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ABSTRACT
This paper describes an attempt to calibrate the isothermal Planes method for R-value predicting, using previously
published results. A set of 84 cases have been collected for
which measured R-values have been published in major publications, together with suficient detail to allow calculation.
This collection includes wood-framed, wood-plank, metalframed, and masonry structures.
Comparison of R-values for this set shows good agreement between measured values and those calculated by the
lsothennal Plunes method (I), provided that a slightly tighter
set of definitions than normal is followed These include
allowance for the smaU contact resistances between frame
and facing (this is significant only with metalframes), as well
as better rules about how layers should be defined The
R-valueforecasts over the whole set were within i0.1 @C/W
of measured values for 81% of the cases, and percentage differences were larger at smaller R-values. The average was
within 2% of the measured values, indicating that there was
little or no consistent bias. The standard deviations were 10%
to 17%for all three material groups.
Forecasts of appropriate qualityfor engineering purposes
appear to be obtainable with the minor impmvements s@gested here to the Isothermal Plunes method but the Parallel
Flow method is not adequate and cannot be made so. Assurance of correct procedures in practice remains a problem:
Continued measurements must still be used as ajinal arbitel:
INTRODUCTION
For many years there has been debate over simplified
methods for R-value prediction. Several authors have argued
in favor of the Isothermal Planes method, notably Valore
(1980). in respect of m a s h construction. This was subsequently endorsed by van Geem (1986), who demonstrated
how masonry performance could be well explained by this
method. mthowen (1986) presented data showing that where
Isothermal Planes and Parallel Flow methods gave significantly different answers, the Parallel Flow method gave
poorer fit and, at times produced over-optimistic forecasts.
Where the Isothermal Planes method was in error, the error
was much smaller, and not consistently either over- or underestimated. This was taken further in 1988 m o w e n 1988),

when it was pointed out that allowance for the small contact
resistances between metal frames and their facings produced
greatly improved fit in the Isothermal Planes method, to similar quality as wood framed and masonry walls. However, such
inclusions have virtually zero effect in the Parallel Flow
method (X-ethowen 1986). Further, it has since been demonstrated (Carson et al. 1993) that not only does allowance for
contact resistance give better fit in calculation, but that contact
resistance is a real physical effect.
In investigating these methods, most authors seem to have
concentrated on semitheoretical arguments, often concluding
that, because the Isothermal Planes and the Parallel Flow methods represent the opposite extreme representations of the heat
flow path distribution possibilities, the best answer must lie
for CIBS (CIBS
between the two. This appears to be the -on
1970) recommending the averaging of the two values. While
there must be a validity that the truth must lie between the two
methods, in this paper it will again be argued that the Isothermal Planes method is the more realisti6 in real cases.
The details of the Isothermal Planes method used in this
paper are similar to those given in existing handbooks
(ASHRAE 1994, CIBSE 1970), but they attempt to more specifically define how the decisions should be made, and include
specific methods for metal framed structures. The develop
ment of these particular methods arose slowly over25 years of
simultaneous calculation and testing using gua&d hotbox
equipment in our laboratory. During this time, minor 'Y~es"
to both Isothermal Planes and Parallel Flow methods have
been tried, and those which seemed to give consistent
improvement to the forecasting quality have been retained.
The outcome of this evolutionary process has lead to the selection of the Isothermal Planes method, which has been distilled
into 11 rules, which are now suggested for more general applicatio, perhaps with further development.
'Ihe rules are in three major groups,,and are defined here
in "Rules."

THE DATA SET
A survey of literature on this subject revealed 84 cases
for which measured R-values. have been published, together
with sufficient detail to allow proper calculation. These data
are presented in Table 1. They include 15 cases of wood-frame
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TABLE 1
Table of Published Measured and Calculated R-Values

-

Source
Ref.

Table
entry

Calc.

Meas

Ideal
Value

Mead
Calc.

Meas1
Ideal

Type

7

5.x.2

2.9

2.4

3.2

0.83

0.75

3
4
5

wframe
wframe
wframe
wframe
wframe

6
7
8
8(a)
9
10

wframe
wframe
wframe
wframe
wframe
wframe

II
12
13
14

wframe
wframe
wframe
wframe

15
16
17

plank
plank
plank

18
19
20

wroof
wroof
wroof

21
22
23
24
25

block
block
block
block
block

26
27
28
29
30

block
block
block
block
block

31
32
33
34
35

block
block
block
block
block

36
37
38
39
-

block
block
block
block

Case
No.

I

2
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TABLE 1 (continued)
Table of Published Measured and Calculated R-Values
Calc.

Meas

0.44

52
53
54
55
56

0.43
0.43
0.43
0.43
0.5
0.39
0.37
e = empty
0.33
0.49
1.27
0.93
0.8
f= filled
0.74
0.7
0.63
1.18
0.6 1

Ideal
Value
2.53
2.53
2.07
3.1
2.53
2.53
2.53
core
2.53
2.53
4.57
2.53
2.53
core
2.53
2.07
3.1
2.53
2.53

57
58
59

0.55
0.5
0.8

2.53
2.53
2.53

block
block
block

60
61
62
63
64

0.9
1.4
1.17
1.2
1.85

1.61
1.61
2.22
2.17
2.34

metal
metal
metal
metal
metal

.I.I
1.3
1.5
1.8
1.7

1.61
2.56
2.85
2.66
2.16

metal
metal
metal
metal
metal

70
71
72
73
74

1.66
1.76
1.7
1.49
0.34

2.16
2.16
2.16
1.94
0.37

metal
metal
metal
metal
metal

75
76
77
78
79

1.46
1.01
1.32
1.34
1.32

1.94
1.94
2.16
2.16
2.16

metal
metal
metal
metal
metal

80
81
82
83

0.46
1.16
1.34

0.55
1.64
2.84
3.61

metal
metal
metal
metal

Case
No.
40
41
42
43
44
45
46

Source
Ref.
13

47

48
49
50
51

65
66
67
68
69

Table
entry
5.3e.3
5.3e.4
5.3e.5
5.3e.6
5.3e.7
5.3e.8
5.3e.9

.

Mead
Calc.
0.98

Mead
Ideal
0.17

type
block
block
block
block
block
block
block
block
block
block
block
block
block
block
block
block
block

0.56

Note: The "Source ref' identifies the paper in References above. from which the case was taken. The 'Table enuy" gives the Table No. in that paper, and the item
within it. where the full case description can be found.
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wall constructions, 3 wood-plank walls, 3 wood-framed roofs,
39 masonry walls. and 24 metal-framed walls.
For 45 of these 84 cases, viz. all wood and metal framed
\
member
cases, new calculations of R-values were made in accordance
3
with the set of 11 rules given here. The other 39 cases (l'retho4
wen 1986, van Geem 1986) were all masonry walls, and the
R-value calculation of those cases in the original papeis are
Figure I Illustrating layers.
deemed to have fully followed these rules, and so were not
reflected in the measurement), and beveled planks or boards
recalculated.
which have been previously calculated or measured.
Table 1 summarizes these 84 structures, with the source
T h e d y Bridged Layer A "bridged" layer is any layer
from which they were collected, including the location in
which is not effectivelyhomogenous (e.g., layer 2 in Figure 1 or
those sources, and gives values of the thermal performance.
other edge gaps, purlins, funing strips, shwtural elements, disThese values include the measured R-values, the calculated
continuities).
R-value using the rules above, and the "ideal" R-value achievL h i t of Bridged Layer The bridged layer is defined to
able in the absence of any thermal bridging. Table 1 does not
end at the nearest face of the next (homogenous) layer (e.g.,
include a full description of the structures. Because of the
bottom face of layer 1 and upper face of layer 3 in Figure l),
amount of detail required, it is not practicable to do so in this
unless that next layer is insulating, when the insulating layer
paper, which aims mainly to test the quality of. calculations
should be included (Whetr:there is any doubt as to whether the layer
made by the method. To verify the results in this paper, refer'ng:iaisntsuli-'
both alternatives should be considered.) If the next
en& to the original papers will be necessary.
layer is an air cavity, the bridged layer ends cutsidethatair cavity.
RULES
Adjacent Zones W o bridged layers are never immediately adjacent--there must be a separating layer, even if it is
The following set of 11 rules, in three groups, are from
of;ly a membrane. (If this happens in an attempted classificaour standard laboratory practice, and define the way in which
tion,
then the adjacent bridged zones should be regrouped into
the calculations of Table 1 have been made. They have close
a single zone, e.g.. A frame with studs and nogging of same
similarity to those implied in the 1993 ASHRAE handbooksection, with an insulation edge gap, has three zones within
Fundament& (ASHRAE 1993). Some of these rules are well
the bridged layer.) Insulation only, stud or nog only (nogs are
established, but there are clear variations in practice in how
transverse frame members between studs), edge gap only A
the ASHRAE rules are interpreted, and so all rules have been
frame yith studs and furring ships, insulated between studs,
included for completeness. For the most part, references are
with a membrane between studs and funing ships, has two
not given in the definitions below; rules 1 through 4 are interbridged layers, each with two zones:
pretations which are needed to reach a decision about what the
thermal structure is; rules 5 and 7 simply ask for heat transfer
Layer 1
data to be selected for the actual conditions; rule 6 comes from
-insulation only
'Rethowen 1988; rules 8 and 9 are standard interpretations of
-stud only
the formulae; rule 10 is from Trethowen 1988; and rule 11 is
Layer 2--cavity only
based on data from Trethowen 1988. An example of a com-furring only
plete calculation is given in Figure 5.
The basic concept is that any structure is made of one or
THERMAL RESISTANCES
more layers, which lie parallel to the outer faces of the strucThermal Properties The thermal properties for each
ture. These layers may be homogenous as below in Rule 1, or
layer must be assessed for the conditions in the particular conthey may have discontinuities, called "thermal bridges". The
struction, e.g., rated at a suitable mean temperature and moisdifferent face areas which these discontinuities project on to
ture content.
are called zones. In common with trends in recent years, air
spaces within a structure are called cavities if they lie in the
If the material of a layer is compressed, both conductivity
as
layers,
and
edge
gaps
if
they
form
plane of the structure
. .
and thickness change. The resultant layer R-value needs
thermal bridges.
to be ineasured or assessed to reflect the actual performance delivered in the condition as installed.
DEFINING THE LAYERS
If a layer of material is compressed locally over nogs, purlins, or other members, the R-value will be reduced, and
Ho'mogenous Layer "Homogenous" means that the
there will be comer gaps. Ideally, the comer gaps form a
thermal conductivity or conductance of the layer can be meanfurther zone in the bridging calculation, and should be
ingfully expressed in a single value, and that such data are
treated
that way.
available. The term includes: fibrous or foamed insulating
materials, masonry units which have been previously meareflective surfaces on the "warm" side of a cavity should
sured (these might be internally bridged, but that is taken to be
be rated according to the 1993 ASHRAE /m&mk-F~ASHRAE Transactions: SyW'Jsia

damentals. For reflective surfaces on the "cold" side, trace
condensation may switch the cavity R-value between the
reflective value and that for a nonreflective cavity (Bassett
1984).
Contact Resistance Where two layers meet, there is usually a very small "contact resistance." Except for facings in
contact with metal frames, this contact resistance is always too
small to be of interest in building construction. Where no better data are available, the contact resistance for normal metal
framed walls is taken as 0.03 m2."UW (0.17 fl?-h-"~/Btu),as
suggested in Trethowen 1988. For poorer quality of physical
fit, higher values will be appropriate.
Surface Resistances The two outer surfaces will have
some combined thermal resistance which, in reality, varies
continuously with weather conditions. However, the values
are small and are given standard values for rating purposes. In
New Zealarid the standard value is 0.12 m2.~UW(0.68
f?.h-"~/Btu),because the climate is rather windy: ASHRAE
uses a value of 0.15 m2."UW (0.85 ft2-heO~/Btu).
CALCULATION PROCEDURE
Thermal Zones Calculation of the area-weighted mean
R-value of a thermally bridged layer requires the projected
areas (1, 2, 3, 4 ...) of all the different zones, and the corresponding partial R-values (R1, R2, R3 ...), to be estimated.
These areas are then expressed as a fraction of the are& of the
basic frame module.
A,=

(A, +A2+A3+ ...)

(1)

then, for each region, the fraction of total area is given by:
whilst the resistances are R1, R2, R3 ... and the combined
resistance of the thermally bridged layer Rb is
9

Metal Frames The whole metal frame (especially the
flanges), would be expected to approach an isothermal state. It
can thus be replaced by a notional "enclosing equivalent solid
rectangle" of modified conductivity as in Figure 2. The shapes
(a) or (b) and other variations are transformed to shape (c) by
modifying the properties in the manner of Equation 5.
The series resistance of unit area of metal of conductivity
krn is d/lun. ?he "equivalent res&ance" of the equivalent shape
is (wit) x (W)The "effective resistance" of the whole metal
frame is:
Re = (w/t x (d/km)

+ Rcl + Rc,

(5)

Convective Bridging This item is intended to include
only those situations where convective air flow can circulate
around an insulating layer, viz. there are edge gaps, and cavities
on both sides of the insulant. (The case of convection within the
insulation is not covered here, see, e.g., Wilkes et al. 1991).
This condition is assumed to occur with all insulants
(even in moderate winters over PC), whenever there is an air
cavity on both faces of the insulant, and
TABLE 2
Edge Tolerance for Convective Bridging (ex 11)

Ceilings

Any edge gaps exceed 4 m m (0.16 in.) in width

Walls

Any edge gaps exceed zero

l b o (rough) alternate rules for this case (with same effect
when d 3mm (0.12 in.)) are:
(a) to multiply the actual insulant layer R-value by 0.5,
(b) to use Equation 6, which is a simple fit to the data in
nethowen 1991:

-

where

(

I

R, = effective resistance
Multiple Bridged Zones If there is more than one (sepad = width of edge gap in mm (less the tolerance above)
rated) bridged layer, then the equivalent R-values Rbridgel
Rvo = original resistance of insulant
Rbridgd ...for each is first evaluated independently as in ~ u l i
8, and then the remaining R's of all other homogenous layers
RESULTS
and surfaces are added.
Table 1 identifies the cases and shows the principal results of this comparison, over a range of 0.3 c R c 3.0 m2 O U W
(1.7 c R c 17 ft2.h."~/Btu).Figure 3 illustrates the results in
Table 1 by directly comparing the calculhed values obtained
using the procedure above to the published R-values. Figure 4
shows the same data redrawn to present the "errof', i.e., difference between measured and calculated values, case by case,
against the measured value. Table 8 shows the distribution of
errors.
In Table 1, the case numbers are arbitrary reference numbers. The "source" references are from the list of References,
with the 'Table" references being the internal references in
(a)
(b)
(4
those papers. The "calculated" R-values have been assessed
Figure 2 lronformation to a standard shape.
by the Rules given above, and the "measured" values are from
ASHRAE Transactions: Symposia

.wood
Masonry
a Metal

o

Figure 3 Memured vs. calculated R-values m 2. "C/H!

e

0

e

a
0

Wood

o Masonry
A

Metal

Measured R, rnLOCiW

Figure 4 Difference between calculated and
memured R-values.

the original papers. The "ideal" values are calculated in a
totally naive way, with no allowances for thermal bridging.
The surface coefficients for the calculated and meas& values are the same within each case.
The fit f& the dierent material types is of similar quality,
although masonry structures in this set happen to have had
lower insulation values. The diecence between measured and
calculated values appears not to be m l a t e d with the value, but
to have an absolute uncertainty range, which seems to be similar
for all the construction p u p s . For the whole data set, the differences in R-values are less than 0.1 m2-"UW (0.57 f&h.'~/Btu)
for 81% of cases, less than 0 2 m2.0UW (057 f&h."F/Btu)
for9096 of cases. and less than 05 m2."CIW(2.8 f&h.'F/Btu)
for 10096 of cases. If expressed as a peacentage of the actual

R-value then, as expected, the percentage error falls as the
R-value increases, and is within 6%for some 45% of these
cases; within *lo% for 75% of cases, and poorer than
in
only 11% of cases. Some of these structures include workmanship defects such as edge gaps, concrete or metal thermal
bridges, or other features including continuous or discontinuous
thermal breaks,furring strips, special folds, or cut-outs in metal
or concrete. In other words, they include a variety of real-world
structures.
The discussion section ieviews specific features of these
calculations, and the extent to which their effect is properly
reflected in the measured and calculated R-values.
DISCUSSION
A feature of the results from previous publications and
summarized here, is that the errors between calculated and
measured results tends to be of difference type rather than of
ratio.
There are seven results in n b l e 1 in which the prediction
error exceeds 0.2 m2-"UW (2.2 &h.~F/Btu), compared to
the measured value. Prediction errors are to be expected in an
pproximate method such as this.Case 1 has the largest error
'(4.5 m2-"UW) (2.8 fcZ.h."F/Btu), and thii may be attributable to uncertainties arising from the small sample size in that
test (only 600 mm x 600 mm) (24 in. x 24 in.). Cases 6 & 7
( e m 4 . 3 m2-'UW, (-1.7 f&h."F/Btu)) are part of a series
in ihich an increasing gap width was inserted into otherwise
constant insulation. In these two cases,the gap widths reached
-50 pun (2 in.) and 80 mm (3 114 in.) respectively, and the
method seems to underestimate R-values in thii condition.
In masonry cases 53 (4.28 m2.'UW) (1.6 f&h. 'F/Btu)
and 55 (0.38 m2."UW) (+2.2 fr2.h°F/Btu) the causes are not
fully clear, but case 53 uses "EF'S inserts" in the blocks, and
this has been found to be a less reliable method of insulating
as there is significant risk that imperfect fitting will permit
convective flow around the insert, lowering the measured
R-value. In case 55 which uses perlite cavity fill, it may be
conjectured that the perlite fill was incomplete, also lowering
the measured R-value. This did not seem to occur in the sister
cases, perhaps by chance.
Cases 81(4.4 m2.'UW) (2.3 f&h."F/Btu) and 82 (4.37
r n 2 . ' o (2.1 f&h.'F/Btu) are not easily explained on the
basii of sample description. In particular, it is difficult to explain
how case 82 should have -a significantly higher measured
R-value than case 81. The Isothermal Planes method, and also
general laboratory experience suggests that, the reverse might
be expected. Strzepek has since defended his result using an
argument for case 81 (and 83). that the metal fixings at 300 mm
(12 in.) through the insulating sheathing undermined the wall
performance. This is conceivable but not yet verified.
A substantial message from these "outlier" cases is that in
practical construction, even in the laboratory, some apparently
minor assembly variations can significantly alter the performance. In the author's laboratory it has been noted that the
same'! wall, reuected from the same members to the same
4'
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97x47 mm timber studs

%IF

97x47 mm timber nogs
I0 mm edge gap

Nl

//lII 11

. .., . .
.. .

1000 mm

Fibreglass Insulation
R = 1.3 m 2 . 0 ~ /65mm
~,
10 mm gypsum
plasterboard

From Rules 1-4, the region between the frame side of the gypsum plaster board and the
building paper, is the region considered to be thermally bridged.
R-Value Calculation, by Isothermal Planes method:
= 0.14
Area ratios:
framing: 0.47*(500+1 000)/(500* 1000)
insulation edge gap: 0.01 *(5OO+lOOO)/(5OO*1000) = 0.03
: 1 - 0.141 0.03
= 0.83
insulation
: 0.09710.13 = 0.75
Thermal resistances framing
insulation edge gap :
=0.17
insulation
:1.3+0.17 =1.47
gypsumboard .:0.0110.24 =0.04
Redwood claddiig : 0.020/0113 = 0.15
partial cavity between
cladding and sheathing:
= 0.14
= 0.12
internal + external surfaces:
Thermal bridged region
Rb = I/[ 0.1410.75 + 0.0310.19 + 0.8311.471 = 1-08

-

Total thermal resistance
Bridged region = 1.08
Gypsum lining = 0.04
= 0.15
Cladding
0.14
d J 2
Surfaces
Total
= 1.53 rn2'0~lW
(NB. By Parallel Flow method,
= 1.68 m 2 ' 0 ~ l W)
R-total =1/[0.141(0.45+0.75 + O.O3l(O.45+O.l7+O.83l(O.45+l.47)]
( Ignoring thermal bridging,
R-total = 1.92 m2'Oc/VV )

Measured Value

= 1.4 r n 2 ' O ~ / W

Figure 5 Exornple calculotiorr by the isothern~alplcmes method.
SHRAE Transactions: Symposia

:ifidon, can give such variations. These influences will
u t as important in high precision calculations by finite
nent modelling. The assignment of an R-value has to be
d e d as typical or average, not as an assured rating.
An important item is the behavior of metal framed struc.s, and the way that these have been treated here. Metals are
.lighly conducting that even thin cross sections can carry
.e amounts of heat. A 50-mm (2-in.) depth of steel will have
,ermal resistance of only 0.001 m2."UW (0.0057 ft2.h."F/
), and would carry 100 w/m2 (32 ~ t u / h . f t ~with
) only
'C (0.2 OF) temperature difference. Aluminum would carry
I w/m2 (95 Btu/h.ft2) with this temperature difference.
For this reason, any piece of metal in a structure is nearly
hermal, i.e., it will have similar temperature at all points.
ere it contacts other members, especially the facing layers,
re may be substantial temperature gradients across the juncI. Heat conduction from face to face through the metal is
xted by the length of the metal web, but the ability of this
d to pass between the metal and the facing would appear to
con&lled by the width of the flange. The metal shapes are
m quite ~ o ~ ~ lbut
e xare, expected to have only slight tem.ahlredifferences, because of their high conductivity. These
facts are consistent with the indication of Table dthat the
ails of the metal cross section are unimportant, and that the
nsformation to a rectangular shape as in Rule 9 (Figure 2)
!I give a sufficient description of the heat transmission. For
.unple,the series thermal resistance of 80 mrn (3.15 in.) deep
el web of conductivity 50 W/m."C (345 Btu.in/h.ft2."~
uld be 0.0016 m2."UW (0.009 ft2.h."F/Btu), but if the steel
xe to be transformed to the shape (c) of Figure 2, the equiva~tresistance would become 0.03 to 0.04 m2."UW (0.17
'3 f&h."F/Btu), depending on the exact dimensions.
A second extra provision is needed to deal with thermal
ntact quality. When building materials are assembled
:ether they never fit perfectly. The contact resistance be
een them is usually small, and in most normal cases, is of no
nsequence, as typical contact resistances in building may be,
y, only 0.03 m2."ClW(0.17 ft2.h."F/Btu) methowen 1988).
Iwever, if there were a contact resistance even of only 0.03
?.OCIW (0.17 ftZ.h."F/Btu) at each face, the equivalent steel
~dresistance of R = 0.04 m2."UW (0.23 ft2.h."F/Btu) would
xease to R = 0.1 m2."UW (0.57 ft2.h."F/Btu). The result of
zse several effects is that the apparent R-value of the steel
, m e element is about 60 times the original estimate of
0016.
In masonry construction there can be significant differices between the R-value of the masonrv units and that of a
all made from those units. Key factors with high-R blocks
e the mortaring system used, and the filling of hollow cores
ith either cement grout for reinforcing steel or with insulant
V
r thermal efficiency. Core filling tends to have only small
.feet on the R-value of high density masonry (over say, 2,000
dm3) (125 lb/ft3), because the conductance of the original
asonry material is high enough that the core treatment is

-

I

,

1
I

:

overshadowed. Even core grouting does not then have a strong
effect (Trethowen 1986).
However, for lower densities, core filling has an increasing effect. In highly insulated masonry units assembled using
traditional mortaring practices, thermal bridging through the
mortar system can limit the overall R-value of a wall to about
0.7 m2."0W (4 ft2.h."F/Btu) (Trethowen 1986), because of
the influence of even minor mortar spill, and the presence of
convective openings. To get the proper potential from such
units, novel mortaring systems may be required.
The calculation of masonry R-values can be done using
the Isothermal Planes method,. but often measurement is
required to ensure reliability of rating. There are several difficulties in any calculation, but particularly for masonry: the
geometry is often complex in three dimensions: mortar spill
often extends beyond the expected parts of the block faces:
there is often a considerable degree of interconnection between
the cavities.
Quality of Insulation Fit
Case 13 had 1,000x 500 x 97 mm (39.4 in. x 19.7 in. x 3.9
ihl) timber frame with bevelled cedarwood planking and 80 mm
(3.15 in.) fiberglass ban insulation, fitted with approximately 10
mm (0.39 in.) wide-edge gaps around all edges of the fiberglass.
The R-value of the insulant was estimated at 1.3 (7.4) plus air
gap of 0.17 (0.9), totaling 1.47 m2."UW (8.4 ft2.h."F/Btu).

-

TABLE 3
Effect of GaDs
Calculated

Measured

R-value m2."UW (ft2.h.0FIStu)

Edge Gap
With 10 mm edge gap (13)

1.53 (9.1)

1.4 (7.9)

With no edge gap

1.8 (10.2)

-

There was no measured value reported in this particular
reference with no edge gap. But for this type of structure, the
calculated value for the no-edge-gap case would be expected
from experience to be fairly reliable.
Shape of Steel S t u d (see Rule 9)

Cases 62, 63, and 66 (Trethowen 1988) compare three
steel stud sections. In case 62, C-section studs were 0.5 mm
(0.02 in.) thick at 400 mm (15.7 in.) centers, and the installed
insulant had a resistance of 1.94 m2."~/VV(11 ft2.h."Fhtu).
In case 63, Zsection studs were 0.91 mm (0.036 in.) thick at
410 mm (16.1 in.) centers with cutouts in the web, and
installed insulant had resistance estimated at 1.3 m2.'~fW
(7.4 ft2.h."F/~tu).In case 66, S-section studs were double 1.6
nun (0.063 in.) roll-formed steel with 50 mm (2 in.) foamed
in-situ PU insulation of 37 kg/m3 (590 ib/ft3), estimated as
having an R-value of 2.4 m2."ClW (13.6 ft2.h."F/Btu).
Table 4 indicates that the shape of the steel section does not
have a marked effect.

-

-
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I

TABLE 4
Effect of Shape of Steel Studs

Section Shape

The combined effect is in Table 5.
The effect of closer stud spacing and that of contact gap
are estimated to have approximately equal effect. Agreement
with the measured values is good in both cases.

Calculated
Measured
R-value m2 W W
(fi2.h.o~mm

i

Effect of Steel Thickness (see Rule 8)

From cases 77 and 78 (Carson et al. 1993), identical
except for steel thickness, we get Table 6. For a change in steel
thickness from 1.2 mm to 0.8 mm, the effective steel resistance goes from 0.041 to 0.059 (0.23 to. 0.34) and overall
R-value difference is calculated to be only 0.06 to 0.07 m2.'U
W (0.34 to 0.40 ft2.h-'Ft~tu).Table 6 indicates that the steel
thickness has only limited influence.

r:
F

ect of Contact Resistance
h Steel Stud (see Rule 8)

From cases 73 and 77 (Carson et al. 1993). we compare a
el before and after reassembly from the same components,
two differences-first, the reassembly was done so that
e mean estimated gap between steel frame and facings was
uced from 1.5 mm to 2.0 mm (0.059 in. to 0.079 in.) to less
1.0 mm (0.04 in.) (i.e., the contact resistance drops from
estimated 0.06 to 0.03 m 2 . ' ~ /(0.34
~ to 0.17 ft2.h-OF/
Btu)). Second, the stud spacing was halved from 1,000mm to
mm (39.4 in. to 19.7 in.).

Effect of Omitting lnsulant within Steel (see Rule 8)

From cases 73 and 75 (Carson et al. 1993). identical
except that insulant filled the space within the C-section steel,
or was absent from that zone, we get Table 7.
Table 7 indicates that it is not important to insulate inside
the metal section.

IE

P

TABLE 5
Effect of Contact and Stud Spacing

I

I

Stud Spacing
- and Contact Gap
-

.

R-value, 1000 mm, 2 mm contact gap
(73)
R-value, 500 mm, 1 mm contact gap (77)
-

I

Calculated
Measured
R-value m2 OCAN ( f 3 2 . h . o ~ ~ ~ ~ )
1.49 (8.5)
1.52 (8.6)
1.26 (7.2)
1.32 (7.5)

I

TABLE 6
Effect of Steel Thickness

I

1

1

Stee1 Thickness

.i

I

Calculated

I

Measured

.

I

1.26 (7.2)
1.39 (7.9)

1.2 mm steel (0.047") ( 77 ) (
0.8 mm steel (0.03i~j(78 j

I

I

1.32 (7.5)
1.34 (7.6)

TABLE 7
Effect of Omitting lnsulant within Stud

I
-

.Cavity within Steel Stud
Space inside steel insulated ( 73 )
Space inside steel empty ( 75 )

I

I

1

I

CaIculated
Measured
R-value m2 OCIW (ft2.h.~~/E3~LJ)
1.52 (8.6)
1.49 (8.5)
1.52 (8.6)
1.46 (8.3j

I

TABLE 8
Difference between Measured and Calculated R-Values

No.

1

-0.5
1

1 -0.4 1 -0.3
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1

2

Difference (measured-calculated)
R-value m2 OCIW (.f t 2 . h . o ~, ~ ~ ~ )
1 -0.2 I -0.1 I 0.0 I 0.1 1 0.2 1 0.3
2
9
42
17
6
0

1

0.4
4

1

0.5
0

Overall distribution of prediction errors. Table 8 shows
the distribution of errors in the predicted results, taking the
measured values as true. This indicates that there are some
outlier values, but that the predominant agreement is within
0.1 to 0.2 m2. O W .

CONCLUSIONS
?his paper considers the validity of the isothermal planes
method by comparing measured vs. calculated values. A data
set of 84 published cases of measured R-values from major
publications has been used for this purpose. This comparison
indicates that a satisfactory fit for engineering purposes can be
obtained. Specific justification for certain of these rules has
been presented by case comparison.
Over the whole data set the differences between measured
and calculated values tended to be not correlated with the
R-value, and were within iO.1 m2."UW (0.57 ftZ.h."~/Btu)
for 81% of the cases considered. (Some 45% of forecasts were
within 5% of the corresponding measured results; 75% were
within 10%. and only 11% were outside 20%). The greatest
percentage differences occurred at lower R-values.
For all three main types of construction (wood framed,
masonry, and metal framed), the agreement between calculated and measured values was similar. The overall mean of
calculated results was within 2% of measured for all three
types, and the standard deviation for individual cases was
found to be 10% for wood-framed, 17% for masonry constructions, and 12% for metal-framed.
The principal step by which agreement with metal framed
structures was achieved was by including allowance for tiny
but realistic contact resistances between the metal frame and
the facings. l l i s effect has been separately shown to have
physical reality, as well as achieving better forecasting fit.
The method needs better definition of some of it's rules.
The rules for the isothermal planes method used in one building research laboratory have been detailed, and were used for
the calculations presented here. These rules provide specifically 'for a number of workmanship defects to be modeled.

REFERENCES
ASHRAE. 1993. 1993 ASHRAE handbook-Fundamentals,
chap. 21. Atlanta: American Society of Heating, Refrigerating and Air-conditioning Engineers, Inc.
Bassett, M.R., and H.A. Trethowen. 1984. The effect of condensate on emittance of reflective insulation. Journal of
Thermal Insulation 8: 127-135.
Carson, W.C., G.C. Clifton, and H.A. Trethowen. 1993. The
thermal insulation performance of lightweight steel
framed external wall elements. Report R4-72. HERA
(NZ Heavy Engineering Research Association).
CIBSE. 1970. CIBSE guide book B. London: Chartered
Institute for Building Services.
Farouk, B., and D.C. Larson. 1983. Thermal performance of
insulated wall systems with metal studs. P m . 18th Intersociety Energy Conversion Eng. Conference, Orlando, FL.

JRDC. 1980. A study of the effects of insulation gaps on
building heat loss. NTH AD A085 222. Johns-~anville
Research and Development Center, VA.
Lewis, L.E. 1979. Thermal evaluation of the effects of gaps
between adjacent roofing panels. Journal of Thermal
Insulation 3: 80- 103.
Strzepek, W. 1990. Thermal resistances of metal frame wall
constructions incorporating various combinations of
insulating materials. ASTM STP1030, pp. 362-377.
Trethowen, H.A. 1986. R-values that are made-to-measure.
ASHRAE Transactions 91(2): 36-48.
Trethowen, H.A. 1988. Thermal insulation and contact resistance in metal framed panels. ASHRAE Transactions
94(2): 1802-1817.
Trethowen, H.A. 1991. Sensitivity of insulated wall and
ceiling cavities to workmanship. Journal of Thermal
Insulation 15 (also as BRANZ Reprint 109, 1992).
Valore, R.C. 1980. Calculation of U-values of hollow concrete masonry, pp. 40-63. Concrete International.
Van Geem, M. 1986. Thermal transmittance of concrete
block walls with core insulation. ASHRAE Transactions
1' 91(2): 17-35.
Wilkes, K., R.L. Wendt, A. Delmas, and P.W. Childs. 1991.
Thermal insulation of one loose fill fiberglass attic insulation. ASTM STP 1116, p. 289. .

BIBLIOGRAPHY
Anderspn, B. 1980. The assessment of U-values for insulated roofs. Building Services Engineering Research and
Technology l(3): 119-122.
Anderson, B.R., and T.I. Ward. 1981. Measurements of the
heat loss through an insulated roof. Building Services
Engineering Research and Technology 2(2): 65-67.
Bankvall, C. 1978. Forced convection (practical thermal
conductivity in an insulated structure under the influence from workmanship and wind). Thermal Insulation,
Melbourne.
Bankvall, C.G. 1986. Thermal performance of the building
envelope as influenced by workmanship, thermal insulation: Materials and systems. ASTM 922, pp. 679-684.
Berlad, A.L., R. Jaung, N. Joshi., and J. Westerin. 1982. ORNU
Sub 755 11f2. J. Energy Transpot? in Porous Insulator Systems. Oak Ridge, 'IN Oak Ridge National Laboratory.
Guy, A.G., and J.A. Nixon. 1990. Effects of air movement
on performances of loft insulants. Pilkington Research
and Development. Building Technical File, No. 28, pp.
39-44.
LeCompte, J.G.N. 1987. The influence of natural convection
in an insulated wall cavity on the thermal performance
of a wall. ASTM Symposium on Insulating Materials,
Testing, and Applications, Bal Harbour, FL,.
McCaa, D.J., E. D. Pentz, J. Carre, and L.J. Infante. 1987.
Experiences in identification of thermal bridging and
elimination of the thermal short. Thermal Insulation:
Materials and Systems, ASTM STP 922, pp. 310-317.
ASHRAE Transactions: Symposia

Robinson, H.E.,L.A. Cosgrove, and F.J. Powell. 1957. Thermal resistances of air spaces and fibrous insulations
bounded by reflective surfaces. National Bureau of
Standards. Building Materials & Structures Report 151.
Sasaki, J.R. 1971. Thermal performance of exterior steel
framed walls. National Research Council of Canada,
DBR Building Research Note 7 1.
Trethowen, H.A. 1980. One bridge is too many, pp. 6-9.
Melbourne, Australia: Thermal Insulation.

DISCUSSION

Ned Nisson, Editor, Energy Design Magazine, New York,
NY: What is the effect of contact resistance between steel
studs and sheathing?
Harold A. Tkthowen: The contact resistance between a steel
frame and sheathing, and the resistance of the sheathing itself,
are added. They may often have a very significant effect by
adding a degree of thermal resistance between the highly con-

ASHRAE Transactions: Symposia

ducting steel and the surface facing material. In the suggested
set of calculation rules offered in this paper, the thermal resistance of .the sheathing is included with any contact resistance
in both the "bridged" and "unbridged" heat flow paths. This
gives results somewhat like the actual measured values that
have been reported for steel-framed walls with sheathings.
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