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Insulation for Farm Buildings 
Rv Edword k ozariOIl. ] (lInes Roy d. and R obell il/ odr/('x 

L'lgri e ll/ fllrill Fll gillt'crir lg Devar/II/cllt 

INTRODUCTION 
Michigan people pa y miJiion s of do llars each ye ,l), 

to be comfortabl e in c() ld "'l;; lth er. It is a cost ite m 
that no oJ]e Gin ;I\ 'o id ;IS ,I hom e own er, Ltrm e )' , o r 
busin essman. 

But h eating can be e ffic ie nl and economi cal. ,\'e 
ca n co n trol its loss a nd ge t th e m ost o u t of o u I' 
h eating do ll a r. Jt requires Ih e rig hl building mate r ia ls 
and so und co nstructio n . 

ln sula tion is a No. I require m ent for effic ient co n­
t ro l o[ heat loss in buildings. T he purpose or thi s 
bull et in is to prese nt a ge n eral knowledge of in sui at­
ing m;tterial s and all und ers la nding o [ tbe bas ic 
pri !lci pi es o[ using i nSliLt I io n. T he d escriptio ns. m e th ­
ods and spec ifi ca tion s prese nted here arc intend ed ;IS 
a g uide for sel ect ing ClIHI us ing insu lat io n. No attempl 
is mad e 10 cover e \'ery spec ifi c insula ti o n pro blem. 

.I nsulation reqllirelll enlS for som e buildings. such 
as th e farm house, de pe nd upo n a numbe r of [a cto rs. 
They have to be tre;tte(J illdi\·idu ally. , tVea th er co n­
dit ions , type of constrtlcL ion . m e thod of h eat ing ,Inc] 
fud costs all inllu e nce lh e Iype ,Ind amou nt of in suJ a­
tion need ed in a ho use. I nSltia tio n requ irem en ts o f 
a n elec tricall y- healed h()use, for example, a re CO I11-
plete ly diHerenl fronl Ih ose o f a house h ea ted with 
fo rced hot air. 

h is sugges ted thal you discllss spec ia l in sul a ti o n 
pro blems with local heal ing or insulaling com pa nies. 

HEAT LOSS 

The term , h eat loss, rders to the movement of he; lt 
from warm Clreas or s lirfa ces to cold Clreas or surfaces . 
H eal can be losl [rolll a room by passing throug h 
building material s, air spa ces :tnt! cra cks or openings. 
Jn Slllation itse lf does not cOlllp le le ly SLOp tb e passage 
o f heat : it m erel y reduces the ratc of h eal: moveme n t. 
, '''h e n a building is heated. loss o f h ea l occurs in o ne 
o f th e fo lJow ing way. o r by a rombination of [h em : 
( I) cond union , (2) co nvec lio n. a nd (3) radia ti o n . 

CO lldu clio u. Th is me thod o f he;11 rn ovem e n[ occ ll r 
whe never lhere is d i reel con ta cl be tween the hot a nd 
co ld a reas. For exampl e, if Oll e sll rface of a materi ;:il 
(say th e in sid e wa H 01 a ll1ilkho use) .is heated. the 

h eat will be co nducled thro ug h Ih e material to th e 
cold er surface. 

Co uveel iOIl. " 'he n air nl O\'eS ac ross a hOI: surface, 
it becom es warm and rises , thll s ca rrying a way bea t 
from th e surfa ce. COIwec tio ll d ep e nds o n som e m e­
dium , usuall y air or wa ter. LO co m ey h ea t from th e 
warm areas to colde r a reas. 
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Rodiol io u. H eal. loss by r:tdiation occurs wh e ll there 
;(re two sep arate bodi es o r s llrhlces :II differe n t te m ­
peralures . The warillel bod y or sllrlace will rCidiate 
heat to Ih e cold er bod y or sllr [ace withoul heating 
lh e air be l wee n th em. Th e heat Irom th e sun is an 
exampl e o f rad iated heal.. Anilllais can al so lose hea t 
I) ), ra di a lion to a co ld er ~ urf:l ce such as :t \\'all or 
ce iling. 

In sulatioll w i.1I reduce th e h eat loss from a bllild­
ing by a ny o ne o f th e :tbo\'(; Ill et hods. 

INSULATION 
T he term , in Slll;l l. ion , refers to nlate ri , t! ~ \I'h ich 

h:t\'e a high r es ist<lnce 10 th e f!ml' of h ear. H eal cloe 
nol pass rea dil y throug h Ih cm . \I ost insulatio ns are 
fibrous o r g ra nul ar mal erials th:tt co nta in m any liny 
a ir pocke ts o r ce ll s. G e ne rall y, th e m ore a ir pock t 
in a mater ial , tb e be Li er it is ;( ~ insulatio n . Som e 
building material s. sli ch a s \mod. ha\'C good insul al­
i ng prope rti es wh i Ie oth e rs. J ike co ncre te, a re poor 
insul a tors. For exa illp le, o ne inch of wood has a p­
proximately le n tim es th c inslilatin g va lu e 01 o ne 
in ch of co ncre te. 

Anothe r lype o f in sulalio n, rdl ective. co nsiSlS of 
11i e taUic (usuall y a iu m inlllll ) coared paper or m etal­
li c fo il. R ell ec live rnateri als in sulat e o n a n entirel) 
different prin cipl e Irolll lhal vi fibro llS o r g ra nul ar 
ilia Le ria Is. T he i I' e n eeLi ve ness is ba sed o n th e Jact that 
po li shed smoo Lh m e talli c surfa ces reflec i radi a led 
heat milch like mirrors rdl ect lighl:. R efl ec t i\'e inslI I­
lators are effective o nl y il there is an air spa ce o n o n 
or both si des 01: Ih e me l;d li c sur face. H ence. r e flec live 
in sulation should nOl be placed be tween sheathing 
~!Ild siding or imbedded in co ncr ete. 

WHY INSULATION IS NEEDED 

Insulatio n is u sed in soni c farm buildings to pro­
\' id e m o re comfort in both 'I'inter and summ e r. In 
\Villlcr, insulatio n pro vid es a mo re eve n temperat llre 
in I he building by red uci ng the heat loss ;lIld by 
el iminating drafts and coJd co rners. In SLllllm er, 
i nSlIla lion reduces th e a mo u n I. o r h ea t e n te ri ng the 
building. 

Hom e insulation wi ll l'ecLll ce th e cost of healin g or 
a ir conditioning. an d will soon pa y for itse lf thro ug h 
rll e l savings. r\j so, an ill sul<llecl h Oll se can have ,l 

smaller h eating plant as compared to the sa ill e siLetl 
ho use w ithout insul a lio n. 

J n animal bu ilcl i ngs in sula lio n G irt in crease p ro­
duction as welJ as d ecre{lse sickncss and m o rta li lY. 



,....-

Proper i n ~ ul a tion a lid ve ntila tio n GI!l red uce or SLO p 
cond e nsa tion or " swea tillg" in barns a nd pens. 

Oth er [acLOrs that justiry th e use 01 inslil at io n in 

1';11"111 buildings ar e : in creased rire res istance, so und 

prooring a III I in creased bllildin g values . 

WHERE TO INSULATE 
I r yo u pl an to in sul ate a n y building be sure it is 

in good co nditio n . Seed, a ll cra cks or air lea ks in w,dl s, 

aro llnd doors and windows, in ce ilings a nd Hoon 
before in stalling in sul at io n . Caulking, weal he r strip­
pillg , ;Ind sto rm wi ndows. a re as imporla n t as ill sula ­

tion ill kee ping heat ill a bu ildin g . 
A n es timated ~O o/c 0 1 th e total h eat loss goes 

throug h th e top o r the bui lding . J[ o nl y P,lrL 0 1 ; 1 

b llildill g is to be in sui;lled , sL,ln first with th e ce iling 
o r rool. \\ 'hethe r to place th e insliialion in the ce ilillg 

o r r o01 o[ a hOll se d epe nds o n how you wallt lo li se 
th e a lli c space. 11 yo u wa n t lo hea l th e aLli c. lh e n p llt 

the insulation just lInd er th e roof. In an unlwated 
a lli c, pLin: it jllst abm'e th e ce ilillg be loll·. 

Farnl hom e inSlil at ion sltou ld be placed in all ou l­

sid e 1I'; dl s and in wa ll s ne xt lo lInheated garages a nd 
sto ra ge roo lll s. HOllses w ith o ut a baseme nt need insul · 
ation in rh e floor. Floo rs or roOIllS m 'e r open p orches 

sho lild also be insu lated . 
In gene ral , in sula tio ll should be placed h etween the 

heated an d unh ea led areas or a building. 

INSULATION MATERIALS 
Raw m ater ials used in the m<illll[a c ture or in sula ­

ti o n a re cla ss ifi ed as fo ll ows: 

A. Mineral 
I. (; la ss \\'ool 

2. Rock woo l 

:I. Slag wool 
·1. Expanded milleral s 

;1. Verm ie ul i te 

b. Pearlite 
5. ,\[el;i1li c Foil 

n. Vegetable 
I . Ce llul ose JibcTs 

~ . Cork 

:I . Cotton 
cl. Paper libe l'S 

5 . \\'ood fib e rs 

C. Plastic (foamed) 
A ll in slilation matl: ri ,ds III ge neral sh o liid Ital'e lil e 

following propl:ni es: 
I. R es istance Lo fire 
') Resistance to rnoi slUre ami d ecay 
~ . l'\O l ;l tlractil'e to \'e rmin and in sec ts 
Th ese ill 'i ld at ing Illale rial s arl: manurac tured into 

dirfere n t lypes or fo rill s such as blank e ts, ba tts, e tc. 

Th e ch o ice o r w hich Lypl: to use d epcnds o n wh e re 
it is t() be illst a ll ed a nd th e ease o f applical io n. 
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Figure l. Le\'e1ing fill type insulatioll placed be tw ee ll 
ce iling joists. 

INSULATION TYPES 
Loose jill illS lI/al i() l/ . Loose fill insuiati uil', are blilk 

nl a te rial s. Th e)' are lI suall y so ld in ba gs, and com e 
in two lorllls, fibrou s alld gra nul ar. Fibrous maLerial s 

Sll CIt as rock wool a nd g lass wool are poured in to th e 

framill g spaces- wh ere it is pra c ti ca l to d o so-o r 
blownint() lraming spaces with spec ial equipm e nl. 
""all space, in ex istin g bllildings ma y be in slilated 

this way . 

Cranlilar insul ations lik c ye rmiculil.e and pearlite 

Gin be m o re eas il y poured in to spaces without th e 
use of blo\\' ing eqllipme nt. Bes id es fillin g exi sting 

wa ll spaces, th e fill -t)'JJe insulaLion Gin be lI sed to 
illsul a te ce ilings. T he fill is placed be tween th e cei lillg 

joists alld le l'e led o il' to the d es ired thickn cs,;. Sec 
Fig llre I. It is irnport.a nl lhal a vapor barri e r (see 
disCilssion below) be pla ced on th e warm sid e ()f th c 
illsulaLion. 

Th e cores uf co nCT<:le bluc k wal ls ca n be eas il y filled 
\,\' ith gralllliar fill in sulatio n . The fill is poured int o 
th e cores as tlt e wall is be ing c()nstr ll cted ( Fig-m e 2) . 

All fill in slil a tions will se tcle in l.illl e: Lherclore, 
insulalnl sp;lces sholiid be checked p er iodi ca ll y and 
refilled il' lh l: illsulatioll has set tled le;)ying an un ­

inslilat ed ,' pa ce. 

8/IlI//; p I IIISlIllIli()l/ . Ill sulation blanke ts a rc mad e 

by encl os in g thl: in sula Li o n materials between two 

la ye rs of paper. ,\I a n y manufa cture rs incorpo r<lte ;1 

I'''por barrie r o n one sid e o f th e blank c l. r\ spbalt­
saturated papl: r or m eta lli c-coared pa per o n on e side 
Ill a ke e ltectilT vapor barric rs. 

Il is importanl that th c side 01' the blanke l II'it h the 
I';)por barrie r is pla ced to th e warm sid e or the wall 

or ce iling . The s id c or the blanke l w ith th l: t h in. 



F igure 2. POIII' ing granular till insul a tion into the cores 01 
a block wall. 

usu a ll y perforated paper shou ld be placed to the co ld 
sid e of th e wall. 

Blank et in sulatio ns a rc lll a nliLl ctured in wid ths 
sui ta ble for insert ing be twee n the slr ucWra I fram i ng 
m embers of a building. T he 15-i nch-wid e blanke t is 
used for frami ng spaced I (j i ll ches a p;ut a lid th e 
~:l-in ch -wide blanket is used for framin g 24 in ches 
a pa rl. 

Bl a nk ets arc provided with a na iling flan ge o n 
e<l ch side so that they ma y be nail ed o r st<lpled to t he 
f<lce or th e in sid e edge of th e fra m i ng m em ber. 

RI <l nk e ts are ava ilabl e in thi ckn esses o f I. 2, and 
;) inches a nd in le ngths up to IO() feel. T his type 0 1 
in Sl.lhtio n is uSli a ll y installed in wa.lls. ce ilillgs and 
Hoors d u ri ng construction . 

In im ta lli'l g the blanke ts, it is im porta lll t/rat Lh e 
entire opening i, sea led. Do this by cutt ing th e 
blanke t ,I in ches longer than Lh e /en goth o f th e spa ce. 
T hen , remove ~ in ches o f insulation Irom each end 
of th e blank et lO form a nailing flan ge [o r na iling 'II 

the sill an d at the top pl a te (Figure :l). 

Balt ills1I11Ilioll . Batt insula tio n is similar to blanke t 
except that it ma y not have th e enclosing paper on 
both sid es. Som e ba LLs ha ve a va p Ol' ba rri e r o n one 
side only. Like b lanket insula t ion, th ey are in sLall ed 
with the paper on th e warm sid e o[ the ,,' '1 11. If yo u 
use plain batts w ith o ut a paper covering , be sure to 

proyid e a separate vapor barri e r. 

Batts a re manufa ctured in the s<lm e width s a nd 
thicknesses as blank ets; but the y a re o nl y -J tect or 
less in lengt h. Batts are especia ll y suitab le For in sulat­
ing new con slruction (Fig ure .J) . 

To insta ll batts in walls, start al th e botto m , butting 
success i\e baLts toge ther. Press th em ti ghtl y together 
and to th e studs lo IJrc ' "ent air Jea kage. 
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Figure 3. Providing a nailing flange at the bOIlOI1l of 
blankel insulalion for nailing to the si ll. 

\\' he n el ect rica l o utl e ts, pipes or o th er fi x tures a re 
present in the wall space, th e insulation ca n be re­
Illm-ed from the batt and placed behind the o bj ec t.. 
T he va por barrier sh ou ld be cut to fit snu g ly aro unrl 
el ectrica l o u t le ts. 

Rig id IIISlilali()1I II}" il/Jll lfll i ll g boards. Som e insula ­
ti o n mater ial s, such as wood fib ers, a re made inlo 
ri g id boa rds a nd used as sh eathin g, in ter ior finishin g 
boards, insul at in g pl an ks <Inti var iou s other sp ecialty 
items. Table I sho ws som e o f th e comm o ll sil es <l nd 
lIses of insul at io n board. 

Sia/) illSll lflt io ll So Slab in sulatio ns a re smaIJ , rig id 
blocks o f some in sul ati ng material. T h e most COlll lll o n 
materials used fo r s labs are aspha lt saturatcd wood 
fib ers, cork. g lass and pla stics. T he s lab "in sul a tio ns 

Figure 4. In slallalion of balt type in sulation in a sid ewall. 



ar e used primaril y in co ld storage room s or for pe ri ­
mete r in sulation ror conn:cte slab-on-grade constru c­
tion. Since th ey are uscd in locations whcre moist ure 
.is alwa ys present . slab insul ations are ,,·a ter-proof anti 
can H·ith sta ncl \I·ea th e r a nd ex posure. 

In th e constructi o n of co ld storage rooms, slab in ­
sulations are a ppli ed to walls and ce ilings with a 
mastic co mpounci. Thus, there is no need to use 
furring str ips. 

For slab-on-grade construction, tbe insulaLi on is 
placed aro llnd the per imeter o f the found a tion \Nall 
(Fig u re 5). Pe rimetcr in su la tio n w ill be l p preve n L 
co ld darnp concre te fl oors, es peciall y around the out­
s ide of the buildin g . H th e concrete floor is to b c 
h ea ted w ith floor co il s. the sla b insu la tion is al so 
placed und crneath Llle concre te [0 stop hea t. loss into 
th e ground 

R effec li1le i ll sll1a/ iOIl. R e fl cc ti ve i nsu latio ns com e 
in two ba sic t ypes-a s ing le la yer o( ldlec tive fo il o r 
mu ltiple la yers of fo il separated by paper fo lded lik e 
an acco rdion. T h e accord io n -type .in sul ations mai n­
tain an a ir space bellvee n th e re fl ect ive layers of foil 
and are mOle effic ient than a sin gle laycr of foi l. 

Refl ec t il·e in sul a ti o n is somcLirn es combin ed with 
oth er forms o f in su la ti o n. For exanlp le, one sid e o ( a 
bla nkeL type or ri g id type ill sulatioll Illay be lineel 
wi th Hletal1ic fo il. .It is impo rtant, 11Owcl·er, to leave 
an air space n e XL to Lh e m etallic surface. 

l\ ,l eta II ic [oil s o r m etalli c coated papers ale res ista nt 

.. 

~ 

• 

• 

. . 

• 
" -.' 

Asphalt Seal 

Vapor Barrier 

Perimeter Insulation 
24" Deep 

Footing 

F igure 5. :\Iethod of placing perimeter insulat ion around 
lhe (OLInda tion wall. 
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TABLE 1 

Sizes and Uses of Insulation Boards 

Product Size Thickness (in ) Major use 

Shea tili ng 4' x S' 
2' x S' 

:Roof in sula tion 2' x 4' 
board 

1/ 2. 2:) / 32 
1/ 2, 25 / 32 

] / 2. I 

In terior t ile 12" x 12" ] / 2 
12" x 2'1" 
l6 " x J6" 
16" x 32 " 

I nte rior boa rcl s 4' x S' J / 2 
4'x ] 0' 
'I ' x l Z' 

Sh in g le b"cker V'lrioll s 3 / S, 5 / 16 

VVall sheath in g 
uncl er sidin g, 
shin gles o r brick 
veneer. 

U nder b uil t-up 
roofing on ACit 
roofs. 

D ecorative in sul ­
a ti ng walls a ncl 
ce il i ng in the 
bome. 

Several purpose 
for str uctural 
insulatin g board, 
can be pain ted 
or covered with 
other flll ish 
m a te rials . 

LJ ntlerco urse fo r 
\\'ood o r Ce)Tl e llt­
asbestos shin gles 
a p pl ied over 
shealh ing. 

to the pa ssage of waLer vapor: he nce, th e reflective 
in sulation s al so ael as I·apor barriers. It is important 
not to break o r tca r tIl e rdl ec tive m aterial when ap­
plying iL, or its effective ness as a vapor barri er wiJJ 
be destroycd. 

Othcr ach ·;lI1tages of refl ective in sula tion are: it c10es 
not a bsorb m o isture, which wo u lll r educe its ef fect ivc­
ness, anel it d ocs not store up h eat. Al so . th e re fl ectivc 
i nsu lat io n will not se ttle a nd le w e unin sulatccl gaps 
at thc ce ilin g leve l. 

\\Th en in stalling rdlect ive in slil atio n in wall or 
ce ilin g spaces, p lace th e insul at ion at th e Iniddl e of 
tbe spacc as sho wn in Figure 6. In ta ll ee! in this 
wanner. the ref lecti ve in sll iation creates two air 
spaces whi ch kecp clown heat Joss . 

F(lIln-jnodllCPd i nsilia/l o li. i\lall Y lllaLcrial s pro­
du ced o n the farm ha vc good insul at ion properties . 
Straw, corncobs, sawdu st Clnll wood sh avings are good 
in sulators ; however. th ese ma Lerials tene! Lo absorb 
moisLure and will lose their in sulatin g I·a lu e unless 
Lhey ;lre kept perfectl y dry. Farm -produced maLerial s 
are not. fire or rociellt res ista nt. ;lI1d . therefore, are no t 
recolTlm end ed un less spcciall y tredted. or these ma ­
teria Is. sha ,illgs a re best . fo llowed by coarsely g rou n cl 
corncobs. Sawdust and straw should be used only as a 
la sL rcsort. 

VAPOR BARRIERS 
An y insulation ill a buildin g lllU sL be protected 

Froll1 moiSLure by ;1 I·;tpor barri er. As prev iousl y 
d escribed. sOllle in sulati on materi als com e with a 



V f~ TI CAL SIDING 

SI4[AT~'NG 

INTERIOR F1NIS14 SIAPLEO OR NAILED TO SID[S OF STUDS 

WALL CROSS SECTION 
Figure Ii, Ins lalling re Aen ive 1), I)e in sulati o n in th e middle of th e stud space, 

vapo r bd lTi n :l lLlcil ecl, Jf yo ur in su la t io n d ocs n ot 

han: its oll' n \';Ipor barrier yo u mu st p r()\ 'id e a se p a r­
;Ile o n e, 

.\Llt c r i;t/ s lI sed as \'apo r /) ;Irri e rs a re Ill e ta lli c fo ils, 

as p lLil t imp regn a led p"per , po lye lh yle ll e p las ti c a nd 

o the rs lh a t .b,,\'e a hi g h res ista n ce to nl o istllre [Ja il', 

E nCim e l o r o il pa illls appli ed to th e in side wall s w ill 

a lso se n 'c as ;1 \'apo r ba rr ie r , 

,\I n istllre, in th c rnrnl o f \ ' ''P0l'. is a lw" ys present in 

thc :til' ill sid e b llildin gs, I t com es rrom m a n y so urces: 

coo kin g, bathing, was hin g, a nc! we t ri oo rs alJ add 

large ;I lll o unts of Ill o isture to the air, III a nim a l sh el t­

ers, Ill o~ t or th e m o istllre com es fro m th e a nimal's 

brcallt , llrill c a nd dro p p ings , 

\\ -h Cll thc am o lillt o f wa te r \ 'apo r in the a ir o f th e 

buildin g is g rea te r th ;111 th e wate r \'apo l' in tb e :l lr 

o lltdoo rs, th c \'apor will m ove rro l11 th e ins id e to the 

o ll tsid c , T hi s \'a por tll OVentent is in creased whe ll lh e 

a ir i, h C; lled becill se warlll air can ho ld m o re "<Ipo r 

tll<lll cold air. H e li ce, d llrin g th e \" inter , tlt e I11m'e­

Ill Clll of \'apor is sp eed ed u p du e to th e g re<lt differ­

en cc beL II 'CCn ill side a lld outs id e tempe ra tllres and 

co nd c lI "a li o ll m a y OCC li r. Tit is h a p p e ns heca use wa r m 
mo i ~ llll 'C- l;ld e ll elir corn cs in co ntact with co ld su rf'aces 

a nd cO lld c ll ses th c I'a po r in to wa le r. T hi s cond ensa ­
t iOl1 lI' ill occ lir a ll Lit e s lirfa ce o r w ith ill th e wall s and 
ce ilin gs, 

T h e olll y erl'cct il 'e w<l y to cornb<lt cond en sati o n is to 

1I ,e ;1 combi ll ation of ill slli a tion a nd ;1 \'a por ba rri er , 

In huildin gs whe re a L'rge am o unt or moi sturc is 

cO Il.) LlnLi y produced , it llIa y be n ecessary to I'en t ila te 

als () in o lli n to cOll1plete ly pl 'C \'Cnt cO lld ensat io n , 

VENTILATION OF ATTIC SPACES 
T hc '> pacc abm'e an in sul a ted ce ilin g sho u ld be 

l'cnliLt lcd to rem o \'e an y Ill o isture which m ay acc lImu ­

la tc there, Lou\'e rs a t cach end o r th e bu il din g l'I' ill 

p rm ' id c good a ir c ircul a t iOll , r\ IOLl\ 'e r a rea o f o n e 

sCjllare fOO l: fo r e \'C r y 250 sq ua re fee t o f ;lttic fl OO I 

area "lt o uld be prOl'icl ed , 

7 

INSULATION VALUES AND CALCULATIONS 
In su la t io n ma te r ia ls as \I'e ll a oth er bu del i ng ma ­

te rial s, a r e rated accord ing to the ir a bil ity ei th er to 

comlu Cl or to resis t th e [l UII- o( h eat. A kn o wl ed ge 

o[ th ese va lu es l or dil[e ren t in sula t ill g rmlleri als ca n 

h el p yOIl ( I) compare th e crrect ive n ess of dle mate r ial s 

a ll d (2) com pu te t h e alll oun t of in s ul a ti o n n eecl ed a n d 

its cost fo r a g ive n ,1I'e;1 o r bu i ld in g , 

T h e prop erty th at exp resses th e a biJi t y o f a m ;\­

te ri a l to conduc t h ea ti ~ tenn ed th e th erm al co n d uc­

t ivit y, a nd is abbre l' iated by th e Jetter k. T h is k 
1 ' ~tJu e g ive, th e a m o unt of h cat (Btu / h I', "B ri t ish 

th e rm <l l units pe r h Oll r") th at will pass through a 

p iece of mater i,1I linch th ick a nd 1 sq uare foot in 

a rea , w h c II the tem pe ra LUre dif'[crence between t h e 

tll'O SlIrfaces is o n e d eg-r ee 'Fah re nhe it. 

T h ese k \'<l lu es arc ll sed for l1l<l te ri ;t/ s th <lt are un i-

1'0 1'111 o r ho m oge nous ,ill (['oss sectio n, s uch as con crete, 
lumber a lltl in sul a ti o n , etc. j\C a n y m;lnuract u red m a ­

te ri a ls whi ch Jl ave ;1 sp ec i fic siLe, s uch as co ncre te 

bl ocks, as ph alt shin g les, c tc. , <I re g ive n a n o\'er a ll 

condll ct ivity val li e [o r th e th ickness stated , T h e le tter 

C is Il seci to d e n o te th e ()\ 'e ra ll co ncill c ti\' i ty or such 

m a te rial s <l lId ,is knowll <I S th e conductance, 

It is importa nt to rClll en lbe r t h a t ;L k I',t/ll e is fo r a 
I-in ch t h ick ll ess o f lll cLte ri al a nd a C v alli e is fo r a 

mate ri aJ o r an y g i\'e ll th ic kn ess, 

T h e seco nd m e th od o [ l'dtin g m a ter ia ls is b ased on 

th e ir a bility to res is t th e 11 0 \1' o[ h ea t. T hu s, th e 

th enn ;t/ r es istiv ity (; ,bbre \' ia ted b y th e ]ell er r) of a 

lll a te ri a l is a m eas ure or th a t mate ria l's a bi lity to 

res ist th c fJ ow o[ h ea l. T h e th e rm a l co ndll ctivity and 

th e rmal res ist i\' ity o r ;L g'i\ 'en m a te r ia l a rc related 

properti es, ;Lncl ir o ll e is k no wn , th e ot her can be 

fOllnd hy lI sin g- th e fo ll o win g re la ti o n shi p" 

1 I 
k =- and r = -,-

I' K 

T h e t h e rmal res isti, 'it y of h Oll1oge no ll , mate r ial s 

;Ire expressed fo r <I I in ch lhi ckll ess , T hi s ya iu e \'ar ies 



TABLE 2 

Resistiy it y and Conductivi ty of U niform 
Building ,\laterials':' 

~\[aterial and Description 

Buildin g BO<lrds 
.-\ShcslOs-cemell t board 
G ypSUl1l o r pl as ter board 
1'1V\\'00d 
W'ood fiber board (30 Ibs_ / cu. ft. ) 
Wood fih er-h;tnlboard type 

Insul a tin g ,\I ;lte ri ;tls 
Bl a nk e!. and Ba ll 

COtLOIl fih er 
!\ 'I inera l " '001 (processed frolll 

rock . sla g or g lass 
\1\' ood fi ber 

Boa rd s 
C; lass fiber 
Wood fib er (interio r fini sh) 
Shea thill g 

Boards a nd S I " b ~ 

Cellular g l<l ss 
Cork board 
PI<l stic (foam ed ) 

Loose fill 
iVI inera l wool (rock. slag or g'la ss) 
Saw dust. sh;l\·in gs. corn cobs 
Vermiculite (ex pa nded ) 
Wood fiber (rcdwood . he1lliock 

or hr) 

\ Iaso nry 
Ceme nt In on ar 
Regul ar co ncretc 
Lightweight concre tc 

100 Ib. / cu.ft. de mit y 
RO Ib. / cu.ft. d ensity 
60 Ib. / cu.ft. de nsity 
·HI Ib. / cu.ft. dens ity 
20 lb ./ ndt. d ensity 

Brick. CO llllllo n 
Brick. r<t cc 
Ston e masonry 

Plas terin g I\l a terials 
Cement pl <t stt:r , s<l nd. ; Iggre ga r ~ 

G ypsum p las tcr. sa nd. aggregatc 
G ypsum plastcr . pear li te 

li ~l;gre ga lC 

G ypsum plaster. I'e rm iC1I1 i te 
agog-regale 

Woods 
\l apl c . oak a nd si1llila r 

hard " 'oods 
Fi r. pine a nd simil ar sort"'oo<i s 

Conduct­
ivity (k) 
Pe.- inch 
thickness 

·HIO 
1.1 3 
0.80 
O.5() 
1.40 

O.2(j 

0.27 
025 

0. 25 
0. 35 
0. 38 

0.40 
0.27 
0.29 

0.:;0 
0.45 
0.4 8 

U. 30 

5.00 
J 2.0 

:; .60 
2.50 
1.70 
1. l:l 
0 .70 
5.00 
9.00 

12.0 

5.0 
5.60 

1.50 

1.70 

1.10 
0.80 

Resist­
ivity (r) 

])cr inch 
thickness 

1l .2:l 
O.S9 
1. 25 
2.00 
U.72 

3.R:; 

'l.70 
4.00 

4.00 
2.86 
2.6 :; 

2.50 
3.70 
:;.45 

:U3 
2.22 
2.08 

3.3:; 

0.20 
(UIS 

0.28 
(l AU 
(l. 59 
0.86 
1.43 
0.20 
0.11 
O.OS 

0.20 
0.1 8 

o.m 

0.59 

0.9 1 
1.25 

· Valli cs in la bles ~ .. 111<1 j la ke ll fro m " Hcfl tin g", Ve ntil a ting lilld 

.\ir Condilioning Cuide. I ~ I :)~". 
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directl y with th e thi c kn ess of th e mate rial : /or ex ­

ample, 2 inch es 0 / inSlilation ha\ 'e twi ce t.h e re~ i , ti\ ' it ) 

as I inch. Manufa ctured produCls whi ch a rc lIot 

homoge nous arc g ive n an ()\T rali \'a lu e for th e thick ­

n ess stated. This ove rall valli e. whe n expressed fo r a 

g ive n prodllct is cal led the res istance ( R). 

Again it is important to note th a t resistivity r e Jcr .~ 

to a ] inch thickn ess whil e resistance refe rs to a p a r­

tinllar thi ckness which Illa y be largc r o r sm a lle r th a n 

on e inch. Th e re lat io nship be tween th e condllcta ll ce 

C and th e res istancc R , is g i\'e n b y: 

I I 
C =R and R = c 

Th e th e rmal conductivity and th e rmal res istivity lor 

lIni/orm bu ilding matc rial s are g iven in Tabl e ~. Th e 

condll ctance a lid resi sta IIces for non -li n i [orrll III a te ria Is 

(I r e found in Tab le 3. In comparin g mate ri a ls for 

th e ir in sulating valli e . a lower k \'alli e indicates a 

bc tte r inslilation , whil e a hi g h e r )- \'alu e indi ca te, th e 

be tter in sulati o n . For examp le, g la ss wool \I' ith a k 

\',dll e o f 0.30 is a bc tte r in sul a to r th a n sawclu ~ t whi ch 

h as a k va lli e of 0.45 . Or. in comparing r val li es , g la ss 

woo l has a n r va lu e of 3.33 while s:nvdust has a n I' 

\'" Iu e of 2.22. 

Air spaces a s w c ll as all' films on th e s ur[a ces o r a 

wall o r roo [ have an insulating valu e. Th e res istance 

of the air fi lm on an in sid e surL=t ce is 0. 68 (ass uming 

no \.vind) and that o f th e air film on th e o utsid e sur­

fac e is 0.17 (assllmin g 15 mph wind ) . Each ve rti ca l 

il ir space (Yi inch to -I in ch es) Ius an R va lu e o f 0.97 . 
Air SpilCCS that h il ve re fl ecti \'e linings o n o n e o r bo th 

s id es arc al so g ive n diffe re nr R \·,t1u es as sh o \\' n in 

T a ble 3. 

You can find th e o verall in su lating \',du e of a wall 

or roo f, composed of se vera l difle rent m a te rials , b y 

using e ith e r th e condu ctance ntlues or th e resistan ce 

va lues of th e individual mate rial s. Th e followin g 

rormul as sh o w thal it is s impl e r to work w ith r es ist ­

ances lhan with co ndu cta nces. 

T o find th e to tal res ist a n ce o f a \\"a ll o r roo r com ­

posed of se \'e ral differe nt mate rial s. \y e ma y la b e l th e 

materials as mate ria l I , mate rial 2, e tc. a nd lISC th e 

ro ll owin g form II Ia. 

R t = R·i + rl (x l ) + r :z( x:z ) -t- . ..... + Ro 

'Vhe re : RI = lOta l r es istan ce of: t.h e wa ll 

R ; = insid e surfa ce air fi lm res istance 

r , = r es istivit.y o f mate ri a l I 
Xl = th ic k n ess o f lila te ri a I I 
r 2 = res is ti v ity o f m a ter ia l 2 
x·!= thi ckn ess o f mate ri a l 2 
R " = o u ts id e surface air film res is ta nce 

Th e abm'C fo rmul a ma y be ;,dapted fo r a n y nUIll ­

ber a nc! cOlllbinati o n of m a te ri a ls. Fo r e xa mple, the 



TABLE 3 

R esistant:e and Conductance of 

Building Materials'" 

Thickness 
"alerial and Desnipl ion (inches) 

.\ir Space 
Ve nical ,,> / -1· to <I 
S,lnl C with rc llen ilT 

linill g Oil OIl C side ;) / 4 to 4 
Sa me with re li eniH: 

lining OIl bo th ;) / 4 to 4 

.\ir surfacc filllls 

Outside surface (IT rti cal ) 
In side surfacc (ve rtical ) 

Floo rill g ilia te ria Is 

.-\ sphalltilc 
L in ol e u1l1 
R uhber or pla stic til e 

'\l asO llr )' U lli ts 

C la y ti le. iloilo\\' -f 
Ci a)' til e. iloilo,,' 6 
Concrcte bl oc ks. three: 

(l1'a! core -{ 
R 

12 
Cillder ag-greg<lle 4-

(<ores fill ed ,,·ith 

8 
12 

vermi culile) H 
1.ig·ht\re ighl aRgregate 

(e xpand ed sha le. c lay. 
sla te or s lag") 4 

Roo fing 

R 
12 

.-\ sbes los-ce lll e n l shingl es 1/ 4 

.-\ spilalt roll roofing' 

.-\shphalt shingl cs 
Built-up roo f-in g 'J / H 
Wood shingles 

Sidin g 

.-\ siJeslOs Ce lllCIH 1/ 4 
\ 'Vood . I x8 Ill. drop 
Wood. V2x7 In . bev e l. lapped 
\ 'Vood. ¥-Ix III II I. bel·e l. lap p ed 

.\ I isce ll aneous 

Conduct- Resist-
ance (C) ance (R) 
for thick- for thick­

ness li sted ness listed 

1.0;) 

0.46 

0.'1 1 

6.011 
1.46 

:l4.80 
12.00 
42.40 

0.90 
0.66 

J .40 
0.90 
0.78 
0.90 
0.58 
o.r)3 

11.25 

0.67 
0. :10 
0.44 

4.76 
6.50 
2.27 
3.00 
1.06 

L76 
1.27 
1.23 
0.95 

11 .97 

:l. 17 

2.44 

0. 17 
0.68 

0.04 
0.08 
0.02 

1.1 I 
1.52 

0.7 1 
1. 11 
1. 28 
1. 11 
1.72 
1.89 

4.110 

1.50 
2.00 
2.27 

0.21 
0. 15 
0.44 
0. 33 
0.94 

O.:l l 
0.79 
0.8 1 
1.05 

For the follow ill g 1lI ;l te ri ;t! s lhe lota l tra nslllitta n ce 
(LI) and th e: tota l res istall cc (R t ) a re g il'e n 

Descri I) tion 

Sill gle p a ll e wind ows 
Do ubl e p a ne \I' indows 
!A in . sea led air space 
V2 in. sea led a ir spa cc 
Singl ep a ne with sto rm 

sash (:tvg-. val li e) 

Total trans­
lIliuance (U) 

1.1 3 

0.61 
0_.55 

0.6.5 

Total Re­
sistance 

CRt) 

.89 

1.64 
1. 82 

1.54 
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formu la lor a wall composed or fiv c different m a terials 

wOlild bc as rollows: 

R[ = Ri + r l( x l) --I- r~ ( x~ ) + r:~( x ::) + r~(x~) + r~ ( xG) 

+ Ro 

i\ote that wbeneH:r the res istivity \ alue (I') is used 

[or a material, it Illust be Illllitipli ed by tb e tbickn ess 

or that Illaterial. For m atcria ls that havc a resistance 

\·;t!u e (It), the thi ckness is a lread y take n in to account. 

For exampl e. find the tota l res istan ce of a wall 

cOIlJPosed or 'Y, -inch Doug las Fir sielin g on the o ut­

s id e or th e swel" and Y2- in ch wood fib er in sul a tin g 

board as all interior fini sh . From Tables 2 and 3. the 

fo llow ing val lies are obtained: (XI and x~ are ob­

tained rrom the gi\'e ll info rm a tio n ) 

R ; = .68 

r, = 1.25 

XL =o/:i or _7 5 in ches 

Ra = (resistance o f th e a ir space) = .97 

r z = 2.86 

x~= Y2 or .50 inch es 

Ro= ·17 

SLlbst.ituting into the [orm ul a: 

R, = .68 + 1. 25 (.75) + .97 + 2.86 (.5) + .1 7 

R, = 4.19 

The total resi stan ce (R t) is used to determin e 

wh eth er or Il ot il. is ad equat.e 1'01' farm buildings. The 

recommend ed tota I res ista nce va I ues [or inslL lated 

farm structures in Michigan are g iven in Table 4 . 

The rollowing examples wi ll illllstra te th e compu­

tation of the tot.al res ista nce for \'arious situation s. 

TABLE 4 

Recommended l\linimul11 "Rt" Values for 

\Jichigan Structures 

lhir)' iJarn (stanc hio n ) 

.\1 i lkhouse 

Layin g ho use 

Broode r h o usc 
l~ <I rrow in g h o use 

_-\ i r-cooled storages 

"R t " Value 

Sou thern N ortJlel'll 
Michigan Michigan 

!).oo 
;).00 

10.00 
3.00 

').00 
20.00 

7.00 
,)_00 

14.00 
3.00 

7.00 
20.00 

For additiona l informalion see l 'SDA Mise. l)ubli ca tion )/0 . 

633. " Your far mh ouse. Insulati on and \Vealhcrproofing. " 

- ----- - - --. 



Exa mple 1 

Find Lbe r es i ~ta l1 ce o r ,In 8- in ch cinder block ,,'all 
(co res fill ed ) and determi ne it Lh e walli s SII ila b.l e fo r 
a milkh o ll"e. T h e res istan ce of an 8- incll c in der block 
(3 o v,iI co rcs. vcr miculi te fill ed ) from Tabl e 3 .is +.00. 
The in sid e a nd o llts id e l\' ~t! l surLtce res ista nces Crom 
Tabl e 3 are add ed: 

Outsid e ;, urfacc r es ista nce 
8- in ch cinder block (3 oval 

core". \'e nni culite fill ed) 

.I Jl s ide su rrace res isLan ce 

Total re" islance 

0.17 

41.00 

0.68 

-185 

T h e reco nl c ndecl reS iSl::l nCe for a milk.h ouse is 5.00 
as g iven in Tabl e -J. The w ~llI res istance of "1.85 is 
n ca r e no ugh LO 5.00 ,llid may be usee! for a milkhouse. 

Example 2 

F in d t h e r es istance 0 1 ;l .I 6- [nch ston e ma so nry lI'a ll. 
T hc rcs isla nce ",ilu e o r stone m asonr y concrete p er 

inch or thick n ess is O.Otl (Ta bl e 2) . To fin d the value 
[or a IG- in ch t hi ckness. 1l1 ult ip ly Lhe y;d ll e per i nch 
times Lh e thi ckn ess . 

0.08 res i"tan ce / in ch x 
16 in ches thi c k = 1. 2tl 

Lh en ;teld the SlIr[ace resistances. 
OUl" ide sur fa ce res ista nce 0. 17 

1 G- in ch SLO ll e rn aso llr y I.~ R 

Ins id e slirfa ce r es istan ce n.Ml 

T fllal r e, iSLan ce ~ .1 3 

10 

------I;;;;~.~:o;;; .. : ... ~:'I. ~:. :I1· •. :~'U'X: •• : 
~ . . ~ . . 4 ' . . ~ .. .. 



Example 3 

Find t h e r es i ~ta nee of :1 1I·;tll cu nsi,Li ng of o/J i nch 

lap sid in g' o n t il e o ll Lsid e or th e stud a nd .\,!,i in ch 

, ,'OOc! riber insul a tin g b oa rd a an in ler ior fi ni sh . 

T h e v<llu es Jo r Lil e l:tp siel ill g :l n d :I iI' sp ace a re 
fo u ll c! rro lll Tab le 3. T h ' y,d u e [o r I in ch insulatin g 

board is 2.86 Crable ~ ) . th erefo re . \,!,i- in ch in slilat in g 

boa rd h as it n llu e o[ .7 1. 

Out id e su dace res is t;] nce 0.1 7 

bp s id ill g (:yj in ch ) 1.05 

Air space be LII'een slli cb 0.97 

i ns ll l; lLi o n b O~il(1 Cy,; in ch) 0.71 

In :, ide ,> lIrLt ce re, isL<t nce 0. 68 

Tot.al resistan ce :),;58 

:Exampl e </ 

F in cl th e in c rease i ll Lil e in s ul aL ing va lu e of th wall 

d esc r ibecl in Examp k 3 il th e sin gle b yer o[ rdlect in ' 

insuLiLi o ll i placed ill th e midd le or the lUeI sp :lee . 

T h e r es i ~LalJ ce o f ;In ;Ii r s pace I,'iLh ;] refi ecLi" e 

l inill g o n o n e s id e is 2. I 7 (T;lbie '5). P lac in g th e re­

flecl ivc in ~ ul a L i ()n in th e middle o r th e stud sp ace 

prO\ ' id c~ LW O a ir spaces. e lch ,,·iLI! a ref lect ive linill g 

o n o ll e sid e (w[;d re, i:'La n ce or .J .::H ). 

T h e LOLal res is ta n ce o r th e II" a I I i ~ : 

O ULs id e s ll r[a ce resisli ln ce 0.17 

Lap s iel ill g (% ill cl1 thi ck) J .0-

T ,,'o :I iI' sp ac(' :, 1,' il IJ 

rd lect il'e l inin g LJ. 3J 

In ~ lll;l ti()1l boa rd (Y-J, ill ch ) 0.7 1 

In :, icl c 'u rbce rcs iSl Ci nce 0. G8 

Tota l re~ i s [a n ce 6.95 

Jl 



Example 5 

H o w miln y il1ch es oj p lastic foam insul a ti o n sh o uld 
be ,Hid ed to a n 8- in ch cind er bl ock wall to provid e 
,\ total resistance or abollt 10. 

Th e resista nce of th e present cind er bl ock wall is: 

Ollts id e SlIrface res istance 0 . . 17 

H- i nclt c i nd er block 

J nsicl e s llrface res ista nce 

Total res ista li ce 

1.72 

0. G8 

2.57 

T h e r es istance to b e add ed is th e d esired r es istan ce 
minllS t lt e exi ,t ing res ista nce o r th e wa ll o r 10.0 -
2.57 = 7.-1 ;) . From T abl e 2, the r es ista nce o r pl as ti c 
roam is ;) .45 per inch, th e refor e, 2 in ch es or a valli e 
01 6.90 should b e add ed. T his wo uld g ive a to ta l 
\alu e o r 2.57 + (i .90 = 9.47. 

Example 6 

Find the resi'stance of tb e roor constru ction sbown. 
Th e res ista nce \·,t1u es are ro und in Tables 2 and 3. 

Ou tsid e surface res ista nee 0.1 7 

\Vood shing les 0.94 

:y; in. shea thin g (fir ) 0.94 

Air space b etween raLters O.Y7 

Y2 in ch insul a ti o n board IA3 

I nsicl e surface res istance 0.68 

Tota l resista nce 5. 13 
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Example 7 

Find th e lot;d res istance o f the ce iling as show ll. 

T he res istan ce \·,tlu es a r e fOllnd in Tables 2 and 3. 

Example 8 

Outsid e surfa ce res ista nce 

4- in . wood shav in gs 

YI .in . sh eathin g (l" ir) 

Ins id e surface res istance 

TOl.a I res istance 

n. I I 

Fl .SS 

0. 9-1 

0.68 

10.til 

Find th e res istan ce ()f a ·I· in ch bare con cre te fl oo l . 
Frolll Table 2. th e res ista nce of co ncre te is O.OS p er 
in ch ;lIld lor -1 inch es is 0.32. 

In sid e surface res istance 0.68 
Concrete ,I in. 0. 32 

Total res istClnce 1.00 

l: rcqu clltl y th e thermal lransmittance (overall co· 
dl ici en I. o f .Il ea t tla nslcr) a bbrev iated by U, o f a wa ll 
or 1001' is d es ired. T he tra nsmittan ce m a y be ro und 
by takin g th e l ec ip roca l of th e tota l res ista nce (l~t ) . 

ThllS U = 

HEAT LOSS 
Oll ce th e U \',du e is fo und. lh e heat loss throug h 

the lI'all ca n he compuled frolll t he followin g fo rm · 
u la: 

13 

Q = U.A (T i - To) 
wh ere Q = heat loss (BtlI / hr. ) 

U + thermal transmiltance of th e wall (Btu / hr. x 
sq. fL. x ° F) 

A = a rea uf th e \\'a ll (~q . fL. ) 
T i = in side te m pe l<lUlre (OF) 
To = o utsid e tCi llpe ra wre (OF) 
For exampl e. to 11nd the heat loss through a wal l 

havin g a U valu e o f .2-1, an area of 400 sq. fl.. al l 
insid e tell1peratllre of (jo o F ;IIHI an o utside le lllper;I' 
ture or 10° F. 

(~ .24 (400) (GO· I 0) 
.24 (400) (50) 
4800 Btll / h r. 



Quantil) 

British T h erm al U ni L 

Conducta nce, T hermaJ 

Co nc1u c L.i vi t )', Th erma I 

R c~ i <;ta ll ce, T h ermal 

R es i:' lil'it;·, T h ermal 
T ran "miltance, T h ermal 

Symbo l 

BlU 

c 

R 
r 

Defin itions of Terms and Symbols 

Defini t ion U ni ts 

AmOlllll o r hea t required to ral "e l Jb , 
ol waler 1°F, 
R ate o r h e,ll rlo ll' t h ro ug ll a body of a BW / h r x ,q, I.t. "- of 
g i, 'cn t hickn css <lnd shap e 

R a l.e o r hea l fI o lI' throug h a homoge no us Blu / hr x ,q. II. ,,- :IF in ch 
bod y. lI sua ll y [o r a o ne inch lhickn e,s. 

T he rec iproca l o r lh erm a l conllu clitn ce, 
T he rec ip roca l o f th ennal cOlldu ct il' ilY 
Rale o r h eat rim,' [ro m a ll' o n lI' a nli sid e 

to air o n co lel "ici e. 

NOTES 
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B Lu hl' x , q, It. "- :I f 
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