








Fig. 5.3.14
Miami Police Station, Miami, Florida; Architect: Borrelli 
+ Partners formerly Pancoast, Bouterse, Borrelli, Albaisa, 
Architects/Planners, Inc.; Photo: Borrelli + Partners.

Fig. 5.3.13
Security Insurance Group Headquarters, Farmington, Connecticut; Architect: Russell Gibson von Dohlen; Photo: Steve Rosenthal.
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Fig. 5.3.15 Jambs, head or sill (rotate 90º).

Straight Rounded Angled

Inclined glass.

Hooded shading device.



Position of 
Air Space

Direction of 
Heat Flow

Air Space Non-
Reflective 
Surfaces

Reflective Surfaces

Mean 
temp., °F

Temp. 
difference, °F One side2 One side3 Both sides3

Vertical

Horizontal 
(walls)

Winter
50 10 1.01 2.32 3.40 3.63
50 30 0.91 1.89 2.55 2.67

Horizontal 
(walls)

Summer
90 10 0.85 2.15 3.40 3.69

Horizontal

Up (roofs)
Winter

50 10 0.93 1.95 2.66 2.80
50 30 0.84 1.58 2.01 2.09

Down (floors)
50 30 1.22 3.86 8.17 9.60
50 10 1.24 4.09 9.27 11.15

Down (roofs)
Summer

90 10 1.00 3.41 8.19 10.07

Table 5.3.3 Thermal Resistances, Ra, of Air Spaces1.

1  For 31/2 in. air space thickness. The values, with the exception of those for reflective surfaces, heat flow down, will differ about 10% for air space thicknesses 
of 3/4 in. to 6 in. Refer to the ASHRAE Handbook of Fundamentals for values of other thicknesses, reflective surfaces, heat flow directions, mean temperatures, 
and temperature differentials. ASHRAE Handbook of Fundamentals, 2005, www.ASHRAE.org.

2  Aluminum painted paper.

3  Bright aluminum foil.

Position of
surface

Direction of
heat flow

Indoor – Still Air, Rfi Outdoor – Moving Air, Rfo

Non-
reflective 
surface

Reflective surface Non-reflective surface

Aluminum-
coated paper, 

polished

Bright 
aluminum 

foil
15 mph wind, 
winter design

7.5 mph wind, 
summer design

Vertical Horizontal 0.68 1.35 1.70 0.17 0.25

Horizontal
Up 0.61 1.10 1.32 0.17 0.25

Down 0.92 2.70 4.55 0.17 0.25

Table 5.3.2 Thermal Resistances, Rf, of Surfaces1.

1. ASHRAE Handbook of Fundamentals, 2005, www.ASHRAE.org.



Material
Density,

lb/ft3

Resistance, 
R per in. of 
Thickness,
hr·ft2·°F/

Btu

Specific 
Heat, 
Btu/

(lb·°F)

Insulation, rigid

Cellular glass 8.0 3.03 0.18

Glass fiber, organic bonded 4.0 – 9.0 3.1 – 4.2 0.23

Mineral fiber, resin bonded 15 3.1 – 4.2 0.17

Extruded polystyrene (XPS), 
extruded cont. closed cell 

1.8 – 3.5 5.00 0.29

Expanded polystyrene (EPS),
molded bead

1.0 3.85 —

1.25 4.00

1.5 4.17

1.75 4.17

2.0 4.35 —

Cellular polyurethane/
polyisocyanurate (unfaced)

1.5 6.25 – 5.562 0.38

Cellular phenolic, closed cell 3 8.2

Cellular phenolic, open cell 1.8 – 2.2 4.4

Polyicynene 0.5 3.6

Miscellaneous

Gypsum board 50 0.88 0.26

Particle board 50 1.06 0.31

Plaster

 cement, sand aggregate 116 0.20 0.20

 gypsum, lightweight 

    aggregate 45 0.63 —

 gypsum, sand aggregate 105 0.18 0.20

Wood, hard (maple, oak) 38 – 47 0.94 – 0.80 0.39

Wood, soft (pine, fir) 24 – 41 1.35 – 0.89 0.39

Table 5.3.4 Thermal Properties of Various Building Materials at 75°F 1.

1  See Table 5.3.6 for concrete. ASHRAE Handbook of Fundamentals, www.ASHRAE.org.

2  An aged value of 6.0 is currently recommended. Environmental Building News, January 2005, 
www.BuildingGreen.com.



Table 5.3.6 Thermal Properties of Concrete1.

1  Based on values in the 2005 ASHRAE Handbook of Fundamentals and ANSI/ASHRAE/IESNA Standard 90.1-2007. Values do not include air film resistances. See Table 5.3.7 
for R-values with air film resistances.

Description
Concrete Density, 

lb/ft3

Thickness, 
in.

Resistance, R

Specific heat,
Btu/(lb·°F)

Per in. of thickness,
hr·ft2·°F/Btu

For thickness shown,
hr·ft2·°F/Btu

Concrete 
including 
normal weight, 
lightweight, 
and lightweight 
insulating 
concretes

145 0.063 0.20

140 0.068 0.20

130 0.083 0.20

120 0.10 0.20

110 0.13 0.20

100 0.16 0.20

90 0.21 0.20

80 0.27 0.20

70 0.36 0.20

60 0.44 0.20

50 0.59 0.20

40 0.71 0.20

30 0.91 0.20

20 1.25 0.20

Normal weight
solid panels, 
140 to 150 pcf, 
sand and gravel 
aggregate

2 0.13

3 0.19

145 4 0.25

5 0.31 0.20

6 0.38

8 0.50

Structural 
lightweight
solid panels

2 0.26

3 0.38

110 4 0.51 0.20

5 0.64

6 0.76

8 1.02

Window System
U-Factor,

Btu/hr·ft2·ºF SHGC2

Double glazing with low-E coating and argon gas fill in an aluminum frame with thermal break 0.36 0.36

Double glazing with a low-E coating in an aluminum frame with thermal break 0.40 0.36

Double glazing in an aluminum frame with thermal break 0.56 0.65

Single glazing in an aluminum frame with no thermal break 1.13 0.65



Table 5.3.7 R-Values for Solid Concrete and Sandwich Panel Walls1.

1  Values in table are the total R-values of the walls with concrete of thickness t and insulation R-value as indicated in columns. Only for insulation with no metal or 
solid concrete penetrating the insulation layer. R-values will be impacted by the presence of these items and additional calculations will be required according to 
series-parallel or zone method. Air film resistances of 0.68 for inside and 0.17 for outside are included in R-values unless otherwise noted. These are standard air 
film resistances for winter conditions and are conservative for summer conditions.

2  The thickness, t, is the sum of the thicknesses of the concrete wythes for a sandwich panel wall.

Concrete 
Density,

lb/ft3

t,2 in.

R-Value 
of 

Concrete 
No Air 

Films, No 
Insulation

R-Value of Insulation Resistance, hr·ft2·ºF/Btu

0
(No 
ins.)

1 2 3 4 5 6 8 10 12 15 16 18

145

2 0.13 0.98 2.0 3.0 4.0 5.0 6.0 7.0 9.0 11.0 13.0 16.0 17.0 19.0
3 0.19 1.04 2.0 3.0 4.0 5.0 6.0 7.0 9.0 11.0 13.0 16.0 17.0 19.0
4 0.25 1.10 2.1 3.1 4.1 5.1 6.1 7.1 9.1 11.1 13.1 16.1 17.1 19.1
5 0.31 1.16 2.2 3.2 4.2 5.2 6.2 7.2 9.2 11.2 13.2 16.2 17.2 19.2
6 0.38 1.23 2.2 3.2 4.2 5.2 6.2 7.2 9.2 11.2 13.2 16.2 17.2 19.2
8 0.50 1.35 2.4 3.4 4.4 5.4 6.4 7.4 9.4 11.4 13.4 16.4 17.4 19.4

110

2 0.25 1.10 2.1 3.1 4.1 5.1 6.1 7.1 9.1 11.1 13.1 16.1 17.1 19.1
3 0.38 1.23 2.2 3.2 4.2 5.2 6.2 7.2 9.2 11.2 13.2 16.2 17.2 19.2
4 0.51 1.36 2.4 3.4 4.4 5.4 6.4 7.4 9.4 11.4 13.4 16.4 17.4 19.4
5 0.64 1.49 2.5 3.5 4.5 5.5 6.5 7.5 9.5 11.5 13.5 16.5 17.5 19.5
6 0.76 1.61 2.6 3.6 4.6 5.6 6.6 7.6 9.6 11.6 13.6 16.6 17.6 19.6
8 1.02 1.87 2.9 3.9 4.9 5.9 6.9 7.9 9.9 11.9 13.9 16.9 17.9 19.9

Wall Layer
R

Winter
R

Summer
Table

A. Surface, outside air film 0.17 0.25 5.3.2

B. Concrete, 2 in. (145 pcf) 0.13 0.13 5.3.7

C. EPS insulation
(1.25 pcf), 1.5 in.

6.00 6.00 5.3.4

D. Concrete, 2 in. (145 pcf) 0.13 0.13 5.3.7

E. Surface, inside air film 0.68 0.68 5.3.2

 Total R = 7.11 7.19

 U = 1/R 0.14 0.14

Example 5.3.1 – Calculate R-Value of Wall Assembly.



Fig. 5.3.16 Metal tie thermal bridges.
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Example 5.3.2 Determination of R-value for sandwich panel.

12 ft.

40
 ft

.

1 
ft.

1 
ft.

1 ft.

Vertical Section

1 
ft.

Affected  Zones

Transverse Section

12 in. + 2.3 in. = 14.3 in.

12 in. + 2 x (2.3) in. = 16.6 in.

12 in. + 2 x (2.3) in. = 16.6 in.

k Thickness U = k/t
R = 1/U
Winter

R = 1/U
Summer

A Outside surface — — — 0.17 0.25

B Concrete 10.00 3 3.33 0.30 0.30

C Insulation 0.20 2 0.10 10.00 10.00

D Concrete 10.00 3 3.33 0.30 0.30

E Inside surface — — — 0.68 0.68

Total 11.45 11.53

Insulated Path.

k Thickness U = k/t
R = 1/U
Winter

R = 1/U
Summer

A Outside surface — — — 0.17 0.25

B Concrete 10.00 8 1.25 0.80 0.80

C Insulation — — — 0.68 0.68

Total 1.65 1.73

Concrete Path.




