3 cm) thick gypsum
boards, Reinforced high-density concrete was poured into
the expanded polystyrene and sheet-metal wall forms.

The steady-state hot box measured R-value was 11.6 h-
fi2.°F/Btu (2.04 K-m*/W) (Kosny et al. 1998d). The simu-
lated clear-wall R-value was 12.0 h-ft2-°F/Btu (2.11m> K/W),
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3% higher than the R-value obtained during the test. This is
within the range of error of the simulation method.

The whole wall R-value is 11.1 hft%°F/Btu (1.96 m*K/
W). The whole wall R-value is only 9.5% lower than the
clear wall R-value. For many masonry and concrete wall
systems, whole wall R-values are 10% to 25% lower than
clear-wall R-values (Kosny et al. 1998d).

Dynamic hot box testing and finite difference computer
modeling were used to create a “thermally equivalent wall”
like the three-dimensional ICF form wall system. The equiv-

‘alent, ICF wall was used to predict the dynamic thermal
performance of the ICF wall system. DOE-2.1E was used to

- similate a representative single-family residence in six U.S.
- climates with both ICF and wood-frame walls, The equiva-

- lent wali generated for the ICF wall system was used in the
R 'DOE 2:1E computer modeling. The building load data gener-
i ated for ICF walls were compared to those obtained for light-

R welght wood frame walls. The results provide a metric with

o _:umts of R- Value for the ICF wall that reflect the thermal mass
ol beneﬁts mherent m thlS _wall system (Kosny 19984d), Due to

Seven ICF houses were blower door tested and found to
be 20% more airtight than conventional wood-frame
construction (Kosny et al. 1998d). These benefits are reflected
in the effective R-value analysis in addition to the thermal
mass benefits by assuming a 20% reduction in infiltration in
the whole building simulation, as shown in Figure 20, The
“dynamic plus airtightness effective R-values™ fall in the
range of 26 to 44 h-{t>-°F/Btu (4.8 to 7.8 m>-K/W) for the six
climates examined.

Another way of looking at these equivalent R-values for
an ICF house with 20% lower infiltration than an equivalent
frame house is as follows. To attain the same total space heat-
ing and cooling load with frame construction and 20% more
infiltration than a 6 in (153 mm) core ICF house with a clear-
wall steady-state R-value of 11.5 h-ft?-°F/Btu (2.0 m>K/W)
would require exterior wood-framed wall R-values of 26 in. to
44 in. h-ft>-°F/Btu (4.8 to 7.8 m* K/W). For example, a2 in, X
61in. (5.0 cm x 15.3 cm) wood-frame house in Atlanta will
perform with a whole-wall R-value of 11 to 12.8 h-ft®°F/Biu
(1.9 to 2.3 m> K/W). A 6 in. (15.3 cm) ICF wall system will
have a “dynamic plus airtightness effective R-value” of
around 27.5 h-ft>-°F/Btu (5.3 m?K/W). This comparison
accounts for thermal shorts in both the wood frame and ICF
walls.

THERMAL WALL CALCULATOR

The above whole wall results are presented for one

‘particular building type. The same database is available on

.. the: ‘Internet. to. allowcomparisons: of the clear. wall and

Whole wal ; vaIues for ‘the wall systems descnbed in this
per_ ~and. fnrthennore for '-any user mputed rcsmentlal

7 Clear Wall Hot Bois] Whole Mass minn.

Whole 2 X 6 Perfec

Clear Wall SimulaZ} Whole, Mass,Phoen : Whole 2 X 6 Worst

'] Whole Walil

Figure 19 Comparison of R-values for ICF wall and 2 in. % 6 in. wood-frame wall with thermal mass benefits for ICF wall.

Thermal Envelopes VIV/Walls—Practices

297




120

110 X
100 [ Effective R-values

9 [ %,,%n itiy:  with Mass and Increased
5 ¥T57 . Air-Tightness Beneflli

Total Energy [ MBtu ]

g ]

Wall R-value [ hft*F/Btu ]

= Atlanta -= Minneapolis
o- Denver - Phoenix

== Miami =+ Washington

Figure 20 Totil( heating and cooling) energy required for ranch house built of lightweight wood-frame wails and ICF walls
. with thermal mass and attributing all the airtightness benefits to the walls.

The steps are:

1. Connect to the home page <http l/www oml gov/
roofs+walls/>.

2. Select from the list of Interactive'Ca]Cﬁlﬁtors the tool
“Whole-Wall Thermal Performance CaIculator

Select a wall type; for exampie steel frame.

4. (Optionaly View and download a copy of the interface
details used for each wall system. These drawings are avail-
able both as line format and rendered to fill in objects on the

drawings.

5. Continue to select either a Standard House or Custom
House.

woie 6, If aCustom House is chosen, five simple questions must be

*+ - answered to characterize the house sufficiently to weight
-’ the thermal performance of interface details properly, rela-
 tive to the "cIe'ar wall performance.

' ':_After one more page, the results will be displayed to show
- the clear and whole wa]l R—value Repeat the above process

quickly corﬂparc dlfferent res
tions. The procedure captures m

shorts, thermal maSS natural convectlon w1thm wa]I cavmes
and potentially inherent au‘tightness of some Walls over oihers
is addressed. SRR Ei -
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A very simple formula is proposed in this paper that
attempts to capture the thermal shorts, thermal mass, and
inherent airtightness of walls in order to derive a metric that
homeowners can use for comparison of conventional wood-
frame walls to other wall types (it involves the concept of
using an equivalent R-value to compare performance with the
system of inferest of a conventional system in a particular
climate),

A series of hot box measurements are made of 2 x 6,
24 o.c. wood-frame walls with batt cavity installation
flaws. This wall, typically described as R-19 h-ft*>-°F/Btu
(3.3 rnz-K/W), was found to perform as low as R-11
h-ft2°F/Btu (1.9 m>K/W). However, the degree of natural
convection appeared quite small despite very large temper-
ature differences held across the test walls during tests,
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