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PREFACE

This report was prepared by Wayne Tobiasson and Charles Korhonen , Research
Civi l Engineers , Civil Engineering Research Branch, Experimental Engineering
Division , U.S. Army Cold Regions Research and Eng ineering Laboratory (CRR EL).

Corps of Engineers research on moisture detection in roofs is being conducted
cooperative ly by CRREL , the Waterw ays Experiment Stat ion (WES), and the
Facilities Engineering Support Agency (FESA). Dr. L,E. Link is conducting studies
on nuc lear moisture meters and fixed-wing airborne infrared surveys at WES.
A lan Van den Berg IS evaluating military infrared systems at FESA , and the
aut hors are investigating hand-held infrared and capacitance systems along with
microwave , impu lse radar and other systems still in the early stages of develop-
ment T hese studies are conducted under DA Project 4A762730AT4 2, Design ,
Construct ion an d Operations Technology for Cold Regions; Tas k A3 , Facil it ies
rec hnology Work Unit 15 Moisture Detect ion in Roofs -

Researc h on the rate of moisture gain of various roof insulations and their con-
current decay in thermal resistance is being conducted at CRR EL under DA Pro-
sec t 4A762730AT42 , Task A3 , Wor k Unit 12, Improved Vapor Barrier Techniques in
Co ld Regions.

Wi lliam F Quinn, Chief , Geotec hnical Research Branch , Edward F Lohacz ,
Chief , Civi l Engineering Research Branch , and George W . Ai tken , Researc h Civil
F nglneer , all of CRREL . tec hnicall y rev iewed this report

The contents of this report are not to be used for advertising or promotional
purposes. Citation of brand names does not constitute an off icial endorsement or
approva l of the use of such commercial products
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SUMMARY OF CORPS OF ENGINEERS RESEARCH
ON ROOF MOISTURE DETECTION AND THE
THERMAL RESISTANCE OF WET INSULATION

Wayne Tobiasson and Charles Korhonen

INTROD UCTION Other equipment and methodologies not corn-
mercially available but considered worthy of

The U.S. Army spends millions of dollars an- study by review and analysis of moisture-
nually on the maintenance, repair and replace- detection literature were also pursued.
ment of built-up roof membranes and insulation. The following methods have been in-
Until recent ly, decisions to maintain, repair or vesti gated:
replace roofs were based almost entirely on I. On-the-roof surveys
visual examinations frequently precipitated by A. Hand-held infrared systems
complaints from occupants. Millions of square B. Nuclear moisture meters
feet of sound membrane and dry insulation have C. Capacitance meters
been removed during the course of efforts to D. Microwave system developed by CRREL
eliminate leaks. E. Impulse-radar system developed by

A few years ago commercial firms began of- CRREL.
fering nuclear moisture surveys of roofs , and one II. Airborne surveys (a ll infrared)
firm was offering airborne infrared surveys from A. Fixed-wing aircraft
a helicopter. T hese commercia lly available B. Helicopters
systems were studied arid it was apparent that at
that time they had not developed to the point of
reliability desired by the Corps of Engineers. GROUND TRUTH
Consequently, a researc h program wa s initiated
to evaluate various methods for nondestructive Some commercial f irms emphasiie the point
detection of moisture in roofs . that their surveys can be conducted without the

Ihe ,- abilities of commerc ia lly available need for membrane cuts or core samples Our
surveys ~vere determined by contacts with in- studies indic cite that no nondestructive moisture
dustry, by examination of the results of such detection system evaluated was reliable enough
surveys , by discussions with agencies t hat have by itself or by c ross c hecking with another type

ontra ted for such surveys , and by attendance of nondestru( l ive sys t em to eliminate the need
at sem inars. Some contr5u Is have been awarded to verify findings A few cores samples of the
for r ommercial surveys of buildings Such membrane 5Ifl (l Insulation on ea Ii root are
buildings were surveyed by several met hods for necessary to verify the findings of the
ornparison purposes ,iricl core samples of the nondestru live survey

mneni hr,.ine and insulation were taken to verIfy We have developed an inexpens iv e , a( C urats’
f indings ,Ind reliable nwthod of obtaining ( ore samp les
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from roofs and patching those locations after moisture within the plys of a built-up membrane
samp les are taken. The sampling methods of the is seriously questioned.
various commercia l firms involved in roof
moisture surveys vary considerably and are not Nuclear surveys
as systematic or re liable as the one we have Nuclear surveys hunt out the hydrogen in a
developed. Because the taking of samples can roof. Water contains hydrogen and so do
cause additional problems we consider it impor- bitumens. If the amount of bitumen in the roof
tant to demand a highly reliable samp ling- does not change appreciably from place to
patc hing procedure. A report on our procedure place any extra counts on a nuclear moisture
is in preparation meter probably indicate moisture at that loc a-

tion.
Some of our early surveys showed moisture

ON-THE-ROOF SURV EYS around most penetrations and along most
flashings. But core samples revealed that many
such areas were dry The extra bitumen there ,

Systems still in the early stages of development not moisture , caused counts to increase W ES
Microwave and impulse radar systems ’ has developed a formal met hod for correcting

developed at CRRE L have been examined. Both for this. 4
systems are capa ble of differentiating between Compared to capacitance surveys , nuclear
wet and dry insulation; however , they are large, surveys appear somewhat better able to locate
comp lex, and in the development stage. Current- wet insulation once the data are corrected for
ly they are not commercially available. Data edge effects.
reduction and ana lysis are relatively difficult. The absolute value of the numbers obtained
A lso, they are grid survey techniques, and as from a nuclear survey is of little use, since dif-
suc h have the inherent weaknesses of being ferences in the thickness of the gravel, flood
time-consuming and of seeing only a sma ll por- coat , built-up membrane, insu lation and deck af-
tion of the roof under study. fect readings. An effort was made to develop

Research into the use of impulse radar and standard “threshold” nuc lear readings for ea h
microwaves for various moisture detection ap- common type of roof to account for the posi-
plications should continue but neither system is tion, t hickness and composition of the dec k ,
considered appropriate for routine roof moisture vapor barrier , insulation, membrane and gravel
surveys at this time, cover . The many materials present in roofs and

their variability prevented the generation of
Capac itance surveys useful results. Additional effort in this area is

In t his technique a capacitance meter dete :ts considered of low priority since nuclear meter
c hanges in the dielectric properties of the roof, readings can be used quite effectively when only
The di~’lectri . constant of water is about 20 their relative values are considered, A few c ore
times t hat of the components of a dry roof. Grid samples on the roof at low , medium and high
surveys are . onducted and maps of the diele ’- nuc lear readings are needed to give the re lative
tri( c onstant are made, Unfortunately, some of numbers absolute signific ance in terms of
t he hardware urrently in usc ’ for such surveys is moisture
not very precise . 1 he indi( a tor needle moves WE S developed a systematic stat is t ic  al
very little from a reading at a dry location to one method of handling nuclear readings to generate
at a wet location , hut differences in gravel wet and dry threshold values for mapping Mow
t hickness alter the meter reading notft .ea bly recently WE S has simplified the analytical

Comparison surveys we have sponsored in- method to eliminate the need for stat ist ic s 1 he
dic .ate that although c apac itanc e surveys are simplified method requires that four c ores he
capa ble of locating wet insulation, t hey do not taken of each type of root under study ihis
appear to he as a curat e as nu lear or infrared many would be required for normal verifi ation
surveys Additional ( om parison surveys , recent- purposes so t his is a reasonable requirement
ly ( onduc ted with other types of apacitan .e Nuclear moisture met.~rs are relatively low in
meters , of f e r  promise of improved accuracy. 1 he cost (about S 3(X)0 eac h) Those that o ntain

ability of c apac itance surveys to detec t

2
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reactor-made radioactive material are con- T he reflectivity of most roofs is very low and can
trolled by the Nuclear Regulatory Commission be ignored. However , the reflectivity of water
(NRC), which regulates their use, storage and and ice is high and w here they are present on a
shipment. Devices that contain natural radioac- roof , anomalous readings can result The
tive materia l (radium) are not controlled by NRC emissivity variations over either a gravel-
but may be contro lled by individual states. Once covered or a smooth-surfaced roof are minor ,
personnel are trained, and in some cases and when the infrared image of a roof contains a
licensed, to use these devices it is a relatively bright area , the surface there is quite likely
simple matter to obtain readings. warmer than at other locations on the roof

The principal draw back of a nuclear survey is Many things can be responsible for warmer roof
that it is a time-consuming grid survey that only areas. Some of the more common are:
‘sees” a small portion of the roof. For examp le, 1. Hot air ex haust onto a roof from a fan or

a nuc lear survey done on a 10-ft grid “sees” only vent
2% of the roof If the grid spacing is reduced to 2. Heaters suspended just below a roof with
5 ft . the work multiplies by a factor of four and minimal insulation
8% of the roof is “seen.” 3. Hot rooms below the roof (e.g boiler rooms)

Nuclear surveys are a viable means of detec- 4. Differences in the amount and type of in-
ting many wet roofs but they are not as accurate sulation in the roof
as infrared surveys , as discussed below. 5. Wind shelter and radiated warmth from

walls of higher portions of the same building
Hand-held infrared surveys 6. Significant differences in the thickness of

To the best of our knowledge CRREL con- the built-up membrane
ceived the idea of using a hand-held infrared 7. Wet insulation
Camera to survey roofs for entrapped moisture .’ The cause of each thermal anomaly on a roof
Wor king together , CRREL and FESA have must be determined and all those that are not
developed the idea into a reliable moisture associated with moisture isolated from those
detection met hod that are It is not a particularly difficult task but

Recently a few commercial f i rms have begun it takes some time to develop the ability to dif-
to use hand-held infrared cameras on roofs. Our ferentiate one type of hot area from another .
published results have already found their way Comparison surveys have shown that where
Into manufacturers ’ literature. It is expected that large wet areas exist , nuclear and infrared
c)mmercia lization of this technique will in- surveys generally give similar results. However ,

.rease in the next few years. However , we do not grid surveys conducted with a nu lear meter
expect competition will be so great that survey tend to miss sma ll wet areas , w hich are detected
costs will decrease appreciably The high cost of by the infrared camera The ability of an infrared
an appropriate infrared camera ($27,000 to camera to examine every square inc h of a roof
$40,000) is a controlling factor. makes it quite valuable for the purpose of dx’-

Inexpensive radiation thermometers have tec’ting wet roof insulation.
been used on roof surveys without suc ess The ability to find wet areas when thc’y are

Unlike t he other roof survey tec hniques men- small is also considered quite important When
tic)ned, infrared roof surveys m ust hi’ condw ted these “cancers ” arc’ smal l they can bc’ removed
at night Night work on roofs is somewhat more at minimal cost If they arc’ not detected they
c l i f f i c nIt , dangerous and expensive than daytime ( an enlarge and generatc’ mapor problems which
work arc’ extreme ly expe nsivc ’ to resolve ‘‘ After ex-

( RR I I and i f  S A s  work with h and-held it’ an,ining numerous r o o f s  w i t h  var ious
I ,,Uf’d Instrument s has shown I Ii,i I ii t ,ikes .1 I air nond(’st ru( I ive moisture detec tion systems we
.ilflotiflt of t’xperien C to am iiiI’V(’ a( ( ( I i  ate ’ have un( luded that the’ mc)st a c urate results
i,’st i lls ons istent ly i an he nbtaine’cl using infrared systems

I In’ infrared amt’ra sees d,I t , nH CS JO I lit ’

~,par.’nI su r$a( C t*’ml)(’ idtUr(’ ( i t  ‘ loot I hi’ ,iel A I R B O R N E  IN I  ID SUR V EYS
I( ’ ( f i s t ’  ap f) arm ’,, f is fli’( essa r~ 5101 u I In’ ( ‘f l h i ,s iS i t~,t t he surf,u n Ii e i t s  abulils t~ t’mit lt’ I ised wing air raf l
IJilmagnefle r ,iml iat ion) and if ’. i i i  i-i iiv i t~ lioth One c omnn’u i,il h i m  has a p,lti’,iI on
of lin’ni e liii imn,igi’ seen t)~ liii ’ i’i’ ,iu’d ,,i~ i’ ia turn oh roof mo istu re ’ f rom a ire ra f t  1 Iii’. patuiil

- 
~_~~ .1 -~ ~~~~~~~~~~~~~ -~~~~~~ .-~- - - -  .—- .- - - — - --~~~~ ---



-. 
.

re lates to 1) airborne sensing of roof moisture However , we are continuing to pursue this in-
wit h an infrared camera to 2) verify wet areas for teresting possibility.
3) the purpose of generating repair recommenda- Where roof moisture surveys are needed fc ) r
tions. On-the-roof infrared surveys obviously do only a few buildings in an area , the high cost ot
not fall wit hin the purview of this patent. mobilizing an airborne survey results in a very

We have conducted daytime infrared surveys high unit cost (doffarsj ft ’) for the roof survey. In
both on the roof and in various aircraft and have such cases , even if airborne surveys would suf-
not been ab le to produce meaningful results. f ice, on-the-roof surveys would be more cost ef - H
Shadows and solar effects are a big problem. fective. It is believed that numerous situations

The patented aerial infrared surveys are con- will result in the need to survey a few buildings
ducted in the daytime and computer-enhanced here and there. Consequently an on-the-roof
to remove daytime “noise.” We have examined survey ing capability will always be needed.
recent surveys and they appear capable of
delineating wet areas. Although we have not Helicopters
veri fied these results , that information looks FESA has flown in Army helicopters equipped
conv incing. However , night surveys appear to with sophisticated night vision equipment
give somewhat better results, available through the Night Vision laboratories

WES has arranged several nighttime airborne at Ft. Belvoir. Although the infrared equipment
infrared surveys of roofs using various military in those ai rcraft is very sensitive , and has some
aircraft wit h infrared equipment on board.~ value for roof moisture surveys , it is only
T hat imagery has proven quite useful for recon- available in very limited numbers for research
naissance purposes. However, comparison wit h purposes.
on-the-roof surveys indicates that airborne in- CRREL has flown a hand-held infrared system
frared surveys do not see all of the smaller (e.g. in several Army OH-58 and “Huey” helicopters.
3 X 5 ft) anomalies. Hardware has been developed to record results

Many wet areas uncovered by on-the-roof directly on videotape. The reconnaissance value 4
surveys during the past two years have been of this method has been established. The
relatively small and assoc iated with a drain, vent possibility of reducing the number of on-the-roof
or other penetration. Surveys by using the helicopter survey is under

Several relative ly new roofs have been investigation.
surveyed and they also have moisture problems. W here helicopters are available and
Current roofing tec hnology does not appear numerous roofs are to be surveyed in an area
capable of consistent ly delivering problem-free this airborne method has the advantage of being
new roofs. Litt le flaws and associated problems something that a roof moisture team can do
appear inevitable. The ability to find and solve th~mseIves their first night in the area. Contract-
these little problems using the infrared camera ing for a commercial airborne survey may take
may be the second step that is needed to provide several weeks. Once such a flight is accomplish-
a breakthrough in the performance of built-up ed, a second set of arrangements for on-the-roof
roof systems. follow-up surveys, visua l examinations and

It is conceivable that certain commercial and samples is then necessary.
military airborne infrared imagery could con- Where helicopters are available the cost of
sistent ly locate enough small wet areas to placing a roof moisture survey team in the air
eliminate the need for on-the-roof surveys, their first night in an area is expected to be con-
W here many roofs in an area must be surveyed, siderably less than the cost of a fixed-wing corn-
it may be more economical to do an airborne mercia l overflight.
survey than wa lk on each roof with infrared
equipment. In order for airborne surveys to
replace on-the-roof surveys during which wet COSTS
areas can be out lined in white spray paint , it will
be necessary to obtain high resolution mapping- Not surprisingly, most commercial roof
quality airborne imagery. We are not convinced moisture surveys cost about the same price per
that currently available airborne imagery is con- square foot of roof surveyed. Commercial firms
sistent ly capable of accom plishing this . are current ly promoting the special features of
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t heir techniques above those of competitors minimize errors caused h~ transient ef fects The
rat her than cutting costs to obtain c ustomers thermal resistance Calculated from these
1 he price for a commercial roof survey ranges measure’mc’nts was for the entire roof sandwich
fr om 5 to 12 cents / ft 2 The range in cost is a func- at each instrumented location. T he thermal
ticin of the type of roof , t he number of different resistances of the built-up membrane and the
levels , the distance the survey crew must travel , roof deck were subtrac ted out using thermal
e t .  values in the ASHRA F Handbook. ’ The unit ther-

Airborne infrared surveys are not generally mal resistance of the insulation (ft~ ‘ hr °F/l3tu
competit ive unless several large roofs all ‘ in.) was obtained by dividing the total thermal
lcn ated close together are surveyed concurrent- resistance of the insulation by the thickness of
ly As more and more roofs are surveyed in an insulation present.
area t he unit cost (dollars/ft2) of an airborne Core samples werc’ taken at eac h in-
survey decreases. strurnented location to determine the moisture

condition of the insulation there .
Results for a perlite board insulation are

SUMMARY OF ROOF MOISTURE presented in Table 1. A significant decrease in
SURVEY ALTERNATIVES thermal per formance at moisture contents as

low as 32% is apparent. However , in-situ
Valuab le information can be obtained from measurements sub~ected to diurnal temperature

nuclear and capacitance grid survey techniques. variations , wind effects , insolation and other
Because of the inherent wea knesses of grid variables are certain to be less accurate than
surveys and the accuracy and the speed with controlled laboratory experiments.
whic h infrared surveys can be obtained, hand-
held infrared surveys are preferred. If infrared
equipment or services are not available, it may Tab le 1~ In-situ measurement of the unit ther-
be appropriate to use grid surveying techniques. mal resistance of perlite board roof insulation
Of all the grid Surveying techniques examined, asafunctionof i(smoistuxe content.
nuclear moisture meters are preferred.

A irborne infrared surveys are quite valuable Mi,,sIi,r€’ , init,’ni ’
for reconnaissance purposes. Some of the latest 

~~ , 
nit ih, ’, ir, .,l rt ’s, ’, t.in, , ‘t

high-resolution airborne imagery examined is of 
I

mapping quality and may be capable of
eliminating the need for on-the-roof infrared n, ii

surveys. Wi ’igI,i 1,11,,, iii v, .Itn r I,, d~ iri~uI.,fioii
t i e ’  Ii~ 

of itlii ii

THERMAL IMPLICATIONS Of
WET INSULATION The relationship between moisture’ onte ’nt

and tln’rmal rc’s istan( e has 1R’m’,i st udie ’c l in
Alone, none of the nondestructive moisture Seancfj n, ivi, , ‘ “ and in t he USA by one insul,itio~detection methods can generate quantitative in- manufa( Iurer 2 for soon’ root insul.itunis

formation on the amount of moisture in roof in- Ilowevx’r , ,i oniprehi’iisive’ survey oh t he
sulation. However , if core samples are obtained moisture’ ( ontent-Iheriiial re ’slstaiu e’ re ’ l , ihi ,e n
in conj unction with such surveys and moisture ship fo r insulations iii ( (flfllflhiIt use’ in the ’ USA
content determinations are made, a quantitative has not yel be’eri ondui ted Sm Ii ,i s t u d y  is
assessment of roof moisture is possib le. uncIe’rwa’~ at ( RRIL

As the moisture content of an insulation in- Samp le’. u t  h lii’ tc )ll()WIng type ’. oh root insu i l,i
creases , its thermal resistance decreases. An ap- tion h~’ivi’ In’e’ti obtaien’cl and are ’ he’ini.~ Iesh’d
preciation of the thermal performance of roof Wood fiber
insulation as it becomes wet has been gained by Class tibt’r
in-situ measurement of heat flux and skin I oaiiim’d glass
temperatures of roofs in areas of wet and dry in- ( ork
sulation. ” On one roof , readings were taken at Pe’rlitt’
15-minute intervals for about two days to I’e>lystyi* ’ i’n’ te ’x tr ude ’ ( l )

5 
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Polystyrene (expanded) LITERATU RE CITED
Ure ’thane
I soc yanurate i ASHRAI i’)77) Fundame’i,i,uis An,i’rn an Sin li ly i i
(om pOS itCs iit’ ,i I lu g, Kit  rugeird I ion ,ui’ld Air e t,ndii iI lI g I iigiln’t’ rs

Per lite-urethane m t  . Nu’~’. ~iir k

Perl i te—isoc y a nu rate’ 2 I~ isii’uii , ~‘, \ ,, nil L F Putn,u,n I ‘177) i’,’r ii iruu,,i it, ,‘ t u t u .  I

tot t i,, jtUt t e ’ t ted n,,’mbr,ine’ ituot s’. st u n, i’.u~u~ iglass fiber-urethane iuri ’ st ’uutu ‘ii ,ei i hi’ 1977 N 145 NRC A Ii, i t ’ ,  i i , , t , ,  in,,I S~ iiiEwelve’- inch by twelve-inch samp les are edge ~nisutini tin Rooting i i i  hutc,k gy
s ea led with a vapor barrier paint and then i uiik . I u’es is I . I’ (1971,J Du’unonsi,.iiiuuu, ii i a itu ’ ~~ l i i i ,

plate’d horiiontally in a partitioned 3 f t  x 6 f t  flitiUt’ i i ’ r  r,t~iuIiy surveying ruu’i u i i , is i&ir , ’  S4i ,hi) it~
over whit h sits atop an 8501 high humidity ,tinI I n’.iriinme’ntah Sysii’ms I ,uiui ,r ,ito r’ . C S Aon~

i nguuit ’t ’r W,tit ’ rways I sperun,u’ult St,,iii~it . I’ d )  Ri s C , iibox. E a h  box is located in a 40°F coldrooin 
~~ ~~~~~~~~~~ 

MS 1418(1 Mist i’hI,ui~ ’,,i,s i’,ui,,’r M 71, (4
wit h a 6() to 70% relative hum idity. Four boxes 4 I ink , I i , J~ (19 77) Airborne ihi’rm,i( ut , , , , , )  i i , ,)

are in use: two are maintaine d at a re lative’ titit It’ ,,, fli t , ’ ,  sysi( ’ t i )s liir tIt’t,’i 111, 14 loot ,i,,uist ,iu,’
humidity of 7096 and two at 1 00% I he’ old- i’ ,i n’ i iir,”u’nte’d ai the’ i’177 NtIS NRC A ini,’r,,,ut,, a id

room test : ond it ions ‘.ini old te’ the’ tern pe’r,~ tore  ~~ lii i,’ ~s iu,i ,  in Rooi t u g  ii’, h um ,), )gy Sit iI~ iii’. ,iiiil I
,rouuiii,’ ,,ta l S~’stu—iii ’, I a Io,r,uiimr ~ - U S A ruu~ I nguui ,’u’ ,and moisture gradients that exist ci ross roof 10 W ,ili’rL’.,i’.s I *p u-rumr ’nt Si,,i i, ’n . ( ‘1 )  ii,,’. liii , Hsulation. Vi , ksh,irg MS 1918(1

I he’ insulation sa in p Ic’. are’ per uid i( ally ‘~ i u k , i I - i r (19781 C uudi’ to, ,iurln ri,, inC r i n d ro,,t

removed from the coldroom, sur face—dried it f l )O ist L i r i ’  s u r V ey s  Mobiluiy ant i I uu ’ . i r , i u i i l i u ’ I I i , u (  s y s t i ’ u u i s
1,u hi i , ,  ii t r y  (I S Army I I)gIfll’u’r W i  t t ’ i  ~% ,t ~ s I ‘.i~ ’mnecessary, wrapped in plastic , weighed, and b e n t  St, t,,,,,, PD b 0 , Vi , ks ltuug MS ( ‘ l i Mit ii,

t hen placed in a Rapid-K h eat F low Me’ter ,.ip— sirtH h u t  Ri’port M- 78- I
paratus ’ preset with warm side and cold side’ e, Mc~rt ’y R,’st i, r( I ,,inl Ausiin i~osai s (1’ 177) i ) , ’ ie .i  f l i t , ,

temperatures of 85°F and 40°F re’spet tively. n )o is t u r u ’  iii , onstrue tut u,, n,,uim’r,,,is Li S A n ,,’. C ,,IiI
t hermocouples and a heat flux meter are Regions Ru’s, ’are h and I nguni ’u ’ r ing I ,ib,i,it,,r’. RRi i

K,’pori 77 2 1 Al) A045 (SImonitored until essentially steady state condi- 7 I’aI~,ik , iv,,, (1’)7 4) ( uncle’ns,,tu,n, ii) s i , t bs ,,i , i’ IIe i I, im
flons are reesta blished. The thermal resistanc e’ piasti , s Mate ’,u a!s ,ind (o nst ru ,  lions , ~uI it 0~i ii N,,
of the’ sample is then determined according to t,on,i Swe dish Inst ,tut ,’ ton M,,tu’ri,ui I i’st i i~g ( i l l

ASIM Standard C518-76. However , since the Sw ’ dishl

samp les are wet and the distribution of 8 I horse’,,. Sve’n-Ilakan (197 1) Du’te’rui,in,iteon oi thi’ u.Ioiig,,
lion c ,o’I In lent , Wa Ie’r adst,rpt ion, no lusiunu ’ diii usts Imoisture is unknown, all requirements of 
iy, ,is we’ll as thermal cu,n,iuu i,v ,ty a, diii,’vn,,i

C 518-76 are not met. moisture’ o nienis for peilysiyri’nu’ ,uuu,I ,iru’uii,u,ii’
The insulation sample is reweighed, un- t’llul,ir pl,istic .s in si u iut e in, Building Ii’, liii , ), gs

wrapped and returned to the coldroom for ad- C halmers It .c hn,, al Unive rsuty (,uiie’l,.u,g. S~s,’iIi’i, (in
Swt-eIisIu(ditional wetting.

9 1 obiassun , Wayne ,,nd C har),’s ~uah, iiu’n ~i ‘17 ‘~ ISome materials such as glass fiber are not at 
m’I)iir t - . A l,uska and W ,istt,ngi,,n Si,ui i’ IISA( RRi I

all resistant to moisture accumulation. They iO i ,a- ,a’.~,,,. W N , C I  Kor hone’n ,incl I I)ueiii”. t 1977 1
become we’ t and lose thermal resistance almost Root ni,uisture’ survey, t in Si,ii.’ u, i Ne’~ Il.iinpsluuui ’
instant ly. Others , like perlite and most cellular boi ktu ngs ( RRF t Report 77 (1 Al) A(i4ii’19811

plastics , are in the wetting boxes for several 11 I Obi,155(iui , Way ne . (ha,),”. K,ir hone’n m d  Al,iui V, in din
Berg (1977 ) Ii. , nd held ni rated s’. s tu rns I,,, (let,’, h o gweeks , during which time they accumulate ,,io f noits iure’ P,ipu’r pru’se’nied ,ui Ihe’ l’)77 NUS NRC A

enough water to significantly decrease their lnie’rn,itninal Symposium on Ri,iii ng i i’, iin,mlutg’.
ther mal resistance. Some insulations , nota bly USA( RRI I
foamed glass and extruded polystyrene, have 12 I u,hu,issoi,, W ,iyne and I uirn~t hy I),uliii”. I” e rup t  Sjumi i

n)e ’,isuri’ ine—nts ,it the’ the m ,,,) ri’si- ,t, mn, i’ u , i  Ii i) s l i t ,l ittle ’ or no nioisture gain or thernial de :ay after building. in C oitt ord, Nc’w tl ,uuu ,i ishin i’ I I S Anuii ’ . ( u ’ itlmont hs under test. Re gion’. Ke’w arc h ~u nd I uigune’i’r,ng I ,m In in,u Ii i’. ( KR I
I he relationship be’tween moisture’ content Report

and thermal resist anc e dif fe ’ rs for ea h type’ of
insulat ion. Characterist ic urve’s are he’ing
de’ve’Iope’d for ( ‘ad h insul,i tion invest iga ted.

Si,un,,i,ie tIIr,’(I by I)y n, mt m ’ i ii C i u r ( u u m n , i i i u  ui , 9’I I ml,’ S t r i * t .
C .iuu,luuigu’ M,iss,u, hui ’ .e ’t ts uil ( (9
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