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Wintertime window condensation problems were reported 
on the top two floors of a five-story, multi-unit residential 
building in central New York (7200, base 65° F heating degree
days ). Initially built as a five-story brick hotel at the turn of the 
century, the building was rehabbed into low-income apart
ments in the early 1990s. Ventilation in each unit consisted of 
operable windows and a single bath exhaust. Condensation on 
windows was severe enough to support fungal contamination 
in the first winter of occupancy. During the renovation, vinyl
clad aluminum sash, double-hung, double-pane windows were 
installed to replace the original wood sash round-tops. Initial 
efforts to solve the problem included improving sealing and 
insulation details around the retrofitted windows on the fourth 
and fifth floors. The amount and duration of condensation was 
reduced, but condensation and new fungal growth occurred 
during the next winter. A more detailed investigation of the 
problems was then made. It was determined that the neutral 
pressure plane was in the center of the third floor of the build
ing. A large fraction of the ventilation air for the upper three 
floors came from the floors below. This resulted in progres
sively higher relative humidity as air ascended through the 
building. Tested bath fans were moving less than JO cfm (5 V 
s). Surface temperature maps were made of windows and 
sheetrock. Poor ventilation, deep window returns, and 
windows with insulating details inappropriate for this climate 
resulted in condensation and fungal growth. Pressurization 
tests were conducted on a design day to determine how much 
exhaust it would take to raise the neutral pressure plane above 
the roof of the building. 

INTRODUCTION 

Chronic condensation and mold problems were reported 
in a five-story, multi-family building in Gloversville, New 
York. Gloversville is a small city located at the southern edge 
of the Adirondack region of central New York. Gloversville 
has a winter design dry-bulb (99%) of -8°F (-22°C) and 
around 7200 HDD per year. The building is an 80-year-old, 
five-story brick structure. There are nine apartments on each 
floor except the first floor, which has large common areas and 
only a few apartments. All apartments are heated with base
board electric resistance units. The common areas are heated 
with gas-fired boilers and fin-tube hydronic heaters. Inten
tional ventilation in the units is limited to bathroom exhaust 
fans. Kitchen ranges have recirculating hoods. The windows 
are double-sealed glass units with air fill. The sash and frame 
are thermally broken aluminum with PVC interior cladding. 

Complaints of moisture and mold were received from 
occupants on the top two floors the first year of occupation. 
Some complaints were received from the third floor. There is 
no swimming pool or laundry in the building. There are no rain 
leaks, and the basement is dry, with no signs of water damage. 
The major sources of moisture are the occupants and their 
activities. The contractor responded by removing the contam
inated materials and additional material around the windows 
on the top two floors and replacing them with new materials. 
Insulation detailing was changed around the windows to 
reduce the chance of condensation. This effort reduced the 
duration of the condensation problem, but did not eliminate it. 
In December 1995 the contractor invited the authors to inves
tigate the problems. The authors visited the building in 
December 1995 and January 1996. 
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PURPOSE OFVISIT ,· 

The purpose of the visits was to collect information and 
to develop and test hypotheses· for causes bf the p'foblerri: The 
tests, measurements,. and insp�ctfons performed were: · 

, 

Inspection of window installation details· by·. disassem
bling portions o� �h�etrock returns and insulation sys� 
tern. 
Measurement of temperature profile on window and 
sheet rock return surfaces to determine thermal proper
ties of window and''wall ·assemblies. 
Measurement of bath exhaust fan flows. · 

·Measurements of temperati1res, relative humidities, and 
pressure differences acro�s the"building �hell on each 
floor. 

· · 

Fan door test to determine the amount. of exhaust �ir 
needed to depressurize the top floors on a cold day. 
DeP,iesstirization test of an apartm.ent using a low-watt-

.1. ' 1. 
age (20 Wt), ultra-quiet exhaust ventilator to determine 
whether a bathroom exhaust fan could depressurize �n 
apartment. 

.. 
' 

PROCEDURES AND RESULTS 
.. ' 

, 
I' 

The windows ar�· rep1atement windows installed ·in a 
masonry building that had been insulated on the inside during 
renovation. Thenwindow. wells were about. 14 inches deep. 
During both visits,, coridensation 1ilnd fungal growth were 
observed on the windows of thMop three floors: The.results .of 
the window . .insp�tion.::and:;measurerifonts".are. shown in. 
Figures.l;.21.and.3'.':1 :, ·iri :: ":� ·,,,11 ;:,r• 'i "· · �-, ·::•"r>:· 

'I• ··1 

r,mperature: Profiles .of the: Window, am:H=leturns 
l 1'thc· surfnt� 'temperatures' of the w'i'tia19w 

.
arid �heetrock 

retuni's . were mc�sO'red' in''ah. i.inoccup{ed' apartfuent'.· The 
windows faced north and \>/est: The mt\asureinents were miilie' 
using a surface temperature probe. Diiting the visit, conden�' 
sation, frost, and fungal growth were observed on por.tions of 
the window and sheetrock. Condensation occurred at 'the 
window within'a few' inches of the'lower edge of the upper and 
lower lites. Condertsation was also observed on the innet face 
of the P.VC:coated sash. Frost was observed on i piece of 
aluhrinum'exttusion that frames the mterior perimeter of the 
wihdow jambs•and inside· the track p6rtfon of the ja'mb that 
holds the wjridoW in place; Fungal growth was observed at-the 
bottom of each llte and in: the comers where the frosted alliriii�· 
num extrusion and sheet.rock ·returns meet. The locations of 
condensation, .frost, and fungal growth are 'shown in Figure '1. 
' ' The temperatures measured during'the visit'are shown i'n' 

FigUJ'es 2 and 3: A norih-fi\cing window �a�(s'elected because' 
it did not receive any direct sunshine, whicli changes the 
temperature profile of, the window elements. Th9room air was 
66°F (19°C) and 33% relative humidity. Under these condi
tio�s,:it is .expected that dew point will occur at•around 36°F 
(2°C)., A measurement• of the surface tempetature of the 
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Condensation 
within two Inches 
or edge 

Condensation 
wtthlntwo 
Inches or edge 

Figure 1 Section through window installation showing 
ideation of condensatiOn and fungal growth. · · · 
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Figure 2': ·Suiface tetnph·ature& of window components 
and surr��ndi'Ag sheetrbck. 
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' 

; 1
' t ._, 

window·glass at the edge of the condensation (2 in. from the 
edge of th'e gla'ss i.mit) was 40°F (4°C), close to what Was 
expected. All surfaces with condensation 'Were' cooler than 
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2x4 

Aluminum surface covered with frost 

Vinyl sash 37°F 

Aluminum extrusion 29°F 

Sheetrock return 

Fiberglass bait 

Figure 3 Surface temperature of window sash · �nd 
aluminum extrusion. 

this. All surfaces with frost' were· below 32°F (0°C). The 
window performs as expected except for the cold temperatures 
of the frosted areas on the aluminum extrusion and in the sash 
track and the condensation on t.he PVC sash .. The te.mperatures 
on the aluminum extrusion (29°F, -l.7°C) and in the sash 
track (26°F,'-3°C) indicate that the insulating value of the 
material between.the interior and exterior surface must be less 
Lh-an all R"of l�S:�The layers .of air st4ck to Lile inside and 
outside ;urface� w uld be over R-t.' S01nething is not working 
right in these areas.:.The condensation on the PVC facing of the 
sash is the result of a 37°F (2.8°C) surface temperntµre. This 
indicates an R-valu� less than i.7, significantly le;ss than the 
center-of-glass R-value of the 'window' (R-2.lS) where the 
surface temperature is 47.8°F' (S.8°C). The thermal analysis 
program Window 4.0 w�s used to cak�late a center-of-glass 
R-value of 2.0 for this window. 11 

Measurement of Bath Exhaust Fan ·Flows 
Bathroom fan airflow.· ,were tested in thre.e apa�a11erits. 

The fans are connected_.to du.cts that ran through a false ceiling 
to the exterior walls of the �ulld_ii1g. A fiow grid with four 
upstream and. four downstream prei;sure taps located in a 4-
inch-diain�i�r9ipe was used ro.111�asure airflow. A.n1e]ectronic 
micmmiu'lometer -was used' to measure the pressure drop 
across the,gdd. The airflows on all t)lr�e fans W<?re below the 

l.ower lim:i1 of detection of Lhe device (12 cfm, 6Us). Smoke 
pencils showed a tiny amount of exhaust fl.9w. ANSI/ASHRAE 
Sumdard·62-J989 (ASHRAE 1989).recori�'mends, bathroom 
exhaus t ventilation of 50.cfrn (25 Us). intefrni teni m 20 cfm 
(I 0 'us) continuous. ' · 
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Temperature, Relative Humidity, and Pressure 
Difference Measurements 

J 

. T�mpeniture an,d relative humidity measurements were 
mad� in the hallways of each floor and, also outdoors, using a 
digital therm0hygrometer. The ·instrument was checked 
against a laboratory thermometer and:dew-poinUest. 

Indoor-to-outdoor pi:_essµre difference,. measurements 
were made using a digital .micromanometer. The measure
ments were. 1,11ade by gaining·.access to an apar.tmt;mt on each 
floor.. · , . ' · · 

The measurements were n:iade between 10 and 11 a.m. 
The results show that the temperature on each floor was nearly 
lhe' same. This was expected• ·because tbe temperature is. 
conl'iolled t�errnosiatically. The outdoor w�ather conditions 
were: 5°F to 0l0°F (-l5°C to·-12°C), <

.
20% RH, and no 

detectable breeze. 
The relative humidity was l�west on the first floor (24%) 

and progressively increased on each successive floor, peaking 
on the top floor' at 35%. ·This was expected because the 
makeup air for th� bottom two floors was cold outdoor air at 
a· fow relative humidity. As this cold, dry outdoor air was 
warmed up after entering the building, it could then hold 
considerably more moisture than could the cold air; therefore, 
it "picked up'-' moisture gcn�rated by the building occupants. 
This increased the relative humidity in the air.' As it rose to the 
upper floors, the air picked up mote moisture, and the relative 
humidity continued to increase, until: it reached the top floor 
and the :highest relative ,humidity. The significance of this 
becomes 11pparent when the indoor-to-outdoor air pressures 
are also considered. The first.and second floors are below the 
neutral pressure plane; therefore, the outdoof'aifenters the: 
building and essentially dries out the filr on those two floors. 
The neutral pressure •p1ane islocated mi'the' third floor. The· 
fourth and .�ifth ilo�J.:� are ,alJ,ove t1w .n�1,1tr11l pr,essure plane, 
m�king it irp.possible for �.utdo9� air to,enter, through en��lop.e 
leaks. Figure 4 illustrat�s the-re�ults ,of the me;asuremei;its �' 
well as the dy��ics in)(olved. · · 

· 

Fan Door Te�t 
' • .' ' : , ' ; '.. I ' � i; �J 

. ,_ 1\fan door test .was m:i,de in the roof acces�_door located· 
at the top of the stairj'Nell. The fan was us1:1d t.o d.epressurize the 
b9ilding. Witti the fan door set up, but not running,.the fifth 
floor air was 10 to 13 pascals po,sitive :i;'elative to.outdoor.air. 
Indoor akwas flowing out through the cracks and holes in the 
windows and building shell. The purpose of the fan door test 
was to measure how much exhaust i;iir it would,fake to deprns
surize the-top floors. so that makeup air would Qe drawn in from 
outdoors on all floors, drying out the upper floors and reducing 
tl;le r�sk of conden.sa��on on cool surfaces. It topk2200 tq 2700 
cfm (1100 to 1�50 Lis) of exhaus,t air, to JllOVe the �e,utral pres-
su�e plane to the roof of the bui\ding. , .. . 

Exhaust Fan Test on Apart,ment 4ci8 • 
A low-wattage,_ high-efficiency exhaust fan was tempo

rarily set up in the window of Apartment 40.8. The purpose' of 
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Figure 4 Temperature, ornelative humidity; and prejsure 
differenceis: ;· : i . ,,. .. =•·r� ;;-, : 1 •• •11J , • H �/· 

' I' ' ··� . ( \ : 0 I �' ,. '. ' •,' • I_." ) j '( I' I f .; ' 
this Jyst,\\'.as tq ,Q�tpin in� ,..yhc;:tJ:i.1<r or:npt fl \o_w��atf�g�, ultra" 
qpi�t �\l�WQOW �xhii,ust co�ld. pepre,��u1.1ize .. l\n 11pa�meqt ,q11 
the ;fourth floor., Befp�.e :th� .fan ·was �µmed on� .the pre§sure 
qifference acro�s tl).e puilding sh�Jl was about, 1 p�scal,posi
tive. With ,the exthau� fan1unning!, it was abOl.IP· to:? p;:iscals 
r.egaLive, deP. essurizing Lhei apart111e\it. As, measured b.Y, .� 
tlow-monitori�g.staLion, th� fan was moving about I �2 cfm 
(61 Lfs)1 ; . n , , . , , , " ,. r, , '·· , 

, ; . '. ! 

DISCUSSION 
) • .. . " ' l . ' � ) , ' ' . 

. Several f\lctws combine, to .result in cpndensation on 
windo�� �n thi� building, Win,te{time stack...,��iven airflows 
transport i;nois,ture to _the upper flo,ors and preyent outdq�r air 
from drying the:�pper flqors. Batjrr�m fans in the apartments 
are ineffective at ov.erpowering,,the stack forces. qccupied 
rooms on tl:i,y top floqr have wiµteJ1i.Jne relll;live hm;n.idity 
levels in the range of 40%. Cool ,wind.ow surfa,oys grov.ide a 
condensation plane for the moderately elevated humidity. The 
cool window surfaces result from a combination pfjow. thero 
ma_I resjstance 9f some of the windo,w cl�ments, deep wittdow 
wens tl1at' interfere with room air ci.rculation, and ' short 011-
tifoe of Lhe baseboard e l ttic resistailce heating units (many 
upper lloor heating mtits have �·een turned 'ff by the occu-
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pants, the apartments being ·heated by the transfe� air from 
below).· 

· . · ,. · .· ' " ' · ' 
Ji' . 

. . There.are two ASHRAE guidance documents tha1;oapply 
to this situation.,ANSI/ASH.RAEStandard 62-1989, Ventilation 
for Acceptable Indoor Air Quality (ASHRAE. 1989) \lpplies 
to the ventilation of the spaces al).d ANSI/ASHRAE Standard 
55.-1992, :Thermal Environmental (;onditions for Hu,man 
Occupancy:�ASHRAE. 1992). appliesi to the indoor relative 
humidity levers. 

I;or residentii;tl liv�ng �eas, Standard 62 re�ommend� 
Oll\,qpor:

.
air yentilatiO{l rates o,�· 0.35 ACJ,d but not Less Lllan 15 

cfm: (7 Us) per J?Crsw1. Fpr the aparune�l. in questiqn, it  
w0,uld b� �� pfm. (7 l!s) per person. All uni>s are one- and 
three-bedrooIJ,l units, so that would be 30, 45, or, 6Q cfm (15, 
23, .�o L(s) of exhaust, respectively. Unless. Standard 62. 
implicitly allows the ventil_ation requirements to be met with. 
transfer air from the apartments belo�, apartments on the fop 
three floors of this building frequently do. not meet the venti
lation guidelines. Standard 62 does ailoY, .for makeup air for 
exhaust devices to be transforred,from bther parts of the build
ing. Crude stack calculations for this building indicate that the 
ventilation rate· during the heating season would go from under 
lOOO·cfm to 2400'Cfm (50,0 to 1200-L/s) if enough exhaust is 
added to the top floors to raise tlie>neutral pressure plane out 
of the building. This will increase heatihg''cos'ts· by several 
thousand dbl1ars in electrical consurhptibn plu� another· -500 
dollars in 'ele'ctri'cal consumptiC:lri'by the fan fo'oto'rs. •· ·. · · · 

. . . 
,, ' ' �, ' j I 

. , A f-!��.gl!icl�ce,for.inqoor.rclatjvc huni!d.ity,Iev�l$,is 
contained in Standai;d:5P: ,Figure;3, qf;�l;rnt document s_hpyrs a 

portio9 , pf, tlW psy\:hrom,ytric chirrt .-wit.IJ, ,il, cqw{�.li�: zone 
blocked out. The lower humidity level recomrnernle;;d i:S foq,nd 
at a dew-point temperature of around 36°F (2°C). This is a 
relative humidity level of between 25% and. 30%.for OJilerative 
temperatures in the range of 68°F (20"0). to v 5.0f: (24 °C). 
Increasing the; ventilation rate: should lower the relative 
humidity levels in the bi.iilding. If the relative humidity levels 
were k>wered to 30% on-the top flQor, the outdoor temperature 
wo4ld hav.e to go substantially lower to cause-condensation on 
the windows. Table 1 shows the outdoor temperatures that 

, , , .,,TA�U: 1 
Outdoor Temperatures liJ�ow Which CondeQsatio.-i 

Occurs on Components of the Window for 3P% . 
and'<io% Indoor Relative H·um

:
ldii}t '. .' ' · 

Location 30% RH 40% RH 
Ah,uninum exflil\�ion : 18°F(-7.8°C) 28°F (�2.2°C) 
arm1nd, edg� .. • 'ti 

Lower edge of glass 15° F (-9.4°C) 26°F (.'....3.3°C) 

PVC sash on lower 3°F (�16.1°C). 17°F ("-8.3°C) 
side of window 

Cent�r or'glas'� ··, 1''�2:0°f'(..'..:is'.9°C) ·' 
't1; I 

-5°F (-2Q.6°C) 
" ' 
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would cause condensation on different components of the 
windows for 30% and 40% relative humidity. 

Lowering the relative humidity from 40% to,30% on the 
top floor would eliminate condensation on the center of the 
glass and almost eliminate condensation on the' lower sash. 
However, there are a fair number of days when there would be 
condensation on the lower edge of the glass and on the alumi
num extrusion around tl1e . edge of the window; The inanufac� 
turer of the windows in the building was adamant that there 
was no problem with the windows. The problem, they said; 
was due Ld 11igh relative hurnidily. The 3?� to '+0% relative 
humidity range found in the apartme1'11.s ori the l'op three. noors 
i·s af Lhe lower end of l'he ASHRAE guidance for 72°t (22°C) 
air. Older and more recent guidan�e from cooperative exten
sion services· (Rowley 1941; Huelman. 1996) 'is �rilten in 
tern1s:of·controlling the room air relative humidity' to avoid 
condensation on windows or window componehts. The 
ASHRAE guidance is written in terms of keeping 'toom 'air 
relative humidity in a range· that would be comfortable and 
healthy for the occupants. Section 5.1:3 of Standard 55 says 
that "temperatures of building surfaces and material (e.g., 
windows, ductwork) must be controlled to avoid condensa
tion." This seems to mean that. window ·components must 
maintai,n an interiqr surface temperature of·36°F (2.2°C) or 
greater,when outdQC'lf temperatures are at a design value. Is the 
AS.l;IRAE deyv point of 36°F (2.2°C) a good lower limit for 
inqoor hurµidity? Should wii;tdows be constru,cted so th!j.t inte
rior surface temperatures will be higher than tJ.iis on tile design 
day? Or should room relative humidities be a.llowed tq·go as 
low as needed td prevent conden iltion on window ? This 
issue needs more clarification' by ASHRAE:' '' ·. · ' ' · · · ; 

· Recommendations were made with the following three 
goals int inirtd:·' .I 

. 
' ' . I; 

to ·provide outdoor air ventilation for the occupants of 
the upper floors', 
to lower the wintertime relative humidity in the upper 
floors, ·" · ; · ' ' · 

to raise the interior surface terriperatutes· Of the window 
elements that were condensing 'enough water to support 
fimgabgrowth. · 

To accomplish these goals, the following recommenda-
tions were made tO the contractor: " 

1. Raise the neutral press1,1re plane to ventilate and dry the 
• · . '·, ! 

upper floors. 

Install either a central exhaust system or individual bath 
exhaust fans to depressurize the affected floors (The 
third floor should be included as 'part' of the affected 
area). · 

2. Raise the surface temperatures of the window components. 

Cover the aluminum e;i\lrusion around U1e interior 9f the 
wiudows that was covered' with" frost wilh an insulating 
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material and a material to prevent contact with room air 
water vapor. 
Clean all hard-surfaced materials (aluminum, PVC) that 

; ·have fungal growth and replace all soft materials (sheet
rock; foam) that have fungal growth with new materials. 
The materials may be treated as nonhazardous construc
tion waste. 
In the event that problems persist, apply interior storm 
windows. 

The contractor implemented the above recommendations 
in the winter of 1996/1997:-No follow.-up inspection had been 
made at the time this paper was completed (December 1996). 
Storm windows were not applied.: 

Two recommendations that were not included in the 
report were discussed with the contractor at the site. The first 
was to find and seal penetrations between floors to reduce 
stack-induced pressure differences across the building shell. If 
sealing between the floors could be done effectively, it would 
have· the advantage of increasing upper-floor outdoor air 
ventilation and reducing energy use. Blasnik and Fitzgerald 
( 1996) report difficulty iri sealing between floors in Canadian 
residential .. high-rise buildings well enough to prevent air 
transfer ·from floor to floor. The s�cond recommendation was 
to retrofit the building with gas-fired hot water boilers and 
baseboard hydronic heat to reduce energy costs. The contrac
tor was concerned that finding and sealing the airleaks 
between floors would be difficult and might not solve the 
problem; The contractor was not interested in the second 
option because they did not'own the building. 

During the review process of this paper, one reviewer 
made a sugges(ion thlJ.l did llOl O!'Cll!" to \.Jie investigators but 
niakeS a grea deal o'f"sense:The suggestion 'is'lo seal Lhe wall 
and Cloors between 'the corridors. and the apart\uems. This 
divides the building inta two stabks one composed of the 
layered apartments ru1d the other composed of the elevator 

shafi., the fite escape stairwell shaft and the corritlors. Under 
stack-dominated conditions, air'should flow through the apart
ments into the corridors on the bottom floors and from the 
corridors through the apartments to outside on the upper 
floors. There are both horizontal and vertical series· leaK:age 
paths. Sealing the wall between the corridors sho�ld increase 
the pressure difference betwe(m-the corridors and apartments 
'and decrease the pressure difference between the apartments 
and outdoors. This has the advantage of reducing stack-driven 
airflows and increasing the ease with which the upper floors 
can be ventilated with outdoor air. The 'effects of sealing leaks 
in this way can be estimated using methods developed by 
Hutcheon (1995) and. Dlasnik (1992). · 

. , . 
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