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ACM NB-2005

Appendix NB - llluminance Cateqgories and
Luminaire Power

llluminance Categories

Please see Chapter 10 in the IESNA Lighting Handbook, Ninth Edition.

llluminance Cateqories and Luminaire Power

Luminaire power shall be taken from the following tables.

Table NB-1 — Fluorescent Circline

Table NB-2 — Compact Fluorescent 2D

Table NB-3 — Compact Fluorescent

Table NB-4 —Long Compact Fluorescent

Table NB-5 — Fluorescent U-Tubes

Table NB-6 — Fluorescent Linear Lamps — Preheat

Table NB-7 — Fluorescent Linear Lamps T5

Table NB-8 — Fluorescent Rapid Start T-8

Table NB-9 — Fluorescent Rapid Start T-12

Table NB-10 — Fluorescent Rapid Start High Output (HO) T8 & T12, 8 ft

Table NB-11 — Fluorescent Instant Start (single pin base "Slimline™) T12, 4 ft
Table NB-12 — Fluorescent Instant Start (single pin base "Slimline") T8 & T12, 8 ft.
Table NB-13 — High Intensity Discharge

Table NB-14 — 12 Volt Tungsten Halogen Lamps Including MR16, Bi-pin, AR70, AR111, PAR36
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Table NB-1 — Fluorescent Circline
Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
Rapid Start (22 W) 1 FC8T9 1 MAG Mag. Stand. 27 8" 0D
STAND.
T5 Program Start 1 ECIT5 1 ELECTNO  Electronic Normal 28 8" oD
(22 W) Light
2 FCIT5 1 ELECT NO  Electronic Normal 53
Light
T5 Program Start 1 FC12T5 1 ELECT NO  Electronic Normal 41 12" 0D
(40w Light
2 FC12T5 1 ELECT NO  Electronic Normal 80
Light
T5 Rapid Start (G5 W) 1 FC12T5HO 1 ELECTNO Electronic Normal 55 12" 0D
Light
2 FC12Tag5sHO 1 ELECT NO  Electronic Normal 103
Light
1 FC12T5HO 1 ELECT DIM  Electronic Dimming 12~59
2 FC12T5HO 1 ELECT DIM  Electronic Dimming 24~114
T5 Rapid Start (40 +22 1+1 FC12T5/FCIT5 1 ELECTNO Electronic Normal 68 8°&12"0OD
w) Light
RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
Table NB-2 — Compact Fluorescent 2D
Lamps Ballasts Svstem
Type Number Designation Number Designation Description Watts Comment
10w, 1 CFS10W/GR10g 1 MAG STD Mag. Stand. 16 3.6" across
GR10a-4 Four Pin Base - CFSIOW/GR10g 1 ELECT Electronic 13
2 CES10W/GR10g 1 ELECT Electronic 26
16W, 1 CFS16W/GR10g 1 MAG STD Mag. Stand. 23 5.5" across
GR10a-4 Four Pin Base - CFSI16W/GR10g 1 ELECT Electronic 15
2 CFS16W/GR10g 1 ELECT Electronic 30
21W, 1 CFS21W/GR10g 1 MAG STD Mag. Stand. 31 5.5" across
GR10q-4 Four Pin Base - CFS2IW/GR10g 1 ELECT Electronic 21
2 CFS21W/GR10g 1 ELECT Electronic 42
28W, 1 CES28W/GR10g 1 MAG STD Mag. Stand. 38 8.1" across
GR10q-4 Four Pin Base -, CFS28W/GR10g 1 ELECT Electronic 28
2 CFS28W/GR10g 1 ELECT Electronic 56
38W 1 CES38W/GR10g 1 ELECT Electronic 37 8.1" across
GR10g-4 Four Pin Bage *, CFS38W/GR10q 1 ELECT Electronic 74

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-3 — Compact Fluorescent
Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
Twin (5 W 1 CFT5WIG23 1 MAG STD Mag. Stand. 9 4.1" MOL
G23 Two Pin Base -
FSTT Lam 2 CFT5W/G23 2 MAGSTD  Mag. Stand. 18
Twin (7 W 1 CFT7WI/G23 1 MAG STD Mag. Stand. 11 5.3"MOL
G23 Two Pin Base -
F7TT Lam 2 CFT7TW/G23 2 MAGSTD  Mag. Stand. 22
Twin (7 W 1 CET7W/2G7 1 ELECT Electronic 8 5.3* MOL
267 Four PinBase- CETIW2G7 2 ELECT Electronic 16
E7TT Lam
Twin (9 W 1 CFTOW/G23 1 MAG STD Mag. Stand. 13 6.5" MOL
G23 Two Pin Base -
FOTT Lam 2 CFTOW/G23 2 MAGSTD  Mag. Stand. 26
Twin (9 W 1 CFTOW/R2G7 1 ELECT Electronic 10 6.5" MOL
2G7 Four Pin Base - )
FOTT Lam 2 CFTOW/2G7 2 ELECT Electronic 20
Twin (13 W 1 CFT13WIGX2 1 MAG STD Mag. Stand. 17 7.5" MOL
GX23 Two Pin Base - 3
E21D 2 CFT13WIGX2 2 MAGSTD  Mag. Stand. 34
3
Twin (13 W 1 CFT13W/2GX 1 ELECT Electronic 17 7.5" MOL
2GX7 Four Pin Base - 7
H3TD 2 CFT13W/2GX 2 ELECT Electronic 34
z
Quad (9 W, 1 CFQOW/G23- 1 MAG STD 120 V Mag. Stand. 13 4.4" MOL
G23-2 Two Pin Base - 2 120
FODTT Lamp)
FODTT Lam 2 CFQOW/G23- 2 MAGSTD 120V Mag. Stand. 26
2 120
Quad (13 W 1 CFQ13W/G24 1 MAG STD 120 V Mag. Stand. 18 6.0" MOL
G24d-1 Two Pin Base d-1 120
- F13DTT Lamp)
FL3DTT Lam 2 CFQ13W/G24 2 MAGSTD 120V Mag. Stand. 36
d-1 120
1 CFQ13W/G24 1 MAG STD 277 V Mag. Stand. 16
d-1 277
2 CFQ13W/G24 2 MAG STD 227 V Mag. Stand. 32
d1 277
Quad (13 W 1 CFQ13W/GX 1 MAGSTD  Mag. Stand. 17 4.8" MOL
GX23-2 Two Pin 23-2
Base) 2 CEQ13W/GX 2 MAGSTD  Mag. Stand. 34
23-2
Quad (16W 1 CFQ16W/GX 1 MAG STD Mag. Stand. 20 5.5" MOL
GX32d-1 Two Pin 32d-1
Base) 2 CFO16WIGX 2 MAGSTD  Mag. Stand. 40
32d-1
Quad (18 W 1 CFQ18W/G24 1 MAG STD 120 V Mag. Stand. 25 6.8" MOL
G24d-2 Two Pin Base d-2 120
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Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
- F18DTT Lam) 2 CFQ18W/G24 2 MAG STD 120 V Mag. Stand. 50
d-2 120
1 CFQ18WIG24 1 MAGSTD 227V Mag. Stand. 22
d-2 277
2 CFQ18WIG24 2 MAG STD 227V Mag. Stand. 44
d-2 277
1 CFQ22W/GX 1 MAG STD Mag. Stand. 27 6.0" MOL
32d-2
Quad (22W 2 CEFQ22W/GX 2 MAG STD Mag. Stand. 54
GX32d Two Pin Base) 32d-2
Quad (26 W 1 CFQ26W/G24 1 MAG STD 120V Mag. Stand. 37 7.6" MOL
G24d-3 Two Pin Base d-3 120
- F26DTT Lamp)
F26DTT Lam 2 CFQ26W/G24 2 MAGSTD 120V Mag. Stand. 74
d-3 120
1 CFQ26WI/G24 1 MAG STD 227V Mag. Stand. 33
d-3 277
2 CFQ26W/G24 2 MAG STD 227V Mag. Stand. 66
d-3 277
1 CFQ26W/G24 1 ELECT 277V 277 V Electronic 27
d-3
2 CFQ26WIG24 2 ELECT 277V 277V Electronic 54
d-3
Quad (28W 1 CFQ28W/GX 1 MAG STD Mag. Stand. 34 6.8" MOL
GX32d Two Pin Base) 32d-3
2 CFQ28W/GX 2 MAG STD Mag. Stand. 68
32d-3
Quad (10 W 1 CFQ10W/G24 1 MAG STD 120V Mag. Stand. 16 4.6" MOL
G24q9-1 Four Pin g-1 120
Base) 2 CFO10W/G24 2 MAGSTD 120V Mag. Stand. 32
g-1 120
1 CFQ10W/G24 1 MAG STD 227V Mag. Stand. 13
g-1 277
2 CFQ10W/G24 2 MAG STD 227V Mag. Stand. 26
g-1 277
Quad (13W 1 CFQ13W/G24 1 MAG STD 120 V Mag. Stand. 18 6.0" MOL
G24q9-1 Four Pin a-1 120
Base) 2 CFQ13W/G24 2 MAG STD 120V Mag. Stand. 36
a-1 120
1 CFQ13W/G24 1 MAG STD 227V Mag. Stand. 16
g-1 277
2 CEFQI13W/G24 2 MAG STD 227V Mag. Stand. 32
g-1 277
1 CFQ13W/G24 1 ELECT Electronic 14
g-1
2 CFQ13W/G24 2 ELECT Electronic 25
g-1
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Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
Quad (13W 1 CEFQI3W/GX 1 MAG STD Mag. Stand. 17 4.8" MOL
GX7 Four Pin Base) 7
2 CFQ13W/GX 2 MAG STD Mag. Stand. 34
z
Quad (18 W 1 CFQ18W/G24 1 MAG STD 120V Mag. Stand. 25 6.8" MOL
G24q9-2 Four Pin aq-2 120
Base) 2 CFQ18W/G24 2 MAG STD 120 V Mag. Stand. 50
a-2 120
1 CFQ18W/G24 1 MAG STD 227V Mag. Stand. 22
a-2 277
2 CFQ18W/G24 2 MAG STD 227V Mag. Stand. 44
a-2 277
1 CFQ18W/G24 1 ELECT Electronic 21
a-2
2 CFQ18W/G24 2 ELECT Electronic 38
g-2
Triple (13 W 1 CEM 1 MAG STD Mag. Stand. 18 4.2" MOL
GX24g-1 Four Pin 13W/GX24g-
Base) 1
2 CEM 2 MAG STD Mag. Stand. 36
13W/GX24g-
1
1 CEM 1 ELECT Electronic 14
13W/GX24g-
1
2 CEM 2 ELECT Electronic 25
13W/GX24g-
1
Triple (18W, 1 CFEM 1 MAG STD Mag. Stand. 25 5.0" MOL
GX24g-2 Four Pin 18W/GX24g-
Base) 2
2 CEM 2 MAG STD Mag. Stand. 50
18W/GX24q-
2
1 CFEM 1 ELECT Electronic 21
18W/GX24g-
2
2 CEM 2 ELECT Electronic 38
18W/GX24g-
2
Triple (26W, 1 CFTR 1 MAG STD Mag. Stand. 37 4.91t05.4"
GX24a-3 Four Pin 26W/GX240- MOL
Base) 3
2 CFTR 2 MAG STD Mag. Stand. 74
26W/GX240-
3
1 CETR 1 ELECT Electronic 28
26W/GX24q-
3
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Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
2 CFTR 1 ELECT Electronic 55
26W/GX24a-
3
1 CFTR 1 ELECTDIM  Electronic Dimming  8~29 BF .05~1.0
26W/GX240-
3
2 CFTR 1 ELECT DIM Electronic Dimming  12~57 BE .05~1.0
26W/GX24q-
3
Triple (32 W 1 CETR32WGX 1 ELECT Electronic 35
GX24g-3 Four Pin 249-3
Base) 2 CFTR32WGX 1 ELECT Electronic 69
249-3
1 CFTR32WGX 1 ELECTDIM  Electronic Dimming  9~38 BF .05~1.05
249-3
2 CFTR32WGX 1 ELECT DIM Electronic Dimming  20~76 BF .05~1.05
249-3
Triple or Quad (42W, 1 CFTR42WGX 1 ELECT Electronic 46
GX24g-4 Four Pin 249-4
Base) 2 CFTR42WGX 1 ELECT Electronic 94
249-4
1 CFTR42WGX 1 ELECTDIM  Electronic Dimming  10~49 BF .05~1.05
249-4
Triple or Quad (42W, CFTR42WGX 1 ELECTDIM  Electronic Dimming 20~98  BE.05~1.05
GX24g-4 Four Pin 249-4
Base) cont.
Triple or Quad (57W, 1 CFTR57WGX 1 ELECT Electronic 62
GX24g-5 Four Pin 249-5
Base) o
1 CFTR57WGX 1 ELECT DIM Electronic Dimming  18~66 BE .05~1.05
249-5
Triple or Quad (70W, 1 CFTR70WGX 1 ELECT Electronic 75
GX24g-6 Four Pin 240-6
Base) 1 CFTR70WGX 1 ELECTDIM  Electronic Dimming  18~80 BF .05~1.00
249-6

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-4 —Long Compact Fluorescent
Lamps Ballasts System

Type Number Designation Number Designation Description Watts  Comment
T5 Twin (18W - 1 FT18W/2G11 1 MAG. Mag. Eneray Efficient 23 BF-1.0
FISTT Lamp) 2 FT18W/2G11 1 MAG. Mag. Enerqy Efficient 46 BF~1.0

3 FT18W/2G11 1 MAG. Mag. Energy Efficient 69

1 FT18W/2G11 1 ELECT Electronic 24

2 FTi8W/2G11 1 ELECT Electronic 35

3 FTisw/2G11 1 ELECT Electronic 52
T5 Twin (24-27W- 1 FT24W/2G11 1 MAG. Mag. Energy Efficient 32
Esiﬂ—ﬂ 2 FT24wW/2G11 1 MAG. Mag. Energy Efficient 66

3 FT24W/2G11 1 MAG. Mag. Energy Efficient 98

1 FT24W/2G11 1 ELECT Electronic 27 BF~1.0

2 FT24wW/2G11 1 ELECT Electronic 52 BE~1.0
T5 Twin (36-39W - 1 FT36W/2G11 1 MAG. Mag. Energy Efficient 51
@L}Tﬂ 2 FT36W/2G11 1 MAG. Mag. Energy Efficient 66

3 FT36W/2G11 2 MAG. Mag. Energy Efficient 117

1 FT36W/2G11 1 ELECT Electronic 37

2 FT36W/2G11 1 ELECT Electronic 70

1 FT36W/2G11 1 ELECTHO Electronic High Qutput 46 BE=1.22

2 ET36W/2G11 1 ELECTHO Electronic High Output 86 BF=1.20
T5 Twin (40 W - 1 FT40W/2G11 1 MAG. Mag. Energy Efficient 43
F40TT Lamp) 2 FT40W/2G11 1 MAG. Mag. Enerqy Efficient 86

3 FT40W/2G11 2 MAG. Mag. Energy Efficient 130
Hectronic Ballasts 1 FT40W/2G11 1 ELECTNO  Electronic 41 BF~.90

2 FT40W/2G11 1 ELECT NO1 Electronic 72 BF-.88

2 FT40W/2G11 1 ELECT NO2 Electronic 78 BE~.97

3 FT40W/2G11 1 ELECTNO  Electronic 103 BF~.86

1 ET40W/2G11 1 ELECTHO  Electronic High Output 50 BE~1.1

1 FT40W/2G11 1 ELECT DIM1 Electronic Dimming 10-41 BE .05~1.0

2 FT40W/2G11 1 ELECT DIM1 Electronic Dimming 17-80 BF.05~1.0

1 ET40W/2G11 1 ELECT DIM2 Electronic Dimming 11-38 BF .05~.88

2 FT40W/2G11 1 ELECT DIM2 Electronic Dimming 16-76 BF.05~.88
T5 Twin (50 W - 1 FT50W/2G11 1 ELECTNO  Electronic Normal 54 BF~.98
E50TT Lamp) Qutput

2 FT50W/2G11 1 ELECTNO  Electronic Normal 106 BFE~.98

Output

1 ET50W/2G11 1 ELECTHO  Electronic High Output 61 BF~1.12

2 FT50W/2G11 1 ELECTHO  Electronic High Qutput 115 BE~1.10

1 FT50W/2G11 1 ELECTDIM  Electronic Dimming 51

2 FT50wW/2G11 1 ELECT DIM  Electronic Dimming 92
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Lamps Ballasts
— System

Type Number Designation Number Designation Description Watts  Comment
T5 Twin (55 W - 1 FT55W/2G11 1 ELECTNO  Electronic Normal 58 BF~.92
ES5TT Lamp) Output

2 FT55W/2G11 1 ELECTNO  Electronic Normal 109 BE~.90

Output

1 FT55W/2G11 1 ELECTDIM  Electronic Dimming 13-59 BF .03~.90

2 ET55W/2G11 1 ELECT DIM  Electronic Dimming 24-114 BF_.03~.90
T5 Twin (80 W — 1 FT80W/2G11 1 ELECTNO  Electronic 91 BF~1.00
E80TT Lamp)

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-5 — Fluorescent U-Tubes
Type Lamps Ballasts System Comment
Number Designation Number Designation Description Watts
2 ft. Fluorescent U- 1 FB31T8/F32T8U 0.5 MAG. Mag. Energy Efficient 35 Tandem
Tube T8 (32W - wired
FBO31T8 or .
—F32T8 /Ul6 Lamp) 1 FB31T8/F32T8U 1 MAG. Mag. Energy Efficient 36
2 FB31T8/F32T8U 1 MAG. Mag. Energy Efficient 69
3 FB31T8/F32T8U 15 MAG. Mag. Energy Efficient 104 Tandem
wired
3 FB31T8/F32T8U 2 MAG. Mag. Energy Efficient 105
1 FB31T8/F32T8U 1 ELECT NO Electronic Normal 39
Output
2 FB31T8/F32T8U 1 ELECT NO Electronic Normal 62
Qutput
3 FB31T8/F32T8U 1 ELECT NO Electronic Normal 92
OQutput
4 FB31T8/F32T8U 1 ELECT NO Electronic Normal
Output
1 FB31T8/F32T8U 1 ELECT DIM Electronic Dimming  9~33 BF .05~.88
2 FB31T8/F32T8U 1 ELECT DIM Electronic Dimming  14~64 BF .05~.88
3 FB31T8/F32T8U 1 ELECT DIM Electronic Dimming  18~93 BF .05~.88
4 FB31T8/F32T8U 1 ELECT DIM Electronic Dimming  25~116 BF .05~.88
2 ft. Fluorescent U- 1 FB40T12/ES 0.5 MAG. Mag. Energy Efficient 36 Tandem
Tube T12 (“Energy wired
i " . .
Saving” 34W) 1 FBAOT12/ES 1 MAG. Mag. Energy Efficient 43
2 FB40T12/ES 1 MAG. Mag. Energy Efficient 72
3 FB40T12/ES 1 MAG. Mag. Energy Efficient 105
3 FB40T12/ES 15 MAG. Mag. Energy Efficient 108 Tandem
wired
3 FB40T12/ES 2 MAG. Mag. Energy Efficient 115
1 FB40T12/ES 0.5 ELECT Electronic 30 Tandem
wired
1 FB40T12/ES 1 ELECT Electronic 31
2 FB40T12/ES 1 ELECT Electronic 59
3 FB40T12/ES 1 ELECT Electronic 920
3 FB40T12/ES 15 ELECT Electronic 88 Tandem
wired
3 FB40T12/ES 2 ELECT Electronic 920

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-6 — Fluorescent Linear L amps — Preheat

Type Lamps Ballasts System Comment
Nmbr Designation Nmbr  Designation Description Watts
Fluorescent Preheat 1 F8T5 1 MAG STD Mag. Stand. 12 12" MOL
T5 (8W)
Fluorescent Preheat 1 F15T8 1 MAG STD  Mag. Stand. 19 18" MOL
T8 (15W)
Fluorescent Preheat 1 F15T12 1 MAG STD Mag. Stand. 19 18" MOL
T12 (15W)
Fluorescent Preheat 1 F20T12 1 MAG STD  Mag. Stand. 25 24" MOL
T2 (20 2 F20T12 1 MAG STD  Mag. Stand. 50 24" MOL
Fluorescent Preheat 1 F30T8 1 MAG STD  Mag. Stand. 46 30" MOL
T8 (30 2 F30T8 1 MAG STD  Mag. Stand. 79 30" MOL
RO = ballast factor 70 to 85% NO = ballast factor 85 to 100% HO = ballast factor >100%
Table NB-7 — Fluorescent Linear Lamps T5
Type Lamps Ballasts System Comment
Number Designation Number Designation Description Watts
~23" Fluorescent 1 F14T5 1 ELECT Elect. Program Start 18
Program Start TS BF=1
(14W) 2 F14T5 1 ELECT Elect. Program Start 34
BF=1
~34.5" Fluorescent 1 E21T5 1 ELECT Elect. Program Start 27
Program Start TS BE=1
21W,
2 F21T5 1 ELECT Elect. Program Start 50
BF=1
~46" Fluorescent 1 F28T5 1 ELECT Elect. Program Start 30
Program Start TS BE=1
28W
2 EF28T5 1 ELECT Elect. Program Start 60
BF=1
~58.5" Fluorescent 1 F35T5 1 ELECT Elect. Program Start 40
Program Start TS BF=1
{s5W) 2 F35T5 1 ELECT Elect. Program Start 78
BF=1
~23" Fluorescent 1 F24T5HO 1 ELECT Elect. Program Start 27
Program Start T5 High BF=1
Output (24W)
Quiput (24W 2 F24T5HO 1 ELECT Elect. Program Start 52
BF=1
~34.5" Fluorescent 1 E39T5 1 ELECT Elect. Program Start 43
Program Start T5 High BF=1
OUIpUSOW 2 F39T5 1 ELECT Elect. Program Start 85
BF=1
~46" Fluorescent 1 F54T5 1 ELECT Elect. Program Start 62
Program Start T5 High BF=1
Output (54W)
Output (S4W 2 F54T5 1 ELECT Elect. Program Start 117
BF=1
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1 F54T5 1 ELECTDIM Elect. Dimming 12-63
2 E54T5 1 ELECT DIM Elect. Dimming 24-125
~57.5" Fluorescent 1 °F80T5 1 ELECT Elect. Program Start 89

Program Start T5 High
Output (80W)

BF=1

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-8 — Fluorescent Rapid Start T-8
Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
2 foot Fluorescent 1 F1778 1 MAG. Mag. Energy 24
Rapid Start T8 (17W) Efficient
2 F17T8 1 MAG. Mag. Energy 45
Efficient
Electronic Ballasts 1 F1778 1 ELECT NO Electronic Normal 22
Output
2 F1778 1 ELECT NO Electronic Normal 33
Output
3 F17T8 1 ELECT NO Electronic Normal 53
Output
3 F1778 2 ELECT NO Electronic Normal 55
Output
4 F1778 1 ELECT NO Electronic Normal 63
Output
2 foot Fluorescent 1 F17T8 1 ELECT DIM Electronic Dimming ~ 8~20 BE .05~.88
Rapid Siant T8 (17W) F17T8 1 ELECTDIM Electronic Dimming ~ 10~37 BF.05~.88
3 F17T8 1 ELECTDIM Electronic Dimming  12~56 BF .05~.88
4 F17T8 1 ELECT DIM Electronic Dimming 18~69 BF .05~.88
3 foot Fluorescent 1 F25T8 1 MAG. Mag. Energy 33
Rapid Start T8 (25W) Efficient
2 F25T8 1 MAG. Mag. Energy 65
Efficient
Electronic Ballasts 1 F25T8 1 ELECT NO Electronic Normal 27
Output
2 F25T8 1 ELECT NO Electronic Normal 48
Output
3 F25T8 1 ELECT NO Electronic Normal 68
Output
4 F25T8 1 ELECT NO Electronic Normal 89
Output
1 E25T8 1 ELECT RO Electronic Reduced 24
Output
2 F25T8 1 ELECT RO Electronic Reduced 41
Output
3 F25T8 1 ELECT RO Electronic Reduced 59
Output
4 F25T8 1 ELECT RO Electronic Reduced 76
Output
1 F25T8 1 ELECTHO Electronic High 29 BF~1.05
Output
2 F25T8 1 ELECTHO Electronic High 51 BF~1.05
Output
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
3 F25T8 1 ELECTHO Electronic High 74 BF~1.05
Output
1 F25T8 1 ELECTDIM Electronic Dimming  8~25 BF .05~.94
2 F25T8 1 ELECTDIM Electronic Dimming  13~49 BF.05~.94
3 F25T8 1 ELECT DIM Electronic Dimming 16~76 BF .05~.94
4 F25T8 1 ELECTDIM Electronic Dimming  22~96 BF .05~.88
Electronic Ballasts
cont.
4 foot Fluorescent 1 F25T12ES 1 ELECT NO Electronic Normal 27
Rapid Start T12 for T- Output
Sballasts CEnergy F25T12ES 1 ELECTNO Electronic Normal 52
Saving” 25W)
Output
3 F25T12ES 1 ELECT NO  Electronic Normal 77
Output
4 F25T12ES 1 ELECT NO Electronic Normal 95
Output
4 foot Fluorescent 1 F32T8/30ES 1 ELECT NO  Electronic Normal 29
Instant Start T8 Output
(—usgvr\'/er Savin 2 F32T8/30ES 1 ELECTNO Electronic Normal 54
Output
3 F32T8/30ES 1 ELECT NO Electronic Normal 79
Output
4 F32T8/30ES 1 ELECT NO Electronic Normal 104
Output
1 F32T8/30ES 1 ELECT RO Electronic Reduced 27
Output
2 E32T8/30ES 1 ELECT RO Electronic Reduced 48
Output
3 F32T8/30ES 1 ELECT RO Electronic Reduced 70
Output
4 F32T8/30ES 1 ELECT RO Electronic Reduced 91
Output
1 F32T8/30ES 1 ELECTNO EE Normal Output 33
EE
2 F32T8/30ES 1 ELECT NO Enerqy efficiency 52
EE Normal Output
3 F32T8/30ES 1 ELECT NO Energy efficiency 77
EE Normal Output
4 F32T8/30ES 1 ELECTNO Enerqy efficiency 101
EE Normal Output
1 F32T8/30ES 1 ELECTRO EE Reduced Output 28
EE
2 F32T8/30ES 1 ELECTRO EE Reduced Output 45
EE
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
3 F32T8/30ES 1 ELECT RO EE Reduced Output 66
EE
4 F32T8/30ES 1 ELECT RO EE Reduced Output 88
EE
4 foot Fluorescent 1 F32T18 0.5 G. Mag. Energy 35 Tandem
Rapid Start T8 (32W) Efficient wired
1 F32T18 1 MAG. Mag. Energy 39
Efficient
2 E32T78 1 MAG. Mag. Energy 70
Efficient
4 foot Fluorescent § F32T8 & MAG Mag Energ! & Tandem
Rapid Start T8 (32W) Efficient wired
cont. 3 E32T8 2 MAG. Mag. Energy 109
Efficient
4 E32T78 2 MAG. Mag. Energy 140 (2) two-lamp
Efficient ballasts
4 foot Fluorescent 1 F32T18 1 ELECT NO Electronic Normal 32
Rapid Start T8 (32W) Output
2 F32T8 1 ELECT NO Electronic Normal 62
Output
3 F32T18 1 ELECT NO Electronic Normal 93
Output
4 F32T8 1 ELECT NO Electronic Normal 114
Output
1 F32T8 1 EE NO EE Normal Qutput 35
2 F32T8 1 EE NO EE Normal Output 55
3 F32T78 1 EE NO EE Normal Output 82
4 F32T18 1 EE NO EE Normal Output 107
1 F32T18 1 ELECT RO Electronic Reduced 29
Output
2 F32T18 1 ELECT RO Electronic Reduced 51
Output
3 F32T78 1 ELECT RO Electronic Reduced 76
Output
4 F32T8 1 ELECT RO Electronic Reduced 98
Output
2 F32T78 1 ELECT HO Electronic High 77 BF~1.13
Output
3 F32T78 1 ELECT HO Electronic High 112 BF~1.18
Output
1 F32T18 1 EE RO EE Reduced Output 30
2 F32T78 1 EERO EE Reduced Output 48
3 F32T78 1 EE RO EE Reduced Output 73
4 F32T18 1 EERO EE Reduced Output 96
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
2 F32T18 1 ELECTTL  Electronic Two Level 65
(50 & 100%)
1 F32T8 1 ELECT Electronic Dimming ~ 9~35 BF .05~1.0
DIM1
2 E32T78 1 ELECT Electronic Dimming 15~68 BF .05~1.0
DIM1
3 F32T8 1 ELECT Electronic Dimming ~ 20~102 BF .05~1.0
DIM1
1 F32T78 1 ELECT Electronic Dimming 9~-33 BF .05~.88
DIM2
2 F32T8 1 ELECT Electronic Dimming  14~64 BF .05~.88
DIM2
3 F32T8 1 ELECT Electronic Dimming  18~93 BF .05~.88
DIM2
4 E32T78 1 ELECT Electronic Dimming  25~116 BF .05~.88
DIM2
5 foot Fluorescent 1 F40T8 1 MAG. Mag. Energy 50
Rapid Start T8 (40W) Efficient
2 F40T8 1 MAG. Mag. Energy 92
Efficient
1 F40T8 1 ELECT Electronic 46
2 F40T8 1 ELECT Electronic 79
3 F40T8 1 ELECT Electronic 112
3 foot Fluorescent 1 F30T12/ES 1 MAG STD  Mag. Stand. 42
Rapid Start T12
Rapid Stan 112 | 2 F30T12/ES 1 MAG STD  Mag. Stand. 74
(“Energy-Saving
25W) 3 F30T12/ES 15 MAG STD  Mag. Stand. 111 Tandem
wired
3 F30T12/ES 2 MAG STD  Mag. Stand. 116
2 F30T12/ES 1 MAG. Mag. Energy 66
Efficient
1 F30T12/ES 1 ELECT Electronic 26
2 F30T12/ES 1 ELECT Electronic 53
3 foot Fluorescent 1 F30T12 1 MAG STD  Mag. Stand. 46
Rapid Start T12
“Stand.” 30 2 F30T12 1 MAG STD  Mag. Stand. 79
3 F30T12 15 MAG STD  Mag. Stand. 118 Tandem
wired
3 F30T12 2 MAG STD Mag. Stand. 125
2 F30T12 1 MAG. Mag. Energy 73
Efficient
1 F30T12 1 ELECT Electronic 30
2 F30T12 1 ELECT Electronic 60
4 foot Fluorescent 1 FAQT12/ES Plus 0.5 MAG. Mag. Energy 34 Tandem
Rapid Start T12 Efficient wired
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Type Lamps Ballasts System Comment
Watts

Number Designation Number Designation Description

(‘Energy-Saving 1 F40T12/ES Plus 1 MAG. Mag. Energy 41
Plus"32 Efficient

N

F40T12/ES Plus

=

MAG. Mag. Energy 68
Efficient

lw

F40T12/ES Plus

1=
]

MAG. Mag. Energy
Efficient

F40T12/ES Plus 15 MAG. Mag. Energy Tandem
Efficient wired

1w
=
N

lw

F40T12/ES Plus

N
=
©

MAG. Mag. Energy 109
Efficient

MAG. Mag. Energy 136 (2) Two
Efficient lamp ballasts
RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%

I~

F40T12/ES Plus

[N
-
[e)]
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Table NB-9 — Fluorescent Rapid Start T-12

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
4 foot Fluorescent 1 FA0T12/ES 0.5 MAG STD* Mag. Stand. 42 Tandem
Rapid Start T12 wired
(‘Energy- .
Saving’34 1 F40T12/ES 1 MAG STD: Mag. Stand. 48
2 FA0T12/ES 1 MAG STD* Mag. Stand. 82
3 FAQT12/ES 15 MAG STD* Mag. Stand. 122 Tandem
wired
3 FA0T12/ES 2 MAG STD* Mag. Stand. 130
4 FAQT12/ES 2 MAG STD* Mag. Stand. 164 (2) Two
lamp
ballasts
1 FAQT12/ES 0.5 MAG. Mag. Energy 36 Tandem
Efficient wired
1 F40T12/ES 1 MAG. Mag. Energy 43
Efficient
2 FA0T12/ES 1 MAG. Mag. Energy 72
Efficient
3 FAQT12/ES 1 MAG. Mag. Energy 105
Efficient
3 F40T12/ES 15 MAG. Mag. Energy 108 Tandem
Efficient wired
3 FA0T12/ES 2 MAG. Mag. Energy 112
Efficient
4 FA0T12/ES 2 MAG. Mag. Energy 144 (2) Two
Efficient lamp
ballasts
2 FA0T12/ES 1 MAG HC Mag. Heater Cutout 58
3 FAQT12/ES 15 MAG HC Mag. Heater Cutout 87 Tandem
wired
4 FA0T12/ES 2 MAG HC Mag. Heater Cutout 116 (2) Two
lamp
ballasts
2 FA0T12/ES 1 MAG HC FO Mag. Heater Cutout 66
Full Light
3 FAQT12/ES 15 MAG HC FO Mag. Heater Cutout 99 Tandem
Full Light wired
4 FA0T12/ES 2 MAG HC FO Mag. Heater Cutout 132 (2) Two
Eull Light lamp
ballasts
1 F40T12/ES 0.5 ELECT Electronic 30 Tandem
wired
1 F40T12/ES 1 ELECT Electronic 31
2 F40T12/ES 1 ELECT Electronic 62
3 FAQT12/ES 1 ELECT Electronic 920
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
3 FA0T12/ES 15 ELECT Electronic 93 Tandem
wired
3 FAQT12/ES 2 ELECT Electronic 93
4 FA0T12/ES 1 ELECT Electronic 121
4 FA0T12/ES 2 ELECT Electronic 124 (2) Two
lamp
ballasts
2 FAQT12/ES 1 ELECT AO  Elec. Adjustable 60
Output (to 15%
3 F40T12/ES 15 ELECT AO Elec. Adjustable 90 Tandem
Output (to 15%) wired
4 F40T12/ES 2 ELECT AO Elec. Adjustable 120 (2) Two
Output (to 15%) lamp
ballasts
4 foot Fluorescent
Rapid Start T12
(“Energy-
Saving"34W) cont.
4 foot Fluorescent 1 F40T12 0.5 MAG. Mag. Energy 44 Tandem
Rapid Start Stand. Efficient wired
{40W) 1 F40T12 1 MAG. Mag. Energy 46
Efficient
2 F40T12 1 MAG. Mag. Energy 88
Efficient
3 F40T12 1 MAG. Mag. Energy 127
Efficient
3 F40T12 15 MAG. Mag. Energy 132 Tandem
Efficient wired
3 F40T12 2 MAG. Mag. Energy 134
Efficient
4 F40T12 2 MAG. Mag. Energy 176 (2) Two
Efficient lamp
ballasts
2 F40T12 1 MAG HC Mag. Heater Cutout 71
3 F40T12 15 MAG HC Mag. Heater Cutout 107 Tandem
— wired
4 F40T12 2 MAG HC Mag. Heater Cutout 142 (2) Two
lamp
ballasts
2 °F40T12 1 MAG °F FO Mag. Heater Cutout 80
Full Light
3 °F40T12 15 MAG °F FO Mag. Heater Cutout 120 Tandem
Full Light wired
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Type

4 foot Fluorescent

Rapid Start Stand.
(40W) cont.

Lamps

Ballasts

System Comment
Watts

Number Designation Number Designation Description
4 9F40T12 2 MAG °FFO Mag. Heater Cutout 160 (2) Two
Eull Light lamp
ballasts
1 °F40T12 0.5 ELECT Electronic 36 Tandem
wired
1 °F40T12 1 ELECT Electronic 37
2 °F40T12 1 ELECT Electronic 72
3 °F40T12 1 ELECT Electronic 107
3 °F40T12 15 ELECT Electronic 108 Tandem
wired
3 °F40T12 2 ELECT Electronic 109
4 °F40T12 1 ELECT Electronic 135
4 9F40T12 2 ELECT Electronic 144 (2) Two
lamp
ballasts
2 °F40T12 1 ELECT RO Electronic Reduce 61
Output (75%)
3 °F40T12 1 ELECT RO Electronic Reduce 90
Output (75%)
3 °F40T12 15 ELECT RO Electronic Reduce 92 Tandem
Output (75%) wired
4 °F40T12 2 ELECT RO Electronic Reduce 122 (2) Two
Output (75%) lamp
ballasts
2 °F40T12 1 ELECTTL Elec. Two Level (50 69
& 100%)
3 °F40T12 15 ELECT TL Elec. Two Level (50 104 Tandem
& 100%) wired
4 °F40T12 2 ELECTTL Elec. Two Level (50 138 (2) Two
& 100%) lamp
ballasts
2 °F40T12 1 ELECTAO  Elec. Adjustable 73
Output (to 15%)
3 °F40T12 15 ELECT AO  Elec. Adjustable 110 Tandem
Output (to 15%) wired
4 °F40T12 2 ELECTAO  Elec. Adjustable 146 (2) Two
Output (to 15%) lamp
ballasts
2 °F40T12 1 ELECTDIM  Electronic Dimming 83
(to 1%)
3 °F40T12 15 ELECTDIM  Electronic Dimming 125 Tandem
(to 1%) wired
4 °F40T12 2 ELECTDIM  Electronic Dimming

(to 1%)

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-10 — Fluorescent Rapid Start High Output (HO) T8 & T12, 8 ft

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
8 foot Fluorescent 1 F96T8/HO 1 ELECT Electronic 88
Rapid Start T8 High -
Outbut (86W 2 F96T8/HO 1 ELECT Electronic 160
8 foot Fluorescent 1 F96T12/HO/ES 1 MAG STD Mag. Stand. 125
Rapid Start T12 High FOSTIZHOES 1 MAG STD* Mag. Stand. 227
Output (“Energy-
Saving” 95W) 2 F96T12/HO/ES 1 MAG. Mag. Energy 208
Efficient
2 FO96T12/HO/ES 1 ELECT Electronic 170
8 foot Fluorescent 1 F96T12/HO 1 MAG STD  Mag. Stand. 140
Rapid Start T12 High o
Outout (“Stand.” 2 F96T12/HO 1 MAG STD* Mag. Stand. 252
110W) 2 F96T12/HO 1 MAG. Mag. Energy 237
Efficient
1 F96T12/HO 1 ELECT Electronic 119
2 F96T12/HO 1 ELECT Electronic 205
8 foot Fluorescent 1 F96T12/VHO/ES 1 MAG STD Mag. Stand. 200
Rapid Start 12 Very —, FO6TI2VHOES 1 MAG STD  Mag. Stand. 325
High Output (“Energy-
Saving” 195W
8 foot Fluorescent 1 Stand.96T12/VHO 1 MAG Mag. Stand. 230
Rapid Start T12 Very STAND.
High Output ("Stand.” ~, Stand.96T12VHO 1 MAG Mag. Stand. 440
215W) STAND

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%

Table NB-11 — Fluorescent Instant Start (single pin base "Slimline™) T12, 4 ft

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
4 foot Fluorescent 1 Stand.48T12/ES 1 MAG Mag. Stand. 51
Slimline Energy- STAND.
Saving T12 (32W)
Saving T12 (32 2 Stand.48T12[ES 1 MAG Mag. Stand. 82
STAND.
4 foot Fluorescent 1 Stand.48T12 1 MAG Stand. Mag. Stand. 59
Slimline Stand. Stand. ~, Stand.48T12 1 MAG Stand. Mag. Stand. 98

39W

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-12 — Fluorescent Instant Start (single pin base "Slimline™) T8 & T12, 8 ft.

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
8 foot Fluorescent T8 1 Fo6T8 1 MAG. Mag. Stand.
—
Slimiine (59W) 2 F96T8 1 MAG. Mag. Stand.
2 F96T8 1 ELECT NO Electronic Normal
Qutput
1 F96T8 1 ELECT HO Electronic High BF~1.10
Output
2 FI96T8 1 ELECT HO1 Electronic High BF~1.10
Output
2 F96T8 1 ELECTHO2 Electronic High BF~-1.20
Output
8 foot Fluorescent 1 FO6T12/ES 1 MAG STD Mag. Stand.
T12 Slimline (“Energy- -
Saving” OW 2 FO6T12/ES 1 MAG STD: Mag. Stand.
2 FO6T12/ES 1 MAG. Mag. Energy
Efficient
1 FO6T12/ES 1 ELECT Electronic 70
2 FO6T12/ES 1 ELECT Electronic 107
8 foot Fluorescent 1 F96T12 1 MAG STD Mag. Stand. 92
T12 Slimline (“Stand.” ok
75 2 F96T12 1 MAG STD Mag. Stand. 158
2 F96T12 1 MAG. Mag. Energy 144
Efficient
1 F96T12 1 ELECT Electronic 85
2 F96T12 1 ELECT Electronic 132

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-13 — High Intensity Discharge

Type Lamps Ballasts System Comment
Watts

Number Designation Number Designation Description

Mercury Vapor 1 H40 1 MAG STD Mag. Stand. 51
1 H50 1 MAG STD Mag. Stand. 63
1 H75 1 MAGSTD  Mag. Stand. 88
1 H100 1 MAGSTD  Mag. Stand. 119
1 H175 1 MAG STD Mag. Stand. 197
1 H250 1 MAGSTD  Mag. Stand. 285
1 H400 1 MAG STD Mag. Stand. 450
1 H1000 1 MAG STD  Mag. Stand. 1080

Metal Halide 1 M35/39 1 MAG STD Mag. Stand. 48
1 M35/39 1 ELECT Electronic 44
1 M50 1 MAGSTD  Mag. Stand. 68
1 M50 1 ELECT Electronic 58
1 M70 1 MAG STD Mag. Stand. 92
1 M70 1 ELECT Electronic 86
1 M100 1 MAG STD Mag. Stand. 122
1 M100 1 ELECT Electronic 110
1 M125 1 MAGSTD  Mag. Stand. 150
1 M150 1 MAG STD Mag. Stand. 186
1 M150 1 ELECT Electronic 168
1 M175 1 MAGSTD  Mag. Stand. 205
1 M200 1 MAG STD Mag. Stand. 232
1 M225 1 MAGSTD  Mag. Stand. 258
1 M250 1 MAG STD Mag. Stand. 295
1 M320 1 MAG STD  Mag. Stand. 365
1 M320 1 MAG LR 277v Linear Reactor 345
1 M360 1 MAG STD Mag. Stand. 422
1 M360 1 MAG LR 277v Linear Reactor 388
1 M400 1 MAGSTD  Mag. Stand. 461
1 M400 1 MAG LR 277v Linear Reactor 426
1 M450 1 MAGSTD  Mag. Stand. 502
1 M450 1 MAG LR 277v Linear Reactor 478
1 M750 1 MAG STD  Mag. Stand. 820
1 M900 1 MAGSTD  Mag. Stand. 990
1 M1000 1 MAG STD Mag. Stand. 1080
1 M1500 1 MAG STD  Mag. Stand. 1650
1 M1650 1 MAGSTD  Mag. Stand. 1810
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
High Pressure Sodium 1 S35 1 MAG STD Mag. Stand. 44
1 S50 1 MAG STD Mag. Stand. 61
1 S70 1 MAG STD  Mag. Stand. 93
1 S100 1 MAGSTD  Mag. Stand. 116
1 S150 1 MAG STD  Mag. Stand. 173
1 S200 1 MAGSTD  Mag. Stand. 240
1 S250 1 MAG STD Mag. Stand. 302
. .
J—CHénrt' Pressure Sodium ~ S400 1 MAGSTD  Mag. Stand. 469
1 S1000 1 MAG STD Mag. Stand. 1090
Low Pressure Sodium 1 LPS18 1 MAG Mag. Stand. 30
STAND.
1 LPS35 1 MAG Mag. Stand. 60
STAND.
1 LPS55 1 MAG Mag. Stand. 80
STAND.
1 LPS90 1 MAG Mag. Stand. 125
STAND.
1 LPS135 1 MAG Mag. Stand. 178
STAND.
1 LPS180 1 MAG Mag. Stand. 220
STAND.

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-14 — 12 Volt Tungsten Halogen Lamps Including MR16, Bi-pin, AR70, AR111, PAR36

Type Lamps Ballasts System Comment
Watts

Number Designation Number Designation Description

1 20 watt lamp 1 ELECT Electronic Power 23
Supply

1 25 watt lamp 1 ELECT Electronic Power 28
Supply

1 35 watt lamp 1 ELECT Electronic Power 38
Supply

1 37 watt lamp 1 ELECT Electronic Power 41
Supply

1 42 watt lamp 1 ELECT Electronic Power 45
Supply

1 50 watt lamp 1 ELECT Electronic Power 54
Supply

1 65 watt lamp 1 ELECT Electronic Power 69
Supply

1 71 watt lamp 1 ELECT Electronic Power 75
Supply

1 75 watt lamp 1 ELECT Electronic Power 80
Supply

1 100 watt lamp 1 ELECT Electronic Power 106
Supply

1 20 watt lamp 1 MAG Mag. Transformer 24

1 25 watt lamp 1 MAG Mag. Transformer 29

1 35 watt lamp 1 MAG Mag. Transformer 39

1 37 watt lamp 1 MAG Mag. Transformer 42

1 42 watt lamp 1 MAG Mag. Transformer 46

1 50 watt lamp 1 MAG Mag. Transformer 55

1 65 watt lamp 1 MAG Mag. Transformer 70

1 71 watt lamp 1 MAG Mag. Transformer 76

1 75 watt lamp 1 MAG Mag. Transformer 81

1 100 watt lamp 1 MAG Mag. Transformer 108
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FableB-102 — DEFAULT LAMPBALLAST POWERWATTAGES s B-8973
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CHAPTER 24

THERMAL AND WATER VAPOR TRANSMISSION DATA

Building Envelopes
Calculating Overall Thermal Resistances
Mechanical and Industrial Systems
Calculating Heat Flow for Buried Pipelines

v 2401

HIS chapter presents thermal and water vapor transmission

data based on steady-state or equilibrium conditions. Chapter 3
covers heat transfer under transient or changing temperature condi-
tions. Chapter 22 discusses selection of insulation materials and
procedures for determining overall thermal resistances by simpli-
fied methods.

BUILDING ENVELOPES

Thermal Transmission Data for Building Components

The steady-state thermal resistances (R-values) of building com-
ponents (walls, floors, windows, roof systems, etc.) can be calcu-
lated from the thermal properties of the materials in the component;
or the heat flow through the assembled component can be measured
directly with laboratory equipment such as the guarded hot box
(ASTM Standard C 236) or the calibrated hot box (ASTM Standard
C976).

Tables | through 6 list thermal values, which may be used to cal-
culate thermal resistances of building walls, floors, and ceilings.
The values shown in these tables were developed under ideal con-
ditions. In practice, overall thermal performance can be reduced sig-
nificantly by such factors as improper installation and shrinkage,
settling, or compression of the insulation (Tye and Desjarlais 1983;
Tye 1985, 1986).

Most values in these tables were obtained by accepted ASTM
test methods described in ASTM Standards C 177 and C 518 for
materials and ASTM Standards C 236 and C 976 for building enve-
lope components. Because commercially available materials vary,
not all values apply to specific products.

The most accurate method of determining the overall thermal
resistance for a combination of building materials assembled as a
building envelope component is to test a representative sample by a
hot box method. However, all combinations may not be conve-
niently or economically tested in this manner. For many simple con-
structions, calculated R-values agree reasonably well with values
determined by hot box measurement.

The performance of materials fabricated in the field is especially
subject to the quality of workmanship during construction and
installation. Good workmanship becomes increasingly important as
the insulation requirement becomes greater. Therefore, some engi-
neers include additional insulation or other safety factors based on
experience in their design.

Figure 1 shows how convection affects surface conductance of
several materials. Other tests on smooth surtaces show that the aver-
age value of the convection part of the surface conductance
decreases as the length of the surface increases. ’

Vapor retarders, which are discussed in Chapters 22 and 23,
require special attention. Moisture from condensation or other
sources may reduce the thermal resistance of insulation, but the
effect of moisture must be determined for each material. For exam-
ple, some materials with large air spaces are not affected signifi-

The preparation of this chapter is assigned to TC 4.4, Thermal Insulation
and Moisture Retarders.
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Fig. 1 Surface Conductance for Different Surfaces as
Affected by Air Movement

cantly if the moisture content is less than 10% by weight, while the
effect of moisture on other materials is approximately linear.

Ideal conditions of components and installations are assumed in
calculating overall R-values (i.e., insulating materials are of uni-
form nominal thickness and thermal resistance, air spaces are of
uniform thickness and surface temperature, moisture effects are not
involved, and installation details are in accordance with design).
The National Institute of Standards and Technology Building Mate-
rials and Structures Report BMS 151 shows that measured values
differ from calculated values for certain insulated constructions. For
this reason, some engineers decrease the calculated R-values a
moderate amount to account for departures of constructions trom
requirements and practices.

Tables 3 and 2 give values for well-sealed systems constructed
with care. Field applications can differ substantially from laboratory
test conditions. Air gaps in these insulation systems can seriously
degrade thermal performance as a result of air movement due to
both natural and forced convection. Sabine et al. (1975) found that
the tabular values are not necessarily additive for multiple-layer,
low-emittance air spaces, and tests on actual constructions should
be conducted to accurately determine thermal resistance values.

Values for foil insulation products supplied by manufacturers
must also be used with caution because they apply only to sys-
tems that are identical to the configuration in which the product
was tested. In addition, surface oxidation, dust accumulation,
condensation, and other factors that change the condition of the
low-emittance surface can reduce the thermal effectiveness of

24.1
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24.2

Table 1 Surface Conductances and Resistances for Air

Surface Emittance, £

Non-
Direction reflective Reflective
Position of of Heat =090 £=0.20 eSS
Surface Flow h; R h; R h; R
STILL AIR
Horizontal Upward [.63 0.61 091 110 076 132
Sioping—45° Upward .60 0.62 088 1.14 073 137
Vertical Horizontal 1,46 068 074 135 059 170
Sloping—45° Downward 1[.32 076 0.60 167 045 222
Horizontal Downward }.08 092 037 270 022 455
MOVING AIR (Any position) h, R
15-mph Wind Any 6.00 0.17 — — _ -
{for winter)
7.5-mph Wind Any 400 025 — @ — e o
{for summer)
Notes:

measured in Bru/h-fiZ-°F; resistance R in

. Surface conductance h, and 4,

°F-ft*-/Btu.

No surface has both an air space resistance value and a surface resistance value,

For ventilated attics or spaces above ceilings under summer conditions (heat flow

down), see Table 5.

. Conductances are for surfaces of the stated emittance facing virtual blackbody sur-
roundings at the same temperature as the ambient air. Values are based on a surface-
air temperature difference of 10°F and for surface temperatures of 70°F

. See Chapter 3 for more detailed information, especially Tables 5 and 6, and see Fig-
ure | for additional data.

. Condensate can have a significant impact on surface emittance (see Table 2).

s

A

(=

these insulation systems (Hooper and Moroz 1952). Deteriora-
tion results from contact with several types of solutions, either
acidic or basic (e.g., wet cement mortar or the preservatives
found in decay-resistant lumber). Polluted environments may
cause rapid and severe material degradation. However, site
inspections show a predominance of well-preserved installations
and only a small number of cases in which rapid and severe dete-
rioration has occurred. An extensive review of the reflective
building insulation system performance literature is provided by
Goss and Miller (1989).

CALCULATING OVERALL THERMAL
RESISTANCES

Relatively small, highly conductive elements in an insulating
layer called thermal bridges can substantially reduce the average
thermal resistance of a component. Examples include wood and
metal studs in frame walls, concrete webs In concrete masonry
walls, and metal ties or other elements in insulated wall panels. The
following examples illustrate the calculation of R-values and U-fac-
tors for components containing thermal bridges.

These conditions are assumed in calculating the design R-values:

Equilibrium or steady-state heat transfer, disregarding effects
of thermal storage
Surrounding surfaces at ambient air temperature

Exterior wind velocity of 15 mph for winter (surface
with R = 0.17°F-ft?-h/Btu) and 7.5 mph for summer
(surface with R = 0.25°F - ft>- h/Btu)

Surface emittance of ordinary building materials is 0.90

Wood Frame Walls

The average overall R-values and U-factors of wood frame
walls can be calculated by assuming either parallel heat flow
paths through areas with different thermal resistances or by
assuming isothermal planes. Equations (1) through (5) from
Chapter 22 are used.

1997 ASHRAE Fundamentals Handbook

Table 2 Emittance Values of Various Surfaces and Effective
Emittances of Air Spaces®

Effective Emittance
g, of Air Space

Average OneSurface Both
Emittance Emittance  Surfaces

Surface € ¢; Other, 0.9 Emittance €
Aluminum foil, bright 0.05 .05 0.03
Aluminum foil, with condensate

just visible (> 0.7 gr/ft?) 0.30" 0.29 =
Aluminum foil, with condensate

clearty visible (> 2.9 gi/ft?) 0.70" 0.05 —
Aluminum shecet 0.12 0.12 0.06
Aluminum coated paper, polished 0.20 0.20 0.1
Steel, galvanized, bright 0.25 0.24 0.15
Aluminum paint 0.50 0.47 0.35
Building materials: wood, paper,

masonry, noninetallic paints 0.0 (.82 0.82
Regular glass 0.84 077 0.72

AThese values apply in the 4 1o 40 i range of the electromagnetic spectrum
PValues are based on data presented by Basseti and Trethowen (1984).

3

1. Qutside surface 5. Wood Stud

2. Wood bevel lapped siding 6. Gypsum Waliboard
3. Sheathing {rigid foam insulation) 7. Inside Surface

4. Mineral fiber batt insulation

Fig. 2 Insulated Wood Frame Wall (Example 1)

The framing factor or fraction of the building component that is
framing depends on the specific type of construction, and it may
vary based on local construction practices—even for the same type
of construction. For stud walls 16 in. on center (OC), the fraction of
insulated cavity may be as low as 0.75, where the fraction of studs,
plates, and sills is 0.21 and the fraction of headers is 0.04. For studs
24 in. OC, the respective values are 0.78, 0.18, and 0.04. These frac-
tions contain an allowance for multiple studs, plates, sills, extra
framing around windows, headers, and band joists. These assumed
tframing fractions are used in the following example, to illustrate the
importance of including the effect of framing in determining the
overall thermal conductance of a building. The actual framing frac-
tion should be calculated for each specific construction.
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Thermal and Water Vapor Transmission Data 24.3
Table 3 Thermal Resistances of Plane Air Spaces®P<, °F-ft?-h/Btu
Air Space 0.5-in. Air Space® 0.75-in. Air Space®
Position of Direction of Mean Temp. Effective Emittance seffd"* Effective Emittance E:e]]-"'e
Air Space Heat Flow  Temp.d, °F Diftd, °F 0.03 0.05 0.2 0.5 0.82 0.03 0.05 0.2 0.5 0.82
20 10 2.13 2.03 1.51 0.99 0.73 2.34 2.22 .61 1.04 0.75
50 30 1.62 1.57 1.29 0.96 0.75 1.71 1.66 .35 0.99 Q.77
50 10 2.13 2.05 1.60 .11 0.84 2.30 2.21 1.70 .16 0.87
Horiz. Up 0 20 1.73 1.70 1.45 1.12 0.91 1.83 1.79 152 L.16 0.93
0 10 2.10 2.04 1.70 1.27 1.00 2.23 2.16 [.78 1.31 1.02
=50 20 1.69 1.66 1.49 1.23 1.04 177 1.74 1.55 1.27 1.07
=50 10 2.04 2.00 1.75 1.40 1.16 2.16 2.11 1.84 1.46 1.20
90 10 2.44 2.31 1.65 1.06 0.76 2.96 2.78 1.88 1.15 0.81
50 30 2.06 1.98 1.56 1.10 0.83 1.99 1.92 1.52 1.08 0.82
45° 50 10 2.55 2.44 1.83 1.22 0.90 2.90 2.75 2.00 1.29 0.94
Slone Up 0 20 2.20 2.14 1.76 1.30 1.02 2.13 2.07 1.72 1.28 1.00
P ] 10 2.63 2.54 2.03 1.44 1.10 2.72 2.62 2.08 1.47 1.12
. =50 20 2.08 2.04 1.78 1.42 1.17 2.05 2.01 L.76 1.41 1.16
~50 10 2.62 2.56 2.17 1.66 1.33 2.53 2.47 2.10 1.62 1.30
90 10 247 2.34 1.67 1.06 0.77 3.50 3.24 2.08 1.22 0.84
50 30 2.57 2.46 1.84 1.23 0.90 2.91 2.7 2.01 1.30 0.94
50 10 2.66 2.54 1.88 1.24 091 3.70 3.46 235 1.43 1.01
Vertical Horiz, i 0 20 2.82 2.72 2.14 1.50 113 3.14 3.02 2.32 1.58 1.18
0 10 2.93 2.82 2.20 1.53 1.15 3.77 3.59 2.64 1.73 1.26
-50 20 2.90 2.82 235 1.76 1,39 2.90 2.83 2.36 1.77 1.39
=50 10 3.20 3.10 2.54 1.87 1.46 392, 3.60 2.87 2.04 1.36
90 10 2.48 2.34 1.67 1.06 0.77 3.53 3.27 2.10 1.22 0.84
50 30 2.64 2.52 1.87 1.24 0.91 3.43 3.23 2.24 1.39 0.99
45° 50 10 2.67 2.55 1.89 1.25 0.92 3.81 3.57 240 1.45 1.02
Sio . Down 0 20 291 2.80 2.19 1.52 1.15 3.75 3.57 2.63 1.72 1.26
P 0 10 2.94 2.83 2.21 1.53 .15 4.12 391 2.81 1.80 1.30
=50 20 3.16 3.07 2.52 1.86 1.45 3.78 3.65 2.90 2.05 1EST]
~50 10 3.26 3.16 2.58 1.89 1.47 4.35 4.18 3.22 2.21 1.66
90 10 2.48 2.34 1.67 1.06 0.77 3.55 3.29 2.10 1.22 0.85
50 30 2.66 2.54 1.88 1.24 0.91 397 3.52 2.38 1.44 1.02
50 10 2.67 2.55 1.89 1.25 0.92 3.84 3.59 241 145 1.02
Horiz. Down 0 20 2.94 2.83 2.20 1.53 115 4.18 3.96 2.83 1.81 1.30
ﬁ 0 10 2.96 2.85 2.22 1.53 1.16 4.25 4.02 2.87 1.82 1.31
=50 20 3.25 315 2.58 1.89 1.47 4.60 4.41 3.36 2.28 1.69
-50 10 3.28 318 2.60 1.90 1.47 4.71 4.51 3.42 2.30 1.71
Air Space 1.5-in. Air Space® 3.5-in. Air Space®
90 10 255 241 171 108 077 284 266 18  LI13 080
50 30 1.87 1.81 1.45 1.04 0.80 2.09 2.01 1.58 1.10 0.84
L 50 10 2.50 2.40 1.81 1.21 0.89 2.80 2.66 1.95 1.28 0.93
Horiz. Up Q 20 2.01 1.95 1.63 1.23 0.97 2.25 2.18 1.79 1.32 1.03
0 10 243 2.35 1.90 1.38 1.06 2.71 2.62 2.07 1.47 112
-50 20 1.94 1.91 1.68 1.36 1.13 2.19 2.14 1.86 1.47 1.20
=50 10 2.37 2.31 1.99 1.55 1.26 2.65 2.58 2.18 1.67 1.33
90 10 292 2,73 1.86 1.14 0.80 3.18 2.96 1.97 1.18 0.82
50 30 2.14 2.06 1.61 1.i2 0.84 2.26 2.17 1.67 115 0.86
45° 50 10 2.88 2.74 1.99 1.29 0.94 3.12 2.95 2.10 1.34 0.96
Slo Up 0 20 2.30 2.23 1.82 1.34 1.04 2.42 2.35 1.90 1.38 1.06
pe 0 10 2.79 2.69 2.12 1.49 1.13 2.98 2.87 2.23 1.54 1.16
-50 20 2.22 2.17 1.88 1.49 1.21 2.34 2.29 1.97 1.54 1.25
-50 10 2.71 2.64 2.23 1.69 1.35 2.87 2.79 233 1.75 1.39
90 10 3.99 366 225 1.27 0.87 3.69 3.40 2.15 1.24 0.85
50 30 2.58 2.46 1.84 1.23 0.90 2.67 2.55 1.89 1.25 0.91
50 10 379 3.55 2.39 1.45 1.02 3.63 3.40 2.32 1.42 1.01
Vertical HOTIZ. i 0 20 2,76 2.66 2.10 1,48 1.12 2.88 2.78 2.17 1.51 1.14
0 10 3.51 3.35 2.51 1.67 1.23 3.49 3.33 2.50 [.67 1.23
-50 20 2.64 2.58 2.18 1.66 1.33 2.82 2.75 2.30 1.73 1.37
=50 10 3.31 3.21 2.62 1.91 1.48 3.40 3.30 2.67 1.94 1.50
90 10 5.07 4.55 2.56 1.36 0.91 4.81 4.33 249 1.34 0.90
50 30 3.58 3.36 2.31 1.42 1.60 3.51 3.30 2.28 1.40 1.00
45° 50 10 5.10 4.66 2.85 1.60 1.09 4.74 4.36 2.73 1.57 1.08
Sio Down 0 20 3.85 3.66 2.68 1.74 1.27 3.81 3.63 2.66 1.74 1.27
pe 0 10 4.92 4.62 316 1.94 1.37 4.59 4.32 3.02 1.88 1.34
~50 20 3.62 3.50 2.80 2.01 1.54 377 3.64 2.90 2.05 1.57
-50 0 4.67 4.47 340 2.29 1.70 4.50 4.32 3.31 2.25 1.68
90 10 6.09 5.35 2.79 1.43 0.94 10.07 8.19 3.41 1.57 1.00
30 30 6.27 5.63 3.18 1.70 1.14 9.60 8.17 3.86 1.88 1.22
50 10 6.61 5.90 3.27 1.73 1.15 f1.18 9.27 4.09 1.93 1.24
Horiz. Down 0 20 7.03 6.43 391 2.19 .49 10.90 9.52 4.87 2.47 1.62
0 10 7.31 6.66 4.00 222 1.51 11.97 10.32 5.08 2.52 1.64
-50 20 7.73 7.20 4.77 2.85 1.99 11.64 10.49 6.02 3.25 2.18
-50 10 8.09 7.52 491 2.89 2.01 12.98 11.56 6.36 3.34 2.22

“See Chapter 22, section Factors Affecting Heat Transfer across Air Spaces. Thermal
resistance values were determined from the relation, R = 1/C, where C =, + &, h,,
h, is the conduction-convection coefficient, £,,4, is the radiation coefficient =
0.0068e . [(1,, + 460)/ 10013, and ¢, is the mean temperature of the air space. Values
for h, were determined from data developed by Robinson et al. (1954). Equations (5)
through (7) in Yarbrough (1983) show the data in this table in analytic form. For
extrapolation from this table to air spaces less than 0.5 in. (as in insulating window
glass), assume #,. = 0.159(1 + 0.0016 1)/l where [ is the air space thickness in inches,
and h, is heat transfer through the air space only,

"Values are based on data presented by Robinson et al. (1954). (Also see Chapter 3,
Tables 3 and 4, and Chapter 36). Values apply for ideal conditions, i.e., air spaces of
uniform thickness bounded by plane, smooth, parallel surfaces with no air leakage to
or from the space. When accurate values are required. use overall U-factors deter-

mined through calibrated hot box (ASTM C 976) or guarded hot box (ASTM C 236)
testing. Thermal resistance values for multiple air spaces must be based en careful
estimates of mean temperature differences for each air space.

A single resistance value cannot account for multiple air spaces; each air space
requires a separate resistance calculation that applies only for the established bound-
ary conditions. Resistances of horizontal spaces with heat flow downward are sub-
stantially independent of temperature difference.

d1nterpolation is permissible for other values of mean temperature, temperature differ-
ence, and effective emittance ¢, Interpolation and moderate extrapolation for air
spaces greater than 3.5 in. are also permissible.

“Effective emittance e, of the air space is given by 1/e,, = l/g, + 1/e; — |, where g,
and &, are the emirtances of the surfaces of the air space (see Table 2).
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Values?

Resistance® (R)

Conductivity® Conductance Per Inch For Thickness Specific
k), {0), Thickness (1/k),  Listed (1/C), Heat,
Density, Btu-in Btu °F-ft*-h °F-ft?-h Btu
Description 1b/ft? h-ft2-°F h-ft2- °F Btu-in Btu Ib-°F
BUILDING BOARD
Asbestos-cement board 120 4.0 — 0.25 — 0.24
Asbestos-cement board 120 — 33.00 — 0.03
Asbestos-cement board .... 120 — 16.50 — 0.06
Gypsum or plaster board.. 50 — 3.10 — 0.32 0.26
Gypsum or plaster board.. 50 — 2.22 — 0.45
Gypsum or plaster board .. 50 — 1.78 — 0.56
Plywood (Douglas Fin)d ... 34 0.80 = 1.25 == 0.29
Plywood (Douglas Fir). 34 — 3.20 — 0.31
Plywood (Douglas Fir). 34 —_ 2.13 — 0.47
Plywood (Douglas Fir). 34 J— 1.60 — 0.62
Plywood (Douglas Fir). 34 — 1.29 — 0.77
Plywood or wood panels.. 34 — 1.07 — 0.93 0.29
Vegetable fiber board
Sheathing, regular density® 8 — 0.76 —_ 1.32 0.31
.......................................... 18 — 0.49 — 2.06
Sheathing intermediate density®.. 22 — 0.92 — 1.09 0.31
Nail-base sheathing® ..... 25 —- 094 — 1.06 0.31
Shingle backer..... 18 — 1.06 — 0.94 0.31
Shingle backer..... 18 _— 1.28 — 0.78
Sound deadening board..... 5 — 0.74 — 1.35 0.30
Tile and lay-in panels, plain or acoustic 18 0.40 — 2.50 — 0.14
18 - 0.80 — 125
18 — 0.53 — 1.89
Laminated paperboard . 30 0.50 — 2.00 —_ 0.33
Homogeneous board from repulped paper 30 0.50 — 2.00 — 0.28
Hardboard®
Medium density .. . 50 0.73 — 1.37 — 0.31
High density, servrce tempered gmde :md serwce .
grade.... 55 0.82 — 1.22 — 0.32
High densuy, standard tempr:red gmde 63 1.00 — 1.00 — 0.32
Particleboard®
Low density 37 0.71 — 1.41 —_ 0.31
Medium density .. 50 094 — 1.06 — 0.31
High density ..... 62 5 1.18 — 0.85 —
Underlayment 40 —_ 1.22 — 0.82 0.29
Waferboard .. 37 0.63 — 1.59 — —
Wood subfloor .... — — 1.06 — 0.94 0.33
BUILDING MEMBRANE
Vapor—permeable feit — — 16.70 — 0.06
Vapor—seal, 2 layers of mopped — —_ 8.35 —_ 0.12
Vapor—seal, plastic film .. e — — — — Negl.
FINISH FLOORING MATERIALS
Carpet and fibrous pad...... — — 0.48 — 2.08 0.34
Carpet and rubber pad — — 0.81 —_ 123 0.33
Cork tile .......c.c... .0. in. — — 3.60 — 0.28 0.48
Terrazzo .. RE —_ — 12.50 — 0.08 0.19
Tlle—asphalt linoleum, vmyl rubber — - 20.00 — 0.05 0.30
viny] asbestos .. 0.24
ceramic.. 0.19
Wood, hardwood finish —_— —_ 1.47 ) — 0.68
INSULATING MATERIALS
Blanket and Bart™®
Mineral fiber, fibrous form processed
from rock, slag, or glass
approx. 3-4 in 0.4-2.0 — 0.091 — 11
approx. 3.5 in. 0.4-2.0 — 0.077 — 13
approx. 3.5in. ... 1.2-1.6 - 0.067 —_— I5
approx. 5.5-6.5 in. 0.4-2.0 —_ 0.053 — 19
approx. 5.5 in. ... 0.6-1.0 — 0.048 — 21
approx. 6-7.5 in. 0.4-2.0 — 0.045 - 22
approx. 8.25-10 in. 0.4-2.0 — 0.033 — 30
approx. 10-13in............ 0.4-2.0 — 0.026 — 38
Bouard and Slabs . -
Cellular glass 8.0 0.33 — 3.03 — 0.18
Gilass fiber, organic bonded .... 4.0-9.0 0.25 -~ — 4.00 — 0.23
Expanded perlite, organic bonded.. 1.0 0.36 — 278 — 0.30
Expanded rubber (rigid) 4.5 0.22 : — 4.55 = 0.40
Expanded polystyrene, extruded (smooth skin surface)
(CFC-12 €XP.) oot e 1.8-3.5 0.20 — 5.00 — 0.29
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Thermal and Water Vapor Transmission Data 24.5
Table 4 ' Typical Thermal Properties of Common Building and Insulating Materials—Design Values® (Continued)
Resistance® (R)
Conductivity” Conductance Per Inch For Thickness Specific
k), {©), Thickness (1/k),  Listed (1/C), Heat,
Density, Btu-in Btu °F-ft’-h °F-ft*-h Btu
Description : /e h-ft2-°F h-ft3-°F Btu-in Btu 1h-°F
Expanded po!ystyrene extruded (smooth skin surface)
(HCFC-142b exp.)".. 1.8-3.5 0.20 — 5.00 —_ 0.29
Expanded polystyrene, mo!ded beads 1.0 0.26 — 3.85 —_ —
1.25 0.25 —_ 4.00 — —_
1.5 0.24 - 4.17 —_ —
1.75 0.24 — 4.47 — —_
2.0 0.23 —_ 4.35 — o
Cellular polyurethane/polyisocyanurate’
(CFC-11 exp.) (unfaced)... 1.5 0.16-0.18 — 6.25-5.56 - 0.38
Cellular polyisocyanurate? (CFC-! l exp ) .
(gas-permeable FACETS) ..o vccecinrcineecrines 1.5-2.5 0.16-0.18 — 6.25-5.56 — 0.22
Cellular polyisocyanurate! (CFC-11 exp.)
{gas-impermeable facers)..........cccoiiinccnnnninns) Yeeenens 2.0 0.14 — 7.04 — Q.22
Cellular phenolic (closed cell) (CFC-11, CFC-113 exp.)¥ 3. 0.12 — 8.20 — e
Celtular phenolic (open cell) 1.8-2.2 0.23 — 4.40 —_ —
Mineral fiber with resin binder .........covviivcinnnnns 15.0 0.29 —_ 3.45° e 0.17
Mineral fiberboard, wet felted
Core or roof Insulation .........coevrercsnenisiecreeneeencns 16-17 034 — 2.94 — —
Acoustical tile .. 18.0 0.35 — 2.86 — 0.19
Acoustical tile .. 21.0 037 — 2.70 — —
Mineral fiberboard, wet molded
Acoustical tile! . 23.0 042 — 2.38 — 0.14
Wood or cane ﬁberboa.rd
Acoustical tile! ..o 05 — — 0.80 — 1.25 0.31
Acoustical tile! ...... — — 0.53 — 1.89 —
Interior finish (plank, tile) 15.0 0.35 — 2.86 — 0.32
Cement fiber slabs (shredded wood with Portland
cement binder) ... v 25270 0.50-0.53 2.0-1.89 —_
Cement fiber slabs (shredded wood w1th magnesaa
oxysulfide DINAer) ........ocoeeiiieccinrec e 22.0 0.57 — 1.75 — 0.31
Louse Fill
Cellulosic insulation (milled paper or wood pulp) 2.3-32 0.27-0.32 — 3.70-3.13 _— 0.33
Perlite, expanded... oo 2.0-4.1 0.27-0.31 — 3.7-33 — 0.26
4.1-74 0.31-0.36 — 33-28 — —
7.4-11.0 0.36-0.42 — 2.8-24 _— —_—
Mineral fiber (rock, slag, or glass)®
approx. 3.75-5in............. 0.6-2.0 — — e 11,0 0.17
approx. 6.5-8.75 in 0.6-2.0 — — — 19.0 —
approx. 7.5-10 in.. 0.6-2.0 = -— — 22.0 —
approx. 10.25-13. 75 in.. e cteneinnenerees 0.6-2,0 — —_ o 30.0 —
Mineral fiber (rock, slag, or g ass)g
approx. 3.5 in. (closed sidewall application) ........  2.0-35 — — — 12.0-14.0 —
Vermiculite, exfoliated ..o 7.0-8.2 047 — 2.13 — 032
4.0-6.0 0.44 — 2.27 — —
Spray Applied
Polyurethane foam ... 5-2.5 0.16-0.18 — 6.25-5.56 _— e
Ureaformaldehyde foam 0.7-1.6 0.22-0.28 — 4.55-3.57 = —
Cellulosic fiber............ 3.5-6.0 0.29-0.34 — 3.45-2.94 — —_
Glass fiber ............ 3.5-45 0.26-0.27 — 3.85-3.70 — —
Reflective Insulation
Reflective material (£ < 0.5) in center of 3/4 in. cavity
forms two 3/8 in. vertical air spaces™ — — 031 — 32 —
METALS
(See Chapter 36, Table 3)
ROOFING
Asbestos-cement Shingles .....coovvmrurereenens 120 — 4.76 — 021 0.24
Asphalt roll roofing........ 70 — 6.50 — 0.15 0.36
Asphalt shingles... 70 — 227 — 044 0.30
Built-up roofing ... 0.375 in. 70 — 3.00 — 0.33 0.35
SIALE s sttt 0.5 in. — = 20.00 —_— 0.05 0.30
Wood shingles, plain and plastic film faced.................. — — 1.06 — 0.94 0.31
PLASTERING MATERIALS
Cement plaster, sand aggregate ...........ccveervovcnnceinnns 116 5.0 — 0.20 — 0.20
Sand aggregate............ — — 13.3 — 0. 0.20
Sand aggregate — — 6.66 — 0.15 0.20
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Values? (Continued)

Resistance® (R}

Conductivity® Conductance Per Inch For Thickness Specific
k), O), Thickness (1/k),  Listed (1/C), Heat,
Density, Btu-in Btu °F-ft:h F-ft>h Btu
Description 1b/ft? h-ft?-°F h-ft2-°F Btu-in Btu h-°F
Gypsum plaster:

Lightweight aggregate .............c.cc.ocoeeeveeennee. 0.5 in. 45 e 3.12 — 0.32 —

Lightweight aggregate ..............oooevvreee, 0.625 in. 45 — .67 — 0.39 —

Lightweight aggregate on metal lath . 0.75 in. — — 213 — 0.47 —

Perlite aggregate ..ot 45 1.5 _— 0.67 —_ 0.32

Sand agEIEEAte ....oiiiiieriie e 105 5.6 — 0.18 — 0.20

Sand aggregate.........c.cocoovviiiieiieirecenrenencnae, 0.5in. 105 — 11,10 — 0.09 —

Sand aggregate .0.625 in. 105 — 9.10 — 0.1t —

Sand aggregate on metal lath 0.75 in. — — 7.70 _— Q.13 —

Vermiculite aggregate 45 1.7 —— 0.59 - —

MASONRY MATERIALS
Muasonry Units
Brick, fired Clay .....ccoovvviriiece e rnen 150 8.4-10.2 - 0.12-0.10 — ——
140 7.4-9.0 — 0.14-0.11 — —
130 6.4-7.8 — 0.16-0.12 o —_—
120 5.6-6.8 — 0.18-0.15 — 0.19
110 4.9-5.9 — 0.20-0.17 — —
100 42-5.1 — 0.24-0.20 — —
90 3.6-4.3 —_ 0.28-0.24 — -
80 3.0-3.7 — 0.33-0.27 — —
70 2.5-3.1 — 0.40-0.33 — —
Clay tile, hollow
1 cell deep — — 1.25 —_— 0.80 0.21
I cell deep. — — 0.90 — 1.1 —
2 cells deep.... — — 0.66 — 1.52 —
2 cells deep.... — — 0.54 — 1.85 —
2 cells deep - — 0.45 — 2.22 —
3 cells deep.... — — 0.40 — 2.50 —
Concrete blocks™
Limestone aggregate

8 in., 36 Ib, 138 Ib/ft® concrete, 2 cores..... — — — — — -
Same with perlite fi f‘lled COTES ...ooeennrnnn —_ —_ 0.48 — 2.1 —

12in., 55 b, 138 Ib/ft* concrete, 2 cores .. . e _— —_ _ —
Same with perlite filled cores ......coooveeevniiiinnt — — 0.27 — 3.7 —

Normal weight aggregate (sand and gravel)

8 in., 33-36 Ib, 126-136 Ib/ft3 concrete, 2 or 3 cores — —_ 0.90-1.03 —_ [.11-0.97 0.22
Same with perlite filled cores — — 0.50 — 2.0 —
Same with vermlcuhte filled cores ..... — — 0.52-0.73 — 1.92-1.37 —

12 in., 50 Ib, 125 Ib/ft* concrete, 2 cores . — —_ 0.81 — 1.23 0.22

Medlum weight aggregate (combinations of normal

wen ght and lightweight aggregate)
8 in., 26-29 Ib, 97-112 Ib/ft’ concrete, 2 or 3 cores., e e 0.58-0.78 e 1.71-1.28 n
Same with perlite filled cores ........ccccvvvinieicannn — — 0.27-0.44 — 3.7-2.3 —
Same with vermiculite filled cores ........ — —_ 0.30 — 313 —
Same with molded EPS (beads) filled cores. . .- — 0.32 — 32 —
Same with molded EPS inserts in cores................ — —_ 0.37 — 2.7 —

Lightweight aggregate (expanded shale, clay, slate or

slag, pumice)

6 in., 16-17 1b 85-87 Ib/ft3 concrete, 2 or 3 cores.... — - 0.52-0.61 — 1.93-1.65 —
Same with perlite filled cores — — 0.24 L— 4.2 —
Same with vermiculite filled cores .. —_ — 0.33 — 3.0 —_

8 in., 19-22 Ib, 72-86 Ib/ft’ concrete — — 0.32-0.54 — 3.2-1.90 0.21
Same with perlite filled cores ...... — — 0.15-0.23 — 6.8-4.4 —
Same with vermiculite fitled cores ............ — — 0.19-0.26 — 5.3-39 —_—
Same with molded EPS (beads) filled cores. —_ — 021 — 4.8 —
Same with UF foam filled cores — — 0.22 — 4.5 —
Same with molded EPS inserts in cores..............., — — 0.29 — 35 —

12in., 32-36 Ib, 80-90 Ib/ft> concrete, 2 or 3 cores... — - 0.38-0.44 - 2.6-2.3 —
Same with perlite filled cores . = . — — 0.11-0.16 — 9.2-63 —
Same with vermiculite filled cores . — — 0.17 — 58 —

Stone, lime, or sand 180 72 — 0.01 — —
Quartzitic and sandstone 160 43 — 0.02 —_ —
140 24 — 0.04 —
120 13 e 0.08 — 0.19
Calcitic, dolomitic, limestone, marble, and granite ... 180 30 — 0.03 —
160 22 — 0.05 — —
140 16 —_— 0.06 —_ —
120 11 — 0.09 — 0.19
100 8 — 0.13 —_ —
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Values® (Continued)

Resistance® (R)

Conductivity®? Conductance Per Inch For Thickness Specific
%), <y, Thickness (1/k),  Listed (1/C), Heat,
Density, Btu-in Bw °F-ft>-h °F-ft>'h_ Btu

Description Ib/fe® h-ft?-°F h-ft?- °F Btu-in Btu 1b- °F

Gypsum partition tile
3 by 12 by 30 in., solid — — 0.79 — 126 0.19
3by 12by 30in., 4 cells .. — — 0.74 — 1.35 —
4 by 12 by 30 in., 3 cells — —_— 0.60 — [.67 —

Concretes’

Sand and gravel or stone aggregate concretes (concretes 150 10.0-20.0 — 0.10-0.05 — —_
with more than 50% quartz or quartzite sand have 140 9.0-180 ~ — 0.11-0.06 — 0.19-0.24
conductivities in the higher end of the range) 130 7.0-13.0 — 0.14-0.08 —_ —

Limestone concretes 140 11l —— 0.09 — —

120 7.9 — 0.13 — —
100 55 — 0.18 —_ —

Gypsum-fiber concrete (87.5% gypsum, 12.5%
wo0od chips) ..o 51 1.66 — 0.60 — 0.21

Cement/lime, mortar, and stucco 120 9.7 — 0.10 — —

100 6.7 — 0.15 —_ —
30 45 — 022 — —

Lightweight aggregate concretes
Expanded shale, clay, or slate; expanded slags; 120 6.4-9.1 = 0.16-0.11 = —
cinders; pumice (with density up to 100 Ib/ft'); and 100 4.7-6.2 — 021-0.16 — .20
scoria (sanded concretes have conductivities in the 80 33-4.1 — 0.30-0.24 — 0.20
higher end of the range) 60 2.1-2.5 —_ 0.48-0.40 — —

40 1.3 — 0.78 — —

Perlite, vermiculite, and polystyrene beads ............... 50 1.8-1.9 — 0.55-0.53 —_ o
40 14-15 — 0.71-0.67 —_ 0.15-0.23

30 i1 — 0.91 — —

20 0.8 — 1.25 — e

FOAm CONCIELES ..oviveiviciricicrir s 120 54 — 0.19 — —

100 4.1 — 0.24 — —_—

80 3.0 — 0.33 — —

70 2.5 — 0.40 — —

Foam concretes and cellular concretes 60 2.1 —_ 0.48 —_ —

40 1.4 — 0.71 — —

20 0.8 — 1.25 — —

SIDING MATERIALS (on flat surface)

Shingles
Asbestos-cement ... 120 _— 475 — 0.21 —
Wood, 16 in., 7.5 exposure ........... e — 1.15 — 0.87 0.31
Wood, double, 16-in., 12-in. exposure — — 0.84 — - L19 0.28
Wood, plus ins. backer board, 0.312 in. .... — — 0.71 - 140 0.31

Siding
Asbestos-cement, 0.25 in,, lapped ... — — 4.76 — 0.21 0.24
Asphalt roll siding.....cooveveeeinin — — 6.50 — 0.15 0.35
Asphalt insulating siding (0.5 in. bed.) — — 0.69 — 1.46 0.35
Hardboard siding, 0.4375 in. . - — 1.49 — 0.67 0.28
Wood, drop, | by 8in......... — — 1.27 — 0.79 0.28
Wood, bevel, 0.5 by 8 in, lapped ... — — 1.23 — 0.81 0.28
Wood, bevel, 0.75 by 10 in., lapped — —_ 0.95 — 1.05 0.28
Wood, plywood, 0.375 in., lapped — — 1.69 — 0.59 0.29
Aluminum, steel, or vinyIP 4, over sheathing

Hollow-backed — — 1.64 — 0.61 0.294
Insulating-board backed nominal 0.375 in. — — 055 — 1.82 0.32
Insulating-board backed nominal 0.375 in.,

foil backed — — 0.34 — 2.96 —

Architectural (soda-lime float) glass.............ccceiinnnns 158 6.9 — — — 0.21

WOODS (12% moisture content)®"

Huardwoods 0.39%

41.2-46.8 1.12-1.25 — 0.89-0.80 —
42.6-45.4 1.16-1.22 — 0.87-0.82 —
39.8-44.0 1.09-1.19 — 0.92-0.84 —_
38.4-41.9 1.06-1.14 — 0.94-0.88 —

Softwoods 0.39%

Southern Pine...... 35.6-41.2 1.00-1.12 — 1.00-0.89 —
Douglas Fir-Larch. 33.5-36.3 0.95-1.01 — 1.06-0.99 —
Southern Cypress..... 31.4-32.1 0.90-0.92 — 1.11-1.09 —
Hem-Fir, Spruce-Pine-Fir 24.5-31.4 0.74-0.90 — 1.35-1.11 —

West Coast Woods, Cedars 21.7-314 0.68-0.90 — 1.48-1.11 —
California Redwood 24.5-28.0 0.74-0.82 — 1.35-1.22 —_
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Notes for Table 4

“Values are for a mean temperature of 75°F. Representative values for dry
materials are intended as design (not specification) values for materials in
normal use. Thermal values of insulating materials may differ from design
values depending on their in-situ properties (e.g., density and moisture
content, orientation, etc.) and variability experienced during manufacture.
For properties of a particular product, use the value supplied by the manu-
facturer or by unbiased tests.

bTo obtain thermal conductivities in Btu/h-ft- °F. divide the k-factor by (2
in/ft.

“Resistance values are the reciprocals of C before rounding off C to two
decimal places. .

YLewis (1967).

“U.S. Depaniment of Agriculture (1974).

Does not include paper backing and facing, if any. Where insulation forms
a boundary (reflective or otherwise) of an airspace, see Tables 2 and 3 for
the insulating value of an airspace with the appropriate effective emittance
and temperature conditions of the space.

tConductivity varies with fiber diameter. (See Chapter 22, Factors Affect-
ing Thermal Performance.) Batt, blanket, and loose-fill mineral fiber insu-
lations are manufactured to achieve specified R-values, the most common
of which are listed in the table. Due to differences in manufacturing pro-
cesses and materials, the product thicknesses, densities, and thermal con-
ductivities vary over considerable ranges for a specified R-value.

BThis material is relatively new and data are based on limited testing.

iFor additional information, see Society of Plastics Engineers (SPI) Bulletin
U108. Values are for aged, unfaced board stock. For change in conductiv-
ity with age of expanded polyurethane/polyisocyanurate, see Chapter 22,
Factors Affecting Thermal Performance.

IValues are for aged products with gas-impermeable facers on the two
major surfaces. An aluminum foil facer of 0.001 in. thickness or greater is
generally considered impermeable to gases. For change in conductivity
with age of expanded polyisocyanurate, see Chapter 22, Factors Affecting
Thermal Performance. and SP1 Bulletin U108.

kCellular phenolic insulation may no longer be manufactured. The thermal
conductivity and resistance values do not represent aged insulation, which
may have a higher thermal conductivity and lower thermal resistance.

"Insulating values of acoustical tile vary, depending on density of the board
and on type, size, and depth of perforations.

™Cavity is framed with 0.75 in. wood furring strips. Caution should be used
in applying this value for other framing materials. The reported value was
derived from tests and applies to the reflective path only. The effect of
studs or furring strips must be included in determining the overall perfor-
mance of the wall.

"Values for fully grouted block may be approximated using values for con-
crete with a similar unit weight.

“Values for concrete block and concrete are at moisture contents represen-
tative of normal use.

PValues for metal or vinyl siding applied over flat surfaces vary widely,
depending on amount of ventilation of airspace beneath the siding;
whether airspace is reflective or nonreflective; and on thickness, type, and
application of insulating backing used. Values are averages for use as
design guides, and were obtained from several guarded hot box tests
(ASTM C 236) or calibrated hot box (ASTM C 976) on hollow-backed
types and types made using backing-boards of wood fiber, foamed plastic,
and glass fiber, Departures of £50% or more from these values may occur.

9¥Vinyl specific heat = 0.25 Btu/tb-°F

'See Adams (1971), MacLean (1941), and Wilkes (1979). The conductivity
values listed are for heat transfer across the grain. The thermal conductiv-
ity of wood varies linearly with the density, and the density ranges listed
are those normally found for the wood species given. If the density of the
wood species is not known, use the mean conductivity value. For extrapo-
lation to other moisture contents, the following empirical equation devel-
oped by Wilkes (1979) may be used:

(1.874x 107 + 5753 x 10 M)p
1+00IM

where p is density of the moist wood in Ib/ft3, and M is the moisture content
in percent.

SFrom Wilkes (1979), an empirical equation for the specific heat of moist
wood at 75°F is as follows:

k= 01791 +

o = (0.299+0.01M)
2T (1+001M)

where Ac,, accounts for the heat of sorption and is denoted by

+ Acp

Ac, = M(1.921 x 107 ~3.168 x 107" M)

where M is the moisture content in percent by mass.

Example 1. Calculate the U-factor of the 2 by 4 stud wall shown in Figure
2. The studs are at 16 in. OC. There is 3.5 in. mineral fiber batt insula-
tion (R-13) in the stud space. The inside finish is 0.5 in. gypsum wall-
board; the outside is finished with rigid foam insulating sheathing (R-4)
and 0.5 in. by 8 in. wood bevel lapped siding. The insulated cavity
occupies approximately 75% of the transmission area; the studs, plates,
and sills occupy 21%:; and the headers occupy 4%.

Seolution. Obtain the R-values of the various building elements from
Tables I and 4. Assume the R = 1.25 per inch for the wood framing.
Also, assume the headers are solid wooed, in this case, and group them
with the studs, plates, and sills.

R R
(Insulated (Studs, Plates,

Element Cavity)  and Headers)
1. Qutside surface, 15 mphwind 0.17 0.17

2. Wood bevel lapped siding 0.81 0.81

3. Rigid foam insulating sheathing 4.0 4.0

4. Mineral fiber batt insulation, 3.5 in. 13.0 —

5. Wood stud, nominal 2 % 4 —_ 4.38

6. Gypsum wallboard, 0.5 in. 0.45 0.45

7. Inside surface, still air 0.68 0.68

Ry =19.l1 R,=1049

Since the U-factor is the reciprocal of R-value, U =0.052 and U, =
0.095 Biu/h-ft*- °F.

If the wood framing (thermal bridging) is not included, Equation
(3) from Chapter 22 may be used to calculate the U-factor of the wall as
follows:

U, = U, = = = 0052 Bw/h ft’-°F

L

av R]

If the wood framing is accounted for using the parallel-path flow

method, the U-factor of the wall is determined using Equation (5) from
Chapter 22 as follows:

U,, = (0.75 x 0.052) + (0.25 x 0.095) = 0.063 Btu/h - % °F

If the wood framing is included using the isothermal planes
method, the U-factor of the wall is determined using Equations (2) and
(3) from Chapter 22 as follows:

i

Rray) = 498 + 1/[(0.75/13.0) + (0.25/4.38)] + 1.13

14.82°F - f* - h/Bu
= 0.067 Bu/h - ft* - °F

av

W

For a frame wall with a 24-in. OC stud space, the average overall
R-value is 15.18°F-fi2-h/Bw. Similar calculation procedures may be
used to evaluate other wall designs, except those with thermal bridges.

Masonry Walls

The average overall R-values of masonry walls can be estimated
by assuming a combination of layers in series, one or more of which
provides parallel paths. This method is used because heat flows lat-
erally through block face shells so that transverse isothermal planes
result. Average total resistance Ry(,,, is the sum of the resistances of
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the layers between such planes, each layer calculated as shown in Ry = 0.68+0.25 + 051 % 14.86 +0.17

Example 2.

Example 2. Calculate the overall thermal resistance and average U-factor
of the 7-5/8-in. thick insulated concrete block wall shown in Figure 3.
The two-core block has an average web thickness of I-in. and a face
shell thickness of 1-1/4-in. Overall block dimensions are 7-5/8 by 7-5/8
by 15-5/8 in. Measured thermal resistances of 112 ib/ft* concrete and
7 b/ft? expanded perlite insulation are 0.10 and 2.90°F-ft?-h/Btu per
inch, respectively.

Solution. The equation used to determine the overal} thermal resistance
of the insulated concrete block wall is derived from Equations (2) and
(5) from Chapter 22 and is given below:

da, 4 -1
‘RT(av) = Rj+Rf+(E— +IT() +R,
w

where

Ry = overall thermal resistance based on assumption of isothermal
planes
R; = thermal resistance of inside air surface film (still air)
R_ = thermal resistance of outside air surface film (15 mph wind)
Ry = total thermal resistance of face shells
thermal resistance of cores between face shells
thermal resistance of webs between face shells
a,, = fraction of total area transverse to heat flow represented by
webs of blocks
fraction of total area transverse to heat flow represented by
cores of blocks

-
n

a8
n

From the information given and the data in Table 1, determine the val-
ues needed to compute the overall thermal resistance.

R, = 0.68
R, = 0.17

Ry = 2)(1.25)(0.10) = 025
R. = (5.125)2.90) = 14.86
R, = (5.125)0.10) = 0.51
3/15.625 = 0.192
12.625/15.625 = 0.808

Using the equation given, the overall thermal resistance and average
U-factor are calculated as follows:

Imou

a w
a,

4

1. Quiside surface 3. Expanded periite insulation
2. Concrete biock 4. Inside surface

Fig.3 Insulated Concrete Block Wall (Example 2)

(0.808 % 0.51) + (0.192 x 14.86)
343°F . ft* - h/Buu

U 1/3.43 = 0.29 Bu/h - ft* - °F

av

Based on guarded hot box tests of this wall without mortar joints,
Tye and Spinney (1980) measured the average R-value for this insu-
lated concrete block wall as 3.13°F- ft?. h/Btu.

Assuming parallel heat flow only, the calculated resistance is
higher than that calculated on the assumption of isothermal planes.
The actual resistance generally is some value between the two cal-
culated values. In the absence of test values, examination of the con-
struction usually reveals whether a value closer to the higher or
lower calculated R-value should be used. Generally, if the construc-
tion contains a layer in which lateral conduction is high compared
with transmittance through the construction, the calculation with
isothermal planes should be used. If the construction has no layer of
high lateral conductance, the parallel heat flow calculation should
be used.

Hot box tests of insulated and uninsulated masonry walls con-
structed with block of conventional configuration show that thermal
resistances calculated using the isothermal planes heat flow method
agree well with measured values (Van Geem 1985, Valore 1980,
Shuet al. 1979). Neglecting horizontal mortar joints in conventional
block can result in thermal transmittance values up to 16% lower
than actual, depending on the density and thermal properties of the
masonry, and 1 to 6% lower, depending on the core insulation mate-
rial (Van Geem 1985, Mclntyre 1984). For aerated concrete block
walls, other solid masonry, and multicore block walls with full mor-
tar joints, neglecting mortar joints can cause errors in R-values up to
40% (Valore 1988). Horizontal mortar joints usually found in con-
crete block wall construction are neglected in Example 2.

Constructions Containing Metal

Curtain and metal stud-wall constructions often include metallic
and other thermal bridges, which can significantly reduce the ther-
mal resistance. However, the capacity of the adjacent facing mate-
rials to transmit heat transversely to the metal is limited, and some
contact resistance between all materials in contact limits the reduc-
tion. Contact resistances in building structures are only 0.06 to
0.6°F- ft2-h/Btu—too small to be of concern in many cases. How-
ever, the contact resistances of steel framing members may be
important. Also, in many cases (as illustrated in Example 3), the
area of metal in contact with the facing greatly exceeds the thickness
of the metal, which mitigates the contact reistance effects.

Thermal characteristics for panels of sandwich construction can
be computed by combining the thermal resistances of the various
layers. However, few panels are true sandwich constructions; many
have ribs and stiffeners that create complicated heat flow paths.
R-values for the assembled sections should be determined on a rep-
resentative sample by using a hot box method. If the sample is a wall
section with air cavities on both sides of fibrous insulation, the sam-
ple must be of representative height since convective airflow can
contribute significantly to heat flow through the test section. Com-
puter modeling can also be useful, but all heat transfer mechanisms
must be considered.

In Example 3, the metal member is only 0.020 in. thick, but it is
in contact with adjacent facings over a 1.25 in.-wide area. The steel
member is 3.50 in. deep, has a thermal resistance of approximately
0.011°F-ft2-h/Btu, and is virtually isothermal. The caiculation
involves careful selection of the appropriate thickness for the steel
member. If the member is assumed to be 0.020 in. thick, the fact that
the flange transmits heat to the adjacent facing is ignored, and the
heat flow through the steel is underestimated. If the member is
assumed to be 1.25 in. thick, the heat flow through the steel is over-
estimated. In Example 3, the steel member behaves in much the
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same way as a rectangular member 1.25 in. thick and 3.50 in. deep
with a thermal resistance of (1.25/0.020) x 0.011 = 0.69°F-{t2. h/Btu
does. The Building Research Association of New Zealand
(BRANZ) commonly uses this approximation.

Example 3. Calculate the C-factor of the insulated steel frame wall shown
in Figure 4. Assume that the steel member has an R-value of
0.69°F-ft>-h/Btu and that the framing behaves as though it occupies
approximately 8% of the transmission area.

Solution. Obtain the R-values of the various building elements from

Table 4.
Element R (nsul.) R (Framing)
[. 0.5-in. gypsum wallboard 045 045
2. 3.5-in. mineral fiber batt insulation 11 —
3. Steel framing member — 0.69
4. 0.5-in. gypsum wallboard 0.45 0.45
Ry =11.90 Ry =159

Therefore, C; = 0.084; C; = 0.629 Btwh-fi2.°F.
If the steel framing (thermal bridging) is not considered, the C-factor
of the wall is calculated using Equation (3) from Chapter 22 as follows:

C,, =C, = /R, = 0084 Bu/h-f’ °F
If the steel framing is accounted for using the parallel flow method, the
C-factor of the wall is determined using Equation (5) from Chapter 22
as follows:

C

av

(0.92 x 0.084) + (0.08 x 0.629)
= 0.128 Bu/h - - °F
Ry = 7.81°F - ft’- h/Btu

If the steel framing is included using the isothermal planes method, the
C-factor of the wall is determined using Equations (2) and (3) from
Chapter 22 as follows:

Riay = 045+ 1/[(0.92/11.00) + (0.08/0.69)] + 0.45

591°F- fi* h/Bw
0.169 Btu/h - ft* - °F

[l

"

C

av

For this insulated steel frame wall, Farouk and Larson (1983) mtea‘
sured an average R-value of 6.61°F- ft>. h/Btu.

In ASHRAE/IESNA Standard 90.1-1989, one method given for
determining the thermal resistance of wall assemblies containing
metal framing involves using a parallel path correction factor F_,
which is listed in Table 8C-2 of the standard. For 2 by 4 steel fram-
ing, 16 in. OC, F, = 0.50. Using the correction factor method, an

. [e— 16in. —]

0.0201n. }<-——-

1. Gypsum wallboard

2. Steel framing member ]
1.2 3 4 3. Mineral fiber batt insulation 1.260n.
4. Gypsum wallboard
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R-value of 6.40°F-ft2-1/Btu {0.45 + 11(0.50) + 0.45] is obtained
for the wall described in Example 3.

Zone Method of Calculation

For structures with widely spaced metal members of substantial
cross-sectional area, calculation by the isothermal planes method
can result in thermal resistance values that are too low. For these
constructions, the zone method can be used. This method involves
two separate computations—one for a chosen limited portion, Zone
A, containing the highly conductive element; the other for the
remaining portion of simpler construction, Zone B. The two com-
putations are then combined using the parallel flow method, and the
average transmittance per unit overall area is calculated. The basic
laws of heat transfer are applied by adding the area conductances
CA of elements in parallel, and adding area resistances R/A of ele-
ments in series.

The surface shape of Zone A is determined by the metal element.
For a metal beam (see Figure 5), the Zone A surface is a strip of
width W that is centered on the beam. For a rod perpendicular to
panel surfaces, it is a circle of diameter W. The value of W is calcu-
lated from Equation (1), which is empirical, The value of & should
not be less than 0.5 in. for still air.

W=m+2d N

where

m = width or diameter of metal heat path terminal, in.
d = distance from panel surface to metal, in.

H

Generally, the value of W should be calculated using Equation (1)
for each end of the metal heat path; the larger value, within the limits
of the basic area, should be used as illustrated in Example 4.

Example 4. Calculate transmittance of the roof deck shown in Figure 5.
Tee-bars at 24 in. OC support glass fiber form boards, gypsum con-
crete, and built-up roofing, Conductivities of components are: steel,
314.4 Btu-in/h-ft>- °F; gypsum concrete, 1.66 Brtu-in/h-ft>- °F; and
glass fiber form board, 0.25 Btu-in/h-ft?- °F. Conductance of built-up
roofing is 3.00 Bw/h . ft?-°F.
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Fig. 4 [Insulated Steel Frame Wall (Example 3)

Fig. 5 Gypsum Roof Deck on Bulb Tees (Example 4)
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Solution. The basic area is 2 fi2 (24 in. by 12 in.) with a tee-bar (12 in.
long) across the middie. This area is divided into Zones A and B.
Zone A is determined from Equation (1) as follows:

Topside W= m + 2d = 0.625 + (2% 1.5) = 3.625 in.
Bottom side W= m +2d =20+ (2%X05)=3.0in.

Using the larger value of W, the area of Zone A is (12 X 3.625)/144 =
0.302 fi2. The area of Zone B is 2.0 - 0.302 = 1.698 fi%.

To determine area transmittance for Zone A, divide the structure
within the zone into five sections parallel to the top and bottom sur-
faces (Figure 5). The area conductance CA of each section is calculated
by adding the area conductances of its metal and nonmetal paths. Area
conductances of the sections are converted to area resistances R/A and
added to obtain the total resistance of Zone A.

1 R

Section Area x Conductance = CA TA~ A
Air (outside, 15 mph)  0.302 x 6.00 1.81 0.55
No. I, Roofing 0.302 x 3.00 0.906 1.10
No. 2, Gypsum concrete 0.302 x 1.66/1.125 0.446 2.24
No. 3, Steel 0.052 x 314.4/0.625 262
No. 3, Gypsum concrete 0.250 x [.66/0.625 0.664 } 0.04
No. 4, Steel 0.010 x 314.4/1.00 3.14 041
No. 4, Glass fiberboard 0.292 x 0.25/1.00 0.073 -
No. 5, Steel 0.167 x 314.4/0.125 4200 0.002
Air (inside) 0.302 x 1.63 0.492 2.03

Total R/A = 6.27

Area transmittance of Zone A = 1/(R/IA) = 1/6.27 = 0.159.
For Zone B, the unit resistances are added and then converted to
area transmittance, as shown in the following table.

Section Resistance, R
Air (outside, 15 mph) 1/6.00 =0.17
Roofing 1/3.00 = 0.33
Gypsum concrete 1.75/1.66 = 1.05
Glass fiberboard 1.00/0.25 = 4.00
Air (inside) 1/1.63 = 0.61
‘Total resistance =6.16

Since unit transmittance = /R = 0.162, the total area transmittance
UA is calculated as follows:

Zone B = 1.698 x0.162 = 0.275
Zone A = 0.159
Total area transmittance of basic area = 0.434

Transmittance per fiZ = 0.434/2.0 = 0217
Resistance per ft? = 4.61

Overall R-values of 4.57 and 4.85°F-ft?-h/Btu have been measured
in two guarded hot box tests of a similar construction.

When the steel member represents a relatively large proportion
of the total heat flow path, as in Example 4, detailed calculations of
resistance in sections 3, 4, and 5 of Zone A are unnecessary; if only
the steel member is considered, the final result of Example 4 is the
same. However, if the heat flow path represented by the steel mem-
ber is small, as for a tie rod, detailed calculations for sections 3, 4,
and 5 are necessary. A panel with an internal metallic structure and
bonded on one or both sides to a metal skin or covering presents spe-
cial problems of lateral heat flow not covered in the zone method.

Modified Zone Method for Metal Stud Walls with
Insulated Cavities

The modified zone method is similar to the parallel path method
and the zone method. All three methods are based on parallel-path
calculations, Figure 6 shows the width w of the zone of thermal
anomalies around a metal stud. This zone can be assumed to equal

24.11

the length of the stud flange L (parallel path method), or can be cal-
culated as a sumn of the length of stud flange and a distance double
that from wall surface to metal Zd; (zone method). In the modified
zone method the width of the zone depends on the following three
parameters:

» Ratio between thermal resistivity of sheathing material and cavity
insulation

¢ Size (depth) of stud

= Thickness of sheathing material

The Modified Zone Method is explained in Figure 6 (which can
be copied and used as a calculation form). The wall cross section
shown in Figure 6, is divided into two zones: the zone of thermal
anomalies around metal stud w and the cavity zone cav. Wall mate-
rial layers are grouped into an exterior and interior surface sec-
tions—A (sheathing, siding) and B (wallboard)—and interstitial
sections I and Il (cavity insulation, metal stud flange).

Assuming that the layers or layer of wall materials in wall section
A are thicker than those in wall section B, as show by the cross sec-
tion in Figure 6, they can be described as follows:

Y42 d @

where

n = number of material layer (of thickness d;) between metal stud
flange and wall surface for section A
m = number of material layer (of thickness ) for section B

Then, the width of the zone of thermal anomalies around the
metal stud w can be estimated by

w=L+z/-Zd,- 3)

where

L = stud flange size,
d; = thickness of material layer in section A
zp = zone factor, which is shown in Figure 7 (zfr— 2 for zone method)

Kosny and Christian {(1995) verified the accuracy of the Modi-
fied Zone Method for over 200 simulated cases of metal frame walls
with insulated cavities. For all configurations considered the dis-
crepancy between results were within £2%. Hot box measured
R-values for 15 metal stud walls tested by Barbour et al. (1994)
were compared with results obtained by Kosny and Christian (1995)
and McGowan and Desjarlais (1997). The Modified Zone Method
was found to be the most accurate simple method for estimating the
clear wall R-value of light-gage steel stud walls with insulated cav-
ities. However, this analysis does not apply to construction with
metal sheathing. Also, ASHRAE Standard 90.1 may require a dif-
ferent method of analysis.

Ceilings and Roofs

The overall R-value for ceilings of wood frame flat roofs can be
calculated using Equations (1) through (5) from Chapter 22. Prop-
erties of the materials are found in Tables 1, 3, 2, and 4. The fraction
of framing is assumed to be 0.10 for joists at 16 in. OC and 0.07 for
joists at 24 in. OC. The calculation procedure is similar to that
shown in Example 1. Note that if the ceiling contains plane air
spaces (see Table 3), the resistance depends on the direction of heat
flow, i.e., whether the calculation is for a winter (heat flow up) or
summer (heat flow down) condition.

For ceilings of pitched roofs under winter conditions, calcu-
late the R-value of the ceiling using the procedure for flat roofs.
Table S can be used to determine the effective resistance of the

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual Page NB-39

24.18 , 1997 ASHRAE Fundamentals Handbook

Table 10 Typical Thermal Conductivity for Industrial Insulations at Various Mean Temperatures—Design Values?

Max. Typical

. L en g2 ' o
Temp.,® Density, Typical Conductivity in Btu-in/h-ft*- F at Mean Temp., °F

Material °F In/fe® -100 -75 -50 -25 0 25 50 75 100 200 300 - 500 700 900
BLANKETS AND FELTS
ALUMINOSILICATE FIBER
7 to 10 um diameter fiber 1800 4 0.24 0.32 0.54 099 1.03
2000 6-8 0.25 0.30 048 0.78 0.95
3 um diameter fiber 2200 4 0.22 0.29 045 0.59 0.74
MINERAL FIBER (Rock, slag, or glass)
Blanket, metal reinforced 1200 6-12 0.26 0.32 0.39 054
1000 2.5-6 0.24 031 040 061
Blanket, flexible, fine-fiber 350 0.75 025 0.26 0.28 0.30 033 0.36 0.53
organic bonded 0.75 0.24 025 027 029 032 034 048
1.0 023 024 025 027 029 032 043
1.5 0.21 0.22 0.23 0.25 0.27 0.28 0.37
20 020 0.21 0.22 0.23 025 0.26 0.33
3.0 0.19 0.20 0.21 0.22 023 024 0.31
Blanket, flexible, textile fiber, 350 0.65 0.27 028 0.29 0.30 031 032 050 068
organic bonded 0.75 026 0.27 0.28 0.29 031 032 048 066
1.0 024 0.25 0.26 0.27 0.29 031 045 0.60
1.5 022 023 024 025 027 029 039 0351
3.0 0.20 0.21 0.22 023 0.24 025 032 041
Felt, semirigid organic bonded 400 3-8 0.24 0.25 026 0.27 035 0.44
Laminated and felted without binder 850 3 0.16 0.17 0.18 0.19 020 021 022 023 0.24 035 0.55
1200 7.5 0.35 045 0.60
BLOCKS, BOARDS, AND PIPE INSULATION
MAGNESIA 600 11-12 0.35 0.38 042
85% CALCIUM SILICATE 1200 [1-15 0.38 041 044 0.52 0.62 0.72
1800 12-15 0.63 0.74 095
CELLULAR GLASS 900 7.8-82 024 025 026 0.28 0.29 030 032 033 034 041 049 070 1.0t
DIATOMACEOQUS SILICA 1600 21-22 064 068 0.72
1900 23-25 0.70 0.75 0.80
MINERAL FIBER (Glass)
Organic bonded, block and boards 400 3-10 0,16 0.17 0.18 0.19 020 022 024 025 0.26 0.33 040
Nonpunking binder 1000 3-10 026 031 038 052
Pipe insulation, slag, or glass 350 34 0.20 021 022 023 0.24 029
500 3-10 0.20 022 024 025 026 0.33 040
Inorganic bonded block 1000 10-15 0.33 0.38 045 0.55
1800 15-24 0.32 037 042 052 0.62 0.74
Pipe insulation, slag, or glass 1000 10-15 0.33 038 045 055
Resin binder 15 023 0.24 025 0.26 0.28 0.29

RIGID POLYSTYRENE

Extruded (CFC-12 exp.)(smooth skin surface) 165 1.8-3.5 0.16 0.16 0.17 0.16 0.17 0.18 0.19 0.20

Molded beads 165 ! 0.17 0.19 020 0.21 0.22 024 025 026 0.28
1.25 0.17 0.18 0.19 020 022 023 024 025 0.27
1.5 0.16 0.17 0.19 020 021 022 023 024 026
1.75 0.16 0.17 0.8 0.19 020 022 023 0.24 025
2.0 0.15 0.16 0.18 0.19 020 021 022 023 0.24

RIGID POLYURETHANE/POLYISOCYANURATES

Unfaced (CFC-11 exp.) 210 1.5-2.5 0.16 0.17 0.18 0.18 0.18 0.17 0.16 0.16 0.17
RIGID POLYISOCYANURATE
Gas-impermeable facers (CFC-11 exp.) 250 20 0.12 0.13 0.14 Q.15
RIGID PHENOLIC
Closed cell (CFC-11, CFC-113 exp.) 3.0 0.1 0.115 0.2 0.125
RUBBER, Rigid foamed 150 45 020 021 022 023
VEGETABLE AND ANIMAL FIBER
Wool felt (pipe insulation) . 180 20 0.28 0.30 031 0.33
INSULATING CEMENTS
MINERAL FIBER (Rock, slag, or glass)
With colloidal clay binder 1800 24-30 049 0.55 061 073 0.85
With hydraulic setting binder 1200 30-40 0.75 0.80 0.85 0.95
LOOSE FILL
Cellulose insulation (milled pulverized
paper or wood pulp) 2.5-3 0.26 0.27 0.29
Mineral fiber, slag, rock, or glass - 2-5 0.19 021 0.23 025 026 0.28 031
Perlite (expanded) 3-5 022 024 025 027 028 0.30 0.31 033 0.35
Silica aerogel 76 . 0.13 0.14 0.15 0.15 0.16 0.17 0.18
Vermiculite (expanded) 7-8.2 039 040 042 044 045 047 049
4-6 0.34 0.35 0.38 040 042 044 046
3Representative values for dry materials, which are intended as design (not specifi-  PThese temperatures are generally accepted as maximum. When operating temperature
cation) values for materials in normal use. Insulation materials in actual service approaches these limits, follow the manufacturers’ recommendations.
may have thermal values that vary from design values depending on their in-situ ¢Some polyurethane foams are formed by means that produce a stable product (with respect
properties {e.g., density and moisture content). For properties of a particular prod- 1o k), but most are blewn with refrigerant and will change with time.
uct, use the value supplied by the manufacturer or by unbiased tests. YSee Table 4, footnote i.

“See Table 4, footnote j.
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Thermal and Water Vapor Transmission Data 24.19
Table 11A  Heat Loss from Bare Steel Pipe to Still Air at 80°F2, Btu/h-ft
Nominal Pipe Pipe Inside Temperature, °F
SizeP, in. 180 280 380 480 580 680 780 880 980 1080
0.50 593 147.2 263.2 412.3 600.9 836.8 1128.6 1485.6 1918.0 2436.8
0.75 725 180.1 3226 506.2 739.2 1031.2 1392.9 1836.0 23735 3018.8
1.00 88.8 220.8 396.1 622.7 910.9 i272.6 1721.2 22715 29394 3741.6
1.25 109.7 272.8 4904 772.3 11317 1583.8 2145.6 28354 3673.4 4680.9
1.50 123.9 308.5 555.1 875.1 1283.8 1798.3 2438.2 3224.6 4180.5 5330.0
2.00 151.8 378.1 681.4 1076.3 1581.5 2218.9 3012.6 3989.2 5177.2 6606.8
2.50 180.5 450.0 811.9 1284.0 1888.8 2652.6 3604.3 47753 61995 7912.5
3.00 2159 538.8 973.5 1541.8 22714 3194.0 43449 5762.2 7486.9 9562.3
3.50 243.9 609.0 1101.4 1746.1 25747 3623.6 4933.0 6546.4 85104 10874.3
4.00 271.6 678.6 1228.2 1948.7 28759 4050.5 55175 7326.0 9528.1 12178.9
4.50 299.2 747.7 1354.4 2150.9 3176.8 4477.7 6103.8 8109.5 10553.2 13496.2
5.00 329.8 824.7 14948 23754 3510.6 4950.7 6751.3 8972.5 11678.4 14936.3
6.00 387.1 968.7 1757.8 2796.8 4138.0 58414 7972.7 10603.1 13808.2 17667.6
7.00 440.5 1102.3 2003.0 3189.9 47239 6673.5 9114.2 12127.4 15799.4 20220.8
8.00 493.3 12357 2246.1 3580.0 5305.5 7500.0 10248.4 13642.2 17778.2 22758.0
9.00 5459 1368.1 2488.8 3970.2 5888.7 8331.0 113921 15174.5 19787.1 25343.6
10.00 604.3 1514.8 2757.2 4400.7 6530.1 9241.1 12638.6 16835.1 219492 . 281049
11.00 656.0 1644.8 2995.5 4783.8 7102.1 10054.9 13756.2 18328.4 23900.3 30606.1
12.00 704.0 1762.3 3203.8 5104.9 7557.3 10661.8 14524.9 19256.7 24967.6 31766.8
14.00 771.0 1934.2 35259 5636.0 8373.9 11862.4 16235.5 21635.6 282123 36120.3
16.00 8722 2189.0 3993.2 6387.4 9495.9 13458.0 18424 .8 24556.6 32021.1 40990.7
18.00 972.5 2441.7 4456.7 71329 10609 .4 15041.3 20596.7 274532 35795.6 45813.1
20.00 10721 2692.4 4916.8 7873.2 11715.1 16613.4 227525 30326.8 39537.6 50590.0
24.00 1269.3 3188.9 5828.3 9339.9 13905.5 197269 27019.7 36010.1 46930.3 60014.7
Table 11B  Heat Loss from Flat Surfaces to Still Air at 80°F, Btw/h-ft?
Surface Inside Temperature, °F
180 280 380 480 580 680 780 880 980 1080
Vertical surface 2122 533.1 9733 1558.6 2321.2 3298.0 4530.1 6062.8 7945.5 10231.5
Horizontal surface )
Facing up 234.7 586.4 1061.1 1683.5 2484.9 3501.9 4775.4 6350.4 8276.3 10606.1
Facing down 183.6 465.3 861.4 1399.6 2112.8 3038.4 4217.8 5696.7 75245 9754.7

“Calculations from ASTM C 680; steel: k = 314.4 Btu-in/h-fi2- °F;

£=0.94

cylindrical surfaces. Figure 9 shows surface resistance as a function

"Losses per square foot of pipe for pipes larger than 24 in. can be considered the same

as losses per square foot for 24-in. pipe.

From Table 10, at 663°F, k| = 0.60; at 189°F, k, = 0.79.

of heat transmission for both flat and cylindrical surfaces. The sur-
face emittance is assumed to be 0.85 to 0.90 in still air at 80°F.

Example 7. Compute the heat loss from a boiler wall if the interior insula-

tion surface temperature is | l00°F and ambient still air temperature is
80°F. The wall is insulated with 4.5 in. of mineral fiber block and 0.5
in. of mineral fiber insulating and finishing cement.

Solution. Assume that the mean temperature of the mineral fiber block
is 700°F, the mean temperature of the insulating cement is 200°F, and
the surface resistance R, is 0.60 ft>-°F-h/Btu.

From Table 10, k; = 0.62 and k; = 0.80. Using Equation (9) from
Chapter 22:

- 1100 - 80 _
4 = [457062)% (05/080) 7 0.60
As a check, from Figure 9, at 120.2 Bu/h - fi%, R, = 0.56. The mean tem-
perature of the mineral fiber block is:
457062 = 726;,7.26/2 = 3.63

363
gas'

120.2 Btwh - fi?

1100 - 1020) = 663°F

and the mean temperature of the insulating cement is:

0.5/0.80 = 0.63;0.63/2 = 0.31;7.26+0.31 = 7.57

7.57 o
llOO—m(lOZO) = 189°F

Using these adjusted values to recalculate ¢,:

1020 1020

95 = [4570.60)+(05/0.79) +0.56 _ 8.69

= 1174 Btuh - ft°

From Figure 9, at 117.4 Btwh-ft%, R, = 0.56. The mean temperature of
the mineral fiber block is:

45706 = 7.50;7.50/2 = 3.75

375 .
1100 - £25(1020) = 660°F

and the mean temperature of the insulating cement is:
057079 = 0.63;0.63/2 = 0.31; 7.50+ 031 = 7.81
7.81 R
1100 — @(1020) = 183°F

From Table 10, at 660°F, k) = 0.60; at 183°F, k, = 0.79.
Since R, k), and k; do not change at these values, ¢, = 117.4
Btu/h-ft.

Example 8. Compute heat loss per square foot of outer surface of insula-

tion if pipe temperature is 1200°F and ambient still air temperature is
80°F. The pipe is nominal 6-in. steel pipe, insulated with a nominal
3-in. thick diatomaceous silica as the inner layer and a nominal 2-in.
thick calcium silicate as the outer layer.
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ment, r, =3.31 in. A nominal 3-in. thick diatomaceous silica insulation
to fit a pominal 6-in. steel pipe is 3.02 in. thick. A nominal 2-in, thick
calcium silicate insulation to fit over the 3.02-in. diatomaceous silica is
2.08 in. thick. Therefore, r; = 6.33in. and r, = 8.41 in..

Assume that the mean temperatute of the diatotnaceous silica is
600°F, the mean temperature of the calcium silicate is 250°F and the
surface resistance R, is 0.50. From Table 10, k; = 0.66; k; = 0.42. By
Equation (10) from Chapter 22:

1200 - 80
{8.411In(6.33/3.31)/0.66] + [8.41In(8.41/3.31),/0.40] + 0.50
- 1120

(5.4570.66) +(2.39/0.40) + 0.50

9y =

=76.0 Buu/h - fi°

From Figure 9, at 76.0 Btu/h-ft2, R, = 0.60. The mean temperature of
the diatomaceous silica is:

5.45/0.66 = 8.26; 8.26/2 = 4.13
4.13 . o
leOﬁW(HZO) = 888°F
and the mean temperature of the calcium silicate is:
2.39/0.40 = 5.98;5.98/2 = 2.99;826+299 = 11.25

11.25
1200 ~ m(l 120) = 350°F

From Table 10, k; = 0.72; k; = 0.46. Recalculating:
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Table 12 Heat Loss from Bare Copper Tube to Still Air at 80°F*, Btu/h-ft
Nominal Tube Tube Inside Temperature, °F
Size, in. 120 150 180 210 240 270 300 330
0.250 7.1 14.1 219 306 399 499 60.6 79
0.375 9.1 18.0 28.1 39.1 51.1 63.9 77.6 922
0.500 11.0 218 340 474 619 1.5 94.1 (SRR
0.750 14.7 29.1 454 63.3 82.7 103.6 126.0 149.8
1.000 18.3 36.2 56.4 78.7 102.8 128.9 156.7 186.5
1.250 21.8 43.1 67.2 93.6 122.4 153.4 186.7 2222
1.500 25.2 49.8 77.6 108.3 141.5 177.4 216.0 257.1
2.000 31.8 62.9 98.0 136.7 178.8 224.3 273.1 3254
2.500 38.3 75.6 7.9 164.4 2151 269.8 3287 3918 {—— Dulle=044
3.000 44.6 88.1 137.2 191.5 250.5 3144 383.2 456.9
3.500 50.8 100.3 156.3 218.0 2854 358.2 436.7 520.8
4,000 37.0 112.3 {75.0 2442 3197 401.4 4894 583.9
5.000 69.0 135.9 2117 295.5 386.9 486.0 592.8 707.6
6.000 80.7 158.0 2477 3457 4528 568.9 6942 329.0
8.000 103.7 204.1 317.8 443.7 581.3 730.7 892.1 1066.0
10.000 126.1 247.9 386.1 539.1 706.5 888.4 1085.2 1297.4
12.000 148.0 290.9 453.0 632.5 829.2 [043.1 1274.6 1524.4
0.250 5.4 10.8 16.9 235 30.5 379 455 535
0.375 6.8 13.7 214 29.7 38.6 479 57.6 67.6
0.500 8.2 16.4 25.7 357 46.3 57.4 69.1 812
0.750 10.7 21.6 33.8 46.9 60.9 75.6 90.9 106.8
1.000 132 26.5 41.4 57.6 747 92.8 111.6 131.2
1.250 15.5 313 48.8 67.8 88.0 109.3 131.6 154.7
£.500 17.8 35.8 56.0 77.8 100.9 125.3 150.8 [77.4
2.000 22.2 44.6 69.7 96.8 125.7 156.1 187.9 2211 : _
2.500 26.4 530 82.8 151 149.5 185.6 223.5 2630 [~ Brighte=008
3.000 30.5 61.2 95.6 132.8 172.4 2142 257.9 303.5
3.500 34.4 69.1 107.9 150.0 194.8 242.0 2914 3429
4.000 38.3 76.8 120.0 166.8 216.6 269.1 324.1 1814
5.000 45.7 91.8 143.4 199.3 258.8 321.6 3874 456.1
6.000 33.0 106.3 166.0 230.7 2997 372.5 4487 528.3
8.000 66.8 134.1 209.4 291.1 378.2 470.1 566.5 667.2
10.000 80.2 160.8 251.0 349.0 4534 563.7 679.5 800.4
12.000 93.0 186.5 291.3 404.9 526.1 654.2 788.7 929.3
*Calculations from ASTM C 680; for copper: k = 2784 Btu-in/h-ft?- °F.
Selution. From Chapter 40 of the 1996 ASHRAE Handbook—Equip- 1120

= 83.8 Bwh - ft°

95 = (545/0.72) + (2.39/0.46) + 0.60

From Figure 9 at 83.8 Btwh f%, R, = 0.59. The mean temperature of
the diatomaceous silica is:

545/0.72 = 7.57.7.57/2 = 3.78

1200 ﬂ 1120) = 883°F
~ 1336t 1120) = 88

and the mean temperature of the calcium silicate is:

2.39/0.40 = 5.98;5.98/2 = 299,826 +299 = [1.25

11.25

1200 - 1183

(1120) = 350°F

From Table 10, k; = 0.72; k, = 0.46. Recalculating:

10.17

2.39/046 = 5.20; 5.20/2 = 2.60; 7.57 + 2.60

10.17 .
1200 - 3372 (1120) = 347°F

Since R, k;, and k, do not change at 83.8 Btu/h-ft?, this is ¢,
The heat flow per fi? of the inner surface of the insulation is:

4, = q,(r/r,) = 838(8.41/331) = 213 Bwh - ft’
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Fable B-2:-Framed-Wall- Assembly-U-values

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual

Page NB-43

FramingType Framing lnsulated | WoodWall | MetalWall Eraming Type
and-Spacing Cavity Sheathing U-Value U-Value and-Spacing
R-\alue R-Value
24-@16"0.C. u e} 0.098 0202 "

{compressed) 4 0.068 0112
5 0.084 0101
Z 0.056 0.084
8z 0.051 0.073
13 0 0.088 0195
4 0.083 0109
5 0.059 0.099
4 0.052 0.082
8z 0.048 0.072
15 0 0.081 0.189
4 0.059 0108

s 0.055 0.097 xs@20c.
z 0.049 0.077
8z 0.045 0.071
2x4@24"Q.C. 11 0 0.094 0173
4 0.056 0102
5 0.062 0.093
z 0.055 0.078
8z 0.050 0.069
13 0 0.085 0.165
4 0.061 0.099
5 0.057 0.090
z 0.051 0.077
8z 0.047 0.068
15 0 0.077 0158
4 0.056 0.097
5 0.053 0.088
z 0.047 0.071
8z 0.044 0.067

R-\alue

ENU‘IbD

ﬁ N o0 M O

ﬁ N o~ O

ﬁN " >~ O

ﬁ N o0 b ©O

ENW&D

Wood Wall | Metal\Wall
WVaue | U-Maue
0065 | 0120
0058 | 0098
0048 | 0089
0043 | Q075
0040 | 0067
0059 | 0457
0046 | 0006
0044 | 0088
0041 | G045
0037 | 0068
8082 | 0458
0.048 | 0097
8045 | 0088
0041 | Q075
8038 | 0067
0082 | 0435
0.048 | 0088
0045 | 0081
0042 | 0070
0039 | 0062
0056 | 0430
0044 | 0086
0042 | Q079
0039 | 0088
0036 | 0081
0088 | 0O32
0046 | 0086
0043 | OG04
0040 | 0068
0037 | o061
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Table B-2 (cont'd)- Eramed Wall Assembly U- s 0.036 0072
values z 0.034 0.063
Framing Type FEraming tnsulated | WoodWall | MetalWall 8+ 0031 0.057
and Spacing Cavity Sheathing | U-Value | U-Value
R-\alue R-\Value
28@16'0.C. 19 0 0.059 0.145
4 0.047 0.002
5 0.044 0.084
z 0.041 0.072
8z 0.038 0.064
22 o 0.054 0.140
a4 0.043 0.000
5 0.041 0.082
z 0.038 0071
8z 0.035 0.063
25 o 0.050 0136
4 0.040 0.088
5 0.038 0.081
z 0.035 0.070
8z 0033 0.062
30 o 0.048 0135
{compressed) 4 0038 0-088
5 0.037 0.081
z 0.035 0.070
8z 0.032 0.062
2x8@24"0.C. 19 o 0.056 0122
4 0.045 0.082
5 0.043 0.076
z 0.040 0.066
8z 0.037 0.059
22 o 0.051 0117
4 0.041 0.080
5 0.040 0.074
z 0.036 0.064
8z 0.034 0.058
25 o 0.047 0113
4 0.038 0.078
5 0.037 0.072
z 0.034 0.063
8z 0.032 0.057
30 o 0.046 o112
{compressed) 4 0037 007
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Framing Type Framing lnsulated WoodWal | MetalWall

and-Spacing Cavity Sheathing U-Value U-\Value
R-\Malue R-\alue

2x10@16"0.C, 30 0 0.041 0120

4 3035 0-081

5 0.033 0.075

A 9031 0-065

87 0022 0.059

38 0 0040 o119

{compressad) 4 0033 0-080

s 0032 0.074

z 0.030 0.065

8% 0028 0058

210@24" Q.C. 30 Q 0.032 0.099

{compressed) 4 0033 004

5 0.032 0.066

z 0.030 0.058

87 0.028 0.053

38 ) 0.038 0.097

4 0032 0070

5 0.031 0.066

z 0020 0.058

8+ 0027 0053
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Type Core Treatment
Solid Partly Grouted with Ungrouted Cells

Grout Empty Insulated

12" LwoMy u 0.51 043 0.30
Rw 20 23 33

HC 23 148 148

MW.CMU u 0.54 0.46 033

Rw 19 22 30

HC 239 156 156

NW-CMU u 0.57 0.49 0.36

Rw 18 20 28

HC 248 165 165

10" LwoMU u 0.55 0.46 0.34
Rw 18 22 29

HC 189 128 126

MW.CMU u 0.59 0.49 037

Rw 17 21 27

HC 197 134 134

NW.CMU u 0.82 0.52 041

Rw 16 19 24

HC 20.5 142 4.2

8" LW.CMU u 0.62 0.50 037
Rw 16 20 27

HC 151 99 9.9

MW.CMU u 0.65 0.53 041

Rw 15 19 24

HC 157 105 105

NW.CMU u 0.9 0.56 044

Rw 14 18 23

HC 163 111 111

Clay-Unit u 0.57 047 0.39

Rw 18 21 26

HC 151 114 114

6" LW.CMU u 0.68 0.54 044
Rw 15 19 23
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Rw | 13

g

Rw | 10
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g | 2| B | M4 | 15|16 | HF |18 19| 20| 22

8

Fyrpe |Frame

2"

3"

4"

5"
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From EASRIG: =

.. LTotal .
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——Sketeh-of-Construction-Assembly
List of Construction Components R-Value
c f
Eraming-Adjustment Calculation:
[(1/2.390) -~ + [(1/5.005) -~ (12/100)] 0.392
(1-12/100)] - L
1R _ 1R Fr.% . 100 ~ee
e 1-(Fr.% , 100) f 2.549
1/0.392 Total R-Value
1, Total U-
v
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1,R 1,R Fr.% , 100 Toemt
- 1-(Fr.% , 100) ¢ _ 33.333
1/0.030 Total R-Value
1, Total U-

R-\alue
0.030
From EZFRAME Toesti
33.38
= Total R-Value

1, Total U-
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o1
)
RN

7
7

"
-

0 PO MY T i RSN PR C Va

——Sketeh-of-Construction-Assembly
List of Construction Components R-Value
Gavity(R—) Frame-(Rp)
c f
. " ; lation:
1/41.160) - + [(1/33.625) - 7/100 -
(141160) ooy ¢ N(LS8625) © (70O - 0.025
1,R 1,R Fr.% , 100
- 1-(Fr.% , 100) ¢ _ Tasalt
= 40.000
1/0.025
1. Total U- Total R-Value
. I
4
. N
BT O TR T L T PRy
——Sketeh-of-Construction-Assembly
List of Construction Components R-\Value
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From EZFRAME

1/0.023

c f
. . lation:
[(1/52.160) - + [(1/44.625) °  (10/100)] _ 0.019
(1-10/100 )] =
1R 1R Fr.% 100 Toentn
. 1-(Fr.% . 100) . e 62 630
1/0.019 Total R-Value
1, Total U-
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= 13, bl

Pt T g

List of Construction Components R-Value
0.019
From EZFRAME Toestie
— 53.02
= Total R-Value
1/0.019
1, Total U-
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V4

Listof Construction-Components R-Value
Cavity-(Rr) Frame(Rp)
c f
. . lation:
= 0.019
1/52.160 1/44.625 7/100
(152160) | o0y  [(L44625)  (7400)]
’ + " Fr.% 100 Toemt
LR 1-(Fr.% , 100) LR we = 52.632
1/0.019 Total R-Value
R-\alue
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From EZFRAME

1/0.018
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L
-1 2 3 4
LLLLITiLLLLL |‘|||||||Tuu:u‘lu:::ulum:rrrrrrrrrrn-rrrrrr' ‘
p B
——Sketeh-of-Construction-Assembly
List of Construction Components R-\Value
Savity-(R) Frame-(Rp)
c f
. . lation:
. . 0.097
1/9.950 + [(1/15.395 10/100 —
(1950) "\ o0y * [(118395) © (10400 -
1R 1R Fr.% , 100 Tl
- 1-(Fr.% , 100) ¢ _ 10.309
1/0.097 Total R-Value
1, Total U-
~ 1 .. 2.3 ‘ _
—Sketeh-of-Construction-Assembly
List of Construction Components R-\Value
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Calculation:

From EZFRAME

1/0.094

1, Total U-
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A
- - 1 2 3 -
||||mumu‘m|mTnu:u‘luu:ulmmrrrrrrrrn'mrrrrr' -
/ .
——Sketeh-of-Construction-Assembly
List of Construction Components R-\Value
Savity-(Rr) Frame{Rp)
. . ion:
. $ 0.238
1/3.950 + 1/9.395 10/100
(13950) "~ () ogy * [(19:395) © (10400)]
1,R 1,R Fr.% , 100 el
- 1-(Fr.% , 100) ¢ _ 4202
1/0.238 Total R-Value
1, Total U-
— 1. -2
..... S Y T
—Sketeh-of-Construction-Assembly
Listof Construction- Components R-\Value
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From EZFRAME

1/0.253 =
1, Total U-
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. —
1 2 3 éll ? ;
|||||T|||||||'||||||T||||||l'1{lllll el g _
5 /a XWY\/'\('WF
+ —_ e e .
List of Construction Components R-\Value
c f
. . c ation:
(1/20950) ° . [(115395)  (10/100) . 0.049
(1-10/100)] - ]
1R 1,R Fr.% 100 mestr
« 1-(Fr.% , 100) f 20.408
1/0.049 Total R-Value
1, Total U-
1 2 ls 4 : _ _
[ z&y e —
——Sketeh-of-Construction-Assembly
List of Construction Components R-\Value
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From EZFRAME

1/0.048 =
1, Total U-
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- = -
e '
|||||T|||||||'||||||T|||||||'1{||||| LLLLLL g B
p .
—Sketeh-of-Construction-Assembly
List of Construction Components R-\Value
Cavity-(R—) Frame-(Re)
c f
. . lation:
[(1/14.950) + [(1/9.395) ~  (10/100)] _ 0.071
(1-10/100)] =
1,R 1,R Fr.% , 100 Tos~t
- 1-(Fr.% , 100) ¢ _ 14.085
1/0.071 Total R-Value
1, Total U-
-1 2 3
..... recnd i
S ~
OOYRSSNS
R-\Value
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Page NB-113
From EZFRAME
1/0.071 =
otal
- - —_
12 37 4l |5 ;
I"“{I{C!““ AL |||||||||m' ) -
&\( )<f AYARY4AR VAR Yd o
/£ _ _
R-Value
Cavity-(Rr) Frame{Rr)
o f
£ Adi - Lot :
. E 0.046
1/22.950 + [(1/15.395 10/100 - :
(L22950) © o000+ (115395) C (10000) .
1R 1R Fr.% 100 Taentn
. 1-(Fr.%  100) ’ SAGLES o 71740
1/0.046 Total R-Value
1, Total U-
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- ~ —-
15 T ‘|1 oo
LLLLLLILIRLL] I.IIIIIII{IIIIIII.“{IIIII IIIIIIIIIIIIIIII{IIIIII- B
Y NN Y N N N
(.
R-\alue
0.043
From EZFRAME Toest i
_ 23.340
_1/0.043 = Total R-Value
Reference Namée_)tal ngx_g 3 2x6-16

-
- i 2 3 ‘ll ;
YN CNCNCNCC

Y =
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E . Adi . lati .
[(1/16.950) ~ (1-10/100)] + [(1/9.395) ~ (10/100)] - 0.064
1,R. 1-(Fr.% _ 100) LR Fr.% , 100 Tt
15.625
1/0.064 =
Total R-Value
1, Total U-
-1 2 3
L1 |||||'|||||||h|||||||’||||||||||||||||||||||||W'
R-\alue
0.058
From EZFRAME ot
- 17.340
—1/0.058 - Total R-Value
1, Total U-
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- — -
1 2 3 éll ? ;
|||||T|||||||'||||||T||||||l'1{lllll el g _
5 /a XWY\F\F\/
+ —_ e e .
List of Construction Components R-\Value
c f
. . . ation:
[(1/28.950) + [(1/17.128) (10/100)] 0.037
(1-10/100)] - ]
1R 1R Fr.% , 100 et
c 1-(Fr.% , 100) f 27.027
1/0.037 Total R-Value
1, Total U-
1 2 374
IIIII:IIIII‘IIIIIIII-IIIIIIII.IlIIIIIIlIIIIIIIIIIIIIIIIIIIIIIII-
- AN N NS N
~N A ISP~ SN ~71 .
—Sketeh-ef-Construction-Assembly
List of Construction Components R-\alue
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From EZFRAME

1/0.035 =
- — -
i ,
|||||i|||||||‘||||||T|||||||'1\||||||| [TRTIn} . B
Y N\ XVY\/'\SZS o
. .
List of Construction Components R-Value
Cavity-(R—) Frame(Rp)
c f
EF&mFHg—A-d}H—S-t-m—GHI—Qa-I-GHI-aHQH- j } :
(122.950) (1 10n0gy * (LAL12B) ~ (10/100) : 0.049
1R 1R Fr.% 100 Tosaln
; 1-(Fr.% _ 100) ; 7
° f _ 20.408
1/0.049 Total R-Value
1, Total U-
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- —_—
Y 2.3 -
X [
NS VAV AV Vs -
List of Construction Components R-Value
0.048
From EZFRAME Toestn
- 20.950
—1/0.048 - Total R-Value
- —7
1 2 3 zlt tls
IIIIIiIIIIIII-IIIIIITIIIIIII-1{IIIII LiLLLL N } _
5 [ X”Y\/'\(’Wf _
) U
Listof Construction-Components R-Value
Cavity-(Rr) Frame-(Rr)
f
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Framing-Adjustment-Calculation:
(130.950) * (y 0000y * (AAZ128)  (10100) 0.032
1R 1,R Fr.% , 100 Toestie
: 1-(Fr.% , 100) : >
I f _ 31.250
1/0.032 Total R-Value
1, Total U-

1 2

N

3
A
SN

NN A

Vv v

—Sketch-of Construction-Assembhy
Listof Construction Components
0.034
From EZFRAME o
_ 29.080
_ 10034 = Total R-Value

Reference Maméptal ngx 21 2%8 16

2-

1

V4

3 4

Ll !
IR ATE T AT m

NN

N >
C NCNCYC

A
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| Listof-Construction-Compenents R-Valie

| Cavity- (R Frame{Re)
c f
o ation:
[( 1/24.950) [(1/11.128) °  (10/100)] _ 0.045

(1-10/100)]

1R 1,R Fr.% , 100 Toestie
. 1-(Fr.% , 100) —_—
_ f _ 22.222
1/0.045 Total R-Value
1, Total U-

- 1 - 2 . 3
LAl 'IIIIIIII'IIIIIIII'IlIIIIIIlIIIIII
4 N |
AV AVAR Ve N/
—Sketch-of Construction-Assembly
Listof Construction-Components R-Value
0.043
From EZFRAME Toestn
- 23.080
—1/0.043 - Total R-Value
1, Total U-
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— 7
12 3 THT ,
|||||T|||||||'||||||T|||||||'1{||||| LLLLLL g I B
é /a X”Y\F\(’\/ R
p I
List of Construction Components R-\Value
Cavity-(R—) Frame(Re)

[(1/39.950)

1,R
cC

L lation:

(110100) * [(1/19.028)
1,R

1-(Fr.% , 100) .

0.028

(10/100)]
Fr.% , 100

1/0.028
1, Total U-

T At~ 11

35.714

Total R-Value

——Sketeh-of-Construction-Assembly

-12 - 3 -4
INTH A= TANT ETON IIII|'|IIIIIII'IlIIIIIIlIIIIII
—— _
AV AVAR V4 AV
P S, v d, v o0, Yy Qa_s,ve ol YV, Ol
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From EZFRAME

1/0.026
1, Total U-
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— 7
1 2 3 éll ?
|||||T|||||||'||||||T|||||||'1{||||| LLLLLL g ) B
5 /a X”Y\/'\(’\f R
p I
List of Construction Components R-\Value
Cavity-(R—) Frame(Re)
c f
. . ion:
aming-Adpust 0.034
[(1/33.950) (1-10/100)] + [(1/13.108) (10/100)] -
T Aad~l 11
1, Rn 1-(Fr.% 100) 1, Rf Fr.% , 100 roats
1/0.034 Total R-Value
1, Total U-

I | 2 3
il 4
>

PRI Y

ST X P PN LT "L
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From EZFRAME

1, Total U-

| hased| toring.the following:
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o : ficionc ;

Nameplate Standard NEMA*

orBrake Ean Motor High Premium

Horsepower Efficiency Efficiency Efficiency
/20 40% — —
A2 49% — —
18 55% — —
e 60% — —
4 64% — —
3 66% — —
12 70% 76.0% 80.0%
3/4 2% 770% 84-0%
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Open-Motors Enclosed-Motors

Number of Pgoles 2 4 6 8 2 4 6 8

Synchronous Speed | 3600 1800 1200 900 3600 1800 1200 900
| Motor Horsenawer |

1 — 825 80.0 740 755 825 80.0 740

350 95.0 954 954 —_ 954 954 95.0 —_

500 95.8 95-8 —_ —_ 954 95.8 — ES
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: "

( ‘:ﬂ'mnry Reflectance

g ~ehectance
Yitto-Copnv(6) E |
HHEG-COPY-{B) 0

low,contrast E
rOW-CORHaSt ¥

—Overlays(2)
— lightTable — ¢
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Prints—Biuetine E

Blueprints E

Senia-prints,
pHaPH-AL

Hluminace Veiling

FABLE 3 {(contindedy— Category— Reflectance

EDP Tasks

CRT Screens-(1) B 1
=t reels{i) 1
poorribbon(6) E

Ink_iet nrinter
HHKJeHpHALe!

O

tapne storage D
e torag =
machine-area C
Thermal print E |
HeHRa+PHAT :
AV -areas b
Conference tooms D

iy ingrefer to individual tasks:

Disnlavareas (4) C
SHSPiay-areas+4)

Elevators c
Escalators C
Firstaid-areas E

Halhwavs

Hallway B
Janitorial shaces C
SRHOHa-SP

ibraries {
— lobbiesandlounges——— C
— Modelmaking————  F

Mail i
Mail-sorting E
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I ) .
——Mecharical-rooms—operation B
. e

Reception-area C
Rest rooms C
Stairs B

Utilitvrooms
tility room B

Colorselection (L—\) E
Granhs

raph E
Kaviining E
AEYHAHRG ¥

— layoutandanwork—— F
Handwritten Tasks
— #2penciland softerleads——— D |
#3pencil E !
— #4 penciland-harderleads (69— F |

Ball-point-pen
aH-POHPEen

O

Eelt-tin-n.
=eH-Hp-pen

" I .y
| hicall ucibl

Huminace Veiling

FABLE 3 (continued— Category — Reflectance

O

Printed Tasks

60Dt (B) see 2 4 E |
P54 <4 :
L 10 nt D |
8 =Pt =
Glossvymaagazines D 1
t YV-hag 7 =
Maps
e

Newsnrint
NEWSPHRE

Telenhone books E
+e1epHeReH00H
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Show windows
General 2000 200
Eeature 10000—1000
General 2000 200
Eeature 10000—1000
—orsmall-towns
Genperal 1000 100
Eeature 5000 500
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Camt

Page NB-133
FOOMS-

SertTo

Accednting(see-Reading)
Air-terminals{see-Transportationterminals)
. - 3
AsmoriesC*
. Dance-halls-and-discothegues——B
Art-galleries{see-Musedms)
ALgHeHHRS
. .
— Assembly— C* : )
Banks b
—Lobby
. ’ . a3
—————Genera—C
— Witingarea—0Db
— Tellers' stations—E° saes
—Velum
Barbershops-and-beautyparors—E
4 — Highcontrast E*
Churches-and-synagogues——(see-page—+2)
— lowscontrast F°
Club-and-edgerooms-
. ——Tracing-paper
——Lounge-andreading——D>b
— Highcontrast—E°
GConference-rooms
—  LowecentrastF°
—Conferring—Db
— Overlays®
- . : o
—Lighttable—C
—Prints
——— Blueline—E
—————Bluephnts——FE
Sea'acrinfc- E
T . : ) : Es

I |
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hering-and-mappng—t

Edueationaaciities
—Classreoms
——————Genera{see-Reading)

" »

— Colorselection—F+

—Graphs—E
-
—Layeutand-artwork——F
— Photographsoderate-detail——E=
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—Cardiacfunctiontab——FE
. —FHlevaters C
—GCentral-sterile-supply
. —EKG-and-spescimentoort™
—Inspesctiongenera-E
— Genera—B
————InspectionR——F
. ———On-equipment—GC
— Atsinks—E
— Emergency-outpatient™
— Work-areas—genera——Db
— Genera—E
— Processed-sterage——D
. = Laoeal |
; —Endoscopy-rooms—*
—Nursingareas—day—-C
————General—E
. .
———————————andlaboratony-suites-and-service—E )
s 1z
" 1z —Examination-and-treatmentroems
——— Genera—b
—————Genera—C
E E L ocal E
-
————SurgicaHtasklighting——H
—Fractureroom™
——— Hand-washing——F
 Gystoscopy-reom —— Genera—E
. 2 L ocal E
General 5 —Hhalationtherapy—b
—Laboratories™
——Instrumenttray——F
— OralCavity —H Specimen-collecting
) .
——Prostheticlaberatongenera——Db
——Prostheticlaboratorn—work-benrch——E
——Prostheticaberaternylocal—F
——— Chemistrrrooms—E
———Recoven/reom-genera——C
—Recoven/reomemergensy
o
— M Continued
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. Page NB-136
Foteis—Db
—Baeteriology+oems
— Pharmacy™
— GeneralE
—— General—E
— Reading-eultureplates—F
——Alecholvault—b
———Hematology—E
—Laminarflowberch—F
——Hirens
———Serting-seiledinen—b
—Parenteralsolutionroem-bD
— GCentra{clean)}linenreom—b
——PRhysical-therapy-departments
—————Sewingroom-general—Db
. —GymRasims—b
—Sewingreemworkarea——F
— Tankrooms—Db
———Linencloset—B
— Treatmenteubicles D
——+ebby—C
—Postanestheticrecover/room™
——Lockerrooms—C
— Medicatllustration-studie™ e
Lacal H
—Medicalrecords—E
" uncti es_E
— General*®c

e deli 4z
—Laberreems

Genaral—C
HEetet

Local E

o
— Deliveryarea
— Serdb-general—F

Geperal—G

————Delivenr-table—{(see-page+19)
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—Radiologicat-suite™
———DBiagnestic-sesction
—  General®A g
"
———Radiographic/fluorescepicreom—~A
) )
. .g el facilit
—————————Barium-kitchenE
————Radiationtherapy-section
— General™B
——Waitingarea—B
—IsotopekitchengeneralE
. Hetels
———————————Isotope-kitchen-benches——FE
—— Cowmputerizedradiotomography-section
— Seahningreom—B
. . —Goridors—elevatorsand-stalis—C
— Frontdesk—FE°
—Selarum
— General—C .
. ————Sewing—F
——locatforreading—Db
— Gepera—=C
—Stairways——C
) a7 ——Lobby
.g —_
— Operatingroom-general™—F gRiRg
————Operatingtable—(see-page#-15)
——————Serubroem—F
—————Instruments-and-sterile-supply-roem—b
. Heouses-of-worship{see-page+-5)
— Cleanuproeminstruments—E
——— Anesthesia—C
——————Substerilizingroem-C
cabinducti Fis_ o
—Surgicabholding-area™ ——FE
—TFoilets—C
.
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—Fire-hall—b

—El'g—é'i—bmﬂl T A. J }
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Herrehet
— #2 penciland-sefterleads—B°
Reost-offices{see-Officesy
— #4 penciland-harderleads—F°
— Ball-peintpen—b°
Reading
— Felt-tippen—b
—Copied-tasks
. .
— Dittocopy—F°
Micro-fiche—reader B;Z—ls {o p QEGg Elﬁ iea Y ep odueible-colers
— GChalkbeards—FE*
—— Mimeograph—Db
—Printed-tasks
— Photograph—moderate-detail—E"
— G pointtype—F°
— Thermalcopy;-poercopy—F°
— 8 and-10peinttypeB*
S Xewgiaphy D
— Glossy-magazines—b*™
—Xerography—3rd-generation-and
—  Maps—E
— greater—E
—FElectronic-data-processing-tasks
CRT-screens Bl-Ll—S Ibped Gl.g. S B
— TFyped-2nd-carborandlater—E
——lmpactpHnter
. — Telephone-besks—E
—  goedribben—b
—————————poor+bbon—E
Residenees
—————————2nd-carbon-and-greater—E
. . —Generatighting
——kjetprnter—Db
— Conversationrelaxation-and-entertainment—B
——Keyboardreading—b
— Passageareas—B
—————Machine+oems-
i ; — Specific-visuaktasks®
—Active-operatiohs—b
-
Fape-storage—b
. ——— Grooming
Machine-area—C
. . —  Makeupandshaving—Db
— EguipmentsendeeE®
——Fui-length-mirro—Db
————Fhermalprrt—E
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RERaEY taeigp?an&eaeaed-@—

— Primarytaskplanerstudy—E

—SewinRg
—————— Hand-sewing
—HW—Continded
—— PadktabresHowcontrastF-
Hurinanee . .
—Hluminanece — Oeceasional-high-contrast b
—GCategory Dark fabrics low contrastC
———Handerafts-and-hobbies ——————————— Oeccasional-high-centrast D
———————\Workbench-hebbies
————Table-games—b
ﬁrd'nap“ tasks D
Difficulttasks—E
Criticaltasks F
.
.
el !
.
"
.
i .
"
. .
i .
"
———Laundry
——————————Preparation-andtubs—D
—————Washerand-dryer—b
. .
— Advanced-seceres—E
— Substandard-size secores—F
Safety—{(see-page2-45)
——— Reading
B—— Sehools{see-Educationalfacilities)
— Books-magazines-and-newspapersb
poor-copies—E Stairways—corriders— G
ln-bed .
Normal D .
. tical
——Besk Senvice-stations
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Shew-windews—(see-page-8-7
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1 CFS10W/GR10g 1 MAG-STB Magnetic-Standard 16 3-6"-across

1 CFSI0WIGR10g 1 ELECT Electronic 13

2 CFS10W/GR10g 1 ELECT Electronic 26
CompactFluorescent 2D-{(16W,-GR10a-4 FourPin-Base)

1 CFSI8W/GRIOy 1 MAG-STD Maghetc-Standard 23 55" across

1 CFS16W/GR10g 1 ELECT Electronic 15

2 CFS16W/GR10g 1 ELECT Electronic 30
CompactHuorescent 2D-(21W,-GR10g-4-FourPin-Base)

1 CFS21W/GR10g 1 MAG-STD Magnetic-Standard 31 5.5"aeross

1 CFS21W/GR10g 1 ELECT Electronic 21

2 CES2AWIGR10g 1 ELECT Electronic 42

CompactHuorescent2b-(28W-GRADg-4-FourPn-Base)
1 CFS28W/GR10g 1  MAGSTD Magnetic-Standard 38  81“aeress
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1 CFS28W/GR10g 1 ELECT Electronic 28

2 CES28WIGR10g 1 ELECT Electronic 56
CompactFluorescent 2D-{38W,-GR10a-4-FourPin-Base)

1 CFS38W/IGR10g 1 ELECT Electronic 3+ 81" aeross

2 CFES38W/GR10g 1 ELECT Electronic 74

1 CFQI3W/G24d-1 1 MAGSTDI120 120\ MagneticStandard 18  6.0"MOL
2 CFOI3W/G24d-1 2 MAGSTDI120 120V MagneticStandard 36
1 CFO13W/G24d-1 1 MAGSTD277 227\ MagneticStandard 16
2 CFQI3WIG24d-1 2 MAGSTD277 227\ MagreticStandard 32
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CompactFlusrescentQuad{13- W GX23-2 Two-Pin-Base)

1 CFOIBWIGX23-2 1 MAGSTD Magnetic-Standard 17 4.8 MOL
2 GCFOI3WIGX23-2 2 MAGSTD Magnetic-Standard 34
CompactFluorescent Quad{1B8W 6xX32d-1 Two P Base)

2

1 CFQISWIG24d-2 1 MAGSTD120 120V MagneticStandard 25  6.8°MOL
2 CFOI8W/G24d-2 2 MAGSTD120 120V MagreticStandard 50

1 CFOI8W/G24d-2 1 MAGSTD277 227\ MagneticStandard 22

2 CFOQI8WIG24d-2 2 MAGSTD277 227\ MagneticStandard 44

1

2

1 CFQR6W/G24d-3 1 MAGSTD120 120V MagneticStandard 37  76'MOL
2 CFOQ26W/G24d-3 2 MAGSTD120 120\ MagneticStandard 74

1 CFO26W/G24d-3 1 MAGSTD277 227\ Magnetic Standard 33

2 CFO26W/G24d-3 2 MAGSTD277 227V MagneticStandard 66

1 CFQ28WIG24d-3 1 ELECT 277V 277\ Electronic 27

2 CFO26WIG24d-3 2 ELECT 277V 277\ Electronic 54

1 CFQIOW/G24g-1 1 MAGSTD120 120V MagneticStandard 16  4.6"MOL
2 CFOIOW/G24g-1 2 MAGSTD120 120\ MagneticStandard 32
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1 CRQIOWIGR24g-1 1 MAGSTD277 227\ Magnetic Standard 3
2 CFOQIOW/G24g-1 2 MAGSTD277 227\ MagneticStandard 26
CompactFluorescent Quad—{13-W,-G24g-1 FourPin-Base)

1 CFQI3WIG24g-1 1 MAGSTD120 120V Magnetic-Standard 18 60" MOL
2 CFOI3WIG24g-1 2 MAGSTD120 120V MagneticStandard 36
1 CFOI3WIG24g-1 1 MAGSTD277 227\ MagneticStandard 16
2 CFO13WI/G24g-1 2 MAGSTD277 227\ Magnetic Standard 32

CompactFluorescentQuad{13- W -GX/ FourPin-Base)

CFOI3WIGXY 1+  MAGSTD Magnetic-Standard 17 48" MOL
CROI3WIGXY 2  MAGSTD Maghetc-Standard 34
CompactFluorescentQuad—{8-W-G24g-2 FourPin-Base)

1 CFOQI8WI/G24g-2 1 MAGSTD120 120V MagneticStandard 25 68 MOL
2 CFQIsW/G4g-2 2 MAGSTDI120 120V MagneticStandard 50
1 CFQI8WIG4g-2 1 MAGSTD277 227\ Magnetic Standard 22
2 CFOI8WI/G24g-2 2 MAGSTD277 227\ Magnetic-Standard 44

1
2

FFiswW/2Git 1 MAGEE  MagneticEnergy Efficient 23
FFiswW/2Git 1 MAGEE  MagneticEnergy Efficient 46
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3  FH8wWRcir 15 2 MAGEE  MagneticEnergy Efficient 69 — Tandem-wired

3  FR8wWReit 2 MAGEE  MagneticEnergy Efficient 69

4 FH8WRGIEI 2 2 MAGEE  MagneticEnergy Efficient 92 2y Twolamp
ballasts

1 FH8swRei: 1 ELECT Eleetronic 7

2  FHE8wRcei:r 1 ELECT Eleetronic 35

3 FFswRG1E 15 ELECT Eleetronie 52  Fandem-wired

3 FTisw/i2Glt 2 ELECT Electronic 52

4 FR8WRe1r 2 ELECT Eleetronie 7 @ Fwelamp
ballasts

Fluorescent Fwin{24-27W-F24TF-or F27FF-Lamp)

I FRrRAWRGi:E 1 MAGEE  MagheticEnergy-Efficient 32

2 Fr24awieGitr 1 MAGEE  Magnetie Energy Efficient 66

3 FT24w/2G11 1.5  MAGEE  Magnetic Energy Efficient 99  Tandem wired

3 FRrRAWRG1ET 2 MAGEE  MagneticEnergy Efficient 98

4 FRrRRAWRGCEE 2 2 MAGEE  MagheticEnergy-Efficient 132 ) Fwoltamp
ballasts

I FRAWRG1HE 10 ELECT Electronic 2%

2  FRAWRGi:E 1 ELECT Eleetronic 43

3 FRAWRG1:E 15 2 ELECT Eleetronie 64  TFandem-wired

3 FR24wReeir 2 ELECT Eleetronie 64

4 FT24w/2G1r 2 ELECT Electronic 86  {2) Two-lamp
ballasts

Fluerescent Pwin{36-39\W—-F36+ForF39TFLamp)

I FRrRewRkcit 1 MAGEE  MagheticEnergy-Efficient 51

2 FRewRkcit 1 MAGEE  MagheticEnergy-Efficient 66

3 FF3ew2G1it 1.5 MAGEE  Magnetie Energy Efficient 99 Tandem wired

3 FT3ew/2G11 2 MAGEE  Magnetic Energy Efficient 117

4 FRewRci: 2 2 MAGEE  MagheteEnergy-Efficient 132 ) Fwelamp
ballasts

1 FRewRkeit 1 ELECT Eleetronic 37

2 FRewRkeit 1 ELECT Eleetronic 0

3 FRewRkcii 15 - ELECT Eleetronic 105  Tandem-wired

3 FRewRkcit 2 2 ELECTF Eleetronic 107

4 FF3ewRG1ir 2 ELECT Eleetronie 140 (2) Two-lamp
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I FHowRcit 1 MAGEE  MagheticEnergy-Efficient 43
2  FHowRcit 1 MAGEE  MagheticEnergy Efficient 86
3 FHowRcit 2 MAGEE  MagneticEnergy-Efficient 130
4 FHOWRGIE 2 2 MAGEE — MagneticEnergy-Efficient 172 &) TFweolamp
hallasts
1 Fr4owi2Git 1 ELECT Electronic 36
2  FHowRcitr 10 ELECTF Eleetronie “
2  FHowRcit 1 ELECTF Eleetronic 0
3  FHowReitr 10 ELECGTF Eleetronic 98
3 FHowRcir 2 ELECT Eleetronie 107
4 FHoWRc1r 2 ELECT Eleetronie 142 2y Fwolamp
ballasts
FrH4owRG1t 1 ELECT RO Elec Redusce Oupui (75%) 59
19}
4 FH4oWR261r 2 ELECTDIM  Electronic Dimming{te 340 (2rtwelamp
1%
ballasts
Fluereseent Fwin{50-W—F50HLamp)
T w261t X ELECTF Eleetronie 54
2 FFeowfR26it 1+ ELECT Eleetronic 106
3  FFeowfeir & ELECGT Eleetronic 98
3  FFeowReitr 2 ELECGT Eleetronie 160
4  FFSowRRcir 2 ELECT Eleetronie 212 2y Fwolamp
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1 FB31t+s 85 MAGEE Magnetic-Energy-Efficient
1 FB3178 1 MAG-EE Magnetc Energy Efficient
2 FB3118 1 MAG-EE MagneteEnergy-Eflicient
3 FB3118 2 MAGEE Maghretic-Energy-Efficient

i+  EB31r8 65  ELECT Eleetronic 31  Tandemwired
@ FB38 & ELECGF Eleetronie 39
2 EB31¥8 1 ELECT Electronic 62
3 EB33Fr8 | ELECHF Eleetronie 92
3  FB33Fr8 15  ELECHF Eleetronic 93  Tandem wired
3  EB33Fr8 2 ELECF Eleetronic 101
2  FB31F8 1  ELECHS = ElectronicinstantStart 61
3  EB31Fr8 1  ELECHS = ElectronicinstantStart 88
2-f—FluerescentU-Fube-Energy-Saving-{34W)
1  FB40TI2/ES 65 MAGEE  MagneticEnergy Efficient 36  Tandem-wired
I FB40FHI2/ES 1  MAGEE  MagneticEnergy-Efficient 43
2 FB40THI2/ES 1 MAGEE  MagheticEnergy Efficient  #2
3 FB40THI2/ES 1  MAGEE  MagheticEnergy-Efficient 105
3 FB40TI2[ES 2 MAGEE  MagnheticEnergy-Efficient 115
1  FB4OFI2/ES 65 2 ELECF Eleetronie 30  TFandem-wired
1 FB4OTI2/ES 1 ELECT Electronic e
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2  FB4OTI2IES 1 ELECT Electronic 59
3  FB4OTI2ES 4  ELECT Electronic 90
3  FB40TI2ES 15  ELECT Electronic 88  Tandem-wired
3  FB40TI2ES 2  ELECT Electronic 90
2 ftFluorescent U-Tube-Standard{40W - FB40T12 Lamp)
1 FB4OTI2 05 MAGEE  MagneticEnergyEfficient 43  Tandem wired
1 FB4OT42 1  MAGEE  MagneticEnergy Efficient 48
2  FB4OTI2 1 MAGEE  MagneticEnergyEfficient 86
3 FB4OTI2 1  MAGEE  MagneticEnergyEfficient 127
3  FB4OTI2 2  MAGEE  MagneticEnergyEfficient 134
1 FB4OTI2 05  ELECT Electronic 35  Tandem wired
1 FB4OT12 4  ELECT Electronic 38
2  FB4OT12 4 ELECT Electronic 67
3 FB4OT12 1 ELECT Electronic 100
3  FB4OT12 15  ELECT Electronic 101 Tandem wired
3  FB4OTI2 2  ELECT Electronic 103
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1 20112 1 MAG-SHB Magnetic Standard
2 202 1 MAG-SHB Magnelic Standard

F3078 1 MAG-STD Magnete-Standard 46 30~MOL

2 F3078 1 MAG STD Magnetic Standard 79 30" MOL
FluereseentPreheat F12(30\W)

1 F30H12 1 MAG-STB Magnetic-Standard 46 30~MOL
2 F30H2 1 MAG-STDB Magnetic-Standard 7 30~MOL
2 30112 1 MAG-EE MagneticEnergy-Efficient 74 30~MOL
1 302 1 ELECT Eleetronic 31 30~MOL
2 F30712 2 ELECT Eleetronie 63 30" MOL

|

1 F1778 1 MAGEE  MagneticEnergyEfficient 24

2 F1778 1 MAGEE  MagneticEnergy Efficient 45

1 F1778 1 ELECT Electronic 22

2 F1778 1 ELECT Electronic 33

3 F17T8 1 ELECT Electronic 53

3 F17T8 2 ELECT Electronic 55

4 F17T8 1 ELECT Electronic 63

4 F17T8 2 ELECT Electronic 66 (2 two-lamp
ballasts

1 2578 1 MAG-EE Magnetic-Energy-Efficient 33
2 F2578 1 MAG-EE Magnetic-Energy-Efficient 65
1 F2578 1 ELECT Electronic 27
2 F2578 1 ELECT Eleetronie 48
3 2518 1 ELECT Eleetronic 68
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3 B2 2  ELECT Electronic %5

4  R25°,8 2 1+  ELECT Eleetronie 89

4 E25T8 2  ELECT Eleetronic 96 (2Hwelamp
ballasts

.|

oot Fl . ot

1 328 05 MAGEE  MagneticEnergy-Efficient 35 Tandemowired

T EB82¥8 1 MAGEE  MagneticEnergy Efficient 39

2 R32r8 1 MAGEE  MagneticEnergy Efficient {40

3 3218 15  MAGEE  MagneticEnergy Efficient 105  Tandem-wired

3  RB2B @ 2  MAGEE  MagneticEnergy Efficient 109

4 3218 2  MAGEE = MagneticEnergy Efficient 140 {(2Hweo-lamp
ballasts

1 FRB2¥8 65  ELECT Eleetronic 31  Tandemwired

R e . T = S = ans Electronic 32

2 R32F8 X ELECT Electronic 82

3 R32¥8 1 ELECT Electronic 93

3 B2 15  ELECT Electronic 93  Fandem wired

3  RB2B @ 2  ELECT Eleetronie 94

4 R332 1  ELECT Eleetronic 114

4 3218 2  ELECT Eleetronic 124 2ytwoltamp
ballasts

2 E32¥8 1 ELECHS ElectoniclnstantStat 63

3 E32¥8 1 ELECTIS  ElectronicinstantStat 96

3 F3278 15  ELECTIS  ElectroniclnstantStart 95  Tandemwired

4 E3278 1 ELECTIS  Electronicinstant Start 124

4 3218 2  ELECHIS = ElectronicinstantStat 126 (2rtwelamp
ballasts
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2  R32F8 1 ELECGTRO ElecironicReduceOulput({/5%) 51
3 R332 2 1 ELECGTRO ElectronicReduceOutput{#5%) 76
3 F32¥8 15 ELECTRO ElectonicReduceOuiput(75%) 77  TFandem-wired
4 = R32¥8 1 ELECTRO FElectronicReduceOutput{75%) 100
4 3218 2 ELECTFRO FElectronicReduceOutput(#5%) 102 (2)rtwe-lamp
ballasts
F3218 = 1  ELECTTL  Hlectronicfwoleve{50-8100%) g5
3218 ELECT L  ElectronicTwotleve(50-6300%) 98  Tandem-wired
4 3218 2  ELECTTL  EectonicTwoleve(508100%) 130 {(2)}two-lamp
-ballasts
2 R332 2 1 ELECTAO  ElectonicAdjustableOutput 73
{to-15%)
{to-15%)
4 3218 2 ELECTAO  Electronic-AdjustableOutput 146 {2 tweo-lamp
{to-15%,) ballasts
2  R32¥8 1 ELECTFDIM  ElectronicDimming{te 45
1%
3 F32T8 15 ELECTDIM  Electronic Dimming (to 113 Tandem wired
1%}
4 3218 2 ELECTDIM  ElectronicDimming{te 150 2rtwelamp
194}
ballasts
5-{ootFluerescent Rapid-Start{40\\)
3+ R8I MAGEE  MagneticEnergy Efficient 50
2 R40F8 1 MAGEE  Magnetic Energy Efficient 92
i RO 1 ELECT Eleetronic 46
2 R4 1 ELECT Eleetronic el
3 RO 2  ELECF Eleetronic 109
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SIS SISV IV S

i ROH2 1 MAGSTB  MagnheticStandard 46
2 ROH2 1 MAGSTB | MagneticStandard wael
3 F30F12 15  MAGSTB Magnetic-Standard 118  TFandem wired
3  F307T12 2  MAGSTD  Magnelic Standard 125
oot Fl i ingPlus (32W.
1 F40T12/ESPlus 65 MAGEE  MagheticEnergy-Efficient 34  Tandem-wired
1 F40T12ESPs 1 MAGEE  MagneticEnergy-Efficient 41
2 F40T12[ESPs 1 MAGEE  MagneticEnergy-Efficient 68
3 F40T12/ESPls 1 MAGEE  Magnetic Energy Efficient 99
3 F40T12/ESPlus 1.5  MAGEE  Magnetic Energy Efficient 102 Tandem wired
3 F40H2ESPWs 2 MAGEE  MagneticEnergy Efficient 109
4 F40F12[ESPls 2 MAGEE  MagheticEnergy-Efficient 136 ) Fwoltamp

MAG-STD* Maghetic Standard 48
MAG STD*™  Magnetic Standard 82

1
1

CR CRRTIETIN
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3 F40FL2/ES 2 MAG STD™ Magnetic-Standard 130
4 F40FL2/ES 2 MAGSTD= Magnetic-Standard 164 2 Fwelamp
ballasts
1 FA0T2/ES 65 MAGEE Magnetic-Energy-Efficient 36 Tandem- wired
1 F40TL12/ES 1 MAG-EE Magnetic-Energy-Efficient 43
2 F40F12/ES 1 MAG-EE Magnetic-Energy-Efficient 2
3 F40F12/ES 1 MAG-EE Magnetic Energy-Efficient 105
3 F40F12/ES 15 MAG-EE Magnetic Energy-Efficient 108  Fandem-wired
3 F40FL2/ES 2 MAG-EE Magnetic Energy-Efficient 112
4 F40FL2/ES 2 MAG-EE Magnetic-Energy-Efficient 144 (2)yFwe-lamp
ballasts
FA40T2/ES 1 MAGHC Magnetic-HeaterCutout 58
F40T12/ES MAGHC Magnetic-HeaterCutout 87 Tandem-wired
4 F40F12/ES 2 MAGHC Maghetic- Heater-Cutout 116 2 Fwe-ltamp
ballasts
2 F40F12/ES 1 MAGHGFO Mag-HeaterCutoutFullight 66
3 F40FL2/ES 15 MAGHGCFO MagHeaterCutoutiulkight 99 Tandem wired
4 F40FL2/ES 2 MAGHGFO Mag-HeaterCutoutRulibight 132  (2)yTFwe-lamp
ballasts
LUMINAIRE POWER  TableB-181
Lamp Ballast Watts/
: I id e Y R
1 F40F12/ES 65 ELECT Eleetronic 30 Tandem-wired
1 F40F12/ES 1 ELECT Eleetronic 3%
2 F40F12/ES 1 ELECT Electronic 62
3 F40FL2/ES 1 ELECT Electronic 90
3 F40FL2/ES 15 ELECT Eleetronic 93 Tandem-wired
3 FA40TFL2/ES 2 ELECT Eleetronic 93
4 FA0T2/ES 1 ELECT Eleetronic 121
4 F40T12/ES 2 ELECT Eleetronic 124 2 Fwelamp
ballasts
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2  F4AOFH2ES 1 ELECTAO Elec-AdjustableOutput{te15%) 60
3  F4O0H2/[ES 15 ELECTFAO Eles-AdjustableOutputto15%) 90  Tandem-wired
4  F4O0FH2[ES 2  ELECTFAO Eles-AdustableOutput{to15%) 120 (2)yTwe-lamp
ballasts
...
4-footFluerescentRapid-Start-Standard-{(40\W)
1 HOHR2 65 MAGSTD® MagnheticStandard 26  Tandemwired
1 F40712 1 MAGSTD*®™  Maghetic Standard 52
2 F407T12 1 MAGSTD*™  Magnetic Standard 96
3  HOHR2 15 MAGSTDX MagneticStandard 144 Tandem-wired
3  HoH2 2 MAGSTBX = MagheticStandard = 148
4  HOH2 2 2 MAGSTB® = MagheticStandard = 192 (2} Fweolamp
-ballasts
1 HOHR2 65 MAGEE  MagheticEnergy-Efficient 44  Tandem-wired
i HOH2 1 MAGEE  MagneticEnergy-Efficient 46
2 F40T12 1 MAGEE  MagneticEnergy Efficient 88
3  F40712 1 MAGEE  Magnetic Energy Efficient 127
3 F40T12 15  MAGEE  Magnetic Energy Efficient 132  Tandem wired
3  HoH2 2 MAGEE  MagheticEnergy-Efficient 134
4  HOFR2 2 MAGEE  MagheticEnergy-Efficient 176 (2} Fwolamp
-ballasts
F40H12 1 MAGHCEC  MagneticHeaterCutout 7%
F40712 MAGHC = MagneticHeaterCutout 1074  Tandem-wired
4 F4OT12 2 MAGHC  MagneticHeater Cutowt 142 {2y Fwo-lamp
hallasts

2 F40F12 1 MAGHGCFO MagreticHeaterCutouthulbight 80
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4 F40T12 2 MAGHGFO MagneticHeatorCutoutFultbight 160  (2)-Two-lamp
ballasts
1 F40T12 05  ELECT Electronic 36  Tandem-wired
1 F40T42 1 ELECT Electronic 37
2 F40Ta2 1 ELECT Electronic o}
3 F40ma2 1 ELECT Electronic 107
3 F40T12 15  ELECT Electronic 108  Tandem-wired
3 F40Ta2 2 ELECT Electronic 109
4  F40T12 1 ELECT Electronic 135
4 F40T12 2 ELECT Electronic 144 (2)Fwotamp
ballasts
2 F40T12 1 ELECTRO ElectronicReduce Output{75%) 61
3 F40T12 1 ELECTRO ElectronicReduce Output{75%) 90
3 F40Ti2 15 ELECTRO ElectronicReduceOutput(75%) 92  Tandem wired
4 F40T12 2 ELECTRO ElectronicReduceOutputi75%) 122  (2)Twolamp
ballasts
F40T12 1 ELEGCTTL  ElecTwolevel{50&100%) 69
F40T12 ELECTFL  ElecTwolevel(508100%) 104  Fandem wired
4 F40T12 2 ELECTTL  ElecTwolevel{50&100%) 138 (2)Twolamp
ballasts
2 F40T12 1 ELECTAC Elec-Adjustable Outputite15%) 73
4  F40T22 2 ELECTAOC Elec-AdjustableOutputito15%) 146 (2)Two-lamp
batlasts
2 F40T12 1 ELECT DM  ElectronicDimming{to 83
19)
19%)
(ectronic Dimming
106)
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4-footFluorescentRapid-Start-Extended-Output{42A)
2 F40T10/EO MAGEE Magnetic-Energy-Efficient 92
4 F40F16/EOC MAG-EE Magnetic Energy-Efficient 184 2)Twe-lamp
ballasts
2 F40F106/EOC MAGHC Magnetic-HeaterCutout 4
3 F40F106/EOC MAGHC Magnetic-Heater-Cutout 111 Fandem wired
4 F40F10/EOC MAGHC Magnetic Heater-Cuteut 148 2 Fwelamp
ballasts
2 F40T10/EO ELECT Eleetronic 4
3 F40T10/EO ELECT Eleetronic 111  Tandem wired
4 F40F16/EOC ELECT Eleetronic 148 2 Fwe-ltamp
ballasts
2 F40F106/EOC ELECT RO ElectronicReduceOuput{#5%) 63
3 F40F106/EOC ELECT RO ElectronicReduceOutput(#5%) 95 Tandem wired
4 F40F10/EOC ELECTRO ElectronicReduceOutput{76%) 126 (2} Fwe-lamp
ballasts
2 F40T10/EO ELECTTE Eles—TwoLevel(50-&-100%) 2
3 F40T10/EO ELECT - Eles—Two Level(50-&4-100%) 108  Tandem-wired
4 F40F16/EOC ELECTHE Elec—wo-Level(50-&-100%) 4 2 Fwe-tamp
ballasts
2 F40F106/EOC ELECTAO Elec-Adjusiable-Output{ie-15%) 73
3 F40F106/EOC ELECTAO Eles-Adjustable Output{te-15%) 110  TFandemwired
4 F40110/EO ELECTAO EecAdustable Output(to15%) 146 (2} Fwe-lamp
ballasts
2 F40T10/EO ELECTBIM  Electronic Dimming{te 85
19}
1%
4 F40F106/EOC ELECTDIM  Electronic Dimming(to 170 @ Fwelamp
1%}
ballasts
LUMINAIRE POWER  fableB-i0d
Ballast Watts/

Lamp
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1 FOBTI2HOES 1 MAGSTD Magnetic-Standard 125
2  FOBTI2HO/ES 1 MAGSTD** Magnetic Standard 227
2 F9eH2HO/ES 1 MAGEE = MagneticEnergy Efficient 208
4 FOTI2MHO/[ES 2 MAG-EE Magnetic-Energy-Efficient 416 () TFwolamp
ballasts
FO6T1I2/HO/ES ELECT Eleetronic 160
FOeHR2HOES 2 ELECT Electronic 320 23 Fwolamp
ballasts
3 footFl i il ; ;
1 FO6TL2/HO 1 MAGSTD Magnetic-Standard 140
2 FO6TI2/HO 1 MAGSTb* Magnetic-Standard 252
2 FO6TL2/HO 1 MAGEE = MagneticEnergy-Efficient 237
4 FQET/HO 2 MAG-EE Magnetic-Energy-Efficient 474 23 Two-lamp

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual NB-162

2 FOTH2/ES 1 MAGSHBx Maghetie-Standard 138

2  FO6H2ES & 2 MAGEE  MagheticEnergy-Efficient 123
4  RFO6HR2ES 2 2 MAGEE  MaghetcEnergy-Efficient 246 ) Fwolamp

ballasts
2 FOSTI2ES 1 ELECT Electronic 105
4  F96TI2ES 2 ELECT Electronic 210 (@) Twolamp
ballasts
8 foot Fluorescent Slimline-Standard{75\W)
1 FO8T12 1 MAGSTD Magnetic-Standard 100
2 FO8T12 1 MAGSTDx Magnetic-Standard 173

2  F9eH2 1 MAGEE  MagnheticEnergy Efficient 158
4  ROEH2 2 2  MAGEE  MagneticEnergy Efficient 316 2y Two-lamp

ballasts

2 F96T42 1 ELECT Electronic 130
4 F96T42 2 ELECT Electronic 260 (@) Twolamp
ballasts
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2 Fo6F12 1 ELECHIS Electronic-lnstant-Start 130

3 Fo6T12 5 ELECGHS Eleetronictnstant-Start 195 Tandem
wired

4 F96T12 2 ELECHIS Electronictnstant Start 260 2 Fwe-lamp
-ballasts

LUMINAIRE POWER  TableB-i0:

1 MV40 1  MAGSTB Magnetic-Standard 51
1 MV50 1  MAGSTD Magnetic-Standard 63
1 MVT75 1 MAG-STD Magnetic-Standard 88
1 MV100 1  MAGSTB Magnetic-Standard 119
1 MVA75 1 MAG-STD Magnetic-Standard 197
1 M\V250 1 MAG-STD Magnetic-Standard 285
1 MV400 1 MAG-STDB Maghetic-Standard 450
1 MV1000 1 MAG-STD Magnetic-Standard 1080
Metal Halide
1 MH32 1 MAG-STD Magnetic-Standard 42
1 MH70 1 MAG-STD Magnetic-Standard 95
1 MEL00 1 MAG-STDB Maghetic-Standard 142
1 MELYS 1 MAG-STD Magnetic-Standard 210
1 MH250 1 MAGSTD Magnetic-Standard 295
1 MH400 1  MAGSTD Magnetic-Standard 461
1 MH1000 1  MAGSTB Magnetic-Standard 1080
High-Pressure-Sedium
1 HPS35 1 MAG-STD Magnetic-Standard 44
1 HPS50 1 MAG-STD Magnetic-Standard 81
1 HPS70 1  MAGSTD Magnetic-Standard 93
1 HRPS100 1 MAG-STD Magnetic-Standard 116
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1 HPS150 1 MAG-SHB Magnetic Standard 3

HPS200 1 MAG-STD Magnetic-Standard 240
1 HRS250 1 MAG-STD Magnetic-Standard 302
1 HPS400 1 MAG-STD Magnetic-Standard 469
1 HPS1000 1 MAG-STD Magnetic-Standard 1090
Low-Pressure-Sedivm
1 LPS18 1  MAGSTD Magnetic-Standard 30
1 LRS35 1  MAGSTB Magnetic-Standard 60
1 LPS55 1  MAGSTB Magnetic-Standard 80
1 LPS90 1 MAG-STD Magnetic-Standard 125
1 LRS135 1 MAG-STD Magnetic-Standard 178
1 £PS130 1 MAG-STDB Maghetic-Standard 220

1 Q20MRisE2) 1 ELECT Eleetronie 23
1 Q3BzMRisE2,) 1 ELECT Electronic 39
1 Q56MRis(E2y 1 ELECT Eleetronie 55
1 Q7OMRisE2y 1 ELECT Eleetronic 8
FluoreseentLamps F40UR3 CoolWhite Fo6F12/ W
F40 W F40U13 Warm-White Fo6T12/ WW
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F40 b F40U/6 CoolWhite
F40 DAMM F40U/6 Warm-\White Deluxe
F40 W F40U/B Warm-White
F40 WAM Fo6T1 oW
2/
F40 WAAX F96T1 B
2/
F40 WAAXANDM FosT1 DAMM
2/
IncandescentPAR Lamps
75PAR38 150RPAR38
75/65PAR38 150/120PAR38
100/80PAR38
100-PAR38

FoeT12/  WWXAWM
FoeF12  HO/b
FoeF12l HOICW
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