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insulation having a thermal conductivity of 0.27 81 75 F mean
temperature.

Vapor barriers are naot d on exterior insulation of
ducts used for heating alone, but vapor barriers must be pro-
vided where ducts are used for cooling alone, or cooling and
heating alternately.

insulation for Coollng Ducfs

Ducts for are insulated with the
same materials as for heating ducts. Generally ducts in any
unconditioned space should be insulated and provided with a
vapor barrier for i p ion and fog-

reasons. In addition to affording significant cost re-
ductions, duct msulahnn may reduce heat gain enough to
reduce cooling eq; size. The insulation must be faced

with a vapor bamex, and the surface temperature must be
kept above the dew point of the surrounding air. Joints and
hpsinﬂxevaporbarﬁe:mustbethnmughlysealed, using
vapor barrier compound, impermeable tape or strips of vapor
barrier material and vapor barrier adhesive, to prevent entry
of water vapor.

The approximate U values given for heating ducts may also
be used for estimating the reduction in heat gain (using the
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of cold-smmge famhtles, along with a brief summation of
is given in 23.

Envelope Construction

Itis important that the space to be insulated be surrounded
wherever possible by a eomplste envelope of msu]ahon

is, the structure of the refr d space is y iso-

. lated from a higher temperature space by layers of i msulauom

Where the insulation is penetrated by structural supports,
hanger rods, electrical conduits, etc., it is important that

* these are sufficiently insulated and vapor sealed on the warm

side to prevent entry and migration of water.
Venting or Heating Floors
For storage of tely 25 F and higher,
the areas beneath the floors preeent no different problems than
in nonrefrigerated buildings. However, if a freezer space is
contemplated on or below grade, consideration should be
given to the possibility that freesing of the ground may cause
heaving of the floor, columns, and wall footings. The risk is
considerable with storage fempernturee below 15 F.
Another limiting factor is the size of the room. Where the
two freezer walls adjacent to normal fem-

appropriate temperature difference and the of duct

othwdamsunomorethanlsft,vmtmgur

insulation to be used). A method with ions for calculat
ing surface and its lication in preventi

‘condensation is ghown in an earlier gection; the Economic
Thickness. Summer dew-point teraperatures commonly occur-
ring in the various parts of the United States are: Northern

heah.ng of the floor is not usually necessary if the floor is ade-
quately i .'In all cases positive drainage is essential
and must be pmvided by the use of gravel or cinder fill, and
drain tile.

In ext cases when freezer rooms have to be located

climate zone, high sixties; Central climate zone, mid
Gulf Coast areas, high seventies. Itcanbeshownt.hatfor
condensation prevention alone at least one inch of insulation
should be used in Gulf Coast areas for duct temperatures of
60 F, and some insulation is advisable in the other zones, de-
pending on design conditionsa.
Application of Duct Insulati

Duct insulation may be used on the exterior or interior of
duets; interior application 2s a lining is chosen when sound
absorption is desired. Attachment to duct surfaces may be
made with an ndheszve for temporary support and followed
by permanent h pport, such as p: th hed pins
or clips for impaling; encircling banda, wires, strappmg, or
tapes going around the outer ci of the i
To satisfy some building codes, the materials, particularly
facings, must be noncombustible or have a limited flame
spread value. Local authorities having jurisdiction should be
consulted.

REFRIGERATED ROOMS OR BUILDINGS
Low temperature rooms can be insulated with a variety of
The

where the ground water level may approa.ch the subfloor slab

enough heat should be provided b the floor insul

to balance that ﬂowmg up into the cold room when the
ground temperature is between 25 and 33 F. This can be done
by mahng the subfloor a form of. panel hmtmg A poncor-
mdmg pipe or tubing in the concrete carrying heated oil or
water is one way to meet such conditions. Other methods in-
clude electric strip heaters and air channels beneath the slab
carrying heated air. .5

Venting Air Spaces Above Ceilings and in Walls

Unventilsted air spaces above ceilings or in stud walls
generally lead to trouble due to trapped moisture and should
be vented whenever possible to the outside. Air spaces, nor-
mally on the warm side of the vapor seal, tend to have such
high humidity that water may collect on any surface having a
lower temperature than that of the dew-point temperature of
the air space. This can destroy the necessary strength char-
acteristics of the structure in the caseofwood ontmuuse
staining, dripping, or frosting. This may y lower
the efficiency of the insulation and usually detracts from the
of the room. If by venting to the outside, espe-

insulations and an even greater variety of method

engineer, architect, owner, or contractor should select the
most suitable method for then specific use. The purpose of
this sechon is to pm:nt nccepted practice in the field and to
dest the i use together with f.he

cmllym ceilings, drier air is circulated t.hroughcheurspwe.

d ion or frosting problem will be d. Also,
ventu)gwn.h warm dry air tends to warm the surfaces it con-
tacts and therefore helps keep these surfaces above the dew-
point of the air.

11- . tod \H 3 thod x' is
that the manufacturers’ instructions and specifications be
follnwed for specific directions concerning the use of the
insulations, adhesives, and finishes.

GENERAL PRINClPLES
The following design pn.ncl;iles are basic to most low tem-

Vapor Barrier Treatments

Vn.porbameumnecessa.rytovnrymgdegwmthnﬂ
insulations. In coolers, water vapor migrating through the
walls is less critical than in freezers but still can be damaging
if the dew-point temperature occurs within the insulation,
allowmg moisture to collect therein and impair the eﬁiuency
of the insul

pentu.re space mstsl]ahuns mvolvu:g any of the ted
L A,A “gu!detn 3
practice in design, constructi and

tment is h

In freezers-vapor eonden‘
mhonmllnotonlytendtodmkvyfhemsuhhon,lmtlfﬂ

Thermal Insulation and Water Vapor Barriers

freezes may create forces that will cause the insulation to
hesve or buckle from its supporting surface.
apor barriers for the warm side of cold ruoms may be suf-
[ace ooatmgs applied hot or cold, with or without reinforcing
membranes, and sheet materials such as metal foils and lami-
nates having a maximum permeance ofOl perms Supcrs
vision and inspection must be provided d of
vapor barriers to insure that adequnte sealing is obtained.
Lapping or sealmg Jomt.s in sheet vapor barriers must be
full d the ti of the vapor
barrier A i hrough the vapor barrier
due to piping, oondmts, ducts, and doors must be tbomughly
Bashed or canlked with & vapor barrier
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the various brands; manuf: it should be ted

In emlmgeonmchon where the insulation lsapp!iedfmm.
below the first layer is usually fastened mechanically.
i A Any ndd.luunal ayers are usually attached to the -
layer with tzuted wood or plastic akewem driven at an acute
angle. This is in ad

g. All wood used in the refri wdsm,lncudmg
bucks, shea lum.ng,etc ehould be of pressure treated
that will resist, rotting action of the moist conditiona.

The following pmeedum normally apply to the application
of rigid insulation to various building components.

a. Walls. Theﬁmtlayambeapphedlomamnrywﬂhmth

- water vapor leakage.

Themnchuesofwaﬂs,eellmgs,mdﬂoolsreqmspecm]

. attention to make sure that the vapor barriers are not broken
through movement of the structure during expansion or con-

traction. At such critical locations, vapor barrier coatings

should be’ reinforced with a strong compatible membrage.

Both sheet barriers and membrane-reinforced watmg barriers

should be provided with a loop at floor and ceiling j

ers. l‘.{oﬂmnt.ala.m’woodmy e rts ager with u:: ﬁmn%!kc'-
m b
Suppo eeesmry m hly;

tirely of insulation can bec:ecwd with
insulation. Although one layer can be used, usuaBy the w:!fd
made up of two or mare layers, Thewu.llcaneltherbebmltup
against a mr{imuwwork which is later removed or
wnl.lmbeaected lock by block as in laying brick.

b. Ceilings. Celhn@mn c’amﬁedmto geuenltypa

which will permit structural movement without breaking of

" barrier. Where adjacent cold rooms operate at different tem-

peratures, a vapor barrier must be provided on the warmer.
side of the common wall, floor, or ceiling. .
Instailations where reversible water vapor flow may be en-
cnunkmd must be specmlly treated to prevent moisture ac-
within insul. The usual £ is vapor
barriers on both sides of insulation.

Interior Finish Treatments

1t has been shown from test data that, in almosteverycase
where an interior finish acts as & vapor barrier, serious diffi-
cu.lhes have ogcumad From the standpoint of best results for_

ion it would be preferable to have no interior
ﬁnmb However, where other considerations, such as sanitary
regulations, prevention of mechanical dmmge, and physical
appearance are important, an interior finish is required.

The interior finish may or may not require mounting inde-
pendent of the insulation. The interior finish should have a
significantly higher permeance than that of the vapor barrier,
adhesive, or insulation. The ratio of the interior finish perm-
value to the vapor barrier perm-value has not been clearly

established.
TYPES AND GENERAL INSTALLATION
TECHNIQUE
n‘gsufhlf]l:n used for low
e f
or @) .:‘ﬁ;;ns our types: (1) rigid, (2) looseﬁll, 3) ﬂexible,
Rigid Insulation

Rigid insulation is widely used for low temperature rooms.
Basic installation principles are:

a. Rapdtypemsulahommgunm[iyappﬁedintwourm

and, ganemlly, treated wood skewers, ’I'he uitt-up roof syste:
is then applied directly over the insulatin v o
Underdeck eeilings nre similar to f-he ovexdcck except that
insulation is upphed from beneath directly to the underside of
themfdcck. Inmsmthqﬁmhyero{xlﬁmhhonmmbo
in being b; adhesi
Addxt.mnal layers are applied from benmt.hs thy b ad
wers.

ted wood ske
u:pmddealmw Ve many variations but all basically are
suspended from a higher ceiling with wires or rods. The insulation,
eefphed from above quite similarly to that described for over-
e e e e e S
ly to prevent condensation on the or A
to prevent entl; of water into the mmm ot
One type of suspended ceiling is the T-iron ceiling. In this con-
struction the T-irons with the web on top are suspended from the
ceiling or span the room. The first Ia; ycrmﬁ:‘ y routed out to
fit -ugl%'l around the T-irons between which '.be insulation is
placed. The second and any succeeding layers are applied from
above or below with adhesive and skewera. Finally, top sur-
face is covered with hot asphalt or a Portland cement grout and
Y ::::.dBetz of the
c use moist conditions that generally exist
below floots of refrigerated rooms, it bas become uiinenl{ule to
apply a vapor sed of some kind over the subslab before applica-

tion of the i
first layer is applied in hot asphalt

oo the E:gdab
onto Addmon.s! layers are bonded with ad-
hemive and may be held with skewers until the wearing floor is
pounsd. In some ca.seu, the second layer may be rut in dry.

generally to prevent, water from
mm!atwn, either from cracks that are always
prmtmaﬂooro{nnynucrfmmtbewetoonmwdumgtba
pour of the wearing elab. A coating material is also needed over
mmmmhmuwpmtabondbemtheahbmdtha

In eoolm the floor insulation can sometimes be omitted
sltogether or lt the mmt, eonmm of a ribbon of insulation around
the aof the roo; under the slab or down the
fox;ndnt_mn as best uuxted to the gm lant or area conditions.

nmcbm.

airly level surface to start with
,"‘" in emﬁon&ﬂy smooﬁ-h. the insulation appli-

‘1'"19 bu-neruuumnt mtbeuunpom
t
‘m th the other types of insulation. F{ar instance, some man:
urers’ specifications require no vapor iers in cooler con-
m:'g:‘mueomﬁucmmusofanwbaxmadhmnhr

varies with

Columns or trating the insulation
are insulated with pieces of ng:dm:u!l;e—hnocn, fabécatedmutu
comp!etdy fill any voids. Round columns can be insulated with

bonded in place. lar shapes of insulation are,
usually held byukewersmdmd.l\wve Onemleofthumbl.sto
insulate all projections with a minimum of one-half the insulation
thickness specified for the walls and to insulate along the column
orbmmndlstnneeeqmlwlourhmthespemﬁedwﬂlthck-

(hrbamdbumperm’lsmgen:nﬂ rovided and are located
around the perime! !eydpmo Bumper rails can

beanywbmﬁvma.levfeetln ‘othnfullhezghtufﬂooxto
ceiling. They not only provide the wall protection from mechani-




