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PREFACE

Ihis report was prepared by G,arles Kurhonen and Wayne Tobiasson, Research Civil Ingineers ,
of the Civil Engineering Research Branch, Experimental Engineering Division , U.S. Army Cold
Regions Research and Engineering Laboratory.

Ibis study was conducted under U.S. Military Academy Interagency Order no. MAEN 9-78 ,Infrar ed Swwy of Roof and Upper Story Wa/I of 
~arnicks and Science Building, and under DA

Projec t 4A762730Ar42 , Design, Construction and Operations Technoloa~y for Cold Regions , Task
Area C, Cold Regions Maintenance and Operations of Facilities, Work Unit 003, Moisture Detec-
t/ cs, in Roofs.

ThIs report was technically reviewed by I. Johnson, E. Lobac, and B. Couiermarsh of CRREL.
Ihe contents of this report are not to be used for advertising or promotional purposes. Citation

of brand names does not constitute an official endorsement or approval o the use of such corn-
mercial products.
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ROOF MOISTURE SURVEY—
U.S. MILITARY ACADEMY

Charles Korhonen and Wayne Tobiasson

INTRODUCTION repairs were made to the mortar loints on the parapet
wall in the northeast portion of thIs roof Leaks

lhe roots and uppe r sto r ’, wa lls of buildings 745 E, were reported there prior to the- patchin g but no leak’.
75 2 and 756 at th~ t.’ .S Military Academy in West have been reported since.
Point , New lor k , sse:~ surveyed for entrapped mois- During this inspection .in infrared survel. was made
lure with an A(. ’\ I her i~~~~ i’.iorr 750 inf rared camera at night of the upper story walls of this building. No
on t he ni g hts of 17 and IS •‘\ pril 1978. These multi , thermal evidence of residual entrapped moisture was
stor ied stone ~nd n~avon1y buildings are used fur detected in these exterior wj lls .
barracks and c lassroom s . The roof of this building was examined in detail

On the v i ew  rig scr ee n of the AGA infrared camera , From top to bottom , this roof Consis ts of a gravel~building components suspected of containing en- covered built’up membrane , 1/ 2 in -thick urethan
trapped moisture appeal hi ight , 45 opposed to dark insulation, an asphaltic base shee t and a stru etura
for di’, areas . Thermograms (photographs of the concrete deck. Wl~en viewed with the infrared camera
thermal image on the infrared camera s viewing at night , most of this root was subtl y mottled (i.e.
sc reen) and daytime photographs are taken of these numerous small ligh t and dark areas blended into
areas. In this survey, .ill suspected wet areas on the one another ). Such mottling can be caused b~roofs were outlined with white spray paint. Several differences in the moisture content of the insulation
3-in.-diam core samples were obtained of the roof or it can be caused by variations in the eo l . i  and/on
membrane and the insulation to examine the mem- texture of the surface.
brane and insulation and to verify the suspected Core samples taken the following day in light arid
moisture conditIons. The wat e r content of each dark mottled areas indic ated that the insulation in the
cor e, determined by weighing a sample before and light areas conta ined more moisture than that in d.iik
after oven drying at 110 °F , was expressed in a per- areas. The water content from a light area (sample L.
centage as the weight ratio of water to dry insulation. F ig. 2) was 15% and that from a dark area (sample MI
A Delmhorst model SD-i moisture probe, which was 2%. It is estimated that over half ot the insulation
detects changes in electric , i l resistance of materials , in this roof contained about 1 S% moisture. 1 t”.t’.
was used to determine the general level of moisture underway at CRREL suggest that the thermal resi ’ . h
in wall components . tance of urethane insulation is decreased b~ 5 to I0”~

when it contains 15% moisture by we ight . 1 henefor e ,
the thermal impl cat ions of this .tmoun I of moist or

BUIL DI NG 745E are minor. Removing such insulation cannot he
justified by energy conservation alone.

Interior building leaks commenced at building 74 Sf Only one well-defined br ight thermal anomals
f i v e years ago, two years after construction of this was detected with the infrared camera. I his anomal’,
graveI~covered built~up root Water enters upper story is shown by the tight hatching in F igure 2 Figures
rooms at several locations ,iround the perimeter of and 4 are , respectivels’ , a thermogram and a day time
this building. .\ thorough visual examination of photograph of this ar~~. This thermal anomal’, was
perimeter root flashing did not reveal any significant much more intense than the light mott led areas
detects . Howevei , the decorat ive glaie.coat on bric k over most of the roof and thus a stronger indication
work on the interior of the perimeter parapet had of moisture. No samples were obtained from this
spalled ott  in man’, locations (I ig. I); free ,e t haw area but it is felt that the insulation therein contains
action was probably responsible. Interior leaks substantially more than 15% moisture by we ight.
generally coincided with these areas of spalled brick. A visual examination of the memhiane and
It was understood that leaks are partic ular ly severe flashings rcvcalcd that the membiane contained
during and alter wind-driven rain. A few years ago numerou s small blisters. I scept for the bl ist e rs , the



Figure 1. Spa//ed glared sun acing on the Inboard
side of the parapet on building 74Sf . Similar condi-
tions e~cIs ted on 752 and 7S6.
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Figure 2. Plan view of Building 74Sf. The tight hatching indicates an area of entrapped mois-
tore. The open hatching indicates that small amounts of moisture are randomly dispersed

throughout the mof~ rhe arrow and circled numbers indicate the vie wing direction of Figures

3 and 4.

membrane appeared to be in ver y good condition, of the perimeter parapet. It is quite possible that
However , because of the blisters , it is unlikely that moisture within the roof insulation also entered the
the membrane will be able to function for its intend- root at the parapets. To prevent leaks and wetting
ed life of 20 years or more, of building components, the ipalled masonry should

The immediate problem of building leaks appears be waterproofed.
to stem from porous bricks exposed on the inside

2



F igure ?. thtrmoqran, ‘i wet urea in the southwest figure 4. Photograph showing the spr ay ’ painted
COU?Cr ot hui/ vJ,ng “# ‘1 . File dU5J71’tI h u t ’ clppro.s,- boundary of the wet area in F ,qiire 1’.

“j utes U 00! tjOfl i the boundary oh the wet area
painted on tilt’ P o t .

Once t he si ‘iii e if lo is vi i  e t ij s been eli ni in.i ted , c oflcre’ It’ nra sonr s unit infer ii ir - J ust prior t i  this *

it may he possible fo r moisture in the urethane iii s u rv ey . wate r was r epor ted to be r unnirig out onto

sulation to diss ipate by edge v e n t ing at the per i the floor from the base ot the ester or vs a ll’. iii r ooni

meter if thc root . Although litt le information or 579 . At that time , three wall holes were created f rom
ex pe l el ite is ava ilable on the drying abilit y of withi n the room in an ef fo rt to ascertain the ‘.v t i l vC

urethane insulat i ri , i t is doubted that the single of water (I ig. 5) , Although the source ‘f the ’ leaks
ye n ’, wet area (tigh t hatching in I ig 21 will vii in was not determined from the holes , it was noted
this fashion, that the through.wa ll flashing w as  installed Uiv ii rev t l y

Normally it would be i econinrended that the which permitted any vs ate that did cruel the in

membr arie .inrd rnsu l,it u n  ii the s t r y  w et area he wall v.1511 from above to co llect and run out onto

removed anti repl.rce’d wi th v in y rirsular ii’n arid .i new the floor instead of into ex te rior weep bi le’.
mern ts rane . I I wes v’i , t he c iltir e merirbr .irre’ on t h is ..\ day time visual examination did not r t ’seal
roof is blister ed arid probabl y w i l l  requir e ’ rep lacement airy detec ts in the root membrane or it s  flashings.
in a few , t’.iIs . I fie i el iot ’, il ls suggested that the But the decorative glaze-coa t on the inboard side
we’ t urethane insulation rt ’nrra iii ri place until it of the parapet walls had spalled off in numerous
becomes riect -ssJry t i  remove arid rep lace the locations (Fig. 1). F urther investigation resealed
membrane and insulation os ci the cot ire n ooI. that interior leaks generally Coincided wi th  the

To nu\irui/t ’ the remaining usefu l life in the spalled areas.
blistered niembr,ine, foot tr a f f ic should he kept to Scanning the externa l walls of this building from
a minimum arid all tlashings arid penetrations , ground level and the internal walls of room S

especia lly thost’ vs ithini the wet are.r , should he with the infrared camera did not reveal any signs it

per ‘ l it  ilk examined arid , where n e c  ~‘s’ ._ii , patched entrapped moisture. The lac k it  insulation in these
fir .issure that no additional n)e’isfine enters the roof . walls diminished the chance to detect moistuic~ aused

thermal anomalies. The Delmhorst moisture pro be

showed that the interior ot the wa ll at the three
BUILDING 756 holes in room 579 was relatively dry with the ex-

ception of a slight indication of moisture in the
Like 74 Sf , building lSf has been plagued with mortar foints.

leaks emanating from th~ upper sti l l  wall s. In The roof of this building was identical in vtO SS

ci ’.’. se ct uvini , these vs ,ilIs con s ist of a granite block section to the roof of buifding 74S F. It also cx .

‘st e r ion hacked by h i c k , a n w  uvtc . .i~ it’ , 
and a hihited similar thermal mottling when ~i~w~d wi t h

_ _ _ _  _ _
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Figure 5. Two of the three holes that were made in
the walls of room 579, building 756. Note the water
stains on the floor and w~Ils.
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Figure 6. Plan view of building 756.
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Figure 7. Thermogram of a wet area on Building 756. Figure 8. Photograph of the wet area shown in Figure ~

- .I 
7 arid 8 are a thermogram and a photograph of

I~~~~~~

’j,

. to that found on building 7451. Numerous blu s ters

anot her wet area.
‘The rnc’mhrane on this r n i yu  is in similar condition

indk,itc that the membrane is deteriorating.
- It appears that building leaks a re largel y a result

of rain entering the walls v ia spalled parapet bricks.
The spailed bricks should be repaired and the enti re
inboard side nil the parapet waterproofed to prevent
further wetting of building components .

Since it is expected that the membrane on this
- roof will have to be rep laced in a few years , it is

recommended that all the wet insulation remain in
place until a new membrane is necessary . In the

the wa/ I creating a f/at horiiontal surface at the top periodic visual examinat ions should he conducted on
of each window. Driving ra in may enter there. thic roof to  locate and patch an’, moisture entr y

Figure 9, Windows of building 752 that protrude from interim , all foot traffic should be minimized and

points.

the infrared camera at night. From the water con-
tents of c o re samples B arid C (16% and 2% respect ive~ BUI LD ING 752
ly) which were taken from light and dark mottled
areas, respectivel y, arid from the thermograms of Interior building leaks base reporte dly occurred
this roo f, it is estimated that over half of the ure- along nearly all the exterior walls on the upper s tOr~
thane insulation on th is roof had a water content of of building 752. Leaks have been parti cu lar l~ severe

abo ut l6~ . The open hatching in Figure 6 is used to near the windows , especiall y during a driving rai.i.
indicate that this moisture is located throughout Like buildings 745E and 756 , the inboard side of
the roof, Although 16% iv considered more than the parapets us finished with glazed brick wh ich has
normal for a riio t of this type , the thermal implica- spal led off iii many locations (Fig. 1). The resulting
tions of this amount of moisture are minor , as stated surface us highly moisture absorbent. Rain hitting
for 74 5[ .  this surface is l ikel y to be wicked into the interior

F igure 6 indicates that severa l well-defined wet of the wall and eventually finds its way into the
areas were located all along the perimeter of this building.
roof. Sample A , which had a water content of The window panels on this building protrude from
169% , was taken from one typical wet area. Figures the surface ot the wall ~Fig. 9). This creates a flat

S 
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F içrure 11 . thermogram of a vset area on bui lding ‘s2 I ,qu,e 12, Photograph of the wet area shown in / ‘ ,gure I i .

- 
ab le t in l i nc ate sev er .il areas suspec ted i n ?  ci un t . i u r r u r lg

- wet risulat viii , I hit - ui f’nun urid .i r es 55 u i  y’ marked vs uth

- ‘- I  w h i te  sp~ is p u n t ,  I Uceri t u n I C  samples vs en ~ take n
t i n  ccl in the suspecte d nioustur e c unidul cnn’., I heir
loc.iti u rr s arid wj ter  cun r r tc n t s  are shown in I igure 10 .
Samples F, (. , 1, and R revealed that the dete c ted

- 
the r niial anoma lies surrou nding these samples s’. u i  t’

- 
not mnnis tu re-rel ate d hut were  caiisc’d hs heat radiati ng

- 

f r o m  ad~acent w al l s nil heat from nearby ex haust
I . t i i s  ( nr rs e yjue r r !  s , t he spr .is painted boundaries

.issi it uate d vs ith samples 1 , ( , 1, and R .ini’ not

shown in Figure 10. OS the reniannung samples, those

./ - indicated ,is we t  hs the therniogr.nms w i r e  c n u r l t  imed
to be wet  and those indicated as dr~ were  o u t  in med
r u n he dr y • I igures 11 arid 1 2 show a ts puc.n l therrnnn-

I i~i i r r ’ 13, l ’(K) r /S ‘.ea/t ’J r not drain. Water 1r or gr .ini and a photograp h u i  a detected vs y ’~ area ,

around th i s roof drai,r stained the carper he/o w’. . -\s riote d in I rgure iü , a wet I c y  r .r r ig&ul a r area

‘cot , the v’.rite ’r rnark ,s on the un~Je-rs, d ’ u i t/re ’ jn- y - /u. 
sun ro unds .i drain on the c ent ra l  roof u t  th is  buulduni ,~

adiacent to the drain ~~~~ 
t)urrng the dayt ime walk- thr o ugh I r rspv ’ c i’ rr ,t vs is

po inted out t hat a por tun i r i  it the ca n pet v i !  r n’~ t ls
heln nvs this drain had been vs ,ity ’r st ,i i red \~ ,,ter

hen u /u nntal scui .u~ c it the top of th~- panel vs he re st.ii ns urn the underside of the dec k si ur i n  ii rid n rig this

r,i ri water  cou ld tenipor ar il~ ni l ly ’ y t arid r un int i n the drain pipe are shn ,vs Ii ri I igure I I he~ suggest th. rt

biii ldiri~ thrt nug h v u  ink in the pan el - to-w a ll .inI k ~sJte r e nte rs  the building hcre t hrough .i defec t in

jo int, I I scev e r , it is dc u possible th .ut these lea ks the r~~ t mcnr hrane-to-dr ,rin seal.

il e caused hs vs ,iter vs h tb enters the sp.illt’d par .rpets , I he moisture assn ie .ried with the repc r ted leaks

sins down the - iii , -vs c li’ wa ll c i v  i t S u nto the top appears tel he en ter rig through

yu~ thy - vs uiic ln nw .und then into the building.
Ny’ ut l r y ’r t he l)elniihurst ni n~s trnre pro be nor thc I - the spalled brick e n  the inboard s ide’ u i  the

,rr t r , i re d camera showed iri s signs ni l residual moIsture parapets

within the wa l l s  nt th is buildin g. 
2 . i  defect in the membrane-to-dra in st il around

I h1’ roof’ un t  this building t rom top to bottom one drain on the central root

cons ists of a gravel-covered built-up membrane , 1 - 1 / 2 -  3- fo ints between the wall and w i n dow panels .

in -thick perlite insulation , a 2-pl y vapor barr er and ,i -
structura l C i i r i y re t c ’ deck . 1 he infrared came ra w,rs ,u f irst step to solving the wall leaks , it ns suu~-

gect cd that the p.rrapct walls he nep.nired and water- 

- • • - - ,‘- -~~.*-~~~~~~~-*-— •



pr oofed Ihis mi~ trap some moisture within the us not felt wise to devote effort now to removal ~nid
parapet and cause a~dit,onal spalling of the glaze replacement of wet insulation on these two roofs,
coating. Rather , it us re commended that the wet urethane

If leaks still persist at the windo ws af ter water- ins ulat io ,i .‘emain in place until it becomes necessary
proofing the parapets , all wi ’sni ow panel-to -wall to remove and replace the built-up membrane and
b u n t s  should be esam.ne~ 

tfnd. if necessary, recaulked . the I-l/2 .in. .thick uret hane insulation over the ent ire
If this tai ls to solve hc problem, thought should be roof. To max imize the remaining life in these
given to adding slopr to the top of each window to blistered membranes , foo t traffic should be kept
direct rain water awa ~ from these areas . to a minimum and all flashings and penetrations

The roof membrane appears to be in excellent should be examined and, if necessary , patched to

condition. It us not blistered, However , entrapped prevent further wetting~
moisture can c ause a roof system to deteriorate The built-up membrane on building 752 is essen-
rapidly. To achieve maximum life from this roof tiali’y free of blisters. Since entrapped moisture can
it is suggested that all wet insulation in the hatched shorten the useful life t n t  j  roof system , it is recom-
areas in Figure 11,) be cut out and replaced with dry men ded that all wet areas shown in F igure 10 be cut
insulation and built-up roofing. Care should be taken out and replaced with dr y  insulation and a huilt’up
to assure that the membrane-to-drain seal for the niembrane , If per ioci,” visual inspections are conduct-
problem drain shown in Figure 13 is made water- ed and an~ defects 4~n~tched , many y ears  of usefu l l i fe

• tight . should be obtained from this roof .

~~U S. GOVENNMSNT PNINTINO O F P 1CS .  l I7I— ~~O i ’ 4 ~~S/ I 3

SUMMARY AND CONCLUSIONS - 
-

/
The upper-stor y walls of building 745E , 752 and

756 experience leaks during driving rains. The
window areas of building 752 also leak during rains.

Since leaks are believed to occur only in the
upper portions of these buildings , it does not seem -
likely that joints in the stone facade are the cause
of the leaks. It appears that most of the reported
leaks originate from the parapets. The inboard
glazed surfacing of the bricks is spalled in many
locations. In most cases the spalled areas are directly
above reported leaks.

To correct wall leaks, the inboard surface of the
parapet walls for buildings 74 5E , 752 and 756 should
be repaired and waterproofed , keeping in mind that
any entrapped moisture may cause additional spa ll ing
upon freezing. It is suspected that the source of
moisture for the window leaks in building 752 is
also leakage through the parapets. However, if leaks
continue to occur at the windows after the parapets
have been waterproofed , all joints between the wall
and window panels should be examined and, if
necessary, recaulked , A sloped drip -cap might also
be added to the top of each window unit to direct
water away from that area.

Wet insulation was found on all three roofs. Except
for blisters on 745E and 756, the roo f membranes
appeared to be in good condition , which indicates
the possibility of several more years of serviceable
life. Because of the blisters , it is considered likely
that the membranes on 745E and 756 will sig nificantly
deteriorate over the next 5 years. For this reason it

8
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