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SUMMARY

The State of the Art of Building Insulation Thermal

Performance is reviewed briefly , which shows a lack of tes t data

on the effect of construction anomalies. A five phase Research

Program is outlined, of which Phase I was funded by the curren t

contract with the U. S. Department of the Navy, Civil Engineering

Labora tory, ~aval Construction Battalion Center.

This is the Final Report which covers the research conducted

under the Phase I program. It includes all of the test data and

other information contained in the Monthly Progress Reports issued

during the course of the Phase I contract.

The Scope of the Phase I program included the investigation

of the effect on the thermal performance of various construction

anomal ies found in residential, light—frame building . Six Wall

and four Ceiling Panels were constructed and tested. Two of the

Wall Panels (with R—ll and R—7 insulation) and one of the Ceiling

Panels (with R—l9 insulation) were constructed with no anomalies

and served as a comparison standard for the panels with anomalies.

The details of construc tion of the standard panels and the

anomalies were selec ted from a g reat many possi bili ties as



representative of U. S. Navy residential construction during the

l~ 5U—l969 period . Photographic documentation of the construction

details of the test panels has been provided .

Thermal performance was measured in the Johns—Manville

Research Center Guarded Hot Box , according to the test procedure

requirements of ASTM C—236. This apparatus is capable of

performing thermal tes ts with various or ientations , i.e., ver tical

wall panels with horizontal heat flow and horizontal ceiling

panels with heat flow upward or downward. The standard panels ,

w itnout anomalies, were tes ted at th ree mean tempera tures , 450F

mean (winter conditions) , 75°F mean , and ~5°F mean (summer). The

panels with anomalies were tested at 45°F mean only.

Pne adverse effec ts of anoma li es were found to be more

significant for walls gith R—7 insulation than with R—ll , because

of the opportunity for convection with R—7 wall insulation. Adding

an electrical box reduced the thermal resistance (“R” value)

9 percent with an R—7 wall; it had negligible effect on the R—ll

wail. The R—7 wall with 4.2 percent uninsulated area , located half

at tne top and half at the bottom of the test area, had a

3d percen t loss in “R” value. The R—ll wall , also with

4.2 percent uninsulated area, but centrally located , had a

13 percent loss in thermal resistance.
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The standard ceiling panel (R—l9 insulation without

anomalies) had about the same thermal resistance for upward as for

downward heat flow at the sam e ~nean temperature. The effect of a

4.2 percent open or uninsulated area was to reduce thermal

resis tance ~y 34 percent (increase heat loss by 50 percent) . The

R—li ceiling panels with 1—inch insulation overlap and with an

electrical fixture added had negligiole change in thermal

performance.

Calculated values of thermal performance using ASHRA~E

proce dures for walls were found to be in good agreement wi th

measured values. The agreement was excellent when actual thermal

test data for the various components was used in the calculations

ra ther than nominal or average values. The agreement between

calculated and measured values was only fa ir for the ceiling

panels.

The (JSN/CEL ~aval Construc t ion Battalion personnel are to be

congratulated for their foresight in recognizing the need for

detailed data on the effect of construction anomalies on tnermal

performance , and for their willingness to fund this research

program . The results should provide valuable information for both

the U. 3. ~1avy and the broader civilian energy conservation

programs. Recognition is also due the Johns—Manville Research

Center Tnerna l Conductivity Labora tory personnel for their

3
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willingness to persevere in their goal of reliable thermal tes t

data in spite of many problems beyond their normal control .

4
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BACKGROUND

• The future cost and availability of energy has heightened the

interest in the effectiveness of energy conservation measures.

One area of par ticular  concern is the conserva tion of bui l d ing

hea ting anJ cooling ener~v through installation of thermal

insulation . A part of this concern is the effectiveness of these

field installed building energy conservation measures , as compared

wi th the theore tical effec tiveness based on labora tory

determinations.

The State of the Art has advanced to where it is possible to

measure in the laboratory with great accuracy the thermal

conductivity of thermal insulations and other materials used in

building construction . In addition , studies reported in NBS

Building Science Series 77 have shown that the laboratory

.aeasurement of the thermal conductance of composite Duilding wall

structures by means of tne Calibrated Hot Box agree closely with

that calculated from conductivity data using recognized ASHRAE

rnethoas. Similar agreements have been achieved with the Guarded

Hot Box.

S



Flow ever,  a major area of uncertainty in predictin g the actual

f i e ld thermal per formance of buil di ng struc tures is the e f f e c t of

installation and construction anomalies. It is well known that

tne f i eld installation of insula tion mater i als in par ticular , and

build ing cons truc tion prac tices in general , can devia te

suostantially from the ideal as far as ener gy conserva tion is

concerned. For example , estima tes have in d icated for a

well—constructed residence that on the average , one—third of the

heat loss is through doors and windows , one—third through the

structure , and one—third as a result of infiltration . It is

suspected that individual buildings can deviate substantially from

these -general averages , depend ing on construc tion def ic ienc ies  an d

anomalies. The actual quantitative effect of construction

defic iencies on the overall thermal performance of a build ing has

not oeen adequately investigated .

The scope of this work is limited to certain basic steps that

will beg in the process of bringing the confidence level of field

testing and performance predictions up to those associated with

laboratory Calibrated Hot Box testing. It is recognized that much

work must be done by the insulation and construction industries ,

and associated testing laboratories through committees and round

robin test programs. It is expected that this effort will help

or ing the broader indus try program into focus while providi ng

informa t ion direc tly applicaole to improving field testing and

6



pe r fo rmance  pr ed iction capabili t ies , particularly as applied to

davy residential ouildings.
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OVERPSLL RESSARCH PROGRAII

Tne originally proposed overall Research Program has been

divided into Five Phases. While this description outlines all

Five Phases, onl y Phase I has been funded intitiall y.

Pnase I consists of the development and testing of a series

of “standard test panels” for use in a Guarded Hot Box. Each

panel would incorporate an anomaly comm only found in typical

residential type wall and/or ceiling construction. As proposed ,

these anomalies would include , out not necessarily be limited to:

A. electrical Outlet

3. Electical Switcn

C. Condui t

0. Soil Pipe

E. Incomplete Insulation Area Coverag e

F. Improper  Vapo r B a r r i e r  Appl ica t ion

The d imensions of the panels would be lar ge enough to

accura tely represent the par t icular anomaly and its surroun d ing

wall/ceiling area. Adequate test data would be obtained so that

these panels can be used as reference standar ds for comparison of

actual to theoretical heat losses, and for further use in th~

I 
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subsequent Phases of the program . The end products of this Phase

will include the “standard test panels” plus a repor t documen ting

tn e i r  development and test resul t s  as compare d to ideal pane ls

with ou t  anomal ies .

Phase II would consist of the development of a s impl i fi ed

device to measure heat flow through large areas. This device

snould oe able to accura tely measure heat flows tnrough an area in

excess of four  square fee t , and be easy to handle and use . It

sn ould nave more rapid response than a Guarded Hot Box. Upon

completion of the device , it should be ca l ibra ted  under steady

state conditions against a variety of standard samples including

wall and ceiling sections with and without anomalies.

Investigation of the effects of transient conditions , and

deve lopment of a method for utilizat ion of the device to obtain a

net neat flow over a fixed period of time are also part of this

Ph ase.  The end products  of t h i s  Phase would include the large

area heat flow measur ing device , documenta t ion of its performance ,

ano a report on how and when it .nay be used .

Phase I I I  would consist  of the cor re la t ion  of avai lable  f ie ld

type heat f~ ow measurement  devices using the stan dar d test panels

aeveloped in Phase I .  These devices should include IR imag ing ,

heat f l u x  meters , arid other  s imi l a r  devices to be d e f i n e d  at the

time this Pnase is negotiated . The end product of this Phase

10



would oe a report delineating the areas of applicability and the

reliaoility of the latter for each of the types of devices tested .

Paase IV would  consist of an expe r imen ta l  i n v e s t i g a t i o n  to

determine the air infiltration through typical walls and ceilings

due to construction pr actices , and also due to the presence of

cer tain common anomalies. The end result would be a report

relating the amount of air infiltrating tnrough a particular

construction with a given pressure differential. Details of which

specif ic cons truc tion prac t ices and anomalies are to be

investigated would be developed after completion of Phase I.

Pnase 1 wou ld consist of an analysis, using the resu lts of

the first four phases, to identi fy wh ich anomalies and

cons truc tion prac tices resul t in the lar ges t ener gy losses and to

quantify these losses for typical structures. This Phase would be

specifically oriented toward L~Javy residential construction.

Prac tic al me thods for correc ting def iciencies and anomalies would

oe developed for both new and retrofit construction.

Considera tion would oe g iven to the cost effec ti venesz of the

proposed corrective measures. The end product of this Phase would

be a report documenting the work conducted in this Phase.

The above description covers the entire Research Program in

order to present a complete overall view. It is anticipated ,

11
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however , that minor mod ifications of the latter Phases will be
aesira b le in view of the ex perience of the early Phases.
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PHASE I — RESEARCH SCOPE

• Initial discussions with the U. S. Department of the Navy,

Civi l  Eng inee r ing  Labora to ry,  N aval  Cons t ruc t ion  Ba t ta l ion  Center

personnel indicated considera b le effor t had been expended on

analyzing ener gy conserva tion means for a wide varie ty of Navy

buildings. However , they felt that in view of the very large

nuinoe r of f a m i l y  housing bu i ld ings  (Category Code 711) , th is  area

had not received s u f f i c i e n t  a t t en t i on .  This Research Pro gr am was ,

t h e r e f o r e , focused on this  bu i ld ing  type .

W i th in  the cont inenta l  Uni ted  States , Navy fami ly  housing

u n i t s  were described as typ ically bui l t  using s imi la r  cons t ruc t ion

methods to c i v i l i a n  res ident ia l  bu i ld ing  in the same geographic

a rea .  This both cha rac te r i zes  the deta i ls  of cons t ruc t ion  used

and expands the usefulness  of the data developed in this  program

to the much larger civilian residential sector . Also , while the

narrow scope of the Research Program was aimed at housing units ,

tne same general type of cons truc tion used in housing is also

found in many other types of l i g h t  f r a m e  n o n — r e s i d e n t i a l  ou i l d in g

ootn w i t h i n  and outs ide  the Navy .  thus , the use fu lness  of tne

data developed by this Research Program is further expanded .

13



A typica l  Navy f a m i l y  housing un i t  was described as a

two—story, four—uni t, three bedroom townhouse built within the

2ii year period 1951) to 1969.

The Research Scope is l imi ted  to the wall and ce i l ing  por t ion

of the building envelope . Consideration of heat loss through the

doors and windows por t ion  of the bu i ld ing  envelope is outs ide  the

scope . Also outs ide  the scope is the e f f e c t  of mo i s tu r e

condensat ion  w i t h i n  the insula t ion  resu l t ing  from an inadequate  or

improperly installed vapor barrier. The test program will provide

data on typical wall and ceiling constructions , under steady state

neat f low conditions, with a simulated winter (heating season)

t empera tu re  exposure .

14



PaA SE I - RESEk RC H O3JECTIV’ e

As descrioed in the section entitled “Overall Research

Prog ram ” , the general oojective of Phase I was the development and

testing of a series of test panels that could be used as

r e f e r ences  for  the subsequent phases of the overall  prog r am .

Pnese panels would be used in the c a l i b r a t i o n  of the heat f low

measuring device to be developed under Phase II. They would be

needed as references in Phase III where various field type heat

flux measurement devices would be correlated . In Phase IV, the

inves t iga t ion  of a ir  i n f i l t r a t i o n  would involve comparison of

f ie ld  versus test panel pe r fo rmance

The numer ica l  goal of test panels to be developed and tested

under Phase I was set at ten. This would allow for three

“ Reference ” Test Panels , one Cei l ing  and two Wall cons t ruc t ions .

Tnese panels would be constructed without any anomalies. The

measured tnermal resistance of these panels would be expected to

confirm that calculated by ASHRAE methods.  These “ideal” panels

will serve as a reference for direct comparison of the effect of

cons truc t ion anomalies , to be eva luated in the remaining seven

panels.

15



A f t e r  only a cu r so ry  cons idera t ion  of the number of typ ical

construction anomalies to be characterized , it became very

apparent that the test panels with anomalies should not be

completely “ f i x e d ”  in the sense that the three reference panels

.~u i g h t  oe, out r a t h e r  snould readi ly  permi t  f u t u r e  opt ional  changes

in construction. Only by providing for future ready modification

of the test panels with anomalies can all of the expected

interaction effects be investigated adequately under Phases II,

III , and IV .

Seven tes t panels wer e to be buil t with anomalies , three  of

ceiling construction , four of wall construction . Details of

cons t ruc t i on  are discussed in the next  section ent i t led

“Phase I — Test Ra t iona le . ”

In addi t ion to the cons t ruc t ion  of the three Reference

Panels , and tne seven panels wi th  anomalies , Phase I includes the

Guarded Hot Box tes t ing of these ten panels according to ASTM Test

~4ethod C—236 under winter season condit ions , 70°F warm sur face

temperature , 2U0F cold s u r f a c e , 45°F mean t empera tu re .  The test

repor t  to oe issued was to include over all heat flux and panel

conductance data. In addition , the report was to include a

comparison between measured and calculated data for the reference

panels , and an evaluation of the effect of the anomalies tested .

16
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PHASE I — TEST PANEL RA T IONALE

As a part of this Research Project , an assignment was placed

on the Johns Aanville Corporation I n f o r m a t i o n  Service to de t e rmine

typical civilian residential wall and ceiling construction for

four major areas of the United States for the 20 year time period

1)50 to 1969. Special consideration was to be given to typical

insulation pr actice.

Various alternate constructions that might oe considered

“ typical” for  res ident ia l  bu i ld ings  f a l l i ng  w i t h i n  scope of th i s

Research P ro jec t  have been tabulated in Table 1 (wal l s)  and

Taole 2 (ceilings). The following references , coupled wi th

Joh ns—Manvi l l e  experience , were used in the t abu la t ion :

L.~AHB Builder Practices Study (1973) ~AHB Research

Founda tion , Rockville , Marylan d

Characteristics oe FRA Operations Under Section 203

for 1973, RR:250, HUD SOR—3

Characteristics of New Housing (1975)

U. S. Depar tment  of Commerce , Bureau  of Census ,

C— 2 5 — 7 5 — l 3

17
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TABLE 1

TYPICAL WALL CONSTRUCTION

Interior Facing - 1/2-inch Gypsum Board

Structure - 2 x 4 Studs, 16-inch OC

Insulation - 0-inch Thick without Vapor Barrier

— 2—inch (R-7) Glass Fiber Batt with
Kraft  Vapor Barrier

- 3 1/2—inch CR-l i )  Glass Fiber Batt
with Kraf t  Vapor Barrier

Sheathing - 1 x 8 T&G Boards + Sheathing Paper

- 1/2-inch Insulation Board

- 3/8-inch Plywood

Exterior Facing - 4-inch Brick + i—inch Air Space

- 1 x 8 Wood Siding

- 1-inch Stucco on Mesh (Without Sheathing)

Alt.

1/2-inch Gyps um Board, 2 x 2 Furring, 8 x 8 x 16 Concrete!
Cinder Block

,4~.’ ~~~~~~~~~~~~~ - .— --. • _~~~~.= •_~•~~~~ _

—. 

L ~~~~~DIIG PAGZ ~‘~~E-’j~~ ~~
1 9 .

~~~ 
—

~~~~
--•--— .•--— •-

~~
• • .

~
-.----.--

~~~~~ 
-

- - _ _ _ _ _



TABLE 2

TYPICAL CEILING CONSTRUCTION

Interior Facing - 1/2-inch Gypsum Board

Structure - 2 x 4 Chord Trusses , 24-inch OC

- 2 x 6 Joists , 16-inch OC

Insulation — 0-inch Thick without Vapor Barrier

— 3 1/2-inch (R-i1) Glass Fiber Batt
with Kraft Vapor Barrier

- 2—inch (R—7) Rock Wool Batt with Kraft
Vapor Barrier

— 6—inch (R—1 9) Glass Fiber Batt with
Kraft Vapor Barrier

- 4-inch Blown (Loose) Mineral Wool
without Vapor Barrier

20



For the en t i r e  period under s tudy,  2 by 4 studs spaced

16—inch on center were the typical frame wall construction. For

Nor thern  clima tes , typically 2—inches (R—7) of fiber glass batt

insulation would have been installea for the ear ly por t ion of the

time period , 3 1/2—inches (R—il) for the latter portion. For

milder  c l imates , early cons t ruc t ion  would nave had no cavi ty

insu la t ion , whicn was typical ly  increased to 2—inches  d u r i n g  the

latter portion. At present , near ly all new cons truc tion for all

areas would nave 3 1/2—inch (R—l 1)  batts installed in the wa l l .

Wall sheathing used initially typically was T&G boards in

combination with a vapor permeable sheathing paper such as

15—pound asphalt saturated felt. Now , 1/2—inch insulating

sheathing board is used commonly with some plywood sheathing ,

especially in lieu of corner bracing .

Ceiling construction for the early portion of the time period

was typically 2 oy 6 joists , 16—inch on center. Presently, near ly

all ceiling construc tion is trusses , othe r than lower f loors  of

multi—story building s, 24—inch on center , with 2 by 4 chords.

Typical insulation would have been 2 or 3 1/2—inches initially

• w i th  3 1/2 or 6—inches  for  later cons t ruc t ion , wi th  the lesser

amounts used in milder climates. Currently, mos t construc tion has

at least 6—inch thick ceiling insulation with much of it installed

as a loose f i l l  r a the r  than ba t t s .

21 
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Appendix A shows the 1954 FHA M i n i m u m  P rope r ty  Requ i r emen t s

for insu la t ion  for the Rocky M o u n t a i n  Region .  This is of in te res t

since the region covered has a wide variety of climate conditions ,

rang ing  f rom outside design winte r t empera tu re  of —36 ° F or less to

gr e a t e r  than +36 °F. The min imum cei l ing insu la t ion  acceptable is a

U f ac to r  of 0 . l D , which is met by a f i b r o u s  i n su l a t i on  t h i cknes s

of less than 2—inche s .  The min i mum wall  r equ i r emen t s  are also

easi ly  met since a wall cons t ruc ted  of 1/2—inch by d— inc n  wood

s id ing , 1/ 2—inch  insu la t ion  board sheathing , 2 by 4 stud space

without insulation , and 1/2—inch gypsum board has a

U f ac to r  of 0 . 2 2 .  This  was s a t i s f ac to ry  at that  time for outside

design tempera tu res  down to —25° F. The m in imum wall  and ce i l ing

in su l a t i on  r equ i r emen t s  however , would not necessa r i ly  meet the

total  m ax i m um heat loss requ i r emen t  of Sec. 4 0 2 — A — l .

In 1~~S9 , the “ All weather  Comfor t  S t anda rd” , included in

Appendix B,  was developed pr i m a r i l y  for  e l ec t r i ca l ly heated

nouses. It was sponsored by a number of u t i l i t i e s  and t rade

assoc ia t ions  such as:

NEMA (~ ational Electrical Manufacturers Association)

L’~A11B (N a t i o n a l  Associa t ion of Home B u i l d e r s )

N&1~ A (~~a t ion al  M i n e r a l  ~-Jool Assoc ia t ion)

t~~ i (E d i s o n  E l e c t r i c  I n s t i t u t e ) , and o t h e rs .

22
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£ne All Weather Comfort Standard recommended heat 1033 values and

the rmal  p e r fo rmance  values , (Appendix B, Table I , “Recommended

Heat Loss qalues ” and Table II , “ Thermal  P e r f o r m a n c e  Values  for

v a r iou s  3u i ld ing  Sections ” of All  Weather  Comfor t  S t a n d a r d)  tha t

are much more strict than tne earlier FHA Standard. A ce i l ing  U

factor  of 0.03 would require a 6 l/2—inch/R—l9 fibrous insulation

D at t .  The fr ame wall r equ i r emen t s  of U = 0 . 0 7  would mean a

3 l/ 2—i n ch/ R— l l  ba t t .

• Aoout the same titne (1959) , NMWA also recommended insulation

values for  gas and oil hea t ing  and min imum comfor t  (Appendix 3,

Taole A , “ Recommended Instal led Resis tance  (R)  Values  of

Insula tion ” of All Weather Comfort Standard) in addition to

e lec t r ica l  hea t ing . As expected , the in su la t ion  recommendat ions

for oil and gas heat ing were subs tan t i a l ly  less than for

e l ec t r i ca l .

The revised FHA Min i m u m P rope r ty  Standards (1959 )  and (1965 )

increased the in su la t ion  r equ i r emen t s  oy lower ing  the m a x i m i r n

pe rm i t t ed  total  hou r ly  heat loss (App endix  C , “ Min imum P rope r ty

Standards for One and Two Living Units”):

60 Bru/hour/square foot floor area (1954)

50 3 ru/ aour/ square  foot f loor  area  (1959)1(1965)

40 BTU/ h our / square  foot f loor  area (1959)1(1965)

(Electric Heating)
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The aoove docum en ta t ion  c o n f i rm s  the v a l i d i t y  of the typ ica l

in su l a t i on  prac t ice  described in Table 1 “ Ty p ical ~1all

C o n s t r u c t i o n ” and Table 2 “Typica l  C e i l i n g  C o n s t ru c t i o n ” .

Cons t ruc t ion  anomalies  l i ke ly  to have a s i g n i f i c a n t  a f f e c t  on

wall  and ce i l ing  thermal  pe r fo rm ance  have been tabula ted  in

Tables 3 and 4. The above are to be considered anomalies  in the

sense that  they are not accounted for  in tne usual  A SHR A E

ca lcu la t ions, wh ich make an al lowance onl y for  stud or j o i s t

th rough  conduc t ion .  The tabulations in Tables 3 and 4 are not to

be considered anomalies in the sense that  they are a typ ica l , for

they are in fac t , ve ry  real par ts  of r e s iden t i a l  c o n s t r u c t i o n .

24 
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TABLE 3

COMMON WALL CONSTRUCTION ANOMALIES

Sheathing/Sheath Paper - Discontinuities

Electric Wiring - Parallel to Studs

- Perpendicular to Studs

— Wall Box with Receptacle/Switch

Plumbing - Supply Parallel Studs

— Supply Perpendicular Studs

- DWV Parallel Studs

- DWV Perpendicular Studs

- Above with Gypsum Board Penetrations

Framing - Less than 16-inch Stud Space

— Corner Brace

- Blocking

- Fire Stop

Insulation Installation — Poor Fit Caused by Above

• - Poor Fit Top/Bottom/Sides

— Omitted Areas

— Incomplete Vapor Barrier
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TABLE 4

COMMON CEILING CONSTRUCTION ANOMALIES

Electric Wiring - Parallel to Joists

- Perpendicular to Joists

— Electric Box with Fixture

Framing - Joist Lap

— Greater than, Less than Standard
Joist Space

Insulation Installation — Poor Fit Caused by Above

- Batt Over/Under Lap

— Batt Compression

— Loose Fill Non-Uniform Cover

- Loose Fill Settling
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To develop a series of tes t panels that would cnara cter iz e

ooth wall and ceiling constructions , and consi der “ idea l” and

typ ical deviations w ith in a limitation of ten units , re qu i r e d

considerable engineering judgment oased on testing experience in

this field. By eliminating variations of exterior wall facing

from cons idera tion , the testing program could be simplified .

• Thus, the wall test panels would consist  of shea tn ing , 2 by 4

f r am i n g  wi th  tne poss ibi l i ty  of var ious  insu la t ion  anomalies , and

gypsum ooard interior facing . The decision to exclude exterior

wall  facing can be j u s t i f i e d  on the basis that  the the rma l

resistance of the exterior facing is small compared with the

overal l  tn ermal  res is tance  of an insu la ted  res iden t ia l  wa l l .  Much

data already exis ts on the thermal resis tance of a wide varie ty of

ex terior fac ings, and resul ts of the current wall panel study can

oe readily converted to consider the effect of the exterior

f ac ing .  The proposed test panel schedule , whi ch was su bsequently

accepted oy USN/CEL personnel , without modification , is shown in

Taole s.

27



‘4,
Ia
a)
I.’

9-1 .c
0 4) 01

I”
4) 04 ~~~.4

- a) 0 a)
—“-I

~ ~~o O ,cO O Q )
a) o~~ a) 

~~4~~0 U)  a) a) O W ~~ ~~O
04 .‘~~ —1 O 4~~~ ‘ 04 — 4 > 0

O 4 ~~4.~~O~~-4 0~~0 (U 4~~~~~~I d  (U ~1 a )  4) .4 4)
Z O ’-4~ 40’4-~ 0 4~~ 4 0 ’ 4 )  .~~~Or - 4 . ~~~(U I 4 b ~~4

W~~ 4J~~ 0 .~~~~~~0 .-I 4)~~~~~a) J U ) 0 — l 4 ) W  > oo•~I~ )a c: 4.i (n c:~~ i () .,4 .4)
d • -I~~~~ d ( f l  4)~~~~~~0 I~~~~~H ~-I~~~~~O O O ~~~ ~-4 W O  I~~~~ H I~~~ ‘-I•d .4

Z ~~~~~~~~~ 0 —1z )~~~~
Q
~~Z (4 ’ — H 1z1~~~~~~~4

(5 .CO 0 0 0 0 .C 0
Z 0~~-l 0 •- 4  0•d O n-I On - I  O n - I
H ~~~~~~~~ ~~4~~’i~~ I~~4) ’0~~~~4) ’0 W 4) (1) 4)
Z • I a
El I ’-I gU I . - 4 ( U I r - I I a I , - I ( U I - 4 ( U I . - 4 ( U O  0 0 0
< ‘.‘I~~ o ~Io ;io ~~O~~~~~~O c’4~~i O Z  z z

u~~ u~~ u~m U)~~~ W U )
X r’l~~~ ~ ~~~~~ ~~~~~U) H H H H H H

rzl
4) 4) 4) 4) 4) 4) 4) 4) 4) 4)

-•.9-I II I$.l~~ 4 9-I~~4 te1~~ 4 9~4 L ~ ~~~~~~~~~~~~~~~~~~~~~~ 4.4~~4 Il~4~~~~~,4 a ) 4) I a Q )  I da )  a ) Q )  Id a )
Z 4~~4 •rl ~.4 • -I I4 n-I ~I-d N~~ I n -I N  .4 r-I I-1 n-I I.I .4 I~4 n - I ~ 1 . 4

0 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~H IZ ~~~~ 1.i P~ IID~ I 4 0~ ~~~~~ 14~~~ ~~~~ $.i a~ I4p~ ~4
El ‘— c i d  ,~~ Id C a )  c~~Id .~~ Id d I a ”—~~~~Ia c 1 d  .~~ Id ~~~Id

4’~~~ 4 ) c O  4iP~ 4 ) crl 4)~~ 4)~~ 4)~~ 4)~~H i-1 .~~ •.4 •.4 ..4 .,4 _I n-I r n-I n-4 •d •.1
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~El U) ~ O~~ O~~ O~~ O~~ O~~ O~~ O~~ O~~ O~~ 0
Z n - I 4 ) 0 4 - I 4 ) 0 44 ) 0 4 4 ) Q , .4 4 )  0 4 -4 4) 04 4 ) O i d 4 ) 0 4 ’ - I4) 04 . - I4 )0 4
H I 4 ) I d I 4 ) I d I 4 ) I d  4 J I d 4 ) I d  4 ) I d I 4 1 4 ) I d I 4 ) i d1 4 - ) ( U

In ~~~~~~ ( U >  a ) >  ~~( U >  ~~( U > >~~~~Ia>  a ) >  ( U>
~ ‘~ ~~~~ ~~~~(

4~ 04 1.4 1.4 II 1.1 1.4 1.~El (5 .~~ G) ~~~W .r~~W .c 4 )  .c~~Q) .~~~a) .C W ~~~W c~~W .~~~W
El Z ~ ‘ O 4 )  0 4-) 0 4-i 0 4-) 0 -1-) 0 4 ) t. 0 0 4  0 4  0~~ 0 4 )
Cl) H £~~~ ~~~ C~~~ ~~~ ~~~

~~~El 1 0  1 0  1 0  1 0  1 0  1 0  I t )  I t )  l U  I t )
~~ C’4 ‘.0 ‘.~ ‘.0 ‘.0 ‘.0 ‘.0 ‘.0 ‘.0 ~.0 ‘.0z r~4 ,

~~~~~~~ 
,
~~~~~~~ 

y-
~~~~~~ r~~~~~ r-I~~~ r-4~~~ ,-I~~~ ,-.4~~~ r 4 f ~ r 4 ~~~O 0 0 0 0 0 0 0 0 0 0

0 O E  0 0 0 0 0
El H Z  ~~~~ ‘0

~~ H • . 4 W d~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ d~~~~~~~~~~~~~ 4~~~~~Z ~~~0 I 0 4 a )  I Q , ( U  I 0 4 ( U  I 0 1  0 4 d  I 0 4 ( U  I CZ ’d I 0 4 a )  I 0 4 a )  I Q~ a)
O E1 4 (‘4 >i O >iO >iO >iO >iO >~ O >,O > i 0 C N ~~’,O >iO
o Zr*4 •‘~.t~~~ o~~ ts~~H ~4

~ rI ~~~ e-I~~~ ,-I~~~ ,-I~~~‘-1 0 r-1O  r I O  r I O  ‘-4 0 ~~~O ( d O  I d O  ( d O  I d O
I d .4  (U --I ( U r 4  (d -r4 Id -ri ( U n - I  0’4J -r4 0~4) .l b~4) -.’I ~~4) n-4

~4 r - 1 O 4  0 4)  04)  0 4-) 04)  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~04 r4 .,4 a) •,4 (U •rI (U n - l a )  --I a) ~~~~~~ 4 O I d ’ 1 O ( d r I O ( U . 4 O ( d
>i (U 4 ) i a ) 4 ) 4 ) ( U 4 ) 4 ) ( d 4 ) 4 ) I d 4 ) 4 ) ( U 4 ) 4 )  N 4  N 4 )  N 4 )  N 4 )
El ~~~~~~~~~~1 . 4 c  1..4 c~ 1 . 4 c

W W  4) 4) 4 ) 4 )  4 ) 4 )  4 ) 4 )  W W a ) 1 .~~W a ) 1 . . iW 4) 1 . . i W Q
>~~-4 > r I  > r I  >~~4 I ~~~ rl On -I 0 -li t) O -.I On- I__

~~ l — 1 . 4  ~~~ 1..i ‘ 1.4 ~~~ $.4 ‘~~~~I ~~~1.4 X 1 . 4  ~~~1.4 ~~~~1..I
0 0 0 0 0 0 ‘-0  ~~~O ‘-O - 0

I I I
4)

Z o  ‘-4 1.4 1.1 11
4) 4) 4)

04 9.4 4-i
a) 0) 0)
5 5 5 28



‘The Refe rence  Test Panels N o .  1, No. 4, and No. 7 would oe

cons truc ted wi thout anomalies and would serve as the compar ison

base fcr  the balance of the panels .  The decision to include a

Reference  ~Jall Panel w i th  2 1/ 2—inch  ( R — 7 )  batt  in add i t ion  to

3 1/2—inch ( R — l l )  b a t t  was based on the h igh  f r equency  of

occurrance  of 2—inch  wall batt d u r i n g  the time period of in te res t

and the expected very poor performance of this construction when

m i s — i n s t a l l e d  to permi t  ready convect ion path s (Test Panel No.  5)

rae choice of 2 oy 6 j o i s t s , 16—inch on center , ve r sus  2 by 4

truss chor ds , 24—inch on center , for cei ling struc ture was pre tty

even.  The decision to select tne jo is t  cons t ruc t ion  was based on

potential discontinuities when 6—inch (R—19) batts were installed

between 2 oy 4 (3 1/2—inch net he igh t )  f r a m i n g  members .

The anomalies  selected were selected for t he i r  prevalence  and

expected detrimental effect on measured thermal perfor.iiance.

General  cons t ruc t ion  de ta i l s  of the wall  and ce i l ing  test

panels are shown in Figures 1 and 2.
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FIGURE 1

— STANDARD WALL TEST PANELS

~-1/2 Insulation Board Sheathing
~~Convection Barrier

r~~
112 Gypsum Board (SCWD)

_ _ _ _ _ _ _ _  _ _ _ _  2 x 4 Studs, 16-inch OC—

~~~~~~ ~~~~ 5~1 1” if I1#1
Test Area 

--

____ 

Overall
____- — — ‘ - 

~~~~~~ 80 ____
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FIGURE 2

STANDARD CEILING TEST PANELS

/1/4” Plywood (SCWD)
~Convection Barrier ~~l/ 2 Gypsum Board
/ _ _ _ _ _  _ _ _ _

I• /  I ’  ,2 x 6 J o i st ,
1/  • 16—inch OCIr

~

JL

~

___
L Test Area
P 32 x 48 —p-i

• 
Overall
64 x 80
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The details of construction of th~ pane ls wi th anoma l ies were

to be identical to that of Reference Panels , exce pt for the

anomalies incorporated . Test Panels No. 2 (wall) and No. 8

(ceiling ) would have a single 2—inch wide open space or gap in the

i n su l a t i on  in tne test area. This was to simulate a careless

i n s t a l l a t i on  in wh ich the stud or cei l ing space is incomplete ly

f i l l e d . Test Panels  N o. 3 and No. 6 ( w a l l )  would each con ta in  an

e lec t r ica l  oox and receptacle ,  and associated w i r i n g .  Here an

attempt would oe made to duplicate the care (or lack thereof)

normal ly  taken in f i t t i n g  the insu la t ion . It was expected that

tne effect of this anomaly would be much greater with Panel No. 6

than No. 3, due to the greater convection opportunity with the

2—inch / R — 7 oatt and its double air  space.

The insu la t ion  in Panel No. 5 would be ins ta l led w i t h  two

1— in cn  open areas , one each at the top and the bottom of the stud

c a v i t y .  ~3y the d i rec t  communica t ion  thus a f fo rded  between warm

side and cold side air  spaces , convect ion is expected to be much

ri igher than in the corresponding r e f e rence  Panel No.  4.

In Panel No. 9 (ceiling) , the batt would be in ten t iona l ly

overlapped 1—inch , as commonly occurs during careless

installation. Since the overlap might allow convection paths

di r e c t l y  f rom tne gypsum board ce i l ing  s u r f a c e , th is  anomaly was

expected to oe of primary importance during winter (heat flow

upward) conditions. Test Panel No. 10 (ceiling) is similar to

32



No. 3 and No. 6 (wall) except for tne substitution of a ceiling

electric box and fixture for a wall box and receptacle.

~1l panels were to be tested under winter conditions (45°F

mean , 700F in ter io r  face , 20°F exterior face); wall panels with

neat flow h o r i z o n t a l ,  cei l ing panels with heat flow upward .  Since

the R e fe rence  rest Panels (No . 1, No. 4 , and No. 7)  w i l l  be used

both as a basis of comparison for  the other panels wi th  anomal ies

and for  comparison wi th  previous  test resu l t s  inc lud ing  A SHR~ E

calcula t ions, it was considered desi raole  to have test data on

th e i r  pe r fo rmance  as a f u n c t i o n  of mean t e m p e r a t u r e .  In add i t ion

to the win te r  condi t ion , two other test condi t ions  were proposed

for  these panels at 75°F mean t empera tu re  ( 100°F/5O°F) and 95°F

mean tempera ture (l2 0°F/70°F). The latter would simulate summer

conditions; 75°F mean temperature is the common t empera tu re  for

eva lua t ing  bu i ld ing  i n s u l a t i o n .  Since the ce i l ing  panel could

exn ibit different thermal performance with heat flow up, than heat

f low down , Panel No. 7 would be tested under both condi t ions  at

750F mean , and with heat flow down at 95°F mean.

The proposed increase in the scope of the con trac t to include

• additional mean tempera ture data on the three re ference panels

without any increa se in the con trac t amount was also accep ted by

USN/CEL personnel , with the understanding that this would delay

the scheduled completion date .
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TEST PANEL CONSTRUCTION

Tne test panels were constructed in accordance with the

schedule in Table 5. All panels were assembled in such a fa sh ion

to permit suosequent verification of the internal construction , or

changing of the insulation tnrough ready removal of one of the

faces.  In all cases , the n ighest  qua l i t y  workmansh ip  expected in

r e s iden t i a l  nous ing  was used , exce pt whe re anomal ies were

i n t e n t i o n a l l y  incorpora ted .

Ex tensive use was made of photographic documen tation during

the cons t ruc t ion  of the test panels.  This includ ed black and

white photographs included in Appendix 0 of this report , and 2 x 2

color slides taken at the same time . Five duplicate sets of the

color slides nave been delivered to USH/CEL personnel. The same

i d e n t i f i c a t i o n  numbers  apply to both series of p i c tu re s .

Tne f i r s t  tnree  test panels , to be used as r e f e rences , were

c o n s t r u c t e d  f i r s t  as per sketches , F igure  3 and 4. These

inc luded:

Panel No. 1 — Wall — R— l l  I n s u l a t i o n  (no anomal ies)

Panei No. 4 — 
~1a1l — R—7 Insulation (no anomalies)

Panel No. 7 — Ceiling — R—l9 Insulation (ri o anomalies)

• 1’
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Some c o n s t r u c t i o n  de ta i l s  were  comminon to all panels.  The

sheet facing materials , 48—inch wide , were installed parallel to

tne long or d O — i n c h  d i r e c t i o n  (Aop enuix  0 , P i c t u r e  N o .  1, P i c t u r e

No. 3 ) .  Jo in t s  occurred  over the outer  studs or j o i s t s , i . e . ,  no

j o i n t s  in the f ac ing  occurred over the 32—inch  wide center test

area .  To protect  the r a t h e r  f r a g i l e  edges of the gypsum board and

tri e i n su la t ing  board faces , meta l  “J” molding  was ins ta l led

(P i c t u r e  No. 1, P i c t u r e  No.  7) . I
:
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FIGURE 3
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Tne insu la t ion  used was selected to oe in the 0 .6  to 0 . 7  pcf

ran ge, wh ich was typical for glass fiber batts produced during the

1950 to 1969 period . Since R—7 batts are no longer commonly

m a n u f a c t u r e d , it was necessary to cut down R—ll  bat ts , us ing  a

h o r i z o n t a l  oand saw. S u f f i c i e n t  R—7 i n su l a t i on  was p repared  at

one time to complete the construction of all R—7 wall panels.

Since the R—ll  bat t  i n st a l l ed  in Test Panel No. 1 completel y

f i l l s  tri e wall  c a v i t y ,  the i n s u l a t i o n  th i ckness  was the depth of

tne c a v i t y  or 3 . 5 — i n c h .  The t~~— 7 batt  ins ta l led in the gall Test

Panel No. 4, and tne R—19 batt installed in Ceiling Test

Panel No.  7 were  not of f u l l  dep th .  For these Qanels , it was

necessary to ins ta l l  lacing s t r i ngs  to locate the batts  in the

proper posi t ion ( P i c t u r e  No.  10 , No. ls , and No. 17) . Lacing

s t r i ng s  were not instal led on the inside wall  cav ity  of Test Panel

No.  4 s ince they would i n t e r f e r e  wi th  the s tapl ing f l ange , and the

vapor b a r r i e r  paper serves a s imi l a r  f u n c t i o n  ( P i c t u re  No.  10)

The R—ll oatts used in Test Panel No. 1 and the R— 7 Oatts

prepared for Test Panel No. 4 had the vapor barrier attached to

the oatt  ( P i c t u r e  No.  3 , No. 4 , and No.  10 ) .  In the case of the

R—l9 batts used in rest Panel No. 7, it was fe l t  that  a be t te r

i n s t a l l a t i o n  j ob could be accomplished w i t h  separate  ba tt s  and

vapor oa r r i e r  ( P i c t u r e  N o. 15, No.  16 , and N o.  17)
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Again , with the oatt filling the cavity in Test Panel NO. 1,

no convection barrier was required here (Picture No. 2). with

open cavi ties , both Test Panel No. 4 and No. 7 required the

installation of barriers. These were fabricated of l/2—incn thick

in s u l a t i n g  ooard sheathing ( P i c t u r e  No.  9, No. 12, and No. 14)

Barriers were installed in both inside (Picture No. 11) and

outside cavities (Picture No. 8) of Panel No. 4 and in the top

side cavity of Panel No. 7 (Picture No. 13). These barriers were

cemented to the fac ing , or between tne studs as appropr ia te

(Picture No. 11). In each case , the b a r r i e r s  con t inued  the

locat ion of the 32 oy 4d test area th rough  the test pane l .  The

b a r r i e r s  were designed to compress the insu la t ion  s l igh t ly,  in

order  to provide  a reasonably t igh t  p er i m e t e r  seal .

Each panel was provided wi th  a l i f t i n g  hook ( P i c t u r e  No.  4 )

for  n andling , and permanent ly  i den t i f i ed  wi th  the test panel

number and the Uni ted  States  Na vy/ CEL contract  number  •

( P i c t u r e  No.  7 ) .

At tne time the test panels were constructed , samples of the

i n s u l a t i o n  used were t aken .  Befor e tes t in g the panels in the

Guarded -lot Box , the steady state thermal transmission properties

of the i n su l a t i on  samples was de t e rmined  in a 36—inch Heat Flow

~4eter Apparatu s meeting the requirements of ASTM C—5l~~. At 73°F

mean t empera tu re  and 3 .50—inch es  t h i ckness , the measured t h e r m a l

res i s tance  of the R—l l  i n s u l a t i o n  used was 11.2 BTU ~~~/hr/ sq  f t / 0F
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at a tested density of 0.71 jo/cu ft. At the same mean

temperature and 2.Du—inches t h i c k ne s s , tne measured  thermal

resistance of the k— i insulation used was 7.3 BTU~~ /hr/sq ft/°F at

a tested density of 0 .3 lb/cu ft. iJhile the R—7 insulation was

cut off from the same batch as the R— 11 insulation , its density

was somewhat less. Tnis is due to the R— 7 insulation , as

instal leu , beir~g freer to expand to its fuLl tnickness (and lower

density) , whereas the ~-11 insulation , as installed , was con fined

~y the stud depth of approximately 3 1/2—inch.

A ll test panels with anomalies were constructed similar to

the reference panels without anomalies. Test Panel No. 2 (R—ll

wall insulation with 2—inch uninsulated area) was constructed

similar to Test Panel No. 1 (R—ll wall insulation without

anomalies) . Tne difference was the omission of the R—ll

insulation and vapor barrier for a 2—inch wide area. This open

area was or iented hor izon tally, extended the full width of the

test area , and was located at the mid point of the test Danel.

The uninsula ted portion was 2/43 or 4.2 percent of the insulation

area. Masking tape was used to repair minor rips in the vapor

oarrier as required.

Test Panel No. 5 (R— 7 wall insulation with two l—incn

uninsulated areas) was likewise constructed similar to Test Panel

~o. 4 (R—7 wall insulation without anomalies) . The difference was

the omission of the R—7 insulation and vapor barrier for two

41
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1—inch areas. Each area was also oriented horizontally and

ex tended tne full width of the test area. One open area was

located at tne top of tne test area , the other at the bottom. The

open or un insu la ted ar eas prov ided d i rect connec tion between the

air spaces on either face of the R—7 insulation , and thus

permitted a ready path for an air thermo—siphon or convection

loop. Tue total un insu la t ed  p or t i o n  in Test Panel No.  5 was

4.2 percent of the insulation area , the same as Test Panel No. 2.

Photograph s taken during the construction of Test Panel

No. 2, ( Picture 24) and -Test Panel No. 5 (Picture 25) are

included in Appendix 0.

-Test Panel No. 3 (R—ll wall insulation with electrical

receptacle) was constructed similar to Test Panel No. 1 (R—ll wall

insulation without anomalies) . Also , Test Panel No. 6 (R—7 wall

insulation with elec trical rece ptacle ) was cons truc ted similar to

Test Panel No. 4 (R— 7 wall insulation without anomalies)

The elec trical receptacles in Test Panels No. 3 and No. 6

were installed in a similar fashion. A 2 by 3 by 2 1/2-inch deep

metal electrical oox with clamps for non—metallic cable and an

integral side bracket was centrally located 40—inches from the top

edge of the panel (center of the test area) and mounted on the

side of the stud forming the center stud space . The box was wired

with 14—2 non—metallic sheathed cable (Romex) with separate ground
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conduc to r .  To s imula te  typical  use cond i t ions , the w i r i n g  was

extended horizontally through the center of the studs at a point

I d — i n c h e s  oelow the oox . Each cable was stapled to the side of

tne ad jacent  stud at a point about 4 — i n c h  below the box and also

j u s t  oefore  the t u r n  to t raverse  ho r i zon ta l ly. The w i r i n g  was

completed by i n s t a l l i ng  a dupl ex receptacle  and a p las t ic  cover

plate .

The i n s u l a t i o n  was ins ta l led  in a manner s imi l a r  to tn a t  used

in tue prev ious  wall panels.  The R— ll  i nsu la t ion  was jo in ted  at

the no rzon ta l  w i r i n g . This represents  good i n s t a l l a t i o n  p rac t i ce

as it permi ts  m aximum con fo rmi ty  of the insula t ion to w i r i n g

i r r e g u l a r i t i e s .  U n f o r t u n a t e l y ,  th is  p rac t ice  is not always

un ive r sa l ly  fo l lowed .  In the case of the R— 7 i n s u l a t i o n , the

ma t e r i a l  was installed on the gypsum board side of the h o r i z o n t a l

w i r i n g ,  wh ich resul ted in a s l ight  local compression of the

in su l a t i on .  For both ins ta l la t ions, tne insu la t ion  and vapor

oarr ier were cut out to the app roxima te d imensions of the

elec t r ica l  box . Photographs  taken d u r i ng  the cons t ruc t ion  of the

Test Panel ~‘Jo . 3 ( P i c t u r e  26)  and Test Panel No.  5 ( P i c t u r e  27 )

are included in Appendix 0. P i c t u r e  23 shows the completed Test

Panel No. 6; Test Panel N o.  3 would be s i m i l a r .

Test Panel No.  B ( R— l9  c e i l i ng  i n s u l a t i o n  wi th  2 — i n c h  wide

u n i n s u l a t e d  a rea ) , Test Panel No.  9 (R— 19 ce i l ing  in su l a t i on  w i t h

1—inch overlap) and Test Panel No.  10 ( R — l 9  c e i l i n g  i n s u l a t i o n
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w i t h  ce i l ing  e lec t r ica l  f i x t u r e )  were cons t ruc ted  s imilar  to Test

Panel No. 7 (R—19 ceiling insulation without anomalies)

The 2—inch  wide un in su l a t ed  area in Test Panel No. 8 was

located at the midpo in t , sim i la r  to the 2—inch  un insu la t ed  area in

lest Panel N o.  3 (R—1l wal l  insu la t ion  wi th  2— inch un insu l a t ed

area) . In 00th cases the u n i n s u l a t e d  area extended the f ul l  wid th

of the test area or 32—inches .  The un in su l a t ed  por t ion was 2/48

or 4.2 percent of the insulation in the test area. As with

-Test Panel  No.  3 , the vapor b a r r i e r  was omit ted  in the

uninsu la ted  a rea .  Detai ls  of cons t ruc t ion  are shown in

Picture 29.

-Test Panel No.  9 was designed to demonstrate the effect of a

oatt  improper ly  ins ta l l ed  in that  it overlapped the adjacent  bat t

by 1—inch .  The bat t , t h e r e f o r e , was not in contact  wi th  the

ceiling gypsum board for a length of about 12—inches. The

loca t ion  of the overlapped batt was cent ra l  to the test area , and

occu r r ed  only in tne center  jois t  space. See P ic tu re  30 fo r

ueta il s .

Test Panel No. 10 was designed to demonstrate the effect of a

c e i l i ng  l i g h t  f i x t u r e .  A 4 — i n c h  octagonal  metal  box w i th  clamps

fo r  n o n — m e t a l l i c  cable was fastened to the side of the c e i l i n g

jo is t  in the cen t ra l  jo i s t  space. The box was c e n t r a l l y  located

leng thwi se  in the test  a rea .  The box was wi red  w i t h  14—2
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n o n — m e t a l l i c  sheathed cable ( Romex ) with  separate ground

conduc to r .  The w i r i n g  was extended d iagona l ly  on both sides of

tne oox , with wiring on top of the joists. Staples fastened the

cable tO the side of the joist within 4— inches of the box and on

top of each jo i s t .  See P ic tu re  31 for de ta i ls .  The i n s t a l l a t i o n

• -was completed by in tal l ing  a modest priced 2—lamp ce i l ing  f i x t u r e

found t yp ica l ly  in res ident ia l  app l i ca t ions  (see P i c t u r e  32)

In the process of i n su l a t i ng  Panels No.  8 th rough  10 , it

became apparent that it would be d i f f i c u l t  to main ta in  the nom inal

6 to ii l/ 2— incn  th ickness  of R— l9 ce i l ing  insu la t ion  wi th  a h i g h

degree of consistency between panels using the system of l oca t i ng

s t r i n g s  employed o r i g i n a l l y  in i n su l a t i ng  the Refe rence  C e i l i n g

Panel N o.  7 , (shown in P i c tu re  17) .  By only a t tach ing  the

locat ing s t r ings  at the panel edges , the na tu ra l  res i l i ence  of the

glass f i b e r  oat ts  caused a degree of bowing , with  the g rea t e s t

u n c e r t a i n t y  of th ickness  o c c u r r i n g  in tue center or over the test

a rea .  To solve th is  problem , it was decided to fas ten  the

locating strings at each 2 x 6 ceiling joist. -This resulted in

some co~apre ss ion of the batt  which reduced its e f f e c t i v e  R—v alue .

dowever , this  e f f e c t  could be calculated for , and wi th  the

impro ~ ed th ickness  control , the comparison of Panels  No .  , No. 9,

and No.  lii w i t h  Panel No.  7 would be enhanced . Panel N o.  7 was

subsequently  reworked  so that  its top s u r f a c e  was s imi la r  to tha t

of Panels  B t h rough  10 snown in P i c t u r e s  29—31.  P i c t u r e  17 ,
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snowing the o r ig ina l  cons t ruc t ion  of the inside Panel No.  7 , is

tnerefore no longer valid .

D u r i n g  the test p rog ram , tne thermal  res is tance for Test

Panel No.  7 wi th  heat f low down , was found to be unexpectedly  low .

Tuis  was oelieved to be caused by the lack of s t r u c t u r a l  s t r ength

of the support  for the plywood top su r f ace  of th is  panel.  The

weight of tne test area Hot Box caused the plywood to deflect ,

making  t cie su r face  non—planar , and adversely  a f f e c t i n g  the seal

oetween the test area and the quard area of the Hot Box Assembl y.

The top su r f ace  s t r u c t u r e  of Test Panel No. 7 was r ebu i l t  by

adding 2 oy 4 supports , both cross—wise and l eng th—wise , outs ide

of the i n su l a t i on  board convection b a r r i e r .  In addi t ion , damaged

portions of the convection barrier were repaired by cutting out

the crushed areas , and cementing in pieces of s imi lar  ma te r i a l .

No s i m i l a r  m odi f i c a t i o n s  were made to Test Panels  N o .  8 ,

N o .  9 and N o.  10, since the se we re tested only in the heat flow up

pos i t ion , w i tn  the test area Hot Box below the test panel.
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TEST PROCEDURE

Tne thermal performance of each panel was determined oy the

test procedure of ASTM C—236 , Standard Test Method for Thermal

Conductance and Transmi t tance  of B u i l t — u p  Sections by Means of the

Guarded Hot Box . F i g u r e  5 , tak en from ASTM C—236 , shows the

essential details of the Guarded Hot Box Test Apparatus.

Detai ls  of tue in te r io r  cons t ruc t ion  of the J o h n s — M an v i l l e

Research Center  Guarded Hot Box Appara tus  are shown in

P i c t u r e  No.  18 (warm side meter ing  and guard  boxes) , No. 19 (cold

box , cooling coils and c i r cu l a t i on  fan behind b a f f l e ) , and No.  20

(warm side ooxes l e f t , cold box behind test panel) . The

thermocouples  used to measure the warm su r face  t empera tu re  a re

suown in P i c t u r e  No. 21. S imi la r  thermocouples  were ins ta l led  on

the reverse  or cold sur face .  The completed i n s t a l l a t i on, ready

for  test and the control  panel are shown in P i c t u r e  dos. 22 and 23

respectively.
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test periods criteria required by ASTM C—236 was not nearly always

s t r i c t  enough.  Especially with  high thermal  res is tance  panels ,

test  data was obtained which  met this requirement but differed

suostantially from the true thermal equilibrium data.

The r e l a t ive ly  high thermal  res i s tance  of the R—19 ceiling

panels compared wi th  usual test panels , necess i ta ted  two changes

in the test procedure. Longer test times were required for the

tn ermal  e q u i l i b r i u m , much more than that  spec i f i ed  in ASTM C— 2 3 6 .

In addition , tne automatic control system of AC power to the test

area used previous ly, was not s u f f i c i e n t l y  sensi t ive at low power .

The p rocedure  wi th  the R— l9 ce i l ing  panels was to use constant  AC

power to the c i r cu l a t i on  fans wi th in  the test area , wi th  manual ly

adjusted DC po we r to resistors for  addi t ional  heat as requi red .

The total  heat dissipated through the test are was the sum of the

AC and the DC power.

As a check of the modi f i ed  test procedure , a s tandard sample

of roof i n s u l a t i o n ,  wh i ch had been tested previously  at the

Nationa l Research Counc i l  of Can ada Labora tor ies  and at the

-J oh ns—Manv i l l e  Research Center , was ins ta l led in the Guarded Hot

Sox Test Apparatus used for conducting the current USN/CEL test.

Tne r e su l t s  of th is  test on the s tandard  sample , agreed closely

with 00th previous test results. This validated the combined AC

arid DC test area power procedure.
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Tue raw data taken fr om tue Guarded Hot Box at each point  was

fed into a p ro gramab le  ca l cu la to r .  -These r esu l t s  were then

compiled . A typical comp ilat ion ( f o r  Panel N o.  6 at 45° F mean )  is

shown in Taole 6. All data for  Phase I of this p ro jec t  are

recorded in J onns—Manv i l l e  Research Center Notebooks 4742 and

4794, which were used exclusively for this purpose .
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A detail of ASTM Standard -Test Method C— 236 deserves

ampl i f i c a t i on  at this  point .  Section 5.5.1 describes the

measurement of surface temperature. It calls for thermocouples  to

oe located judiciously with respect to s t r u c t u r a l  members in the

panel . ~Jhen tes t ing wall panels , it has been our pr actice in the

past to locate some thermocouples over studs with the balance of

tue tner.nocouples over tne between—the—stud area . The average

surface temperature was than determined as the area weighted

average oetween over stud and insulation surface t empera tu re s .

This practice was continued when testing wall panels with

anomalies , the average surface temperature in this case including

also an area weighting for the surface temperature over the

anomaly.

Anothe r  section of ASTM C—236 requires the taking of data

over a minimum of B—hours , consisting of two consecutive 4—hour

periobs , with a maximum difference of 1 percent in the measured

average conductance values over the two 4—hour aeriods. The test

reported nere were continued at least a second day for a second

~— n our  per iod . Values  reported are the averages of the four

4—hour periods. In most cases, the results of the second 8—hour

period duplicated those of the earlier period. In a few cases ,

cue n~ean temperature s~ i~ ted slightl y for tue seconJ ciay . ~iere

tue d i f f e r e n c e  in ~cas ur ed co u du c t ~ uc~ ~or the secoci~ day :esuits

~as cuac expectea ~~e to tue cuai~ e ir ~ mean temperature. In

~en~ cai , tne less tr~an 1 percent di.fercnce ov~ r :~ ccessive 4— ’~ioi r
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PtNAL~’SIS

• The test results of Panel ~o. 1 (R—ll wall without anomalies)

are tabulated -in Table 7 for t~ie taree mean temperatures of 45°F ,

75°F, and .)5°F. Similar test results for Panel No. 4 (~ —7 wall

w i t h o u t  anomal ie s )  are taoulatecj in Ta.1e 8. -The above results

are plotted in Figure 6.
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TABLE 7

TEST RESULTS - PANEL NO. 1
(R-l] . WALL WITHOUT ANOMALIES )

Test Test Test
1—1 1—2 1-3

TEMPERATURE , °F

Hot Air 70 .2  100.5 123.4
Hot Surface 68 .3  98.3  121.1
Cold Surface 22 .0  50.1 71.3
Cold Air 20 .3  48.3 69.5
Surface/Surface , mean 45 .2  74 .2  96 .2
Surfa ce/Surface ,L~T 46.3 48.2 49.8

RESISTANCE

BTU~~ Jhr/sp ftL°F

Hot Air Film 0 .5  0.5 0.5
Surface/Surface 11.9 10.9 10.0

5-’ Cold Air Film 0.4 0.4 0.4
Total 12.8 11.8 10.9

CALCULATED RES ISTANCE
(at 75°F mean)

BTU~~Jhr/sg f t/F°

Surface/Surface 11.3*

CONDUCTANCE

BTU/hr/sp f t /°F

Surface/Surface 0.084 0 .092 0.100
Ai r/Air 0 .078 0.085 0 .092

* correct ed , see text .

_ _ _  
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TABLE 8

TEST RESULTS - PANEL NO. 4
(R-7 WAL L WITHOUT ANOMALIES)

Test Test Test
4—i 4—2 4—3

TEMPERATUREJ~ °F

Hot Air 69.6 101.8 122.7
Hot Surface 66.0 97.8 118.8
Cold Surface 21.6 50.3 72.4
Cold Air 19.6 47.8 70.2
Surface/Surface, mean 43.8 74.0 95.6
Surface/Surface, ~T 4 4 . 4  47 .5  46 .4

RESISTANCE

BTU 1/hr/sg f t/ °F

Hot Air Film 0.8 0.8 0.7
Surface/Surface 9.9 9.1 8.3
Cold Air Film 0.5 0.5 04
Total — Ai r/Air 11.2 10.4 9 .4

CALCULATED RESISTANCE
(at 75°F mean)

BTU ’/hrJsp ft/°F

Surface/Surface 9•7*

CONDUCTANCE
BTU/hr/sp ft/°F

Surface/Surface o.ioi 0.110 0.120
Air/Air 0.089 0.096 0.106

* corrected, see text .

5-
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Tae expected surface to surface thercnal resistance of the

R—ll and the R—7 Panels at 75°F mean tempera ture  was ca lcula ted

us ing the procedures and acce pted values outl ined in the 1972

ASHRA~ Handbook of Fundamentals. The average or typical accepted

values for trke resistance of the sheathing board , gypsum board ,

a i r  space , and wood studs were taken from this reference. The

exception was the actual measured thermal resistance of the batt

insulation. The calculated tnermal resistance was 0.6 to 0.9 “R ”

uni t s  h igner  than that  measured .

Samples of 1/2—inch sheathing and 1/2—inch gypsum board

s imi la r  to that used in the construction of these test panels were

ootained and tnermal  resis tance determined . The average  measured

taermal resistance of the sheatnin-~ at 75°F mean was

1.02 3-rcr1/hr/sq ft/°F; that of the gypsum board was 0.41, for  a

total of 1.43. Accepted values used in the o r ig ina l  ca lcu la t ions

were f rom kSHRAE l~ 72 Handbook of Fundamentals , and were 1.32 and

0 . 4 5  r e spec t ive ly ,  for  a total of 1.77.

Clear fir was used in tne construction of the test panels.

Two tnermal conductivity test specimens were fabricated by edge

la1ninating pieces of construction material. -The average measured

tn e rm al  c o n d u c t i v i t y  at 75 0F mean of clear f i r  was

u .dl 3TU/in/nr/sq ft/°F. The calculated thermal resistance then

for  3 1/2—inch s tuds would ~e 4 .32  i3TU~~ /hr/ sq  f t/ °F, whi ch is
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prac tical ly i uen t i cal  w i th  the A SHRA E aandbook of Fundamenta l s

value of 4.35 used in previous calculations.

for both panels , the calculated s u r f a c e  to su r f ace  res i s tance

values were still slightly hi gher than actually measured after

• corrections for tne actual rather than nominal resistance of the

gypsum board and the sheathing were made. There are a number of

possible explanations for this difference. Some earlier work at

the -Johns—iianville Research Center showed that  there  was a small ,

out significant , redu ction in the measured wa ll the rma l res istance

due to the f a s t ene r s  (na i l s  or screws)  used to attach the

sneatning ooard and the gypsum board faces to the studs. ~lso ,

the resistance of tne two air spaces for the R—7 insulation was

the value taken from ASHRAE for narrow (3/4—inch) air spaces,

whereas trie actual air space on the warm side of the wall averaged

J.6U—inches , tnat on the cold side 0.37—inches.

All of the above factors would tend to make the calculated

surface to sur face resis tance somewhat higher than the ac tual , as

was ooserved. In view of tnis , the agreement between measured and

calcula ted values is considered exce l len t .

It is customary to rate the thermal performance of building

materials at 750F mean temperature. This represents something of

a compromise between winter conditions and summer conditions. As

3 1iown in Fi g u r e  6, tne winter performance of a wall should be
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aoout 10 percent oetter than designed , that for summ er about 10

percent poorer . This is not serious in view of the many other

much grosser assumptions that go into the pr ediction of the

thermal performance of a g iven wa ll, the amount of air
infiltration expected for example.

Tfle test results of the effect of uninsulated por tions of

wall panels are tabulated in Table 9. Panel No. 2 ( R — l l  wall

i n s u l a t i o n )  has a 2 — i n c h  wide un insu la ted  area , cen t r a l ly  located.

Panel No. 5 (R—7 wall insulation) has two 1—inch wide uninsulated

areas located at the top and the bottom of the test areas.

while tne uninsulated portion of the Test Panel No. 2 was

only 2—inches out of 48—inches , or 4.2 percent of the area between

the studs, the measured decrease in surface to surface thermal

resistance was 13 percent. This checks with calculations for the

expected cr~ange in overall thermal resistance for Panel No. 2,

-wriich was also 13 percent.
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TABLE 9

TEST RESULTS - WALL PANELS
WITH UNINSULATED AREAS

Test Test Test Test
____ 1—1 5—1 4--i

CONSTRUCTION

Panel Wall Wall Wall Wall
Insulation R-l]. R—1i R—7 R—7
Anomaly 1—2” space None 2— 1” spaces None

(central) (top & bottom)

TEMPERATURE -

Hot Air 75.6 70.2 76.2 69.6
Hot Surface 71.7 68.3 70.4 66.0
Cold Surface 20.2 22,0 20.7 21.6
Cold Air 18.4 20.3 18.0 19.6
Surface/Surface , mean 46.0 45.2 45.6 43.8
Surface/Surface, L~T 51.5 46.3 49.7 44.4

RESISTANCE

BTU ’/hr/sp f t /°F

Hot Air Film 0.8 0.5 0.7 0.8
Surface/Surface 10.3 11.9 6.2 9.9
Cold Air Film 0.4 0.4 0.3 0.5
Total — Air/Air 11.5 12.8 7.2 11.2

CONDUCTANCE
BTULhr/sa ft/°F

Surface/Surface 0.097 0.084 0.161 0.101
Air/Air 0.087 0.078 0.139 0.089

COMPARI SON

Effect of Anomaly on
Surface/Surface “R” — 13% —38%
Calculated Effect  of
Anomaly on0Surface/Surface“R” (at 75 F mean) —13%
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The decrease in measured thermal resistance for Test Panel

No.  5 compared wi tn  s i m i l a r l y  insula ted  Panel No. 4 was

3~ percent. This is equivalent to a 61 percent increase in heat

loss. Wh ile  the total area of the non—insu la ted  por t ion  for  Panel

.‘~o. 5 was no l a rge r  than wi th  Panel No.  2 , in the case of No.  5 ,

it was distributed equally at the top and bottom of the test area

cavity. Since the R—7 insui~ tion used in Panel No. 5 had an air

space on both the warm and cold surfaces , the addition of the

uninsulated areas top and bottom completed the potential

convect ion path.  That the closed loop convection path was

e f f e c t i v e  as a heat t r a n s f e r  device was demons t ra ted  by the marked

decrease in thermal  res is tance .  Due to unknowns associated wi th

tue convect ion mode of heat t r a n s f e r , no ca lcu la t ions  were

attempted for the expected thermal resistance of Panel No. 5.

The marked reduction in thermal resistance of wall panels

wnen convect ion is permit ted  was also found in a qua l i t a t ive  sense

oy Teitsma and Peavy. Their recently published 1paoer concerned

research at NBS on a mobile home wh i ch had 2 by 4 stud walls wi th

R — 7 g lass  f ioer  bat t  i n s u l a t i o n .  They stated “ as c u r r e n t l y

ins ta l l ed , a por t ion  of the R—7 i n s u l a t i o n  in the walls is made

ineffective oy the passage of cold air through the insulated

c a v i t y ,  s iohoning  a i r  a round  the i n s u l a t i o n .  . . . I t  appears t ha t

f u ll , thi ck , pr oper ly  in stalled insu lation su bstan tial ly reduces

or el iminates air movement in insulated cavities ” .
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The overa l l  conclusions of Tei tsma and Peavy have been

suostant ia ted by this  r e sea rch .  Their quantitative estimate of a

9 percent  reduc t ion  of overall  wall resis tance due to movement of

cold air w i t h i n  the wall would appear to be much too conse rva tive .

• Thermal  data on the tes t ing of Panels N o.  3 (R—ll wall

insulation with electrical receptacle) and No. 6 (R—7 wall

insulation with electrical receptacle) are reported ~.n Table 10

along w i t n  similar data on Panels No. 1 ( R — l l  wall insu 1 at ion

w i t h o u t  anomalies)  and No. 4 (R—7 wall insulation without

anomalies) at the same mean temperature for comparison.

The thermal resistance values for the two R— ll wall panels

snow suostantially no difference. In fact , the thermal resistance

of the panel with the electrical box was slightly better than the

panel without. This small difference is within the expected

limits of experimental variation. On the other hand , the addition

of an electrical receptacle to the R—7 insulated wall panel

mar kedly reduced the thermal resistance , by about 9 percent.

The above observations are consistent with the previously

ooserved results on Panels No. 2 and No. 5 i.e., wi th a wall

i n su l a t i on  wh i ch completely f i l l s  the wall  cav i ty  (R — l 1  ba t t ) , the

ef fect of an anomal y is small and predictable. When the wall

insulation does not fill the cavity (R— 7 batt) , the air spaces on

aitner side of the insulation permit convection h3at flow to
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opera te wnen an anomaly is presen t, thus materially reducing the

measured thermal  resis tance from that  under ideal condi t ions

(t~anel No. 4).
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TABLE 10

TEST RESULTS — WALL PANELS
WITH ELECTR ICAL BOXES

Test Test Test Test
____ 1— 1 6—1 4—1

CONSTRUCTION

Panel Wall Wall Wall Wall
Insulation R-ll k—il R-7 R-7
Anomaly elec. box none elec. box none

TEMPERATURE -

Hot Air 73.9 70.2 72.1 69.6
Hot Surface 70.3 68.3 67.6 66.0
Cold Surface 19.3 22.0 21.6 21.6
Cold Air 18.1 20.3 19.0 19.6
Surface/Surface , mean 44.8 45.2 44.6 43.8
Surface/Surface , AT 51.0 46.3 46.0 

- 

4 4 . 4

RESISTANCE

BTU~~/hr/sg ft/°F

Hot Air Film 0.8 0.5 0.9 0.8
Surface/Surface 12.1 11.9 9.0 9.9
Cold Air Film 0.3 0.4 0.5 0.5
Total 13.2 12.8 10.4 11.2

CONDUCTANCE
BTII /hrJs p ft i°F

• Surface/Surface 0.083 0.084 0.111 0.101
Air/Air 0 .076  0 .078  0 . 0 9 6  0 .089

coMPARISoN 
-

Effect of Anomaly on
Surface/Sur face “R” nil —9%
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More pr oolems were experienced in obtaining satisfactory test

data from Test Panel No. 7 (R—l9 ceiling insulation without

anomalies) than wi th all the other panels combined . The original

i n s u l a t i o n  used to cons t ruc t  Test Panel No. 7 was not w i t h i n

specification , and it was replaced with new material similar to

that used in the wall panels, which Johns—Manville identifies as

ty pe “ H ” insu la t ion .  The thermal  conduc t iv i t y  of the replacemen t

material was determined at three thicknesses , at 750F mean

tempera ture , using the heat meter apparatus and test procedure

descr in ed  in ASTM C— 5l8 .  The same material was used for the three

tests , the changes in th ickness  a f f e c t i ng  the densi ty  in an

inverse relationship. The results of these tests agreed very

closely wi th  a regress ion analysis  of many thermal  conduc t iv i ty

tests on type “H” insulation at the Johns—Manville Research

Center .  The ana lys i s  includes fac to rs  for dens i ty  and th i ckness

v a r i a t i o n s .

In tne case of Wal l Panels  N o.  1, No. 2 , and No.  3 , R— ll

insu la t ion  was used , wh i ch would more than f i l l  the wall c av i t y ,

without compression. Tue insulation thickness in th i s  case was

iden t i ca l ly  equal to the width  of the wall c av i ty ,  which i n t u r n

was de termined un ique ly  by the width  of the s tuds.  Where the

in su l a t i on  was of less th ickness  than that of the c a v i t y ,  some

means of es tabl i sh ing the insula t ion  th ickness  was necessary.  As

originally constructed , Test Panel No. 7 had containment or

location cords on the top surface which traversed the entire width
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of the test panel , as shown in P i c t u r e  No. 17. The first tests

conducted on Panel i~o. 7 , Tests 7— 1 , 7 — 2 , and 7 — 3 , were wi th  the

panel constructed in this fashion. The measured average thickness

of tne insulation was 6.41—inches, and the calculated resistance

for the insulation at this thickness and density was

2U.2 ~TU~~/hr/sq ft/°F.

rhe aoove system of insulation thickness control was not

considered completely satisfactory, due to the resilience of this

product causing suoseguent uncertainty of thickness. While

increased thickness will reduce density and thereby increase

thermal conductivity slightly (reduce thermal resistivity) , this

effe ct is sma ll compared wi th the direct increase in thermal

resistance with thickness.

As described in the section on TEST PANEL CONSTRUCTION ,

Ceiling Test Panels No. 8, No. 9, and No. 10 were insulated with

material from the same lot as that used for reinsulating

Panel ao. 7, but with defining cords fastened to the top of each

joist as snown in Picture No. 29. Test Panel No. 7 was

subsequently reworked in a similar fashion , with the result that

the average insulation thickness after rework was 5.66—inches.

rue calculated R at this thickness and density was

ld.7 3TU~~-/hr/sq ft/°F. Tests 7—4 and following on Panel No. 7

were with this reduced thickness insulation.
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Tue test results on Panel No.  7 with (R—l8.7 insulation) are

snown in Table 11. Phe tests were conducted witn heat flow up at

450F and 15°F mean temperatures , simula tin g w in ter cond itions , and

neat flow down at 750F and 95°F simulating summer conditions.

Also inc luded in Table 11 are calculated values of overall surface

to surface resistance at 750F mean based on ASHRAE procedures with

allowance for joists, and previously determined data.

Tne calculated thermal resistance values for heat flow up and

heat flow down at the same mean temperature were practically the

same. While the resistance of an air space with heat flow down is

nigner than with heat flow up, this effect w .is balanced by the

nigher conductance at the higher mean temperature when the heat

flow was reversed .

The agreement between measured and calculated values is fair

with heat flow up, and somewzi~t poorer with heat flow down . In

dismantling Test Panel No. 7, it was found that the quarter—inch

plywood top surface did not have sufficient strength to support

the weignt of the inner or test area assembly of the Guarded Hot

3ox when the apparatus was assembled for heat flow down . This had

allowed the test area box to drop and made the seal between the

test area and surrounding guard area imperfect. The data reported

in Taole 11 for heat flow down , is that obtained after the top

surface of Test Panel No. 7 was strengthened .
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TABLE 11

TEST RESULTS - PANEL NO. 7
(R-19 CEILING WITHOUT ANOMALIES)

Test Test Test Test
7 4  7..5 7_9* 7_10*

CONSTRUCTION

Panel Ceiling
Insulation R-19
Anomaly none

HEAT FLOW up up down down

TEMPERATURE -

Hot Air 72.6 100.0 101.7 121.4
Hot Surface 70.9 98.4 98.8 118.1
Cold Surface 20.7 50.0 49.4 71.3
Cold Air 17.8 47.5 48.4 70.2
Surface/Surface, mean 45.8 74.2 74.1 94.7
Surface/Surface, AT 50.2 48.5 49.4 46.8

RESISTANCE

BTU 1Ihr/sp ft/°F

Hot Air Film 0.6 0.6 1.0 1.0
Surface/Surface 19.1 16.5 16.2 13.6
Cold Air Film 1.1 0.8 0.3 0.3
Total 2 0 . 9  17.9  17.5 14 . 9

CALCULATED RESISTANCE
(at 75°F mean)
BTU~~ /hr/sa ft/°F

Surface /Surface 17 .8  17.9

CONDUCTANCE
BTU/hr/sa ft/°F

5- Surface /Surface 0 . 0 5 2  0 . 0 6 1  0 . 0 6 2  0 . 0 7 3
Ai r/Ai r 0 . 04 8  0 . 0 5 6  0 . 0 5 7  0 .06 7

* Test conducted after top surface of test panel reinforced , see t~~x t .
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fable 12 contains ’test results on Ceiling -Pest Panels No. 3

(R—19 insulation with 2—inch uninsulated area), No. 9 (R—19

insulation wi th 1—inch overlap of insulation) , and No. 10 (R—19

insulation with ceiling electrical fixture) . These tests were

conducted at 45°F mean with heat flow in the upward direction.

Phis configuration simulates winter conditions .
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TABLE 12

TEST RESULTS - CEILING PANELS
WITH ANOMALIES

Test Test Test Test
8—1 ~ — 1 10—1 7—4

CONSTRUCTION

Panel ceiling ceiling ceiling ceiling
Insul ation R — 19 R —1 9 R —19 R— 19
Anomaly 1—2 ” space 1” overlap electric none

box

HEAT FLOW up up up up

TENPERATURE -

Hot Air 72.3 71.2 71.1 72.6
Hot Surface 69.8 69.6 69.5 70.9
Cold Surface 20.3 20.8 21.4 20.7
Cold Air 16.2 17.8 18.3 17.8
Surface/Surface , Mean 45.1 45.2 45.5 45.8
Surface/Surface, AT 49.5 48.8 4 8 . 1  50 .2

RESISTANCE

BTU 1/hr/sp f t /°F

Hot Air Film 0.6 0.6 0.6 0.6
Surface/Surface 12.7 19.1 18.9 19.1Cold Air Film i.i 1.2 1.2 1.1Total 14.4 20.9 20.8 20.9

CONDUCTANCE
BTU/hr/sa ft/°F

Surface/Surface 0.079 0.052 0.053 0.052Air/Air 0.069 0.048 0.048 0.048

COMPARI SON

Effect of Anomaly on
Surface/Surface “R” -34% nil nil
Calculated Effect of
Anomaly on0Surf ace/Surface“R” (at 75 F mean) —3g~
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Tue d i f f e r e n c e s  oetween the r e su l t s  from Ce i l ing  Test Panels

do. 7, No. 9, and No. 10 are insignificant , and show that these

anomalies  ( 1 — i n c h  over lap ,  and cei l ing electr ic  f i x t u r e )  had

ne-gli-giole e f f e c t  on the measured heat loss and overall  t h e r m a l

resistance. In contrast , tne effect of a 2—inch uninsulated area

(4.2 percent of the insulated portion of the test area) was a

reduc t ion  in the “ R ” fac tor  by 34 percent .  This is equiva lent  to

an increase in heat loss of 50 percent.

The expected change in surface to surface thermal resistance

due to the un insu la t ed  area was calculated for  Test Panel No. 8.

This snowed about a 39 percent  reduc t ion  in R f acto r , depending on

the assumptions made. Considering the sensitivity of thermal

resistance to the amount of uninsulated area , and the difficulty

of maintaining exactly the uninsulated area with a high degree of

prec is ion , the agreement  between the measured and the calculated

values is considered -good .

It snould be emphasized that the observed effect of the

anomal ies  on tue thermal  performance  was wi th  “ ideal” anomalies .

As pointed out in TEST PANEL CONSTRUCTION , the h ighes t  qua l i ty  of

w o r k m a n s n i p  no rma l ly  expected in r es iden t ia l  cons t ruc t ion  was

used. This was necessary in order to have a definition of test

conditions and r e p r o d u c i o i l i t y .  With some of the anomalies ,

especiall y where the oppor tunity for convec t ion curren ts is

presen t, poorer quality of workmanship would be expected to
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significantly reduce the measured thermal performance. This could

well be a profitable area for further investigation .
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CONCLUSION3

A. With “ideal” construc tion anoma lies , the thermal

per formance of re sid en tial struc tur es can be si gn i f i c a n tly poorer

tnan that predicted by A SHRA E calculations that do not consider

these effects.

8. Test results of wall structures without anomalies

confirmed ASHRA E calculated thermal performance for both R—1l and

i~— 7 insulation in the wall cavity.

C. The good agreement  between measured and ca lcula ted

the rma l  p e r f o r m a n c e  of wall s t r u c t u r e s  requ i red  the use of actual

test data in the ca lcu la t ions  for the thermal  res is tance  of the

i n s u l a t i o n , gypsum noard fac ing , sheathing , etc. ;  us ing  A SHRAE

“ nominal”  values , the agreement  between measured  and calcula ted

pe r fo rmance  was less close , but s t i l l  probably s a t i s f ac to ry  for

most engineering purposes.

D. The small r emain ing  discrepancy could oe caused by

tu erm al shor t c i rc u its of the me tal fas ten ings (n a i l s, screws ) for

tue -gypsum ooard and shea th ing  to the s tuds;  f r o m  a pr ac t ica l

standpoint tuis effect is of small consequence.
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E. Due to the effect of temperature on the thermal

per form ance of wall struc tures , the actual heat loss under typical

winter conditions (450F mean ) is aoout lu percent less (better)

tnan that predicted under nominal conditions (75°F mean) ; under

summer conditions (95°F mean) , the performance is anout 10 percent

greater (poorer) than under nominal conditions.

F. A wall structure with R—ll insulation , but with 4.2

percent of the insulation test area uninsulated , had 13 percent

less thermal resistance than the reference wall fully insulated .

G. Ca lcu la t ions  of the expected thermal performance with the

above anomaly confirmed tne 13 percent decrease in “R” value .

N . Add i t ion  of an e lectr ical  box to an R— ll  insulated wall

had negligible effect on tue thermal performance.

I. Because of the air spaces on e i ther  side of the

in su l a t i on  in a wall cav i ty  wi th  R—7 i n su la t ion , anomalies in an

R—7 insulated wall affected thermal performance to a more serious

degree than with an R—ll insulated wall.

-J. W i tu  4 . 2  percent  uninsulated area , located at the top and

nottoin of the test area to encourage natural convection , the

tuermal performance of an R— 7 wall was reduced 38 percent (heat

loss increased 5~ percent)
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i(. Addition of an electrical box to a wall with R—7

insu la t ion re duc ed the “R” value by 9 percent.

L. Agreement oetween measured and calculated tnerraal

performance for R—l9 insulated ceiling structures was not as close

as was found for walls.

4. At the same mean tem pera tu r e ,  tue thermal resistance of

ceiling structures , with heat flow u~ was about equal to that with

heat flow down ; tuis was expected from the calculated thermal

per forrnance .

N. With 4.2 percent uninsulated area , the thermal

perforc~ance of a R—l9 insulated ceiling was reduced 34 percent

(heat loss increased 5U percent)

0. Calcu la t ions  of the expected change in the rmal

performance with the aoove anomaly confirmed approximately the

observed r e s u l t s .

Phe 103.3 in overall performance with small gaps in

ceiling insulation is probably more sevious than nipst installers

are aware of.
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ç~. With careful installation , neither a 1—inch insulation

over lap nor an add ed elect r ica l  box had an apprec iable ef fec t on
the thermal performance of a R—l9 insulated ceiling structure.
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APPENDIX A FHA MINIMUM PROPERTY REQUIREMENTS

FOR INSULATION (1954)
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- - FIGUKE I

All Weather Comfort Stand ard
( Recommended practk es for insutat~ng, ventilating, shading and

related factors for mproved comfort and economy in electrically
heated and/or air conditioned homes.

Paul W. Emier , vice I’ ~~ nn, I t i lt ., I,, a so t isIactIll) - eeont,,n ira I itrat ilig anti
presi den t , Amer i can  ~ - ,- . ‘Ii ti g i ir~i a h a t  i,,ti i t t t  hci- tiutui to ,lj ctatc s~~ci ficahly and

r i~i,iI5- t h e  I hrr~t ia l i~~r fi , rulu uce ‘,I ever y elenietit of theCorp.. New York , N. V., st a- o i l  ut... ( iii t he  ,,tite,~ hand, it will he t,tat~ih)Ie in Inulnyin a speec h at the First -
. slruct li,,~s (ii k._ ._~1, lit ,, tota l ~~~~ loss Iwht,w t h e figure

~~~~~~~~~ I j ii I he new Stuinlu iti by insuhi Ii aig oil elemetita
National Electric House 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ iii il t etl fu r ac(- t -i it . lnCe t o indi v idua l m anuf act urer s of heat-

Electric Power Servke -

Heating Exposition, Chi.
__________________ 

ipI ti le sti-u -ture so that their therm al pea- lormance will b~caqo, on March 21sf , _______

(‘lilkil to or I,t~t tct t h an ta lurs sug~esIeti in the Stand ard.intro duced and de-
Fi,is new Al l Weat h er Coiitft’rt Standard li.i~ I,eeii aub.scribed the new All

Weather C o m f o r t
Standard for electric. ____________________________ iii c equipm ent , itis Ultl ti (,li , glass aiid air conditioning
ally heated and. or air t.t~uipnieimt , it , tiiit l~ tt~a,ciatioiis aUd i as Natiu ,ial Elect ri.
conditioned homes. Here are some pertinent excerpts i-ui Muimufat- luri rs i~55tiC~t lli (iIl , Nat ional Assovs atio .i of
from his talk , followed by i-he Standard, itse lf. il,nne Bi,iltIet-s . National ~l ineral ~VooI Association, Air

Conti it i, ining a nil hit-f i-i get-at iOli I list itute , Nttt i,,i,al \Varm

I N Se~iti -,,iii ~’i iii P)5’) a ii ‘t,n,l tal l,., a tte,idetl by tej  or- A I r I lea Ii ng anti A it - Cumitl it It tl ilig A~.soriatIiUii and ~.tii~oti
set’ I at is ,~~ iii the ilisulat i’m, g Ias~. amid dci i n c  lieu t i iig Elect ik I iis t it mik~, as well as a nu mnber of intl iv idu tm i d ec.

equi~J liiem,l liltiittil a rt Ut- er... ~~~~~ NMW A. EEI~ ~t ttI t h e  I n c  ut i liti es. Maaiy accep ta it c es hav e alread y been received
• itWit ies. Is a. hI,~ltI ti , ii i,t-us~ t he  i ii~iil~ t ion pi ,ihkmn. A and the Stunda nil is I Icing considered by other individual
small ‘‘.i’ ri•—eli taml i s- c t ut n it u t  ~~ to , ~k ‘‘a , tiw task iii tic- t i  .mpail lea anti ilsSucjUt 1(1115 55110 hOve not yet made
VrlojlilL~ 551 ,1 k~il.l~ iltstil;ii j ,,iI staitt lat-ils. l b s  Clilillit iti ce ,Ie,-ls i,nis .
had ,hit• a, It,.. huh , a .~ i~t a, i t - c  of w hj t  I a iii call a sit i i-I — At  t hi,_. 

~
i t•tst mt i t i Inc I I let- c is ii ,, ,i,le official sponsor for

t I P Ililli lttii iii, ’ tt ’t-hi it na l iu.t ‘~ 1e f ri ,m nia ~ ,,1 th. p h ~ ~~~~~~~ ,~ 1 h a t  j
~ is ,,u 

~
- uhati to have it s iio~~t ired by a

comhiat, i,.. t- i’iirr~
., ’i,tct i at ii ,t ’ iitsulai iu1i IOU nil tahile. As g rouhl a hildi ss ill uIh’it:iai II) represent Ihit~ ciuinpan i.~s and

a rt’~ult ,,Iihi is a, ti-k . Ilk’ rn-It All  \ \ ,~ut  Inn C’ini fort ~utu,i,l. ti..su,, iat ions hiatt lug a di i-re t interest it , i ii.,ulnt in g the
51,1 I’ ir t-l,’rt t i i-ul Is bra i~-.l a lid a r i- i intl it m ite,1 h~ b lurs electric al h~- llcutt’u I a t i t l sit- c,unil it iuii ~ il iluiflie .
n hj,-hi a.- a, re ~

i,t.st~t ii iii I.aiaty a as Ilium . ut is St ap it la iti —
is , I lit-I irs ,, ~~~~~~ ‘left-i ltrau -I iia,l anti sni rkuhlc. a mid lnct’ts
the sIn ‘rk ,n,i iti g~. ~il ‘‘or i’’ , -

~ it ins rert tnt ,iwvitlat iua ts for A IL WEAT H ER CO MFORT STANDARD
in~uIait I t i ~~ I lie i-li-v t ru -a l Is hit att,-,i al t , I air CI intl it ioiictl Purposehome.
Per I. ‘r,,,~, ,,t t~ i~ l it ,— kt-~ to the nt,s.- Sit , mob i - il ——- per fm-in— U t lit’ OU raptt gond I usti lat ion practice So the owner

ance tlieal—u ret I It s ,, 55 ii ~ ~ . Ti,,’ lu st is ,iver—a II l wi-f,, rlnaitlt e 
st ill l~t’mte fi 1 ft (t Il l

—t he Ut tilt lieu I I. ‘as 11.1—ed oft t h e  ii ita I sq oat ,r lout a rca ,,~~ 
I . Loss en it i !~t itiS t of h0th heating amid cooling equip—

tile Ii, it m~. ~fl is is ulut j oat iii lt~ I. isa fi gu i- c ft t r t lie entire tlWtt I.
count m s b,,t rat her air it ,0s I, tss lugo i- i-s f,,~ iii lIeu-rut 2. Li-iwi a u i wris t log cost ft ii hiuthi heating atiti coolin g.
weal her ~~

, ‘fl ea ii, ii,,— I i  ‘Omi t , - Va , I,i, -~ 5 a r~ f r i urn •~~~ n~ ~ ~$. Greater r~ u ai t  fort for t h e occupants tI u ring luiih the
heti Ii mig oti d t i  u,,Ii ng sells ’ ‘lis-per alm a,-,. foot iii ant u t  i—a - 8t H )() ti , ., ire t l,,~- utea It , 2~ li tm ,ht

per ‘Ii h a  rt- f t ii ui ill Liii u in In 3( If ii thi .gru’t. t lay a 11.11. In Objectives
adiliti. ,ut t ,, th is i t t  cr—all hrt,i ~~ fi gure. at- lat iate t h,e,tm,al Tm, twtiiI,~ish
penf ,utumit ii i~ i oh io- s at t— i- , iuu t ,uit iei,u lt-tl f u r  t hur ~ aI i i l ’ 1t5 I. Reei,nimiu utdt—u I IIit-r,n,t l lierfnrmiian,—e values fur dec.It mu t lu ta ll has n a  of I hi~ h, ttiai • If liii- I h,ei-iui~l urn fun ,iam-t’ i r j, iiII y lieu let i h o m es.va lues rt-t-,,,tiis,,-snh .tl fur f it ,- i l iuliv iuhtiati loi n s  ti lt’ tirt,iolly 2. ((eruummetid tmsawiinum Summer heat gain for air—
atta im ,). t i,,— total hit’nt l,,sa ui,~pa re r,’, ,.m,,i, -,u.lc,l will grit . i , , i i , l j t  j t ’ i i t il h o m es.era hls hit. itch u t - si-i l. :t . I ic~ ii umi si bil it) lot- I natilat kiti .j uality and applica.Us u-.ing Ihlr.i - t im,, ael~ ,,l thien ,,ta l ~u.q l,,,mtia ,ist r n. rnlu i•
nieh uti al i’,,,~. phi , ’ lu tz ,1  lu -apt l,..r. iii thm,- huti u s t— ~~ indi s-ithi paul
ihit’r,ti,il l o r f ’ t r , u tus i , - ,- al~u,~ f u r  iii s a ir iu imta rI,’iti, iiis iii RECOP54MENDED THERMAL PERFORMANCE VALUES
(hit, i,’iu.,-. t lrsiluihi ts iii ,h,sr.! ,t ~ l~~~ h~lt’ ssiiiu - hi st ats iiu ,t FOR ELECTRICALLY HEATED HOMES
huus~

j htl , a j ihi u’ur uuh , lt—n ,- , is ,p uu ,ii , n,la,t i,,uu. . I- .’, l~5ill i ihuhi ’ . if ‘t5,’ lieat hi.m~rd on omi infilt ,-.ut i,uu, rate of uiOr Sir change( it is , iu,t 
~~ 

at - I u -au I,, atlail,, ihuc i- ci-,i,,,iuu,•u,, hi,i Ihu , ’p i , mzil i~e~- ~iri hit ,tim _ t hu , bit -at ht is~ alues in ‘h’tih,le I, st ht ich art’ .-.~
.

It ,r ullzltl ,-,- in t h e  hiu,ti~t— o u t , it p,,js I., p ,—— il , l , t , u  Li ,1,1 ~~~~~ i, i tt t i lt j t & i 
~~ 

It iii tiuut ,t - areas u t  the ~iw r  Iii hit
t t iutl i ih iastu , , ,u ,~umilIrt ,,l,-, I itu.-itlaut i~ t i it , il,, iriliisp a,,iI lu _ u i-t i t uu iii , ,u ui i t fu i - I  let ,~l_ m ,,u-aa i lnu — t l to th.,— u,utaid,— t,1
il,,, , hu ~ i.u’,-p~ i i i ,— tutu ,1 h,s- .it I, —, u I  t h,, - -‘p , - , uu - Iouu - tsilhiim i ii,,. u- sf , - , u i 1  a-all, sti ll g.’miu— r is hiv lie itt-hit-veil 5% it ht iii,— ih,crtumttl
nt-i- , im, u 1,1,-lu, lu, I lii,, it . . ‘Flu,. ,,l ,j i ’m t is - ,- i, ii , a - , nit rid t utj l hit- at ‘ m l  ,- i ,mn,ucr ‘. ahtit’s i-evutntia ’tidt ,eI in ‘l’ulule Ii  -
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— - -  -- — — 
it s 1,i’i f ,ii t i t : t  uii i’ a hut-it it i—ala hlt-ul itt ari’nr,Iit,it ,- with liii

TABLE I—RECOMMENDED HEAT LOSS VALUES a,i uit lic aIi ,,t m atasiit iaruh s .
FI it’ i n~iih.u l i t  iii oh P h it at u,r sl oull iie real ,,mns ihilc for is— IDegreo Day~~~~~~J Bt uh por sq ft I Wafts per ~~~ u 

~t au lliis g Phi -  ni:ilu-i -i :i I in aert,i,l,mnre w ith tiu~ mnisuiu factur-
Over 8000 40 p er ’s rer ,urn mni ’ ,iu lal h ot s am) shall so certif y st -hen required I
700 1 to 8000 38 11.3 to do so.6001 to 7000 35 10.3
SOOt to 6000 32 94
300 1 to 5000 30 8.8 APPENDIXUnder 300 1 28 8.2

INFILTRATION HEAT LOSS
Quoted from F’II-~ Techiiieah Circular No. 7, Revised

TABLE Il—THERMAL PERFORMANCE VALUES FOR A u gu st , 1959, “Iheat Loss C~lu’ithitions”.
VARIOUS BUILDING SECTIONS One air t-hangut jus’r hour may hue assumed a reasonab le

~ 

- - -— -
~~~~~ 

__________ -- — ——
~~~~~~~~~~ average for estimating the infultratii,n httat loss. Infittis- -

I U Val ue t ion s-alues calculated on the basis of the “crack m~ hod5
Buihd ing Secti on Blu per f i r) (sq U) (F) are con s idered act-epta lik, provit iesi the result is not less

t isass the- equivalent u-if 1,4~ air change per ‘hour,Ceiling &os
Fram. Wall , 0.07
Masonry Walls 0.12 

- VENTILATION OF STRUCTURAL SPACESFtoor over vented spaces 0.07
Floor s over unheated basements 0.09 Object iveSlab edge heat loss 30 Btu h per u nbar foot 

luu ~~~~~~ it !,~ u ,zuttur z , l t ut i t  ihat i,uui of s~iat i’~ ‘ut -h as attics
* Calculat ed in accordance with the method described in current anti hass -nient less spat-es to nlini t iiiaot the efT,-ct of condi-

ASI-f RAE Guide , before correction for fr ami ng t intus cuu msdu c iv e to decay amid ,Ieteriumiati ,,t i of t h e  structure
anti lit ieihmce attit - h eat in the Supunser .

These values may tired improvement in severe climates. Genera!
when ceiling heat is used or when glass as -cas constitute Net free area of an ope’nitig is the total unobstructed
a larger percentage of gross wall area thais piovitled for area t hrough wh ich air cams pass.
in the establishm ent of t ue values.

Weat herstripping, double glazing and slo rm doors Basemenfless Spaces (Crawl Spaces)
should be used as required t o meet the value s in Table I At least 4 foundation wall ventilators shall be provMed ,
and for comfort anti opesatn g economy, one located close to each corner of ti te space. having an

It is recomnientleil t h at bif i htrati nia , notitra l and ai~~regate net free ventilating area not less than 1/150
inedianical ventilation , vapor harri et- atit- l slab on grade of the area of the basenientlcs. sport’s : or
heat loss considerati o ns be gitideil I))’ t h e  ex ce npts con- Groitnt l stmrfat-e treatment sh ah lie j irtus lilt— ti in the form
tam ed in the APh’en(hlx. of a va~tt )m- harrier materia l plus at least 2 fswudatinn wall

It is recotmnencled that sectituii~ between regularl)- anti s-ent ilators hsav itig ott aggregate nd 1tu- r s entilatisig ares
periodically heate d spares lie insulated st-lien t h e  temper- lit -ut less than 1/150 the area of the bascmen thu ’ss spare.
ature difference between them is expected to be more
than 21) deg F. Att cs and Spaces Between Roofs and Top Floor Cemogs

It is iccomnmendeti th at fireplaces lie provided with , Provide cross ventilation for each Sel)ar$l(’ space by
tight fitting dampers. ventihatitig openit igs protected against t he  t-nlrance of

m aim s anti St ioW.
RECOMMENDED Jiatio of total net free ventilating area to ar ’—a of cell-

MAXIMUM SUMMER HEAT GAIN ing shall be not less than 1/150. except that ratio may be -

FOR AIR CONDITIONED HOMES 1 /300 pi-ovided:
ht is recommended that the t ,i lal -alet iiated heat gau l a. A vapor hmrrkr hiasimig a transmis’iuumt role not ex-

to all sj uace to be eooled to the ctnitft rt irs-cl not exceed ceechitig one pen n is itist~lled on the ss-am n l side of -

25 Jl tu li per sq ft of floor area of iii Is space. nieasumred It-’ the ceiling: or
the outside of exterior walls, w hit— mi calru,lateul from the

Ii. At least 5o~; of the ri-qiuireil ventilating area isdata contained iui the curret it ASh h It AE Guide.
It is rc i ’ons,n emsd eul thai ctitis i ,lt -ral inn i tt ’ g iven to s lim-i . provided b~ vt- ti P b haulors lne~it-d it , tI n— ut ique r poflion

of the spa ce 1- i be semstilaieul (at least 3’—(Y’ aboveing glass areas by natural or tnechia tt i ,-as l means iii order -

to miisiisi ize sun effccL eas e or et -i r isi ce vents) ssiih i the’ balance tmi the re-
‘I’he reetimnicui ticti j naxii t itimn lit-at gasi m i 5-a lpu,, tai l -

~~~- • i iti r i-th s -eti t i la t in m i prnt ’ iuh *~l j ut .-ave or cornice tents.
erally he orbit-s-ed wit h the iierfnntua ms.-e salites reentn-

MECHANICAL VENT ILATIONunen(lcd imi Table 11 when cons it ht -r at ~ot i is gis-en to shad-
ing of ghass areas, Objective

Tis h i rt it hul u - lil t ’ ,1 itt ,,it -as I sc usl ilal inn Fu r bat I, rooms atol
RESPO~iSIBIL ITY FOR k it - hiu - i i s i u u , l t i - p i t i lat t , — , l  l~v t ialuu ,ail liii .itu c _

INSULATION QUALITY AND APPLICATION Bathrooms
T u e iii sula ti ui ,i mn amii i fat- t st, - u-r s hi ulI lie rt .s puuuisi lslt ’ f t , u - Famu -du~i hI hu a t s ~t iIli u -ii - ,it ra lai l ils - tu ’  pu uS j tl ,~ a iul i uimiuuim

the qitah ity of material ait il w h en reuj iti u-ctl sh all (el-ti Iv It ,  o f t ts t ’lt e a i r chtatuges per hour,
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TABLE ho-I—SLAB EDGE HEAT LOSS FACTORS

Heat Loss Coefficient , F
( Btu h per l i near foot of euu posed ~i~b ed ge)Outdoor 

-desi gn - Total width
temperature of insulation Unheat ed Slab Heated Slab

( Deg F) (inc hes ) - - — - -  - — — -  —- - - I - — - -  — - -  - —- -— — -  - -
R 5 0 I R = 3 3 3  I R=2 5 o  i R~~~5.0 R = 3 3 3  j R = 2 50

:3~ and colder 24 34 51 67 46 69 92
—25 to —29 24 32 48 64 44 66 88
—20 to —-24 24 30 45 60 41 61 82
—IS to —19 24 28 43 57 39 59 78
‘—t O to —14 24 27 40 54 37 55 74
— 5 to — 9 24 25 38 St 35 52 70

0 to — 4 24 24 36 48 32 48 64
-I- S to + I 24 22 33 44 30 45 60
-1-to to + 6 18 2 1 31 42 25 38 50

15 to +11 12 2 1 31 42 25 38 50

_ _ _  

25 38

tlotes: -

8 Thermal Res s t. nce of Insulation.
Use F = 40 for unhe ated stabs or F — 75 for heated slabs if perimeter insu lation is not used.
Table from F.H A. Circular No. 300 Minimum Property Standards for I and 2 Living Units.

Kitchens - Here ’s what NMWA dd
Fan shall tuate suflieieiit taju aci ty to pro- wit h the All Weather Comfort Standard

vide a mitsiuiuus of 15 air cham uges user hour
in area occup ied liv kitch en. NATION ~L Mitit-rul W0o1 :\ssociatiutm mactuber companies first de-

cided Li accept t Ime All \Veather Comfort Standard. Then they
VAPOR BARRIERS unanimously t ote d to recomsunend “installed resistance” designations as

Walls a meatis of showing which specific mimsei-al wool products are suitable
for ceiling, sta ll or floor apphicatioms ,

A vapor harrier sh all lie imistalled on the Accorthing to F. II. Sides, NMWA executive olflcer, the definition of
warm side of the walls st-lien the U value t)f “installed rt-si~tamit :e, It” is th in resistnmice of tIme m ass insulation itself,time wall is ii mmm t i , -t k-alIt- lt ~ss t ht au u 0.25 plus t h e  t- csi~.tatn-e va lues of time air spaces smut1 surfaces that come into
Ceilings eXis t t ~t ,ce ts hit-tm ti te immsulatiunu is installed. I to added that NMWA is

recomtimenuiiuug to its ito-ot h ers tb ta mt in the future they mark all mineral
Install ott ts a m rim side of ceiling ts hiCt i ~m wool batts and blaimkct5 with aluptoIuniate “ It ” nunibers . ~Vhetm a par-( - vapor barrier ~ provided. t iemilar l)ru)(ltt( t is suitalula- for usc it s ill tietent structural sections of a

Roof Deck linus; comisidu-ring thin thu s-remit tliicctiolis of heat. flow involved, the
lala-t i uug st-Ill immelude “It” fa -t oi -s fur eischs atiphication.Whets ri o uf ilu ’ek isiate rial is also tl~ How i~ “II” Jetermiued ? Merely by taking the reciprocal of thefinished t- .ilittg. a t-apor hairier hat ing as recommemit led “U” s-a loe for at my structural section to convert it into 

-vapor pernieatn-e of not more thami ~ iiernm tota l u usi ts  of resistautce J- rotss this , you subtract the itilserent thermalshall be i mist ash l~-d maca r t ime wa t t im si ule of t i me -i- e- smst am tc -e va lues if the building materials used iii that structural sectionconstruct ion 1mm areas hiasi t mg a ulu--s i gtm b uus ’ (siding, sheathing, wallboard or plaster, etc.), plus the value of the
~ rature o f III dr-g 1” or h over. room -si de surface resistance. Time balance is the installed resistance
Concrete Slabs and Basementless Spaces 1-equiret nent of t Ime ifl sulam t it um i , (leilOti ng the tt fl uu laluelitig of the product

t hat should luu.a used.
Nmsx itii ut uii .ip,tr l~’ r imle t uucta s loth tOut CX For tyhuica l ceiling, tsa ll amid floor sectiotis, Table A shows the “R”teed 1~~ I~

-
~ 

mis f . .,- sam hior barrier utmtlt , r Cliii . va lues svluieh cosmiom-ni to the “U” s-alues of the All Weather Comfort
Crete sIab~ autt l 1 permit for grouztd cover Sta mtdat -d for clects-icult y h eated amid,/or air conditioned homes. In
I cratu I 

~~~ ‘ - tmdhitioti, it Prcscl~t~ N~\I\Vi\-i-eeonunermdcd ~~~ anti “It” values for
gas or oil heat immg amid for minimum acceptable comfort.

SLAB ON GRADE HEAT LOSS 
__________________________________________

u- .  - - f lit -at lu-s thur o ug lu con - TABLE A—RECOMMENDED INSTALLED RESISTANCE (R) VALUES
OF INSULATION- -vi. t , l .  ll. ,, i . *hi.ill lit , tit anic im-t imi g th is’ 

— —  - - __________

1 .

~ 

01 it Electric Heating I Gas or Oil I Mi&mum
Bu ilding an d/or Heating (No 

J 
Acc.pt.ble

- 5  I - 
~ hu rl, - :  Section Air Cond it ion ing Air Conditioning) I

U~~ ( R  HTh~~1R~~~~1 U I R-. . -f i l , -  I! -~ - h t tu ) i - - — — — ——— ——  ________________ — ________________

Cei ling s 05 19 .07 - 13 .10 9
— •I~ t -  115 hit ut hu [ u --n Frame Wells 07 II .09 8 .11 7

- I - -. ~ ‘ - I - . - , fr au, Floot ov er vented
Craw l s pac us .07 I) .09 9 

- -  
.11 7

Esamp le Ins u lation app le d lo t yp ical wall construction fo r an .Iectrically.hsated
hem. 5ho~ld be labeled P- I l .  This fulfills total resistance requ irement lee U v.tus
•l 07 $iu per (h r ) (s q  ft )aF).
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713 VAPOR BARRIERS 714 THERMAL INSULATION

713—1 Test data in(hicating the vapou- t r ; u uu’ -iniSSiOfl 714 1 STANDA RDS
rate dcl em-mnnwd in aecot-dnnee wit h AS M dry c u p

Insta h a t  ions simitil con4)iy with the following:methods may be s-e piit-ed for barriers used in trails -

and coilings. 714—l i Baits , Blankets , etc.:
Structural fiber Insulation board 0.5. 42

713—2 WALLS Wood tibet blanket C.S. 160
MIneral wnol~~~ F.S. HH—I—521Except fo r- ut m t fsur red masonrs- walls, mu s- a por barrier Vegetable or wood fil)e;_ ..~~ _ F.S. BH—I—51 5bas- ing a vapor t l-ai isniissinmm i -ate im ot exceeding I Redss-ood barb, sbredded_ F.S. LLI.-I—533

permit shut mi l be installed ott time svarnt side of the walls Verimiiculite Ps. H}1—I—585
when : Cotton batt.~ F-S. BH-1--628

Expanded polystyrene i mm a u I a t i  ona. The “U” vahue of the st-all is numem- icahly less boa rd — FS. HR—I—524tha is O~2 , . or- In sulatiou ms , snclu a:r;flectt;e t~ pes, combinatton reflec-
b. i_lie ms-a l) h a s  sithiuig. shieat liiumg. shmeat lu ng paper, tin-s bait or htistikt-t t.s—I ue niineral wool blanke~ , Low-
or s onllj ilimations of other nmnterials nit t h e  cold side d enst t 3 nut neral wools , and oth er materials not covered

by existing stand ards may be considered for use on theof time st -all wlmiels materials, as applied, have ii. basis of teats conducted In accordance with ASTM, CS.
vapor t ransmissIon i-ate of less t imami 5 perms 131 or other recognized methods.
(ASTM drycup)t

714—L 2 Roof Insulation

713—3 CEILINGS Fiberboard ASTM 0-208, Olase C
or F.$. LLI,-I--535

~S’hien a vapor bat-n cr is prot-i(ie(l in ceilings, trans- Cellsslar glass F,S. BH—I—551a
missioms u-ate of s-apoi- hat-i- icr- shall not excee d I Corkboard F.S. RH—I---561b
perm. Imi~ta h l on svasmin side of ceilimig. See 604—4. M inera l wool F.S. RH—I—526a

E~cpamided iuertite - F.S. RH-I-526a mod-
tfle t to permit the basic muater-lat to be a minerai sub-

713—4 ROOF DECK sianee matte c;f rock, slag, or a mixtur e thereof , processed
frrusss a umatss ral stat e Into fibrotis or cehlutur form wi th713—4.1 ~iV1m i’ mm a wood plank, fihet-boam-d, or other 
~ tnlm mtu nuni deusi~vof8pou nds per cubtc fo~ .f

roof det-k mat ct - i t t  I is tu Iso the ft mm ished c-e l Ii ug surface ,
a vapor luau-t ier liav imag a sapor Perul iealic ’e of not 714—1 .3 Fihiet-board insulating roof deck shall corn-
more I let m a I 

~ ~~~~ sl ma t h I be inst atl led neat- time sva m’rn P1Y wit Ii F II A Use of Materials Bullet in, No. UM—
side of t ims -omis t r i , c t j omm it m tmt - t ’-,t~ in, vi mig a d esign tern— ~!9, ‘~~tt- um-t sit-a l Fiberboard Insulating Roof Deck_”f
peratisre of 10 degrees F. or lower. 714—1.4 Vem -micutlito fill insulation for masonry
713—4.2 .[oim its at sides numd ci m s is of hibs r-hoa,-d roof c av i t y  walls sh all comply wi th Fl-IA LJse of Ma.t-eriais
deck shall ho deaigmled to itt’ovit le et let-t ive sealing of Bul let its , No. LT M__30, “Vermiculite Water-Repellent
vapor barr- icr. Masoni-y Fil I lrssulation.”f

714—L5 Perimeter insulation shall comply with
713—5 CONCRETE SLABS A N D  BASEMENTLESS FIIA test procedtu-e, “Test- Procedures to Determine

SPACES Accept abil i ty of I’erimeter Insulation for- Concrete
Floor- or- Gi-oitmsd”, dated June 1, 1956.f

713—5.1 Mate m- ials u sed for vmtpor bai t-j et -s shall
comph- w iihm F1!.~ “Test Pm-ot-edsmm -e for- Vapor Bar- 714—2 LABELING
n et’ Mrit t ’u- ,a ls timul u n- (‘nhit-rcte ~ la h)s~ .-s mi th fom Gm-ostncl
(‘over in ( i- ruw l Spasces ’, ‘hated Septemmihet - 20, 1957. 714—2.1 Bafl or blanket type not having reflective

surfaces713—5.2 i’est cIa t:u indina t i rig -omphia Item ’ nmay be
rc’qtui rs- h. a. N a mom ’ of nsa nun fact urer or distributor.

I). S1,ecifieth th ickness.713—5.3 .\Ia x imul mmi m m va por- pet-ineanc’e shall not
exceed : 714—2.2 Reflective Type

II i 
~ t n’ mn~ 

ft,; vapor- ba r-i- let - t im i cler comu cu -efe slabs, a. Num tm ue of manufacture r em- dist ributor.
h_ I lo’m - Ii m lot- g i t u m i l i s i  u n s e t -  in - m-aw l spaces. b. I)e— ig tmts t ion of type or miumber.
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71 4—2.3 Combination batt or blanket with reflective h eat loss of tIme hiving unit, or conta ins thse heat-
surface ing unit and uninsulated duets 0!’ pipinsg.

is. Nmsrne ofmanuf rictsmm-e m’or distnib mtor. Note ~~ . A crawl space is considered unlmeakd
b. Specilied thickness, unless it is (a) provided wiLls a positive heat

( ~~~~~~~ c. l)t-signat ions of type on- num ber, supply equivalent to at least 10% of time total
714—2.4 Labeling may be by pt-listing, stam ping, calculated heat loss of the living unit, or (bI
eambossing, or other m ean s tupl)lied at the manufac- conta inms uninsulated ducts or piping, or (c) is
turer’s plant. Lmth eling slmall be applied so that- at mused as a smmpply or- return plenum.
least one label will occur for each 40 lineal feet of Note .1. A gist-age is considered umthseated unless
instmul letl imss mula t b it. pn-ovided wit Is a positive heat supply to mmmliii ruin
714—2.5 Where blowing or post ring type I ttstilat ions a mint m m  umrn teinperatu re of 50 d egrees F.
is used, a card signed by the buihck-r shall he tsflixeil b. Peni,mmetei- inmsu hms t i omm sh ah be installed to himit
to the structure adjacent to the insuhitioss with the t ime heist loss from heisted or unmheated coh en -Is
following information : slab-on-gi-ade floors to not more titan 5 Bhsth i 

~~~~is. Name of mamiufactum-em- as- national distributor sq. ft. of floo r a t-ea except that perimeter irmstnlat omt
and trade m m m c  of m istru st lOlt . may be omitte d in any area where t h e  annual uk
b. Specified thickness of imisubstion and muanufac- gree (lays do not exceed 2,800 or t ime heating tk-
turei-’s recommended imss talhi st jolt density. gree days in , army one month do not exceed 650.
c Date of installation. See 1003-4,3.

714—3.5 Crawl Space Phenums714—3 INSULATION OF LIVING UNITS
Living units, other tlsaim th ose heated with electrical ~ utete a craw l space is sised as a su~piy or r-etnr,m
energy (direct or indirect r-esista mice, or h eat pump), plenum, t ime crawl space perimeter wall slumil be itisu-

iated to provide a maximum heat loss of 36 Ikuls pershall comply with the foflowimig : 
lineal foot of perimeter wall assuming a crawl space

714—3.1 Total Heat Less air temperature of 70° F, for return plenunss amid
The total calculated Imeat loss of the living unit shall 110° F. for supply plenuirns. See,1003—14.3c .
not exceed 5(1 Btuh per sq. ft. of the total floor area 714—3.6 Blowing or- pouring type imusuhstiots shall
of t he  S~ 8CC to he Imemmted to 70° F. measured to (lie not be installed in attic space where clear lseadn’oonm

( outside of exterior wal ls, is less Ihia mu ;tui inmt-hes at mu lx,~innt 12 feet froits exterior
wm ihls, %Vhe ms eas.e s-cu ts mire instahied, ssdt-qmsntc,71 4-3.2 Heal Loss Through Ceilings bmmflhing shall be jmr ~ vitltsl.5

Ceiling behoss- an mmrmlmea ted space shall hate a maxi-
mts im tn coefliciemit of heat transfem- (“U” value for h eat 714—4 INSULATION OF LIVING UNITS (ELECTRICAL
how tip) of: - 

HEATING)
mm . 0.06 for ceilings with heating panels. Living units Iseated with electrical emmer~~ shall corn-
h. (1.15 for ceilin gs without Imeating panmels. ply with the following : -

714—3.3 Heat Loss Through V.rtkal Surfaces 714—4.1 The total calculated heat loss of the living
um mi t shall not exceed 40 Thsuh i per sq. ft. of totalThe total Imeat loss (excludin g in sfil tratio ns loss) 
floor- area of the spaces to be hsent eul to 70 degrees F.throu g h all exterior walls, doors, windows, etc., shall

hot exceed 30 litub per sq. ft. of total floor area of the nieassnred to the outside of exterior wmtlls,
spaces to be heated to 70° F. 71~~~2 Psuisgrusphs 714—3.2 through 714—$~6 in-

elusive shall apply toelectricahly lsenuted lmnuses.
714—3.4 Heat Loss Through Floors

714-5 INSULATION OF LIVING UNITS FOR COOL-a. The heat loss through floors over unheated INGbasemmu ’nits, ernst-I spaces, breezeways and garages
s ha l l  not exceed 15 Btuhu per sq. ft. of floor area. - 714—5.1 When air conditioning equipment is pro-
For t h e  hiur m-Isose of this requirem ent otmly, the fol- posed, t Ime cislcuhited heat gau l of the hiving msmsiis
loss-lug notes .slmmihi mmp~

)ly : ~huahl not e~ceec 1 that obtaimsed when the floor sit-ens,
Vo/,’ I. A basement shall be considered unlietsted mime:msui-ed to time ou tside of the exterior walls, is multi—

mmttl ess it is prtmt-i(led with a posit is-e heat supply 1,lied by the Ilimali ler sqtmmm ro foot value dei-ived
equis- ;mhc ’ ni t to it t least 15% of time total calculated rlmmunghi use of Figm mmc No, 7-b.
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FIGURE 7b -

Votc: The fitish per sqsmnre foot is obtaine d by extendin g a fl oo r arc-a of 10-UI sq uare feet its a geographic nm-en havi ng
line horlzormt.i fl y fr o mmm tim e ~~lm m t n! mImte rs c - (-tmo mt ss-Ith t ile ~l’- mm desig n d ry Iis mt h tem m ipe rat u rs of fl~i F. By folloss -Ing the
prup rlnte desl g m m d ry m mlii ten m r ’em -at u re li m m e . From th is point g listIol litmi’ s In tim,- mll req-t I’ imm of tim e nr ross -~. It will be seen
extend a vertica l lint- di ’sv m m to th e bott o rmi of th e chart mind flint mm m i m nxlmmim tm im imen t gu lls of 226 Btuh r~ r square foot of
lii md time nmaxlmnmim m i u tah l’er square foot heis t gain. The Iltimi r linen is pen mm ml tteml Tl isms . the m aximum h eat gain of
exanmll ,le s hm,w im on the cha rt  rep resem mt s a living uni t  with a fIm ~ exam m m l ’le l lsh ss g nmi it Is 22MX 1fllO=23 ~~Gl Btuh .

714—5 Insulation of Living Units for Cooling—Con. 715—2 ASPHALT TILE
a. The Btuh per square foot of floor area value 715—2.1 Minimnumm m thickness, ~~ im meh m.— shown in Figmum-e No. 7—b for living sm u ts of 1500

71 5—2.2 Asph alt tile shall conmply with F.S. SS—T—squan-e feet shah I apply to lit-jug sm u ts of mom-u- thani 80u m- SS_T_3o7~1500 squa m’s feet.
b. The Btuh pen- square foot of floor at -en s-nilum e

715—3 VINYL-ABESTOS TILEshmowni in Figure No. 7—b for- hiving units of 8H()
square feet slmal l app ly to his-lug usnits (if less thsa is 715—3 j Minimsusni thickness, %~ 

inch.
RO0 squar-e feet. 715—3.2 Vinmyh-ashestos tile shall conspty wit h in-c. Wh en n ime outside design di-v h,umlb te m mmp er - ms t mnm - e ter m s F.S. 1,—T—1i0345 except for- thickness.is less thamn 90° F. time snhno slmown in Figtmre No.
7—b for 90° F. slsall be used. 715—4 HOMOGENEOUS VINYL TILE OR SHEET WN.
1. Whets the outside d esign thy bulb te mmipen - ist um -e BACKED)
is more t han 105° F. the values showmm in Figure
No. 7—b for 105° F. shall be used. 715—41 Mimsinsumu thickness, 0.0625 inch (appx.

inch).714—5.2 Ceilings h*low attics on- top foot- struc tunm-al
spaces shut II have a nlmnxiflm unm coefficient of him-it t t mn sm ms - 715—4.2 1 lonmogenmeouss vinyl tile or simeet shushh corn-
fer (‘1” vus imni . for h eat flow dow-n) of 0.08. P1Y wi t h  intei’imn F.S. L—F—00450 except for thick-
715 RESILIENT FLOORING
715—1 GENERAL 715—5 BACKED VINYL TILE OR SHEET
715— 1.1 Resihim’ iit fl su r’m:;g sh ah’ comm , l m h y wit lm the 715—5.1 Wt-ai - iiig Sum - face .1mjm ~)1-op m-m t m- st n mm disn - il as mm ute. l. mu , ( ‘lean- ( umuihi lled ) s-iis>- h, mmu in immiut m m i ths ickm mess, 0.014
715—1.2 ‘Fine ‘-an- ioi is tv 1a’s (if i-ss ihie m mt hloim m-i m mg slm;u ll i im eht .
1,5 sui tm uhki fo r- t lmm ’ i n i m mte m ~ le,l ui’.p. h. Filled s- iutvl , mi um in um un i t hm i m -knm’--~s,0

_020 inch.
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71k THERMAL INSULATION

71k-i s~A~mAJ~s

( Installations shall comply with the following:

714-Li * Batta, Blankets, ete:

Structural fiber insulation board C.S. 42
Wood fiber blanket C s .  160
Mineral wool F.S. HH-I-521
Vegetable or wood fiber F.S. HH-I-515
Redwood bark, shredded F.S. LLL-I-533
Vermiculite P.S. KR-.I-585
Cotton be.tts P.S. BH-I-528
Per li te P.S. H}t-I-574s

pended polystyrene insulation board P. S. HH-I-521i
Miner-al fiber, pouring or blowing type F.S. BH-I-1030

Insulations, such as reflective types, combination reflective
batt or blanket type mineral wool blankets, low-density mineral
wools, a.nc’ other materials not covered ~y existing standards
may be considered for use on the basis of tests conducted in
accor dance with ASTTI, C.S. 131, or other recognized methoda.

(No e)~.nge in 7111._l.2,_1.3ath_1.5)

7l~i-i.~ Vermiculite and perlite fill insulations for masonry walls
shall comply with their respective Use of Materials Bulletin,
Nos. UM-3~) and U}4-37.

I..
715 RESI L]D~T FLOORING

715-1 GENERA L

715-1.1 Resilient flooring shall comply with the appropriate standard.
as noted.

715-1.2 The various types of resilient flooring shall be suitable
for their intended use.

715-2 ASPHALT TILE

715-2.1 * Asphalt tile shall comply with F.S. SS-T-312, Type I.

715-2.2 * Minimum thickness, 1/8 inch.

715-3 VINYL-ASBESTOS TILE

715-3.1 • Vinyl-abestos tile shall comply with F.S. SS-T-312, Type IV
except for thickness.

* Revisod August 1968

(
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PHOTOGRAPHIC DOCUMENTATION

Identification
Test

Photo Panel
Number Number Detail

1 1 Sheathing Face

2 1 Wall Cavity Before Being Insulated

3 1 R—11 Insulation Being Installed

4 3. Completed Insulation & Vapor Barrier
Installation

5 1 1/2-Inch Gyps um Board Being Installed

6 1 Completed Reference Test Panel ,
(Gypsum Board Face , Panel No. 7 &
No. 4 Similar)

7 1 1/2-Inch Gypsum Board Edge Protection
Detai l

8 4 Wall Cavity Before Being Installed

9 4 Detai l Outside Convection Barriers &
String Insulation Support (String
Support Subsequently Added to 8-Inch
Wide Cavities)

10 4 R-7 Insulation Being Installed

11 4 Completed Insulation & Vapor Barrier
Installation

12 4 Detail Warm Side Convection Barrier

13 7 Ceiling Cavity Before Being Installed

14 7 Detail Convection Barrier & String
Insulation Support

15 7 R— 19 Insulation Partial ly Installed

16 7 Vapor Barrier (Separate) Instal led
-— - 

—1•

~~~ ~~~~

PAL~I BL*J~~~~~
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Test
Photo Panel
Number N umber Detail

17 7 Attic Side of R-19 Ins ulation (original
construction — superseded by details shown
in Photos 29-31; see text )

18 Guarded Hot Box Apparatus - Warm Side
Showing Metering Box & Surrounding
Guard Box

19 Guarded Hot Box Apparatus -
~ Cold Box Side

20 Installation Test Panel No. 1 in Guarded
Hot Box Apparatus

21 Warm Surface Temperature Thermocouples
(Cold Surface Similar)

22 Completed Guarded Hot Box Installation

23 Guarded Hot Box Control Pane l

24 2 R-11 Wall With 2— Inch Wide Uninsulated
Area

25 5 R— 7 Wall With 2 1-Inch Wide Uninsulated Areas

26 3 R-11 Wall With Electrical Box Installed

27 6 R—7 Wall With Electrical Box Installed

28 6 Completed R-7 Wall Test Panel With Electrical
Receptacle Installed (Test Panel No. 3
Siffilar )

29 8 R-19 Ceiling With 1 12-Inch Wide Uninsulated
Are a

30 9 R-19 Ceiling Wi th Batt Overlapped 1-Inch

31 10 R-19 Ceiling With Electrical Box Installed

32 10 Completed R-19 Ceiling Test Panel With Ceiling
Electrical Fixture Installed
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