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FOREWORD
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Mr. Philip B. Shepherd of the Johns-Manville Corporation for performing the surveys.

Dr. R. Quattrone is Chief of CERL-EM. COL Louis J. Circeo is Commander and
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INSULATION RETROFIT UNDER directed by the U.S. Department of Energy (DOE)
LOW-SLOPE ROOFS and managed by Union Carbide Corporation's Nuclear

Division, is identifying and evaluating commercially
available products that can be used to thermally
upgrade low-slope roofs from the underside. The

INTRODUCTION DOE requested technical support for this project from
the U.S. Army Construction Engineering Research
Laboratory.

Background
Millions of square feet of low-slope roofs have little Objective

or no thermal insulation to minimize heat losses and The objective of this report is to identify and
gains. Many of these roofs are on "metal buildings," develop criteria to evaluate commercially available
which have steel frames with steel decking supported products and proven techniques for installing insulating
on purlins (see Figure 1). Many low-slope roofs use a systems to the underside of low-slope roof structures.
bar-joist/steel-deck structural system, while others use
wood or concrete. These buildings can be thermally Approach
upgraded if the owner is willing to remove the existing Three major tasks were performed to accomplish
roof system and apply a new roof-insulation system. this objective:
Sometimes, all or part of the existing roof-insulation
system can be salvaged. 1. The market was surveyed to identify all com-

mercially available systems or techniques that could

An insulation retrofit system that applies the be used to thermally enhance the roof system without
material below the deck is needed for buildings where disturbing or removing the existing roof covering.
budget or other considerations prohibit the above-deck A preliminary analysis was made of all such systems,
approach. These buildings exist in all parts of the using technical merit and applicability as criteria;
country and have many uses (e.g., a classroom, a significant and/or appropriate systems were then
maintenance building, or a warehouse). Such a variety selected for further evaluation.
of uses demands that the retrofit system fulfill many
requirements. For example, moisture resistance, fire 2. Selected systems were evaluated using criteria
resistance, appearance, and impact resistance are specifically developed for this study. This included site
characteristic needs which will vary with occupancy inspections of the products or techniques (where
and climate. In addition, the cost and longevity of a feasible), interviews with users and installers, an
system will affect decisions about whether it should analysis of manufacturers' literature, and where pos-
be installed. sible, a determination of installed costs.

The National Program for Building Thermal En- 3. The data obtained in Tasks 1 and 2 were sum-
velope Systems and Insulating Materials, which is marized and documented.

Figure 1. Typical metal building. (From Energy Saying Insulation Systems for Pre-Engineered Metal Buildings
fCelotex), p 3.)
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Scope )uirmng insulation may be a concern in certain
This invest ication %% a, ;l i. I, to s> -ste nis applieJ c~upancies howevcr, there are no accepted test methu is

to the underside of' the tn roof systenm. Nt for establishing toxicity levels. For man 'y of I e
attempt was ma,!e ito s)t.i the systems oth: ~ritei ia, owiter or occupancy requirements, wiUl gove n
than reporting their atitimtbiit. i.e.. their applicability ;he acceptance or ret ectiun of a product or syste i.
to specific p] klec:ts %k S : 1J:11r,:sci. tHie quality of -appearance" is a guod example oif

111. In rc~ijJiu.mt offi c. or oth'cm spaces used 1, i-
2aiyto- petsotunel oc:cupan,v the suif'ace appear.-

ance will be more important than in industrial spacc-.

2 LITERATCURE ANDNIARKET SURVEY where. tfr example, chemical reaction to the interi *r
AND CRITERIA DEVELOPMENT environinettt may be emphasized. For commercial1

space, a product's cost vs. its tile-expectancy may 'e
the governing c:riteikmon.

Literature Suivo!,
ThL litcria i, %k ts .,r to itit tv products The following 17 criteria were established f.i

and system' kur rcnitl iie )I- Ireinge dcv loped f, evaluating the products or systems. Tlmese critei a
insulation retrofit. iln.ee -ituc eawch source,, represent thie most common requirements encountem d
Were used to locate inpmJ it 'rtoe: If) Nationil in the hield. Appendix B contains the detailed inforoi i-
rechiiical Il.Imf 1iaI SL r Siit' ed Virginlial, ton obtained from field personnel front which t e
l2) Comp'anae\ Eninmeernn, I lex. mc. (New York, criteria were developed. (The order of their listing dt !s
New Yoik). and (3) lsftix P at_~ Courier, Inic. ( Louis- izot reflect their relative importance in the evaluati n
ville, Kentucky .procedure.)

Market Survey 1. Thermal value conductivity or resistance. I :e
A maiine,- list otf' 1 ii..r:rs. tmimie .,ssociation ., property oft insulation which determines the relenti n

dist ributors, and miCII A -*h i.~'sona's ~Aqs compiled; of heat, within the building.
it qtiest ionn airo req;! !',.in ) fr the m irket surveN
was thea sent 14 i. (..L A ptdiA.) Sixty re- 2. Moisture effects on thermal value. Resistan e
,pottses wete receitee . 1m~ 32' tian applicable may depend Onl the mo1IStUre content of the insulatio:
nrodUCts 3vaila:'Clct . II.". pslt!Ve it p( ndenti
providcu :.t.lc i~.,i il...';~ d to rtzll9.Woc f! t oil thermal value. Resistance it y
about their products. Investigators also reviewed tend to change as the insulation ages.
section 7.15 of Siveci' Catalogue' (1960 through
1980) for other produk i,, and/cr systenms. 4. renmperature effects on thermal value. Cti .

ductivity is a function of temperature, and affe ts
Several tk ephone ai.d pi ~oiai interviews with insulating value.

manufacturers of insaihi i n; iterials. t':de assotL;
ation officials. nmenibc.s of the National Research 5. Water vapor transmission rate. A high rate im. y
Council (Catnada). and thme Sweet's Division of McGraw- c-ause an accumulation oftmoisture within the materi::,
Hill (trade literature) supplemnted the mail survey, which may affect its resistance.
The market survey was extefided tt Europe.. Australia,
and Japan throuigh ovet csel coitacts. 6. Effect of exposure on performance. Resistam, e

may tend to change with length of exposure.
Criteria Development

To evaluiate the literattire and market survey results, 7. Physical shape: boards. batts. loose. etc. Affe, ts
criteria for comparing the various identified products method of installation.
and applications were establisiic . It was very difficult
to quantify the criteria becitise therc are few similar 8. Weight. Must be considered when supporti Ig
requirements. For example, to' icity of flutmes fronm insulation from11 existing strucWtes.

'Swe'et's Catal'gml il, HAem'il Itnt imiaton Sytemmis
Co.).

8



9. Compressive strength. May be necessary to the existing roof covering. Perhaps the most important
resist compressive forces of fastening devices, finding of the market survey was that the "under

deck" market was primarily controlled by the insu-
10. Reaction to chemicals. Some chemicals in lation installers, not by the roofing contractors. Only

atmosphere may change resistance values, two manufacturers have developed a complete system,
and only one of these systems is currently being

II. Fire resistance qualities. Insulation should marketed. In all other cases, the installer/applicator
resist burning, assembles or fabricates a system from products of

different manufacturers.
12. Toxicity of fumes from burning. May be impor-

tant if building being insulated is occupied. The survey identified six "systems": two are sprayed,
two use board stock, and two use proprietary acces-

13. Appearance. Important if exposed to view in sories to attach the system to the underside of the
occupied spaces. structure. These systems are described in detail in

Chapter 4.
14. Method of application. Should be considered

based on occupancy requirements of building.

15. Compliance with building codes. Required in 4 DESCRIPTION OF SYSTEMS
order to obtain building permits.

16. Cost. How will initial cost affect amortization? Sprayed Cellulose
Two systems apply cellulose insulation by spraying

17. Other (e.g., life expectancy, years in use, etc.). (see Figure 2).

Thermocon Insulation, manufactured by Thermo
Products Company, is a cellulose material with a

3 SURVEY RESULTS density of about 2.5 lb/cu ft (40 kg/m 3 ). An adhesive
material (Thermobond) is added to bond the cellulose
to the surface 'md to provide a monolithic surface.

Literature Survey When tested in 1974 according to UL 723 specifica-
The computer retrieved 312 citations. Of these, tions3 , the material exhibited a flame spread rating of

58 appeared to be of value; however, upon review, 5 and a smoki,-developed rating of 0. The test data
only a few produced pertinent data. Several articles indicated a thermal resistance R-value ranging between
pointed out potential problems with condensation, and 4.44 and 5.53 per inch (25.4 mm) thickness at 3.23 to
some provided guidelines for balancing the amounts 3.26 lb/cu ft (51.7 to 52.2 kg/m 3) density and an
of insulation above and below possible vapor retarders. R-value of 3.89 at 2.6 lb/cu ft (41.6 kg/m 3 ). The
One article' described new systems for thermally advertised R-value is 4.59 at 2.5 lb/cu ft (40 kg/m 3 ).
upgrading metal buildings, in which mineral fiber
insulations are supported on special hardware designed National Cellulose markets a product similar to
to interface with the steel purlins of the deck system. Thermocon. However. test data generated by the
Investigators identified three possible sources for these Thermal Insulation Manufacturer's Association (TIMA)
systems and requested information from them for indicate thermal values that are substantially lower than
the market survey, the data for Thermocon given above. (See Appendix C.)

Market Survey Board-Applied
The market survey revealed many ways of thermally The Celotex Corporation markets a foil-faced

upgrading existing roof systems. Unfortunately, very insulation board which has a glass-fiber-reinforced,
few products that can be used under the roof deck polyisocyanurate plastic core. The plastic foam core
are available; most require alteration or removal of

3 Standard Test Method for Fire Hazard Classification
2 "Hidden Market: Insulating Metal Roofs," Roofing, of Building Materials, UL 723 (Underwriters' Laboratory.

Siding, and Insulation. Vol. 57 (October 1980), pp 74-76. October 1979).
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Figure 2. Sprayed cellulose insulation.

has a uniform cellular structure. The aluminum facings expensive: washable; recommended
provide vapor retarders and are available in the fol- where appearance is not of prime

lowing finishes for different applications: importance.

Plain Factory

Embossed -white-coated and embossed one & Cavity Wall -recommended for concealed appli-

side; aluminum on the other side; cations.

washable; recommended for ex-
posed applications. The boards are available in thicknesses ranging from

1/2 in. (13 mm) to 2 1/4 in. (57 nm). The standard

Heavy-Duty -white-coated on foil facer for width is 4 ft (1220 mm) with lengths up to 40 ft

exposed locations where greater (12.2 m) available. Thermax Plus is also available

contact resistance is needed, in thicknesses of up to 3 in. (7t mnm).

Thermax Plus -white-coated with 0.019-in. (0.48- Aged R-values for the product are 7.2 at 75 0 F
mm)-thick aluminum sheet lami- (24 0 C) mean temprature, 8 at 40'F (4.5°C). and

nated to one side; recommrended 6.5 at I 100 F (43 0 C).

for areas subject to physical abuse.

The recommended application technique uses

Satin Finish -smooth, white-tinted finish; least either self-tapping fasteners to secure the boards

10



directly to the roof purlins (Figure 3). or a suspended cyanurates and urethanes, a fluorocarbon blowing
grid system (Figure 4). Washers prevent damage to the agent is used to expand the plastic. The material
board surface. The joints are then covered with a is produced in densities ranging from 2 to 4 lb/cu ft
pressure-sensitive aluminized tape for vapor retar- (32 to 64 kg/rn3) with an R-value of 5 at 2.5 lb/cu ft
dation. Supplemental glass fiber batts may be installed (40 kg/iM3) density. It is usually supplied in 2- X 3-
above the boards to further increase R-valu'es. X 4-ft (610- X 915- X 1220-mam) "buns," or in slabs

of any thickness. The boards are rigid with a smooth
Lisi America, Inc., markets a rigid foam board finish but are relatively fragile and will shatter or break

made of phenolic resins (lsophenol). As with iso- easily. The material will not absorb water or support

Po Now ,omktuotn m M- o PO of IIuft g buiib Im laomi of
heMne Idnallot 5owd I619w Roof Pul ad INMe Wal Oft

Nolo:
Where Thermax Insulation Board is installed below roof
purlins, venting provisions are advised. Adequate vent-
ing can be achieved at eaves and ridge.

Figure 3. Celotex system for direct fastening to roof purlins. (From Energy Saving Insulation Systems for Pre-
Engineered Metal Buildings [Celotex], p 12.)

Figure 4. Celotex suspended grid system. (From Energy Saving Thermax Grid Suspension Svstem for Commercial
Buildings [Celotexi, p 2.)
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combustion, is resistant ito chemicals. atid is non- The toller-clip assemihiN can btc adjusted ito support a
corrosive to metals. The boards are designed ito be variety of Insulatin thicknesses without compressing

*applied using mlastics asadhesives IFigure 5 l. themn at thle purlin points. 11 li nsulation is OCF
"Certified K [aced Metal Building Inisulation" available

Proprietary Accessories InI R-6 or K-i 3 thickness. Tile cavity, above the
Two systemts use patenited accessor% devices it) Insulation can) be tilled w&ith additional insulation

install thle Insulation "\ stein. raniging from 3 ito I) in. '- to I52 nmn thick.

The Johns-Mainille Corporation's *Mie-ipThe manuf act urer Indicated that the systemn offers
Systeml IS a Vi11\ C\IfUt rus iltht clips MOtO thle roof good mo1isiurc: vapor control. i4lt ough no provision is
purlins and sup ports a fiberglass hoatd w&ith a vinyl mentioned tor Scaling joints betmeeii adjacent runs of
facing and a 5 1 -tn1. I 14t-ini [thick - low-density, insulation. This systemn was atnnounced as beinig ready

*fiberglass insulating bait. ind caps and T-sections for distribution in June of' 1) 1
* for joining pariels cottplote the iccessor\ package

(Figure t). Contractor- Designed Systems
Thle survey Identified Several contractor-designed

The installed s\ stem ptovides an K-%value of about syrstemJs that use various ty'pes of me1chanical fastening
20. It has a high- impact-resistant surface wArith a low d evices. in which either adhesive-applied pins or
perineance raiiw and i wite Surface for good light stud-welded pins are attached to thle underside of the
reflectance. The appearance is -cleain." since no deck. Bati-tvpe insulation is than pushed onto the pins
fasteners are visible (Figure 7). Thle manufacturer and secured' by washe is applied over the pins. Some-
claims that tis s\ stll can be installed quickly.. times chicken-wire is applied belowv the insulation to

give additional support.
The Owens-Corting Fiberglas IOCF) Corporation's

"Energy Miser" sy stemn is particularly. designed for
metal buddings (Figure 6). Thle System uses a clip that *Refers to insulation capabdiites

attaches t,) the roof purlin and supports a mietal roller. 4 Roofing. Siding. IPnrUlati'm. Vol 58 (June 1981) p 50.

Figure 5. Lisi America Isophenol Board.
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cellulose spray-applied to the underside of the concrete
deck. Condensation at the deck-insulation interface
had caused failure of the application, and it was
removed and replaced with 2 1/2 in. (64 mm) of

- "-" - phenolic board. The specifications called for adhesive
.- application; however, incomplete removal of the

. "" cellulose material prevented satisfactory bonding
-; of the phenolic boards to the concrete deck, so they

- , were attached using powder-actuated nails driven
through cleats. The inspectors noted that the in-
sulation appeared to be too frangible for this type of
installation, tending to crack and spall at the fasteners.
In addition, there were many gaps between the boards
and voids where the material was cored to install

- 4 hangers for the suspended ceilings.

Proprietary Accessories System

The 136th Civil Engineering Flight (Texas ANG)
i,.. .at Hensley Field, Dallas, TX, provided information

__- .- about J-M "Money Clip" systems installed in a ware-
house and an engine maintenance shop. The warehouse
had not been insulated when it was originally bult
and the maintenance shop's original insulation had
deteriorated.

Two significant observations were made when the
systems were installed. The vinyl extrusions used for
the "clips" are sensitive to high heat; as a result, the
gas-fired unit heaters that were installed within 5 ft
(1.5 m) of the extrusions softened and deformed
them. This was corrected by using hangers and cement-

Figure 6. Johns-Manville "Money-Clip" system. (From asbestos sheets to isolate the unit heaters. There was
Johns-Manville Brochure. PB-46A 9-78, p 1.) also some difficulty closing off the joint at the ceiling-

sidewall intersection, so the system had to be modified
5 FIELD during installation to seal the ends of the insulation.

To date, there have been no major problems with
either instalation.

Site inspections or occupant reports about the
systems were obtained to supplement the manu- Contractor-Designed Systems
facturers' literature and data. Union Carbide provided information about a

building where insulation was supported on chicken-
Sprayed Systems wire between steel bar joists (Figure 10). Pins and

The Union Carbide Corporation at Oak Ridge, washers were used as temporary supports, and the
TN, reported on two installations of sprayed cellulose, joints between runs of insulation were taped. The
In a warehouse building, no problems were reported chicken-wire provided permanent support.
(Figure 2); however, in a metal building used for
sandblasting, the material did not adhere to the metal A similar type of installation was reported at the
surfaces and had fallen off in some areas (Figure 9). White Sands Missile Range in New Mexico and at the
The failure occurred mainly because of poor surface Kraft Food Plant in Champaign, IL. At White Sands,
preparation and failure to seal the insulation surface, some of the batts were supported with permanent

pins welded to the underside of the steel roof (Figure
Board-Applied System 11). The Kraft Plant used an adhesive-applied pin. but

One application of phenolic resin board was in- did not use chicken-wire for support. The pins were
spected. The building was of concrete construction clipped after the insulation was installed and then
and originally had 1 1/2 to 2 in. (38 to 51 mm) of sealed with aluminum tape.

13



Figure '7. C.ompleted "Moiiey-( lip" installationi.

Figure 8. Owens-Corning Fiberglas "Energy Miser" systemn. (From The If.nvrgv,%Mise~r Sr1stenz [Owens Corningl .)

14



Figure 9. Deteriorated sprayed cellulose insulation.

Figure 10. Insulation batts supported on chic.ken-wire.
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6 SUMMARY OF SYSTEMS

Table I lists the identified systems and products, the data collected, and the data's relationship to the
criteria for evaluation.

Table I
Comparison of Insulation Retrofit Systems

Thermo
National Products Thermax J-M List
Cellulose Thermocon (Polyiso- RPMD J-M America (CWF

Corporation (Cellulose) cyanurate) (Fiberglass) "Money Clip" (Phenolic) (Fiberglass)

RTHERMAL 4.54/1n. 4.59/In. 40F: 8/in. 2.92/In. Varies 4.4-4.9 Varies
75F:7.2/in.

MOISTURE
EFFECT 10-72% None Absorbs Absorbs None Absorbs

After 24 hr Vent Space to
6, 90%-, R.I. Above Low

AGING
EFFFCT None Sold None None Stable None

With
"Aged"

R-Values

TEMPERATURE
Il:l:(-r 150-180 F 100 F to 350 F Max. None

+250 I

WATER VAPOR
TRANSMISSION
RATE Permeable Foam Is Permeable .05 Perms Low Integral

Permeable Foil Faces Absorption Vapor
0.5 Reduce Rate Retarder

"0" Perm Rate
With Foil

Facers

EXPANSION
EFFFCT None None None None Stable None

SHAPE Loose- Spray Foil-laced Bat Is W/ Slabs & Slabs, Bat Is
4-4.5 Slabs Foil Batts 2 x 4' & Roll
In. 4 ft Wide Face 2 x 3'

2 x 3 x 4'bun

WEIGHT 2.1-2.3
2.51 pcf 2.5 pcf pcf 2-4 pcf

COMPRESSIVE
STRENGTH 25-30 psi 40-60 psi

CHEMICAL
REACTION Non- Resistant None

Corrosive to Acids.
Bases.

Solvents

17

Ui



Table I (Continued)

Thermo

National Products l'hermax J-M J-M Lisi
tellulosc Thermocon (Polyiso- RPMD1) America ()lC

Corporation (Cellulose) cyanuratt) (Fiberglass) "Money Clip" (Phenolic) (Fiberglass)

RESISTANC- Surface FS 10/25 Req. Cover UL 25/50 FS 0-25 FS 5 UL 25/50
Chat. Fuel 5 In Smoke 0-50 Fuel 0
Class I Smoke 0 Sensitive Smoke 5
F.S. <25 Areas

TOXICITY NR*** NR NR NR NR NR NR

APPEARANCIE Textured Foil-Faced loi-Faced White Scrim Rigid Plastic
Surface Taped Plastic Face

Joint

APPI.I('A VlION
SYSIIM Spray Spray Iirect Secured ('lipped it Adhesive Roll &

A /Sealer Atach Between (;iris (lips
or Joists

Grid Susp.

CODE
COMPLIANCE SS-S-I l A Corner River- UL All

IllI- 1-515D Test Banks HFC 25/50
FM-Corner BOCA

Test ICBO
U L-Approved SBC

ICBO FIIA #933

COST S0.39/Sq Ft R-1 1:$180/MBI 1/2" Board & $0.22-26
1 In. R-19:$259/MBtF Batts /Bd Ft*

$1.54/ft
2  $0.40-.47**

OTIII;R 15-20 yr Not for Unlimited New System
Life. Resid. Life

Surface Applic. Exp.

Prep W/o
Vital Covering

*For 2 x 4'and 2 x 3' slabs
"For 2 x 3 X 4' bun

*Not Reported

7 CONCLUSIONS The evaluation showed that only a limited number
of products available commercially meet the require-
ments for this application.

Criteria were developed for evaluating the products
and systems available for upgrading the thermal prop- Johns-Manville and Owens-Corning Fiberglas each
erties of low-slope roofs by applying insulation to the offer a completely integrated, thermal/finished ceiling
roofs' undersides. It was found that these criteria could system applicable to a prefabricated steel building or
reasonably he applied to appraise the various systems similar structure. These systems can accommodate
identified by the market survey conducted during different thicknesses of insulation to match the depth
this investigation, of the existing roof purlins, without any difference in

18
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installation methods. However, only the Johns-Manville designed to be applied using mastics as adhesives.
system was on the market at the time of the investiga- Proper surface preparation is essential to successful
tion, so it is not possible to compare it with the Owens- installation of this material, as adhesives will not
Corning Fiberglas system. bond to a dirty or dusty surface, and the board cannot

be applied to a surface that is not flat. The use of
The Celotex Corporation offers a foil-faced insula- mechanical fasteners may cause the board to spall

tion board. A suspended grid can be used with this and break.
product, or it can be fastened directly to roof purlins
with self-tapping screws. Thermo Products Company and National Cellulose

both offer cellulose material that can be sprayed
Lisi America offers a rigid phenolic foam board in place.
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APPENDIX A: MARKET SURVEY QUESTIONNAIRE

MATERIAL OR SYSTEM FOR INSULATION RETROFIT OF BUILT-UP ROOFS

Name and Address ot Maniffacturer(s)

Nanic of ProductSystem

Describe material system.

What is it Chemoically'

Compt sit ion

Reactions

Use Restrictions

Age Stability

Reaction to fire

What is it physically?

Shape

Si/e

Appearance

List physical properties and specifications

20
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List thermal properties and specifications

Age stability

Physical properties

Thermal properties

How is material/system packaged and shipped and stored

Does it influence building appearance

How -

Interior

'xterior

Utility of material/system

May the material/system be installed independent of the type of roof construction?

To what types of roof decks and/or roof constructions may the material/system be installed?

What types of roof decks and roof constructions are not suitable for the application ot this ptoduct
system'?

i
Describe how the product/system should be installed.

21



What aux ill iairy miatetials must he pu rchased f'or inst allat ion tfit' ch p ioduLc I/sy st (isutchi .is I t.111 jjle ic a

hari et. etc.)

i ist each together %ith its applicable ASTNl. MIL and Federal specs.

Ale thele ;trrv resIlirlo tril ;1111 on Ilca Ii 1 lor rallatoun"

1) e iir III1a t ion el eCII anl) IcosIIinetc of Structural Chl ageS to the h itild ing (such as a new BUiiR memb rane,
incr-eased hieight of, roof~ cu rbs, expansion joinits. edges, etc.Y

What special skills or t raining are required of the installer?

Cost oIf mlaterial SI, tei
What is a ty~pical1 detailed ins tailed cost hly e lemen t lo r y rou plt dutc /sy st C n?

What is the anticipated service iffe of your produtc t /systemI?

Describe routine maintenance required, its cost and frequency.

With what building codes does the material/system comply?

List all public specifications and standards with which the product/system comppies.

ASIM

ANSI

MIL

Federal

.1,



Voluntary Product Standard

N FPA

ITL

FM

Other
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APPEN~DIX B: FIELD INFORMATION deck aind ippol INI -I iiciiiMe. l1tiiil! ,odc Ictcl 11, k

USED FOR DEV/ELOPMNT\J OF to I oot loadii iii s1 1 oitletiie~s be a1 coinsider t it'lli.

LOW-SLOPE RETROFIT INSULATION
EVALUATION CRITERIA .'irrt'gt/i andt RigiitY

Freqiienc tfor Initormiation tttl\ .It ina) he nle,:-
essarl, to considi-i ce tait aspects of' strenigth in Some

ThermalI Properties and Criteria applicat ions whiere onle of nIore of* the followingw

select (the poper thickness of' iisiilatioti lo prot-
stile the desired orI specified tIIermIaIlcodoICtaiice 1. I'li inisulation W~ill hrid"i ati misuppol ted span
(c~indlictiiice coiiducti'\ i tliicktiessi.

Niale lite-c\ dc cott ontipaivisotis ott candidate licel I It Ii, .
iiisiilatittiis. Note that a sitripli- coItillarisoli tit Istalledl
costs %wIll IISIJIal silitiCi uIlICSs reeolai 11afintenaiice kit 3. I-le Iiisulation II wil itciace Withi the Nuppoil

Ail C\ p1~e it dco: rative sourftace Is a coiisid er ation. 0 t' roof top orit inug tI*\t ores.

fI Yt-ct +1 .11 I StIllt, ( Jin 'rlcral ( ti h/ni. ni t 'mOiial Retionjttts
There ire no pubhlic tesi neihiods for this Lluality. It iiisolatioii shall 11ot decompose Mt :use\ lil

Cotipare itipphis oi publishied data oii canididate notxious or toxic tonics uider niormial sets ice coi

iiiNUlatioiis. Personal1 tudgitietit haSCd onl anticipated ditiis which shall ltinlde Lexpo1,urL to) liquid siAliV
clmatic and en oititileposuie should hie used.

[lie 11inslton hll 1iot llise a COT1N\ o ise Icactin

/-Weit i q.1cc( on I-hernia( Uouiif %k ith itierials it niiav eonaci duriiig iiornial seit c
Ilteic are Ilk public tesi imethioids forl this qukality'. cttidions aiid anticipated ler ifie.

except I edeial Specificationi 1111-1-530,. whlich applies
o urethIaine atld i socsa it rate insulations. C omipare JReacftis to Fikre'

Sutpp lie rs' oi p h lishied dat3 aon candidate iutsulatriotis. The insuIa t in shall complY witll) local ho i m

It is suggested that thle iiie rate of chlange in Iherni al code an d pertinietnt itlsoran cc requie mciI iS tor pet

coildittivitv ini tile intstalled etnvirotntient shall nth foriatice itn tire resistance tests. Such tests ia\d
exceed that tor liolrethatie toatit panlels faceid oit ittelode ASTNI F 84 for itaterials installedl beloss

twit Sidhes Withi altiritiI.11 (tiil. thle roof deck atnd Undervriters' Laboratories or
Factoiry Mutual Tests ('(r imaterials installed above

/:ictf Tcperalure on Thermal Conthuetitit ' 1,the roof' deck.
Manufacturers of thlertmal inlsulationis mlay report

lie r toa condru t is] tv tmeasu red at di fferenti tent per- Tox icityv of' fit iies anid ease f ext ogo ish i ni are also

atures. Thermnal con"ductanice values fotr different of concerti b ut there are tio accepted test miethods

inslationls should he comlpared onily when C testinlg for theise' qualities.
was done at thle sane temperature.

Appearance of Installed Product/System
Physical Properties and Criteria D~oes tile product attect tile appearance of ithe
Shape bi uil dintg"? Desc rihe thle effect , if anyv.

f'lis is for III fotrtmal tell ttitlk
('riferia (or hiside IK-posur-

D~imnsions Cotlor ald Surface te-xture shall he selecteid h\
F-requ~enitly for itnformation only. Thickness of thle prchaser.

abttve-deck insulation may reiquire reconstruction
ttf ritof edgtes, Curbs, gutters, etc. Depthi, weight, thickness, atnd appearance ot' at tach-x

ment shall he approved by the purchaser.
If'cigifr

Frequently tor infortmation only Somretimes it (riteria ]or Oft sidch' Ftp mxuri,

may be necessary lto co~nsider the effect of addeid Chatnges in rtttl' edge hreight . curbs, and pat apets
weight ott the Itad-bearing capabilities of' thre present shall he apprttved by the pitrehaser.
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Describe in detail how the material/system is Product/System Perfirmance
applied Describe all available guarantees or warranties. What

is the anticipated service life ot the product/system?
Jlan 'rdi/SJ/.sj/im Installed Bi'hw Roo ) Deck

Is the material/systeni fastened to the root deck? Speeiji'aton and Code Compliance
List building code(s) compliance. List specilications

How? and standards compliance.

Is the material/system suspended below the roof Packaging, Shipping and Storage (information only)
deck? Size of shipping container.

How? Number of pieces per package (does not apply

to bulk insulation).
Is it supported?

Coverage per package in square feet.
What vapor retarder requirements are introduced by

tht- material/system? Weight per package.

What ventilation requirements are introduced by the Number of packages per truckload.
material/system?

Number of packages per carload.
Describe in detail how the material/system is

applied. Storage instructions.
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APPENDIX C: TIMA TESTS ON average densit\ of 5.3 pct.
SPRAYED CELLULOSE INSULATION IiilR au .

-I-Value - 0j.24

SUMMARYAfter Ten Days (nditioninye*
SUMMARY R- Value - 3.2

TIMA SPRAYED CELLULOSE TESTS VVleO3
THERMAL AND WATER VAPOR TRANSMISSION Mnfcue ta vrg

thickness of' 1.95" and an
I. TERML TSTSaverage density of 5.3 pcI':

lot t~l.\ - (aliiatd I ot ~o~is d~i belInitial -R- Value - 4.4
m -Sl%1 SlJ' S44. 1974. "U Value -0.23

IL'S Jl~ H11C let h 101ftCC1 Ah i 'Ien ays C'onditioing

feel. coid side at f0 F. "arml au .
,iea 'F. "I - Value - 0.32

UA TI: RIAlI L Spra~ed Cellulose 'has applied *Conditioninlg was accomplished by exposing tile
h\ N~iiut~cturr Aor toinsulated root section to an environment of

full Mcaluacrroo Aecto B tinoed75 F and i0', RH with a 00 F temperature onl
of a ty1icale iioot buildin rom of the opposite side of' the roof section. The average
sht attaciedto thldgre of moisture absorption as measured by per ceit

loot purlins spaced five feet oii increase in insulation weight was 847 for Maiiu-
cenlters. Fastener spacing whlen faclurer A and 1 20',' for Manufacturer B.
testing Manufacturer A was
two per foot arid when testing 11. WATER VAPOR TRANSMISSION TESTS
Manufacturer B product was EQUIPMENjT -Full scale WVT test fixture for
one per foot. In both tests, the measuring daily moisture gain
intended applied thickness was to 1 .0 lb. on a five foot by ten
to be I 1 /2 ". foot test section, cold side at

TESTRE'SULTS - Manufacturer A at an average 00 F, warmn moise side at 7 5 cF.

thickness of 1.92" arid all 50c Rh
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