NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHny) Designation: C 755 — 97
AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Practice for
Selection of Vapor Retarders for Thermal Insulation

This standard is issued under the fixed designation C 755; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope which a specific atmosphere is saturated with water vapor.

1.1 This practice outlines factors to be considered, describe§-00ling below the dew point will cause release of water vapor
design principles and procedures for vapor retarder selectioff} the form of condensation. In problem analysis for vapor
and defines water vapor transmission values appropriate f&arrier selection it is the dew-point temperature, not the
established criteria. It is intended for the guidance of desighélative humidity, that is pertinent. Dew-point temperature is
engineers in preparing vapor retarder application specificatior@rectly related to saturation water vapor pressure and may be
for control of water vapor flow through thermal insulation. It Obtained from tables.) . _
covers commercial and residential building construction and 3-1.2 thermal insulation systepm—thermal insulation for
industrial applications in the temperature range from - 4gesistance to heat .flow combined Wlth means for attachment to
to + 80°F (-40 to + 27°C) within the structure. Emphasis isthe surface to be insulated, and with facings, vapor retarders,

placed on the control of moisture penetration by choice of thd0int sealants, or protective coatings as installed. _
most suitable components of the system. 3.1.3 vapor retarders n—those materials or systems which

1.2 This standard does not purport to address all of the@dequately retard the transmission of water vapor under
safety concerns, if any, associated with its use. It is théPecified conditions. (For practical purposes it is assumed that
responsibility of the user of this standard to establish approthe permeance of an adequate retarder will not exceed 1 perm,
priate safety and health practices and determine the applica@lthough at present this value may be adequate only for

bility of regulatory limitations prior to us&. residential construction. For certain other types of construction
the permeance must be very low.)
2. Referenced Documents 3.1.4 water vapor diffusionn—the process by which water
2.1 ASTM Standards: vapor spreads or moves through permeable materials caused by

D 828 Test Method for Tensile Properties of Paper anch difference in water vapor pressure. N
Paperboard Using Constant-Rate-of-Elongation Appara- 3.1.5 water vapor permeability (permeability)—the water
tuss vapor transmission of a homogeneous material under unit

E 84 Test Method for Surface Burning Characteristics ofvapor pressure difference between two specific surfaces, per
Building Materialé unit thickness. An acceptable unit of permeability is the

E 96 Test Methods for Water Vapor Transmission of Mate-Perm-inch:  grain-in/h-ftin. Hg (the metric perm-cre 1
rials® g-cm/24 h-rimm Hg).

F 372 Test Method for Water Vapor Rate Transmission of 3.1.6 water vapor permeance (permeancej—the water
Flexible Barrier Materials Using an Infrared Detection Vapor transmission of a material under unit vapor pressure

Techniqué difference between two specific surfaces. An acceptable unit of
2.2 TAPPI Standard: permeance is the perm: grain/R-iit. Hg (1 metric perme= 1
T803, Puncture Test of Containerbo&rd g/24 h-nf mm Hg).

3.1.7 water vapor transmission (WV,Tir—the steady-state
3. Terminology time rate of water vapor diffusion or flow through unit area of
3.1 Definitions: a material, normal to specific parallel surfaces under specific

3.1.1 dew-point temperature (Dp)—the temperature at conditions of temperature and humidity at each surface. An
acceptable unit of WVT is grain/n?f(1 g/24 h-nd).

1 This practice is under the jurisdiction of ASTM Committee C-16 on Thermal 4. Significance and Use

Insulation and is the direct responsibility of Subcommittee C16.33 on Thermal

Insulation Finishes and Vapor Transmission. 4.1 Experience has shown that uncontrolled water entry into
Current edition approved May 10, 1997. Published August 1997. Originallythermal insulation is the most serious factor Causing impaired

published as C 755 — 73. Last previous edition C 755 — 85 (1990). . . .
2 Discontinued; se@983 Annual Book of ASTM Standard®| 15.09. performance. Water emry into an insulation SyStem may be

2 Annual Book of ASTM Standardégl 15.09. through diffusion of water vapor, air leakage carrying water

4 Annual Book of ASTM Standardgol 04.07. vapor, and leakage of surface water. Application specifications

5 . . . .
Annual Book of ASTM Standardél 04.06. for insulation systems that operate below ambient dew-point

6 Available from TAPPI, P.O. Box 105113, Atlanta, GA 30348.
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temperatures should include an adequate vapor barrier system5.1.2 Fig. 2 illustrates the magnitude of vapor pressure
This may be separate and distinct from the insulation system atifferences for four ambient air conditions and cold-side

may be an integral part of it. For selection of adequate retardesperating temperatures between + 40 and - 40°F (+ 4.4
systems to control vapor diffusion it is necessay to establisland — 40°C). When it is considered that a permeance of 1 perm
acceptable practices and standards. represents 1 grain of moisture per hodrift Hg, one years

4.2 Vapor Retarder Functior-Water entry into an insula- adds up to 1.25 Ib of water per square foot of surface area. A
tion system may be through diffusion of water vapor, airpermeance of 0.1 perm represents 0.125 Ib in one year. This
leakage carrying water vapor, and leakage of surface wateorder of permeance may also represent the “as installed”
The primary function of a vapor retarder is to control move-performance of a 0.01 perm retarder material or insulation
ment of diffusing water vapor into or through a permeablesystem, because of the factors cited in 4.3.
insulation system. The vapor retarder system alone is seldom5.1.3 At a stated temperature the water vapor pressure is
intended to prevent either entry of surface water or air leakageyroportional to relative humidity but at a stated relative
but it may be considered as a second line of defense. humidity the vapor pressure is not proportional to temperature.

4.3 Vapor Retarder PerformaneeDesign choice of retard- 5.1.4 Design conditions in summer can be as high as 93°F
ers will be affected by thickness of retarder materials, substrat€84°C), 63 % relative humidity, 78.4°F (26°C) dew point
to which applied, the number of joints, available length and(Biloxi, Miss.) and in winter as low as — 35°F (-37°C), 67 %
width of sheet materials, useful life of the system, andrelative humidity, — 42°F (-41°C) dew point (International
inspection procedures. Each of these factors will have an effe¢talls, Minn.). These design conditions have vapor pressures of
on the retarder system performance and each must be consigl9795 in. Hg (dew point 78.4°F) and 0.003 in. Hg (dew
ered and evaluated by the designer. point — 42°F) (1 in. Hg= 25.4 mm Hg= 70.7 Ib/f€ = 3386.4

4.3.1 Although this practice properly places major emphasi®\/m?). These values represent extremes but the magnitude of
on selecting the best vapor retarders, it must be recognized thétte range emphasizes the necessity to calculate rather than to
faulty installation techniques can impair vapor retarder perforestimate design data. The vapor pressure difference that will be
mance. The effectiveness of installation or application techdeveloped across the wall of a - 10°F (-23°C) cold-storage
niques in obtaining design water vapor transmission (WVT)acility located in the very severe summer conditions given
performance must be considered in the selection of retardextbove will be: 0.98 —0.02 (vapor pressure at— 10°F, 90 %
materials. relative humidity)= 0.96 in. Hg or 67.9 Ib/ft In the conti-

4.3.2 As an example of the evaluation required, it may benental United States the design dew point seldom exceeds 75°F
impractical to specify a lower “as installed” value, because(24°C) (16).”
difficulties of field application often will preclude “as installed” 5.1.5 The expected vapor pressure difference is a very
attainment of the inherent WVT values of the vapor retardeimportant factor that must be based on realistic design data (not
materials used. The designer could approach this requiremeastimated) to determine vapor retarder requirements.
by selecting a membrane retarder material that has a lower 5.2 Service Conditions-The direction and magnitude of
permeance manufactured in 5-ft (1.5-m) width or a sheewater vapor flow are established by the range of ambient
material 20 ft (6.1 m) wide having a higher permeance. Thesatmospheric and design service conditions. These conditions
alternatives may be approximately equivalent on an installecormally will cause vapor flow to be variable in magnitude,
basis since the wider material has fewer seams and joints. and either unidirectional or reversible.

4.3.3 For another example, when selecting mastic or coating 5.2.1 Unidirectional flow exists where the water vapor
retarder materials, the choice of a product having a permeangeessure difference is constantly higher on one side of the
value somewhat higher than the lowest obtainable might beystem. With buildings operated for cold storage or frozen food
justified on the basis of its easier application techniques, thustorage the summer outdoor air conditions will usually deter-
ensuring “as installed” system attainment of the specifiednine vapor retarder requirements, with retarder placement on
permeance. The permeance of the substrate and its effects the outdoor (warmer) side of the insulation. In buildings for
the application of the retarder material must also be considerdauman occupancy the winter outdoor air conditions would
in this case. require retarder placement on the indoor (warmer) side of the

. . . insulation.
5. Factors to Be Considered in Choosing Vapor 5.2.2 Reversible flow can occur where the vapor pressure

Retarders may be higher on either side of the system, changing usually

5.1 Water Vapor Pressure Difference the difference in  pecause of seasonal variations. The inside temperature and
pressure of the water vapor content of the air on one side of thgapor pressure of a refrigerated structure may be below the
insulation system or insulated structure and the other sidgutside temperature and vapor pressure at times, and above the
which provides the principal driving force causing water vaporoutside temperature and vapor pressure at other times. Cooler
diffusion. In general, for a given permeable structure, thegoms with operating temperatures in the range from 35 to
greater the vapor pressure difference, the greater the rate g6°F (2 to 7°C) at 90 % relative humidity and located in

diffusion. Vapor pressure differences for specific conditions camorthern latitudes will experience an outward vapor flow in
be calculated from psychrometric tables showing thermody-

namic properties of water at saturation.
_5-1-1 Fig. 1 shows the variation of dew-point temperature 7qne poldface numbers in parentheses refer to the list of references at the end of
with water vapor pressure. this practice.
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FIG. 1 Dew Point (Dp) Relation to Water Vapor Pressure

winter and an inward flow in summer. This reversing vaporthickness, vapor diffusion through joints must be considered in
flow requires special design consideration. the permeance of the materials as applied. The effect of
5.3 Properties of Insulating Materials with Respect to temperature changes on dimensions and other physical char-
Moisture—Insulating materials permeable to water vapor will acteristics of all materials of the assembly must be considered
allow moisture to diffuse through at a rate defined by itsas it relates to vapor flow into the joints and into the insulation.
permeance and exposure. The rate of movement is inversely 5.4 Properties of Boundary or Finish Materials at the Cold
proportional to the vapor flow resistance in the vapor pathSide of Insulatior~When a vapor pressure gradient exists the
Insulation having low permeability and vapor-tight joints may lower vapor pressure value usually will be on the lower
act as a vapor retarder. Water or ice in insulation joints that areemperature side of the system, but not always. (There are few
parallel to the heat flow path provide higher conductance pathexceptions, but these must be considered as special cases.) The
with consequent increased heat flow. finish on the cold side of the insulation-enclosing refrigerated
5.3.1 If condensation of water occurs within the insulationspaces should have high permeance relative to that of the warm
its thermal properties can be significantly affected whereside construction, so that water vapor penetrating the system
wetted. Liquid water resulting from condensation has a thermatan flow through the insulation system without condensing.
conductivity some fifteen times greater than that of a typicalThis moisture should be free to move to the refrigerating
low-temperature insulation. Ice conductivity is nearly four surfaces where it is removed as condensate. When the cold side
times that of water. Condensation reduces the thermal effe@ermeance is zero, as with insulated cold piping, water vapor
tiveness of the insulation in the zone where it occurs, but if thehat enters the insulation system usually will condense within
zone is thin and perpendicular to the heat flow path, theéhe assembly and remain as an accumulation of water, frost, or
reduction is not extreme. Generally, hygroscopic moisture irice.
insulation can be disregarded. 5.5 Effect of Air Leakage-Water vapor can be transported
5.3.2 Thermal insulation materials range in permeabilityreadily as a component of air movement into and out of an
from essentially 0 perm-in. to greater than 100 perm-inair-permeable insulation system. This fact must be taken into
Because insulation is supplied in pieces of various size andccount in the design and construction of any system in which
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FIG. 2 Magnitude of Water Vapor Pressure Difference for Selected Conditions (Derived from Fig. 1)

moisture control is a requirement. The quantity of water vapodrying effect along the flow path; the accompanying lowering
that can be transported by air leakage through cracks avf temperatures along the flow path, if significant, may be
air-permeable construction can easily be several times greatandesirable.
than that which occurs by vapor diffusion alone. 5.5.4 In any insulation system where there is a possibility of

5.5.1 Air movement occurs as a result of air pressureondensation due to air leakage, the designer should attempt to
differences. In insulated structures these may be due to winensure that there is a continuous unbroken air barrier on the
action, buoyancy forces due to temperature difference betweemarm side of the insulation. Often this can be provided by the
interconnected spaces, volume changes due to fluctuations wapor retarder system, but sometimes it can best be provided
temperature and barometric pressure, and the operation bl a separate element. Particular attention should be given to
mechanical air supply or exhaust systems. Air leakage occungroviding airtightness at discontinuities in the system, such as
through openings or through air-permeable construction acrost intersections of walls, roofs and floors, at the boundaries of
which the air pressure differences occur. Water vapor in aistructural elements forming part of an enclosure, and around
flowing from a warm humidified region to a colder zone in anwindow and service openings. The insulation system should be
insulation system will condense in the same way as watedesigned so that it is practical to obtain a continuous air barrier
vapor moving only by diffusion. under the conditions that will prevail on the job site, keeping in

5.5.2 If there is no opportunity for dilution with air at lower mind the problem of ensuring good workmanship.
vapor pressure along the flow path, there will be no vapor 5.5.5 Recirculation of air between spaces on the cold side of
pressure gradient. Condensation may occur when the air stredime insulation and a region of low vapor pressure (usually on
passes through a region in the insulation system where thie cold side of the insulation system) can be utilized advan-
temperature is equal to or lower than the dew point of the warntageously to maintain continuity of vapor flow, whether due to
region of origin. The air flow may be from a warm region on diffusion or air leakage, and thus to avoid condensation. This
one side of the system through to a cold region on the othewill often be the only practical approach to the control of
side, or it may consist of recirculation between interconnected¢ondensation and maintenance of dry conditions within the
air spaces at different temperatures forming only a part of theystem. In thus venting the insulation system, whether by
system. Sufficient air flow rate could virtually eliminate the natural or mechanical means, care must be taken to avoid
temperature gradient through the insulation. adverse thermal effects.

5.5.3 When air flows from a cold region of low vapor 5.6 Other Factors—Other physical properties of retarder
pressure through the system to the warm side there will be material, insulations, and structures that are not within the
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scope of this practice may affect choice of barrier. Thesexpulsion of the accumulation during the opposite cycle is
include such properties as combustibility, compatibility of adequate.
system components, damage resistance, and surface roughnesg$d) Supplementation of desigre)(by the use of selected
) o vapor retarders at the boundaries of the insulation.

6. Design Principles of Vapor Control 6.2.2 The moisture storage design practice is in widespread

6.1 Flow-Through Desigh-The flow-through principle is use throughout industry. However, a thorough understanding of
limited to essentially unidirectional vapor flow in installations a given system is necessary. The effect of moisture accumula-
where any water vapor that diffuses into the insulation systention on thermal conductivity, frost action on wet materials,
is permitted to pass through without significant accumulationdimensional changes produced by changes in moisture content,

This concept is acceptable only: and many other factors must be considered before this solution
6.1.1 Where vapor can escape beyond the cold side of thig adopted. Referenc&s 14, 15,and16 contain information on
system, or results taken from in-use systems and studies on moisture
6.1.2 Where vapor cannot so escape it may continuously baccumulation in insulation products and systems under varied
purged out, or environmental conditions. A realistic design approach normally
6.1.3 Where provision is made to collect it as condensatiomssumes there will be some moisture accumulation but desir-
and to remove it periodically. ably within controllable limits to do the job intended.

6.2 Moisture-Storage Design :
6.2.1 Thus far theg discusgion has dealt with methods o?' Vapor Retarder Materials
avoiding any condensation. In many cases, however, some 7.1 Vapor retarder materials should be water resistant,
condensation can be tolerated, the amount depending on ti/ncture resistant, abrasion resistant, tear resistant, fire resis-
water-holding capacity or water tolerance of a particulartant, noncorrosive, rot and mildew resistant, and of strong
construction under particular conditions of use. The moisturetensile strength, in addition to having low permeance.
storage principle permits accumulation of water vapor in the 7.2 Types
insulation system but at a rate designed to prevent harmful 7.2.1 Membrane retarders are non-loaded bearing, prefabri-
effects. This concept is acceptable when: cated laminated sheets, plastic films, or metal foils of low
6.2.1.1 Unidirectional vapor flow occurs, but during severeP€rmeance. Table 1 indicates the relative importance of the
seasonal conditions, accumulations build up, which, in lesstated physical property of a membrane for specific situations
severe (compensating seasonal) conditions are adequatdlfuse.

expelled to the low vapor-pressure side. Puncture resistance, Beach units (see TAPPI Standard T 803):

6.2.1.2 Reverse-flow conditions regularly occur on a sea- kA"S’(Vjerate ;g
sonal cycle and can occur on a diurnal cycle. Possible designign 50
solutions include: Fire resistance (see Test Method E 84):

. : Maximum flame spread
(a) Prevention of reverse flow by flushing the usually colder > strength, Ibfin. width (see Test Method D 828):

side with low dew-point air. This procedure requires a supply ow 15
of conditioned air and means for its adequate distribution in Moderate 20
passages. High 35

(b) Limitation of the magnitude of one reversed flow cycle These retarders may be applied with adhesives or mechani-
to a level of accumulation that can be absorbed safely byal fasteners. Careful sealing of joints, holes and penetrations,
system materials without insulation deficiency or damageand cuts made during application is required to attain vapor
System design must enable the substantial removal of the vapdiffusion resistance.
accumulation during the opposite cycle. 7.2.2 Mastic and Coating Retarders

(c) Use of an insulation system of such low permeability 7.2.2.1 Mastic and coating retarders are field-applied semi-
that an accumulation of vapor during periods of flow reversaliquid compositions of low permeance after curing, based on
is of little importance. Such a design must ensure that théngredients such as bitumens, resins or polymers, pigments,

TABLE 1 Desirable Properties for Membrane Retarders
Note 1—L = low, M = moderate, H= high, X = desirable.

Puncture Abrasion Tear Fire Mildew .
) : . . Noncor- Rot Re- ) Tensile
Type Resist- Resist- Resist- Resist- . ) Resist- Remarks
rosive sistant Strength
ance ance ance ant ant
Wall (residential) L L L
Underslab (residential and com- H H L X X
mercial)
Roof deck L H M
Pipe insulation (over 32°F M M M X X L
(0°C)
Pipe insulation (under 32°F H H H X X M
(0°C)
Duct insulation M M M X X M
Metal building insulation M M M X X M
Cold storage (refrigeration) H H H X X X nonshrinking
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fillers, and volatile solvent or water. They are intended forone in which water molecules absorb and the other where they
application by spraying, brushing, or troweling. The specifieddo not. This information is then used to calculate the water
thickness must be applied, in one or more continuous coatsapor movement through a known area of retarder material.
and suitable membrane reinforcement may also be required. 7.4 Recommended Vapor Retarder PractieeBvo design
The system must be adequately strong to resist cracking causpdnciples of vapor control have been presented: flow-through
by substrate movement. Good workmanship in application ignd moisture storage. Both systems are used in general
essential to attain design vapor diffusion resistance. practice.

7.2.2.2 The permeance of mastics and coatings varies with 7.4.1 The intent of the flow-through principle is to eliminate
varying dry thickness, and data showing this relationship forall possibility of condensation within the insulation system;
specific products are available from manufacturers. Comparitherefore, this system is used with insulation materials with
son of permeance values for various mastics and coatindgsgher permeability to prevent accumulation of moisture.
should not be based on wet thickness, but rather on dry 7.4.2 The moisture-storage principle allows some accumu-
thickness (after curing and evaporation of all volatile ingredi-lation of moisture within the insulation system. This principle
ents). is used with lower permeability insulation systems because the

7.2.3 Structural retarders may be formed from rigid orrate of accumulation is small.
semirigid materials of low permeability, which form a part of 7.4.3 The rate and quantity of moisture accumulation in
the structure. They include some insulation materials, as welhsulation used in a given end-use application is a function of
as prefabricated composite units comprising insulation anthe permeability of the insulation and the operating conditions
finish, and metal curtain walls. They require careful sealing obf the application as well as being a function of the vapor

joints and seams. retarder materials. Therefore, the vapor retarder requirements
7.3 Test Method and Values necessary to control moisture and ensure successful operation
7.3.1 The latest issue of Test Methods E 96 is acceptable faran deviate from indicated theory. A case in point is the

determining water vapor transmission of materials. practice of using higher permeance vapor retarder systems with

7.3.1.1 This test method provides isothermal conditions fotower permeability insulations, whereas the flow-through
testing materials by the cup method. In the “dry cup” ortheory would indicate the opposite. This is where the moisture-
desiccant method, relative humidity inside is approximatelystorage theory comes into practice. From a practical standpoint,
0 %. In the* wet cup” or water method, the relative humidity a lower permeability insulation collects and stores less water in
inside is approximately 100 %. When evaluating WVT data itcase of moisture entry, and, therefore, a higher permeance
is preferable to use data obtained by the procedure in which theapor retarder is tolerable.
test conditions approximate the service conditions. 7.4.4 Table 2 is published to outline the general recom-

7.3.1.2 This test method does not permit measurement ahended vapor retarder practices presently advocated in various
WVT values under all conditions of temperature and moisturdield applications by specifiers and manufacturers. In this table,
found in service. It does provide values that permit thethe recommended permeance for vapor retarder systems is
selection of suitable barrier materials. listed for two groups of insulations: those with permeabilities

7.3.2 Test Method F 372 covers a rapid procedure foof 0.3 to 4.0 perm-in. and those greater than 4.0 perm-in. For
determining the rate of water vapor transmission of flexibleinsulations having permeabilities of less than 0.3 perm-in.
retarder materials in film or sheet form. The test method isvhere the joints and seams have a permeance equal to or less
applicable to sheets and films up to 3 mm in thicknessthan that of the insulation, no separately applied vapor retarder
consisting of single or multilayer synthetic or natural polymersis normally recommended except under severe service condi-
and metal foils including coated materials. tions.

7.3.2.1 A dry chamber is separated from a wet chamber of 7.4.5 These are general recommendations which should be
known temperature and humidity by the retarder material to beised in conjunction with the design principles of this practice.
tested. The time for a given increase in water vapor concen- ) .
tration of the dry chamber is measured by monitoring the8- Problem Analysis and Vapor Retarder Selection
differential between two bands in the infrared spectral region, 8.1 Building Construction

TABLE 2 Recommended Maximum Permeance of Vapor Retarder Systems A

Group | Group 2
Insulation Application Insulation Permeability Insulation Permeability,
0.3 to 4.0 perm-in. Greater than 4.0 perm-in.

Vapor Retarder Permeance, perms”

Wall (residential) 1.0 1.0

Underslab (residential and commercial) 1.0 0.4

Roof deck 1.0 0.48

Pipe and vessels (33 to 80°F (1 to 27°C)) 1.0 0.3

Pipe and vessels (40 to 32°F (=40 to 0°C)) 0.05 0.02

Ducts 1.0 0.03%

Metal buildings 0.1 0.38

Cold storage 0.1 0.1

A Water vapor permeance of the vapor retarder system in perms when tested in accordance with Test Methods E 96.
B Subject to climatic and service conditions.
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8.1.1 Once the vapor pressures on the two sides of theupplement an effective vapor retarder. Calculation example 1
building envelope are known and selection and arrangement @ outlined in A1.2(14).
the building materials have been made, the vapor flow calcu- 8.3.2 For vapor transfer through a cold-room wall the
lation is carried out in a manner similar to that used for heatalculation example 2 is outlined in A1.3.

flow. The relation: _ ~ 8.3.3 General Practices for Cold-Storage Constructien
Vapor flow (f) = (vapor pressure difference/vapor flow resis- co|d-storage facilities require detailed consideration of all
tance) components of the building and insulation installation, as

is similar to that for heat flow. There is, however, oneinfluenced by the outdoor and inside operating conditions, for
important difference owing to the ability of the vapor to proper vapor retarder design. Freezers generally operate at 0°F
condense. The initial calculation is based on the premise thgt-18°C) and below. It is a rare case in the United States where
there is a continuity of flow and that all the vapor entering thewinter conditions outside of a freezer will result in reversal of
envelope on the high vapor pressure side will emerge on theapor pressure difference. This reverse difference will gener-
low vapor pressure side. If, on its passage through the buildinglly be small and of short enough duration that for design
envelope, the vapor is cooled to below the dew point, condenpurposes normal vapor flow is considered to be essentially
sation will occur and the basis of the calculation is upset. Evemnidirectional.
so, once the plane of condensation has been established thes 3.3.1 Coolers generally operate in the range from 35 to
method can be applied to calculate the flow of vapor to it andys°F (2 to 7°C) and approximately 90 % relative humidity. In
away from it. The difference between the two gives thethe more southerly latitudes the year-round outdoor conditions
accumulation of water within the envelope. The example ingjlow design on the basis of essentially steady unidirectional
Al.1 illustrates the process of calculating the vapor pressurgapor flow. However, in more northerly latitudes long periods
gradient and the manner in which it may be used to avoithf |ow winter outdoor temperature with a corresponding
condensation problems (see R6j). These vapor flow calcu- gppreciable reversal in the direction of vapor flow from
lations can be considered reasonably accurate when the pdummer conditions, require special consideration of insulation
mary mechanism for moisture migration is vapor diffusion andsystem materials and their permeances. In combination with
when coefficients are available that define the rate of vapopther vapor resistances in the overall building and insulation
flow for the material under the conditions of use. When,construction, this flow reversal will affect vapor retarder design
however, the material is capable of holding substantial quanfor control of vapor flow and minimization of condensation
tites of absorbed water, the diffusion approach may beyithin the insulation.
inadequate or even inappropr_iate, depe_nding on the situgtion. 8.3.3.2 The avoidance of low cold side permeance should be
Nevertheless, these calculations provide the best availablgyen special attention in cold storage freezers. Concern with
basis for improved judgment on condensation control. cleanliness or cleanability of interior finishes requires the use

8.2 General Practices for Buildings-Buildings for human  of plaster, tile, or other materials that have medium to high
occupancy can be considered subject to cyclic conditions as fermeance. It is desirable that insulations used with such
as the building insulation is concerned. For non-air-finishes should have permeance lower than that of the finish so
conditioned buildings the winter warm and cold side conditionghat the finish does not form a vapor dam. If such finishes must
result in significantly greater vapor pressure differentials thame ysed with high permeance insulations, a highly effective
for summer conditions and in an outward direction. Thereforevapor retarder/air barrier is required on the warm side. Alter-
it is general practice to place the vapor retarder on the side Gfatively, consideration should be given to providing space
the insulation facing the interior of the building, with the petween the insulation and the interior finish for venting to the
retarder permeance determined by the winter conditions angterior space, or purging with a low dew-point air supply. This
building construction. For air conditioned buildings vapor practice requires expert advice.
pressure differentials in summer may cause vapor flow in an g 4 |ndustrial Low-Temperature ConstructieAndustrial
inward direction. However, in normal wood frame CONStruC-insta|jations (pipes and vessels) are usually steady-state (uni-
tion, the vapor retarder should still be located on the side of thgjrectional vapor flow) and can range downward in tempera-
insulation facing the interior of th_e_ building to control vapor ;e considerably below 0°F (-18°C). The metal of piping and
flow under the more severe conditions. vessels is an absolute barrier on the cold side of the insulation

8.2.1 In the case of impermeable insulation materials @&nd poses a significant problem, particularly for steady-state
separate vapor retarder system is not needed on either sSigigr continuous temperature) operation. With the metal as an
provided that insulation joints (if any) are made impermeableypsolute barrier there will be no place for the migrating
by suitable sealing methods. moisture to go, and it will therefore be trapped.

8.2.2 In most residential construction where separate vapor 8 4.1 With permeable insulation and less than a perfect
retarder systems are used provision must be made for moistu{@por retarder, the eventual result is that a significant percent-
that does pass through the retarder into the insulation tage of the void space within the insulation will contain water,
continue on to the outside air. This requires some effectivgyoth water and ice, or ice alone, depending on whether the
method of venting moist air to the outside. operating temperature is above 32°F (0°C) or how far it may be

8.3 Cold Storage Construction below 32°F.

8.3.1 For a cold storage warehouse held continuously below 8.4.2 The rate at which water or ice, or both, accumulate
0°F (-18°C) the flow-through design may be utilized to depends upon the permeance of the retarder system and the
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specific nature of insulation material as applied. The expectedsing permeable insulation, or a vapor-impermeable metal

life and operating cost of the low-temperature equipmenbarrier.

should determine the economic jUStiﬁcation for a given insu- 8.45 LOW_temperature operation in some processes may

lation application. _ require periodic purging at elevated temperature, in which case
8.4.3 However, the exact mechanisms of vapor flow, conyne insulation barrier combination must be adequate for the

densation, and ice formation within insulation under thejy.temperature operation, while withstanding the pressure
condition of an absolute cold side barrier are still to bejycrease during the purging operation.

determined.

8.4.4 Obviously, vapor retarder selection must start with th%
lowest obtainable permeance. The system of insulation witlg1
vapor retarder must be substantial enough to resist rugge
industrial environments. Careful retarder application is alwrely%e
of first importance, particularly with insulation materials of
relatively high permeance. With insulations of very low per-
meance it is important that all joints be staggered and sealeéi K d
with low permeance sealants in the joints. For very low™ eyworads
temperatures multiple retarders may be justified, or long 9.1 design; materials; selection; thermal insulation; vapor
service life may require either inert gas (nitrogen) purgingretarders

8.4.6 On the other hand, where the operation reverses with
e season, such as chilled water for summer air conditioning
d hot water for winter heating, the vapor-retarder require-
ents may be less stringent (as vapor flow can reverse with
mperature reversal) if operating costs and equipment are
adequate.

ANNEX
(Mandatory Information)

Al. PROBLEM ANALYSIS

Al.1 Building Construction Al1.1.1.1 To discover whether condensation will take place,

A1.1.1 Calculation Example-A heated building consisting the temperature gradient must be determined so that the
of 4-in. (101-mm) reinforced concrete with an inside finish of corresponding saturation vapor pressure curve can be obtained.
¥s-in. (19.05-mm) plaster over 1 in. (25 mm) of foamed plasticThis is tabulated in Table Al.1 and the saturation vapor
insulation that separates an internal environment of 73°fressure curve plotted in Fig. ARAs curvep,. The values for
(23°C) and 35 % relative humidity from an outside environ-the temperature gradient have been rounded to the nearest
ment of 0°F (~18°C) and 80 % relative humidity. Table A1.1 degree, although no greater accuracy than two decimal places
lists the appropriate design data. The actual vapor pressur&&s been retained in the example for clarity. Note that a
are, respectively, 0.818 0.35= 0.286 in. Hg (968 Pa) and uniform drop in temperature through a material gives a cured
0.038% 0.8=0.030 in. Hg (102 Pa) and the total pressuresaturation vapor pressure line. It may be seen thapgherve
difference is 0.256 in. Hg (865 Pa). This pressure differencés above thep.curve on the warm side of the wall, crosses to
must be apportioned among the various components of theelow it in the foamed plastic, and finally rises above the
envelope in proportion to their resistance to vapor flow. Thes@.curve near the cold face of the concrete. As the maximum
calculations are tabulated in Table A1.1 and the resulting vaparmount of water that can exist as vapor is set by the
pressure gradient for continuity of flow is plotted in Fig. A4.1 temperature; which also establishes the saturation vapor pres-
as curvep.. Up to this point the method is the same as that forsure, the actual vapor pressure curve can never be above the
the arithmetical determination of temperature gradient of Figsaturation vapor pressure curve. Thus, whenpgloarve lies
Al.1b. The permeability of foamed plastic insulations variesabove thep,curve, condensation will take place and a discon-

between 0.75 and 5.0 perm-in. depending on the type. tinuity of flow will exist.
TABLE Al.1 Tabulated Vapor and Temperature Calculations Used in A1.1.2 (6)

Air Film Plaster Insulation Concrete Air Film Total
Thickness, n Ya 1 4
Permeance, M 15
Permeability,pt 1.6 3.2
Vapor resistance, 1/M-n/u 0 0.7 0.62 1.25 0 1.94
Vapor pressure drop for continuity 0 0.009 0.082 0.165 0 0.256
Vapor pressure for continuity, p. 0.286 0.286 0.277 0.195 0.030 0.030
Thermal conductance, C 1.46 6.66 6.00
Thermal conductivity, k 0.25 12.0
Thermal resistance, 1/C-n/k 0.68 0.15 4.00 0.33 0.17 5.33
Temperature drop 9 2 55 5 2 73
Temperature 73 64 62 7 2 0
Saturation vapor pressure, pg 0.818 0.601 0.560 0.054 0.042 0.038
Actual vapor pressure, p, 0.286 0.286 0.264 0.054 0.030 0.030
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FIG. Al.1 Vapor Pressure and Temperature Gradients of Building
Wall (6)

0.34— 0.02= 0.32 grain/h-ft

Al1.1.2 Vapor Retarder SelectieaTo avoid condensation
the designer must arrange so that the saturation vapor pressure
curve always lies above the vapor pressure curve for continuity
of flow. In broad terms this can be achieved by adjusting the
vapor flow resistances, which will change thg curve; by
adjusting the thermal resistances, which will change ghe
curve; or by a combination of the two.

Al1l.1.2.1 The initial reaction is to change the vapor flow
resistances by adding a vapor retarder on the warm side. In
Example 1 the total resistance required to prevent condensation
can be calculated by dividing the vapor pressure drop from the
warm side to Point A (Fig. A14d) by the rate of flow from
Point A to the outside, giving 11.6 units of resistance. The
plaster and the insulation provide 0.69 units of resistance,
leaving 10.9 units to be provided by the vapor retarder. Thus,
the vapor retarder should not have a permeance greater than
1/10.9= 0.09 perm. Adding such a vapor retarder between the
plaster and the insulation will produce the vapor pressure curve
shown in Fig. A1.2 as p.. It will not materially alter the
temperature gradient or the curve.

Al1.1.2.2 The installation of such a vapor retarder, which
would have to be of 4-mil (0.10 mm) polyethylene or better,
raises various practical problems. This leads one to consider
the alternative method of changing thgcurve: reduction of
the vapor flow resistance between Point A (Fig. As) .4nd the
outside. The maximum resistance tolerable is given by the
quotient of the pressure drop to the outside and the rate of flow
from the inside to Point A, that is, 0.024/0.340.071 unit of

A1.1.1.2 Under equilibrium conditions condensation doede€sistance, giving a required permeance of at least 14 perms.
not take place at the point where the two curves cross; it cahhis can only be achieved by replacing the concrete with a
usually be assumed to occur at the next interface. The actugfructural member of the required permeability.
vapor pressure gradient between the inside and Point A (Fig. A1.1.2.3 The second general method of attacking the prob-
Al.la) and between Point A and the outside can now bdem is to raise the curve by raising the temperature on the
determined by calculation, using the saturation vapor pressufgarm side of the concrete. In this instance the concrete
of 0.054 in. Hg (183 Pa) at Point A. This calculation is provides an adequate retarder. Removing insulation from the

tabulated in Table A1.1 and plotted in Fig. Ad.&s curvep,.

The vapor flow-to-Point A is

(0.286— 0.054/(0.07 + 0.62) = 0.34 grain/h-fi
and that from Point A

(0.054— 0.030/1.25= 0.02 grain/h-f}
giving a condensation rate of

VAPOR PRESSURE, IN. Hg

0.70v

0.601+

o
u
i

04071

3/4" PLASTER

~—3/4" PLASTER

warm side of the wall will have this effect, but with this
particular design condensation will still take place (Fig.
Al.2b). In any case, the reduction in insulation will increase
the heat loss through the wall and reduce the inside surface
temperature, neither of which may be acceptable.

Al1.1.2.4 Alternatively, additional insulation can be added
on the outside, but the same effect can be achieved by simply
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FIG. Al1.2 Vapor Pressure Gradients of Modified Building Wall (6)
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reversing the relative positions of the concrete and the insulgressure gradient, in. Hg/in., ard, = permeability of the
tion. This results in a most satisfactory wall design (Fig.cold side insulation, perm-in. TheM,S, = design cold side
A1.2c), but requires an exterior weathering surface to protecvapor flow, grains/h-ft
the insulation. Such a surface should either have a high Al1.2.4 If a single-wall insulation material is used, and there
permeance or be designed as an open rain screen. Although ferno other obstruction or condensation in the vapor path, the
the sake of clarity the effects of adjusting the vapor resistanceormal vapor pressure gradient through the total insulation
and the thermal resistance of the wall have been discussedickness is substantially linear. It can be constructed as a
separately, in practice it is usual to adjust both to obtain thestraight line tangent to (but not crossing) the saturation curve
most satisfactory overall solution. at — 30°F (-34°C), and its slope &, as in the coldest inch of
Al.1.2.5 This example shows that although a component afhsulation.
the wall may be selected initially to fulfill a primary function  A1.2.5 This linear gradient defines the allowable vapor
such as structual strength or thermal resistance, it may algoressurep,, on the warm side of the insulation, and it is so
have an effect on the vapor and thermal properties of the wallimited by the vapor retarder at the design weather conditions,
In particular, the vapor resistance of the insulation can have ar

significant effect on the proper location of the insulation in the P, =P, +LS,
wall.
where:
Al.2 Cold Storage Construction (14) P. = the vapor pressure on the cold side, and
Al1.2.1 Assume a monthly average weather condition ofL = the total thickness of insulation. The pressure drop
80°F (27°C) and 50 % relative humidity which represents across the vapor retarder B,(- P,,).

59.8°F (15.4°C) dew point and 0.517 in. Hg (1.75 kPa) vapor Al1.2.6 Since the vapor flow is limited by the retarder to
pressure. With a single-wall insulation material at an appropriM.S, (the same as the cold side flow), the retarder permeance
ate thickness for an operating temperature of — 30°F (-34°Cnust be:
the designer can determine the limiting vapor pressure gradient M = M,S/(P, — P,)
ps (saturation curve) for the design (Fig. A1.3).
Al1.2.2 Vapor pressure is plotted against the temperatur&1.3 Calculation Example 2, Vapor Transfer Through a
range from 80 to - 30°F (27 to — 34°C) coincident with the Cold-Room Wall
total wall insulation thickness (representing the temperature A1.3.1 For simplicity, a wall that is a single slab of
gradient and dew-point limit through the north or coolest wall).insulation with no covering on either side will be considered
A1.2.3 The minimum slope of the limiting vapor pressurefirst. If its thermal conductivity and vapor permeability are
gradient is at or near the cold side, indicating the critical zonesyerywhere constant, the gradients of temperature and vapor
for vapor flow. In this coolest zone within the insulation, pressure are both linear. Such conditions are the basis of Fig.
assume 100 % relative humidity, and I8f:= slope of limiting  A1.4 for three cold room walls. The linear relation of tempera-
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ture and thickness is indicated by their parallel scales, and thigom the inside-out, special consideration should be given to
thickness unit may be an inch or any other. the roof and walls which are faced with vapor impermeable
A1.3.2 The vapor pressure gradiédd' is a linear function ~materials. Roofing is usually a good vapor retarder and if it
of thickness. It ends at 35°F (2°C), the cold-room temperatureforms the cold side of the construction moisture will condense
and 100 % relative humidity, the highest possible room condiunder it and cause problems. Provisions should be made to
tion. Being tangent to the saturation curve, it is the steepegirevent the moisture from entering the roof construction and
straight line that can be drawn without crossing the curvethere should be venting provided directly under the roofing.
which would indicate condensation. On the warm side of the . .
wall at 70°F (21°C), the gradient touches 0.481 in. Hg (1.629¢'~* Nonlinear Gradients _ _
kPa), the highest safe surface vapor pressure, corresponding to*1-4-1 The straight-line vapor pressure gradients shown in
65 % relative humidity. At this exterior condition, no vapor Fig- Al.4 require uniform thermal conductivity and uniform
retarder is required and neither thickness nor permeability of@Por permeability throughout the insulation. However, on the
the insulation are factors in the matter of condensation¢0ld side of the wall, the dry conductivity may be as much as
although they determine the rate of vapor inflow and affect the-0 % lower, and the permeability of certain materials may
latent heat load. It may be noted that a lower temperature, 60°f2ng€ up to 50 % higher than on the warm side. Each of these
(16°C) on the exterior of the same or any homogeneous walffctors tends to improve the safety from condensation, as

would allow only 0.401 in. Hg (1.358 kPa) or 77 % relative follows: o _ _ _
humidity. Al1.4.2 With lower conductivity of the insulation slab on its

l,cold side, the temperature gradient will be slightly arched, and
a room at 0°F (-18°C) iBB', and the vapor pressure on the the saturation pressure curve, plotted against thickness, will

exterior surface at 70°F (21°C) may not exceed 0.175 in. Hd]aXi Le;sljyrr\]/ature than showr;)_||r_1 Fig. Ahl'4' Id sid

(0.59 kPa), or 24 % relative humidity. If the exposure is 65 % o igher vapor permeability on the cold side, corre-
relative humidity, a vapor retarder must reduce the pressur%pondlng to the high r.elat|ve hum|d|§y n that_ region, causes a
from A to B. Flow balancerequires that the vapor flow in a curved pressure gradient that sags in the middle, reducing the

series system, with no condensation, be everywhere the san{&lat've humidity along th_e vapor path and widening the gap of
safety under the saturation pressure curve. Furthermore, the

A1.3.3 Likewise, the maximum vapor pressure gradient fo

or . ;
cold side change increases the permeance of the slab, and as
APM, = PM, (AL1)  indicated in Eq Al.1, a proportional increase of retarder
where: permeance is allowable. However, these departures from the
M = permeance, basic analysis of Fig. Al.4 are rarely large enough to be
AP = vapor pressure difference, and Subscripts 1 and 29Xp|0|ted |r.] deS|gn. They help to offset defects in assembly, but
apply to the retarder insulation. do not justify them.
In this example, the maximum retarder permeance A1.5 Dual Insulation in a Cold Room Wall
My = AP,M/AP, = 0.45M, (AL2) Al1.5.1 Condensation can be avoided by using two insula-

Al1.3.4 Thus, the required retarder permeance is proportions, one of low permeability on the warm side and another of
tional to the insulation permeance, or to its permeability for ahigher permeability on the cold side of a wall without lining.
given thickness. In this example, utilizing the flow-through This method may be essential at very low temperatures, where
principle, which allows no accumulation of water in the the insulation must be thick and the retarder requirement
insulation system, for 7 in. (178 mm) of 1 perm-in. insulation, Stringent, as indicated by the vapor pressure grach@® in

the retarder permeance must be not greater than: Fig. Al.4. _ .
0.45/7— 0.064 perm (AL3) A1.5.2 Another gradient, such a&XC is also safe and

_ _ requires no vapor retarder. Two insulations, each 5 in. (127
For a room at — 30°F (-34°C) the maximum gradien€&  mm) thick, with the same thermal conductivity, are chosen. If

and a similar calculation determines the retarder limit agheir permeability values aren” perm-inch on the warm side,

0.0097 perm if a 10-in. (254-mm) thickness of 1 perm-in.and ‘c” perm-inch on the cold side, their ratio may be

insulation is used. With no retarder on this wall, the vaporcalculated by Eq A1.1 as follows:

pressure gradient would BeA'B'C’, starting as a straight line 0.481— 0.028 W/5 = (0.028— 0.007 &/5 AL4

and curving along the pat'B’C’ within the colder two-thirds (© 028w5=0. 00065, (AL4)

of the insulation thickness, where most of the entering vapor ©f

would condense. clw = 22 (A1.5)

A1.3.5 This analysis assumes a constant exterior vapor A1.5.3 Thus, if the warm side insulation has a permeability
pressure, which is unlikely, especially when the exterior isof 1 perm-in., the cold side permeability should be 22 perm-in.,
exposed to weather. Although temporary condensation resulsr more. A good assembly of the warm side insulation is
ing from a peak of vapor pressure will ultimately be dissipatedessential. If insulation joints are imperfect or air infiltration is
in better weather, it is recommended that the design vapqsossible, a retarder is needed. With a retarder added, the vapor
pressure be the maximum monthly average, if known. Ifpressure gradient has three segments, suaB*<C for which
estimated, it should include a safety margin (see R6j). the ratioc/w = 7.0, and the required retarder permeance is

A1.3.6 In buildings where the vapor flow is predominately 0.096v. With 5 in. (127 mm) of 1 perm-in. insulation on the

11
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warm side, and 5 in. of 7 perm-in. insulation on the cold side(This permits ten times the required retarder permeance calcu-
the vapor retarder permeance must be 0.096 perm, or ledated in A1.3.)
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