










36 SYMPOSImI ON TESTING WINDOW ASSEMB LIES 

\Vas measured a t the inlet. The equip
ment for contral and measurements \Vas 
the same as in the large air flow test 
apparatus. The small unit was used for 
the prcliminary tests. 

Figure 5 shows the equipment for 
testing the joint between the \Vindaw 
frame and the \Vall. In this case, the 
speeimen \Vas a split slab with an adjust
able ioint between the twa parts of the 
slab. The length of the ioint was 115 cm. 
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weigh ts and levers. This load \Vas given 
an upward direction by transferring it 
via wires over friction less wheels resting 
on an axle above the 5asb. The whecls 
eould slide along the a."le and thus the 
nurnber of land points as well as their 
location could be varied along the sasb 
mil. The Bow measurements \Vere car
ried out al the same air pressure drap 
intervals as deseribed above. The loads 
simulating the pressure forces from lock-

A: Test panel c: Manometer outlet E: VolYe H: Plenum K: Adju,toble inlet 

B : Test chomber D: Orifice G: Manometer I: Fon L : Gas flow meter 

FIG. 7.- Large Air-Flow Test :\pparatus. 

Its width and depth could be varied. 
The slab \Vas made air-light except for 
the test joint and \Vas fa stened to the box: 
by means of C-dam ps. Air Bow through 
joints was measured at a pressure drop 
varying from 10 to 70 kg per sg m in 
the following sequence: 10, 3D, 50, iD, 
60,40, and 20 kg per sg m. 

Figure 6 shows the apparatus \Vhen 
used for testing join ts between the sash 
and the fmrne. The speeimen was a \Vood 
casement window \Vith single stop on the 
frame. The sash \Vas facing do\Vn and 
the desired pressure of the sash against 
the fmme was obtained by a system of 

ing devices \Vere varied from 5 kg to 50 
kg per point at 5-kg intervals. The 
wcight of sash and glass \Vas counter
balaneed. The four ioints alang the 
perimeter of the sash were tested sepa
rately by sealing the three others \Vilh a 
eau Ik ing material. In addition, the four 
joints \Vere aU tested simultaneausly. 

Large Air-FlolO Test Apparat"s: 

This appam tus was built upon the 
same principles as the small unit and had 
a verlieal test area of 185 by 185 em. It 
\Vas equipped with an inspection \Vindow 
",hieh allowed checking of the specimen 
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from inside the chamber. It also had a 
spare panel for checking the tightness of 
the apparatus itself. Both chamber and 
eheek panel were metal eavered (zine 
\Vith soldered joints). 

Figure 7 is a sehematic presentatian 
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able orifices, was built in the high-capac
it Y pipe. The air superpressure was meas
ured by differential manometers with an 
accuracy of 0.1 kg per sq m. Outlets for 
measurements of pressure distribution in 
the joints and air spaees of the test 
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FIG. 8.- Ram Pcnctratlon Test Apparatus. 

of the large apparatus. The equipment 
for air supply and measurements eon
sisted of il eentrifugal fan eonneeted to 
a plenum. From the plenum, air eould 
be let into the chamber through ane of 
twa different ehannels, depending on the 
tigh tness of the specimen. The low-eapae
it Y ehannel led through a gas Bow meter. 
A flow-measuring device, based upan the 
pressure differenees aerass interehange-

specimen were also eannected to the same 
manometer panel. Control of the super
pressure \Vas obtained by an adjustable 
air inlet on the fan and by valves in the 
twa ehannels. 

Sinee the apparatus \Vas designed for 
use in both window and wood frame waB 
investigatians, the test area \Vas set to 
185 by 185 cm. This area represented a 
\Vood frame panel three stud spaees \Vide 



38 SYMPOSl1ThI ON TESTING WINDOW ASSEMBLIES 

(2 ft spacing) and twa fire-stop spaces 
high. However, the windows testcd \Vere 
normally 120 by 120 cm. It was there
fore nccessary to bu Hd the windows into 
spare test panels or masking fram es with 
the correct exterior dimensjons to match 
the apparatus and with an apening rc
lated to the size of the \Vindow. 

During tcsts, a single problem or sub
jcet was isola ted in cvery case. TI1Us, the 
mai Il joints involvcd in the \Vinda\v pro
gram, the one between windaw frame 
and the wall and the other between the 
sash and the window framc, \Vere tcsted 
separately. In the full seale tests on \Vin
dow surrounds, the sash \Vas left au t and 
replaced by an aluminium pane fitting 
directly in the windaw frame with 
caulked joints. In this casc, the rnasking 
frames \Vere cornplete wood frame walls. 
When testing jo in ts between the sash 
and the frarn e, the masking panel was 
covered by sheet metal and the joints 
between frume and wall were sealed by 
caulking compound all around the win
dow. This also applied to the tests on 
ruin penetration. 

Ra-in Penelralion Test Apparatus: 

Figure 8 is a sketch of the rain test 
apparatus. The test chamber was very 
similar in size and construction to the 
air flow test unit. The min apparatus 
was built primarily for the window tests 
but, to make it possible lo test the same 
specimens in both apparatus, the test 
areas were kept alike. The purpose of 
the cbamber \Vas on ly to maintain the 
desired superpressure-complete air
tightness was not required. Air \Vas fed 
in to the chamber through 16 flexible 
hoses leading from a plenum outside the 
chamber. A centrifugal fan was con
nected directly to the plenum. Inside 
the chamber, the hoses led to 16 air jets 
pointing towards the specimen and at
tached to the under side of a horizontal 
axle parallel to the panel. Supported by 

the same axlc and parallei to it was a 
water trough with 16 waler nozzles flxed 
to the botlom just above the air jets. 

Drops of water \Vith an approximatc 
diameter of 5 mm \Vere forrned by the 
nozzles. \~'h en these drops fell in to the 
concentraled air stream from the jets, 
they were split into a large num ber of 
droplcts of varying sizcs and blown 
against the specimen. By menns of an 
overflow, the water was kept al a con
stant leve l in the trough. This level and 
the opening of the nozzlcs determined 
the amoun t of water. The air jets could 
be adjusted to "ny desired angle in the 
horizontal and vertical projection tims 
foreing the simu lated driving rain in the 
desired direction. 

The velocity of the drops and the 
superpressure in the chambcr could be 
regulated independently by an adjustable 
air inlet on the fan and by variable over
flow vcnts in the ehamber. To provide 
for a uniform spray over the entire test 
panel) the axlp 'i:a rrying the spray equip
ment was mobile and travelled up and 
down at a constant rate of one cyele 
every 25 sec per sq In per hr. 

The amount of watcr normally used 
\Vas 9 liters and the rain angle downwards 
was 30 deg with the horizontal. Pressure 
difIerences were varied from 10 to 70 kg 
persq m. The testproccdure was normally 
a stepwise progression with increasing 
pressure differences. The remaining test 
factors were kept canstanl. The pressure 
drap intervals were usually 10, 20, 35, 
50, and 70 kg per sq m and the exposure 
time was 5 hr at evcry pressure step. 
In same eases, the spray equiprnent was 
kept in a certain position to give extra 
load on a speeific part of the \Vindow. 
If desired, same of the water nozzles 
could be masked out. 

CONCLUSION 

The research work, which is continu
ing, has 50 far included a considerable 
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number ol preliminary tests and approxi
mately 75 lull-seale window tests. During 
the progress of the research program, 
there has been a marked trend in the 
work from general investigations tawards 
the salving of more specialized problems. 
Whereas most of the time farmerly was 
spent in studying principles common to 
large groups of windows, more work is 
now done on analyzing individual COD

structions. The reason for this is that 
more and more manufacturers send 
their new types of windows to the lab ora
tory lar testing belore they introduee 
them on tbe market. 

Tbis bas made it neeessary to estab
lish certain quality requirements with 
regard to \Vind and rain tigbtness. As lar 
as Norway is cancerned, there are very 
few local variations in the preference of 
windows, and a new conslruction may 
be used any\Vhere in the country. The 
quality requirements must, therefore, 
principally be based upon the most 
severe conditions and not upon the aver
age climate. 

Figure 9 sbows tentative evaluation 
curves suggested by the NBRl lar the 
air penetration of windows. The curves 
rnay seem severe, but they are prepared 
on the basis of the 101l0\Ving considera
tions: Air leakage through a window is 
undesirable both because it increases the 
heat loss from the house and because it 
usually occurs in the form of a concen
trated aud unpleasant dralt. The in
creased beat loss is frequently considered 
rather insignificant. A simple calculation 
shows, however, that a leaky \Vindow in 

. severe climate can easily cause higher 
heat loss tbrougb air penetration than 
through the sum of heat transmission 
and radiation. In a country like Norway 
where heating costs are high, this faet is 
quite impertan t. 

Even where tbe totalleakage is small, 
currents of cold air emerging from a 
window may be a real nuisance. The 

majority ol complaints about windows 
reIer to just tbis kind ol delect. There
fore, the evaluation alsa has to consider 
possible drafts noticed during the test. 
The corners of the sash-frame joint, the 
hinges ol pivoted windows, and the 
locking devices are frequently weak 
points in this respect. 

The requirements suggested for rain 
tightnes:i are also rather severc, but they 
toa are based upon practical considera
tions. No water should be allowed to 
leak through the window during the test, 

• 

!ml /' 
/' 

V 
/' 

V larplall' 

/ ---- ----6<011 V . / 

~ 
e.-r:- rm~ol 

IDm~f050KJ7D 

Air pr~ss(Jr~ differ~nCf, mm 1IYoter 

FIG. 9.-Tcntntivc Evtlluntion or Windows. 

even at 70 kg per sq m superpressure. 
It is also eonsidered a delect il appre
dable amounts of water can penetrate 50 

lar into the joint between sash and lrame 
as to wet tbe weather stripping. li this 
water freezes during a suddcn tempera
ture drap, the weather stripping may he 
ruined the next time the window is 
apened. Cavities and pockets whicb can 
stay full ol water lar a lang time should 
definitely be avoided. 

It is evident tbat requirements like 
those mentioned above can be valid only 
witbin a single country. Since the super
pressure incre.ses with the square ol the 
wind veledty, even small changes in 
climate can make a large difference. 
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From one country to another, the re are 
alsa significant dissimilarities in building 
practicc, custornary heating systems, 
bausing habits, and cost of heating. All 

those faclors and severai others have to 
be taken iuto consideration befare qual
it Y requirements for windows are estab
lished. 
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