
THERMAL PERFORMANCE OF 
WOOD W NDOWS AND DOORS 

According to a r e c e n t  s tudy  co~nducted by * A r c h i t e c t u r a l  Record," energy conservat ion is one of 
the h i g h e s t  ranking cons idera t ions ,  nationwide, when d e s i g n e r s  s e l e c t  :ruilding m a t e r i a l s  f o r  
new cons t ruc t ion .  Due to t h e  energy c r i s i n  o f  1974 and subsequent energy conservat ion codes 
and l e g i s l a t i o n ,  caple te  and d e t a i l e d  thermal performance d a t a  is  be ing  requ i red  f o r  windows 
and c%ors, f o r  use  i n  ana lyr ing  t h e i r  c o n t r i b u t i o n  to t h e  energy load  of  t h e  e x t e r i o r  bu i ld ing  
envelope. Much o f  this d a t a  is  c u r r e n t l y  tmssd on eng ineer ing  c a l c u l a t i o n  o r  g l a s s  p r f o m n c e  
tables. 

has conducted c o n t r o l l e d  l a b o r a t o r y  t e s t i n g  o f  modern window and door des igns  t o  v e r i f y  
t h e i r  c a l c u l a t e d  o r  publ ished design t h e m 1  performance. Tests were a l s o  conducted t o  explore  
how v a r i o u s  t e s t i n g  techniques1 a f f e c t e d  the measured performance of  windows and doors.  me 
g e n e r i c  window and door constl:uctions used f o r  t h i s  p r o j e c t  were s e l e c t e d  from t h e  c u r r e n t  m m -  

t i o n  o r  were purchased from l o c a l  r e t a i l  o u t l e t s .  Each window was t e s t e d  with  
n a t i o n s  of s i n g l e  g laz ing ,  i n s u l a t e d  g l a z i n g ,  removable double g l a z i n g  o r  

' 

The v a r i o u s  door c o n s t r u c t i o n s  were tested a s  s e p a r a t e  slabs, without  being 
machined f o r  hardware o r  i n ~ t ~ a l l a t i o n .  Addi t ional  tests were conducted wi th  doors  i n s t a l l e d  

o r  metal door frame assemblies.  U1 units were t e s t e d  i n  accordance with  n a t i o n a l l y  
ad test methods f o r  t h e m 1  t r a n d t t a n c e  and a i r  i n f i l t r a t i o n .  Severa l  experimantal 
re also conducted t o  more c l o s e l y  s tudy  the specif(ic e f f e c t s  o f  u n i t  design o r  test 

The r e p o r t  i t s e l f  is divided i n t o  s e p a r a t e  s e c t i o n s  on windows and doors.  The r e s u l t s  of 
this s tudy  f o m  an o v e r a l l  view of t h e  thermal t r a n d t t a n c e  performance c a p a b i l i t i e s  of 
window and door designs.  Colitparisone are drawn among t h e  var ious  u n i t s  and t e s t s  conduct 
t h i s  study. The r e s u l t s  o f  t h i s  s tudy a r e  also r e d  to the design performance d a t a  con- 
t a i n e d  i n  t h e  ASHRAE Handt>ook and Product Dir,ectory, 1977 Pundnmntale  Volume. Dotai led a ~ l p l e  
d e s c r i p t i o n s ,  test methods, c a l c u l a t i o n  procedures  and m e t r i c  convers ions  a r e  contained i n  t h e  
Appendix. 

TPle them1 wrfornranccr t e s t i n g  o f  windows was d iv ided  i n t o  four  phases.  Each phase was s t r u c -  
tu red  to s tudy  a p a r t i c u l a r  modif icat ion,  v a r i a t i o n  o r  e f f e c t  of t h e  t e s t i n g  method. A b r i e f  
d e s c r i p t i o n  o f  t h e  windows t e s t e d  dur ing  this s tudy  is contained i n  Tabla l. A l l  window u n i t s  
were approxJlaately 3' wide try 4 ' h i g h  and were t e s t e d  wi th  only t h e  g laz ing  combinetions sup- 
p l i e d  by t h e  raanufacturer. Whenever p r a c t i c a l ,  however, f a c t o r y  i n s t a l l e d  storm p a n e l s  or 
stora wi -re removed t.o o b t a i n  d a t a  f o r  t h e  p r i m  win- with  s i n g l e  g l a z i n g  on ly ,  & r e  

lete dascr ipeiosls  o f  t h a  test wits M U l e i r  g l a z i n g  i n a t i o n s  a r e  c o n t a i n d  i n  
Apwndix A. 

For ease o f  i son  wi th in  t h i s  s tudy ,  and f o r  c o q a r i s o n  with  publ ished thermal des ign  
i n f o m t i o n ,  the r e s u l t s  o f  each i n d i v i d u a l  test have b e n  c o r r e c t e d  to A+jHW\E Standard Winter 
b s i g n  m n d f t i o n s  o f  still a i r  on &he i n t e r i o r  (h 1 - 4 6  BTU/hc.-rrq,It,- P) and 1 5  t4Pll on the 
e x t e r i o r  bh = 6.0 BTU/hr.-clq.ft.- P ) ,  u n l e s s  o thhrwi re  noted. 

0 



PHASE I - Thermal Transmittance of  Windorm Under S t a t i c  Afr Conditions 

The Phase I tests ware conducted to e s t a b l i s h  the b a s e l i n e  t h e d  performance of  t h e  sample 
window under s tat ic wind condition#. The f e sk  coruia ted  o f  measuring tha  thdrnlal parfonaance 
of  eleven gener ic  Mod and aluminurn window designs w i t h  various wfnbinations of  r ing16 glazing,  
insula ted  glazing,  r m v a b l o  double g las ing  (RDG) and H30d O r  a l d n r r m  storm window. Tes ts  f o r  
t h i s  phase ware conducted i n  accardance with ASTM C-236-66(71), "Standard Test  Method f o r  
Thermal C ~ n d u c t a n ~  and T r a n a m i t t a n ~ e ~ o f  Built-Up Sect ions by Means of  thij Guardad Hot Box," 
with a co ld  chamber temperature of 18 F, a warn chamber tamparature of  68 F, and tul e x t e r i o r  
and i n t e r i o r  wind condit ion of  e s sen t i a l ly  st i l l  air (40 to 60 f t .  per  lain. ve loc t ty l .  The 
IXSult. o f  each t e s t  ware then a d j w t a d  to t he  ASHRAB Standard Winter Design conditions 
described previouely. I n  a l l ,  twenty-eight t h e d  tests were conducted during this phase. 

The r e s u l t r  from Phase I (Table 2) i nd ica t e  that the  performance of  each window u n i t  was 
bas i ca l ly  dependent upon the  glaaing combination present  i n  t he  u n i t  duringothe t e s t .  Tl~e 
U-values f o r  s i n g l e  glazed windows ranged from 0.72 % 1.06 BTO/hr.-sq.ft.- F insula ted  
glazed u n i t s  ranged from 0.47 to 0.66 BTU/hr.-rq.ft.- P. 

In  general ,  t he  addi t ion  o f  a storm window, e i t h a r  o r  al\aninl~m framod over a s i n g l e  
glazed prime window, increased the  thermal e f f ic iency  o f  the p r h  window by 44% to 551t, 
depending on the design of  t he  prima u n i t  and tha thickness of  t he  enclosed a i r  space. A 
408 to 47% reduction i n  hea t  l o s s  was also obtained by placing the  storm window over an in- 
su la ted  glazed p r i m  unit .  It ohould be notad that all a l d n m  prinralstom window rornbina- 
t i ons  b id  a m t a i n  a thermal break i n  the  window frame. This  t h e m 1  break was by-passad in 
i n  some cases when t he  a t o m  window waa not in place. 

F'or casement window, conventional storm windovs cannot be i n s t a l l e d  without impairing the  
operat ion of  t h e  unit .  Thus, removable double glazed panels  (RDG) were instcllled d i r a c t l y  to 
the window sash. There the  improvement i n  U-value was about 45% f o r  s i n g l e  glazed prime 
windows, aurd 298 f o r  insula ted  glazed prime windows. The RDG panel was a l s o  e f f e c t i v e  whsn 
i n s t a l l e d  on a s ing le  glazed double hung window, though not  a s  effective a s  the  stem 
window. 

Table 3 shows a comparison between the r e s u l t s  of t he  Phase I t e s t s  and the  t h e m 1  design 
values l i s t e d  i n  the ASHRAE Handbook and Product Directory, 1977 F'undaxnentals Volume. Overall,  
the r e s u l t s  from Phase I compared well with the  ASHRAE values, with window t e s t  values 
averaging 128 b e t t e r  than thei data l i s t e d  f o r  80% glazed wood windows. Aluminrrat s ing le  glnlcsd 
windovs averaged 108 b e t t e r  than the A S H W  metal win- values, and double glazed and insu- 
l a t ed  glazed aluminm windows ranged from 6% b e t t e r  to 14% worse than the  MHW values f o r  
m e t a l  windows with thermal bar r ie rs .  

The second phase of  the p ro j ec t  consisted o f  r e t e s t i n g  three of the  
t e s t ed  under Phase I (Units 19-77, 110-97, and 111-771, under a modified t e s t  procedure. The 
r e t e s t s  on thew u n i t s  were conducted under the  saw, procedures rued during Phase I, except 
that a 15  MZH wind horizontal  and p a r a l l e l  to the plane of  g lar ing  was applied to t he  e x t e r i o r  
of the  uni t .  The Phase I1 t e s t s  were conducted to ve r i fy  the  ca lcula t ion  techniques and tk 
air f i b  oo-ef f ic ien ts  u s 4  fo r  correct ing the  masured  f o m n c e  values t o  the $tandoI.d 
Winter Design w n d i t i o w .  S ix  t h e m 1  tests were perfo under Phase XI. Both the Phase I 
and Phase I1 tests vers conducted on the  u n i t s  without r-ving tharrr froar the  1: 

be tests. 

t h a t  the r e s u l t s  f roc~  the  Phaae 11 t e s t i n g  -re 178 t o  45% vora t he 
s e  I ,  Sin- both sets of  values wsre a d j w t a d  to the  aanrs Stand n t e r  

Design corrditions, and s h c o  panel conduc e, (C)#  is theo re t i ca l ly  indewndent 0f tenr 
w i n d ,  both s e t s  of vlu:*&s shdA, kav@ approximately 1, a l l w i n g  f o r  

r. 

A c lose r  lcok a t  the  raw l& data  revaalad that whilo there was a 8 ign i f i can t  inersase  i n  heat. 
flaw during t e s t a  conducted with the wind appliad,  t he re  was not a corresponding change i n  the 
sur face  a t u r e  readings to t o  f o r  t he  increased h s s t  flaw. mnsaguently, the  
panel sohdwstance values obta in  m s i g n i f i c a n t l y  higher than Uloso ob- 

rat Phase I. Rrrther ,  the e x t e r i o r  f i b  uc tmce  value@, (h1 ca lcula tad  f m  the  
upis readings and haat  flow w much higher than could be j w a f i d  

ured w i n d  w l o c i t i e s .  (Exterior  f i l n  condw&ance@ ranged frcla 5.7 to 9.9 
~ r n m , - m ~ . f e . - O ~ ,  & i l a  tlre wind v m i d  only s l i g h u y  b m  the  prelctcrhM 15 !@H). I n t e r i o r  



war oaauning during &e t r r t  by 
glaring and frraw. 

U t a r t8  were mtduoted to doterain. i f  rir M i l t r a t i o n  war m influencing factor 
during th. pravioua th.rpal t ranrai t tanm teats.  Phase TIX oonsirted af rpsmovin 

u s t r i p  from Units 19-77, 110-77, urb 111-77, and roter t in  f1.d uni t  Z ~ P  
oxman- under both wind c o n d i t f m  de rc r ikd  previourly, 
wuy urd reprodueable way of varying t h m  a i r  in f i l t ra t ion  

changing its design or installation. Air inf i l t ra t ion  t e a k  were per 
before and after the watha r r t r i p  war ~uowd. Air ini'bltratfon tartr ware mrductd i n  a c a r -  
dance w i t h  AWI/ASR( 821283-73, aSt.ndrud Tart mthod far Rat. of Air Leakage !Ehmugh m e r i o ~  
W i n Q m ,  Curtain Walla, and Doart ,' at  s t a t i o  air  p n r a u r .  diffr r rn+alr  of both 0.30 a d  
0.11 inelms of wrkr (.quivalent to wind \nloci t ies  of 25 and 15 MPH rarpeetively) . M t e r  Ula 
air in f i l t ra t ion  tests wra -let&, the acidified win&ow unitr were again tested for  t h e m 1  
p a r f o l l ~ ~ c .  in accordan- w i t h  the t a r t  mthdllr used in Phase I md Phase 11. A ison of 

mnultr for  .a& of the unitsr  w i t h  urd without w t h a r r t r i p ,  is list& in 
0 5. 

war a two tm four-fold increaae i n  the a i r  in f i l t ra t ion  ra tes  of the wits whan the mather- 
taken during therm and a l l  grrviour thermal tranr- 

t never axceedd 0.01 inches a t  
during the tWStr, and awn i f  it MS8 

1 heat flow would hdlve h e n  e l l  

arnd f h l  phaae o 
at W- and cold c 

"Pable 6 ooatgfnrr the prab of this t4rting and includes tRs r ea~ r l t r  of U n i t  119-77 whm 
W s t d  a t  H3 P and l 8  P. 

atures w d  during the t a r t  had l i t t l e  
r, when the difference btrrerrn 
ea t  flow is d i f f icu l t  t o  
atwsr are d i f f icu l t  to obtain. 
onr in rurface tcamparatucl, a i r  
rrsr i n  the f ina l  r e r d t r .  

Y st trora tRe a~1y.i. of that &Q, as descr In prucddng rwtions.  

t detsMniRg fact= in UI ~mlmi t t au l ca  of  ths  -ern win- 
on of glazing m~at.rhLals iR ar ecpideplc& by hhrr tes ta  -duct& 

P h r a  IP of! this projwt. 

f rrrducing conductive h m t  l o r r  
Bhare I snd Phsrcl II testing 

lie glaring war -re sbfwt ive  
tfng glaas. Thir m y  bie due t o  
i the win- or: e~ t&e 



3. In viadav daaignr wRuv tho .pgli~.tion of oommn- rton windovr is irpraotloclr 
luck as owrrata or awningr, th. tur of a nrop.bl0 Qtrble gluing purcll o f f . o t i ~ . l y  
Mund thrr ooabuctivo h a t  loss, thouqh not u r i fwt iwely  U tho tur, of a rtorr w 

I .  Th. th.rrol t rurrr i t tanen (Woilur) of wood window, obtabd f ro r  tha Phare I testing, 
averaged 12% bat ter  than the design 6.t. contabd in tb. ABtrrUlh EIurdbook and Produot 
Dinctory, 1977 ntnbuwntala Voltm, CR.ptu 22, Fable 8. T M  w a m r d  1D-oalwa f s r  
single g l a u d  aluninra windows wuu &oat 10t kttu thur th. wt.1 windcw valwa i- 
ASHRAE, but in uma i n r t a n ~ s  wra croru, than tha ASHPM valws a d j u s t d  for  th. 
barrier &sign. 

5. Th. reaulta from tho Phase I1 kstr, which incr1pd.d tb. application of an exterior 
15 widl wuu on tho rvrragm 28% worse thur tha nsulta for  idantical uni t r  tort& 
witkaut an oxtoriot wind, e m  thoPrgh both uta of 6.- lud m oorrmted to thr e 
Standud W i n t e r  f k a i p  conditionr and .hodld hrtn beon qml. 

6. Thr Phue I11 te s t s  indicate that th. air  in f i l t ra t ion  r a k  of a W: is wt an i n f luene  
ing factor in tha aeuuramnt of t.brmal t r d t t u r c .  by e i e h u  thm Phase 1 o r  P h s e  I1 
t e s t  methods, provided l i t t l e  o r  no air  pressure d i f f u 8 n t i a l  Uists &m88 th. d t  
during ths t h d  t r a n d t t m c e  test. 

7.  mat- wiadar unit .  a t  68OF and 18OF has l i t t l e  b f l u m c e  
on th. results of t9-m te from Phase TV. 

A stage test ing pmgraa w a s  developed for  evaluating thr thunral tr 
doors and door as..rbliss. The ovcrrall testing prqram was designed to enable substitution 
of an f i m  generic dcror constructions into wood o r  e teel  Qor frame. Dlita w a s  
dew1 for  the thenu1 t r a n d t t u r c e  of ths .labs, and for  the doon  6. btdld 
in  the frame asmmblims. 

A brief description of the variour doon and doorlfrano u 
ntkiaed in Table 7. A l l  doors wan 3'0. x 6 ' 6 -  x 1-3/4" thick and were Mlt to 
1.8.-1 and AWVWMh 1.8.-5 requirement.. KMtailed description8 of the test boom 

frsatrsa and a m  containad in AppuPdFx A. 

For e a u  of muparison within t h i r  s t d y  and for  clolllpariooa to publi8h.d 
i n f ~ ~ t i O t i ,  ths r48tlltS of Q5C.h indiddual  test hV@ k.n C W X U Z k d  to 
W i g n  ooDditionr of still a i r  on the iqjrior (h - 1.46 BTU/hr.--.ft. 
on the exterior (ho= 6.0 BTQ4w.-.rl.fr.- F), unlf.8 o t h u r i u  noW. 

STAGE I - "Lherral T r d t t n n c e  of Door Slabs ander S t a t i c  Air C b n d i t i 0 ~  

Stage I ooruirted of tes t ing each of f i t n  generic rrood door cans 
without being mchlned for  hamham o r  installation. Thr test. wru 
w i t h  SDI 113 -Standard Thermal gorforuurco Test for  8 t m l  Door ando 
sold chmdnw -ntures of 10 F, w u n  e)urkr t q r u a b u u  of 80 
oondition of esaantially e t i l l  a i r  (40-60 faa t  per alnute velocity). It should be not& ULPat 
the SDI 113 test method measures only the cantor f ive f-t of door height, dw to 1iritrr;iosllr 

tes t ing e q u l m n t  design, and also iacl\rd.s portLonn of the t a r t  
e results f r o l  f testing and 5 
e bata frm thr am3 Product Dir 
ted in  Table 8. 

of -lid rood blac)r 

sataria (27 r cubic f m t )  
data for thi 



while  the test &h md the calaulatrb data for doors wur in 0108. agraeaunt ,  t h e  test d a t a  
w i t h  the d a r i g n  tharmal truraritkncr values 1irt.d for doors  i n  Table 9 ,  

o r  22 of the 1977 MHRAE mb.luntals tl"a1wm. This ApRlrt t a b l e  l i r ts  t h e  U-value o f  
r l a b  Qoors u 0.47 W m . - w e f t . -  F, ( i n t e r p o l a t e d )  r a g a r d l e r r  o f  c o r e  
I t a r t  r e s u l t s  i n d f c a t a  thrC the U-values o f  door# do vary wiPja 

core e s l u t r u e t l o n ,  md that most mm c o n s t r u d o n ,  ur cans i&rab ly  httcrr than  t h e  MHP- 
t.bl@ ~ u l d  SUPQOSt. 

mr U l i ~  s t a g e c  tWQ door deeipns ( m r s  'A* md "B") wore retested under t h e  o a m  procrdukar 
dur ing  Stage t r  excep t  that M exterior l 9  )(PH winB was a p p l i e d  v e r t i c a l l y  u p w d  and 

y a r a l l e l  to tho plane  o f  t h e  doar  dur ing  t h e  test. Those t a r t s  were conductad to v e r i f y  t h a  
calculation techniques  wed f o r  c o r r e c t i n g  meanvrd porforwanco va lues  to t h e  ASHRAE Standsre! 
Winter Design Table 9 c o n t a i n s  t h e  r o s u l t s  frtna t h e  Stag@ I1 p o r t i o n  o f  t h i s  
s tudy,  a long  W r i s o n  t o  the S tage  I r a s u l t r .  st. from both s t a g e s  were con- 
ducted on W without  reraoving thm f r o r  the r b a t w a n  testn. 

Thr radts  o f  theso  tests i n d i c a t e  that th. a p p l i c a t i o n  o f  the exterior l 5  wing had 
l i t t l e  e f f e c t  on tha ~lreasumd U-value p r f o r a u ~ n ~ .  The s l i g h t  discrepsncy between t h e  S tage  I 
and S a g e  XI m s u l t s  f o r  t h e  pine panel &oo r "Em), was p r  i l y  due t o  a p r  s e a l  
h t w n  ozw edge of  the door and the t a r t  c wal l .  

fie lut @-g. o f  t a s t i n g ,  Strrge IXI, l n w l v a d  p-paring and i n s t a l l i n g  one door (Door "A") 
s e p a r a t e l y  into a wad and mtal door frame. me &or was machined f o r  and i n s t a l l e d  w i t h  sm- 
dad c y l i d a r  l o c k . h a r d w m  and b u t t  hinges.  The Qoor and door frsara w r e  then ins t s l l t sd  i n t o  a 
t e s t  w a l l  a s  dascr ibod i n  the SDI 113 test w . gach assombly was then test& f o r  them1 
t ransmi t  bo th  wi th  and without  the a p p l i  on o f  ths 1 5  XPH a % t a r i o ~ r  wind. The r e s u l t s  
of S tage  XI1 t a s t i n g  under each wind condi t ion  are con ta  i n  Table l 0  along w i t h  a 
w r i m n  to the m t u l t s  f o r  the Qor s l a b  a lone.  Again, axisorr is mdie t o  t h e  U-values 
calculatcpd fmm the C S W M  1979 Fundsarantals Vol-. 

The r e s u l u  i n  Table l 0  i n d i c a t e  that t h e  thermal t ransrai t tance valuos ob ta inad  dur ing  t h a  
tssb without  an ~ x t e r i o r  wind (Stags  1 ma 1 were i n  c l o s e  a g r e m n t  wi th  va lues  c a l c u l a t e d  
f m  the a t =  data. When the wind wan a p p l i e d ,  Ikow.svor, the  value f o r  tha door i n s t a l l a d  
h t h e  meal f r m  ua. s l i g h t l y  highar  than f o r  the t e n t  wi thou t  t h e  wind. Converse ere 

tic change i n  rnsasurQd U-value t o r  the tw tests canduct& on t h e  door and 
h a t i o n .  Again, t h e  adjuntod U-values f o r  a s p o c i f i c  doon: sad f r m  combi n 

under o i t h s r  wind condi t ion .  

a c l o s e  e x a n i m t i o n  oP t h e  d e t a i l g d  test data and t h e  c a l s u l a t i o n r  POP hhase door m d i n a -  
e ions  and test. d i d  laot i d e n t i f y  any s w i f i c  cause f o r  U\e d i s c r e m c y  between tests. Homver,  
Iha i n r r t a l l a t i o n  o f  the door/frsara assembly i n t o  the t o r t  wa l l  may have in f luancad  t h e  rasul t t r .  
The b r / f r a r u p  ass-ly is i n s t a l l d  i n t o  a 2 x 4 f r m  wal l  cons t ruc t ion  f o r  t o s t i n g .  A p r 9  
t i o n  o f  tJmt  w a l l  is included I n  the 4 '  X 5 w t e u i n g  area of the test smrtus, Heat flow 

ugh Ul i s  wa l l  is incluldad a s  p a r t  of t h e  total ~ t o a s u r s d  h e a t  flow, and Is thua i n c l u d d  i n  
~ l o  f i l ~ l l  base resu led  f o r  &a d o o r / f t r ~  i m t i o n .  Whilo t h e m a u p l e a  a r e  placad on both 
the Fnsida and t h e  ido  e w f a c e s  of! t h e  l .  t h e i r  readings m y  not  have a c c u r a t e l y  rsti- 
mt& the a m r a g  r a t u v e  o f  t h e  e n t i r e  w a l l s  and t h u  m y  hsve s f f o c t d  t h e  c a l c u l a t i o n  
o f  t h e  average t u r e  o f  tho a n t i r a  lee  S ince  h e a t  f l o u  through t h e  wal l  cannot km 
iwlatcsdi f + a  t h e  b t a l  h a a t  blow, t h e  e f t a c t  o f  t h e  w a l l  clannot be sopar t& trorn t h e  f i n a l  
test  r e s u l h ,  

m m t e r i n g  c a ~ d  t o r  t h e  dOOr tests vss o n l y  5 V i g h  and was cen tor& on the dooars 
&.baring the tasm, t h e  t o p  and Lrottor 10" of t h e  door and &or krancrs w r o  not  included 
in Lh9 test 108tUTurerrrttnts. "Phe p o s s i b i l i t y  exists thst l a t e r a l  h e a t  flow was occur r ing  w i t h i n  
t h e  door or tho f r m  mcabors, i n  the c r a e k s  b t m n  t h ~  &30r and t h e  f r m ,  o r  bcstweon 
UDB PT- and thQ all. u t a r a l  hea t  &lw could wihhin t h e  test wal l .  Thfir haa t  
b l m *  wmtl-r t i o n  o r  ~ n v e ~ t l o n ,  would o t a l  m a s u r s d  h e a t  Plw, but  would 

upla  readings o f  @=lam m n t e q u e n t l y ,  t h e  t esk  w u l d  
i t w c e  than ms a c t u a l l y  ugh t h a  b o o r / f r u  saraaably. 



Th. following oonolwions .n dnvn froa thr data ebtdad during th. three stages of the  
gJUOr r t d y  m4 from thr u u l y r i s  of thr nsultn u deuxibrd in th. preceding routionr. 

1. Fhr valuu obtained Lnrr th+ truuaitkn~ te8k oondwted wing t h e  Btage I ter t inq 
d t u u  .gm closely w i t h  th. performmca v8ltws c r l d a t a d  in rccotbance w i t h  t h r  MW 
R.ndbook urd Product Directory, 1977 Punbuuntlls Voltw. 

2. Th. nsultr of tho 8t.g. I rtudy i d a t e  that the wupnd thrnral t r u r s d t t m c e  of w l i d  
wood block oon urd particleboud oon doon is significantly kttu th8n the gamral 
wood &or prurtorunn data l i r t ed  in  tha MHlUS 1977 r rmbarn t l l s  Voluru, Chapter 22, 
Table 9. 

3. me application of a 15 m exterior wind during the test h d  l i t t l e  effect  on tho 
adjusted tranraittance valuer of wood door slabs, measured during the Stage XI portion 
of this S*. 

I .  The applicatian of the 15 m wind may have af f &ad th. performance. of door/f r- 
as  i c s  instal led i n  the 2 x 4 frame construction test wall. 

5. Th. f r m  and w a l l  surround appuurt ly  does have a bearing on M. resul ts  of the t h e m 1  
psrforrurcl, testing of wood doors. - r  the lMt6d n u r k r  of tes t8  i n  this a- 
were not suff ic ient  to conclurivlrly detamhe M. reasun for  t h i s  affect.  

TM.8 r h d y  has at-lrrd to show the relationship ktnnn the thermal performance of 
woad W~IK?QUS .ad dooar and the deaign prrforranccr data 0blrlrp.d f t a  th. ASHRAE landbook and 
P d u c t  Directory, 1977 PundrrrPurWs Valm. Th. variour windovlr .nd doors choman for this 
study uan rslectad to raprasant the broic designs, cruutructioru and glazing colllbina 
availstxle for use La residentail  corutruction. These windowrr and door8 were tested f 
prforunccl,  using uwaral different testing wthodr, to obt.in inforratdon on th. effects  of 
exterior conbition, a i r  in f i l t ra t ion  and txwpratutcr and to correlate that  i n f o ~ t i m  
with parfo- data predicted by calculation. 

Braral important facta have been diuavared by this a-. Of greatest  concenn is thr 
discrepancy betwnn th. V-values obtained by the testa conducted with still .it and thou 
duct& with a 15 WLI wind on the exterior. On the one hurd, th test. oonducted with eswm- 
h l l y  a t i l l  air on th. u t e r i o r  provided data that wam arruistrtnt with AgItRAE design valtms, 
and, La fact, Mcatsd t h a t  the ASERAB values may be u m m h t  consematiw. On the o t b a  hand, 
uh.n m uturior 15 WLI wind wam applied during the test, the result. were oonsiduably norse 
than thou predicted by th. ASHRM 1977 mdaaentrl. Voluu. Rasearch to examin* the came of 
this discnpu~cy provided useful data on the effect  of air in f i l t ra t ion  and variations i n  t e s t  
chamber teaperature, but could not ful ly  explain th. r e w n s  for  the discrepancy between tha 
testa. DIta 0btritl.d by M e  study has evidenced the n+rd for  uniform test ing wthadm for  
all windmm and doors. Uaiforn t e s t  methods would not only provide consiatmt date for the 

son of products, but would aleo rLniriu confusion with interpreting the renr l t s  for  
tioa to th. to ta l  building heating lord. The t ea t  u t h o d  should prescribe, o r  a t  l-st 

give guidance, toward b b r d d n q  th. effects  of scrch parameter of M. wthod, specifically i n  
ward to u tu io r  wirrd velocities and film corfficlunts.  The test wthod a b u l d  aloo &tail 
ca lcuht ioa  rad conversion practices for adjusting values to atusd.ltd (or non-s 
&sign conditions. Furtbr, th. t a r t  shauld b. struct to measure the p e r f o ~ n c e  on f u l l  
r i m  test s ~ l e s ,  orpecially in tho tert ing of doors. 

Ttrcs &sign parfo CS tables for v i  and doors oontrinrd i n  ASH= publicationr 
specifically an t h y  apply to th. t-l mechanics o 

mtrrr ia ls  and c o n  m s t r u c t i o  Th. t ~ b l e s  srhauld b~ 
W s e  sims,,  constructions o r  inationr of prodwt. 



m Aerooiationr based on the  
and evaluation nuthsd. b. 
e f f e a k  of a i r  films, ex- 

brrior: wind,  ancl o w  test  vuiablem oa th. meaeumd t e a t  r8sult8, Other asprota of total 
W r W  W such an air infiltration urd rolu heat  gr in ,  need ta h rtudied ra t h a t  
th. total s the produot u in8t . l l .d  in th. f i e l d  our km masurrd grid 
evrlurrt+d d I produats, locr t ionr ,  and e n o i t o m n b l  conditions. 

ILFD SWLB: DES IG%S 

u n i b  wait i n  t h i r  study ware muf8c tur .d  in confo 
1.13.2-73. U alwdnum window unite rnrv m u f a c t w e d  in cernfotlunce to 

purchassd frasr local  retail ou t le t8  o r  were supplied a t  no cost  by a 
mufactwccrr Ercm h i s  standard product l ine.  

mi t  11-76 bouble hung window, 37-S/l6" wide by 49-5/16" high. Ovcrrall arcrar 
8 sq. f t .  The un i t  contained rretal  jamb linersr and war prinud white on 

the exterior. Bath u s h  The un i t  war r ~ t t ~  
f r  s tonr  an r l d n m  ntom window. m t h  storm 

Q with created an enolosed a i r  
3*. Both 8- contained s n the lovrr  portimrr. 

Unit (82-76 double bung w i n h ,  37-5/16* w i d e  by 19-2/16" high. Ovcrrall area;  
f t .  The unit  contained vinyl jatb liners, and van pr 

ior. s e t s  of sash ~ e *  s u b d t t e d t  one s e t  glazed with single 
the other s e t  glazed with V2" insulating glasr  consisting of two 

8htrat.s of single glass  fabricated into a sealed unit with an enclosed a i r  spac 
of VlW. The un i t  was also submitted v i t h  rcaaovable double glazing panalr, a 
f storm W , and an alrrszfnrar f r  storm window. The raarovable 
glaxlnp panels weus g1 with s ingle  glass,  mounted created an artclosd 
air space of appraxisately 3/8*. Both @tom W wre glazed with S g lass  I 
a d  whsn mounted created an enclosed a i r  space - 3  Both stOm w i  con- 
t.irrcrd screens on the lovar poruoru.  

U r n i t  13-76 , 49-12/* w i d e  by 41-S/&'" high (two 1. rash unites, side 
by side). Overall area: 14.24 .sq. f t .  The uni t  was p w h i t s  on the rxtarfsr .  
Tuo I -h were rubaitteilr one r e t  glazed with r glass,  and the o t h a  
.et with 1/2* lruulating g lass  cnruir t ing of two sheets of single glass  
fabr  in to  a waled uni t  with an enclosed air  space of 1/4*. The unit was 
al- r u h i t t d  w i t h  removable b u b l e  glaring panels, glazed with single glass. 

M, the double glaring s create3 an urclosed a k  erpace of approx- 
h t a l y  4 2 " .  The un i t  was a l s o  tW with an in te r io r  rnountd screen panel, 

u s ingle  hung win-, 35-9/l by If-9/ltiu h i  Overall areas 
sq. f t ,  The prima vindDv con m i i i c  the barrior,  *a top 

lit@ w a r  glatsd  into tha Ereras, w i t h  
aFngle glass,  The unit was t- with an a l d n m  f r  a t o m  wi 

s u h .  The mtorm vinQow oontainad no s p c i f i  . The clrtorolr was attachad to th. p r h  window by a r ig id  p l a s t i c  

onclorad a i r  space of l -V8* t o  l-13/16*. Tha @ t o m  
oonta ind  a scrmn on tho lotnn: p o d o n ,  



V n i t  @G76 &l mingle hung , 31-l/Sa wide by 3 S 1 / l M  Nph. Overdl  uar 
7.67 sq. f t .  Tlh. unit uu f i n i M  whik on the i n t u i o r  udl exterior. The W 
lib ru g l a d  into the f r m  w i t h  r ibgle g l u e .  Tha bottoa mash was g l a d  with 
ringle g l u r .  Th. bottom sash w u  mparakd frcm the frama udl interlsek by 

or r igid plast io  utnuim. The fr- cantaid a ro 
ier, separating the two wtal f r m  esttnuionr by app 

Th. unit  was e tt.6 with a lmhtl l  rtorm sash tbat mt.6 d i r  
78" to 1-9/16". Th. stem 
sash udl storm w i  
for the laurr  por 

E m i t  t7-76 horizontal sliding W , 39-lU16* w i d .  by 47-3/8" high, b th  mash . Owral l  8-8 11. . f t .  The unit  wan finished w h i t e  on th. 
Fn tu io r  and exterior. The frama con a hollow p las t ic  a t n u i o n  
the two aa ta l  frame u t ru r ions  by app This p las t ic  ex 

as parting rtap and r i l l  track. Th. l e f t  mash was clad on 
sanh w a s  clad on th. 

to form a plantic ta plast ic  joint a t  
i e r  urd the erlock. Th. plast io  cladding doe 

approuL.l.kly 3/8@ within the msh fr-. Both 
glazad with wlW inrulating glass, with an rnclosad lit space of V4", 

t w i d .  by 1&V4* high (tuo single msh unitr ,  r id@ 
11 nishad u)r i t r  on thr, 

L n w i o r  and exter i  the fr- and clad on 
v i th  r igid p las t ic  , cre~ltFng enc ca. of h 
U2". Th- was no aaW visible  on the inter ior  of the 
rash warn glatQd with u*lW h u l a -  glass, with an m c l o s d  d a i  srpaca of VIa. 

mlk # S 7 7  Quble hung w , 37-3/8@ wi& by 19-V4m r 12.78 sq. Pt .  
1 jamb l i n u r ,  an8 uar pr 

i t h  V2' ftuuLating glass, a, of two shmtr  of sIng1e 
glars  fabricatad into a sealad uni t  with an mc:ossd a i r  spa- of V1", m d t  

a tom panel, g1 with single gLasl. 
muntad, the @torn panal ad air srpca of 2* ko 3". Thr .tom 
w e 1  &so containad a s partlon. 

Lmnit #PO-77 double hung win-, 34-l/Jm w i d s  by 48" high. Overall arwt 11.42 .q. f t .  
The unit  c ~ n t a h s d  metal jamb l i n r r r ,  and ww 
ghlrad with V2" hula-  g l a ~ r ,  consisting of two sheets of aingle g l u s  gab-. 
r d The unit  vsll 

s th and gla& w i t h  
S os& a i r  .pam 
l-U;ra to 2-3,' a scrmn on th. lowss p 

mIt 111-77 12-13/16" w i d .  by 41-7/8* high (tw s h g l e  msh units, .i& 
by side). Over 12.15 yt. f t .  Tha unit  W p r i d  M 
Both -h -re th V2" insulating g l a r r ,  consistirog a t  
single g1-r f in- a s a d  nit w i t h  an urclorad a i r  
The unit  w a s  S 1o glatfng panels, g l a z d  with s ingls  
g h a r .  Mhen m u n t d ,  tht, 1s cr8atd an  enc lord  a i r  rpacr 
of 5/16*. 

m r  'A't Wlid  bZcck  or. P l u h  door, JW8 by l-J/4", I. 54ra h r  war Lr 
block gl\lad eom cons tlon g i tk  3 ply l a w  g1 fa- panels. fia door was 

16" with a 3 1 o n W l D C k  only. b r  ucrs mt 
t& unf in i sW,  



BbCr "B"I Sol id  wood block f lu rh  W, 3068 by 1-3/4" f .  door we, framed 
block glued con t ruction with 1/8"othick t hard faco panels. The 
door war p r e f i t  in width 3/16* with a 3 -1 on the locks t i l e  only, The door was 
mt machined f o r  hardwan md war admi t t ed  unfinished. 

Ercor t So core f lush boor, 3068 by 1-3/4", e door was mat- 
core construction gith 3 ply l a  face penels. The 

&oor w a r  p r e f i t  i n  width 3/16* with r 3 bevel on the locks t i l e  only, The daor 
not machined fo r  hardware and was s W t t e d  unfinished, 

DoDr *D*r Hollau core wood f lush door, 3068 by 1-3/4", 'Type I. The door was honeycomb cel-  
lular care c o n ~ t r u c t i o n ~ w i t h  3 ply lauan p1 face panels. The door was p r e f i t  
i n  v id th  3116- with a 3 bevel on the locks t i l e  only. The door was not machined 
for hartbars and war submitted unfinished. 

Door 'Emn Ponderosa pine panel door, Style  110, 3068 by 1-3/4". The door contained 11/16" 
thigk raised panel8 of ponderosa pine. The &or was p r e f i t  i n  width 3/16" with 
a 3 bevel on the l acks t i l e  only, The doar was not: auachined f o r  hardware and was 
s u h i t t e d  unfinished, 

Door Fraares and Wstdvare 

U1 door frames and h e were purchased from loca l  r e t a i l  o u t l e t s  o r  were supplied 
a t  no cost by llranufacturclrs frcm the i r  standard product l ine .  

Mtal  Frmx 16 gage mtal door frame, 3068, fo r  a 1-3/4" thick boor. The frame was con- 
s t ructed fo r  r igh t  hand suing, and included a p l a s t i c  leaf  type edge 
wsatherstrip. The frame was primad grey. 

fr-I l-15/16w rabbet m>od door frame, 3068, fo r  a P-3/4" thick door. The frame 
was constructed fo r  r i g h t  hand swing, and was supplied without weatherstrip. 
'2he frame waa unfinished. 

EOCkt Stan cylinder door lock, keyed ugh the knob, 2-318'' backset, 
5/8- la tch  throw, brass f inish.  

b r  Lfingesr Ttutse (31, 4 x 4 square corner bu t t  hinges, nrounted with appropriate, 
o r  machine screws, brass f inish.  

APPENDIX B - TEST PRDeEWRES AND CALCULATION HETHODS W R  WINDOWS 

Each uindou uni t ,  with its various glazing combinations, was tes ted  f o r  t h e m 1  trans- 
aceordance with ASTM C-236-66(71), *Standard Test Method fo r  T h e m l  Conductance 

ttancs of Built-up Sections by neans of the Guarded Hot Bo Basically, the 
box consisted of tuo chambers w i t h  a coamron wall. One eh r was heated and the 

o h  coalad. A -taring box of su f f i c i en t  s i ~ e  to e n c o m ~ ~ s s  the e n t i r e  t e s t  sample was 
muntad to the n wall within the heated ch r and was maintained a t  the S- t e r a t u r e  

se  here was to obtain no net  heat t ransfer  btween the 
ed chamber. 1 The t e s t  s ins ta l l ed  ve r t i ca l ly ,  plumb, square 
n wall betveen the cold r and the metering box. The perimeter 

ed using expan ystyrene of known thermal resistance.  
sts were perfo to determine this resistance.)  Fifteen 30 gage copper- 

uplas were attached t o  each s ide  of the  t e s t  uni t  a t  various, uniform 
frame, to maaure  surface tamperatures. Thennocouples w r e  

to msrsue  a i r  t 

m n  et ion of the ins ta l l a t ion  of the t e s t  un i t  and t h e m c o  8 ,  the cheunbers 
wrs b p t q  amwratures of about 6s0E3 fo r  the heated ch r and m t e r i n g  b x a  
and P 8  P f o r  the er .  The a i r  n c v m n t  on both s ides  of the un i t  was vary slow 
(40-60 f*), anQ ed para l le l  to the plane of glazing. No provisions were mde t o  
a r t f f i c i a l l y  produce an a i r  pressure d i f fe ren t i a l  across the t e s t  unit .  As a resu l t ,  any 
M E  flaw due to a i r  leakage occurred only e forces dtavelowd by the difference in 
afs btiea b b e e n  the  heated and cooled 



to r t ab i l i r e  under these t o r t  condition8 for  a t h  prim¶ ruf- 
state b a t  flow h.4 beon 8chiuv.d. After t h i s  p a r i d ,  the surface 
, and btal heat input tc the metering box were measured and 
errur<lr relative h d d f t y  and the radiation nent of heat 

altm rpsasurad and recorded. AI11 PDaasurenent. were obtrfned anb averaged otter a t e s t  
pried of rpproxirrately two hours. 

m aMiUon to the "still a i r  unitc 19-77, 10..77# and 11-77 were 
tasted with th.ir variow glaring actual 15 HPH exterior wind. This 
W- achieved by placing a wind machine within the eooled c r. M r  flov was directed 

uph a baffel In away itoar the plane of the w a l l  containing the t e s t  unit, and was a d j u s t 4  
rovide an swap l 5  t4PH wind velocity a t  the plane of the wall as  the wind approached 

the unit  i t s e l f .  Th. wind was directed horioontal unl paral le l  to the plane of glazing. The 
a i r  flov d d  mve about the unit  uncontrolled a f t e r  appruaching the unite and could ptavidr 
turbulence by it. own force. The velocity of eh. wind was measured using an Alnor V e l m t e r  
and appropriate accessories. Other conditions remained a s  &$er in the s t i l l  a i r  tests 
raentioned prsviouly. 

In ano tha  series of tes ta ,  window units 49-77, 10-77, and 11-77, with i n r u l a a  glass 
tested for a i r  inf i l t ra t ion p e r f o m c 8 .  Mr in f i l t ra t ion  t e s t s  wn conductad in  

kccordsnce w i t h  IWSVmTH E-283-73, *$tan Test Ile for Rate of Air Lcaakage 
0 Curtain Walls and Ikorn." Each unit war tested wing different ial  a i r  pretp- 
water column (equivalent to 25 )rPII wind velocity o r  l. 57PSP) and 0.11" of 

water column (~quivalant  to 15 HPH wind velocity or  0.5tPSP). Ths air inf i l t ra t ion  ra te  was 
ca lcaa tad  es a function linear foot of sash crack, Each of these unit4 was then ~ ~ ~ ! i f i 9 d  by 

o r  a l l  of their  sash erask weatherstrip, to vary their  a i r  in f i l t ra t ion  raw.  
Tfrese aDdified units were then retested for  a i r  in f i l t ra t ion  par m 

etion of the a i r  inf i l t ra t ion t e s b ,  each of these 
ce under both the * s t i l l  a i r*  and "15 IWI wind* th 

A fourth ser ies  of tea t s  were perfo unit  19-77. This unit, g l a u  with 
hsulat ing glass and w i t h  storm panel installed, was again tsstsd for thermal tr 
under th@ *still air"  t e s t  mathod described before, axcspt tha t  the 
peratures were varied in  accordance to the following schedule. The unit: waa all 
bil ize under each of Ulese conditions before aaeasureunants vars recordd. 

a. SSOP a i r  ra tme and 35O~ m l d  a i r  t 

b. ~ Q ~ P  a i r  t ratura and 0% eold a i r  rature 

d. 9oop rature and 4 0 ' ~  mid air ratmer 

Tfre follawing WraJDeters vore masursd directly durhg  each tsstr 

1, b W  heat input to a e  m t e r i q  box dwing &he tea t  wri& 

2. average w a r a ~  ch 

3. average cold c rc air temperatme 

4. rature of each the 
of the t e s t  u n i t  

5. average sp~,.3 m d  direction of %he a i r  nrovasDant on each side of the ease wit 



Thr nntlta for  ea& t a r t  were aaloulakd us* the eqwtionr and dssaribsd 
below. MTM C-236 and ASHRAB lhndbook and Product Ditectow, 1977 Pun Ir Voluwt, 
for there Urd other equation8 and mathods not l isted.) 

111 Reat Plov Rate (BTV/hx.-sq.ft,) t a e  average hrat flow uph the unit: as  tertad. 

Hmt Flow Rate 8s 

Area of the Test Onit 

O the average heat f lav through the (21 T h e m %  Transfer, *a@ testedw (BTU/ht:.--.ft.- F) 8 

unit  as b s t a d ,  a s  a funetion of the diff.mnce k raturer on both 
sides of the unit. 

Thansal 'LTansfer, "as tentedw = Wmt Plov Rate 
(wana a i r  teap.1 - (cold a i r  t a p , )  

631 Avaraw Surface side and ouuide  surfam t aturen of the unit, 
d d a t c a d  by uple reading by the materi d area it represented. 

(4)  Pmr l  Oorrilucmcr (C) ( B T U / ~ X .  -sq. ft.-%) I the avcurage heat ugh the unit  a s  
tested, an  a function of the dif fercmce k er  of both sides 
of the d t .  

Pane1 Conductance (Cl H e a t  Flow Rate 
(warn surface .) -(cold surface tamp. 1 

m a n d t t a n c s ,  Winter Danign, (tt-value) , f t .  -OF) 8 the avarage heat 
ugh the mite as  a function of the a i r  diffemnce, calculated to 
a standard 15 KPH WM on the e still a i r  on the inside. 

This oalculatian allovs for t)mcr direct .on between the renultr of thin project 

OIharer 1.46 the S H W  s film o r  gurfacr conductance Q1) for 
sU11 air .  (BTtT/hr.-8~~.ft.- F) 

6.8 = the d film o r  rurf ce wnduemce (ho) for 
a 15 m ~ . - q . ~ t . - ~ ~ j  

was heated and cooled. A metering approxh te ly  
11 within the hatcad r and wa8 oaraintainad 

btain ns heat transfer 

and level, into the r8 and was can te r4  on the 

w o t e s t  d t  the 
80 P for  the hrrtrd c 

th. door. No provieion. wrr mda ts 
S the bs t  daor. a result ,  my here 

lorc+r d v e l o w  by t;he cfiiPemnc@ i.n air 



Ttrtr a r t  Boor w a r  rill &3 rtabiliu bst Uans for a period ruf- 
st .ady-rtak h u t  flow chirv+d. After t h i r  p.riod, the surfaea 
raturer, utd total h u  the metering box were measured and 
prcrrrut. and nlativm humidity also marwed and recorded, All 

tr mm o b t a h d  and a m r a g d  m r  a test mid of approximately two h w r .  

U tion to a e  * @ t i l l  air* the a r t @  , daorr *Aa and "En w r e  t.8-d with an 
1% rph ut ter ior  wind. achieved by placing a wind machine within the -l& 

r. Mr flow was d i n c t  h a baffle 4' may froa the plane of the wall mntaining 
vida an amrag. 15 sph wind velocity a t  the plane of the 

i t ae l f .  The wind was directed vertically upward and 
Th. a i r  flow could mve a b u t  the door uncontrolled a f h r  
ide turbulence by i ta own force. The velocity of the wind 
r urb appropriate accersorier. Other conditions r-ind 

as  d e s c r i w  in  ths still a i r  t es t .  raantiond previously. 

Mtrrr t h s e  test .  had bsn letad, door *Aa was rschined for lock and hinges and was 
jlnstallad ~ p a r a t e l y  into aaeh of the tvo door frames wing  thres (3) 4 x 4 r 
and a 2-318- hackset cylinder lock. This m a d  
into a t e s t  vall which had baan rubatitutdl for 
the The t e s t  wall and other test par 
Tha ca Tart for S tss l  and Prm Msarblier.' 

The t e s t  w d l  war approximately 6' wvie by 7 ' 2 -  high and was constructed wing s t d  g r a b  
2 x 4's. % franu, containd single bop and botboll plater and double studs arcund the rough 

The stud cavitie f i l l e d  with fr ic t ion f i t  
*km of 0.25 8 7 t. Tha test vall van rhea . The mtail door f r m  cavities uere f i l l ed  v i  

fiberglass haulation. A f t s r  the installation rau etad, ssch assanrbly vsls tartad d e r  
" s t i l l  airw and *l5 EapW wind* condition da &vs, par S D I  113 "S 
ce "Lhst for Stsal Boor and Prarw, h s d l i e  

m e  follcrving parartreters w e  masurad dLrecay during each hst. M1 aaellour 
l a r a h  only on p r t i o n  of UIQ t e s t  door s lab o r  door/franes/uall assctlrbly that was w i  
ratering bozr 

1, m-l h t  input to the mtrtering b x  during the t e s t  p e r i d .  

2. Average C air rature. 

5. A w a g e  d direction of U1e a i r  l l l ~  

B .  DiffargnePal a i r  press- across m t e s t  Boor. 

7. bla(cim h d d i t 2 ,  In each c d w i w  hst wrld. 

resulUl for each W s t  -re b g  tions and m e r i M  
ASm C-236,, SDX 113, d AS and m n - 1 8  

w l m  f0r *B@ and o t h a  



w a n s t a r ,  mu t e s t d w  ~ ~ ~ m . - r q . f t . - ' ~ )  r t)lr average h 
b a t e d ,  u a f~uction of t he  d i f f e m c o  brtm.n t h e  a i r  t 

o f  the raraple. 

Thewral b a n s  f e r  p "as test&* Heat Flaw Rat@ 
&ir t m , )  - (cold a i r  t q .  1 

(39 Avarage Swfacr, raturrr ('F) 8 i n r i d e  urd outrid. n u f a c e  t raturer of  t he  
~ s a a p l e ~  calculated by muaiphing* each th 1e reading by the area it represmted .  

(49 ~ m e l  ~ o n b c t a n c e  (C) ( ~ ~ ~ / h t . - ~ . i t . - ~ ~ )  8 the average h a t  flow through UI. s.mple 
as t e a t  S a function of the diffemncll  b. r a t w a s  ob both a ides  
of  t h e  

Panel Conductance (Cl H e a t  P l w  Rate 
(warn surface taptp.1 - (cold aurface t q . 1  

(51 Therwal Trandt tQnce ,  Winter maipn ,  (U-value) (m~r.-oq. f t . - Q ~ )  I the a w r a g e  
h m t  flew through the sample, as a function o f  the air  t r a t w e  differcancer c a l w l a t o d  
to  a d j u s t  to a stan 15 mph wind on the ou t s ide  and r turdard  s t i l l  a i r  on the  inside.  
This ca l cu la t ion  allows f o r  the  direct: ison betwean t h e  r e s u l t 8  of  t h i s  p ro j ec t  
and t r a n d s r i o n  values l i s t e d  i n  k aLnd P . d u c t  Dix0(3tOwI 1977 
Fun tals Vollme. 

1 
TrandtLanect ,  Winter Des iw (U) (V1.46) + (VC) + (1/6.0) 

W h m r  1.46 the  ASH= B f i lm  o r  gurface ~onductance  (hi) f o r  
still a i r .  (Bmfhr.--.ft.- PI 

6.8 .B t he  MHW s t an  f i lm  o r  sur f  oe mnductance [ho) f o r  
a 15 w h  wind. ( B N m . - 4 . f t e B P )  

Length inches ( in.  1 
f e e t  (it) 
mile ( m i )  2 r e  f e e t  (ftj  1 
cubic f e e t  Aft  1 
Parenheit 4 P) 
inches of  v a t s r  
f e e t  per Plinute Bit/dn) 

laile per bar (@H) 

cubic f m t  per Bainutr 
per foot  of  crack 

Brn /h r - - . f t .  
BTW/hr-~qe f t . -  F 

0 Brn/hr-4.f t . -  p 
0 B m m - w e f t . -  p 

r t e r  (m) 2.540 X 10:: 
m t e r  (m) 3.048 X 10 
kilometer (km) 1.609 

e r t e r  (32, 9.290 x 10:: 
mtsr m )  2 . 8 3 2 ~ 1 0  6 Centigrade ( c) c (F-32141 .8 

Pascal (Pal 2.484 x 10_ j  
meter per second 5.080 x 10 

(m/@) 

cubf c aaeter per second 
per  m t e r  of crack 

* m) 1.439 X 10-4 

W/m 2 3.154 
tq/(la,* C% 5.678 
W/(m,* C) 5.678 
Wb(nt .Cl 5.678 

1. %kapters 12 c 26, p u b  
l isM by M e  ABLBrim S O C ~ E I ~ ~  of Ileating, Rsf r igera t ing  and M ~ C o n d i t i o n i n g  Engineers, Inc. 

Part 188 C-%3@66(71), " 8 t m W d  Teat R e t M  fo r  T h e m $  
i l t - V p  sarctions by Mans oh tha Guard& Ittot p u b  

lisW by maricaaa -iety f o r  - sung  d M t e r i s l s .  



3. 1977 Annual Book of m standam, p a r t  101 ~ 0 8 r l ~ T n  E-283-73, astanbard ~ e s t  hUlob fo r  
Rat. of Air Loakagr Through Extoriot Windmm, Cort.in Walla, .nd Doorr,a published By the 
American Society fo r  m r t i n g  and m t e r i a l a .  

4. m?ui 1.8.1-78, s e r i e s  standard f o r  Wooa ~1u.h rmrs, ptrb1ish.d by tha ~ ~ t i o n a l  rk 
)lanufacturun Association. 

9. AIESX/NW& 1.B.S-73, Industry 8knbud f o r  Ponderom Pine boors, published by the  #at 
Woodrrotk n m u f a c t ~ t r  lu-iatia. 

6, SDI 113, Standard l trarral  Performance Test f o r  8-1 Door and Prams A8se&liesI N I i r M  
by the  S W 1  Door Ins t i tu te .  

7, ANS- 1.8.2-73, Industry Standrrd f o r  Wood W i W  O n i t r ,  published by the  #at i0~1  
Wooduork )(anufacturan Association. 

8, ANSIIMMA Al34.L-72, Specificationcl fo r  Alumbum Prirra, Wirxbml published by the 
Architectural All;aainum Hanufacturera Association. 

I. National  Woodwork nMufacturers Association 
2. mtharr EnginmJtngr Lino Minnesota 

Wt 11-76 
U n i t  12-76 
Dnit 13-76 
Dnit 14-76 
Mt 15-76 
Dnit 16-76 
Wt 17-76 
Dnit 18-76 
unit 19-77 
Wt 110-77 
anit 111-77 

T A B L E  1 
Windown Tested hvinq mcl St* 

Wood double hung window u n i t  w i t h  mtal jamb Liners 
Wood double hung windav unit with vinyl jamb l i n e r s  
Wood casement win- unit1 two sash s ide  by s ide  
N W n m  single hung wi rxbw unit1 thermal barrier denign 
coabination wood and alumin- framed, horizontal sliding win- MPt 
Nurninum single hung vin&w un i t s  thensal barrier design 
Aluminum, vinyl c lad horizontal rliding window un i t  
N d n m ,  vinyl c lad -nt: wLndcnr uni t ;  two sash s ide  by s ide  
Wood double hung window u n i t  with vinyl jamb l i n e r s  
Wood double hung window unit with mtal jamb Liners 
Wood catseaant w i n d w  unit! two sash s ide  by aide 

T A B L E  2 
mst Results from Phase I 

ttancts (U)* o f  Windows With V?uiow Glazing inations 

Single Single Single fnrulatw2 Iruulataa InrtuZaM 
Ibnib: GFagle G l a d  Glazed + G l a r d l  + Insulated Glazed + Glazed + Glazed + 
I . D .  G l a t s d  + RDG Wood S t o m  Alum Storm Glazed 
- - P  

RDC wood StOm Mum StQm 

1-76 0.90 - Q. 39 Q. 39 -a --- --- 
1-76 06.86 0.46 0.36 0.38 0.55 --- 0.2% 0.30 

5-76 8.83 --- --- 0.47 -- mm- --=m 

0 
@ mm.-rr~.fg.- F,  h$l zepter- W d w a  m M w w W s  

sf 15 m eatexiea w M  m l w i t y  cusd sal1 air: h i d e .  



Pharo f Rerulk 
Glazing Wood Illudnurr 

Window Win- - 
Single  G l a d  0.72-0.90 0.83-1.06 1.10 0.99 1.10 1.10 

Single + RDO Oe40-0.46 --- 0. 50 0.45 0.60 0. 50 

Single + S b m ( 3 )  0.3(i-0.39 0.47-0. S7 0.50 0.45 0.60 0,50 

msulatdl Glasdl  0.47-0.53 0*66 0.58 0.55 0.70 0.58 

Insu la td l  + RDG 0.34 .L-s-- 0. 39 0.37 0.47 0.39 

Insulated + Sbre(3)  0.29-0.32 ------- 0.39 0.37 0.47 0.39 

Chaptar 22, Table 8 
(2) p l i e r  f rbcvo roieronce 
(3) and al 1a.d 

T A B L B  U 
so  I and P h s e  XI T h e m 1  Tranrrnittance T e s t 2  

Test& U-values* 
Phase I Phaee 11 

Unit Glazing A d j u t a d  15 HPH Actual 15  MPW 
I.D. Dascription E x t ~ l r i o r  Wind Exter ior  Wind 

9-77 Ineulatad Glazed 0.52 0. 68 

10-77 I n d a t e d  Glarad O e  53 0.64 

11-77 f ruulatad 0.47 0.59 

9-77 Insula tsd  .b Btolrra 0.31 0.45 

20-77 Incubated + Btom 0.32 0.41 

0 
@ m m . - w e f t .  P. All lraportenl U=-valus correct& to MHRAE BtancLard Winter i9Bsim 

m a t i o n s  of 15 MPH i o r  wind valcscity and @U11 a i r  h i d e .  

T A B L E  S 
Phase I I E  Thermal R t t anca  %st W s u l t r  

rnsnapsP 
Trmaa i r r i cn  R s ~ l i o n  
Wvalue* U-valu@* (15 

mit - MP8 Wind mat) 
9-77 0.68 

BD-77 &&P@ H ~ Q  

11-77 Cl,-nt In  Place 

@ mm.-op.ft.-o~e Ml r e w e &  Wpmlws  cormtd to C a 6 3 H W  P t a n d e x B  Winter m)kallrign 
a o m  of? 1% mW sxtarltor wind veloc i ty ,  and @till a i r  inaid@. 



W a r m  E Cold Air -a Air 

0 * Blu/hr.-oq.ft.- F. ltll r e p o r t 4  W-values o~rrectsd to ASHRAE B 
conditions of 15 ?@H exterior wind velocity, anU m t i l l  a i r  inride. 

T A B L E  7 

Door "A" Solid wood black core fluoh doar w i t h  l a w  pl  
ooor "8" Solid wood block con flvuh dbor with 4 8  

fa- panel. 
oooz "CR solid partiGfleboard mm flush dOOr with 
baor *Dm Hollow core wodl flush dbor with l a m  p1 
Door "E* Pondemu pine panel door, Style l10 (6 pane 

Door R-a 3'0" X 6'8" wodl frame, 1 15/16" 
t weatherstrip. 

M t a l  Door P r m r  3' 6'8" f raw, 16 gage, r ight  
plast ic  lea m a s n t r i p .  

T A B L E  8 

Dmr S a g e  I RQsullto ASHRAE DQsign 
I.D. hscr ip t ion  "- U-valuae* 

A block -mp l a m  0.33 0.33 
face panels 

B block cote, PIElr 
fa- panels 

C rd eora, hm 
face panels 

D Hollow cote, l a m  
face panals 

B D i w  panal door, Stylle 110 0.47 0.47 
Q 

113TOm.-q.I&.- P'. MB m p r t d  U-valws mtfemtBKi t$P A S W W  8 Mint= 
conditions of $5 KPI axtarrior w i d  valocity and sti l l  a i r  inside, 

** Calculatd wlws b a d  on fo a aRd data i n  8s and Praduct: 
Directory, 1977 n ta l s  Volum, Chapter 22. Caleultrtd va lwr  ara bss& 
only on that pertion of ths clloot uld km includttd in the C h v l s  by 5 @  
high =taring a tss  of t b  trstiq tur,  caterad on the tert r w h n ,  



T A B L E  9 

E Pin. w.1 Q. 47 0.49 
0 * mIhr.-.q.ft,- F. M1 reported P W u a r  ootreateb ta MHRAE SeutdarB Wintsr 

-sign conditions of  13 urtuior wfnd ~rlmity udl a t i l l  air inrid.. 

Maarurd U - V a U  
Ertatior Wind Condition 15S msitm 

S t i l l  Air 15 MPH Wind V-value** 

0.33 0.33 0.33 

CIoor "Ae in f r m  without rraatharrtrip 0.2'7 Q. 42 Q. 28 

o ~m/hr.--.it.- P, lul raportd Wvaluas ocrrctctsd to A S H W  Stadwd Wintar 
-sign conditions o f  l 5  Wonl axtarior wind ve loc i ty ,  and still  a i r  inside.  

** CalcuPated valu and data in AStfRAB Handbook and Prsduct 
Diraceo+y, 1977 Chaptar 12 .  Calculated values are based 
only on that po r and dxr/frama/wall a s s d l y  that woad be 
included in the 4 '  wide by 5"igh lrstsring area 016 the t e a t  a a t w r  center& 
on the aesembly. 



HENRY F. HOVER, Reseh, Supa rv i r o r ,  L ibby-Owena-Frrd CO,, Toledo, OH8 Nos an 
l d f o r t  been made t o  de te rmine  t h e  U-va lue o f  t h e  p r o d u c t s  t e s t e d  a t  t h e  same con- 
d i t i o n s  under  wh ich  t h e  U-va lues p u b l i s h e d  i n  t h e  ASHRAE HANDBOOK o f  Fundamentsls 
were de te rmined? ( 7 2 ' ~  i n a i d e  tempera tu re ;  O'F o u t s i d e  tempera tu re  15  mph w ind) .  

J.B. LOWINSKI8 Yes, Seve ra l  p o r t i o n 8  o f  t h i s  t e e t i n g  p r o j e c t  were ~ p e e i f i c e l l y  
conducted t o  de te rmine  t h e  e f f e c t  of  v a r y i n g  env i r onmen ta l  c o n d i t i o n s  on t h e  aee- 
su red  t e s t  r e s u l t r .  The f irrt s e r i e s  of t e a t 8  (Phaae I) war@ conducted u s i n g  a  
warm ehember tempera tu re  o f  603F, a  c o l d  chamber tempera tu re  o f  1O0F, and an i n -  
t e r i o r  and e x t e r i o r  w ind  e o n d i t i o n  o f  e s 3 e n t i a l l y  a t i l l  s i r ,  The r e s u l t s  f o r  
t hese  t e s t s  were r d j u a t e d  t o  t h e  S tandard  W i n t e r  Des ign  conditions used i n  t h e  
ASHRAE HANDBOOR o f  Fundamentals t a  de te rmine  g l a z i n g  U-value@, namely h i s  1.46 
~ t u / h ~ f t ~ ~ ~ F  and h i -  6.0 B tu /h * f t * *OF .  The recond  s e r i e s  o f  t e s t s  (Phase 11) were 
conducted under  t h a  same s e t  o f  chamber t emper r t u ree ,  b u t  w i t h  r n  a c t u a l  15 nph 
w ind  a p p l i e d  t o  t h d  e x t e r i o r  of' t h e  windaw u n i t ,  h o r i z o n t a l  and p a r a l l e l  t o  t h e  
p l a n e  o f  g l a z i n g .  The r e e u l t s  f r om these  t e ~ t s  were a l s o  a d j u s t e d  t o  t h e  S tandard  
W in te r  Des ign  c o n d i t i o n s  desc r i bed  above. Comparieon o f  b o t h  e e t s  alf r e s u l t a  
(Ref Tab le  4) i n d i c a t e  t h e  use o f  an a e t u r l  15 mph w ind  d u r i n g  t h e  t ,est  randomly 
i ne reased  t h e  apparen t  U-value o f  t h e  t e s t  u n i t  between 17% r n d  43%, though 
t h e u r e c t l c a l l y ,  b o t h  s e t s  o f  r e s u l t s  s h o u l d  have been equal .  F u r t h ~ a r ,  t h e  ad- 
j u s t e d  r e s u l t s  from t h e  Phase I t e s t s  c o r r e l a t e  w e l l  w i t h  t h e  U -v r l ues  d e r i v e d  
f r om t h e  1977 ASHRAE HANDBOOK o f  Fundrmenta ls ,  Chap. 26, Tab le  13 (Ref Table 3 1 ,  

Under Phaae I V ,  s d d i t i o n a l  t e ~ t s  were conducted on one u n i t  ( U n t t  19-77) a t  
warm and c o l d  chamber tempera tu res  o t h e r  t h a n  6O0F and l0OF. The warm r n d  c o l d  
chamber tempera tu res  s e l e c t e d  were8 55OF and 35OFg 500F and 0OFg 900F and 40°Fg 
and 85OF and S0F. These e e t s  o f  tempera tu res  were s o l e c t e d  t o  r e p r e s e n t  ext remes 
i n  t o t a l  a i r  tempera tu re  d i f f e r e n c e ,  and i n  mean a i r  temperature.  A l l  t e s t s  were 
conducted w i t h  e s s e n t i a l l y  o t i l l  a i r  on t h e  i n t e r i o r ' a n d  ex o r i o r  o f  t h e  t a s t  
u n i t .  The r e s u l t s  o f  these  t e a t s  were w i t h i n  0.01 Btu/h'ftieOF o f  each o t h e r .  
i n c l u d i n g  t h e  r e s u l t r  f r o *  t h e  o r i g i n a l  t e a t  conduc ted  e t  60Of and lB°F, I n d i e a -  
k i n g  t h a t  v a r i a t i o n s  i n  warm o r  c o l d  chamber Pemperatures have l i t t l e  i n Q l u b n c e  
i n  t h e  o v e r a l l  U-value o f  t h e  p roduc t .  

From t h e  r e s u l t s  o f  these  t e a t s ,  i t  i s  my o p i r , l ~ n  t h a t  t e s t a  conducted u s i n g  
war@ and c o l d  chamber' tempera tu res  o f  60'F end l@OB r e s p e c t i v e l y ,  and wh ich  i n -  
e l ude  t h e  c a l c u l a t e d  e f f e c t  o f  o  15 r p h  e x t e r i o r  wind, approx imate t h e  U-va lues 
c o n t a i n e d  i n  t h e  ASHRAE HANDBOOK of' Fund r@en ta l@,  However, t h o  p h y r i c o l  a p p l i e s -  
t l o n  o f  an e x t e r i o r  15 mph w ind  does n o t  c o r r e l a t e  w i t h  t h e  e r l c u l r t e d  e x t e r i o r  
e l r  d i l n  c o e f f i c i e n t  o f  Q,O B tu /h  " f t z e b F .  F u r t h e r  r eaea rch  i n t o  t h e  r c t u a l  
e d f e e t  o f  e x t e r i o r  ~ i n d s  i e  needed b e f o r e  such o  r e l e t i o n a h i p  can be developed, 

LESTER SCWUTRUN, Research Dept., PPC Industr ia. ,  New Kens ing ton ,  PA: The convec- 
t i o n  c o e f f i c i e n t  oF a l 5  aph wind i s  much reduced beesuse o f  &ha l owe r  v a l o s i t i s s  
near  t h e  window, The comb ina t i on  a f  t h i s  reduced v e l o c i t y  and t h e  s o d i e t i o n  co- 
e f f i c i e n t  approx imate s  U-value r e e e p t e d  by ASHRAE, 

C.&, WORRISON, Assoe, Prof , ,  HE Dept., Univ .  o f  F l o r i d r ,  G a i n e u v i l l e ,  FLI klnd 
v e l o c i t y  p e r p e n d i e u l r r  t o  s u r f r e e  aC 15 mph w i l l  g i v e  h. Qex te r i op  a i r  
c o e f f i c i e n t s )  g r e a t e r  t h e n  6 . 0  p u b l i e h e d  by ASWRAE. 

LOWINSKII Some of t h e  t e s t s  conduc ted  f a r  t h i s  8 tudy  i n c l u d e  t h e  e f f e c t s  o f  an 
a c t u a l  13  ~ p h  wind, a p p l i s d  h o r i z o n t a l  @nd p r r a l l s l  t o  t h @  p l u n e  o r  t h @  vlndow, 
The a p p l i c a t i o n  of' t h i s  w ind  d u r i n g  t h e  t e a t  caused r e i g n i l i c r n k  i n c r ~ a s a  i n  ths 
measured U-value o f  t h e  window, ove r  t h e  c a l c u l r t a d  e f f e c t  o f  t h r t  wind, E x t o s i -  
os r i r  f i l m  e o e f f i e l e n t a  c r l c u l r t s d  From t h e r e  trrtr r r n g b d  C r o r  5,7 t c  9.7 Bhu/h 



*Tt3.OF ( r v g t  7.61, though  wind r p e e d r  v r r i e d  o n l y  r l i g h t l y  Prom t h e  p r e s c r i b e d  
1 5  mph. Window t e s t 8  c o n d u c t e d  by o t h e r o ,  w i t h  t h e  wind o p p l i e d  p e r p e n d i c u l e r  
t o  t h e  p l a n e  o f  g l a z i n g ,  have  ahown s i m i l a r  v a r i o t i o n o  i n  e x t e r i o r  a i r  f i l m  oo- 
e f F i c i e n t s ,  T h e r e  v a r i r t i o n ~  o r e  r p p o r e n t l y  i n f l u e n c e d  by t h e  many r o c e s r e r ,  
p r o t r u s i o n e ,  and o v e r a l l  f l a t n e o a  o f  t h e  window, The a i r  f i l l  o o e f f i c i e n t s  u e s d  
by ASHRAE, howevsr ,  r r e  d e r i v e d  C ~ o s  testa ~ n  f l a k  ~ u r f r c e ~  w i t h  t h e  wind d i r e o -  
Lion u n s p e c i f i e d ,  

For  r window, t h s  e x t e r i o r  a i r  f i l m  c o e f f i c i e n t  i s  dependen t  n o t  o n l y  on t h e  
v s l o e i t y  o f  t h e  wind,  b u t  a l s o  on t h e  d i r e c t i o n  o f  t h e  wind and on t h e  f l e t n @ r r  
oF t h e  window. Tho t h r e e  o p t i o n 8  we h a v e  u n d e r  t e s t  o i t u r t i o n o  o r e :  1) To t a r t  
u n d e r  P g i v e n  wind @ p e r  and d i r e c t i o n !  2 )  To t e s t  under  r o p s o i f i s d  u n i f o r m  @is 
f i l m  c o e P f i c i e n t ~  o r  5 To t e a t  u n d r r  s t i l l  o i r  c o n d i t i o n 8  and a o l c u l e t e  t h e  
e f f e c t r  a f  e x t e r i o r  wind and a i r  Fi lms.  S i n c e  none o f  t h s o e  t h r e e  o p t i o n r  i s  
e n t i r e l y  r e p r e a e n t r t i v @  o f  a c t u a l  f i e l d  e x p o r u r e ,  r b l o c t i o n  o f  on a p p r o p r i a t ~  
t e s t  method s h o u l d  b e  b r e e d  n o t  o n l y  on t h e  t e c h n i c 0 1  r c c u r o c y  of t h e  r e s u l t @ ,  
b u t  on t h e  r e p r o d u c i b i l i t y  of t h o s e  r e o u l t e ,  t h e  r b i l i t y  t o  compere a p p a r e n t  
s t r e n g h t a  and  weakneseea  t o  t e s t  s a m p l e r ,  and t h e  a b i l i t y  t o  a d j u s t  o r  c o r r e c t  
t h e  r e s u l t s  t o  r a p r e s e n t  e o n d i t i o n r  o t h e r  t h a n  t h o s e  under  which t h e  t e s t s  n s r e  
c o n d u c t e d .  Nowever, u n t i l  t h e  i n f l u e n c e  o f  wind on t h e  s x t e r i o r  o f  o window i e  
u n d e r s t o o d  Cram b o t 5  a t e s t i n g  end f i e l d  s e r v i c e  v i e w p o i n t ,  c o n t r o v e r r y  o v e r  f i l m  
s o e f f i c i s n t s  ~ n d  testing methodology w i l l  p e r s i s t .  


