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120 CHAPTER 9

Toble 16..... Deter

of U Value Resulting from Addition of Insul

to Uninsulated Building Sections® {Continved)
PART C. CEILINGS—HEAT FLOW UPi (WINTER CONDITION)

1959 Guide

or Air Spaces

) PR P One Air Spuce of Efiective. | Two Air Spaces of Efective | Three Air Spaces of Effeci
U Voke® Fibrous Insudation! Thickness—Inches Emiegvity=E Eoissioiy™ E ree 'mu;’_ e
Without Added

tasulation
: % 3 2 3 082" | 020 | 005 | 082 | 020 | 005 | 082 | c20 | o005
Col 2 | 3 4 5 6 7 8 ] 10 n 2. 5] i
0.70 0.305 | 0.195 | 0.113 { 0.080 { 0.69%0 | 0.472 | 0.403 | 0.427 | 0.262 | 0.216 | 0.307 | 0.180 | 0.148
0.60 - 0.284 | 0.186 { 0.110 | 0.078 | 0.588 | 0.417 | 0.362 | 0.385 | 0.244 | 0.204 | 0.284 | 0.17t | 0.139
0.50 0.260 | 0.175 { 0.106 | 0.076 | 0.488 ) 0.361 | 0.318 | 0.339 | 0.224 { 0.189 | 0.258 | 0.160 | 0.131
0.45 0.246 | 0.168 | 0.104 | 0.075 | 0.438 | 0.331 | 0.205 ; 0.316 | 0.212 | 0.180 | 0.243 | 0.154 | 0.126
0.40 0.230 [ 0.161 | 0.101 | 0.07¢ | 0.389 | 0.300 | 0.270 { 0.288 | 0.199 | 0.170 | 0.227 | 0.146 | 0.121
0.35 0.212 | 0.152 | 0.097 | 0.072 | 0.340 /| 0.269 | 0.244 | 0.260 | 0.185 | 0.158 | 0.209 | 0.138 | 0.115
0.30 0.192 | 0.142 | 0.093 § 0.069 | 0.292 } 0.237 | 0.215 | 0.230 | 0.168 { 0.145 | 0.189 | 0.129 | 0.108
0.28 0.184 | 0.135 | 0.091 | 0.068 | 0.272 { 0.224 | 0.203 | 0.217. ; 0.161 | 0.140 { 0.181 | 0.125 | 0.104
0.26 0.175 | 0.133 { 0.080 | 0.066 | 0.253 | 0.211 | 0.191 { 0.20¢ [ 0.15¢ | 0.134 | 0.172 | 0.120 | 0.101
0.24 0.166 | 0.127 | 0.087 | 0.065 | 0.234 [ 0.199 | 0.170 [ 0.191 | 0.146 [ '0.128 | 0.163 | 0.115 | 0.097
0.22 0.156 | 0.121 | 0.084 | 0.064 | 0.214 | 0.186 | 0.186 | 0.178 | 0.137 ; 0.120.{ 0.153 | 0.109 | 0.093
0.20 0.145 | 0.115 | 0.081 { 0.062 | 0.195 | 0.173 | 0.154 | 0.164 { 0.128 | 0.114 | 0.143 | 0.104 { 0.088
0.18 ° 0.134°) 0.108 | 0.078 | 0.060 | 0.176 | 0.158 | 0.141 | 0.150 | 0.119 | 0.106 | 0.132 | 0.097 | 0.684
0.18 0.123 | 0.100 | 0.074 { 0.057 | 0.156 | 0.146 | 0.128 | 0.136 | 0.109 | 0.098 | 0.121 | 0.090 | 0.079
0.14 0.111 | 0.092 | 0.069 [ 0.054 | 0.137 | 0.132 | 0.115 | 0.120 | 0.099 | 0.090 | 0.109 | 0.083 | 0.073
0.12 0.098 | 0.083 | 0.064 | 0.051 | 0.118 | 0.118 | 0.101 | 0.105 | 0.088 | 0.080 | 0.096 | 0.075 | 0.068
0.10 0.085 | 0.073 [ 0.058 [ 0.047 | 0.099 | 0.105 } 0.088 | 0.090 | 0.076 | 0.07t { 0.082 | 0.067 | 0.062
0.08 0.070 | 0.062 | 0.050 { 0.042 | 0.079 | 0.001 | 0.074 | 0.073 | 0.064¢ | 0.061 | 0.067 0.038 | 0.056

* For Son with sir spaces as i are based oa National Bureau of Standards data in Housing Research Paper No. 32 (U. B. Goveroment

Printing Office, Washingtoa, . C.).
4 Based on & temperature differesce of 75 deg F from air to air, and a mesan temperitiire of 40 F.

¥ U value taken from Tables 11, 12, 13-4, 14-A, aad 15, mwmhunu-umdmnummwmmw.bonmmmdadmhu is noureflective (B =

032), aod in 8 in. thick.

1 Thermal conductivity of brous or bulk insulation taken a8 0.37 Btu pez (br) {aq ft) (F deg per in.).

B For values of effective eminaivity B of air apace, ase Tablo 3, Section B.

C-xtamUvnluumcdumned.xﬁu-hmcdnmlbum&eymwwudmthmﬁcmnmnmdmpmu-Mm-mmqmnu-lm-dbnho

U valus of the construction.
PART D. CEILINGS—HEAT FLOW DOWN® {SUMMER. CONDITION)
T One Air Spoce of Effective | Two Air Spoces of Effective | Three Air Spoces of Effective
U Veloe® Fibrous Insulation® Thickness— Inches Exissivity* E Ewissivity’- B Eaivaiiy” B
Without Added
Insulation
% 1 2 3 082 | 020 | 005 | 082 | 020 | o0os | 082 | 020 | oos

Col 1 2 3 4 5 s 7 8 ° 10 n 2 3 N
0.70 0.305 | 0.195 [ 0.113 | 0.080 [ 0.704 | 0.269 | 0.119 | 0.423 -| 0.144 | 0.061 | 0.306 | 0.103 | 0.046
0.60 0.284 } 0.186 | 0.110 | 0.078 | 0.602 | 0.252 | 0.116 | 0.384 | 0.139 | 0.060.| 0.284 | 0.100 | 0.048
0.50 0.260 | 0.175 | 0.106 | 0.076 | 0.501 | 0.231 | 0.112 | 0.340 | 0.133 | 0.059 | 0.260 | 0.097 | 0.045
0.45 0.246 0.168 | 0.104 | 0.075 | 0.450 0.2_% 0.108 | 0.316 | 0.128 | 0.058 0.246 | 0.095 | 0.044
0.40 0.230 | 0.161 | 0.101 | 0.074 | 0.400 | 0.206 | 0.105 | 0.291 | 0.123 | 0.057 | 0.230 | 0.092 | 0.044
0.35 0.212 | 0.152 { 0.097 | 0.072 | 0.350 | 0.192 | 0.100 | 0.264 | 0.118 | 0.056 | 0.213 | 0.090 | 0.043
0.30 0.192 | 0.142 [ 0.093 | 0.06¢ | 0.300-| 0.175| 0.095 | 0.234 | 0.112 | 0.055 | 0.193 | 0.086 | 0.042
0.28 0.184 | 0.138 | 0.091 | 0.068 | 0.280 | 0.168 0.093: 0.222 | 0.109 | 0.05¢ | 0.185 | 0.085 | 0.042
0.26 0.175 | 0.133 | 0.089 | 0.066 | 0.260 | 0.160 | 0.080 | 0.209 | 0.105 | 0.054 | 0.176 | 0.083 |- 0.041
0.24 0.166 | 0.127 | 0.087 | 0.065 | 0:240 | 0.152 | €.087 | 0.195 ! 0.102 | ¢.053 | 0.167 | 0.030 | 0.040
0.22 0.156 | 0.121 | 0.084 | 0.064 | 0.220 | 0.144 | 0.084 | 0.182 | 0.098 | 0.052 | 0.157 | 0.078 | 0.040
0.20 0.145 | 0.115 | 0.081 | 0.062 | 0.200 | 0.135 | 0.081 | 0.168 0'094, 0.050 | 0.146 | 0.075 | 0.039
0.18 0.134 | 0.108 | 0.078 | 0.060 | ©.180 | 0.125 | 0.077 | 0.154 | 0.08% | 0.049 | 0.135 | 0.072 | 0.038
0.18 0.123 | 0.100 { 0.074 | 0.057 | 0.160 | 0.1156 | 0.073 | 0.139 | 0.084 | 0.047 | 0.124 | 0.068 | 0.038
0.14 0.111 ] 0.092 | 0.069 | 0.054 | 0.140 | 0.104 | 0.069 | 0.124 { 0.078 | 0.045 | O.111 | 0.064 { 0.037
0.12 0.098 | 0.083 | Q.064 { 0.051 | 0.120 003 | 0.063 | 0.108 | 0.072 ; 0.042 | 0.098 | 0.059 | 0.035
0.10 0.085 | 0.073 | 0.058 | 0.047 | 0.099 | 0.080 | 0.056 | 0.091 | 0.064 | 0.039 | 0.084 | 0.054 | 0.033
.08 0.070 } 0.062 | 0.050 { 0.042 | 0.079 | 0.068 | 0.048 | 0.074 | 0.054 | 0.034 | 0.070 | 0.046 | 0.030

*© Based on & temperature difference of 38 F deg fror air to air, and a mean temperature of 100 F.

'lelutlk:nlmm'l‘nhhlll,l!,ﬂ—li 14-B, -ndu,mwhkhilnmmadwtbemmbﬂ'mmhmnbonumnmpenrhdeelluu is novreflective (E =

0.83), and 8 in. thick.

9 Thermat conductivity of Gbrous or bulk insulation takes as 0.27 Btu per (hr) {sq ft) (F deg per in.}.

* Foe values of effective cmisivity E of zir apece, see Table 3, Bectlon B

Heat Transmission Coefficients of Building Materials-

Table 16. . Determination .of U Value Resulting from
Add of lnsulation to Uninsulated Bu:ld:ng
Sections {Concluded)
(For use with Tobles 13A and 138)

PART E. FLAT ROOFS AND CEILINGS WITH ROOF DECK

12

space under various conditions of ventilating air temperatures

. and rates, eelhng n:slsf.ance, roof or sol-air tempemtures, and

air ¢ is the out-

surface emissivities.

_door design uamperature.
" The total resistance, 1/U, obtained by adding the ceiling

mdathcmstanmmbewnvermdma Uvaluesothatthe

heat gain may be calculated. The appli ture dif-

ference is that difference between room air and sol-air tem-

peratune or between room air and roof temperatures. (See
t d, Table 17.)

Conductance C of Roof-Dock Insslotion
U Value of Roof vithout | 512 | 05 | 019 | 0.24 | 036 | 072
vjviv]iuvluvju
0.10 0.05|0.06 | 0.07 [ 0.07 | 0.08 { 0.09
0.15 0.07 1 0.08 | 0.08 | 0.09 [ 0.11 | 0.12
0.20 0.08 { 0209/ 0:10 { 0°11 | 0.13 | 0.6
0.25 0.08{0.09°] 011 | 012 [ 0.15 | 0.19
0.30 0.03 |00 0,12 (013 018|0m
0.35 ! 0.09[0.10{0.12]0.14 [ 028 | 0.24
0.20 -0.09 | 011 [ 0713 | 015 | 0719 | 0.26
0.50 010 [0.12 | 0.14 | 0.16 { 0.21 | 0.29
0.60 0.10 1 0.12 { 0714 | 0.17 | 0.22 | 0.33
0.70 010 {0.12 | 015 | 0.18 | 0.24 | 035
* Interpolstion or mild extrapalation may be used.

CORRECTION FOR FRAMING

Correction for parallel heat flow through framing and in-
sulated areas may be made by use of Fig. 6. Correction for the
effect of framing should. be applied after final U; and U,
values have been obtained for a given construction. In many
cases this correction may be omitted.

Ezample 7: Consider (mme wall with 2-in. blanket insula-
tion which has & U, value of 0.08. By calculation it is found
that heat loss from the arca backed by framing members [(Z]
is 0.13. U/U: is 1.63. From Fig. 6 if 15 percent of wall area is
backed by framing, the vnlue U.../U. = 1.1. U, is therefare
11 X 0.08 = 0.088.
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Fig. 6 .. .. Correction for Effect of Frummg in
Insulated Building Secﬁons

VENTILATED ATTICS—HOW TO. USE TABLE 17

Table 17 is intended to be used with Table 11, Part D of
Table 16, and Fig. 6, or when ceiling resistance is known. Its

- purpese is to determx_ne the resistance to heat flow of the attic

- urandl

‘Table 17 may be used for bot.h plkﬂled and flat residential

. roofs over attic spaces. When there is an attic floor, the ceil-

ing resistance should be that which applies to the eomplete
ceiling-floor construction.

All values in Table 16, Part D, include the resistance of a
noa-reflective surface facing the attic space. Therefore, if+
separate calculations are made, include only the value of a
_non-reflective surface and not the value of a reflective surface
in determining ceiling resistance. The use of Table 17, Part
B, will account for this reflection surface.

fgﬁmmpk 8: Demne tbe% heat galx)n for nhlm sq ft cexlmg
o in. gypsum and }-in. light weight aggre,

tér, with no flooring above, when msu!ateﬁ with a g‘n faxl-
enclosed fibrous blanket. The blanket is installed 5o as to form
a reflective air space between the ceiling and the blanket. The
attic has a gable roof which meets the ventilation requirements
;n ;I‘able 3, Chapter 10. (Use ventilation rate of 0.1 c¢fm per sq

Design temperatures are: indoor air = 75 F, outdoor air =
95 F, and sol-air = 160 F.

Solution: From Table 11, for heat.flow down, thc U value
for this ceiling G3 mthou'. insulation is 0.40. Referring to
Table 16, Part D, with the value 0.40 in Column 1, find Us =
0.101 in Column 4; enter Column 1 at 0. 101 and "find U; =
0.056 in Column 8. Corrcct for framing {8 in. joists on 18 in.
centers) l'rom Fig. 6 and find corrected ceiling coefficient U, =
0.059 Re = 17.0.

y inte: lu'.lon in Table 17, Part B, using 95 F ventilation
sol-air temperatures, the effective attic resistance
R,is 8.2,

The overall coefficient for the combined ceiling and " athc is:

et el om
u R, + R, 170482

Heat gain = U, 4 (t, — &)
Btuh

COMBINED CEILING AND ROOF COEFFICIENTS

If the attic space between the ceiling and roof is unheated
and nof ventilated, the combined coefficient from room air be-
low the ceiling to exterior air can be calculated from the fol~
lowing formula:

= 0.04 X 1000 X (160-75) = 3400

1 1 '
B . 4
Bt _ ®
The combined coefficient U is the reciprocal of Ry, or
U= 1/Rs )
where ’
U = combined coefficient to be used with ceiling area.
Ry =.total resistance of ceiling and roof.
U., = coefficient of transmission of ceiling.
U, = coefficient of transmission of roof.,

n ratio of roof area to ceiling area.

It should be noted that the overall coefficient- U should be
multiplied by the ceiling area to determine heat loss, and not




