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CHAPTER 9

HEAT TRANSMISSION COEFFICIENTS OF
BUILDING MATERIALS

Heot Tronsfer Symbolc; Colculofing Overoll Coeficienls; Conduclivity of Homogeneous Moteriols; Soil Conduclivity ond
Specific Heof,' Surfoce ond Afu Spoce Conductonce; Overoll Coefficr'enls ond Their Proclicol llse; Comptted

coefficienrs or,X"";1?i"?l::,?'4il1%3 
.k:::,,i';:i,:,Li:;'il':,:,!?:iffi,,ceilins' 

Roor'

fflHlt dr,sign of air<onditioning or heating systems for

I buildings rtr;uircs a knowlulge of the thermal properties

of thc rvalls enclosing thc space. ('fhe terrn ualls in this r:ase,
includcs uirrdorvs, drxrrs, ceilings, floors, roofs, and skylights.)
'I'hc 

ratc of hcat florv througlr thc rvalls under steadl'-state
conditions at dcsign tcmpcratures is usuall_v the basis for cal-
culating thc heat rcquired. For a given rvall under standard
ronditions the rate is a spccific value designa,",1 

"r 
fi, the

ouerall coeftcicnt of heat transrnission or thcrmal transmittancc.
It may be dctcrmined bv tt st in a guarded hot box app:rratus,
or it nra-u" bc computed fronr knorvn valucs of the therrnal
conductancc of the various components. llecausc it is inrltr:rc-
ticablc to tcst all eombirrations of building materials, tlre pro-

cedurc and neccssary dat:r, for calculation of thc value of LI
nre givetr in this chapter, togcthcl rvith convenient tablers of
<'omputerl valucs for a lrrgc nrrniber of thc nrorc conrnron
constructions.

HEAT TRANSFER SYMBOLS
[ . '  :  overul l  cocf l ic icnt  of  he:r t  t  r lnsmission ol  therrnal  t rans-

mit tence (r r i r  to-ai r ) ;  t l rc  t ime rate of  hcat  f lorr  cxyrrcsse<l  in
I l t r r  pe r  ( ho r r r )  ( s rpa re  f oo t  )  ( I r l h renhc i t  deg r< ro  t c rnpc r : r t r r r c
d i l l c l ence  bc t seen  a i r  o r r  t he  i ns i r l o  r r r r l  u i r  < i r r  t he  ou l s i dc  o f  a
x ' l l l ,  t l oo r ,  r oo f ,  o r  ce i l i ng ) . ' f h c  t e rm  i s  l pp l i e t l  t o  t he  r r s r r r l
comb i r r a t i ons  o f  m t t e r i l r l s , l u r t l  t l so  t o  s i ng le  mr te r i a l s ,  such  as
x indo rv  g l t r s s ,  nn< l  i nc l t t des  t he  s r r r f l r ce  cond r t c l : t nce  o r t  bo th
s i des .  

' I ' h i s  
t e rm  i - s  f  r e t l t t en l l . r '  c r r l l ed  1he  I '  va l ue

A  :  t he rma l  con r l uc t i v i t r ' :  t he  t i n re  r a l e  o f  he : r t  { l o s ' t h roueh
: r  l r 0m t ,gc r reo t l s  n l : r l c r i : r l  t t i r r i c r  s t r ' ; r t l . r '  co r r r l i t i ' r l ) s  1x , r  r t t r i l  t en t -
pc r l t u re  g r r r d i e r r t  t h ro r rgh  r r r r i t  r r r c r r l r e rpen t l i c r r l l l  t o  t l r e  t cm-
pe r : l t r l r c  g r t d i eu t .  l 1 s  v : r l r t c  i s  cxp rcssed  i n  l J t r r  pe r  ( hou r )
(st l r r r rc foot)  ( l i r r l r rcrr l re i t  t lcgrrrc pt ' r  i r rch of  th ickness) l la lc-
r ia ls are consirk: ret l  hotno[crrc<lr rs n 'henthe v l l r re of  A' is  r rot  l f -
f ec ted  b1 ' v : r r i r t i o r r  i n  t h i c kness  o r  s i ze  o f  s lmp le  u i t h i n  t he
ra.ngo rrornt l r l lv  r rsed in t :orrst . r r r r t ion.

C ' :  t he rna l  conduc t : l nce :  t he  t ime  r l r t c  o f  he r t  l l o s  t h roush
r r  r r r r i l  l r e l  o f  : r  r n : r l  e r i u l  I  r o r r i , r r r o  o f  i l s  s r r r f : r c cs  t  o  t  he  o t  l r e r  l i c r
t r r r i t  temperatrr re <l i lTerencc belwrcn the tu:o su; ' / r rcrs.  I1s vnlue
is cxyrrcssed in l l t t r  per (hour)  (square foot)  (Fehrenhci t  de-
gree).  l 'he tenn is  rppl ied to speci f ic  mater ia ls rs uset l ,  e i ther
homogeneous or  heterogcneous,  for  thc th ickrrcss or  constnlc-
t i o r r  s t a tec l ,  no t  pe r  i nch  o f  t h i c kncss .

f  :  f ihn or  surf : rce conduct : r r rce:  the t ime late of  l teat  cx-
t ' l r r r rgo l r . r '  rar l ia l ion coruluel ion and,  cortuccl ion of  l t  t t t r i t  r t rca
o{ r  sr t r ' l r rce wi th l / re surroundir tgs and tht- '  s t r r ror tnding l r i r  or
other l lu id.  I ts  vt l r te is  exprcs,*et l  in  l l tu per (horrr)  (s<1uare
foot  of  srr r face) ( I , 'ahrcrrhei t  degree ternperatrr re c l i f lercnce).
Srrbscr iJ l ts  i : lnr l  o are rrsur l ly  user l  to denote insi t le and orr ts ide
srt r f l rce conductances,  rcspect ivc lv.

a :  thcrmal  condrrctrnce <l f  l rn n i r  s t ) l rce:  the t inre r t te of
hel t  f lorv through a uni t  are:r  of  : rn a i r  s i r , , "e 'pet  uni t  ternperu-
t r r rc d i lTelcrrcc bctutect t  thc boundory szr ' /oce.s.  I t - "  value is  ex-

l l resscd in L l t ,u pcr  (hour)  (sr l t r l re foot  of  r re:r )  ( l . \h lenhei t
dcgrec). ' f l rc  oonduct t r rce of  an l r i r  s l race is  r lepcnt lent ,  on thc
lenrpcratrr rc d i fTcrcncc,  thc I rc ight ,  the depth,  the l los i t ion,

character ,  and tempcrature of  the bounr lar l 'sur faces.  Since
the re lat ion-.h ips are not ,  l inear,  &ccurate values must be ob-
t l ined by test  and not  bv computat ion.

c :  emissiv i ty ;  the rat io of  the tota l  radiant  f lux enr i t ter l  bv
a surface to that  emit ted bv an ideal  b lack body at  the sam-e
teml)erature.

E :  efTect ive emissiv i ty ' ;  the combined ef fect  of  the surf tce
emissiv i t ies e of  thc borrnr ler ._v surfaces of  an ai r  spacc;  the
boundar ics assumed to be paral lc l  and of  large dimensions as
compared to the dista l rce between them.

r  :  sur face ref leot iv i ty ;  the rat io of  the radiant  f lux ref lected
b1'an opaque surface to that  fa l l ing upon i t .

I l  = thermal  resistance.  I ts  value is  obt t ined f rom the re-
c iprocal  of  heet  t ransfcr  as expresscd b1'  { - ' ,  C,  f ,  or  a.  l t
rna.v be expre.ssecl  in (Fahrenhei t  degrees per Btrr ) / (hour)
(s<1uarc foot) .  I 'or  example,  a u 'a l I  wi th a f  

'  
val r re of  0.25 u.nuld

have  a  r es i s t ancc  va lue  o l  I l  =  1 /O .25 :4 .0  r r r .  l ' he  wo rd  r z
hrs bcen suggested as an abbreviat ion for  resi -starrce uni l .

CALCULATING OVERALL COEFFICIENTS

l-ronr Chaptcr 5, Iiquation 7, thc totll re-sistancc to hcat
florv t,hrough a rvall is equal numericall-r' to thc sum of the
rcsistunct's in scries.

l l7  :  11 '  f  1 l :  *  I t3  +  l l t  +  . . .  +  / i "  ( l )

wherc Rr, /1,. : ,  cte.,  l rrc thc indivit lur l  resist l inces of t l rc s'al l
t:onrpuncnt,s, an<l Rr is total re-sistlrnce.

Iror rr s ' :r l l  of a singlc homogtncous rtratc'r ial  of conrluct-
ivi t l '  A'anrl  thickncss c rvith surfacc cocfl icicnts/,  anrl  , f , , ,

Tlx'nb1'dcfinit ion, L :  l /Rr

For a rvall u'itli :rir sprtt,c constlnctiorr and corrsisting of trvo
hornogcncous matcrials of contluctivitit's A'1 :ind k3 , thick-
rx's-c('s Jr unrl r2 , rt'spcctivell-, and separ:rtcd lrr. un :tir slnce
of couductrncc o.

a,nd L/ :

tr'or t1'pr.s of building mlteiri:rls having non-uniform or ir-
rcgulur scctions such as hollorv clay tilc or concretc blocks, it
is nc<.t'ssarSi to u-sc tlrt' conductlnce C of thc section unit as
manuflcturtd instcad of a concluctivitl' ft. The resistance of
thc scction l/C is thercforc subst,ituted f.or r/k in Iiqulrtions
2 and 3.

It rvill lrc notcd that in orr.ler to compute the U valuc of a
construction it is first ne(fcssilr)' to knorv the conductivity

(2)
. l x l
l ( r : - f ; f ;

J :  k  J o

1 . r ' l r .  I
I l r : ; * ; i - - * ; i ;

J i  A 1  u  l i z  I '

r/Rr

(3)

r03

(s)
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and thickness of the homogcneous nraterlrl, the contluctance

of non-homogeneous materials (such as conerete bloeks), the

surface conductances of both sidcs of the construction, and

the conductances of any contained air spaccs. Thcsc items are

discussed in thc pages that fnllow.

Conductivities ond Conductonces

The method of calculating the overall coclficient of hcat

transmission for a given construction is comparatively simple,

but accurate values of conductivities and conductances must

be used to obtain satisfackrry rcsults. In addition, there are

sometinres parallel heat-flow paths of different resistances in

the same wall, and these may ncccssitatc modification of thc

formula. In such cases calculated results should be checkcd by

test.

The determination of the fundamental conductivities and

conductances requires considerable skill and experience to ol>

tain accurate results. It is recommended that thermal con-

ductivities of homogeneous matcrials bc dctermined by means

of the Guarded Hot Plate.r For determination of conduc-

tances, a Guarded IIot Box method2 is generally used.

Conductlvity of Homogeneous Moteriols

Thermal condrctivity is a property of a homogeneous m&-

terial and of types of building materials such as lumber,

brick, and stone, which may be considered homogeneous.

Most insulating materials, except reflective types, are of a
porous nature and consist of combinations of solid matter

with small voids. Such materials including fibrous, cellubr,

or granular matter are generally known as rrass or bulk in-

sulations. The thermal conductivity of these materials will

vary with density; mean temperature; size of voids, fibers, or
particles; degree and extcnt of bond between particlcs; mois-

ture present; and the arrangenrent of fibers or particles within

the material.

The efrect of density upon conductivity (at constant mean

temperature) is illustrated for two fibrous materials in tr'ig. 1.

Typical variation of conductivity with mean temperature is

shown in Fig. 2.

Thermol Conductivity of Soil

The following statements are based largely on results of a

study3 made in the Engineering Experiment Station, Uni-
versity of Minnesota, and published in Bull,ettn No. 28.

Tests were made on nineteen different soils which represented

a wide textural variety, including gravel, mnd, sandy loam.

silt loam, and clay, as well as some crushed rncks and a fibrous
peat. Moisture contents in tests varied from air<lried values

. . Typicol Voriotion of Thermol Conductivily
Density-for Fibrous Molcriol

Fig.2 . ;ffioriotion of Thermol Conduclivity
v/ith Meon Temperoture

to those grertcr than the optimum moisture content; densi-

tics varied from a loosely-poured condition to the maximum

density obtainable by heavy ramming. The general findings

of the investigation are as follows:

Efrect oJ Tbmperature. Soils were testcd at several mcan

tenrperatures. The dcgree of influence of temperature depends

upon whether it is above or below freezing. For increases of

moisture content exceeding about 6 to 12 percent, the conduc-

tivity of frozen soil becomes progressively greater than that

of thc unfrozcn soil.
Efect o! Density. Density affects the thermal conductivity

of a soil in about the same manner for all soils, at any moisture

content, and for either the frozen or unfrozen condition. On

the average, each one pound per eubic foot increase in dry

density increases the thermal conductivity by about 3 per-

cent.
Efect of ]Ioisktre. An increase in moisture content, up to

the point of saturation, c&uses an increase in thermal con-

ductivity.'I'he rate of increase in typical soils was as follos's:

average conductivities, in Btu per (square foot) (hour)

(Fahrenheit degree per ineh), of four sands at a density of

110 lb per cu ft were: 6.8 at 2.5 percent moisture, 8.9 at 5
percent moisture, ll.2 tt 10 pr:rcent moisture. Five soils of a

fine texture at a density of 100 lb per cu ft, gave average,con-

ductivities of 6.7 at l0 pereent moisture, and 9.5 at 20 per-

cent. Thus, the doubling of moisture content within the ranges

cited increases the conductivity by approximately 30 or 40
percent. At higher moisture contenLs the percentage increase

would be less.

Efrect of SoiI Clnxdcttristfcs. The thermal conductivity of

the soil, at a given density and moisture content, varies in

general with the texture of a soil, being relatively high for

coarse-textured soils and relatively low for finc-textured soils.

The mineral composition of the soils also afrects the condue-

tivity. Quartz tends to give high values, whereas minerals such

es plagioclase-feldspar and pyroxene, which are constituents

of basic rocks tend to give low values of thermal conductivity.

These points are illustrated by the values in Table I which

lists seventccn soils in approximate order of their magnitude

of thermal conductivity from greatest to least for seven dif-

ferent density-moisture content conditions. Some of the values

in this table have bern determined by extrapolation and are

conscqucntl-r' approxim:rte. Blank spaces in the table indicate

that the de'nsity or moisture content, or both, are such that

no tests were possible for that condition or that no tests were

sufficiently r'losc to permit a rea-conable extrapolation of the

data. Granul:rr soils, partir:ularly thom with high quartz con-

krnLs, lrt'arl tlrc tnbul:rtion <lr havt.' thc greatcst conductivity

CHAPTER 9 1960 Guide
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Toble | . . . . Thcrmol Conducfivily {&) Volues of Soils in Approxirnqtc Order of Decreoring Voluor"

A{ron hsmrolon-J0 F

lbclroaicol y'up/lyidr% b7 Wcr:gfrl ,/tdoirtrro Coabar-$

Soif Designotion

Q,rovcl

Ovcr
2.O mm

Scnd

O.5 ro
2.OO nm

100.0
79.0
99.9
70.0

100.0

19 .4
70 .3
77 .O
57 .9
63.0

silr

o.(Xrs ro
O.O5 mm

n . 5
3 . 0
0 . 0

20 .1
80.9

63.8
t r .4

loo no

Dry Donily-b pr cv fl

Fine  Crushed Quar tz .  . . .
Crushed Quartz.
G r a d e d  O t t a w a  S a n d .  . . . . .
F a i r b a n k e  S a n d . . . . . .  . .
l rcwell  Sand..

0 .0
15 .5
0 . 0

n .5
0 . 0

0 .0 r2.0
l t . 5
1 0 . 0
8 . 5 +
8 . 5

16.0
1 6 . 0
1 4 . 0
1 0 . 5
1 r . 0

Chena River Gravel.
Cruehed Feldspar.. .
Crushed Granite..
Dakota Sandy Loam
Crushed Trap Rock

o - o

0 . 1
2 . 5

4 . 2
6 . 8

2 t .2  |  10 .0
10 .0

18 .5
0 .0
0 .0

78 .0
i l . 5

s.t)
?"5.5
16.2
10.9
n .o

53.6
97.0
97.0

1 . 9
i . o

4 . 5
4 . 5
4 . 5
4 . 0 *

9 .0*
I  - A

t . a

o . o

6 . 0

6 . 5
D . O

6 . 0

6 . 0
o - o

5 . 0

Ramsey Sandy Loam. .
N;ah;tTi;"8;;J .
Northway Sand.
H e r l y C l a y . . . . . : . . .
Fairbanks Si l t  Loam.

0 . 4
0 . 0
3 . 0
0 . 0
0 . 0

Fairbanks Si l tv Clav Loam..
Northwav Sil t-Loam

o.o  I  s .z
1 . 0  I  2 l  . 0

n .o
1 3 . 6

' lr : Btu per (equre fmt) (hour) (Fahrenbeit desree per inch).

M O I S T U R E  C O N T E N T .  P I R C E N T  M O I S T U R E  C O N T E N T  -  P E R C E N ]

Fig. 3 .  . . .  Determining Thermol Conducl ivi ty of Soi ls
from Density ond Moisture Contenl

at a given eondition.S+ndy Ioam soils are midway in the table

and fine grained soils such as clay and silt loam are last.

Edimatirq Thermal Conduntiuity. The four diagrams of Fig.

3 are presented to aid in the estimate of the thermal con-

ductivity of any soil. Two of the charts are for sands or sandy

soils, and two for silt and clay soils. One of the diagrams for

each type of soils is for the frozen, and the other for the un-

frozen condition. It is expected that these charts will giv.e

conductivity values with a precision of 25 percent. The efrect

of sueh factors as density, moisture content, freezing, or tex-

ture may be easily approximated by use of these graphs.

Specific Heot of Soils

Tests to determine specific heat were run on twelve soils.

On five of the soils, tests were made at three or four mean

temperatures varying from about l0 to 140 F. The specific

heat values of all twelve soils varied by only a small amount
(about 0.01), and averagcd 0.19 at 140 F. Thc spccific hcat

values of the soils decreased rvith a decreasc in temperature.

The average value at zero F would be about 0.16. Values at

tcmpt'raturcs betwcen zero and 1,10 F can bc estimated by

considering a straightJine relationship betrvcen the two values
glven.

Surfoce Conductonce

The surface conductance or a rvall is thc combined heat

transfer to or from the wall by radiation, convection, and con-

duction. Each of the threc portions nraking up thc total may

vary, independently of the others, thus afrecting the total

conductanee. The heat transfer by radiation between two

surfaces is controlled by the character of the surfaces (emis-

sivity), the tempcrature differcncc betrveen them, and the

solid angle through which they see each othcr. The heat

transfer by convection and conduetion is controlled by the
rnughness of the surfu,ce , by air movement, and k:rnpenrture

differenee between the air and thc surface.
'l'he 

importance of thc effect of tcmpcraturc of. sumounding

arfaces on tlre surfllce conrluctancc, due to the effect on radia-
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Toble 2 . .  , .  Voriol ion in Surfoce Conductonce Coeff icient

for Verticol Surfoces with Different Temperolures

of Surrounding Surfoce

spet'tive surfut'c cnrissivititrs e , thc combinecl cffcct of rvhich is

crprcsscrl b1' uu'ans ottl|ne elfedire endssiuity E of tlre llir splcc.
'fhc 

radiatiort contponcnt is not a,ffectt'd b1- thc thit'kness of

the sllacc or b1- its oricntation or dirt'ctir-rrt of hcat florv''fhe'

hcut transfcr lr.r' convection and corxluction conlbinetl, horr--

cvor, is rnurktt l l5 'a.f fcr: t t ' r l  b-r ' thc oricnta,t ion of t l tc air sl l l lce

rnrl the dircction of heat flos', is significantly affcctcd ll1'the

tcnrpcrlrtrrrc tliffercnce at:rnss the spactr and in somc c:rscs b1'

thc t,lrickness of the spact'. and is affectcd to onll' l small

crtt'rrt lrv thc mclrtr tcnrperatttrc of its surfacrts. For air splrt't"s

rrsrulll- r'm1rlo1'r'tl irr building t'ottstruction, tlx' radittion and

convcction-contluctinn t'omllonettts ltrav vrir)' indttpelxkrrrtll'

of r ' : rclr  other.
' l ' rbl '  

3, Scction C, givt 's the t lrernral cotrr luctauces antl

resistrttccs of lir sptces nf uniform thickne-ss autl ruotlt'ratt'11'

A I R V E L O C I T Y  M  P  H

FiS. 4 . .  .  .  Curves Showing Relot ion Between Surfoce

Conduclonce for Difrerent Surfoces ot

20 F Meon'Temperoture

snrrxrth surfaccs, based on crperimental mt':rsurt'ments con-

rlur:tcd rt thc National llurc:ru of Standartls.'g Although tlrt:

conrluctanc<rs of air sprcr's var.y to some extent rvith tlrick-

nr'-ss in the range <ivcr 9l in., average valttcs are tabulated for

tLc rangc from fi in. to 4 in., for all ex.geBl horizontal spar:es

rrith heat flos' dounrvard. The error involved by n'eraging is

lr,'ss thrn 10 perccnt in thc r:xtrcme case and lcss than 5 per-

ct'rrt in most. For morc cxilct vllucs Ilcfcrcncr: 9 mal' bc con-

sultct l ,
lirr ntrrorv irir spilces, rvhich mal' lxr rlt'fined :ls thosc fon

slrir:h tlrc pnxlrrct of the ctrbe of thc thickness of tlrc space

in inchcs tin-rcs tlrc tt'nrpcraturc rliffcrcncc (Fahrenlrcit de-
grr,r's) lrr'ro-.s tlrc spacc is l<'ss than 3 for heat florv horizontllly

or rlorlrrrvartl, or lt'-ss than I for hcat flntt uJru':rrtl, tltc cott-

t lucturrco is t l rr  sum of thr: r :rr l iat ivc hc:rt  transfcr cocfl icicrtt

l rnrl  t l r l r t  fr i r  lorvlnct ion ulorto t lrrough l ir ,  sinccr coln'txrt iort

is grr lct i t ' t l l r-  sul lprt 'sscrl .  
' l ' l rc 

rat l i :r t iort t :orttpotu'nt r: l t t  be

torrrprrtrvl  l r .r-  nir ' :rr ts of l iqiurt ion 4 rnd'I ' tbl ' '  -1 of ( l l r l r l l t t ' r ' i r ;

t l r t '  r ' o r r lu< t i r r t t  co t r t l lo r tc t t t  c : tn  I r t '  tonryx t t t ' l  t t s i t rg  t l rc  t 'u r t -

Surrounding Surfoce femperolure

Conveetion-I l tu per (hr) (sq ft)
ll:.rclittion-Ilt,u per (hr) (sq ft.t

Tot:r l- l l tu per (hr) (sq ft)

tion, is illu,"trrtcd in 
'I'rblc 

2, l'hich epplics to a vcrtit'ul sur-

facc tt 80 li, rvith arnbient air at 70 If rrnd rvith rarliution

t'xrhlrrgc ,corrcsponding to an t'ffcctive cnrissivitv of 0.ti3.a

In uranl' t'ascs, bt'causc' th,-' hcat rcsistancc of thc intcrnal

pnrts of the rvrll is high conrparcd rrith thc surflrcc rcsistrncc,

thc surfrt'c factors arc of mittor importaut:c. In othcr t'ascs,

e.g., singlc ghss rvindorvs, the surface rcsista,nces constitutc

:rlmost the entire resistan<rc antl are therefore verf itnportant.

An rLn:r,lysis of various fretors affccting surfacc conductrncc

and thc r.liffercnce'lxrtrvccn surface and air tcmpcratures rvill

be found in Ilcft'rencc 5. (Sce llso Chaptcr 30.)

ll'hc convcction part of the surface t:<lnr-luctancc is affcctcd

mrrkcdll' b1'air moveurcnt. This is illustrltcd by Irig. .1, s'hit:h

slxrrvs tlie results of testso nrttle on l2-in. squ:rrc satnltlcs of

differcnt nutcrills at a rncln tt:nrlrcraturc of 20 F, .urtl for

rvin<l ltlocities up to 40 mph. Thcse r:onrluctanccs inclurlc tlxr

ratlilrtion lrortion of the cocfficit'lt rvhich, for thc corxlitions

of thc tcsts, was about 0.7 I l tu pcr ( lrr) (sq ft)  ( l-  <lcg). I lorc

roticnt tt:stst on smooth surfuccs shorv that surf:rce kngth als<t

affccts signi{irantly thc convcction ptrt of conductant'tt; thc

&verilgc valuc decrcascs as the surface krngtlt increases. IIort'-

over, obscrvltionss of the magnitude of lou' tcnrperaturc radi-

ant cnerg.r- ren'ivcd frorn outdoor surrountlings shorv that

onll' undt'r ccrtain conditions ma1'thc out-of<loors be tre:rted

as a hrll,ck botlv radiating at air ternperature.

li,clusc of these factors, the sclection of surfat:c conduc-

tanec r:ocflicicnts for a practical buikling lxrcomcs a matter

of judgmcnt. Surfacc contluctanccs are shown in 
'l'abkr-* 

3 antl

4. In calcttlating lhe ouerall heat transmission coelficie.nts lor the

uoLls, elc., of Tables 5 tlrough 15, the appropriale indoor arul

oukloor surlace coefi,cients giren in Table /1 for ;tir Surfat:cs

hare been rrsed. Iloth values combine thc cffcr:ts of nrtrvcction

and radiation, and arc applicahle to ordin:r,ry buikling rru-

tcrills. 1'he1' should not be used for low r:missivit5' surfar:t's

srrch as bright mctal. For erposed rcflectivc surfarrs rcfcr tn

Tablc 3. Section A. and to frntnotes undr:rl'able 16.

In slxtial cav:s, rvlterc surface concluctanccs bet:omu inr-

portant factors in thc overall ratcs of hcat tra,trsfcr, moro sc-

lectivc coefficicnts may be rerluirctl. Print'iples ilnd <lata givt'n

in Chaptcr 5, Heat Transfer, ma1' be applicd in such ct,qcs.

Air Spoce Conductonce

The tr:rnsfer of hcat &eross an air spar,c involvcs thc bounrl-

arv surflr<:t's as *'cll ls the intcrvt'nirtg tir, anrl dcpcnrls rrurrk-

txlllt otr thc orientation of thc air spar:tr aud tlrt: dirct'tion of

hclt flou-. 
'fhe 

r:oeflicicrrts givcn f<ir air spnrrr <'ontlut'trtrtcc

roprt'sent tlre total t'ontlrtct:rnrc from otur surfa,cc bounrlilrg

thc nir sprf ir  to thc ot lrcr. ' l 'he total contluetnnce is t lu'sunl

oI lr  cornpotrc'nt r l t tc to r lrr l iat ion l tnt l  a t 'ontl i t tncnt r luc to t 'ott-

vcr:t iolr rrnd conrluct ion conibincrl . ' I ' l rcsc t 'ottrp{lr tctt ts t t l t ' r '

v lrr- i rrrk'1x.nrk'nt lv of clr ' l ' r  ot lr t ' r ' .
' l ' l rc 

l l r i l i r t t iorr port iotr of t l rc r ' rx ' f l i t i t 'nt is :r f f t '<' tct l  l l -  t l rr '

t l . rrr lx.r: l t t tn'  of t lx '  trvo lxrtt t tr l l rr l '  sttr [ i t t ' t 's,  utt t l  l11' t l rr ' i r  rr ' -

I  zs  r l  zor  i  or  r  j  60 F l ,so r
i r __ .__

6 .6  16 .6  l o . o  1o .o  o .o
r + . {  l R . 6  1 1 r . 6  [ 7 . 0  2 { . 9

1 1 . 0  1 1 5 . 2  1 1 6 . 2  1 2 3 . 6  i l l . 5

f

c
z
o

f

( 8 1



Heot Tronsmission Coefficients of Building Moteriols

ductivity of air at the appropriate mean tcmpcrature (sce
Tablc 1, Chaptcr 5).

'l'he 
cffccts of different mean tenrperatures, tempcrature

diffr'rcnces, and effecrtive emissivities are indicated in Table 3
of this chapter, Scctinn C. As indieatctl, use may be made of
interpolation and moderatc qxtnrpolation of conductance
values in the table to obttin contluctant:es for conditions
moderately different from those given. Intcrpolation of re-
sistancc values is not reeomrnenrled, especially in relation to
emis-sivity values.

'I'able 
3, Section B, givcsvalut,sfor the surface reflectivities

and emissivities of materials usc.d as boundaries of air spaces
in building construction, for total radistion at ordinar-v build-
ing tcmperatures. Effective cmissivities for various combins-
tions of these matcrials, for use in <tnjunction u'ith Section
C of Tablc 3, are given in thc last two columns of Section Il.

When considering heat transfer aeross air spaees in building
construction, the emissivities of the boundary $urfaces must
be known. The possibility of change in emissivity of highly
reflective surfaces due to e\posure to conditions promoting
chemical action, deposition of dust, soiling of the surface, or
the application of coatings, even though transparent to the
eyc, must be considered in seleeting a matcrial for use.to
Surface emissivity values should bc obtained by tcsts.

OVERALL COEFFICIENTS AND THEIR
PRACilCAT USE

The values in Tables 3 and 4 for component elements and
materials were selected by- the ASHAE Technical Advisory
Committee on Insulation as representotive for dry materials
at 75 F mcan temperature. They are based on available pub-
lished data obtained by the guarded hot plate method (..lS?M

Cl77-45) or by the guarded hot box method (.{S?,11 C23G
54T). llecause there are variations in commercially available
materials of the same type, not all of these selected represen-
tative values rvill be in exsct agrcement with data for indi-
vidual products. The exact value for a certain manufacturer's
material can be secured from unbiased tests or from guaran-
teed data of the manufacturer.

The most exact nrethod of determining the heat transmis-
sion coeflicient for a given combination of building nraterials
assemblcd as a building st'ction is to test a represcntative
section in a guarcled hot box. Holever, it is not practicable to
test all the combinations rvhich may be of interest in building
construction. Experit'nce has indieatetl that U values for many
eonstruetions, rvhen calculatcd b1' the methods givcn in this
chaptur, using lccurate values for the component'materials,
arc in good agreement with values determiued by guarded
hot box measuremt'nts.

Coution
Although tlic validity of ealculating U valut-'s for all of the

t-vpes of constructions in 
'fables 

5 thmugh 16 has not been
fully de monstrated, caleulated v:rlues are givcn because
nrcrsurcd valut s are not availablt-. lt is emphasized that the
calcul:r,tcd values in Tables 5 through 16 are given for the
convenience of the user.

In crr,lculating L/ valff€s, exemplary conditions of compo-
nents and installations are assumed, i.e., that insulating ma-
terials are uniformly of the nominal thickness and conduc-
tivity, that air sprces are of uniform thickness and surface
tempcnrtures, thrt effects due to moisture are not involved,
and that installation details are in aceordance s'ith design.
Some cvidencc of departures of measured values fronr eal-
culated valnes for certain insulated constructions is give'n in

r07

Building Matsiak and Slructures Report I}IIS l5l, National
Ilureau of Standards. In order to provide a reasonable factor
of safety to account for departurcs of constructions from
exemplary conditions, in part due to field construction re-
quirements and practices, sorne may wlsh, before nroking
eorrections for framing (as indicated irr Fig. 6), to increase
moderately the calculated U values of the insulated walls,
floors and ceiling seetions obtained from Table 16. Where
reflective air spaces are involvcd, inereases of U values up to
l0 percent for applications rsheie heat flow is horisontal or
upward, and up to 20 percent where heat flow is downward,
appear reasonable on the basis of prcsent information.

Heot Flow Through Ponels Contoining Metol
'fhe 

transmittance of a panel rvhich indudes metal or other
highly conductive material extending rvholly or partly through
insulation should, if possible, be determined by test in the
guarded hot box. When a calculation is required, a good ap-

For enlorged mclion of Zon A, sce Fg. 6

Fig. 5 . . . . Gypsum Roof Deck on Bulb Tees

proximation can be made by a Zone Method. This involves
two separate computations-one for a chosen limited portion,
Zone A, containing the highly conductive element, and the
other for the remaining portion of simpler construction, called
Zone B. The two computations are then combined, and the
average transmittance per unit of overall area is ealculated.
The basic larvs of heat transfer are applied, i.e., adding area
conductances C'A of elernents in parallel, and adding are& re-
sistances l/C-A of elements in series

The surface shape of Zone A is detcrmined by the metal
element. For a metal bcam (Fig. 5) the Zone.A surface is a
strip of rvidth I7, centercd on the beam. For a rod perpendicu-

lar to pancl surfaccs it is a circlc of diameter I7. The value <lf
lll is calculated from Equation 4, rvhich is empirical.

V ' : n t - l  2 d

where
rz: uidth or diameter of the metal heat path terminal,

inches.
d : distance from panel surface to metal,  inches. The value

of d should not be taken less than 0.5 in. (for st i l l  air).

In general, the value of IIl should be calculated by Equa-
tion 4 for each end of the metal heat pnth, and the larger
value, rvithin the lirnits of the basic area, used as illrutrated
in Erample 1.

Etample I:  Calculate the transmittance of the roof deck
shown in Figs. 5 antl  6. Tee-bars on 2{ in. centers support glass
fiber form boards, gypsum concrete and lrrr i l t -up roofing. The
conductivi t ies of components are: steel 312; gypsum concrete
1.66; glass f iber 0:25. The condrrctance of bui l t-up roofing is 3.0.

(4)
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108 1960 GuideCHAPTER 9

Toble 3 . . . . Surfoce Conducfonces ond Resiltonces for Still Air

Nl coadvclorcc rclrrrr erprored ia Itu Per (hrl (sq ft) (F deg temp difil

SECTION A. Sutfoc" Conduclonccr for Sfill Air'' b SECIION B. Ra0cctivity ond Emirsivity Volucr of Vorbur Surfoccr" ond

Eftcclivc Emirsiviticr of Air Spoccr

Surfoce Emirirify
Eftcctiw Enissivity E

of Air Spocc

Porilion of Surfocc
Direclion of

Heol Flow

Upward

flps'ard

Hor izontal

Downu'ard

Downrr-ard

No-

rcficctivc
: O.9O

Surfocc
Rcfcclivily

in pcrccal

Avcrogc

Emissivily

G

A l u m i r r r r m  f o i l ,  b r i g h t .  . . .

A l u m i n u m  s h e e t . .  . . .

Aluminum coated paper,
pol ished

Steel ,  galvanized,  br ight

A l r rm inum p l i r t t .  .
Buik l ing mater ia ls :  u ood,

prr l )er ,  .  
g. lass,  masonry,

nonme ta l l l c  pa ln t s .  .  .

92 to 97

80 to 95

75 to 8{

70 to 80

30 to 70

5 t o 1 5

0.05

0 . 1 2

0.20

o .25

0.50

0.90

othcr 0.90

0.05

0 . 1 2

0.20

o .24

o.47

0 .82

0.03

0.ft i

0 . l l

0.  r5

0 .35

0.82

t For veotilated attics or spms above cilinge under gunrmer conditioru (heat flow down) eee Table 17.

b Conductanes are for surfsces of the smted erniasivity frcinr Eurroundings havinS rn erniwivity equal to 0.9 and at the snre t€mpenture as tlre ambient air. Values

are bgl on o eurfae-air tempeeture differene of l0 deg and for surfrce temlrenture of 70 F, (SeeTable { for surfrce conductan@s for rnoving sir.)

c See elso Chapter 5, Table 3

SECTION C. Ihcrmol Conduclonccr ond Re:islonces of o Ploncd'" Air Spocc+

Air Spocc
Illcrmol f,esisfonca-*

Volre of Er

Posiffon of Air Spoce Hcol Flov
I
I 0.82

t__
0.2 o.5Thicknes,'

inchcs

)l L<t 4Horiz Up

o.5

0.82
0 .95
o.g'2

l  1 l
t . u
1 2 8

2.41
1 . 8 4
2 . 4 7

o.o5 I 0.82

0.90
0.80
0 . 7 8

0.95
0.85
0 . 8 r

t . o2
0 .92
0 .86

1 .06
L00
0 .89

1 .02
l . 1 5
L n

0 .85
0.93
0 .99

45o Slope Up l0
:{)
l 0

l0
30
l0

l o
lj0
l 0

l0
30
IO

2t)
20
x,

20
21)
'20

50
50
50

90
90
90

%
r16
4

,4
rr6
4

2.38
3.v3
4.03

2.08
2 .70
3 .35

1 . 4 5
I  .73
r . 92

1 .22
l . 4 l
1 . 5 6

Notee: S1rc ol uniform thicknes, brrunderl lty moderutely grn@th surfeea.

e Wfuere q rangc of thickneaa io given, the given onduetane ir the average ovcr tLe range; qxtrenre lulues sit lr in t l,e rangc difler t lreretronr by leeo than l0

pcrcnt.

f Interpolatim, cnd nrqleet€ extmgrlrt idn, of mnduetlnm valuet are lrerrrrisri lr le for otlrer valuea of rlean te rrltratum, tempenturc dif ierene and efcctive

cmisivity E.

I Efretiveenriuivity of Epace, l i , ie giten by .1 : 
t- 

+ !.- - I *1,...., an,l .r rre the erniuivit ies of t lte eurfq'e of the air sprre. (See Section B, above.)
f l  at 12

h Tlre conductanea of l lorizort:rl s1x<.r:s n'ith het lkrw rlo*nrrtrd !rc sltbsllntirrl ly indelxrrtrlent of teurl€rdtlrte rl i ffercnce.

' fimsl ,rn Natiorl Bureau

Office l{ulrineton, D C.)-

ftcrmof Conduclona-C

Yolvc of Et' t

o.1, l;16 l l;t
0.62 l  0^8,9 I  r .  18
0 . 5 2  1 0 . 8 6  I 1 . 2 3

2.81
2.08
2 . 8 5

3 . 5 2
2.6{
3 . 4 9

4 .  l 4
3 .36
4.O7

I  . 3 r
l . 1 3
1 1 6

1.4- t
1 . 2 7
r . 2 5

1 . 8 3
t . 1 7
L . 7 3

2.05
r .62
1  . 9 2

2 .37
1 .9 {
2 .  l 9

t . 2 2
1 .05
1 . 0 9

0 . 3 8 i 0 . 6 5 i 0 . 9 {
0 . 4 3  1 0 . 7 1  ,  1 . 0 0

9ili11 rlll
0 . 4 2  i 0 . 6 9 , 0 . 9 8
0 . 3 1  l 0 . 5 t t  i 0 . 8 7
0 . 2 5  j 0 . 5 2  o . 8 l

I
0 . 1 8  1 0 . s 2  i  l . l 8
0 . 1 J 7  i 0 . 7 1  ;  1 . 0 7
0 . 3 ( )  1 0 . 6 {  l . 0 r

( ro l



Heot Tronsmission Coefficients of Building Moleriols

Toblo 4 . . . . Conduclivilios (k), Conducfoncos (C), ond Regirlqncor (R) of Building ond lnruloting Moieriols
(Deeign Voluer)"

rhrrr coorfonrr m rrptrlrd t t':ffit;] 
frtr::";! #i#::.i"fif#Tfif"*ff';| f#:l''o' 

(k) aro Fr toeh *dcrmn ond'

Conductivity ot

Condvcloncc

lsei$oacoh
(nl

r09

0 .61
0.62
0.68
0.76
0.92
0 . 1 7
0.25

0.08
0 .32
0 .45

0 .31
o .47
0.63
0 .9 {

0 . 1 8
0.98
2.03

0.04
2.08
1 .23
0.08

0 .28
0.06
0.05
0.08
0 .78
0.02
0.08
0.98
0.68

Dorcripfio

D.n rtf
llb p.t
Cu Fil

r20

25

80

l l0

0.8-2.0

1 . H . 0
3 .2 -3 .6
1 .5 -2 .0

Ps lndr
thiclnor

o
For

thickncrc

lirted

/L\
\c,/

0.85
0.78
t . v2
r . l 5
t . B
1.25
0.85
0.93
0.99
0 .m
0.89
o.97
0.86

lc)

AIR SPACESb

AIR SURFACES"
Srrl l Atn

15 upu Wruo
7)l nrn Wrxo

BUILDING BOARDd
Boenos, P.cNsr,s,
SHu,r.rHrxc, Err:.

IJUII,DING I 'AI ' I ' I I

FLO() l t IN( i
I IA'f  I I I ' IAI,S

INSULATING
I\TATI]ILIAI,S

Brauxnr e:gn Blrr

See Table 3-Seetion B
Ilo-rr Fr,owI'ostrrou

Horizontal.  .
Hor izon ts l . .
Horiaontal
Horizontsl.  .
Horiaontal.  .
Hor izon ta l . .
Hor izon to l . .
Horizontal.  .
Horizontal
Sloping, 45"
Sloping, 45"
Vert ical
Ver t i ca l

Asbestos
Astrestos
(iypsrrm
(iypsum
Plywnod
Plywood
Plywood

l d  i n .
3,4 in.
,/2 in.

1 . 1 8
1 .28
0.s8
0.87
0 .8 r
0.80
l . l 8
r .07
r .01
l . 1 l
| . t 2
1.03
l . 1 6

1.63
r.60
1 . 4 6
r .32
1 . 0 8
6 . m
4.00

1 6 . 7 0
8 . 3 5

33.
3 .  l 0
2 .23

3.20
2 . t 2
1 .60
1 .07

5.60
t .o2
0.49

3 .85

3 .70
4.00
3 .70

. . . . . U p  ( w i n t e r )

. . Up (nummer)

Trtrcru.
.94-4 i

. . % 4 i

. . .  % i

. .  . t Y z  i
.  . 4 i

-  . . 8 i
. .  . r i  i
.  . 116  i
.  . . 4 i
. g4_4 i
. . ?44  i
. 9 4 4 i

744 i

n .
n.
n .
n .
n .
n .
n .
n .
n .
n .
n .
n .
n .

Down (winter)
. . .  .  .Down (w in te r )
. . .  Don'n (winter)
. . .  .  . D o w n  ( w i n t e r )

. .  Horiz. (summer)

Posrrrol
Horizontal.

Sloping(15').  .  .
Horizontal

Ver t i ca l -
Up Sloping (45")
Vert ical -

See Table 3-Section A
Hnet Fr,ow

. . .  . . U p
Horizontal

Down

direction (for *inieri. '  
Dowl

direction (for summer).
Any posit ion-any
Any posit ion-any

-cement bolrd
-cement board

120

50
50
3{
3-1
34
34

2.6
31
65
oa

wood
['lywood
Pl.ywood

or plaster board
or plaster board

panels

laminated or  homogeneorts

,1

l4
iA

o .42
0.50
1 .40

0 . 4 5

W o < r r l f i l r e r - l r a r d b o a r d t - ' - p e . .  . . . . | i
W o o d - f i r  o r  p i n e  s h e a t h i n g ,  . . . . . . . . . 2 5 . " s 2
W o o d - f i r o r p i n e  . . . . l r {

Wood fiber board.

Wood fi ber-hardboard t.r'pe

Vupor -permeable fe l
VaJror-seal ,  2 la.vers mopped 15 lh felt
Vapor-sel l ,  p last ic

0.06
0 .  12
Negl

I t
i o f

f i lnm

Aspha l t  t i l e
Crrr t ret  t r rd f ihrorrs l r : ld .
C:rr i ret  and rr rbber pnd.
O e r a m i c  t i l e . . . . . .  . . . .
Cork  t  i l e
C r r r k t i i e  . . .  .  . . . .  . . . . . . .  t A i n .
Fe l t ,  f loor ing
F loor  t i le  o r  l ino leum-av .  v r l r re  .  .  l (  in .
L i n o l e u r n . . . . . . . .  . . . . . . i i  i n .
I ) l y u ' o o d  s u b f l o o r  . . . . . . . 9 6  i n .
l h r b l r e r  o r  p l : r s t i c  t i l e  . . . . r , i  i n .' l ' e r r l z z o  

. . . . l  i n .
Wood subfloor .  zg. iz in.
Wood, hardu'ood f inish . .  .  9l  in.

CT..^-nrr""
\ { ineral  wool ,  f ibrotrs form, processed f rom rock,  s lag,  or

g l : t s se .  .
Woor l  f iber .
Wood f iber,  nrul t i la l 'er ,  s t i tched explnding.

0.26

0 . 2 7
4.25
0 . n

t-
I

24.80
0 .48
0 . 8 1

12.50

3.60
16 .70
20.fi)
r2.00
1 .28

42.40
12.il
r . 02
1 . 1 7

0.25

1 .25

2.38
2.00
o .72

( l t )



l ro CHAPTER 9

Toble 4 . . . . Conductivilies (k), Conduclonces (C), ond Resisfonces (R) of Building ond Insuloling Moleriols (Continued)

{Design Volues)"

Molariol Dascriplion

Boeno Glass f iber
Wood or cane f iber

Acous t i ca l  t i l c r
Acotr-" t ical  t i ler
Inter ior  f in ish (p lank,
Inter ior  f in ish (o lank.

I loof  deck shb

t i l e ,  I r th )
t i l e ,  l a t h )  . .  . .  . . . . .  .  , 6

1.4,

' v32

A pprox .
.{pprox.
A p p r o x .  . . . .  . . .

Stteiftiing (impreg or coatecl)
Sheathing ( impreg. or coa,ted) .
Sheathing ( impreg. or coated)

Cel l r r lar  g lass
Oorkboai t  ( rv i thout  at tded binder)
Hog  ha i r  ( s i t h  : r spha l t  b i nde r ' )

Boano eso Sr,.rss

Loosn Frr.L

ROOF INSUI,ATION

N{ASONRY
I,TATERIALS

Corcnptns

Plast ic  ( foamed)

Wood shredded (cemented

AII typesr
Preformed, for use above deek

Approx.
A p p r o x .  . .  . .
A p p r o x . .  . .
Approx . .
Approx.
Approx . .

Stueco

Cement mortar
G1' psum - fi be r co nc rete 87 )(/s gy pslul:,:., 12l(/s w oo cl chi ps
Lightweight aggregates including expanded shale, clzry

o r  s l a te ; . expanded  s . l ags ;  c i nde rs ;  pum ice ;  pe r l i t e ;
vermrcul l te:  a lso cel lu lar  concretes

Sand and gravel or stone aggregate (oven dried)
Sand and gravel  or  stone aggregate (not  dr ied).

,6 in.
I  i n .

r!1 in.
. 2 i n .
2l( in.

3  i n .

Dcndty
(lb pcr
Cu Frl

9 . 5

1 5 . 0
1 5 . 0

20.0
20.o
n .o

9 . 0
6 .5-8 .0

8 . 5
1 . 6 2

2 2 . O

2.5-3.5
2.0-5.0
8 .0 -15 .0

7 . 0
2.0-3.5

l l 6
51

120
100
80
60
40
30
ZJ

140
140
l 1 6

1960 Guide

Conduchvily or

Conducloncc

(cl

Pcr inch

thicknesr

(l)

2 .50
3 .70
3 .00
3  .45

For

thlckncs

listcd

f l \
\c,/

0 .2s
0 .30
0 .  {5
0. +8
0.30

J .  D /

J . .),)., ,,
2 . 0 8

0 .40
0 .27
0 3il
0.2f)
0 .55

0 .8 {
0.56

0.70

o .24
0.  r8
0 . 1 2

0 .76
0 .49

o .72
0 .36
o .24
0 . 1 9
0 . 1 5
o . l 2

1 . 2 5
0.90
0 . 6 6
0. i l
0 . 4 5
0 . 4 0

l.40
0. {x)
0 . 7 8
l 1 6
0.fx)
0.5,3
0 .5 i1

l . l 0
I  . 7 8

1 . 4 3

4 . 1 7
5 . 5 6
8 . 3 3

r . 3 2
2.06

.l  .39
2.78
4 . 1 7
5 . 2 6
6 . 6 7
8 . 3 3

0.80
l . 1 l
1 . 3 2
1 .85
, t ,

2.ff i

o . 7 l
l . l 1
t . %
0. tt6
l . l l
| . 7 2
I  .89

1 . 2 6
I . :15
| -67

1 . 8 2 :

o.x)
0.6{)
0 . l 9
0 . 2 8
0.40
0 . 5 t
0 .86
l  l l
t . { 3
0 .  l 1
0.0t1
0 . 2 0

5 . 0
1 .66
5 . 2
3 . 6
2 . 5
1 . 7
l . l 5
0 . m
0 .70
9 . 0

t2.a
5 - O

5 . 0
9 . 0

MASONITY LINITS Brick, common
B r i c k , f a c e  . . . . . .  . . . . . :  .  .  . : . . . . .
Clay t i le, hol lou':

l c e l l d e e n .  . . . . . 3 i n .
I  ce l l  dee i r .  . .  .  .  .4  in .
2  c e l l r  d e e o  . . . .  . 6  i n .
2 c e l l s d e e i r  . . . . . 8 i n .
2 cel ls deep l0 in.
3  ee l l s  deep .12  in .

Cotrcrete hlocks. thrce oval core:
. 4  i n .
8 i n

l 2  i n .
I t  in .
4  i r r .

Sand and gr*vel  aggregate .  . .

C in r l e r  agg rega te .

G3'psr rm p t r t i t ion  t i le :
i l  x l2 x i lO irr.  sol ir l
i J  x  12  x  l ]0  i r r .  4 -ce l l
{  x  12  x  j l { )  in .  3 -cc l l

lJ  r  r r .
l 2  i r r

txl
130

( t  2 l



Heot Tronsmission Coefficients of Building Moteriols

Toble 4 . . . . Conduclivities [kl, Conductonces (Cl, ond ResiElonces (R) of Building ond

(Design Vofuesl'.

i l t

lnsuloting Moterials (Concluded)

Condvcaivily er

Condcloncc

f,eridoncc b

lnl

A{oteriol

MASONITY UNITS
(Conlinued)

]\,IETAI,S

PI,AS'IDII,ING
N,TA'fI]TTIALS

I-ightrvcight

slrte or

Stonc ,  l ime

aggregatc (expanded

-" lcg;  pumicc) .  .

or  sand

sh:r le,  c lay,  [  3

) 4
) R

I rz

Descriplion

Dcnsily

Itb pcr
Cu Fr)

Per inch

lhicknecr

(i)

Fq

thicknorr

l lrtcd

/r\
\c,/

0 . 7 9
0.67
0.50
0 . 4 {

1 . 2 7
l.50
2.00
2 . 2 7

(Sec Chaptcr  5,  
' l 'able 

l )

Cemen t  p l as te r ,  sa r rd aggregate
S: lnd aggregate.
Sand nggtcgate

1"psum plaster :

72

%
Gypsum p las te r :

L ig l r t rveight  aggregr l  c
Lightrveight  aggreg:r te.
L ightweight  agg.  on metal
Per l i te aggreglr te
Snnd tggregate
Srnd aggregatc
S:r ,nd aggregate
Sand rggrcgate on met:r l
Santl aggregate on s'oorl
Vclmiculr te aggregate

l 1 6
10.00
6 . 6 6

: 3 . 1 2
2 . 6 7
2.  r3

1 1 . 1 0
9 . 1 0
7 . 7 0
2.i l)

0 . 6 7
0.  18

0 . 1 0
0 . 1 5

0 .32
o .39
0 .47

0 .00
0 . 1 1
0 .  13
0 .40

lath

t 2

/ n'r4,

4 5
45

45
105
105
105

15

la th
la  th

IIOOI'INCi

S I D  I  \ ( ;
]L\'Ul,)ltIAt,s

(Ox lrr,.rr Sunr..lcn)

Asbes l  os -eemen t  sh i ns l e :
, \ sp l r : r l t  r o l l  r oo l i r r g
i \sph:r l t  shingles
I l r r i l t - r r p  r oo f i r r g
S l a t e
Shee t
Woor l

t4 h.
l. i  i^.

1X)
70
70
70

+ .76
6 .50
, ,'7

; ] .00
20.00

1 . 0 6

I

i  + . 7 6
I  6 . 5 0
i  0 ( i 9
i  lr;

I  r .z : t
I  0 . 0 5

I  1 . 5 9
I  1 0 . 0 0

-L 
10- 

--- -

0.rJ0 |  
-

0 .  2 l
( r .  I j )

0. .1{
0 .33
0.05

S l r  i r r g l es
\ l ' oo t l ,  16 - i n .  7 l !  i n .  expos r r r e
Woor l ,  < l o r r l r l e ,  l 6 - i n . ,  12 - i n .  expos r r r e
\ \ ' oo t l ,  g r l r r - "  i n s r r l .  l r ec l r c r  bo l r d

S i t l i n g
Asbc'stos-c 'enrerr l  ,  

I  -1
, \ sp l r l l t  r o l l  s i t l i ng
- \ sp l r r r l t  i n s r r l : r t i ng  s i r l i ng
Wo , r t l ,  < l r op ,  I  x  l i  i r r .

( t  ' 2  i r r .  l r r l . )

Woo t l ,  l r c r vc l ,  I j  x  S  i r r . ,  l r r l r l x r t l
Woo t l ,  bcv r l ,  j ]  1  x  10  rn . ,  l t ppe t l
Woot l ,  ph 'u 'oocl ,  j r  j  i r r  ,  I :Lppct l

S t r u c l  t t r u l  g l : r s s

0 .  2 1
0 . 1 5
I  - + i )

0.  79
0 . 8 1
r .05
0 . 5 9
0 .  l 0

\\:( )( )I)S

by t l re rrrunufacturer or secure t l re rcsults rr f  rrnbiased tests

air  s; [Q * i t [  ] rert  l l r rr  dr lu 'nrvnl l  $ l r i r . l r  is base<l on 20 r loq terrrrreraturc r l i lTcrenr.e

c S u r f r c c r c s i s t n n c e r r r l u e s s l n s n l r c r < ' a r e f o r o r t l i m r r y n o n r c / i e . l i r e r n a t e r i a l s ( e  : 0 9 0 ) .

' l  
Sct ' i r lso Insult t ing Matcr i t r ls,  Brxrrr l

i s 0 l J

s ' l ' l r e  [ ' .  S  l ) e l r : r r t n r c n t

n c s s  s t t l r r . l i c r l  b y  r l i l T c r c r r t  n r r n t r f r c t u r c r s  r r u y  \ t r y  d c l r e n d i n g  o n  t l r c  c o n t l u c t i r  i t y  l  r r l t r c  o f  t l r e  l r a r t i c u l u r  r n $ t c r i n l .

l '  l l c s i s t r r r r c c  r e l u e s  u r c  t l r e  r c c i l r r o c r r l s  o f  C  l r f o r e  r o r r n t l i n s  C  o l T  l o  t r r o  r l c < . i m u l  r r l r r c c s

\ l l r p l c ,  r x r k ,  : r r r r l  s im i l r r r  h ; r r ds ' oods
I , ' i r ,  p i nc ,  a r r r l  s im i l a r  so f t l ' oods

+5
' 1 . )

( t 3 l



l l 2 CHAPTER 9 196O Guide

Toble 5 . . . . Coefficienls of Tronrmission (U) of Frome Wollsn
Ilres ceficicnfr oro cxprcsscd in Blv pr (fiour| (rgwro foofl (Fofirorilrcil dagruc difremncc in lcnperofuro betwn lho oir oa lhe two

sidesl, ond orc borcd on on oulridc witd velxily of 15 mph

Exomplo-Wolf D { E ramplc of Subrtitulion

Construction

Resistances used arc giren belou 
'n 

th's
table or in Table 3 or !

Resisl.ances used are giuen belou irt
this table or in Table 3 or I

Rerrlace i tems 3 and 4 with insrr l .  bd.
sheathirrg (2162 in.) and i tenrs 6 and 7
s'ith gypsum wall board (15 in.)

T o t e l  r e s i s t a n c c . . . . .
Deduct  3 .  Bu i ld ing  Paper .  .  .  .  0 .06

4. Wood sheathing (2942 in.). .  0.98
6 .  G y p s u m  l a t , h  O (  i n . ) . . .  . . .  0 . 3 2
7. Plaster (sand agg.) C.4 in) .  0.09

Differerrce. . . .
A t ld  + .  Insu l .  bd .  sheath ing  ( i r { r i " . )

p')cyp.u'n bd. ( l t  in.)
Total  ies istanee
U : l/It : r/5.18 :

Resistance (R)
l .  Outs ide  sur face  (15  mph w ind) . .
2. Siding, wo<td,16 in. x I  in. lapped (av. B). .  .  .
3 .  Bu i ld ing  p&pcr . .
4 .  Wood shec th ing  (zsAz in . )
5. Air spaceb.

0 . 1 7
0 . 8 6
0 . M
0.98
0 . 9 7
0.39
0 . 0 9
0.68

4.  r9
0.21

4  . 1 9

I  . 4 5

2 .67
.  .  2 .06

.  0 .45  2 .51

.  5 . 1 8
.  0 . 1 9

o 7 a2 3 4
I

6. Gypsum lath (! .{  in.).
i. Fi'!t"i t'un.r Xfg.) 06 iny
8. Inside surface (st i l l  air)

' f o t a l r e s i s t a n c e . . . .

u- ;  rn : - i l i . re  = . ' . '
See value 0.2.1 in boldface type in table below.

Io Adjust U Valuet for Conslrcclioa virh ld,dd lnsvlolion bclrecn Froming rldamben, 5* Iobh 16.

fype of Shcolhinge

lnlerior Fini$
None,

Build-

ing

Pcpcr

I

cyp- i
tum i

locrd 1
t4, i". I

Plv'
wood

7is i"-

o.39

U

c

0'.48
0.&)

o .n

0.29

0 .28
0 . 3 1

o .n

o .n

0.30
o.25
0.29

Wood,
2V4z i".Erferiorc

Bu i ld -

Po per
I

o
E
t

z
Rcsislonca 

1+

Mofcriol
Av.
R

Motcriol

0 .36
o .25

0 .23

1
2

3

4

o
6

7

I

I
10
11

Wood siding
Drop- ( l  in .  x  8

i n . )
Bevel ()d in. x 8

i n . )
lVood shingles

7|{ in. exposure
Wood panels O{

i n . )

Face-br ick veneert  0.4

r\ Ietal lath and l i  in. plaa. ( l t .  wt. agg.)
- \ Ie ta l  la th  and f (  in .  p las .  (sand &gg. ) .  . . .

Instr l .  bd. (t ,6 in.)
Insul. bd.lath ()/z in.) and ) l  in. plas. (sand

a g g . / .  .

tr Ietal f  ath and !/a in. plas. ( l t .  wt. agg.) .  .
I ' Ie ta l  la th  and) l in .  p las .  (sand eCS. ) . .

Insu l .  l rd .  ( r , / z  in . ) . .  . .
Instr l .  bd. lath O6 in.) and ) l  in. plas. (ssnd

l ' l .vwrrrrt l  ( !(  in.)
Woorl lxurels Oi in.\ .
IVorrrf  lath and )! in. plas. (santl  agg.).

0 . 7 9

0 . 8 1 0 .85d

0.28

0.28
0 . 3 1

o . 2 2

0 . 2 2

o.n
4.2i,
0 .28

0 . 5 6
0 . 3 3

0.30

0 . 3 2

0 . 3 1
0 .35

0.58
0 .33

0.30

o .32

0 .32
0 .36

0 .2+

o .21
0.3:t
0.zlt
0 :12

0 . 8 7

0 . 9 4

0 .

0 .

Pl.vn'oocl  (% in.)  o.Orlo

I

0 .
0 . 1
0 .

0 .
0 . 2 1

o.21 0 .

0 . 0 . 2 1

0 . o.2 t
o .27 0 .

0 .

0 . r 9 1  o . l 7

L2
13

14

l6

18
L7

l8

t9
20
t1
x2

i  0 . 2 3
() 3:l
0 2t-
0 . : t 2

I Inrulotion

I Boord

I Sheothing

0 .241  0 .21

0 .24

o .21
0 .26

0 .  l 9

0 .  19

0.25
o.22
o .21

( t4 l

0 .z f i l  0 .21



Heot TronsmissionCoefficienls of Building Moteriols

Toble 5 . . . . Coefficicnls of Tronsrnirsion (Ul of Frome Woils' (Concludedl

i l3

lypa of Shcofling' i
___ l

lnterior Fini*

0.39

U

c

0.3s
0 . 2 5

o .23

0 .25

o .21
o.27
0.20

0 . 1 9

0 .25
0 .22
0 .25

0 .70
0 .37

0 .33

Wood,
2f iz i" .

ond Bu i ld -

ing  Popcr

Gyp-
tun

Boord

Nona,
Build-
it!s

t  t a d

Nonc
i l i u * , , -  bd .  t l i  i n . )  .  I  . . :  .  .  .
Cvi rsrrm lath (16 in .  )  nnd ) l  in .  p las.  ( l t .  wt . .

: t g g . ) .  .

G.vpsr rm le th  ( f (  in . )  and l f  i r r .  p las .  (sand
: t g g . / . . . . .

l ' l t 'w<rod (t l  in. ' l
Wuor l  p l r re ls  (3 t r  in . )
Woor l  l r r th  tn r l  f  f  in .  p las .  (s l r rd  agg. )

Poeer 
i 

14 in.

I-t-'---'.

0.06 
| 

o.4s
- t -

u lu
- l -=

A I B

"* i;;0 .28  
i 0 .25

0.25 
i  
0 .23

0 .27  
]  

0 .2 {

0.27 |  o .2.1
0 . 2 9  1 0 . 2 6
0 .21  0 .20

0 . 2 1  I  0 . 1 9

l*l-t
* l

-i

0./r|J
0 . 1 3
1 .4ei

I .521

0.30
o.22

0.20

o . 2 l

0 .  2 l
0 .23
0 . 1 8

0 . 1 7

0 . 2 2
0 . 1 9
0 . 2 1

Wood shingles over
insu l . :  backer
bd.  (P{6  in . )  I  .

Aspha l t  insu l .  s id -
i n g  1 .

Asbestos-cement
s i d i ng

S tuccog  I  i n .
Asph r l t  l o l l  s i d i ng

l o . o r j  o . zs  i o . zs
|  0 .e4 i  0 .21  |  0 .22
I  o . to i  0 .zz o.2+
) - ) - t -

Nonc
i i y : i i " , , -  b < t .  ( 9 6  i n . ) .  1 . .  . . . . . . . . .  .
G.1 'psum la th  ( fu  in . )  and ) ' f  in .  p les .  ( l t .  w t .

: rgg .  )
Gy;rsrrm luth (1/s in.) anrl  i , f  in. plas. (.rr ld

r r gg . )

N{eta l  l r th  and } l  in .  p las .  ( l t .  rv t .  agg. )
N,tct:r l  leth rrnrl  j ) ' . i  in. plas. (sand agg.)
I n s u l .  h d .  ( r l  i n . )
l r rs r r l .  b r l .  l t th  O/2  in  )  and ) f  in .  p las .  (sar rd

: rgg  )

I ' l vwood  ( l (  i n . )

-  l o . o r l o .oz
0.e.? i  0 . . r2  

i0 .36
0 .6 .11  o .37  )  0 .32

t l
0 . t t , 0 . 1 0  |  o . 3 5' i

0 . 3  {
0 .39
0.  26

0 .25

0 . 3 6

0 . 3 5
0.  +0
0 . 2 6

o . 2 6

0 .  +8
0 .30

0 .27

0 .29

0 .28
0 . : J l
l l . ) . )

0 . 2 2

Woor l  l u rne l s  ( 3a  i n . )
W o o r l  l : r t h  a n , l  l i  i n .  p l l s .  ( s e n r l  a C S . ) .

0. : t6
0 .29
0 .35

0 .37
0.  30
0 3(i

0 .30
0.  25
o ,xl

o See text sect ion Calculai ing Overol l  Ceff ic ients for basis of calculat iom.
b fo adjust { , /  vulues for t }rc effect of  rdclcd insuht ion betu'een frarrr ing Inentbers, sce Tutr le 16

types uny trc sui table for appl icat ion over r l l  tytrcs of s lreathing l isted

d .{rcrage resistunce of i tenrs l isted. 
' l ' l r is 

rrvcnrge u'as used in conrputat ion of L '  r ' r l t tes slun n.
e Bui lding paper is not included exept rslrere noted,
f  Srnal l  air  spac lxtween bui lding pa1rcr unr l  l r r ick veneer neglected

a l lhere strrcco is n

w = t 5 h
SECT STEEL NON - STEEL

I. IO AREA AREA
SQ FT SQ FT

S  I  o  o 3 o 2

S  z  o  o l o z

SoLut ion :  I 'hebas ic  o rea  i . :2  so  f t  (2 {  in .  x  l2  in . ) ,  rv i th  r  t ce-
l ra r  (12  in .  lone)  across  the  ur i r i< l l c . ' fh is  : r re l  i s  t i i v ided in to
t\\ 'o zor)es, - l  rrnd 1J.

Zone .4 is clcterrnined f rom l ' )qtrat iott  {  us fol lorvs:

T o p  S i d e  l l '  :  r r  *  2 d :  O . 6 2 5  +  2  X  r . 5 :  3 . 6 2 5  i n .

Rot tonr  S ide  l l '  :  n r .  *  tu l  :  2 .O+ 2  X 0 .5  :  3 .0 in .

l-sirrg the larger velue of I l ' ,  the are& of Zone A- is (12 X
3.625)/11-t :  0.302 sq ft .  The arca of Zonc IJ is 2.0 - 0.302 =
I 6t) l t  sq ft .

' fo 
r letcrmine the i l rer tnrnsmittcncc for Zone r[ the struc-

trrrc rvi thin the zone is divicled irrto f ive sectiotts paral lel to
the  top  and l ro t tom sur f tces  as  shos 'n  in  F ig .6 . ' I ' he  a rea  con-
rluctrncc C'. ' l  of etch seetion is cl lctr latet l  by ad<ling the a,reit
t 'onrlrtcttnces of i ts nret l l  antl  non-rnett l  plrths. The arca, con-
t lrret:rnees of the sections r\rc colrverte(l  to are& resist&nces

GYPSUM
CONCRETE

G L A S S
r I  B E R
I  N S U L A -
T  I O N

" { r
o 052

o  o r o  o  2 9 2

( r  s l



l l 4 CHAPTER 9 1960 Guide

Toble 6.... Coefficienlr of Tronsmisdon (U) of Solid Mosonry Wolls'
coefto'cnfr orc expromd in Brv por,r*'j jT-j:"J,J*#ifj,trj,,*f;;:?;f"'"r- b€rmcn rfre air on rhc rrc ri&rl

Exomplc-Ytotl G 2

Resistances used are giucrt below in thia
lablc or in Table 3 or 4

Constmction Resistance (E)
L  Outs ide  sur face  (15  mph w ind) . .  . . . .  0 .17
2 . F a c e b r i c k ( 4 i n . ) . . . . . . . .  . . . . . . . 0 . 4 4
3 .  C o m m o n b r i c k  ( 4 i n . ) . . . .  . . . 0 . 8 0
4 .  A i r  s p a c e b .  . . . . . .  . .  .  0 . 9 7
5 .  G y p s u m l e r h ( 9 4  i n . ) . . . .  . . . 0 . 3 2
6.  P las .  (sand agg. )  (Min . ) .  . . .  0 .09
7. Inside surface (still air) 0.68

Tota l  res is tance .  .  . . . .  . .  .  3 .17
U  -  r / R  :  L / s . 4 7  . . . . . . . . .  0 . 2 e

See value 0.29 in boldface type in table below.

Total resistanee .. .  .
U: r /R : r / e .os

fo Adiusl U Voluor for Conglmcliod r{ltr Addcd lnsufolion bofween Furring Slript,Scc foHe 16

lnlerior Finish

Erlcrior Conslruclionc

Plos. 5f in. ut
Wol l

Mclol Loth ond
371 in. Plos. on

Furring

Gyprum loth
l94in.l ond %in.

Plo:. on Funing

o.61

Wood

o.10

0 . 3 5
o .m
o.23
o.20

0 .26
0 .22
0.  18

0.35
0 .31
0.29
o .24

0.25
o . 8
0 .21

Inrul. 8d. Loth
in.l ond rf

Plo:. on Furring
rAi" .
Plor.

(Sond

o99. )

(tt. wt.
o99J

o.39

(Sond

ccs.l

o.tt

(Sond

og9. l

o.r3

(tr. wr.
dg3. l

o.17

No
plos.

o.32

(tt. wr.
ogs.)

{5ond
o99.1

o.1l

No

plor.

(Sond

os9.l

1.52Resisloncc 
'+

.13

Brick (face and common)d
(6  in . )
(8  in . )

( 1 2  i n . )
(16  in . )

Brick (common only)
(8  in . )

(12  in . )
( 1 6  i n . )

Stone ( l ime and sand)
(8  in ' )

(12  in . )
(16  in . )
(24) in.

Hollow clay tile
(8  in . )

(10  in . )
( 1 2  i n . )

Poured concret€

30 lh per cu ft
(4 in')
(6 in.)
(8  in . )

(10  in . )

80 lb per cu ft
(6  in . )
(8  in . )

(10  in . )
( 1 2  i t t . )

140 lb per cu ft
( 6  i n . )
( 8  i n . )

( 1 0  i n . )
( 1 2  i n . )

ItAoteriol R

0.48
0.6.1
0 . 8 0
0.96

0 .61
1 .94
e .04
2.84

I  .60
2  . 4 0
3.20

0.64
0.96
1 .98
r  .9p

I  .86
9 9 e

p . 5 0

4.44
6.66
8.88

I 1  . 1 0

0.68
0.48
0 . 3 5
0 . 2 7

0 . 4 1
0 . 3 r
o.25

o .67
0.55
o .47
0.36

0.36
0 .33
0 .30

0 . 1 9
0 . 1 3
0.  r0
0.08

0 . 3 r
0 .25
o .2 l
0 . 1 8

0 . 7  5
o.67
0 .61
0 .55

0.64
0 .45
0.33
0 .26

0.39
0 .30
0.2+

0.63
0 .52
0 .45
0 .35

0.36
0 .3 r
o .m

0 . 1 9
0 . 1 3
0 . 1 0
0 . G

0.30
0.2?4,
0 .20
0 . 1 7

0.69
0.63
0.57
0 . 5 2

0.5s
0 .45
0.40
o.32

0 .32
o .m
0 .n

o . lE
0 . 1 3
0 . 1 0
0.08

o .n
0.zt
0 . 1 9
0 . 1 7

0,58
0.5.3
0 . 4 9
0.45

0.39
0.3r
0.25
0 . 2 1

0.28
o.23
0.  19

0.39
0.34
0 .31
0.26

0 . 1 6
0 . r 2
0.09
0.08

o.xl
0 . 1 0
0 . 1 7
0 . 1 5

0 . 4 1
0 . 3 9
0.36
0.3{

0 .3 {
0.28
0.23
0 . 1 9

0.26
0 . 2 1
0 . 1 8

0 .3 {
0 .31
0.28
0 .24

o .24
o.y2
o .2 r

0 .  l 5
0 .  l l
0 .00
0.07

o . 2 l
0 . l 8
0 . 1 6
0 . 1 {

0 .36
0 . 3 4
0 . 3 2
o 3 l

0 .36
0 .30
o .24
0.20

0.27
o .n
0 . 1 9

0 .36
o.32
0.29
o .25

o.25
0. ?3
o.22

0.  r5
0 .  l l
0.09
0 . @

0.22
0 , 1 9
0.  16
0 . 1 4

0 .38
0 .36
0.3.{
o .32

0 .35
0 .29
0.23
0 .20

0.26
0.22
0 . 1 8

0 .35
0 . 3 r
0.28
o.24

0.27
o.vz
o.2 l

0. r5
0 .  l l
0.09
0.08

o .n
0. r8
0.  16
0 . 1 4

0 .37
0 .35
0 .33
0 . 3 1

0 .33
0 .27
0.22
0.  r9

o.?5
0 .21
0.  18

0 .32
0.29
o .n
0 .n

o.z3
0 , 2 1
0.20

0 . 1 4
0 . l l
0 .09
0.07

o . 2 r
0 .  r8
0 . 1 5
0.  14

0 .34
o. :12
0 . 3 1
0.21)

0.26
o.22
0. r9
0 .  1 6

0 . 2 7
0.26
o . 2 5
a .u

0.?a
0.4,
o .n
0 . 1 9

0.20
0 . 1 8
0.  17

0. l3
0 . 1 0
o.08
a.o7

. 1 8

. 1 6

. 1 4

. 1 2

0.54
0 .41
0.30
o.25

0 .35
0 . n
0 . 8

0.25
o.22
0 . 1 9
0 . 1 6

0.20
0 .u
0 . 1 5

0.25
o . B
o .n
0 . 1 9

0 . 1 9
0 . 1 8
o . 1 7

2l
l8
l6

0 .26
0 .u
a. t2

e.40
3.90
4 . M
4 .80

0 .13
0 .10
0.08
0.07

o . l 7
0 . 1 5
0.  14
0 .  12

0 . m
0.25
0 .21
0 .23

0 . 1 5
0 .  l l
0.09
0.0{t

o .?2
0 . 1 8
0 . 1 6
0 . 1 4

0 . 3 7
0.35
0 . 3 3
0 . 3 1

16
10
t1
1E

19
20
81
22

28
21
28
28

( t6 l



Heot Tronsmission Coefficients of Building Moteriols l r5

Toble 6 .... Coefficienls of Tronsmission (U) of Solid Moeonry Wolk (Concludcdl

ln,erior fihirh

l/rc-Al and added to obtain the total res-istance of Zorte A'

tfiJ." *t""itiio". t." shown in the follo*-ing tabulation'

r h h .

Plor

o./17

l9ond
oss.l

o.10

0.29
0.28
o-25
o.21
o .B
o.72

0.3r
0.29
0. !6
o .25
0.21
o .n

0.30
0.28
0.25
o.24
o.2 l
o.22

0.28
o.n
o .u
0.23
o.22
0.21

o.B
o .n
0.i l)
0 . 1 9
0. r9
0 . 1 8

o . n
o .E
o.20
o. l9
0.  19
0. r8

0.30
0.29
0.25
O.2,1
0.2/L
o.n,

In tests on similar construction, made by the guarded hot

box method, one laboratory reported a U value of 0.219 Btu

per (sq ft) (hr) (F deg) and another'laboratory reported a U

value of 0.ZE Btu per (sq ft) (hr) (F deg).

When the steel is a large proportion of the heat, path as in

Example l, the detailed calculations of resistence in sections

3, 4, and 5 ol Zonz, d are not justified' If only the strel were

considered, the final result of Exarnple I would be unchanged.

If the steel path is small, such es for a tie rod, the detailed

calculations for sections 3, 4, and 5 are necessary-

Coution

A pancl with internal metallic structure bonded on one or

both sides to a metal skin or covering presents special prob-

lems of lateral heat florv not covered in the foregoing Zma

Method;

Volues Used in Colculotion of U Volue Tobles

Tables 5 through 15 are based on values given in Table 4.

The following conditions have been used:

Equilibrium or steady-state heat transfer, eliminating effects
of heat capacitY.

Surrounding surfaces at ambient air temperatures.

Exterior wind velocity of t5 mph for w.inter and 7.5 mph for

summer.
Surface emissivity of ordinary building materials c : 0.90.

Stud soace in frame corstruction not insulated. (See Table
16 for meihod of correcting for added insulation')

In construction involving air spaces the U values shown are
calculated for areas between framing. See Fig. 7 in section
Coirection for Framing if an allowanie is to be made for this
effect.

Exlcrior Coodruclioac

?los.5f in. on
Woll

l{ctol Lolh otd
jy' h. Hoton

furr|ng

Gypnrm ladt
196h.l ond tAn.

Pl,or. or Fwrhg

Roridoocc

lSood
oggJ

t.52

(1,r. wf.
d9g.l

0.6a

lSond
ogs.l

o.1,

Xo
plor.

0.32

(tr. wt.
og9-l

lSond
ogs.l

o.f 3

(tr. wr.
o99.1

0.39

lSond
osg.l

0.tl

Concrete block
(Graver 'u. )dB 

il:]
(cinder 

"** )t{! il:}
(Lr. wt. '**.)r{B 

il:l

Mor.riol t

t . 1 r
|  .98
I  .72
I .89
2.00
9.97

0.52
0.47
0.39
0.36
0.35
0 .32

0.48
0.45
0 .37
0.35
0.34
0 .3 r

0.43
0.40
0.34
0.32
0 .31
0.28

0.33
0 .31
o.n
0.26
0.26
O.2r1.

' t t

s
99
g)

81
&l

Arco X Conduclomc c ' A
t/(c.^)
: R/^

Air (outside, 15
moh)

No. '1 , 'Roof ing
No.  2 ,  Gypsum

concrete
No.  3 ,  S tee l
No.  3 ,  Gypsum

concret c
No. i l ,  Steel
No.4 ,  G lass  f iber
No. 5, Steel
A i r ,  ( ins ide)

0.302 x 6.0

x  3 . 0
x  1 .66 /1 . r25

0.052 x 3r2.O/O.625
0.250 x r.66/0.625

0.0104 x 3r2/ l .w
o.292 x 0.25l l .0o
0.167 X 312/0.r25
0.302 x r .63

0.302
0.302

I  . 8 1 2

0.906
0.445

26 .0
0.664

3 .21
0.073

416 .0
0.493

0.552

l .  r05
2.2ffi

I o.oes
)

\ o.soz
)

0.002
2.030

Total Tl/;1 : 6.279

Area transmittance of Zone A : A/R : l /6'279: 0'159'

For Zone.Il the unit resistances are added and then converted

to ui"u t io"**i t tsnce as shown in the fol lowing tabulat ion'

Scclion Rcsisfonce, R

Air (outside, 15 nrPh)
Roofing
Gypsum concrete
Glass f iber
Air ( inside)

r / 6 .0  - -  0 .17
l /3.0 - -  0 .33
r .75 l r . 66  =  1 .05
r .m /0 .25  :  4 .00
l / 1 .63  :  0 .6 r

Total  resistance of  a sq f t :  6 . 1 6

unit trarrsrnirt,ance - r/R : 0.162 ,,"fllTfi."Bffiistance 
values used sre those shown in'rable 4

Area transmittance u"a 
zone B: r.6g8 x 0.162 : 0.27G Airspaces *e3f in'  or more in widtb'

Ior Zone A 
"- 

:6: i ;g Variat ions of conductivi ty with mean temperature is neg-

lected.

Total errea transmittance ol basic areo : 0.435 Corrections for framing to be made on basis of parcllel heat

Transmittance per sq ft : 0.435/2.0 = 0.218 tContinved on p. ttEl

hqd. Bd. lqlh
rA.a-l ad rtaa"
flor. on Fwr'*6

No
ploe.

,.13

U

I

s S€e t€xt @tioD Calculating Ovenll Caffcients for bsis of qlculatios'

b To sdjut u valuu for the efret ol ad&d imulction betwen fnmin3 membtB, e Tcble 16'

c f f atucco or atructural glau ia applied to the ert€rior, the additiorol miotaN wlw oI o.l0 would have a reglfuible efiwt on tbe U vale'

d Brick, 6 io. (5'1 in. sctul) ic Eumed to have m backing. walle 8, 12 and 16 in. have 4 in- of fc brick aud bohm of mnmon brick'

( l7l



l t 6 CHAPTER 9 1960 Guide

Toble 7. . .. Coefficienls of Tronsmission (U) of Mosonry Wolls.
coeftcienrs ore axpressed-in 8tu pcr (houd lssw.ij,"""J,.T"*"Jft::r:::,:tr 

i:f"::,i:; 
t:tili"-t- berween rha oir on the two sider),

Exomplc- Woll G I

IlcJ..-/o,r, cs u-irl-are iitnn-ltin,uin nX

Tol ,a l  resist t rnce

6 .  G v p s r r n r  l a t h  ( 9 d  i n . ) .  . . .  . . .  0 . S e
7 .  P f a s .  ( * e n d  : r g g . )  1 . 1 ,  i n ) . . . . .  . . .  0 . 0 9
S .  I n s i t l e s t r r f : t c e - l s t i l l - l i r ) . .  . . . . . . . .  0 . 6 8

Deduct  6 .  ( i . vpsr rm l r th  ( f {  in . )6 .  ( i . vpsr rm l r th  ( f {  in . )
7. l ' las. {srnd agg.) (} l  in)

I ) i  l lerence
: \c ld 6.  \ ' rpor btr r ier

7.  Wood panel  (1?i  in. )

' fot r l  
rcs istance

(; : t i tt : 1/4.42 :

of Subslilulion

3 . 8 3
0 .32
0 . 0 9  0 . 1 1

3  .42
0 .06
0.94 t  00

3  . 8 9
L t : l / R : r / 3 . s s :  . . 0 . 2 6

See valr re 0.26 in boldfr rcc lv t )e in t rb le l re lorv.
4 .42
0 .23

r 2 3 4 5 6 7 0

fo Adiust U Vole for Cmslruclion with Added fnsllqtion between Furring Strips, Scc foble16

lnterior Finish

Insul. Bd. lofh

fi in.l ond )/2
in. Plor. on

Furring

No | (Sond

pto: ,  I  o9g. l

c / z
on

Gypsum Loth
l) i i".l ona l':

in, Plor. on
Furring

No |  (Sond l { t t ,
p l o r .  1 o 9 9 . )  l o

Gypsum
()i i" . l  

"in, Plor
Furrir

No I  
(Sonr

plor .  I  ogg.

t .52

U

Ll. wt.

os9 . l

o.61

U
H

o.4,

U

Resisloaca r+

Exlerior Focing

Moteriol R , 
^l'
x

I
I
I
i
I
I
I
I

0 .44 i

0 .32 :
i 0 -
I

0.32 ' i
0 . t 8

I
I
I

I
I
I
l

'ii;6&

1
2
3

4
6
6

,
8
9

0 .26
0 .23
0 .22

0 2 +
0 2 1
0 .20

0 .25
0 . 2 r
0 . 2 1

o .22
0.20
0 . 1 9

0 .  2 l
0 . 1 8
0 .  l 8

0 . 1 9
0 . 1 7
0 .  r 7

0 . 2 2
0 .  2 1
0 2 0

0 -21
0 . 1 8
0 . 1 6

0.  20
0 .  18
U . I /

0 . 1 9
0 . 1 7
0 .  1 6

0 2 2
0 . 2 0
0 . 2 0

0 . 2 0
0 . 1 8
0 . 1 6

0 . 2 6
0 . 2 3
0 . 2 2

0. 2+
0 . 2 1
o .20

0 .29
0 .26
0 .25

I . I

1 . 8

1 . 5
2 . 4I-ace brick

4  i n .
Stonc

4  i n .
Precast concrctc

(sand ass.)
4  i n .
6  i n .

(C inder  agg. )
( {  i n . )
( 8 i n )

( r2  in  )
(L t .  rv t .  agg. )

(4  in ' )
(8  in . )

( 1 2  i n . )
(S:rrrd trgg.)

( 4  i n . )
( 8  i n . )

(12  in . )

Ho l lo rv  c lay  t i le
( {  i n . )

0 . 7 1
t - f l

I

I . I I
r . 8 5
2

t . u

0 . 2 6
0 . 2 2
0 . 1 9

0 . 3 3
0 . 3 1
0 . 3 0

o . 2 1
0 . 2 1
0 . 2 0

o . 2 2
0.2 t )
0 .  r9

o .27
o .21
0 .23

0.2.1
0 .aJ
0 . I n

0 . 3 0
(l 2ri
o 2 7

o . 2 7
o . 2 5
0 . 2 {

o 2 5
0 . 2 1
0 .  l 8

0 . 3 1
0 . 2 9
0 . 2 8

0 . 2 3
0.20
0.  r9

{J 2l
0 . 1 9
0 .  l 8

0 . 2 5
0 . 2 3
o . 2 2

0 . 2 3
0 .  t 9
0 . 1 7

0 . 2 8
o . 2 7

0 . 1 9
0 .  l 7
0 . 1 7

0.2t)
0 .26
o .25

10
11
t2

13
1{
16

16
t7
l8

19
20
sl

22
23
24

26
26
27

28
29
30

0 .26
o .22
0 .  l 9( 1 2  i n . )

Concrete
(Sand agg.)

( {  i n .  ) 0.24
0.23
o . 2 2

0 . 1 0
0 . 1 7

' ,o .17

0 . 1 8
0 . 1 6
0.  16

o . 2 l
0 . 1 9
0 . 1 8

0 .  l 9
0 . l 7
0 .  r 5

. 2 2
22

. 2 1

o .25
o .24
0 .23

0 3 2
0  . 4 8
0 . 6 4

)ck

ss.)

( {  in
( 6  i n
(8 irr

rete
nder
(+  in
(8 in
1 2  i n
. rvt
( {  i r r
(8 in
1 2  i n
nd :r
Cl in
(8  i r r
1 2  i n

L89

0 . 1 8
0.  16
0 . 1 6

0 -2r
{ ) .  l9
0 .  r 9

0 . l 9
o . 1 7
0 .  r 5

0 .23  |  0

o . 7  r
I . I I

. I I

. 85

.50
I
E

t .

0 .
0 .
0 .04

I lo l lou 'c l * r .  t i l c
( -1  in . )
( 8 i n )

( 1 2  i n . )
Conere te

(Sar r t l  tgg . )
( " {  i n . )
( 6  i t r . )
( l {  l l r . )

s sire rcxt Eeet irr t r  (ralerrrntrng ()veralr  crpf l ic iento f . r  baob of calc* lat i (ru.
r" l i r  ad, iuet L valrnc frrr  the efrcct of  at l , ler l  ineulat ion bet*ee. l  f rorrr ing nrerrrkrE, ree Trblc l0

* ( r  8)

0 . 2 6  I
0 . 2 2  l  o

f



Heot Tronsrnission Coefficients of Building Moferiols

Toble 8 . ... Coefficienfs of Tronsmirsion (U) of Moronry Covily Wolls"

cmftcbafr orc crprernd in ltv pcr,r*.Jfi1i.il5,jfTf#fiam 
tr:;;:,t:t:;f."t^ 

bcrvcen fhe oir oa rrrc rwo ridor|,

t t7

Exomplc-Woll H 6 Eromplc of Subrlitulio

/?esislances usei arc giuen. below in this
lable or in 

'I'uble 
3 or 11

Construct ion I les ist rnce ( /?)

l .  Outside srrrface (15 mph u' ind)
2. Common brick (4 in.) (av. /1.)
3. Air spaceb.
4 .  C o n c r e t e  b l o c k  ( g r a v e l  i c g . )  ( 4  i n . ) . . . . . . . . .
5. Air spaceb.
6 .  G y p s u m  l r t h  ( %  i n . ) .  . .
7. Plas. ( l t .  wt. ags.) ( l i  in.).
8. Inside surfaee (st i l l  air)

0 . 1 7
0 . 7 8
0 . 9 7
0  . 7 1
0 . 9 7
0.39
0.se
0 . 6 8

4.eo
0.20

Total resistarrce. . .
U : r/R : r/4.e0 :

See value 0.20 in boltlface t1'pe in tatrle below.

Resielances ueed are giuen below in
this tuble sr in Table 3 or I

Rcplace i tem . l  with 8 in. conerete block
and i tems 6 and 7 * ' i th fu in. plas. (sarrd
&ss . )  a r rp l ied  d i rec t l t ' to  concre te  b lock .

T o t a l  r e s i j t a n c e  . . . . .  4 . 9 0
Dcduct 4. Concrete block (gravel agg.)

4  i n . 0  . 7 1
5 .  A i r  s p a e e .  . . . .  0 . 9 7
6 .  G y p s i r m  l a t h  ( ! (  i n . ) . . . .  . . . . .  0 . S g
7. Pla.s. ( l t .  wt. ^sc.) (16 in.) .  .  0.32 2.39

Difference .  2 .68
Add {. Concrcte block (gravel ocg.)

S i n . . .  l . I l
7 .  P I a s .  ( s a n d  a g g . )  ( %  i n ) .  . .  0 . , 1  1 . 2 9

3.80Total resistrnce -
U : r / R - r / s . 8 0 .  0 .26

To Miust U Volucs for Coaslrulion vith Ndcd fnrlstio" bclwecn fnrnr ond Oulcr ficrs or belwcen Furring Strips, Sec loble 16

I
I
i
I
I
I
I L
l o
l €
] E
I !

l z

I
I
I
I

I

i
I

I
i 1
l 2

i3

In

l 6

i--
I
i 6
i 7
i 8

I
i

i e
I
l r0
t--
I

] t t
tu
l r 3
I
i r r
i
t tu

lnterior FinM

: t  S e e  t e r t  s e c t i , , n  ( . ' a l c u l s t i n g  L l r e r [ l l  ( i r t l i e i e n l s  f o r  b a s i s , , f  e x l ( . t r l s t i , ' n s
b To adjrrst  [ ; '  values for the el lect of  addet l  insulr t ion bet$een frarrr inE rrrcrrr trcrs,  eee lrblc 16,

" l f  insulr t ion is to be used in the cat i ty i t  s l rould be { \ster rcsistant ty l)e.

0 9 1



i l8 CHAPTER 9 1960 Guide

Toble 9 . . .. Coefficienls of Tronsmission (U) of Frome Portitions or Interior Wolls"
Coefficients orc expresed in 8tu per (hourl (sgrcro fool) (Fohrenheil degrec difterence in lemperorure belween lhe oir on fhe two sidesl,

ond orc boed on slill oir (no vind) condifions on bolh siJcs

Exonple-Woll 8l €xomple of Subslitulion

Constnrct ion

5. Surface (st i l l  air)

To ta l  r es i s t anec
U : r / l t : r / e . e 7

Sce value 0.3:1 in boldface

I les istance

type in teble belorv.

Resis lanres t rsed are gi tcn belou in
lable or in 

'l 'rhle 
3 or /'

I lerr l r rce i tcm 2 rv i t l r  rvood f ibcr  hrrdborrd
' l i r t l l  

res ist rncc.
Dedrrct  2.  ( iypsrrm u'a l l  bolrd (1 ' (  in. ) .

Rcsislances used are giuen 6"1o, 
'n 

,O t
table or in Table 3 or !

Differclrcc
Adcl 2. Hardboard

Tot:r l  resistance
( j  : 1 . /  I t : 1 / 2 . 8 s

( l {  i n . )  . .

lft is

( l  i  i " . ) .
_  2 . 9 7

0 . 3 2

2 . 6 5
.  0 . 1 8

.  2 . 8 3
. 0. i t5

l .  Srr r fnec (s t i l l  a i r )
2.  Gypsum na.  (% in. ) .
l l .  Ai r  sp: lceb
4.  Gypsum u'a l l  boanl  (26 in.)

(Id)
0 . 6 8
0 . 3 2
0 . 9 7
0 . 3 2
0 . 6 8

2 . 9 7
0 . 3 4

Io Adiust U Volues for Conslruclion wilh Addcd lnsulolion belween r!{embers, See foble 16

fype of lnlerior Finish
r r : ! l

Single Porfilion (Finish

on Only One Sidc

of Sfudrl

Dovble Porlilion
(Finish on Eoth

Sides of Studs)
o

c

z
Moleriol

Gvpst tm bd.  (9 {  in . )
G;1'psum l.rth (,3,( in.) and
G1'psrrm l'ath (!l in.) and

Nletal l .r th antl  9{ in. phs.
Nfetr l  lath and ]{ in. phs.

l n s r r l .  l r r l .  ( 1 5  i n . )
Insrr l .  bd. lath (14 in.) and

| 2  i n .  p l r r s  ( l t .  w t .  a g g . )
t  j  i n .  p l es .  ( sa r r t l  l gg . )  .  .

( l t .  s  t .  agg. )
(sand agg.)

ples.  (s: rnd agg.)

l ' fyrvoorl:  ( t ,1 in.)
( l (  i n . )
( J  z  i n . )

W<rr:d p:rnels (.1.1 in.)

Woorl- lr th l t td ).1 in.

Sheet-rnetal panels

Class ant l  s l l r -*s b locks

0 3 2
0 . 6 4
0  . 4 1

0 1 7
0 . 1 3

1 . . 1 3
I  - D Z

0 . 3 t
0  . 4 7
0 .63

0.e4

0 .40

a

0 . 6 0
0 . 5 0
0 . 5 6

t t .  l ) l )

0 . 6 7

0. :16
0 . 3 5

0 . 6 0
0 lti
0 . 5 0

0..1; l

r).  57

r ) .7 - l

0 .  3 4
0 2 8
0 . 3 2

0 . 3 1
0. r11)

0 .  r 9
0 . 1 9

0 3 +
0. ; l l
0 . 2 8

o.2+

0 . 3 2

0.4 : l

l 1
1z
ls

10

111
l

,t2

13

I
I

I

Scc 
'frble 

21

a See text sect ion Calcul*t ing Overul l  C<reff ic ients for basic of calculat ioro.
b To udjust U values for t l re cf fect of  added insulst ion lEts '@n franring nrernlrcre, ree Table l6

f l o r v  t h ro r rgh  2  x  4  i n .  ( nom in r l )  s t r r ds ,  16  i n .  on  cen te r s ,  t he
fn r rn i ng  cove r i ng  l 5  pe rcen t  o f  r va l l  r r e& ,  r s  shown  i n  F i g .7 .

' I ' l rermrr l  
resistance for  gvpst tm bor l rd lnd insulat ing bol l rd

npplS'  er1u:r l l . r '  to p la in mlter ia l  and to thosc rrh ich ma1'  bc
dc r : on r t e r l  : r t  t he  f : r c t o r y  o r  on  t he  j o l r .

l l r  o l t ler  to condense t ,hc tables &n tvcnrge resist : rnce val t tc
(Av.1C) l ras been t tscd in sonrc tables for  tvrres of  matcr ia ls h:rv-
i ng  app rox in ra te l y  t he  san re  t he r rn l l  r es i s t i r nce  va l r r es .  l ' he  r l i f -
fererrce betseerr  the average vt l r re a,nd thc exlct  v l l l r re for  anr.
g iven m;r tet ia l  usual ly  cat iscs t ro s igni l icnrr t  chrnge in thc rc-
sul t ing U vrr l t te.

Ae tual  th icknesses of  lumber assrrrncd to be as fo l lou-s:

perccntrge effcct on ht'at trlnsnrission as tlre coefficient bc-
corncs nunrericrll-v smlrlkrr. Fnilure to mcct dcsign cstirntk s
nrar- bc ( 'rr . ls( '( l  b1' luck of propcr r l t tontion to cx:rct compliancc
s-ith s1x'r'ifit'ations. ,\ fuctor of srfcty may bc emllkrycd as a
precuution rvlu'n i t  is jur lgtxl r lcsirthkr.

lnsuloting Moteriols

In ordcr tr.r rlctcrrninc thc lx'ncfit rkrlivcd from thc addition
of insul lr l inq rnrtcr ials kr a givcn construction, the over: i l l
coeflicit'nl. of lu,l,t transnrission [,'; of tho irrsulatcd r:onstruc-
tion rnur lx- conrprred rvith thc r,orrcsponrling coolficicnt {,/
rvi thout iusttht ion. 

' labk: 
16 ( l ' rr t  A to I 'art I i )  and Fig. 7

mcJ* l)o u.+rl Ior dctr:rnrining thc etx'flicicnts of transmission
of r:orrstnr, ' t i ; r trs u' i th rrtv <lr lnrbiturt ion of f i l t rotrs, bulk, or
tnltss ir ts ' l l : r l i r t t t  l lur l  air sp:rt ' t 's ' f  v:rr i t t trs cffcct ivC etnissivi t ies.

I ' . ' r ' t ,  , ; ,  ' :  I ' i r r r l  the  < : rx : f l i c i c r r t  o f  t r l rnsmiss ion  o f  : r  f r l r rne
r t ' r t l l  t , , t ,  :  , ; r ' - ' r ' i  I  j  x l i - i r r .  [ < r v c l  l : L J r n r x r t l s i r l i . g ,  l t r r i l r l i n g p : r -

i ( ' t n l i n u a !  o n  h  l 2 l )

) ioninal

I  in .  (S-2-S)

l l l  i n .  ( S - 2 - S )

2  i n .  ( S - 2 - S )

2) l  i r r  ( -s  2 -S)

Aclu.al NonLinal

25,(2 in.  3 in.  (S-2-S)

1116  i n .  - t  i n .  (S -2 -S )

l2 i  in.  l ' i r r ish f i l ror ing,

2t '11 in (nr tp le or  r rak)

Aclun l .

. 2:1( in.

: t2( in.

7 i  i n .

I t  slroulr l  lx 'notcd thut tho cff t :r ' ts of l)oor \rorkrnrnslr i l r  in

c ( , I rs t l ' u ( f t ion  r r t r r l  i t r s tu lh t iou  lu t r t :  l t r r  in t ' r t ' l s i r rg l t 'g r ' , ' l r i t , r

( ? 0 )



Heot Tronsmission Coefficientc of Building Moteriols

Toblc l0 .. . . Coefficiontr sf Tronsmiseion (U) of M.gonry Portitior'
Coeficiaotr oro clpmered io 8lu por (hourl lrquorc footl (Fo&rcrlhcit dcgno di#crero in lempcrolun bctnrn t6c sir oa fhe fyo ridcrl,

ond oro bord m rfill or'r (no vindf conditimr m botJr ridos

i l9

Exonpfo-\{oll C 2 Exonplc of S{drtitution

|  2 3  4  5

Reeistances used are gioen below in this

Total resistance S.e5
U  -  t / t t  *  t / s . 2 5  . . . . . . .  0 . B l

See vnlrre 0.31 in boldfuce t) 'pe in trhle bclow.

Resistances uecd are yiuen below in this
table or in Table I or /1

Replace i tem 3 with gypsirm t i le (4 in.)
l o t t l r e s r s t a n c e . . . . .
Dedrrct 3. Cement block (einder agg.) (4 in.). .

Difference
Add 3 .  Cypsum t i le  ( . t  in . )  .  . .

Total resistance.
U - r / R : r / s . 8 t

3.e6
t . 1 I

e . 1 4
r . 6 7

3 .81
0.?6

I

l
I

fypc ol Porlition

Surfoce Finirh

Plo:. ltt. wt. osc.l sA,in.

Two sides
o.78

Ona ride

o.39

Pfor. (rood ass.l 5Ali.

Ona r ida

o.l t
Two ridor

o.22
Nsmbcr

n6s3rdn.-e 
J

Moteriol

Hol lorv concrcte b lock

0 . 4 5
0 . 4 0
0 . 3 2
0 . 3 1

0 .38
0 .35
0. : r0
0.  28

0 .  {0
0 .38

0 .46
0 .10
0.115
0 . 3 1

0 .37
0 .33

: ' S e r :  t ,  r t  s c r  l r ( r n  ( ' r r 1 (  r r l a t i n g  O v e r r l l  ( ' o c H . i c i c n t s  f o r  h r s i s  o f  q r l r . r r l a l i , , n _ .

(C i r r dc r  agg . )
( l i  i n . ) . . . .
( {  i n . )
( 8  i n . )

0 .86
I . I I
I  .72
1 . 8 9

I  .27
1 . 5 0
2.00
a a f

0.80
L | t
L 5 2
L85

r  .39
0 . 7  r

I  .28
0 .36

I  .60
0  . 4 5

0 . 3 8
0 . 3 5
0 . 2 9
o . 2 7

0 .33
0 .31
o .26
0 .25

0.  30
o .27
0.  2+
0.  23

0 . 3 r
0 . 2 9

0 .43
0 .39
0 . 3 1
0 .30

0 .36
0 .  3+
0 .29
0 .27

( 1 , t .  i v t .  agg . )
( 3  i n . )

( 1 2  i r r . )

( ( i r r Lve l  r gg  )
( ! t  i n . )

( 1 2  i t r . )

( 1  i r r . )
( l l  i r r . )

( 1 2  i r r . )

0 . 3 3
0 . 3 1
0.2 t -
0 .  25

0 .  3 9
0 . 3 5
0 . 3 1
0 . 2 8

0 . 4 1
0 . 3 7
0.30
0 . 2 9

0 . 3 5
0 . 3 2
0 . 2 8
0 . 2 6

0. : t7
0 . 3 5

I
2
3
4

6
6
7
I

I
10

0 .35
0 .33

0 . 3 9
0 . 3 6

t  i l e

0.  3{
0 . 3 1
fl .);

0.  25

0 2 9
0 2 6

I  I  . t ; )

0 3 2

f) ++
0.;J{}
0 .  33
0 . 3 0

0 . 4 2
0. :47
n '1.)

0.  21)

l1
12
13
14

l lo l Iorr '  g. r 'psrrm t i le

I  .35
r  .67

0 . 3 2
0. .16

0. lls
0 5 s

0 . 3 r
0 .55

0 . 3 2
0.  29

0.3.{
0 3 1

16
16

t7
18

19
s0

2l
22

23
2L

So l i t l  p l us t c l  r va l l s
( i . r 'psrrnr  l t l I  ( f  j  in . )  ancl  p l ls .

yr1 i r r .  e ' : rc l r  s i i le
( 1 , t .  u t . : r g g . )  . .  . .

(  [ , t  .  r v t  l g g . )
( S l n r l  r r g g  )

( i l : t s s  : r r r r l  g l l . - s  l r l o c l i s

( S l n d  a g g . )

I  i n .  c a c h  s i d c
(1 , t .  \ \  t .  r r gg . )
(Srrncl rrggll-

\ Ie t l l  l : r th  l r rd  p l : rs .b
2  i r r .  t o r r l  t h i < ' k n c s s

( [ , t .  u ' t .  u g u . )
(S : t r r r l  : rgg . )

2 r  j  in .  to t : r l  th ickncss

Sce ' l : r b l e  1 l i

l ' 1 1 , . t . , r , , , r e  
r , n r i  s u l , l r r r l s  d i s r e g r r r l e d  I r h s t t , r  t r o t r t , k , r l  s r n a t t l r  b o t l r  s r r l e s

( 2 l )



120 CHAPTER 9 1960 Guide

Toble ll . . . . Coefftcienls of Tronsmission (U) of Frome Conslruclion Ceilings ond Floors"
Coficbalr orc exprcscrd in Blu pr (hourl (rguoru footl (Fohrcnhcit degrcc dif,ercncc bclwn lhc oir oa lhe lvo sidcr) ond ore boccd

on slill oh (no virdl condirioas on bolh rirJes

Exompfe-Floor E 5 Exompk of Subsfifslion

Resistances used are gircn below in lhis
table or in Table 3 or I

Heated room below rrnheated space
Construction Resistance ( lC)
(Heat flow up)
l .  Top sur face  (s t i l l  a i r ) . . . .  0 .61
2. Linoleum or t i le (av..R) 0.05
3. Felt 0.06
4 .  P l y w o o d  ( 9 6  i n . )  . . . . .  . . .  0 . 7 8
5.  Wood subf loor  (2 tAz in . )  . . .  0 .98
6 .  A i r s p a c e b  ( 7 1 ' 6 i n . ) .  . . . . . . . 0 . 8 5
7. l \ letal lath and fo in. plas. ( l t .  wt. agg.).. .  0.47
8.  Bot tom sur face  (s t i l l  a i r ) .  .  .  . .  . .  . . .  0 .61

T o t a l r e s i s t a n c e .  . . .  4 . 4 1
u :  r /R  -  1 /4 .41  : . . .  0 .23

See value 0.23 in boldface tvDe in table below.

Resislances used are giuen. belou: in this
tablc or in I'able 3 or 4

Assrrnre heated room is above unhcated
spucc so heat flow is down

T o t r l r e s i s t a n c e . . . . .  . .  4 . 4 1
Deduct  l .  Topsur face  (heat f lou 'up) .  . .  0 .6 /

6 .  A i rspace (heat  f lou '  up)  . . . .  0 .86
8. Ilottom surface (heat flow

u p )  . 0 - 6 1  9 . 0 7

Diffcrenee 9.94
Add l .  Top surface (heat f lorvdou-n) . .  0.92

0.  . { i r  space (heet  f lo rv  dorvn)  .  . . . .  1 .25
8. Bottomsurface (heat f low down) 0.92 5.09

T o t a l  r e s i s t a n c e . . . . . 5 .4s

0 .  t 8U : r/R : r/5.4s =

fo Adiuil U Valves for Coaslruclrbn vitlt lddd lnwlolion bclwctn Froming l,l{nm&rrs. Seo fobb 16

Heol Flov Uprcd {Winler Condilionrl 
I 

Hcor Ffo- Dovavord lsumncr Condilionsl

Typc of Floor

Wood rubfoor 1zlts2 in.l.
fclf, ond-

-
.s
N

o
o

G

1t
o

)
!
o-

t.72

U

: . i
o \ {

d -' - o
\ N =- \ -
: 'E
E E
- J
: U

(J

r .3E

F=
! r \
C -
o E

- t
. E !

SE
! b
6 o

l E
4

Rcsirtoncc 
1+

0.38

o.n

o .u

0.26

0.26
0.28

0.20

0.20

0.20
o .n
0. r8
0 . 1 9

D

0.34

o.24

o.z3

0.21

0.8i1
o.x

0 . 1 0

0 . 1 9

1.87

U

E

0 .  3 1

o.23

o.2r

4 .22

o .n
o.24

0. r8

0 . 1 8

0 . 1 8
0 . 1 9
0.  16
0 . 1 7

o.n

2.26

u

F

0 . 2 8

o . 2 l

0 .20

0 . 2 1

0.20
0 . n

0 .u

o . l 7

0 . 1 7
0 . l s
0 . 1 5
0 .  16

0 . 2 1

None. I

2

3

*

6
6

T

8

I
10
11
t2

r3

Gypsum bd. (% in.).  .  .  .
ciFffi Lil,'i%-i.:j ,;d ); i;: pl,*. (li.

wt.  agg.) .o'ryffM!':'l ::! )'::: d*: @
Metal lath tnd, /a in. plas. ( l t .  wt. agg.). .
Metal lath and l l  in. plas. (sand acg.).. .  .

Insul.  bd. (% in. l .
Insul. bd.. lath(jg in.) and ){ in. plas. (sand

as8. ) . .

Acougtical tile
0 6  i n . )  o n  s y p E u m  b d .  ( t 6  i n . ) .  .  . . . . . . .
06 in.) on furring.
( %  i n . )  o n  g y p s u m  b d .  ( 1 6  i n . ) .  .  . . . . . . .
$4 in.) on furring.

Wood lath and t l  in. plcs. (*and egg.).. .

I . 4 S

1 . 5 2

0 .  1 9
0.20
0 . 1 7
0 . 1 8

5I
1 9
1 0
78

40

! 8a tert retim Caleulating Ovmll CafFcients lor bu's of slculatiom,
b To adiut U vdw f.,r thG efret of rdd€d imulation betwen franring uetnberu, e Tsble 16
€ Imlu&r uphalt, rubber, and plutic t i le ()6 in.), enmic ti le, q termzzo (l in ).
d Inctod"e thermrl roirtene of 96 in. sypcum mll bord.

l22l
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Heot Tronsmission Coefficients of Building Moteriols

per ,2 i (2 - in .  u ,ood shc t r th i r rg ,  s l r r r l s ,  g \ . l rs r ln t  l l r lh .  l r r r r l  s l r r r r l
I rgg lcg : r l , ( - .  p l l rs le r ,  w i t .h  2 - in .  l i l r ro r rs  ins r r i l r t io r r  i x r l rsccr r  s r r r r l s .

So lu l io r t :  Accord ing  to  thc  ex : tngr lc  ca lc r r l l r t io r r  in  ' |a l r l c  
5  r r' lvr l l  of this corrst nrcl. iorr tvi th no ir isrr lat ion bet.s'r :crr sl .rrr ls hlrs

r  coo f f i c ien l ,  [ r 'o f  0 .2 { .  l l c fe r r i r rg  to ' l ' t l r le  16 ,  l , r r t  A ,  i t  u ' i l l  l x t
fo t rnd  tha . t  l  rv : r l l  o f  th is  v t r lue  s i th  2  i r r .  f ib ro r rs  i r rs t r la t io r r  l re  -
trvcen thc strrds hrrs a coel l icicrrt  { , '  of 0.087.

Attcnti<xr is r:alltxl to tlu: ncccssit.v of appl.r-ing thrr insulat-
ing rnatcrial in accordirnt.c uitlr tlu' nr&nufactut.(,r',s spccilir:t-
tion. 

'fhe 
cnginccr must cr.aluatc r.rrrt'fully thc r:conornit: colr-

sirkrrations involvccl in the v,k't.tiun of :rn insultting m:rtcrial
as cdaptcd tn various buildirrg r'rlnstnrctions. Lark of protxrr
evclultion, or imprc1x'r installltion ma1- L.ud to unvrtis-
factory rcsults. Spccial attcntion must bc gir-r"n to vrtJror
brrriurs as outlincd in Chaphr 10. floisturc frorn conclt,nslr-
tiou or othcr sourees nrateriall-r' rc(luccs thc hc:rt-florv rcsist-
lutu'c of irrsuhtion.

INSULATED CONSTRUCTIONS_HOW
TO USE TABLE 16

ln ' l 'ubk.s 5 t lrrough 15, L'r 'alues arc given for nran.r.com-
nron t.\'lx's of lluilding rvall, floor, ancl <.r'ilirrg c()nstructions.
I,irr suclr of these constructions cs contain an uir space, thc
tulrulatc<l (r vr luc is blscd on thc:rssumption that thrr air
sprcc is crnptt', anri that its surfaccs :rre of orrlirnry buikling
nuttcritls of lorv thermul rcfle<.tivitr', suclr os rvorxl, rnasonr.r',
plastcr, or l) :U)( 'r .  C-'orrsir lcr l l t lc lrnc{i t  in rcr lucinE thc hctt
tnrnsrnission cncff ir ' i t 'nt of : t  t .onstnrt, t ion can lu. cffcctcrl  bv
thc rppl ir 'ut iorr of thcrrnl l  insul lr t i rrg nutcrial-" in thr.air splce.

' l ' : rblc 
l6 lrrovir lcs lr ,  r 'nclms ol r lr tcrmining, * ' i t l rout <.alr.u-

lat ion, thc {I  valuc of thc lx ' trr t t 'n-franring arcl of such con-
stnrct ions rvit l r  thc arlrk'r l  insr.r lat ion instal lcd in the uir spuct,.
Colunrn I of 

' f t l r lc 
16 rcft ' r-q to thc L' r ' t lucs of uninsulutc(l

constnr<'t ions us takcn front 
' l 'ablt 's 

ir  throuqlr l i .  Clolunrrrs
2 to l4 of thc talr lc girrr corrcsl ionri iug coeff icicnts L';  for th<r
c'oustl turt iorrs rvi th various insrr l l t ing al)pl i( ,at ions in t l l ,  l rc-
trvrtn-fnrming uir spact ' ,  us int l i t . l r tr .r l  b1- the column hc:rr l ings.
l f lblr l6 is in 5 plrts, ( , \ , l j ,  C, I) ,  antl  I l )  corrcslxrnding to
thc tr-trxr of builtling ck'nrcnt urrrl tlrc dirt'ction of lrt'at flon'.
Iillt'lt part is busccl ou t('url)L.r'rrtulc cotrtlitiorrs coltsi(lorcd
gcrn'rulh'  l rpl lrolrr i t i tc for thc casc.

:\n1'untl  l l l  {"r- l l ru's lr t ' lxrst 'r l  olr l r  scrics of rrssunrptions
lLs to nornintr l  churat ' t t ' r ist ics. ( 'onrnron \.ari l r t ion-c in r.onrl i-
t ions, muteri l ls, rvorkmtnship, ctc.,  can i l r tr f i lu(.c much
grcrtcr vuriut iorrs in I '  r-alrrcs t lurn thc r.ariat ions rcsult irrq
frour thc ussurnc<l nrclr) t( 'nl l)ot l trrr.r 's and tcnrlx 'r l turc r l i l -
f i ' rcncts r lcscri lx.r l .  I i ronr this i t  is l lso clcar thnt t l re use of
nrorc tlrrrn trvo signifit.trnt figurcs in st:r"ting a {,' r-llue is :rs-
sutniug mort ltrcr,isi<in tlurn c:rn possiltlv t'rist. 

'lhrcc 
sigrrifi-

<' lLrrt  f igurcs urc uscrl  in ' l ' l rblc l( i  nrt,r . t ' l r-  l ts: l  mcltns of r<'r lrrci trg
ctttnulut ivt '  r ' rrors s' l r t 'n ' t l r t ,  tulr l t '  i .  uscrl  suvt 'rul t i rnc-* to ol l-
t i r in  u  s ingk 'n 'su l t .  I t  s l rou l r l  no t  l x 'ussr rn rcd  t lu r t  t l r c  f igur ts
Itrt 'ut ' t ' t t l r t t ' ,  r ' r t ' r 'ul l ,  to t lr t t l  signif ir . lnt f igurr,s -\ l - .o. I  r t ' -
s r t l t  t r rkcn  ix r ru ' l ' r r l r l c  l t i , * l rou l t l  r l \ \ ' : r vs  l x ' rounr l t ' r l  o f f  to  t l ' o
s igu i [ i r . l r r t  f ig r r l cs .

' l i r  
usc ' l ' l l r l c  l ( i :

l .  I " i r r r l  in  ( l r l r rn rn  1o f  the : r1 r l t r .opr . iu tc  t l l l l t  thc  v : r l r r t_ ,  fo r  ( '
obt rr inct l  f  lonr ' l 'ubles 

5 t l r  rougl i  15 f or t  he const.nrt. t  iorr s ' i t  l rout
t t l t [ t - t l  ins r r l r r t  ion .

2 .  l f  thc rc  i s  l t  eo l r rn r r r  u  l r i r . l r  c r r rc t l r -cur res l ) (Jn( ls  t0  the  < .or r -
t l i t i o r r  f o r  r l h i c h  v o r r  t l t s i r t  l l r o  / ' r . r r l r r e ,  r t , : i , l  l i r c  l r l s \ r c r . n l
t l r i s  < :o l r rn r r r , , r l ,1 r , , i i t .e  thc  (h l t rn rn  I  vu l r re .  In te r . l ro lu le  i f  r reccs-
sl l  l ' \ '

i l .  l f  t hc r c  i s  r r o  < ,o l r r r r r r r  u ' h i ch  f r r l l r -  co r res l r o r r r l s  t o  t l r c  co r r -
t l i t i . r r  f . r  *  h i t ' h  v . r r  r l e s i l c  t l r e  { ' v * l r i c ,  t h e .  o b t r r i '  t l r c  : r . s r r . c .
b - r -  r nc l r r r s  o f  t s t i o r  n )o r . ( ' s t o l ) s - - ( ' , , , , h  t im t , -  r r s i ng  t l r c  v r r l t r e  ob -
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t : r i . c r l , i r r  . r r c  s i ep  t o  r ce r r t t - . r  t he  s : rme  t ab le  t l r r r r r r gh  Co lumr r
l .  t l l  l t l t s  w : r r '  {  va l r r es  m l r t ' be . l l t a i r r e t_ l  f o r  co rn l r i r r , I t i ons  o f
i r r s r r l l r t i on  i n ' t t r e  f r am ing  s l ) : r ( . e .

I r , r  com l r i ' u t i . ' s  ' f  [ i l r r ' r r s  i ^ s r r r r t  i nns  and  a i r  sg r * ccs .  t akc
{rccoul l t  of  t } re f ibrous corn-po_rrcnt . f i rs t  tnd t } re 

" i ,  
*1 i , ,ec *c. lu i rJ

l rs i l l . r rs t  r i r ter l  i r r  l ' )x ; r ' rgr le 0.  
' l ' l r is  

is  r re<,ossar.r .  to : rs i r r re I  hc a l r_
1rr<.rx i rnate ' l 'eorrect  rcmr)cr : l l  I r re r l i rTerence ai . ross t l re, l i r  *g i , i t . 'c .

Exomples of the Use of Toble l6

- tr)tarnpl..e 3-: Find the coefficient of l.ransmission [/i nf t]re
fr l rne rval l  shorvn as an exl lmple at  the top of  

' f . "Uic ' f - ,+, f ,e. i

(a, t  . r  2- inch blanket  f ibrous insul : . r t ion is  idded betwcen [ i re
str r r ls  arrd in contact  wi t  h t  he g- \ .p iJrrrn l  l th and l " t  on tb iu i i , - i l
r r r r r n - f o i l - b : r ekcd  gyps r rm  l u th -  i s -added .

. .  
Solut ion:  -4ccording toTtb_le 5,_thc Lr  value for  th is corrst .nrc-

t r r n  w r t h  no  i nsu la t i on  i . n  t he  a i r  space  i s  0 .24 .  I l c f e r r i ng  t o
Ta l r l e  16 ,  Pa r t .A ,  f o r  wa l l s ,  i t  i s  f o r i r r t l  t ha t  co r r cs l r o r r r l i r r s  t o
t l rc  vnlue 0.2{  in Colrrmn l ,  the cocf f ic icnt  for  coni l i t iorrs"1a.1
arrd (D) are:

(a)  In Column 4,  f ind Ui  -  0.087.  Use 0.09.

.  
(b) .  Fror !  Table lJ ,  Sect ion C, the ef fect ive emissiv i ty  E nf

r lunr inurn fo i l  is  0.05.

In Column 8 f ind [ r ;  :  0.173.  Lrse 0.17.

(o ) . I l e r r t  f l ow i r r g  r l o r vn l va rd  f r on r  r r ncoo led  room tbove  1o
( 'o() l ( ' { l  sp:rce belorv (a sun)nle l .  corrr l i l  ion)  arrd,

.  
(D) I Icat  f lowing u;rward f rom hcated room belorv to r rn_

l r o : r t e ( l  s l ) i l ( . e  i r bovc  ( l r  u . i l r l c r  co r r t l i t i o r r . ; .
Solut io 'n:

( g ) . t , r se  Tqb lq  tQ ,  Pa . r t  I ) ,  nn r l  co r respo r r r l i r r g  t o  L ' : 0 . 1g
in Column l  f ind,  i i r  Columrr l l ,  t ' ;  :  O.d- tg.  t t - . * i :  O.O;.

.  (1) .Lrse l 'able.  16,  P:rr t  C,  and corresporr t l i r rg {o U :  0.22
in  Co l t r r nn  I  f i nd ,  i n  Co lumr r  l l ,  t , r d  :  d . 12 .

Speciol  Uses of Toble l6

structior-r' In the sl*'c *'a1', going horizont*lly fro'r (-'.lum'
f i  t .  Colunr'11 is equi 'al t 'nt to arl t l i .g to:r cirnstruct i ' rr  t l rc
insullting vrrlrre of nrrc :rrlrlitionrrl highl-v rcflcctir.c (E : 0.05)
air slracc, an(l  going frorn Columl 6 to Column l2 in t , f lcct
.(l(ls tlvo no'-r.flccti'c (E : 0.ri2) .ir s1r.cr.s to tlr. const.rc-
t ion, ctc.

lintnples 5 antl 6 shos- tlrc t'olnlrinutiouul usc of 
.l':lliltr 

l(i.

- .  F ) tnnp lg  5 :  I )e tc rnr inc  lhe  < :oc( [ i r : i c r r t  { ' ;  fo r  t l r c  u , r r l l  o f
E t u . t n p l r  J ,  * i t h  1 1 3  i r r .  o f  f i b . . r r s  i r r s t r l . t i . . . t r t r c d . r r  o . .  s i r l c
u l  t l l { .  l r l r  sD { t cc .

. . ,  So l r r f  r o l : -  { ' ;  c l n  l t e  < l e te r rn i nc< l  i r r  s cvc r t r l  u : r ys ,  b . v  r r s i r r g' l ' : r b l c  
16 ,  I ' u r t  ' \ ,  f o l  c x : rm1 rk ' ;

( 4 , )  l t 1 -go ingJ r ' ( ) r u  C< r l r r n r r  1  t o  ( - t r i l r r r nn  2  ( h rec  t i n r cs ,  f o r  r
t o t , l _ o f  l i  j  _ i . < . h e s  o f  i r r s r r l : r l i , r ' ,  r r s  l r l l ' * s ;  r r t c r  C o l i r . r .  i
r r t  0 . 2J  l . n t l  f i r r d  [ . : ;  :  0 . 1 { i t i  i r r  ( ' o l r rm r r  2 ;  c r r t e r  Co l r rmn  I  a i
0 . l 6 t i . t n< l  l i nd  { ' i  :  0 . 12 ( i  i r r  ( l o l r r r u r r  2 ;  cn te r  f l o l u rnn  I  r r t  0 . 126
and f ind { . : i  :  0.102 in C\r l r rnrn 2.  

' l 'h<rrc iore,  
for  o tot , t l  o i  i i i

i n .  o f  i n s r r l l t i o n ,  r r s c  0 . 1 0 .

.  ( b ;  \ [ o re  s i r np l . r - .  l n . go inq  f r . o rn  0 .21  i n  C . t i l r rmn  2  t o  0 . l 0 i J
i n  ( ' o l r r r n r r  - 1 .  t - i e ' t ) . l t ) .  

'

, ,  
L ) . n tn tp l t  l , ' :  (  o r r s i t L , r . i r r g . l r g l t i n  l l r t ,  r v l r l l  o f  E tan tp l c  J ,  r r s s r rn re

t l r r t  { ) r r ' - ' r ( ' l l  l r l r r r r k c r  i r r s r r l . l i r n  i r  t .  bc  i . s l o l l c< l  i l r . r i i l - s1 l i r c r , ,
( L o i l t i n i l . d  n i l  b  l ! , t \

{ 23}
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Toble l2A . . . . Coofficients of Troncmiscion (U) of C,oncrele Floor-Ceiling Construclions' (Winter Condilionr, Upword Flow)

a""".,

Exomplc-Floor t I Exomplc o, Ssbrritutioa

Resistances useil are giaen below in this
table or in Table 3 or 4

Heated room below ttnheated space
Construction (heat flow up) 

- 
Resistance (E)

Resistances used are gitcv belou in this
lable or in Table 3 or 4

Replace items 2, 3, and 4 with hard wood
block ( lXe i Ir .)  on slab

Tota l  res is ta ince . . . . .  4 .94
Deduct  2 .  Aspha l t  t i l e  and fe l t , .  ' . .  . .  - .  .  0 .11

3 .  P l v w o o d  ( X  i n . )  . - - . . 0 . 7 8
4. Aii space

l' Top surfaee (still air)
i .  e, i l r , i , i i ' i i i ; ; "J i ; ; . ' . .  : : : : : :  :  : : .  : :  :
3. Plywood (?4in.).
4. Air space"
5. Conciete slab 4 in. (av. ft)
6. Air spaceb (8 in.).
7. Metal lath and li plaa. (sand egg.)
8. Bottom surface (st i l l  air).

Totr l  resistance .. .  .  .
u = r / R _ L / 4 . 3 4

See value 0.23 in bold face type in table below.

0 . 6 1
0 . 1 1
0 . 7 8
0.85
0 . 4 0
0.86
0  . 1 3
0 . 6 1

4.s4
0.23

Difrerence
Iaa i.'ri'.'a block (iXe i;.i.,.

Total resistance. .
U  - I / R : r / 3 . 8 4

2.60
0 .74

3.34
0.30

lo Adiun U Vofucr for Coaslruction with /dldcd lnnlolion ia Air Spoce oborc SsrP.ndcd Ccifing, Sr fablo 16

of Cciliag

Crilhg
Cciling Applicd

Dirccfly ro Slob
Gypum bd.

in.l ond Plor.
Metol lclh

ond plor
Acourficol tilc

Acourticql

file-

oo gyP'
rum bd.

176i".l

Concreted (sand

fypc ol Fini$ Floor

f,csisfomc

Motcriol

N o n e . .

Floor tile" or linoleum
06 in.).

Wood block (r%o in.) on
slab

Floor on sleepers
Plvwood sibfloor (%

in.),  fel t  and f loor
tile" or linoleum ()6
i n . )  . . .

Wood subfloor (2342
in.),  fel t  and hard-
w o o d ( 9 4 i n . ) . . . . . .

None. .

Floor t i le" or l inoleum
06 in.) '

Wood block (tfi6 in.) on
slab . .

Flooron sleepers
Plvwood shbfloor (.5.d

in.),  fel t  and f loor
t i le. or l inoleum O6
i n . ) .  .  .  .

fype of Dcc&
o f

chomclr o
.o
E
D

z
osgJ

)4 i". % h .

o .n

0 .21 0.21

0 .

0 . 0.El 0 .3 t

o.2*

dggJ

V6 in.%
in.

IJE

u
E

%
in.

%
in.

2.to

rA
in.

r.5tt.t9

%
in.

%
in.

U
t

o.t3

u
o.17

U

1
0.34

o.1l

U

ll

o.61

U
G

0.32

U
F

t.7E

Motcriol

.74
Concreted

8SC.)
(4 in.)
(6  in . )

(sand

0.32
0.48

0 .3

a8s.)
(8 in.)

(10 in . )
0.Bl
0 .

0.21

Wood subfloor (254t
in.),  fel t  and hard-
u'ood (92 in.)

' 8c tcrt stim Calnlating Overoll CefEcientr fm baria o{ qlqdatiom.

b To adjmi, U nlus fc t5e efiwt of added iuulrtion betwn fnmia: mambon, m Tabh 16.

c Table l0 an bc wd mly if elmper apre h nor-rcflwtive. The rlctpr oir rpc ir not to b€ @unt6d in uin3 Trble 16.

d Concrete ia sumed to luve c tlrerrnal wndwtivity I of 12.0 u rircn in Toble 4.

e Iacluda upbalt, rubbcr, and plctic t i lc (lt ia.) ' enntie ti le oo tcrrurc (l in') '

o .n

t21l
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Toble l28 . . . . Cocfficients of Tronsrnirsion (U) of Concrele Floor-Ceilhg Conslrtrctiong" (Summ6r Conditions, Downword Fkcwl
cocficianrr o. crprc*cd in 'ta per t3;rl!ru;- t"Jili,i:r#t-#,?"g,ffili,T.fr'fff;" bcrwccn tr'oir on rAr rro ridrsl'

Typ ol Dee*

t

fyp of Fini$ Floor

rYPE OF CTII,'NG

til!-

glucd

,AY.

R

ulu lu lu lu lu lu l u lu lu lu lu lu lu
o lP lo l * l s l r l , v  I  w  I  x  I  t  |  .  l  r ' l r

0.  23

0 .  l 9

0 . 3 8

0 .37

0 .30

None

nolcu
(t '6

i n . )

and fl
nolcr tm

Wood

wood

None

Floor t i

Woorl

t -

I
lo .o
I
I
l o . tConcreted (sand

agc. )
(4  in . )  0 .
( 6  i n . )  0 .

S

0 . 2 1

" See text section Calculating Ovemll Cef6cients for brois of elculatiore.
o To atl,iust U values for the effect of added insulation betwen frarning mcrlbers, rce 

'l'sble 16.
c- Table l6 can be used only if sleel*r sptce ie nonrellective, The sleelnr air sp&ce is not to be counted in uing Table 16.
o Concreie is assrrrrred to have a therrnal conductivity /r of 12.0 as giscn in Tablc 4.
e Inclrrdes asphalt, rubber, and plul, ic t i le ()6 in.), cercrnic ti le on terrnzzo (l in ).

le lv ing  eq t ra l  a i r  spaees on  the  tuo  s ides .  Thc  coe l l i c ic r r t  t i ;  i s  0 .2 { ,  Ur  fo r  one inch  o f  f i l i rous  ins r r lu t ion  and one non- re f lec -
is  des i rec l  fo r  two c tses  in  rvh ich  t i ve  a i r  space,  i s  0 .127 in  Co lumn 3 .  To  add the  second non-

(a) the blrurket h:rs rron-ref lect ive srrrf :rces on 5ot1sit les. so rcf l .eetivc.ansprr,c^e,-glterColttmn 6 , l !  0l2l and bv interpo-
th : i t ' bo th  a i r  spaces  are  lo r r - rc f l cc t i ve  (E  :  g . l t i i  

' ; ; , , i ,  -  ' " '  
l : r t i r tg  f ind  U;  :  0 .112 in  Co lumn 0 .  I I se  o . l l .

(b) rhe brrnker has one. highlv reflcetive s'rr,rce, so rh,rt ,,#],,1'1,j11".,""01?;i;,j,ll,Ui:"11:.;liTX[Hi.d]3J,;,?l;*:;o'e of the air sPtces is highlv rr- ' f lect ive (E : 0'05)'  

",r t". ' i . ,r ,rmn 
8 at 0.127 rrrcl  b1. i ' (orpoltt ing l ind t/ ;  :  0.0g2

Solul iotr:  in Colrrrnn 11. Use 0.09.
(o)  ln l ' tb lc  16,  I ' r r t  A,  s ' l ren ( . :  rv i ihout  tdr le<l  i r rst r l : r t ion

( 2 5 1

(Conlinued, on p. 131)



Itcszirun r{-isca an:. rli"cn iitott, ;i thts
lablc or in 'I'able 3 or lt

Construct ion (heat  f lorv t rp)
1 .  O t r t s i de  s t t r f r ce  ( 15  mph  r v i n< l )

I l .es ist r rnce (11)

2 .  Bu i l t - up  roo f i ng - ! (  i n . .  . .  .
3 .  I t oo f  i nsu l r t i o r t  ( none ) .
. 1  Conc re te  s l ab  ( l t .  s ' t .  r gg  )  ( 2  i t t . )
5 .  Co tn r sa ted  me t r l
6 .  A i r  s1 l : r ee r ' .
7 .  l l c t r r i  l r t h  a n r l  3 j  i n .  p l : r s .  ( l t .  s ' t .  l g g . ) .
8 .  I n s i d c  s r t t f r c e  ( s t i l l  a i t ) . . .

T o t a l  r e s i s t a n c e . .  1 . 6 5
u :  l /R  :  t /4 .ad  : "  d : t t

See val ' . re 0.22 in boldface t1 'pe in tnble bclorv.

1960 Guide

Rcsis lanrcs uscd are giucn bclou in lh is
lable or in 'l 'ablc 3 or 'l

l l ep l uce  i t cn r  4  l ' i t h  4  i t r .  conc rc t c  s l l b  ( g r l v c l  l gg . )

r i t t r l  r oo f  i r r s t t l a t i on  (C  :  0 . 36 )  o t t  l op  o f  s l t r l r .

T o t r r l  r c s i s t a n c e . . .  4 . 6 5
Dedrrct ,

{ .  Concrete s lab ( l t .  s- t .  agg.)  (2 i ' r r . )  .2 -22

I) i f ference 2.49

Adt l  :J .  I toof  insul : r t ion (C :  0.36) 2.78

{ .  Conc re te  s l ab  (g rave l  agg  ) ' 1  i n .  0 . / * 4  3 .22

b . o o

0 .  l 8

CHAPTER 9

Toble 13A.... Coefficienls of Tronsmission (U) of Flot Mosonry Roofs with Buih-up Roofing, with ond
withoul Suspended Ceilings" (Winter Conditions, Upword Flow)

fhes Coeficienfu ore expresed in Btv per (hour) {sgrcrc fooll (Fohrcnheil dagree difierence in temperolvre belrcen lho oir on lhe lwo

sides), ond ore bosed on on oufside wind velococily of 15 mph

Fxomple-K 4 . Exomple of Subsli lulion

124

0  . 1 7
.  0 . 3 3

2 2 2
0
0  . 8 5

.  0 . 4 7
0 . 6 t

Tot l l  rcs istance
L '  :  l / l t  :  r / 5 , 65  :

fo Adjusl U Volves lor Conslruction wilh Added lnsvloriq I 
iljf:S.,_Sl9 f"!L"_]9__

-- rvL.-:!5.:!n9 |

r l lee lext eetion Culculating Ovemll Crrff icientr fu buis o{ alruloti,,ru

" To tdjust U values for t lre efrr 't of udded insrlatim bet*eerr frurrring nr{rrrrlmrE, re'fa}rle l6

" U values would aleo apply if elab were lx)ur({l on rretrl lutlr, lrrlrr-luctod u'ire, fabrir., rr rrrlx'sl,r r<'rlr.rrt hrurd (lr in )
d Concrcle murncrl to hsre s tlrerrrral condrrctir ity l of l2 0 anrl u rlcrnity of l{0 lb grr err f t

" Concrete @uirred to har.e a therrnsl condlrcti\ i ty & of 0 90 arrrl a tlt.ruity 0f i l l) lb 1x'r crr (r
I (;ylrrr,,u alob 2)/r in t lr ick oince this is recr,rrrrrrenderl Dractice
s ( i y ; x u t r r l i b e r s r r u r e t e t i t h l 2 l r l r r c e n l u r r r l c h i t x ( t l r r r r r t l r r r r r d r r t i r i l 5 A - l ( i l i )
L  i i t c ' l ' o l r le  l6  E  fo r  U ra l t te  o f  r rx r [  r rn r l  a , i l i ng  conet r (x , t i r ]n  \ i i t l r  r rx , l  i t r s r r l t t i , ,n : r , l r k ' r l  t , ,  r , " , f  rL ' r  L

t26l



Heot Tronsmission Coefficients of Building Moteriqls

Toble l38 . . . . Coefficients of lronrmicsion (U) of Flot Mosonry Roofr with Built-up Roofing with ond

rh* ccncionr. o,,.,"*Tti'gi*:,1-?'jH,l?ffi"til'J'ffiP;#jl,Tl,-." rf' oiroa d',rc
ridorl, oad oro_lond on m oobido vdod vtlocity ol 7.5 Rplr

xompfc-loof l '  2 T--Ercmpla-R,oof l' 2

Reeistaicis ltscd are gir"ibet;;1;tffi-- |

125

tahte or iT'i'#'t;'bT;uu 
rr' L"EE 

I 
n'u^'"*"otfit:"o:;Lqi!ffi'3'Y 'n th''

Construcf ion (heat flow do*'n) Resistanee -(B)l Replaee item 3 with roof insulation (i - 0.86) end
l. 9utqide ;urface (7-.9 pCl, wind)..  .  0.e6j1 _ rbmove auapended cei l ing 

'

2. Puilt-lp loo|nc (96 i\'.)
3 .  Roof  insu la t ion  (none) .  . . . . .  0 .001 Deduct  6 .  A i r  epace.  1 .96

^ 3sc.'l' "- ' '.:. '
8. Inside aurface (st i l l  air) . .  O.gelv  . u - l

I Total reeistanee -. . . i.?ST o t n l  r e s i s r a n e e  . .  S . 8 t l  U  -  t / R  -  l / 4 . 1 6  . . . . .  0 . 2 f
U :  r /R  :  1 /3 .87  . .  . .  .  .  0 .26

See value 0.26 in boldface type in table below.

J. Ioot rnsulatron (none) .  . .  .  .  0 0Ol I)educt 6. Air epace. I .e6
4. L.;oncrete slab (gravel eSC.) (6 in.) . .. . q.481 J. G1'psum luth (96 in.) and, )g
f.  f  .emlorary, lorm.bd 0.M-l in. plee. ( l t .  wt. eSC.). .  .  .  .- .  0.84 I .Bg
o.  A f r  spaceo (6  rn . ) .  . .  .  1 .26 l t
7 . G y p s u m | a r h 0 6 i n . ) a n d I l i n . p | a s . ( | t . w t . | n i - f f e 1 e q c e ' j . ' ' . .

f o Adiui U Yolws Jor Cadruction rd$ Addrd lnulotioa in Air Spooa, Sco IoUc t6

Typ ol Cailing

f ,  Sce tert  sect ion C*lculat inc Oversl l  Cefnciente for brsis of cr lcrr l r t ioru.
b 1'o adjrrst  { /  r 'a lr tes for t l re efrect of  ndde<l insulat ion bctnecn frurrr ing nrenrbers, *e' l i rble 16.
c  l l r a l u c s r v , u L l r l s o a p p l y i f  a l t b w e r e p o t t r c d o n r u e t a l l a t h ,  1 r n 1 x r - h r c k e t l l i r e f a t r r i c , o r t s b e a t ( N - ( ! n r e n t b t x r r d ( l l i n ) .
"  C . n c r e t e  a s s t t r r r e r l  t o  h r r v e  r  t h e r n r n l  c o n r l t r c t i ! i t y  l r  o f  1 2 . 0  u n d  8  d e n s i t y  o f  l . l 0  l t r  1 r e r  c r r  f t .
c Concrete assutnerl  to lurve o therrrral  cr int lur: t iv i ty l .  of  0.90 rnd rr  donsity of l l0 lb 1rer cu f t ,
t  Gyprur,r  s lntr  2). i  in.  thick since this ie r t t rurrrrrenr let l  pmcticc.
s ( iyyrsur* { ibcr c.ncrete u. i th 12}t  gnrcent *rxxl  chips ( t l rcrr .r l  c.nr l rret i r- i ty , r  :  Lr i6).
I t  Sce l i r t r lc l6 t l  for U ruluc of rqrf  anr l  cei l i r rg eonstrrrct ion rvr lh ror l  insrr l i t t ion nr l , lcr l  t , r  rrxr[  rk 'eA

a

lzz
t3

24
l6
26
27
28

39
30

l 2 7 l
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Toble 14A.. . . Coefficienls of Tronsmission (U) of Wood or Metol Construction Flot Roofs ond
Ceilings' (Winter Conditions, Upword Flow)

Coeficienls cre erpressed in Btv per (hour) (squore footl (Fohrenheil degrea difrerence in lemperolure belwacn lhe oir on lhe lwo sides),

ond ore bosed upon on outside wind velocily of 15 mph

Exomple--Roof J 2 E xompla of Subslilulion

Ilcsistonces usetl are gircn belou in lhis
lablc or in I'abLe 3 or /+

Constnrct ion I les istancc ( / l )
(Heut f lou' up)
l .  C)utsidc srrrface (15 mph * ' ind)
2 .  l l r r i l t - u p  r o o f i n g . 3 s  i n .
iJ l loof insrt l t t ion (C : 0.72)
-1 .  Wood deck  ( l  in . )
5 .  A i r  spncer ' .
6. ( lypsrrm wall  board (16 in.)
7. Acoustical r i le (! ,6 in.)-glued
8. Insit le surfucc (st i l l  air).

' l 'otrr l  
resist:rrrce

I t :  t / t t :  t / 5 . 8 4
See vt lue 0.17 in lrcldface tvpe in trble belou'.

0 . 1 7
0 s 3
1 3 9
0 . 9 8
u . a b

0 3 2
1  . 1 9
0 . 6 1

5 .84
0 . 1 7

Ilesislances used ure giren belou; in lhis
luble or in 

'I'able 
S or !'

I lcplecc i tcm 4 n ' i th 2 in.  rvood dcck (ex-
posed to ins ide) and omit  i tems 5,  6,
l rnt l  7.

Tot*l  resistance
Ll", i i" t-+. Wuotl dcek ( l  in.)

5. Air splcc
6 .  Gypsum rva l l  bo t rd  ( f {  in . ) . .
7. Acorrst ical t i le (1.6 in.) glued. .

5 .8 l t
0 . 9 8
0 . 8 5
0 . s 2
I  . 1 9  5 . 3 4

Differerrce 2.50
. {dd  4 .  Wood dcck  (2  in . )  . .  2 .03

Tota l  res is tance . .  4 .53

( ;  :  l i l t  :  r /4 .63  :  . .  0 .22

To Adiusl U Yolues for Conslruclion wilh Added lnsvlolion in Air Spcce, See foble 16

- l -  l - ^  |  B  9  9 - , !  l -  9
i \ o . c l  l o . + s i  o . : r r  0 . 2 s  1 0 . 3 0  0 . 2 1 )  i 0 . 8 3  o . 2 i l

i  I  0 . 7 2  1 1 . 3 9  i 0 . 2 1 ) i  0 . 2 2  0 . 2 0  i 0 . 2 1  0 . 2 1  i 0 . 2 2  i  0 . 1 7
I  0 . 3 6  i  2 . 7 8  |  0 . 2 r i  0 . 1 7  0 . 1 6  i  0 . 1 6  0 . 1 0  r  0 . 1 7  |  0 . 1 {

\ Y o o d "  I  i n .  0 . 9 8 : t  0 . 2 1  i  . l  . t r  l o . l { j i  0 . 1 3  0 . 1 3  i  0 . 1 : l  0 . 1 3  0 . 1 {  i  0 . 1 2
i  1 0 . r 9 t 5 . 2 6i  1 0 . r e t 5 . 2 6
i  i  0 . 1 5  1 6 . 6 7
i  1 o . t z t 8 . 3 3

I lnsulotion I fYPF OF CErLrNG

I nda"a on rop | 
-

I of Deckd I
lype of Deck (8uil l-up Roof l- 

-- 
i

in All Coses) i Con- 1

duo-  i  nes i r -  jN ,

t"il',i,.i 
t""" 

i
Resisfonce-, -_- -1-i

J i i

Acou:ficol Tile

1
2
3
4
o
6
7

I
9

10
11
L2
13
14

16
16
17
18
19
20
2l

22
23

24
26
26
27
28
29
30

i

I

I

i

a See text set i . rn Calculut i rr l  Orert l l  Crt f f ie ientg for bar ir  of  culct t lat iore.

b To or l just { /  vclues fcr t l re clTt ' r ' t  of  rrk ler l  i l r rr lu l ion tr t rceen fratrr ing trretr tbt ' rn,  see' l 'uble l0

' \ l q r d  d e c k  l ,  2 ,  a n d  j l  i n .  i r  u s s u r r r t < l  t o  l r e  2 : , r r ,  l r r i ,  a n r l  2 i , !  i n  t l r i e k ,  r e a l x t t i r r : l y  
' . 1 ' l r e  

t ] r e r t r r a l  t , , t r r l r t c t r r  i t ! '  l '  i s  a s a r t t r r l r l  t o  l r  0  8 0

r\ loisture in I lu i ldrrrg Coretruct iutr

( 2  8 )



Heot Tronsmission Coefficients of Building Moteriols

Toble l4B. .. . Coefficienls of Tronsmission (U) of Wood or Metol Construclion Flol Roofs ond
Ceilings" (Summer Conditions, Downword Flow)

Cocfficicnls ore exprcssad in 8tv pcr (hourl (rguon looll lFohrcilnil degrec dificrtrcc ia icrnperolure belwoca thc oir on thc two jdesl,

ond orc borcd upon on oufuido wind wlocily of 7.5 mph

r27

Iletislances tned are ni.ven belou in lhis
lable or  in ' l 'obles 3 or  4

Construction l lesist.ance (I l)
l .  Outs idc  sur facc  (7 .5  mph w ind)
2. I l rr i l t -up rool ing (16 in.)
3. I loof insulat ion (C : 0.2{)d
{ .  Meta l  dcck  . .
5 .  A i r  snaceb.
6. I iet* i  lu,t .h and I
7. )/+in. plas. (santl  ass.) l  

'

8. Inside surface (st i l l  air)

Total  resistance
U :  r /R :  r /7 .03 -

Sec value 0.14 in boldface t ,vpe in table below.

Erqnplc of Subrlifutio

Resislancet used are giuen beloto in this
table or in' l 'nbles 3 or l t

I teplace i tem 3 with roof insulat ion (C :
0.36) and i tems 6 ancl 7 with metal lath
and 24 in. plas. ( l t .  wt. agg.)

Total resistance . '1 .03
Deduct 3. I loof insrr lat ion (C : O.24). .  .  4.1' l

.  0 . 1 3  4 . 3 0

.  9 . 7 5
2 . 7 8

. .  0 . 4 7  3 . 2 5

5 9 8
0 1 7

6. Metal lath and i
7 .  ) i in .  p l : rs .  (sund agg. ) /

I)ifferencc
Add 3. Roof insulat ion (C : 0.36)

6. .Nletal lath and \
7. )t  h. plas. ( l t .  wt. sgg.)/

To ta l  res is tance.
t l  :  l /R  :  1 /6 .98  :

0  .25
0 . s 3
4 .  1 7
0.o0
1 . 2 8

0 . 1 9

0.99

7 . 0 3
0 . 1 4

fo Adiusl U Yolves for Constrvclion wilh Added lnsulotion in Air Spoce Scc foHc t6

lnsvlotion I TVpa ofCeiling

Added on fop | | Gyprum ga. lT(t, in.l I Merol Loth I Insul. Bd.
of  Deckd i  i  ond Ptos.  I  ond Ptos.  |  (2 i " . ) Acouslicol Tilo

fype of Deck lBuill-up Rool

in All Cosesl On Furring
On Gyprum
sd .  l t Z i n . l

Li i".

2.ro

0 . 1 7
0 .  14
o . t 2
0 1 0
0.09
0 0 8
0 .07

o
6

E
D

z
*esislonce-

Moteriol

Woor l "  I  in .

\\rood" 2 in

\ \ 'oot l "  i l  i r r .

I ' rc formcr l  s labs-rvoot l  l i i rer
lund ccnrcnt  b i r rder

2  i l .
3  i t t

I r l t t  f lc t t l
l l oo f  I ) eck

0 . 1 3
0 . 1 ( )

0.  2{
0 . l u
0 .  1+
0  l 2
0 . l o
0.01)
0 Oli

l-
l
l ,  s.ts
I
I
t _

i
I
l s 6 0
I 5  4 L )

1-
I

i '
l

0 . 1 5
o . t 2
0 .  1 0
0 . 0 9
0 . 0 8
0 . 0 7
0.  07

0 . 1 2
0 .  l l
0 . 0 9
0.08
0 0 7
0 . 0 7
0 . 0 6

I
2
3
4
6
6
7

8
I

10
t1
t2
13
l4

16
16
l7
18
t9
20
2l

1 0 . 1 2  8 . 3 3  0 . 1 ( ) r  0  0 { }  0  0 1 )  0 . 0 1 )  l 0  0 1 )  i 0 . 0 { )  0  0 S  l

o . r 2  i  2 2
0 . 1 0  2 3

i g | 2 "
t ) . 1 6  |  2 5
0 . 1 3  |  2 6
( ) . l r  1 2 7
o . l 0  | 2 8
0 0 9 1 2 9
0 . 0 8  

i 3 0
$ Sec tcxt scction Calculatinr{ Ovcrrl l Crcfl ir: icrrt; frrr brr.is irf crrlcuhtions
r " f r )  l l d jus t  U t - r r lues  fo r  the  e fTec t  o f  n t l r lo r l  insu l l t ion  l re tu ron  fn rnr ing  n)en) lx r rs ,  see  Tr rb le  l6

t r . r  10 ,  ] l r i s l r r rc  in  13r r iL l ing  Constnrc l ion

01)t  0.01) l
{ )s  0.Ot t l

r . l

o

0
()
0
( ,
(,
0
( l

(2e)
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Toble 15 . . . . Coefficients of Tronsrnission (U) of pitched Roof:u, b

1960 Guide

Coofi<i'anlr orc exprcrcd in $lu pcr lhourl k+rorr footl lFohlonioi, &9m diFrrcncc in lamprrotun borwn ffro oir on lhe lyo sdcr),
snd orc boscd oa on oulstlde vird wtocitl of 15 mpl for ,rcJt f,ov vpvord old Z.s npl fs hcol f,oy dowmrd

Exonplc-l,ol C 1 Etono/o of Scbdrrturiot

T o t a l r e s i s t a n e e . . . . .  . . . . . .  S . l g
U :  r / R =  l / s . t s  . . . . . . . .  0 . 3 1

See value 0.31 in boldface type in table below.

3 . 1 9

o .
8 .

D i f r e r e n c e . . . . .  . . . 1 . 6 0
Add l .  Outsidesurface (7.5mph winrl). .  0.25

5. Air space.
E.  Ins id -e  sur face  (s t i l l  a i r ) .  . . . . .  0 .76  1 .90

T o t a l r e s i s t a n c e . . . . . .  . . . . . . . . 5 . 4 0
U = r /R :  r / s .40 .  . .  0 .b

Diroction ol Hcot Flov +

fyp ol Cailing lApplicd Dhcctty to Roof loftcrr)

Recisloacc

Upvod Flov Winlrr Coadifi,oar Dowrcrd Flot Sumnct Coodifionr

Rofler Spocr loffor Spoco

Unvmlilqfcd, Nof to bc Furtficr

lurlolcd
Unvcrtllolcd. Hot tro br Furthcr

hurlored

o.95

: -

;1
3 :

E r !

:9E
8 .d.d
=

! -
o r

3-*
6$
i F
t€
o o
C G

r'*
o !

_ E 8
: o
E C

9E
8 !
O s
. o o

!
o
o'
i
o
g

o

o
.E
E 4

o ' o
a o

3 !

- o
: o
6 g

q .!!
o !
o

e

lnrulo-
lcd

(t
c

E o
o !

€t
EB
o g

8 t
E

Molcriol

Wood lath and, rl in. plas. (sand agg.)

None.  .
G y p s u m  b d .  ( %  i . . ) . . . . . .  :  : . . . . . . . . . . . . .  : .  :  :
Qypsumlsth (% in.\  & 16 in.plas. ( l t .  wt. asg.).
Gypsum.lath (94 in.) aid 14 in. !las. isiiia

e E B . ) . . . . . . . . 1 .

Metal leth and ,4 in. plas. ( l t .  wt. acc.).  .  .  .  .
Metal loth znd, fi in. flar. (sand ets/j.'. . . .

Insul. bd. (I'z in.).
Insu l .  bd .  la th  and )g  in .  p las .  (sand agg. ) . . .

Acoustical tile
in . )  on  gyRqum bd.  (% in . ) .  .  .  .
In.. ,  on lurnng.
i n . )  o n  g l p s u m  b d .  ( %  i n . ) . .  . .
ln . ,  oD tu r r tng .

0.39
o.64

o .41

0 .47
o .  t s

t  .4s
1 .6 t

I  .61
t . t 9
2 . 1 0
|  .78

0 .10

E

0.66
0.54
o.46

o.52

0 .51
0.30
0.28

0.2p

0.29
0 .32

o .n
o .n

o.t2
0 .2 {
0.20
0 .  2 l

0.29

t.lE

U

G

0.40
o .26
0 . u

o.25

0.25
o.27

o.n
o .n

0 .m
0 . 2 1
0 . 1 8
0. r9

0.26

0.48
0.29
o.27

0.28

0.28
0 .31

o .n
o.z2

0.22
o.z3
0.  l9
0.20

0.28

I

0.53
0 . 3 1
0.28

0.30

0.30
0.33

0.23
9.23

0.23
o.24
0.20
o .2 l

U

J

0.56
o.47
0 .41

0.45

o.44
0 .52

0 .31
0.30

0.30
0.31
o.n
0 . 8

0.46

0.50
0 .6 r

0.3{
0.3s

0 .33
0 .37
o .26
0.30

o.52

I
,
3

t

6
6

7
8

I
10
1l
u
1t

t 86 t€rt etim CalwLrting Orcmll Caffieientc for baab ol olrulatiom.
b Pitch of mf--46 deg.
G To adjwt u wlua fq thc eflect of added imulation betwen lnrning nrerrbere, me Table 10.d When iroulatim is imtalled betwen mftera, tlp arne above alrqdrl bc wntilrted and in tlrlc w tla r6f @rotrucrior h dirrcgrrded in wlculation of [/ valw.To adjut u valw fq pitched rmf eomtrmtion with added imulatkrn betron fmrrrinj nrentbfn, uoe the averagc of ralus for lrqizontal and vertiel hqt f low iaTrble l0A and eitlrer l6C or l6D delrcntling on direction of lrst flow.

To Adiust u vol',n' lor construction 'd,th Nd.d lnwtotion 6etwn Froming hbmt',n, sor ro6b 16

Arpholr
rhinglcr

building

t30l



Heot Tronsmission Coefficients of Building Moteriols 129

Toble 16 . . . . Delerminolion of U Volue Resulting from Additbn of Insulotion or Air Spoces fo Uninsuloted Building Scctionr*

PARr A. WAil.S.

U VslscD
Y\lithovt Mdcd

lnsfolion

Col. I

0 .70
0.60
0 .15
0.40

0 .35
0 .30
0 .28
o .26

o .21
o .22
0.20
0 .  r8

0.  16
0 . l 4
0 . 1 2
0 . 1 0

0 .08

Fibrour lmufolionc fhiclaag-lncficr
Ef,cclive

E
Iro Air Spoccr ol Efrtclivo

tnririvilyd E
fhrlr Ab Spuoe of Ef,cctin

Enisivitltd E

o05 o.e2 o.20 o.a20.05

t 2

o.20 o.o5

t 0 t 3 lra

0.3&
0.284
o.246
0.230

o.2t2
0. l9B
0.184
0.  u5

0. 166
0. 156
0 .145
0. r34

0 .123
0 .  l l l
0 .098
0.085

0.070

0.194
0.136
0.  i68
0.  16r

0. r52
0 .142
0 .138
0.133

o. t27
0 .  l 2 l
0 . 1 1 5
0. 108

0.100
0.092
0.083
0.073

0 062

0 . l 1 3
0 .  1 1 0
0 . 1 0 4
0 . 1 0 1

0 . m 7
0.093
0.091
0.089

0.087
0.08{
0 .081
0.078

0.07{
0 .069
0.06{
0.058

0.05{)

0.080
0.078
0.075
o.o7 4

o.o72
0.069
0.068
0.066

0.065
0.064
0.062
0.060

0.057
0.05.r
0.051
0.047

0.042

0 .7  52
0.630
0.460
0.409

0. 35.1
0.30
0 .28
0 .26

0 .24
0 .22
0.20
0 . 1 8

0 . 1 6
0 . l 4
o . t 2
0 .  l 0

0.08

0.463
0 4t2
0 .331
0.299

o.267
0.234
o.221
0.208

0 .194
0 .180
0 .165
0 .150

0.  r36
0 .120
0 .105
0.089

0.073

0.380
0.34 I
0.280
0.258

o.231
o.207
0. 196
0. r85

0 .173
0.  16l
0.  149
0 .137

0.12,{
0 .  l l l
0.098
0.084

0.068

o.437
o.392
0 .318
0.29r

o.282
o.232
o .2n
0.207

0.194
0. r80
0 .166
o. t52

0 .137
o.122
0 .107
0.091

0.074

o.240
o .n5
0 .195
0. 185

o .172
0 .158
0.  l5 l
0 . 1 4 4

0 .137
0 .129
0 .120
0 . 1 1 2

0 .103
0.094
0.0&{
0.074

0.062

0.189
0-177
0 .158
0 .149

o .110
0 .130
0 .125
0.120

0 . 1 1 5
0 . 1 1 0
0 .104
0.098

0.090
0.083
0.075
0.066

c.056

0.298
o.276
o-?B7
o.w2

o.205
0.186
0 .178
0 .169

0. 160
0.150
0 .140
0 .129

0 . 1 r 8
0.106
0.09,1
0.082

0.068

0. r50
0. 144
0.1:x)
0.145

0 . 1 1 9
0 .  l l 2
0.108
0.104

0.100
0.006
0.0s1
0.086

0.080
0.o75
0.068
0.06r

0.053

0 .  l 12
0 . l m
0.098
0.olxi

0.0v2
0.087
0.@l
0.082

0.079
0.076
0.073
0.ffig

0.065
0.061
0.056
0.051

0.045

' For comtructions with air sprces m iroulation, cefficients are bored on Natioml Bureau of Stondarde data in Houing Rerearch I'aper No. 32 (U. S, Government
Printing OfEce, Wuhington, D. C.)

" Breed on an indmPoutd@r t€mp€mture difierene of 70 l' deg, and o me&n teurlreruture of 50 F. Valuee are applieable corervatively to winter &nd gumnrer condi-
tioB.

o {,'value taken from Tables 5 to 15, bused on one nonreflectivc 3i6-in. air space between frarning nrernbere.
c l 'hernral conductivity of l ibroue or bulk insulation taken as 0 27 Btu per (hr) (eq ft) (F deg per rn.l.
d For values of effective emissivity E of air space, ree Table 3, Section B.

' e Certain tI valuee in Colurnn 6 difrer frorn Colurnn I becau* they are adjruted to thc spccific terrrperature drop acrms the air space in queetion as afrected by the
U value of the conetruction

PARI B. FI.OORSf_HEAT FLOW DOWN

Fibrous lnsulolionh rhicfrners-lnches 
j one Air-spoce.of flfcclivc
' Emtsstvt l '  E

fwo Air Spoces of Efrective

Emiss iv i l y iE

fhrca Air Spoces of Effeclive

Emdssivilyi EU Yoluee
tr'r'ilhov, Added

fnsulolion

0.20 0.0s o.82 o.2o I o.os 0.05

l 4l 0 l l

0 . 2 1 2  ( ) . 1 5 2  0 0 | ;  i  0 0 7 2  o J 5
0.192 0 l-12 0.093 i  () 0611 () 30
0.ls{ 0 t3s {}.0111 0 ()6f{ 0 : .}s

0 .175  0  l 3 : l  { ) . 01 {11  0  0 f i { i  ( }  t 6
0 . 1 6 6  i  0 . 1 2 7  0 . 0 8 7  I  0 . 0 6 5  0 . 2 +
0 . 1 5 6  I  0 . 1 2 1  0  0 s +  0 . 0 6 +  0 . 2 2
0 . 1 4 5  i  0 . 1 1 5  i  0 . 0 8 1  i  0 . 0 0 2  0 . 2 0

0.13+ i  0  lO,s 0.078 0.000 ,  ( ) . ls
0 1 2 3  i 0 . 1 ( n  i 0 0 7 {  i 0 0 5 7  0 . 1 ( i
o  l  l  I  o . ( } { )2  ( )  00r )  ( )  ( ) i l  o .  l+
( )  Ous (J . r )s3  ( ) .0 r i j  0 . ( )51  o . l !

0  0s5  |  0 .07 ; t  0 .05s  o .0 l ;  0  l0
r ) . o 7 r )  ' o o t i ' _ l  0 0 5 r )  i u . 0 + 2  o o s

0.2{0
0 236
0 .  2 1 0
0.200

0. l t t{)
0  176
0 . 1 6 2
0 . 1 5 6

o. l5r)
0 .  H 3
0 130
(). l2i i

0 .  I  l { )
0 . I 0 1 )
0 0{)t}
0 .Oss

0 076
0 0ti3

0 . 1 1 4
0 . l l l
0 . 1 0 6
0 . 1 0 3

0 lu)
0.0!)6
0 ()91
0.0ti{}

0. 0tt7
0. Ott+
0 . 0 s  I
0 .078

o .377
0. 3.16
0 . 3 1 0
0.290

0. 268
0.2{1
0 .  2 I { )
0 .208

0 l1)7
0 . 1 u 5
( ) . 1 7 3
0.  r60

0 l-18
0 l tJS
0 . l l s
0 . 1 0 3

0.081)
( ) .o72

o.122
0 . 1 1 8
0 . l l +
0 .  l l l

0.  107
0 .103
0.0{)s
0.096

0.01x
0.  091
0 O,is
0.0f i1

0 ()s0
0.076
0 . 0 7 1
0.066

0 0ir8
0 050

0.057
0.056
0.055
0.055

0.05-t
0 .052
0 . 0 5 1
0.0ot)

0 ()+9
0.0+.{
0 .0+7
0.016

0.0{5
0 0{-t
0 .0 .12
0 0-10

0 037
0.0:13

o.262
0 216
0.228
o.2r7

0 205
0 . 1 9 2
0 l7lr
0 . 1 6 8

0 . 1 6 1
0. l5: l
0 .  l { 5
( i .  t36

0 .  126
0 .  u6
0 .105
0.09-t

0.081
0.068

0.086
0.08-1
0.0tt2
0.081

0.079
0.077
0.074
0.073

0.072
0.070
0.068
0.066

0.06{
0 .061
0.058
0.05.1

0 .0{9
0 . u +

0.0'+2
0.0,+l
0 .011
0.0{0

0.010
0.0{0
0.039
0.039

0.038
0.03il
0.0;17
0 03(i

0.0:16
0.035
0 0:11
0.033

0.01l l
0 .02s

().  07{
0 070
0 065
0 060

0.051
0.0-t7

Prirr t ing Off ice, \4irs lr ington, D. C ).
f  l l a s e d  o t r  a  t c l r r l ) e l a t l l r e  d i f T e r e n e e  o f  5 0  I . ' r J e g  f r o r r r  r r i r  t o ; r i r ,  r u r r l  t  r r r t ' l n  t e r r r l r c r l r t r r r t ' 9 f  5 0  [

S  i n  t l r i c k
i '  ' l - l t < ' t , , , t l  

c o n r l r t < ' t i v i t y  o f  l i b r o u s  o r  b r r l k  i r r s u l u t i o n  t r k c n  r - s  0  J 7  l l t t r  1 n r  ( l r r )  ( s , t  f t )  ( U  r l c A  p c r  r n  )
I  l ;or vr l rres of ef fcct i r  c orr i issiv i ty E of air  s lrut t ,  sce 

' I rble 
l l ,  Scct ion IJ

( 3 1 l
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to Uninsuloted Building Sections* (Continued)
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U Yolwk
Y(ilhou, Addad

lnwlolion

Fibrour lnrufolion I lhiclnrs-lnchcr
Onr Air Spocc of Effcclin

fmirsivityh E
fwo Air Spoccr of Efrcclivc

Emisrivily' E
Ihrec Air Spoccr of Fffeclive

Emissivilyn'E

o.82" o.20 o.05 o.82 0.20

t 0

0.05 o.82 o.05

l 1t 3

0.20

Col. I u l 2

0.70
0.60
0.50
0.45

! .40
0 .35
0.30
0.28

0 .26
o .24
0 .22
0.20

0 .  18
0 . 1 6
0.  14
0 . 1 2

c. r0
0.08

0.305
o.2u
0.260
0.2,16

0.230
o.212
0 .192
0.184

0 . 1 7 5
0.166
0 .156
0 .145

0 .134
0 .123
0 .  l l l
0.098

0.085
0.070

0.195
0 . 1 8 6
0 . 1 7 5
0. 168

0 . 1 6 1
0. r52
o.142
0 .138

0 .133
o.127
0.  121
0 .  l l 5

0.108
0. r00
0.092
0.083

0.073
0.062

0 . 1 1 3
0 .  110
0 .106
0.104

0 .101
0.097
0.093
0.091

0.089
0.087
0.084
0.081

0.078
0.074
0.069
0.064

0.058
0.050

0.080
0.078
0.076
0.075

0.074
o .M2
0.069
0.068

0.066
0.065
0.064
0.062

0.060
0.057
0.054
0.051

0.047
0.042

0.690
0.588
0.488
0.438

0.389
0.3.{0
0.n2
o.n2

0.%3
0.2u
o.2t4
0.195

0 . 1 7 6
0.156
0 . 1 3 7
0 .  u8

0.090
0.079

o.472
0.4t7
0..361
0.331

0.300
0.269
0.237
o.n4

0 .21 I
0 .199
0.186
o. t73

0.159
0 .146
0.132
0 .118

0.105
0.001

0.403
0.362
0 .318
0.295

0.270
o.241
o.215
0.203

0 . 1 9 1
0.  r79
0 .166
0 .154

0 . 1 4 1
0 .128
0 . 1 1 5
0 .101

0.088
o.o74

o.4n
0.385
0.339
0 .316

0.288
0.260
0.230
0.2t7

0.2u
0 .191
0.  r78
0 . 1 &

0 .150
0 .136
0 .120
0 .105

0.090
0.073

0.262
o.244
o.2u
o.212

0.199
0. r85
0.168
0.  16l

0.154
0.146
0 .137
0 .128

0 .119
0.109
0.099
0.088

0.076
0.0&

0 .216
o .2M
0.189
0.180

0 .170
0 .158
0. r45
0.140

0. r34
0 .128
0. r20
0 . 1 1 4

0.106
0.098
0.0{n
0.080

0.071
0.06r

0.307
0.284
0.258
0.213

o.22?
0.209
0.189
0 .181

0.172
0.163
0. r53
0. r43

0 .132
0 .121
0.109
0.096

0.082
0.067

0. l t io
0 . 1 7 1
0 .160
0 . l s l

0 .146
0 .138
0 .129
o.r25

0.120
0 .  n5
0. 109
0. r04

0.097
0.090
0.083
0.075

0.067
0.058

0 .146
0.  139
0 . 1 3 1
0 .126

0.  t2 l
0.  l l5
0 .108
0 .10 {

0.  l0 l
0.097
0.093
0.088

0.08.1
0.079
0.073
0.068

0.062
0.056

' For orotruction with air apaee m imulation, ceftcienlr ere bed oo Natioml Bureau of Stsndards data in llouaag Rcuarch Papr No. 32 (U. S. Covernrnent

Printing OEe, Wuhington, D. C.).
i Bred on a tcmfnturs difiereue of 75 deg F from air to oir, aud a men temp€Et,ure of 40 F.
t U value taken from Table ll, 12, 13-A, l{-A, end t5, ir which it is Mumed that the air !p@ betwen joists or above the sulrcnded eiliug is nonreflective (E =

0.82), and ic t in. thick.
I Thermal onductivity of fibrou or bulk iuuletion takon u 0.27 Btu per (hr) (q ft) (F deg per in.).
- For values of efiective eniaaivity E of air rpsce, s Tcble 3, Section B.
D Certain L/ value in Column 6 difrer from Column I beewe they aro adjuted to the epecifrc tcmpenture drop acrcs the air apae in question m sfrected by the

U wlue of the @Etructior.

U YolwP
rtlilhou, Added

lnsfolioa

Col. I

fibrsus lnwlotioaq ilricknesr- lncler
Onc Air Spccc of ffrcctiyo

Emirrivifyr E

o.82 o.20

lwo Air Spoccs of Efracliw

Enirsivityr E

fhrce Air Spoce: of Effeclivc

Emissivilyt E

o.o5 o.82 o.20 o.o5

to l 2

0 .70
0.60
0.50
0.45

0.40
0 .35
0.30
0.28

0:26
o.24,
o.22
0.20

0 .18
0 . 1 6
0 . 1 4
0 . 1 2

0.  r0
0.08

0.305
o.2&
0.260
0.246

0.280
o.2r2
0 .192
0.184

0 .175
0.166
0. 156
0 .145

0.134
0. r23
0 .  l l l
0.0p8

0.085
0.070

0 .195
0.186
0. r75
0 .168

0 .16 l
o. r52
o. t42
0.13{l

0 .133
0.r27
o.t2l
0 . l l 5

0.108
0 .100
0.092
0.08:l

0.073
0.062

0 .  u3
0 . 1 1 0
0.106
0.104

0 .101
0.007
0.093
0.091

0.089
0.087
0.08.1
0.08r

0.078
o.074
0.069
0.0s4

0.0&3
0.050

0.080
0.078
0.076
0.075

0.07,{
0.072
0.069
0.0&9

0.066
0.065
0.064
0.(ts2

0.060
0.057
0.04t
0.051

0.&7
0.042

0.7ft
0.602
0.501
0.450

0.400
0.350
0.3m
0.2&)

0.200
0.240
o.7n
0.2[n

0.180
0.160
0.140
0 . rm

0.G0
0.079

0.269
0.252
0.23r
0.?,20

0.206
0.192
0 .175
0.168

o.160
o.152
0 .14 {
0.135

o. t25
0 .  u5
0.104
0.093

0.080
0.m8

0 .  1 1 9
0 . 1 1 6
0 .  r12
0.108

0.105
0.100
0.095
0.093

0.Ofr)
0.087
0.084
0.081

o.o77
0.073
o.069
0.06.j

0.056
0.0.18

o.123
0 384
0.3.10
0 .316

0.291
o.261
o.231
o.222

0.2u9
0 .195
0 .182
0. 168

0. t51
0 .139
o.124
0 .108

0.091 '

0 .074

0.144
0 .139
0 .133
0.128

0.t23
0 . l t 8
0 . 1 1 2
0.109

0. r05
0 .102
0.0s8
0.m4

0.0ft9
0.084
0.078
o.072

0.06.1

0.061
0.ffiO
0.059
0.058

0.057
0.056
0.055
0.05{

0.ott
0.0.$
0.052
0.Ofl)

0.049
0.0.17
0.&15
0.(X2

0.ffig
0.ffi4

0.306
0.284
0.260
0.216

0.230
0.2r3
0.193
0. r85

0 .176
0.167
0.157
0.146

0 .135
0.124
0 . l l l
0.098

0.084
0.070

0.097
0.095

0.092
0.09o
0.086
0.085

0.083
0.080
0.078
0.075

o.u2
0.068
0.064
0.059

0.054
0.u6

0.045
0.044

0.044
0.043
0.(X2
0.or2

0.041
0.0.10
0.&0
0.039

0.038
0.038
0.037
0.035

0.033
0.0300.05,1 |

o Bud m e temginturu difrcrene ol 35 F deg frorn air to air, and r M tcmpanture of l(D F.
D Uwluetakcnf rcmTab ls t l ,  12 ,  l3 -8 ,  l4 -8 ,and16, iawh ieh i t i ruum6dth t t thes i r lpoeb* ! ren  jo ia t rmabovetheoupcsdGdei l ing  ia  mnre fwt i r r (E  -

0.E2), and ir 8 itr. thiek.
c Thermal mnductivity of fibroua q bulk imuhtion taken u 0.87 Btu pcr (hr) (rq ft) (F deg per in ).
t For wlus of efreciive emiasivity E of air apre, w Table 3, g@iim B.
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U Yolue ol Roof wilhoul

f,oof-Deck lnsulolion"

0 . 1 0
0 . 1 5
0 . 2 0
0 . 2 5
0 . 3 0

o . 3 5
0 . 1 0
0 . 5 0
0 . 6 0
0 7 0

Heot Tronsmission Coefficients of Building Moteriols

Toble 16 . . .  .  Determinotion of U Volue Result ing from

Addition of Insulotion lo Uninsuloted Building

Sections (Concluded)

(For un with fahlos l3A cad 138)

PARI E. FI.AT ROOFS AND CEII.'NGS W'Tf' ROCF DECK

Conducfonce C of loof-Oacl latulolion

r3 l

splr.c unrkrr various corul i t ions of vcnti lat irrg :r ir  tenrg.r l turcs

orxl rat(.s, t't'iling rcsistlnrr', roo or rjol-&ir tcnrperurturt.s, and
surf:rt.c cnrissivities.rt Vcntilating air tcmperaturc is tlxr out-

drxrr rlesign ttrnpcr:rtttrr'.
'I'hc 

totrl rt,sistantt, l/L:, obtninctl by adding thc rciling

anrl attir: rt'sisttnsrs (:arr lx, r'onvcrtl'tl to a {/ volue;o tlrat the

hcat gain rn:r.v lxr calt'ulutcrl. 
'lhc 

:rpplicabb temperature dif-

fcrence is tlrrrt rliffercrrm lxttrvt'r'n room air and xrl-air tenr-

ircraturc or lxrtlvr'{rn r,xrm lt'ir and roof tenrperaturcs. (Sce

footnotu r l ,  
' l 'ablc 

17.)

Tablc 17 nra-y bc usul for lroth pitched and flat rcsirlcntial

roofs over rttic spacc$. \\'lrcn therc is nn tttic floor, thc ceil-

ing resistnncc shoulcl lxr that rvhich applk's to the conrplete

cciling-floor t'onstrur:tiott.

All valucs in'fabkr l(i, I'rrt D, include thc resistant:c of a

non-reflcctivc surfacc flcing thc :rttir: space. Therefore, if

separutc rrllculations arc matle, include only the value of e

non-reflective surfaee crxl not the value of a reflective surface

in dctermining ceiling rcsistanec. 
'fhc 

use of Table 17, Part

ll, rvill accorrnt for tlris rr'flu:tion surface.

Emmple 8: Determirrc the heat gain for a 1000 sq ft  cei l ing
of 3 j- irr .  gyl)sum hoe,rd :rnrl  t f- in. l ishr rteight aggregate pla.s-
ter, u' i th no f looring r lrove, u-hen insulatet l  N' i th a 2-in. foi l-
errclosed f ibrous blanket. ' l 'he blanket is instal led so as to form
a ref lect ive air space bctrvccn the cei l ing and the blanket. The
att ic has r gthle roof rvhich meets the venti lat ion requirements
in Table 3, Chapter 10. (Lise venti lat ion rate of 0.1 cfm per sq
f t . )

Design t,emperatures lrrc: indoor air :  75 F, outdoor air :
05 l ' ,  anrl  sol-air :  160 Ir.

Solul ion: Frorn Tablc l l ,  for heat f lou'down. the U v:r l tre
for this cei l ing G3 wit lrout insulat ion is 0.40. l l ,eferr ing to
Table 16, l)rrt  D, rvi th the value 0..10 in Column l,  f ind L';  :
0 .101 in  Co lumn 4 :  en tc r  Co lumn I  a t  0 .101 and f ind  [ I ;  :
0056 in  Co lunrn  8 .  Cor rce t  fo r  f raming (8  in .  jo is ts  on  16  in .
centers) from Fig. 7 anrl  f ind corrected cei l ing coeff icient L. :
0.059; l l .  :  17.0.

I i .r .  inlerpolat ion in 
' I ' tble 

17, Part B, using 95 F venti lat ion
l ir  and 160 l- sol-air tempcrltrrres, the effect ive att ic resistrrrcc
/ i ,  is 8.2.

The overal l  coefl icient for the combined cei l ine and att ic is:

0 . r9

U

0.07
0( } .3
0 .  l 0
0 . i l
0 . 1 2

0 . 1 2
0 1 3
0. l-+
0 . 1 +
0 . 1 5

0 .  l 4
0 . 1 5
0 . 1 6
0 . 1 7
0 .  1 8

u  u  l u

0 . 0 7 i 0 . ( I 3  1 0 . 0 9
0 . 0 9 1 0 . 1 1 1 0 . 1 2
0 . l l  I 0 . 1 3  | 0 . 1 6
o . t 2  0 .  1 5  i  0 .  1 9
0 . 1 3  ( ) .  1 6  I  0  2 l

0 . 1 8
0 .  l 9
o . 2 1
o .22
o .21

o .21
0 .26
0 .29
0 .33
0 .35

!  Interpolat ion or rr i l r l  cxtr l ln lat ion rrray l re rrscd

CORRECTION FOR FRAMING

Corrcction for parallcl hcat florv through fnrming and in-

sulatul aro:rs may bc made b-r' use of Fig. 7. Correction for thr:

effect of fnrrning should be applied after finnl {-i ancl LI,
values havc bccn obtained for a given constru('tiorl. Iu mirnl-

cases this corrcction may be omithd.

Exanplc 7: Consider a, frame rval l  rvi th 2-in. blankct i t t , .r t l t-
t ion which has r {," vt lue of 0.08. I lv calctr l :r t iorr i t  is found
that heat loss from the are:r buckerl [x ' franrirrc rnerubers (f , ' . )
i s  0 . 1 3 .  { ' ^ / f  

' ;  
i s  1 . 6 3 .  F r o m  } ' i g .  7  i f  l 5  p e r c c r r t  , r f  u : r l l  u r c : ,  i s

backed lx ' f r : rm ing ,  the  va lue  ( i " t / [ , t t :1 .1 .  [ ' . r  i s  there fore
l . l  X  00U :  0 .0 t i8 .

s - z
2 5

t 5

to

L-L

.r

ri_ + l  t  l _

# # I,
E.

1--

fr
o  o 5 0  r o  .  t 5 0  ? o  2 3  3 0

u " / u u

Uu : overoge U vofue for building secfion.

U; : U volue for ores belveen froming members.

U- : U volve Jor oreo bocked by froming members.

S : percentoge of oreo bocked by froming members.

Fig.7 .. .  .  Correction for Effecl of Froming in

Insuloted Building Sections

VENTILATED ATTICS_HOW TO USE TABTE 17
' f rblc 

l7 is irr tcnrlcd to l te userl s. i th' l ' l l r lc l l ,  Prrrt  I)  of
' l ' ub lc  

l ( i , : rn r l  l . ig .7 ,  o r  s -hc t r  c t ' i l i ng  rcs is t t t t t t ' i s  kno l ' t t .  I t s
pul l)osc i-s to t lctcrtt t i l tc t l t t ' r t 's istrrt t t t ' to lu' i t t  f lon of thc rt t t ic

l l
u' : rt+ R": rzl a s, 

: o'or

6

4

t 3

j  r z

e  r l
l

t o

I l c : r t  g l i r r  :  ( t ,  I  (1 ,  -

Btrr l i

COMBINED CEILING

1r) : 0.0{ X 1000 X (160-75) : g+00

AND ROOF COEFFICIENTS

o 9

o 8

If tlrc :rttie sp:icc b('t$'ccn the cciling and roof is unhcated

rnd ?r.ot rcntilated", thc cotnbincd cocfficicnt from roour air bc-

lorv thc cciling to extcrit-rr lir t'arr lrc calculate'd from thc fol-

lorvirrt{ fornluh:

I l r =  
I  I= 

uu"' ,ru,

The colnbincd coeflicicnt L' is tlur rcciprocal of 82 , or

(a.l

(6)( -  :  l / n r

uherc

( , '  :  < 'onrbined c<x: f l ic icnt  to bc uscd lv i th cei l ing : r re l .

/17 :  1e1' ,1 rcs i -st r t tce of  cei l i r rg l r t td roof .

[ - " ,  :  coe l l i c i cn t  o f  l r t usm i . - s i o t t  o f  ce i l i ng .

{ ' ,  :  t :ot ' f l ic icr t t ,  of  t , r lursmission of  loof  .

r r .  :  r r r t io of  roof  l r r< ' l t  to coi l i r ts  r teu.

It shorrlrl lx' notcd tlrtt the o't'ct'rLll crx'lficit'nt [i should be

mrr l t ip l i t ' r l  l r1- thc coi l ing r t r t 'u  to t lc tcr t r t i tur  hcl t  loss,  ant l  not

( 3 3 )
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No Vcnlifolion Pover Veatifolione

Vcnfilolion rolc, cfm/ rq fl

Sol-oird lcmp., F

120
l.+0
160

o.5

l /U Ccil ing rGri3toncc, ruc

l 0 r0  l
_ l

20

3 . 4
3 . 5
3 . 6

9 . 3
l0
l l

4 . 1
6 l
/ . o

t o

9 . 6
0 . 8

l0

20

l6
t7
l8

l0
t2
t1

6 . 0
8 . 7

l l

20

20
2l
,,

1 . 9
1 . 9
1 . 9

2 . 8
2 . 8
2 .8

6 . 3
6 . 5
b . ,

3 . 3
1 . 2
5 . 0

t l

t2
t3

120
110
160

120
l {0
160

1 . 9
1 . 9
1 . 9

1 . 9
1 . 9
1 . 9

1 . 9
1 . 9
1 . 9

r . 9
1 . 9
1 . 9

2 . 5
2 .6
2 . 7

, ,
2 . 4
2 .6

2 . 3
2 . 7
3 . 2

6 . 1
l . l )

8 . 5

4 . O
5 . 8
7 . 2

2 . 8
3 . 1
3 . 4

4 . 6
5 . 2
5 . 8

6 . 7
7 . 9
9 . 0

6 . 9
8 . 6

l0

4 . 1
6 . 5
8 . 3

l3
1 5
l7

6 . 9
l0
I D

PART B. REFI.ECT'VE SURFACESI

tn
140
160

120
140
160

tm
140
160

80

90

100

6 . 5
6 . 5
6 . 5

6 . 5
6 . 5
6 . 5

6 . 5
6 . 5
6 . 5

6 . 5
6 . 5
6 . 5

8 . 1
8 . 2
8 . 3

I  . O

t . t

7 . 9

s .s
9 . 0
9 . 2

8 . 0
3 . 3
8 . 6

7 . 4
7 . 8
8 . 2

l 3
l4
l5

l0
1 '

l 3

t7
t8
l8

r3
15
l6

l0
t2
l4

t7
l8
l9

t 2
l4
l6

l J . C

l 1
l3

30
31
32

l9
It

25

t2
l6
20

l9
20
, 1

l3
l6
IS

25
26
27

17
20
o9

t2
l5
t8

6 . 5
6 . 5
6 . 5

6 . 5
i ) . J

6 . 5

7 . O
7 . 3
/ . o

8 . 0
l0
l l

8 . 8
t2
15

sThetrcrmegectiwruoiflcrrc*ia.usedtltctrett$fl! i ldlt ieventilation.Avaluefornoventilationiaalgoioeluded Theefrmtivermirtsmof the&tticmaybeaddedto

thc resistane (t/U) of the wiling (Table 16, Part D) to obtain the efretive reistane of the ombiution bared on ml-eir (Chspter 13) aud rom tenrpenturc. Them

wlus apply to wmd fromc omtruction with a rof deck and rmfrng hoving a mnductan@ of 1.0 Btu/(sq ft) (hr) (F deg).
b When attic ventilation meets the requirementa of Table 3 in Chapter 10, 0.1 cfm/sq ft mey be uumed u the mtupl summer ventilatiou mte for design purpmg'

c Recistafte Ua*, abbreviated rz ir one (hr) (eq ft) (F des) per Btu. Determine ceiling resistane lrom Tsbles tl and 16, and orrect for fmming by Figure 7. Do not

edd the ell*t of e refletive eurfacd facing the attic to the eiling resistene frorn Table 16, Part D, ro it is Bc@unted for in Teble 17, Part B.

d Rmf aurfre t€mpenture mther than aol-air t€mpemture (re Chapter 13) nny be wd if 0.25 ir subtrutcd from the attic roistane shown.

e Bred on air dircharging outwrd frorn attic,
r Surfm with efretive emiEsivity E of 0 05 b€tweeu eiling ioicts feina the sttic spe€.

by the roof area. Values of U, and U"" should be calculated
using a value of 2.5 (the reciprocal of one-half the air space
resistance, 0.80) rather than the conductances of surfaces
facing the attic, since the attic is assumed to be equivalent to
an eir space.

If the attic contains windows, dormers, and vertieal wsll
spacee, and if their area is small compared to that of the roof,
they may ba considered part of the roof area. For &ccur&cy,
the sum of the coefficients of each individuol section, multi-
plied by its percentage of the total area, should be used as
U, . Where attic wall aneag &re large or whete louver's or ventg
are used, it is preferable to estimate the attic temperature as
illustreted in Chapter 12, and calculate the heat lm through
the eeiling by multiplying the value of U- for the ceiling by
the difference in temperature above and below the ceiling.

BASEMENT FLOOR, BASEMENT WAL[, AND
CONCRETE SLAB FTOOR COEFFICIENTS

Thc heat transfer through basement walle and floors Co the

gnound is depcndent on the tempcralure difrerence betwecn

the air within and that of the ground, on'the material eon-

stituting the wall or floor, and on the conductivity of the sur-

rounding earth. Thc conductivity of the earth will vary rvith

local conditions, and is usually unknown. Testsr! at the

ASHAE Research Laboratory indicate a heat flow of approxi-

mately 2.0 Btu per (hr) (sq ft) through an uninsulated con-

crete basement floor, with a temperature difierence of 20 deg

bbtwe€n ground temperature and the air temperature 6 in.

above the floor (see Table 18).
For basement walls below grade only' the temperature dif-

ferencc for winter design conditions will be greater than for

the floor. The teet results indicate a unit area heet loss, at mid-

height of the basement wall portion below grade approxi-
mately twice that of the same floor area.

For eoncrete slab floors laid in contact with the ground at
grade level, testsra indicate that for sndl floor ore@s (equal to

Tobte 18 .... Coafrcientr of Tronsmirsion (U) of Concrete
Boremcnt Floors on Ground wil*r Vorioul

Types of Finish Flooring

U ; 0.10" Btu per (hr) (sq ft) (Fahrenheit degree tem.peleture
dif ierence'between t6e grortnd and the air over the f loor).

s gire autheDtic dcts are not availrble, thia mfficient is smetimeo wd for

crrnqete flrx,rs on trtrtrnrl l,rr Frore t'wnt prreduror' reler to Nttionol Buteou

ol Slondardr Bcport lt l lS-lC3
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Heqt Tronsmission Coefficients of Building Moteriols

that of a house 25feet squarc) the heat loss may be calculated
as proportional to the length of exposed edge rathcr than total
area. This amounts to 0.81 lltu per (hr) (linear foot of ex-
posed edge) (Fahrenheit degree differenee between the indoor
air temperature and the avera,ge outdoor air temperature). It
should be notecl that this may be appreciably reduced by in-
sulating under the ground slab, and also along the edges be-
tween the floor and the abutting walls. S€e also metions on
Basement Temperatures and Heat Lose, and on Floor Heat
Loss in Basementleas Houses, in Chapter 12. In most calcula-
tions if the perimeter loes is calculated accurately, no other
floor Iose need be considered.

GTASS AND DOOR COEFFICIENTS

The U values for glass sheets and hollow glass block, given

in Sections A, B, and C of Table 19, have been computed by
methods ind data given in an ASHVE Research Paper.E

It is assumed that the surface conductance for conveetion
loss to the air is 4.0 Btu per (hr) (sq ft) (F deg). It is also as-

sumed that the glass loses heat by radiation to the ground

and to the clear sky', which together have an effective radiat-

ing temperatwe belout the air temperature. It is therefore
necessary to determine, by trial and error, the temperature of

the outdoor glass surface such that the sum of the radiation

and convection losses equals the heat conducted through the
glass section, and equals the heat delivered to the glass from

the heated space. This heat flow, divided by the air-to-air
temperature difference, results in a U value that is used in

the usual manner. The equivalent surface conductance for

radiation and convection combined, based on air-to-surfa,ce
temperature difference, therefore varies from about 5.5 for

single glass to about 6.6 for double glass for exactly the same

environmental design conditions. Curtains, draperies, Vene-

tian blinds, etc., will result in lower glass surface temperatures
than when the rvindows are not covered.

It is assumed that the room air temperature equals the aver-
age temperature of the room surfaces seen by the glass. Special
consideration should be given to those cases where the glass

sees interior surfaces at temperatures differing greatly fronr
the room air temperature, i.e., such c&.ses as in sun rooms,
greenhouses, and some panel heated rooms, or rvhere there is
an unusual amount of air motion in the vicinity of the glass.

Although based on zero outdoor air, the values change only
slightly l'ith different design temperatures, being about 5
percent greater for a 30 F outdoor design temperature.

In computing the Table l9 values, eonsideration of the de-
pendcnce of the indoor surface conductances upon tempera-
ture and direction of heat flow leads to surface conductances
averaging about 1.50 for block and vertical glass, and about
1.80 for horizontal glass, as compared to the value of 1.,16
used in computing U values given in other tables in this

chapter. The.se ualucs should therelore be u"ged in esthnating the
kmperature at whi,ch cordewoti.on on glnss surlaces will occur.

The application factors given in Section I) of 
'fable 

19 are
based upon hot box tests summarized in a research bulletin,r'
and are approximate only. In practice, some v&riation in heat
flow through rvindows having the same ratio of glass to sash
aroa, may be expected because of difference in construction
details and in air-space edge effects. The high conductance
of aluminum and steel sash must be taken into consideration
wherc excessive amounts of metal sash and framcs are in-
volved. This is particularly important rvhen they are in close
proximity to rudiation heat sourccs and arc consequently
subjccted to high differential tcnrpcratures.

133

Toble 19.... Cocfficianh of Tronrmirsion (U) of Windows,
Skylights ond Glosr Block Wollr

C*fDcicnfr orc cxprolcd ia Blu pr (hourl lrqwn foot) lFofimrilrcil dcgrr

dif,crore in hmpcroturo bclrcon lhc oir on lhr tvo ridcrl. Thocr for osl-

dgor cxporuror orc bosd trpon lhc lalloving osldoor coaditi,orrr

O F oir lcmprclura, eltar *icr, m tolor rodiolioa,

ond 15 mph ouldoor viad velocilY

SECT'ON A_YERI'CAI. GI.ASS SHEFTS

A i r  s p a c e ,  i n c h e s . . . . . . .
O u t d o o r e x p o s u r e . . . .
Indoor exposure ..

One

None
1 . 1 3
0 . 7  5

Heol Flo* IDomF *

Air space, inches.
Outdoor exposure
Indoor exposure. .38

>;1,
*lo

sEcfloN c-wAil.s oF Hol.tow Gl.Ass BLocK

Dcscripfion
Ouldoor

Expo*re

lndoor
?orlition

511 x 53A x 37,( in. thick
i i ; ;? rz ;y r t i ; ' . i t ' i " r .  .  . .  . . . . . . . . . . . : :
l ls l  x l lYr x 3V*, in. thiek .
7,s.i-x 73,4 i lV4 in. thick rvith gltss fiber di-

v id ine  the  eav i t t ' .
119 ;  x  i l l i  x3 l ( in .  th ick  s ' i th  g lass  f ibc r

d iv id ing  the  cav i t l '

0 .60
0.56
0. 52d

0 . 4 8

0.44

0.46
o .44
0 .40

0 .38

0 .36

SECI'ON D_APPROXI MAT E APPLICAI'ON TACIORS FOR
W'NDOWS_MULTIPLY FI.AI GI.ASS U

YAI.UES BY IHESE FACTORS

Window Descriplioa

Windows wilh

Slorn SorAf

H::rli'*",
100
80
60
ti0
s0

0 . 9 0
0 . 8 0
1 . 0 0
1 . 1 0

1 . 0 0
0 . 9 5
0 . 8 5
1 . 2 0
r .30

100
80
60
80
80

80
60
80
80

0.90
0 .80
I  .00h
1 . 1 0

a For I in or greater

b See Chapter 13, Tables l{ an<l 15, for sumrner lod.

c See Chapter 13, Tsbles !1, 15, rnd 16, for sutlnrer lod.

d tr-rorr rrnpublished datr recornrnendetl by ASH.{E Trch. Adv, Comm. on

Ileat Flow Throuch Fenestmtion,

c Unit type doublc glazing (trvo l ights or penes in sme openinS).

f Us with U valucs f()r two sheets with I in. t ir sJrae.

a Rrped on area of expccd gnrtion of suslt; dms not inclurle framc or portiom

of sash conealed by fmlrte

I'For metol stornr sluh or nrctrrl srrsh rtit l t atttclted storl[ pane.

,4 i | " " Iv
o.6l l0 . 5510. 5
0.50i0.4610.4

xl ' , ; lv
.4110.3610.34
.38i0.3310.32

sEciloN 8-HOR'ZONTAI GIASS SHfFTS
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Ilt'ut tnrnsmission cocfficicnts for u'qld d<xrrs, s-ith antl
rvithout glass storm doors lrrc givcn itr Tablc 20.

WIND VELOCITY EFFECT ON U VALUES
' l 'abkrs 

5 through.q, l3-A, 14-1, 15, prrts r.r f  Tablc 19, and
Tlbb 20 show valuc-s of LI for sinter calculations, for an out-

door u'ind velocity of l5 mph. I'rbk's 13-l] and 14-ll shou'

vrlues of [r  for sumrner calt 'ulat ions and an outdoor u' inr l

vclocity of 7.5 mph. Tablcs l l ,  12, and 15 shorv valucs of L/

for both rvintcr and sumrncr. Tabk's 9 through 12 arc for in-

door U vtlues and are ba-sql upon still tir. All roof c,ot'fficit'rrt

tabk's also takc into acc<lunt thc tlirt.ction of hcrt flol'. Crrc
must bc excrcised in sclct'ting thc trblc rvhir:h applics to tlrc

design conditions. 
'l'ublc 

2l shol's romp:rrativt' values of {.I
for othcr rvind velot:itics. \\'lrt'n this tablc is uscrl for sumntcr

Toble 20 . . . . Coefficienls of Tronsmission (U) of

Solid Wood Doors

Coeftcienls ore expresed in Blv per (hour) (sguore foof) (Fohrenheil de-

grue difference in lemperolure belveen lhe oir on lhe lwo sides), and are

bcsed upon on oulside wind velocify ol 15 nph.

Nomiaol fhickness I Actuol lhickness
lncAes j fnches

Toble 2l . ... Conversion Toble for Woll Coefflcienl U for

Vorious Wind Velocities

U lor 0 to 3O mph Wind Velocil ies
U for

l5 nph"
30o i

I

l l ;
1r..i

r);

2

1 ' 2

0.6.1
( r .  o i )

0 .49
0 1 8

0 . 4 3
0 . 3 6

0 . 3 1

o . 3 7
0 ll{

0 . 3 2
0 . 3 1

0 . 2 8

0 . 2 6
0 . 2 3

3 Coruputed usirrg ,lc : l. l0 for wood,,/; : 1.16, lc: 6.0, and 1.03 for uir space.
b A U vsluc of 0.85 may be usetl for single exposed rloom containing tlr in *qxl

punelo or single prnes of cls, aul 0.39 for t lre scure with Slsistornr d@rc.
c 50 per cent glm and thin uood panels.

[/ values, it is necessary to entcr thr: table at 7.5 mph rv]rich

can bc intcrpolatcd lx'tx'ccn 5 and 10 mph. An1' valuc takon

from this tablc should bc roundcd to t$'o signifir:ant figurr:s.

Ezanr,ple 8; Find the coefl icient of tronsmission [/  of n frame
wall  consist ing of stucco, zyz2-in. instt lat ion board sheathing,
2 x. l- in. studs, gypsum lath and plastcr, and with 2-in. blanket
insulat ion between studs, for 25 mph wind velocit- ' - .

Solut ion: F'rom Table 5, this wall ,  F37, with no insulat ion
between studs has a valuc of U : 0.22. From Tahle 16, Part
A. Col.4. this wall  rvi th 2-in. insult t ion added has a valuc of
U = 0.084. Entering Table 2l i Ir  the 15 mph columrr, i rr terpolatc
between 0.080 and 0.ff)0 in 15 nrph colrtrnn and proceed hori-
zontal ly to the 25 mph column u'herc the t/  value is fnuntl  b; '
interpolation to be 0.085.

CALCUTAT}NG SURFACE TEMPERATURES

In many heating and t:ooling load calr,ulations it is netrcs-

sary to determine the insidc surflrcc tempcraturc or tlrtr tcm-

pr:rature of thc surfaccs within the structure. As thc rcsistancc

of any path of heat florv is expresscd in Fahrcnhcit tk'grrxrs

pcr (lltu)/(hour) (squarc foot), the rcsistanccs through any

trvo paths of hcat florv woultl bc proportional to thc tcmpt:ra-

turc drop through thesc paths, and can bc exprcsscd as fol-

los's:

Rr ( l t  -  t , )

Ih (t, - t,'i)

" Lt in 6rot colurrrn is frorn prerious tables or m olculated for l5 mph *ind

veleity.

uhere

1lr - the resistarrce from thc indoor air to an-rr point in the

stnrctr r re at  shich the temperature is  to be deter-

mirrcd.

/?z : thc overall resistance of the wall from indoor air to

outdoor a i r .

/ i  :  indoor a i r  temqrcratr t re.

l .  :  temlxrrature to be determined.

! ,  -  outdnor a i r  temper i l ture.

I ) turnTt le 9:  I )etermine t l rc  i r rs idc surface tcmperat t t re for  a
l r 'a l l  h l rv i r rg l r t r  oveml l  coel l ic icrr t  of  heat  t r r rnsmission U -

2262

r \ i  a
Ule
r96

u".b ud.r, wirh Grosr
Exposcd Door Slorm Door"

__l

0. ()50

0.060
I  0 0 7 0
] 0 . 0 8 0
,  0.090

0 .m0  0 .100
0 .108  0 .109
0 .127  0 .129
0 .  l +7  0 .110
0 166 ,  0.169

0 ls{  0.  lsS
0 20;l 0. 208
O 222 : O.227
0. 2+l o .217
0 . 2 5 9  r 0 . 2 6 6

0 .278
0. 296
0 . 3 1 +  i
0 3 3 2 ;
0 350

0. 286
0.305
0. 32+
0.34{
0.3611

0 .363 0.3.q?
o 385 ; 0.402
0 .+03  0 .421
0 120 :  0.139
0 +6{  0.187

i

0.5{8  i
0 6 3 1  I

0 . 7 1 1  I
0 .789
0.865 i

0.939 r  
'1 .039

1 .010  i  1 .129
1 .080  I  1 .217

0.050
0.060
0.070
0.080
0.ilx)

0 100
0 . r 1 0
0 . 1 3 0
0 .  I 50
0 . 1 7 0

0 190
0 . 2 1 0
0.  230
0. 250
0.270

0. 21)0
0 .310
0.:130
0. 350
0 .370

0 390
0 .410
0 {30
0.150
0 5u.)

0.600
0. 700
0.800
0.900
1.fi)O

I 100
1.200
r .300

0 0-r9
0 059
0.06.s
0.07s
0 0E7

0.096
0 105
0.  l?3
0 . 1 4 1
0 15S

0 .  r 7 5
0 . 1 9 2
0.2i)9
0.226
0 .2 { l

0. 257

o 27:l

0.2s3
0 :103
0 . 3 r 8

n eaa

0 . 3 { 7
0.:162

0.376

0 . - l l 0

0 .471

0.535

0.5e2
0 . 6 { 5
0 .695

o 712

0.  7E6

0.828

0.050
0.059
0.009
0.079
0.Osn

0.050
0 060
0.070
0.080
0.ff)l

0 .  l0 l
0 . l l l
0 .  l 3 l
0 . 1 5 2
0.172

0.  193
0 .  213
0. 234
0.25+
0 .275

0 296
0 .317
0.338
0.350
0.380

0 .401
0 .4n
0 .14.1

0.165
0 . 5 1 8

0.626

0.736
0.  817

0.960
1 . 0 7 5

l . 1 9 2
1 . 3 1 8
1 . 4 3 0

0.581
0.675

0. 766
0.858
0.949

0 . 1 9 2
0 .213
0. 233
0.253
0 .271

0 295
0 .315
0 .336
0.  357
0.378

0 399
0.420
0 .441
o 162
0 .514

0.620
0.728
0.836
0.946
1.058

l .  r 70
1 .285
1.400

0. rlx)
0  110
0 .  131
0 .  l 5 r
0 . 1 7 1

0 .  l 9 l

0.2r2
o.232
0.252
o 273

0 293
0 .313
0.333
0.354
0 375

0.395

0 . 4 1 6

0.436
o.457

0.509

0 . 6 1 2

0 . 7 1 6
0 . 8 2 1

o.927
1 . 0 3 4

1.142
r . 2 5 0
1 .359

0 l0l

0 .  l l l

0 .  l 3 l

0 .  l 5 l

o 172

1 3 'r 8

2l;

0.050
0.060
0.070
0.080
0.090

0.050
0.060
0.070
0.080
0.091

(7)

(361



Heot Tronsmission Coefficients of Building Moteriqls

0.25,  indtx l r  a i r  temprcr t t r r re 70 l ' ,  l r rd otr t r loor i t i r  tcnlperntrr rc
- m  F .

Solution:

I t  * l / t t  - l l 1 . a 6 : 0 . 6 8 {

I t z : t / u - r / o . 2 6 - 4 . U 1
' l 'hen, 

by l ,)<lutt ion 7

0.68{ 7lt - I,

1 f f : z o - ( - 2 0 )

L : 5{.6 F'

I i taple I0: Dctcrmine thc tenrlrcratrrrc of thc bot.tonr of a
.{- in. instr lated conciete roof sl tb to which has been glrred
)l- in. ncoustical t i le (C : 0.84) as thc interior f inislr.  ' l 'he

ronf-cei l ing ovcral l  cocff icient of hent trnrrsmission I '  is 0.1.1
for helt  f low rrp. The irrdor-rr air ternper:rtrrre is rssunred to be
70 F and the outdoor r ir  temperatrrre -20 lr .

Solulion:

l l
I l z : - : - - : 7 . 1 {- 

u 0.14

'fhen, 
by l,)quation 7

r . 8 0 _  7 0 - , ,

7.r4 70 - (-20)

t" : 47.3 h'
'l'he 

concretc surfa,cc tcmperaturc is of inturest since rcfcr-
enco to ir ps)'chromotric chart or table rvill shorv that nroisture
condensation could occur on this surfa(ro under thc lbovc
conditions (47.3 f') if thc rclativc humidity in thc roorn cx-
cceds 44 perccnt. Additional roof insulntion shoukl be t'otr-
sidcrcd n5q1'c the slnb to avoid contlensation ut this poirrt if
higher rclativc humiditics in the room &ro $l)ticipat('d.

Thc samc proccdurc can bc used for dctcrmining thc tcnr-
pcrature it any point rvithin the structurc.

A chart for dctcrmining inside s'all surfacc tcnrpcruturc is
given in Fig. l3 of Chtptcr 30, Parx, l  Hcrt irrg.
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