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I .  Itttroduction 
The manufacturers of sealed glazing units (also 

lcnown as insulating glazing, thermoglass, etc.) usually 
require that bead glazing shall be used when their 
units are installed. They very rarely accept ordinary 
face glazing, unless the units are very small. In their 
brochures the manufactures give advice on how the 
rebates are to be dimensioned in order to give the ne- 
cessary clearances and thicknesses of glazing com- 
pound between unit and rebate and between unit and 
bead. The intention is to have the units installed and 
kept in place without being subjected to mechanical 
strains that may damage the glass or the edge seal of 
the units. At the same time the installation shall be 
watertight. Frequently the glazing is also intended to 
give the edge seal of the units an additionaI protec- 
tion against water. This is especially true for units 
where the tightness of the edge seal is based on a 
glued or cemented bond. 

From a theoretical point of view, the brochures 
should give proper directions about the dimensioning 
of the glazing rebates. In practice, this has unfortuna- 
tely proved not to hold true, as the rebates frequently 
have been too small. This is especially true lor the 
period up to the beginning of 1961. With a critical 
mamination of the instructions from that period, it 
mil1 also be seen at once that sufficient attention 
has not been paid to the tolerances on the glazing 
units and the surrounds. For units with a soldered 
metal spacer between the panes it was required at 
that time that the metallic coating on the glass should 
theoretically lie flush with the edge of the rebate, 
while the requirement made for units with an external 
metal protecting channel was only a theoretical cove- 
ring of about one millimeter. The result was in prac- 
tice that the metal edge seal of the units could easily 
be able to project over the edge of the rebate. 

Since 1960 the Nonvegian Building Research Insti- 
tute has recommended a covering of the metal edge 
seal of the units of at least 2 mm for units with 
soldered metal spacer and at least 4 mm for units with 

Fig. I .  Recoii~inertded coveriiig at feast 2 inm for lotits 
with soldered spacer bettveerz the panes and at least 
4 nznt for tirtits rvitlt external rtzetaf protecting cliaitizel. 

an esternal metal protecting channel, see Figtire I. 
The various glass manufacturers have gradually follo- 
wed up on the same lines, and the situation is now 
considerably improved. Inadequate rebates do, how- 
ever, still occur in such a number that the Nonvegian 
Building Research Institute has found it appropriate 
to Lake the problems up in all its aspects. One of the 
main points has been to establish the necessary clear- 

ances and dimensions of the rebate, taking into con- 
sideration all normal tolerances on the sealed glazing 
units and the frames and casements into which they 
are going to be mounted, together with movements 
between unit and rebate resulting from variations in 
temperature and moisture content of materials. The 
greatest part of this work has been carried out by the 
author, inspired by preliminary studies in the Ddor 
and Window Technical Committee of the Nonvegian 
Standards Association, as well as personal discussions 
with Ing. Letotinzettr, Compagnie de Saint-Gobain. 
Certain sections, however, are based on what came out 
in discussions in a working group with representa- 
tives of the National Associaton of Glaziers in Nor- 
way and the Nonvegian Building Research Institute. 

2. Terininology 
The expressions rebate width, rebate depth and 

rebate height are in Nonvay used mixed together 
and in different meaning by the different glass manu- 
facturers, glaziers and others who have something to 
do with glazing units and connected problems. In the 
original Nonvegian version of this paper the desig- 
nations were chosen in agreement with the Nonvcgian 
Standards NS 755 and NS 798 M. In the English ver- 
sion the terminology wil1 be in accordance with Bri- 
tish Standard Code of Practice C.P. 152:1960. The most 
important dimensions are given in Figure 2. 

Fig. 2. Designaliom ritilised. 

A = edge clearance 
Bp = rebate depth 

BL = width of glazing bead 
C = width of the edge seal of the unit (ex- 

ternal metal channel, internal metal 
coating or similar) 

D, = unit glazing gap width 
E' = recommended covering of the edge scal 
Fh = tight size height 
Fb = tight size width 
F = greatest dimension of tight size height 

or width 
K = face clearance or width of lateral gla- 

zing compound 

TL = depth of glazing bead 

TR = thickness of sealed glazing unit (mea- 
sured on the glass) 



Further the following designations will be used for 
tolerances and movements: 

rep  = plus tolerance on glass size width or 
height 

tGm = minus tolerance on glass size width or 
height 

tFp = plus tolerance on tight size width or 
height 

tFm = minus tolerance on tight size width or 
height 

t, = tolerance (f) on the thickness of the 
sealed glazing unit 

tB = tolerance (i) on the rebate depth 

tD = tolerance ( i )  on the unit glazing gap 
width 

k = contraction of the surrounds in relation 
to the unit by changing temperature 
and moisture content of materials, deter- 
mined in relation to a normal condition 

e = ex~ansion of the surrounds in relation 
to the unit by changing temperature 
and moisture content of materials, de- 
termined in relation to the same normal 
condition as for k. 

Both k and e are calculated per metre of 
tight size (per linear metre along the re- 
bates). .. 

3. Tolerairces on sealed glazing m i t s  
The manufacturers of sealed glazing units usually 

give certain tolerances on the size and total thickness 
of the units. In Tables I and 2 the available data for 
nine types of unit on the Norwegian market are re- 
corded. It  should be noted that the thickness tole- 
rances for some types of unit are only approsimate 
as these will be different for units of sheet glass and 
plate glass and also tvill vary somewhat with the size 
of the unit. 

The tolerances on the size of sealed glazing units 
can as a principle be of three different kinds, namely 

Dimensional Out of square Edge deviation 
tolerance 

Fig. 3. Tolerairces iir tire plarle. 

dimensional tolerance, out of square and edge devi- 
ation, as shown in Figure 3. With modem cuttingequip- 
ment and methods the edge deviation can, however, 
be ignored in practice. Only dimensional tolerance and 
out of square are then remaining. The out of square 
that has to be taken into account can be so great that 
the upper corners of a unit are coming 4 mm out of 
place when one edge is adjusted horizontally. If such 
a unit was installed in a rectangular opening on setting 
blocks of equal thickness, then the edge cIearance 
would be reduced by about 2 mm a t  two points, as 
shown in Figure 4a. By using setting blocks of differ- 
ent thickness the situationcan be somewhat improved, 

a. Setting blocks of 6 .  Setting blocks of 
equal thickness different thickness. 

Fig. 4. Unit otit o f  square installed in a rectaizg~rlar 
opening. Redttced clearances as showrz by arrows. 

Table I .  Tolerances in nrilliriieters on the size of sealed glnzirrg m i t s .  

Aterphone 

Type of unit 

Cudo I k1.5 I 51.5 i 

Glass thickness 

3 mm I 4 mm 1 5-6 mrn I over 6 mm 

k1.6 I SchaIker Isolierglas +3.0 i +3.0 1 
I -1.6 1 -1.6 

Duoterm 

Gado 

Multipane 

Polyglass 

k2.5 
- 

215 

-1-1.0 

+2.5 
-1.5 

i 

22.5 -1 i I 
+_I5 

ab. 51.0 i ab. 51.5 ab. 21.5 

+25 - 1 +2.5 +2.5 
-1.5 -1.5 -1.5 



Table 2. Tolerar~ces irz mill i~~tetres or2 tlte total tlzickizess o f  sealed glazing zuzits. 
- - - - - - - - - .. - - - 

1 Glass thickness I Type of unit I - - - - - - -  

/ Duoterm 

Schallrer Isolierglas 

4 mm 1 5 - 4  mm I over 6 mm 

+1.0 a 1 .  ab. t1.0 , ab. -l.5 +l.O 1 ab' -1.5 

ab. 21.0 +0.5 1 + 0.5 ab. f 1.0 ab. -2.0 
I 1 -2.5 

as shown in Figure 4b. There will, however, always re- 
main a certain reduction of the edge clearance at four 
points. This reduction will depend on the relationship 
between the width and the height of the unit, and can 
in the most unfavourable case amount to as much 
as about 1 mm. 

I t  does not appear quite clearly in the brochures 
whether both dimensional tolerance and out of 
square have been included in the tolerances on the 
size of the units given in Table 1. I t  is quite possible 
that it may be a little different in this respect. But 
in any case it seems to be realistic to calculate with a 
total tolerance on the size of sealed gIazing units of 

f: mm when trying to include the various types in 
~ & l e  1 in a common specification. This tolerance 
should then include the dimensional tolerance as well 
as the part of the out of square that cannot be com- 
pensated by using setting blocks of different thickness. 

The thickness tolerances on sealed glazing units are, 
as can be seen from Table 2, exceedingly different for 
different types of unit. If in this case a common deno- 
minator should be found which includes the toleran- 
ces for the various types of unit, it ivould have to be 

t R  = + mrn. For the real thickness tolerance unit 
against rebate there is one more factor that may have 
to be talcen into account: The unit may be out of flat. 
Single flat glass panes themselves can be considered 
as absolutely flat, and the same applies to sealed 
units as assembled in the factory. When being installed 
on the building site it happens very often, however, 
that the unih are out of flat because the boxes with 
the units or the units themselves have been unevenly 
supported. This is especially pronounced for units 
where the edge seal is made of soft metals as for 
instance lead, or other soft plastic-elastic materials. 
But even units with profiles of rigid metals such as 
iron or aluminium in the edge seal are not free from 
this defect. The distortion can be corrected again, how- 

ever, either by letting the units stand for a time wilh 
a suitable support, or by pushing the units carefully 
back in the rebate, if necessary step by step. The 
thickness tolerance that has to be taken into account 
should then be covered by the common denominator 

+"* mm. -2.5 

4. Tolerarzces on glazing rebates 
When the tolerances on tight size width and height 

are going to be discussed, attention must be paid to 
dimensional tolerance as well as out of square and 
edge deviation, as seen in Figure 3. 

The dimensional tolerance has so Car been very 
variable and has in certain cases been found to 
amount to as much as f 10 mm. Factories with modern 
equipment, however, seem to have the dimensional 
tolerance under control, and it does not appear un- 
realistic to calculate with a dimensional tolerance as 
small as 50.5 rnm. 

The out of square that has to be taken into account 
can amount to 2 mm. Larger out 01 square may cer- 
tainly be supposed to occur in some cases, but can be 
assumed to be adjusted downwards during the in- 
stallation of the window. For a rectangular glazing 
unit installed in a casement out of square, the situa- 
tion will be the same as for a glazing unit out of 
square installed in a rectangular casement, that is to 
say that the situation can be improved by using setting 
blocks of different thickness. For a casement with an 
out of square defect of 2 mm, the clearance between 
unit and rebate will then only be reduced by at most 
about 0.5 mm. 

The edge deviation is usually the factor that is of 
prime importance for the tolerances on tight size 
width and height. For opening windows the edge de- 
viations are usually caused by the fact that the case- 
ments are distorted, partly on account of their own 
weight and partly as a result of the weight of the seal- 
ed glazing units. On horizontally pivoting windows, 



for instance, the bottom casement member will usually 
be deflected down in the middle, the top casement 
member up in the middle and the two side casement 
members inwards in the middle. In large fixed win- 
dows the window frames will usually have so light 
profiles that they must be affixed and adjusted quite 
carei!uIly if the edge deviations shall not become too 
great. It  is most critical with the top frame member, 
~v!~ich is inclined Lo hang down in the middle and with 
the bottom frame member which can acquire the 
strangest deformations as a result of the weight oi 
the glazing unit if not supported at the right places. 
But even the side frame members must be fixed 
correctly if the edge deviations shall be under control. 

In practice it has to be taken into account that the 
edge deviations can amount to k1 mm for opening 
windows with Light size width or height of 1.5 m and 
51.5 mm for Iarge fixed windows. The variation with 
window size will then be about as shown in Figure 5. 

Fig. 5. Edge deviation as a ftilzctiotz o f  window size. 

The influence of the edge deviations on the tolerances 
on tight size width and height will be twice as much 
as that given in Figure 5, because two opposite frame 
or casement members can be deflected against one 
another or away from each other exactly to the same 
amount. 

Altogether one has to take into account that the 
tolerances on tight size width or height will be made 
up by a dimensional tolerance of k0.5 mm, a tolerance 
due to out of square oE -0.5 mm, together with n 
tolerance due to edge deviations which can go up to 
k 3.0 mm. In the most unfavourable case these factors 

combine and give a total tolerance of 2:; mm. When 
the coincidence factor is taken into account, however, 
it appears more realistic to pIace the maximum total 

+ 2.5 tolerance at -3,0 mm, with a dependence on window 
size as shown in Figure 6. 

Tight size width or height. 

Fig. 6. Tolernrzces on tight size widtlz or keiglrt as n 
fr~nction of wirzdow size. 

For windows there will also be tolerances on rebate 
depth and glazing gap width, as seen in Figure 7. The 
tolerance t on the rebate depth B , is not difficult 
to keep under control, and this can be fixed at k0.5 

mm for wooden windows, k1.0 mm for iron windows 
with rolled profiles and R+ 0 for aluminium windows 
and steel windows with extruded profiles. For the 

2 t~ 

Fig 7 .  Toleratlces on rebate depth and glazitzg 
gap width. 

glazing gap width D it should, from a theoretical 
point of view, not be required to calculate with any 
tolerances for rebates with adjustable fixing of beads. 
In practice, however, the casement can be distorted 
or warped, as seen in Figure 8, and these distortions 

Fig. 8. Distortion in tlze space. 

I ' ' 
I 
I 
I 
I 
I 
1 ' 
i 
I 
1 

will reduce the face clearance at certain points, as 
seen in Figure 9, The result is the same as with a 

Fig. 9 Cross-section o f  bottor?~ rebate viewed from 
above. Redr~ced face clearatzces as sho~vn by  a r r o w ,  

resr~ltilrg fvom distortion. 

I \  

I ;  
1 1  

1 1  
I 

genuine tolerance on the glazing gap width and these 
distortions must, therefore, be caIculated in the tole- 
rances on glazing gap width and face clearance. For 
wooden windows it can be assumed that the distortion 
can amount to C1 mm for tight size 15 m, increasing to 
1-1.5 mm for tight size over 3 m. This is the same 
dependence on size as in Figure 5. In the most un- 
favourable case the tolerance t ,  on the glazing gap 
width D, will be twice as much and thus amount to 
k3.0 mm for vely large wooden windows. For metal 
windows the distortions will scarcely be so great as 
for wooden windows. On the other hand many metal 
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windows have non-adjustable screwed beads or studs, 
where the tolerance in the placing of the fixing points 
will be about f l mm. In practice, the tolerance on the 
glazing gap width will thus be of the same order as 
lor wooden windows. 

5. Thennal ~ n o ~ ~ o n o ~ f s  
The various materials in sealed glazing units and 

casement or frame have different coefficients of ther- 
mal expansion. This means that the units will move 
in relation to the rebate with changing temperature, 
something which for one thing will cause the clear- 
ances to he altered. These movements must then be 
taken into account when the nominal clearances and 
rebate dimensions are eslablished. 

The coefFicients of thermal expansion for the actual 
materials are as follows: 

glass 8 . lo4 OC-l 

wood (in the longitudinal 
direction of the fibers) 5 .10W6 a 

imn 

aluminium 

Aluminium and iron will thus expand in relation to 
glass with rising temperature and contract with sink- 
ing temperature. For wood against glass the relation- 
ship will be the opposite. 

What temperatures that have to be taken into ac- 
count can be a matter of discussion. In general, the 
production of windows and sealed glazing units will 
be carried out at temperatures between f15 and 
+25' C, and the nominal dimensions will be set out at 
these temperatures. In practice, it must be assumea 
that the outside air temperature will go down lo 
-25'C. giving the outer glass and the outer parts ot 
the casement a temperature of about -15°C. Corre- 
spondingly, the temperature on sunny days in the 
summer can go up to f60"C. This gives a total tem- 
perature variation of about 75"C, divided on about 
40°C temperature increase and about 35°C tempera- 
ture decrease in relation to the reference state. The 
resulting relative movements will be as Iollows: 

contraction (k) aluminium-glass wintertime 056 mm per m light size 
n iron-glass B 0.14 n n rn B m 

B wood-glass summertime 0.10 o r n a a 

expansion (e) aluminium-glass n 0.64 n r a u 

a iron-glass n 0.16 n n m a 

n wood-glass wintertime 0.12 a n a n n 

6. Moisttire ntovenrettts i ~ r  wood 
Wood will alter its dimensions with alterations in the 
humidity. Increased moisture content causes the wood 
to swell, and diminishing moisture content causes it 
to shrink. According to available information for Nor- 
wegian fir, a variation of 1 !% by weight in the moi- 
sture content will give the following figures for the 
shrinkage and swelling: 

Longitudinally to the grain cr , = 0.01 % 
Radially a o s rr,=0.13% 
Tangentially n n a n, = 0.25 % 

To what extent the moisture content in wooden 
windows varies with the time of the year is, strictly 
speaking, a problem about which very little is known, 
and the conditions can obviously be very different. 
Normally, it can be assumed that the wood on the 
inside of the windows will dry out from about 15 ?4 
to about 11 96 moisture content in the course of the 
heating season, if not Erequently soaked by condensa- 
tion. On the outside there will he an increase in the 
moisture content in the same period of time by reason 
of high relative humidity in the air, autumn rain and 
melting snow. For well preserved wood the increase 
in moisture content can roughly be taken to be from 
ahout 15 $6 to about 20 %, for badly preserved wood 
right up to about 30 %. In the summer the moisture 
content in the wood will be reduced again to about 
15 %,and on the sunny sides of a building the exterior 
wood may in a dry summer well get a further drying 
out down towards about 10 % moisture content. The 
variations inside and outside during the year, do, 
however, go in the opposite direction. The variations 
in the interior of the casement, that are decisive for 
the alterations in the tight size width and height, will 
then be considerably less. Now it cannot be accepted. 
lor reasons which are lo be treated more in detail 
later on, that the wood is badly preserved. What has 
to  be taken into account here is, therefore, normally 

well preserved wood for which can he roughly estima. 
ted a variation in the moisture content in the interior 
of the casement of about 3 l o  by weight. The most 
interesting thing, however, is the alteration in moi- 
sture content in relation to the moisture content du- 
ring the production of the windows, since these alter- 
ntions determine the deviations from the nominal tight 
size dimensions. With ihe numerical values given 
above, these alterations can be calculated to about 
2 96 drying out in the summer time and 1 % moi- 
stening in the winter time. A drying out of 2 % in the 
summer time means a contraction wood-glass of 0.2 
mm per linear metre a l o n ~  the rebates. Together with 
the contraction with rising temperature in the sum- 
mer time, this will give a total contraction wood-glass 
in the summer time oI 0.3 mm per m tight size. The 
corresponding expansion in the. winter time will 
amount to 0.2 mm per m tight size. 

For pressure-impregnated wood without surface 
treatment the moisture content will vary approxima- 
tely as Ior untreated wood. The moisture movements 
will then be considerably largcr than what is quoted 
above for well preserved wood. 

7. Edge clearances 
Sealed glazing units are usually placed on two set- 

ting bloclrs with thickness corresponding to the nomi- 
nal edge clearance A,,, . From a theoretical point of 
view the setting blocks should be placed one fifth of 
the width of the unit in from each comer in order to 
give minimum stresses in the glass. The positioning 
is, however, not critical, and for the sake of simplicity 
the setting blocks are usually placed at the quarter 
points, one quarter of the width of the unit in from 
the corners. 

Edge deviations will result in an actual clearance 
under the unit somewhat less than the nominal. De- 
pending upon whether it is a question of deflection up 
or  down. there will be two different cases, as seen in 



a. Deflecting up b. Deflecting down 

Fig. 10. Red~~ctiorz of the edge clearance urzder the 
rmit as a raszdt of  dcforrnation of the bott01;t ~ ~ t e m b e r .  

Figirrc 10. The edge deviation can, according to Figure 
5, amount to masimurn 1.5 mm. Assuming the deflec- 
tion as a sine curve, it will be found that the edge 
clearance in the middle will be reduced by 0.44 mm 
by the deflection upwards in Figure 10a, and by 1.06 
mm at the comers by the deflection downwards in 
Figwe lob. Usually the glaziers can, however, foresee 
dcClections of this type and adjust the setting blocks 
towards the comers so that the real reduction of the 
clearance remains well under 0.5 mm. This is so little 
that it does not need to be taken into consideration, 
and the necessary clearance under the unit can then 
be lised equal to the minimum clearance Amin so that 

The size of the minimum cIearance will be discussed 
later on under the present heading. 

The nominal clearance along the two vertical side 
edges of the unit must be so large that the real 
clearance will never be less than the minimum clear- 
ance when the tolerances on the glass size and tight 
size as well as the movement (contraction) between 
the surrounds and the glass are taken into consider- 
ation. In practice, both tolerances and movements can 

' +--4 
A n  side 

Fig. 11. Necessary clearance at the sides. 

be assumed to be distributed with one halE on each 
of the side edges. The necessary edge clearance on the 
sides will then according to Figzire 11 be 

An = Amin + : tGP - : tpm -1- : k Fb (2) 

here A,,, = minimum clearance 
= plus tolerance glass size width 

t ,, = minus tolerance tight size width . ... 
k = contraction of the surrounds in relation 

to the unit 
F = tight size width 

The minus sign in front of t F, arises from the facL 
that the minus tolerance on the tight size width is 
negative. 

For the clearance at the top of the unit it will be 
found in a similar manner 

- 
An top - Amin + t;;, - tFm t k F,, (3) 

Here it is assumed that the unit will remain firm 
at the bottom so that the top has to take the toleran- 
ces on both glass size and tight size as well as the 
total movement between surrounds and glass., 

From ( I ) ,  (2) and (3) it is seen that the requirements 
for the edge clearance will be diiferent for bottom, 
side and top. In practice, it will scarcely be possible 
to operate with different clearances on the different 
edges. It  is necessary to try to combine the rcquire- 
ments in a common nominal edge clearance. The first 
simplification that can be introduced is to give up 
distinguishing between tight size width F b  and tight 
size height F,, in (2) and (3), and use instead a com- 
mon tight size dimension F as the greatest of width 
and height. Furthermore, it will in practice be possible 
to divide the tolerances in the vertical direction 
equally on top and bottom by adjusting the thickness 
OF the setting blocks. The movements in the vertical 
direction will, however, always have to be taken up at 
the top. The requirements are by this changed to: 

- 1 I 
An borrom - Amin + 2 tar, - 2 t ~ m  

( l a )  

dc = A,,~ + rGp - : tpm + k F (2a) 
I 

An top = A,,, + I tGp - z tFm + k F (3a) 

The difference between (la),  (2a) and (3a) lies 
simply in the term constituting the movements. I t  
further appears that 

An bottom f An tap = An s tie (4) 
It  is therefore possible to manage with a common 

nominal clearance 

provided that during installation the clearance at the 
top is adjusted to be somewhat larger than the clear- 
ance at the bottom, corresponding to the term ItF in 
(3a). How much this amounts to in practice will be 
dealt with later on. 

Of the dimensions which enter into ( S ) ,  tjp, tln,and 
k have been determined earlier, and only A,,, remains 
before A,,,, can be calculated numerically. The mini- 
mum clearance is often taken as identical with the 
nominal clearance. This is, however, erroneous. The 
nominal clearance is, in fact, determined just to give 
a certain play for the tolerances on glass size and 
tight size as well as the movements between unit and 
surrounds. The absolute minimum clearance A,,, in 
(5) is actually determined by two other conditions. 
The unit must under no circumstances be in contact 
with the rebate, and it must also be possible to install 
the unit in the rebate without unreasonable difficul- 
ties. For windows in normal design the first rcquire- 
ment is fulfi1led by a minimum clearance of I mm. 
Small units may also be easily installed by such a 
clearance. For larger and heavier units, however, the 
minimum clearance must be increased, for the largest 
units preferably up to 3 mm. Othenvise these units 
can easily touch the rebate during the installation. 
The dependence of the minimum clearance on the size 
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1 2 3 4 5 rn 
Tight size width or height 

Fig. 12. Minirnunz clearance as a ftmction of 
window size. 

of the unit will be about as graph line 1 in Figure 12. 
In less well finished iron windows there will often be 
weld seams, for instance in the comers, and all mini- 
mum clearances must then be increased by 3 mm as 
shown by p p h  l i e  2 in F i m  12. 

The nominal clearance can now be calculakd by 
substituting numerical values in (5). The minimum 
clearance A,,, can be taken from Figure 12 and the 
tolerance tF, from Figure 6. The remaining sizes are 

ro, = + 3  mm 
k = 0.3 mm per m tight size for wooden win- 

dows 
k = 0.56 mm per m tigbt size for aluminium 

windows 
k = 0.14 mm per m tight size for iron windows 

Tight size width or height 

Fig. 13. Norniizal clearar~ce as a ftotctiorz of 
window size. 

The result appears as Figure 13. For wooden win- 
dows it is shown how the nominal edge clearance is 
made up of the four terms in (5). The graph lines for 
wooden, iron and aluminium windows in normal de- 
sign fall so close that there is no great practical differ- 

ence, while the map11 line for less well finished iron 
windows is very much on its own. This is due to the 
requirement of 3 mm additional minimum clearance. 

I t  has scarcely any purpose to utilise the graph lines 
in Figure 13 to determine the nominal edge clearance 
in every single case. I t  would be better to try to classi. 
fy the windows into a limited number of classes. The 
following division seems to be natural: 

Class 1. Windows with maximum tight size dimension 
about 15 m. This gmup will then comprise all 
opening windows as well as fixed windows 
of moderate size. 

Class 2. Windows with maximum tight size dimension 
behveen 1.5 and 3 m. 

Class 3. Windows with maximum tight size dimension 
between 3 and 5 m. 

For these classes the nominal clearances given in - 

Table 3 should be suitable. 

Table 3. No~~zinal edge clcararlces in rnilliirtelres. 

For windows in normal design, these clearances are 
about 1 mm larger than what has been actual practice 
in Europe up to the present. In this connection it is 
worth noting that American practice is always pre- 
scribing a nominal clearance of %". 

The thickness of the setting blocks should, theoreti- 
cally, be equal to the nominal clearance less one half 
of the movement at the top of the glazing unit, com-  
sponding to the term !4 k F in (5). From Figure 13 it 
will be seen that for wooden windows and iron win- 
dows this term will be so small that is does not need 
to be taken into consideration. The same applies to 
aluminium windows with tight size height less than 
about 2 m. For these windows i t  should then in 
practice be suffjcient quite simply to adjust the edge 
clearance at the bottom and the top to approximately 
the same size. For aluminium windows with tight 
size height greater than 2 m, however, the clearance 
at the top of the unit should be adjusted 2 mm larger 
than the clearance at the bottom. 

In practice, it might be necessary to adjust the 
thickness of the setting blocks downwards to the mini- 
mum clearance A,,,. . This means that it would be ne- 
cessary to have a large number of different setting 
blocks with thicknesses ranging Emm 1 mm to 9 mm. 
and anything like this is quite unthinkable in practice. 
The simplest solution is probably to use one standard 
setting block thickness of e.g. 5 mm, and 1 mm thick 
adjusting blocks in order to obtain greater clearance 
at the bottom. When, occasionally, it might be neces- 
sary to use thinner setting blocks than 5 mm, this 
could simply be done by putting together a suitable 
number of 1 mm blocks. 

Wood, iron and alumi- 
nium windows in nor- 5 
ma1 design 

Less well finished iron 
windows 7 



8. Rebate deptlr 
The necessary rebate depth will, like the edge clear- 

ance, be slightly dilferent for bottom, side and top. 
For the bottom rebate the requirement, as will appear 
from Figure 2, is quite simply: 

(6) F h m o m  = A,,om + f 

hereBFhorrom = necessary rebate depth at the bottom 
of the unit 

Ann, = nominal edge clearance 
C = width of the edge seal of the unit 
E = recommended covering of the edge 

seal ! 11 I 

C 

El 1 

For the rebate a1 the sides of the unit the rebate 
depth must, on the other hand, be so large that the 

' 

reconmended covering E really is obtained, even when 

A nom rrl12tFp 

the unit has the greatest minus tolerance, the tight 
size the greatest plus tolerance, the rebate depth the 
largest minus tolerance, and the surrounds have ex- 
panded as much as possible in relation to the glass. 
The requirement, see Figure 14, will then be the follo- B~ side- 
wing: F i g  14. Necessary rebate depth at 

k 
the sides. 

here BF side = necessary rebate depth on the sides of For the rebate depth at the top of the unit it will be 
the unit Pound in a similar way: 

- B,,,, -An,,+t,,-re, + t g + e F h + C + E  (8) 
t~~ = plus tolerance on tight size width 

Here, too, it would be appropriate to avoid distin- 

'G, = minus tolerance on glass size width guishing between tight size width and height, and use 
a common tight size dimension F as the greatest of 

t~ = tolerance on rebate depth the two. By dividing the tolerances in the verlical 

= of the surrounds in relation direction on the top and bottom rebate by adjusting 
C 

to the unit the thickness of the setting blocks, it will be found, 
in the same wav as for the edce clearance, that the 

F b = tight size width following rebateWdepth will be sifficient: 

To be quite correct the term e F should have been 
uscd instead of '/i e F in order to get h l l  covering 
at the top of the unit in the most unfavourable case. 
But since the top of the unit is the least exposed place, 
it must be considered as quite acceptable to give up 
some of the covering in certain extreme cases. 

Of the sizes as contained in (9) the A,,,, is obtained 
from Figure 13 or Table 3, and tFn  from Figure 6. Of 
the remaining dimensions the ~ollowing are known: 

1 + 05 mm for wooden windows 
1 1.0 mm for iron windows with rolled 

tn  = \ profiles. Appros. 0 mm for aluminium 
I windows and steel windows with estru- 

I ded 
0.2 mm pr m tight size for wooden 
windows 

e  =) 0.16 mm pr m tight size for iron 

I rzdg: pr rn tight sire for alumi- 
[ nium windows 

It  remains to determine the sizes C and E. 
In accordance with the experience of the Nonvegian 

Building Research Institute, the covering E should bc 
at least 4 mm for units with an csternal metal channel, 
and at least 2 mm for units without esternal metal 
channel. These recommendations are based on several 
considerations. First of all, the edge effects arising 
from the edge seal must be reduced, in order to reduce 
the possibilities O F  condensation and ice formation 
along the edges of the unils. Furthermore, it is impor- 
tant for glued types of unit with an external metal 
channel to get a proper covering with glazing com- 
pound so that the water does not reach the edge seal. 
Finally, it is usually considered preferable, from an 
aesthetic point of view, that the edge seal is shown as 
little as possible. 

The width of the edge seal for the present types on 
the Nonvegian market is given in Table 4. The data 
provided are based on information from the different 
manufacturers, partIy corrected in accordance with 
measurements carried out by the Nonvegian Building 
Research Institute. The reason why Aluco is contained 
twice in the tnble is that for these units an aluminium 



Table 4. Width of the edge seal and recoiniiiei~dcd coserirlg joi- the tj~pes of unit on the Nor- 

Units with 
external 
metal 
channel 

Units 
without 
external 

I metal 

I 

~vegiail market. 

Width of the 
Type of unit edge seal C 

Recommended 
covering E 

mm 

Aluco (external) 
Aterphono 
Cudo 
Duoterm 
Multipane 
Polyglass 

profile is used which penetrates quite deeply in be- of the edge seal and the recommended covering C + E. 
tween the glass panes, but gives a somewhat smaller I t  will be seen that C + E = 14 mm will cover all 
external metal edge. In the table the recommended actual types, and this will be utilised in the calcula- 
covering E is also recorded. as well as the total width tions. 

6 - 9 
10 

6 -10 
10 
10 
10 

Tight size width or height 
Fig. 15. Noriri~~al rebate depth as a function of ~vi~rdow 

size. Edge clearairce according to figtrre 13. 

The rebate depths obtained when inserting the ac. 
tual numerical values in (9) appear from Figures 15 
and 16. In Figure 15 the edge clearance has been taken 
in accordance with the graph lines in Figure 13, while 
in Figure 16 it has been calculated with edge clearan- 
ces according to Table 3. When comparing Figures 15 
and 16 and utilising the later division into classes ac. 
cording to unit sizes with clearances according to Ta- 
ble 3, it will be found that the nominal rebate depths 
given in Table 5 should be suitable. The rebate depths 
which so far have been specified by the manufactu- 
rers have lain between 14 mm for small units and 20 
mm for very large units. As will be seen from Table 
5. the rebate depths arrived at here are considerably 
greater. 

AIuco (internal) I - 12 
Gado 12 

Tight size width or height 
Fig. 16. Notiriital rebate depth as a frrnction of ~vi~rdotv 

size. Eclge clearance accorditrg to table 3. 

Schalker Isolierglas 
Thermopane 

The rebate depth may also be considered from an- 
other point of view, the covering of the distance pieces. 
Usually the distance pieces used are 10 mm high and 
are placed flush with the edge of the unit as shown in 
Figure 17. Recommended minimum covering is 5 mm. 
This means that the total height of distance piece and 
covering will amount to 15 mm. whilst in the calcu- 
lation of nominal rebate depth it was calculated wit1 a 
total width of edge seal and covering of 14 mm. Flat 
dislance pieces can, however, easily be forced 1 mm 
down into the rebate so that the requirements will 
agree. For U-shaped distance pieces the internal height 
must either be reduced to 9 mm, or it will be necessary 
to dispense with the covering. Also from this point of 
view the rebate depths in Table 5 should be accept- 
able. 

8 -12 
8 -12 



Table 5. Nornirzal rebate depths in milliritetres. 

I Size of unit 
Type of window / Class 1 I Class 2 Class 3 

I 

Wooden windows and iron 1 21 1 23 1 24 
windows in normal design 

Aluminium windows in I 21 1 23 I 25 
normal design 

I Less well finished I iron windows I 1 26 

Fig. 17. Placing a i d  covering o f  distarzce pieces. 

9. Face clearar~ce and suitable glatiizg sealarzts 
So far there have been specified nominal Face clear- 

ances and widths of lateral glazing compound From 
1 mm to 6 mm dependent on the size of the unit. These 
figures are based on practical experience over a com- 
paratively short period of time. Strictly speaking, the 
claims to minimum face clearance will be variable 
according to the type of glazing sealant that is to be 
used. There will always be certain movements behveen 
unit and rebate, and the degree of movement which 
the glazing compound can take will differ very con- 
siderably for the various types of glazing sealants. 

The most important movement appears to be in the 

longitudinal direction of the rebate, as the unit width 
and height as well as the tight size width and height 
will change with changing temperatures, for wood 
also with varying moisture content. The top of the 
unit will acquire a movement corresponding to the 
sum of the previously caiculated expansions and con- 
tractions (e + k), whilst each of the vertical edges 
will take one half part of these movements. Figure 18 

0 200 
f 3mm 
L ,, 180 - - Aluminium I 

Tight size widfh or height 
Fig. 18. SIiear deforuration o f  the lateral glazirzg 

coinporir~d at the top of tlze ruzif b!~ varioz~s width o f  
the lateral glaziizg coi~zpoiirzd and wiizdoir~ inateriais. 

Table 6. Mnxi~izriin periizissible defortitatiorzs for var;iot~s types of glaziizg sealant 
itt aged coizditior~. 

Type of glazing sealant 

Deformation in ?6 of the width 
of glazing compound I- tension and 1 

compression shear 

i Plastic glazing compounds (Termokitt etc.) / 10 % 
I 

I 
Twocomponent plastic glazing compounds i- 1% 10% 
(oil-based) 

Plastic oil-based joint sealants. (mastics) 1 lo% I 40 % 

Tough plastic joint sealants (mainly butyl 75 % 
rubber based) 

-- 
Elastic joint sealants (mainly polysulphide 
based) 



shows the shear deformations to which the lateral 
glazing compound at the top of the unit will be sub- 
jected by various heights of unit, widths of lateral 
glazing compound and window materials. At the verti- 
cal edges of the unit the movements will be only one 
half of this. 

Figure 18 shows that the shear deformations may 
be very great, even lor moderate unit sizes. On the 
other hand, it is not realistic to assume that the 
available glazing sealants in aged condition can deal 
with larger deformations than those given in Table 6. 
A comparison of Figure 18 and Table 6 shows clearly 
that certain types of glazing sealant should not be 
used at all, unless the size of the unit is small and 
the width of lateral glazing compound great. To in- 
crease the width of the glazing compound beyond 6 
mm, however, has little purpose because in practice it 
will entail great difficulties. The minimum width of 
glazing compound and suitable types of glazing seal- 
ants must, therefore, be chosen within the possibili- 
ties presented in Figure 18 and Table 6. 

With the previous division of the sealed glazing units 
into three classes according to the size, it should be 
suitable to employ widths of lateral glazing compound 

and types of glazing scalant as given in Table 7. When 
working out this table no attempt has been made to 
find the absolutely minimum widths of lateral glazing 
compound. Particular slress has instead been laid on 
getting the same width of glazing compound for win- 
dows of different materials but with the same unit 
size. At the bottom or the table some combinations of 
widths of lateral glazing compound and appropriate 
typcs 01 glazing sealant have been listed which fall 
outside the main part of the table. 

Table 7 shows that in most cases better types of 
glazing sealant should be used than what has been 
the case up to the present. Special attention should 
be paid to the fact that the ordinary plastic glazing 
compounds (Termolcitt, etc.) come out entirely of the 
main part 01 the table. Only for small and moderate 
sizes (class 1) iron windows and large width 01 lateral 
glazing compound can the plastic glazing compounds 
be regarded as acceptable in the long run. Many will 
perhaps make objections and say that it cannot be 
correct to doom the plastic glazing compounds like 
that, and that practical experience is not at all so bad. 
This is, however, a point of view which is greatly open 
to question. The experience of the Norwegian Building 

I 
I - - - 

I Wood I TOU" hlifstic joint sealants 
I I , Elast~c lolnt sealants I 

Tnble 7 .  Widrhs of intern1 glazing conlpot~~td  and sttitable types of glazing scalant. 

Size of 
unit 

I Class I 

I I Plastic glazing compounds 

i 5 I Iron Two-component plastic glazing 
' compounds 

I -- 

Class 3 I 45 
6 

i 

/ class 1 5 1 6.5 / Aluminium I Tough plastic joint sealants - 
/ Class 3 1 6 I ' 7.5 1 Wood I Plastic oil-based joint sealants 

Minimum Nominal width 
width of 1 of lateral 

lateral glazing glazing 
compound compound 

mm 1 mm 

- 
Aluminium I Elastic joint sealants 

I Plastic oil-based joint sealants 
Iron ' Tough plastic joint sealants 

' Elastic joint sealants 

1- 

Window 1 Suitable types of 
material glazing sealant 

- 

I 

- - - - 
/ 4.5 F.5 1 Aluminium 1 Plastic oil-based joint sealants 

.- 

I 
Plastic oil-based joint sealants 

Wood I Tough plastic joint sealants 
Elastic joint sealants 

- 

i 3 

1 
1 *Iuminium 

Tough plastic joint sealants 
Elastic joint sealants - 
Plastic oil-based joint sealants 
Tough plastic joint sealants 
Elastic joint sealants 

Plastic oil-based joint sealants 
Tough plastic joint sealanls 
Elastic joint sealants 

I I 
1 Iron 

I - 
1 I 

Wood 

Class 2 3.5 5 Aluminium 1Elastic joint sealants 
- 

Plastic oil-based joint sealants 

I I I 
Tough plastic joint sealants 
Elastic joint sealants 



Research Institute is in any case that the plastic gla- 
zing compounds in a lot of cases have lost adhesion 
to the glass or rebate and bead after a few years. 
Some of these failures are attributed to bad pretreat- 
ment of the rebates or glazing on wet surfaces, but a 
number of cases remain which have so far not been 
explained. I t  is also worth noting that the glaziers, 
with their wide experience with plastic glazing com- 
pounds, quite categorically state that the glazing will 
not remain tight in the long run, and that for this 
reason outside bead glazing should be used. I t  must, 
however, be mentioned here that a number of plastic 
glazing compounds have in recent times been consl- 
derably improved so that they have developed towards 
the plastic oil-based joint sealants. One single manu- 
facturer claims for one of his products that it can take 
a movement of 15 $41 of the joint width. Further im- 
provements in this field can certainly be expected. 

I t  should also be noted that the main part of Table 
7 only comprises glazing sealants in gun consistency. 
The new and improved types of plastic glazing com- 
pounds will also have such a consistency that they 
may preferably be applied by gun. In other words, 
there will have to be a complete change in the glazing 
practice. 

The nominal width of the lateral glazing compound 
is determined by the requirement for minimum width 
of lateral glazing compound together with the tole- 
rance t D  on the glazing gap width DF : 

Knom = K m h  + ; (10) 

The tolerance on the glazing gap width is discussed 
under heading 4. Half the tolerance on the glazing 
gap width is set at  1,1.5 and 1.5 mm for class 1, 2 and 
3, respectively. The nominal widths of lateral glazing 
compound hereby obtained are listed in Table 7. 

The lateral glazing compound will also be subjected 
to tensile and compression movements cross-wise to 
the rebate. The magnitude of these movements will 
depend for one thing on the total glazing gap width 
and the width of the lateral glazing compound. Check 
calculations show, however, that the combinations of 
widths of lateral glazing compound and types of gla- 
zing sealant as given in Table 7 are quite all right also 
when regarded from this point of view. 

10. Glazing gap widtlz 
The unit glazing gap width will be equal to the sum 

of the thickness of the sealed glazing unit, the nominal 
width of the lateral glazing compound on both sides 
of the unit, and the largest plus tolerance on the 
thickness of the unit. 

- D~ nom - T~ nom + Knom + t ~ n  (''1 
in which DF = nominal glazing gap width 

TR nom = nominal thickness of the unit 

'no, = nominal face clearance 
t~~ = plus tolerance on the thiclrness 

of the unit 
The nominal width of the lateral glazing compound 

can be taken from Table 7, while L R n  according to 
heading 3 can be taken a t  1 mm. In order to determine 
the glazing gap width, it will then only be necessary 
to know the nominal thickness of the unit. This has, 
however, up to the present, been very different for 
different types of unit. Air spaces from 4 to 15 mrn 
have been encountered and glass thicknesses From 
2 to 12 mm. The development does now seem to be 
moving towards an air space of 12 to 15 mm, and the 

Table 8. Tl~iclcrzess of sealed dotrble-glazing zrrrits. 

I I Class 3 , 6-12 12-15 24-33, 
I i ! . - 

Size of 
unit 

thicknesses as given in Table 8 will then be obtained 
For sealed double-glazing units. 

For class I it should be possible to take 20 mm as 
standard nominal thickness and take up deviations 
by adjusting the beads. This gives a nominal glazing 
gap width of 20 f 2 . 4 + 1 = 29 mm. For classes 2 
and 3, on the other hand, it seems impossible to fix 
any standard unit thiclrness, without risking that too 
large tolerances have to be adjusted by the beads. 
For these classes the glazing gap width should then be 
determined in every individual case when the total 
thickness of the unit is known. For units consisting 
of 3 or more sheets of glass, the necessary glazing gap 
width will be correspondingly greater. 

Glass Air space Thickness 
thickness I mm I of unit 

11. Filling of the edge cleararm wit11 glazilzg 
co~nportrtd 

The question as to whether it is necessary to fill the 
clearance along the edges of the unit with glazing 
compound has been much discussed. European prac- 
tice so far has been that the cIearance shall be filled 
compIetely so that the unit is floating in a bed of 
glazing compound. American practice, on the other 
hand, has prescribed that the space under the unit 
shall be filled with glazing compound, while an air 
space shall be left on both sides and at the top. 

Several factors have to be talren into consideration 
when judging the need for filling up with glazing com- 
pound along the edges. The first is what will happen 
with this compound when the unit moves in relation 
to the rebate with changing temperatures and moi- 
sture content of materials. At the top of the unit 
there will .be a movement corresponding to the sum 
of the earlier calculated expansions and contractions, 
and on each of the sides about half of these. If the 
filling with glazing compound is perfect and the com- 
pound itself incompressible, the result will be an 

Fig. 19. Extriisio~z o f  glazirzg cortzpourzd as n resalt 01 
movcnrent between unit mrd rebate. 

extrusion of the glazing compound as shown in Figure 
19. 

In the most serious case, the edge seal of the unit 
may be damaged. The magnitude of the movements 
that can be expected a t  the top of the units is shown 



Tigh t  size height 

Fig. 20. hloi~ettzeltt at the top o f  the units. 

in Figure 20. The thickness of the unit is usually con- 
siderably larger than the total width of the lateral 
glazing compound on both sides of the unit. For units 
of class 1 there will, according to the previous head- 
ing, be a unit thickness of about 20 mm with a total 
width of lateral glazing compound of about 8 mm. 
This means that the extruding movement in the late- 
ral glazing compound will be about 2.5 times greater 
than the movement of the unit. For units of classes 2 
and 3 both unit thickness and width of lateral glazing 
compound will be greater, but the relation should be 
more or less the same, approximately 2.5. For units 
with three or more sheets of glass, however, the 
situation will be made correspondingly worse. Assu- 
ming a multiplication factor of 2.5 and a permissible 
extrusion of the lateral glazing compound of 1 mm, 
the maximum permitted tight size height with filing 
of glazing compound along the edges is found to be 
0.8 m for wooden windows, 0 3  m for aluminium 
windows and 13 m for iron windows. The maximum 
permitted tight size width will be twice as much. 
I t  is thus quite simply found that it would not be 
considered advisable to till along the edges a t  the 
top and the sides unless the windows are very small. 
At the bottom of the units i t  should nevertheless be 
possible to fill up with glazing compound as this is 
the most stable point of the units. 

Many will perhaps object to the previous calcu- 
lations, referring to the fact that extrusions as shown 
in Figure 19 do not occur in practice to the extent 
which the caIculations would suggest. The lack of 
correlation is, however, due to a series of other cir- 
cumstances. In practice, it will in fact be impossible 
to get the edge clearance filled completely, especially 
with \he knife grade glazing compounds which are 
most utilised at present. There will always be a 
certain amount of cavities in the glazing compound. 
and when the glazing compound is subjected to pres- 
sure, the air spaces will be compressed or the air 
driven out, while the lateral glazing compound remains 
nearly unchanged. With wooden windows the priming 
has also in most cases been entirely inadequate, so 
that the rebates have absorbed oil and made the gla- 
zing compound porous and compressible. Finally, it 
must also be taken into consideration that oil from 
the glazing compound may have been forced into the 
wood. It  is not impossible that some of the oil bleed- 
ings which have occurred in practice, may be due 
to the fact that the oil quite simply has been squeezed 
out of the glazing compound in this way. 

Each and all of the factors mentioned above co- 
operate so that thc lateral glazing compound is not 
extruded. The edge glazing compound will, on the 
other hand. be compressed to a layer which is easily 
losing adhesion to the rebate as well as the unit, as 
seen in Figure 21. In  a number of cases of leakage 
damage which the Norwegian Building Research In- 
stitute has had the opportunity to inspect, the condi- 
lions have been just those shown in Figure 21. 

The nest thing which must be considered is what 
may happen if glazing compound is not filled up along 
the edges of the unit, and water should come into the 
rebate so that the bottom of the unit would be stand- 
ing in water. The water may have come in by direct 
leakage, or by condensation of water vapour diffusing 
into the rebate from the inside. By wooden windows 
the bottom member would quickly start to rot and by 
metal windows the window and the metal in the edge 
seal OF the unit might constitute a galvanic element, 
with detrimental results both for the window and the 
edge seal. Furthermore, the water itself would be able 
to damage the edge seal of the unit, especially if it 
should freeze to ice. If the edge filling is discarded. 
care should be taken to drain and ventilate the rebate 
to the open air. In any case the space under the unit 
should be filled with glazing compound. This filling 
gives an additional protection against leakages and, 
moreover, especially by wide windows, against stan- 
ding water that cannot easily run off. The draining 
should be at both the bottom corners of the window, 
and preferably as slits which are not so easily Filled 
with glazing compound. 

One more factor must be taken into consideration if 
the edge filling is discarded. If a closed air space 
along the edges is made, the air will be able to expand 
and extrude the lateral glazing compound. This prob- 
lem is, however, completely eliminated when provi- 
sion is made for drainage and ventilation as men- 
tioned above. On the other hand, it should be remem- 
bered that the ventilation in unfavourable cases can 
result in a cooling down of the edge of the unit and 
the internal part of the casement, especially by metal 
windows. The weep-holes must, therefore, be placed 
with great care. 

The conclusion must be that glazing compound 
should be tilled along the edge of the unit only at the 
bottom and not at the sides and the top. At the same 
time, care should be taken to drain and ventilate the 
air space to the open air, preferably by slits at the 
side of both the lower corners. 

Fig. 21. Example slzowit~g 1zow the edge glazing 
conrpoutrd is losittg adhesion to rirrit and rebate. 



12. Glazing beads 
The main purpose of the glazing beads is to keep 

the unit in place in the rebate, and this is achieved 
with quite slender beads. The same requirement to thc 
covering of the edge seal of the unit must be put on 
the glazing bead side as on the rebate side. The depth 
of the glazing bead TL must then be equal to the 
rebate depth BF . Also From an aesthetical point of 
view this is usually considered to be am advantage. 

The <vidth of the glazing bead BL must be large 
enough to give the bead sufficient rigidity. Wooden 
beads should, however, not uncritically be made very 
wide. The width of wooden beads, and especially es- 
ternal bottom beads, will vary considerably as a result 
of changing moisture content, and these variations of 
width will subject the lateral glazing compound to 
very large tension and compression deformations. 
Even for a well preserved bottom bead of wood the 
annual variations in moisture content can be set to 
about 10 96 by weight. If the glazing beads are not 
quartersawed, it must be calculated with shrinkage 
and swelling tangentially to the grain, a, = 0.25 ?h 
per % of variation in moisture content. The resulting 
change in the width of the bead will be 2 5  %. Assu- 
ming that the bead is 20 mm wide and secured in the 
middle of the width, it will For widths of lateral gla- 
zing compound of 3 to 5 mm be Found that the move- 
ment in the lateraI glazing compound will be from 
8 to 5 5% of the width. This is considerably more than 
the plastic glazing compounds (tcrmokitt) can be 
expected to take in aged condition, and also close to 
the limit of what the plastic oil-based joint sealants 
can manage. By wooden beads wider than 20 mm the 
conditions become even more unFavourable. Such wide 
wooden beads should not be Eised in the middle but 
10-15 mm from the edge nearest to the glass. 

If external wooden beads are not well preserved, 
the conditions will be, if possible, even worse. In such 
a case it must be taken into account that the moisture 
content can vary between 30 ?6 by weight when soak- 
ed and 10?i by weight when sun dried, giving a 
total variation of 20 9 6  by weight. With beads secured 
10 mm From the edge nearest to the glass, this will 
give a movement in the width of the lateral glazing 
compound of 17 to 10 %. This is more than what plas- 
tic oil-based joint sealants can take in the long run, 
especially when the adhesion to wood is weakened as 
a result of the wetting. In general, it must be expected 
that any glazing sealant, even the best, will lose ad- 
hesion to wood if the wood is repeatedly soaked. It 
is, thus, an absolute requirement that all wood, both 
esternal and internal (possible soaking by condensat- 
ion) be preserved by regular painting: oiling or the 
like. 

As regards the shape of the beads, the Nonvegian 
Building Research Institute has so far recommended 
that wooden beads shall be sloped as little as possi- 
ble. This was in order to ensure that the distance pieces 
in the lateral glazing compound should not come into 
compression when the beads were mounted. In order 
to allow the water to  run off the bottom bead easily. 
this should be sloped as much as possible; a slope of 
about one to four appears to be a useful compromise. 
Also bottom beads of other materials than wood 
should be sloped so that the water will run off. 

At the top and the sides the external beads should 
not project beyond the rebate but rather be slightly 
behind, as seen in Figure 21. The bottom bead, on the 
other hand, should project over the rebate and pre- 

Fig. 22. Botforn bend for fi-xed tvindoivs, side-Itring 
windows and vertically pivoting windows. 

ferably have a drip-nose to prevent water from being 
driven in under the beads. Wooden beads should 
always be completely bedded in glazing compound, 
as seen in Figrwe 22. By metal beads it should be seal- 
ed under the beads in a similar may. The lateral gla- 
zing compound must always be chamfered so that 
water will not remain but run off easily. 

In  principle, two different types of dazing beads 
are consequently obtained, one for bottom and another 
For side and top. The bottom bead in Figure 22 should 
be suitable for fixed windows, side-hung windows 
and vertically pivoting windows. By horizontally pivot- 
ing windows as well as top and bottom hung win- 
dows, however, a bead with a slope as small as one to 
four would lead to water standing over the bead and 
the lateral glazing compound if the window was leR in 
the ventilating position during a rainfall. This would 
be very unfavourable both for bead and glazing. By 
these types of windows the external bottom bead 
should be sloped considerably more. The slope on 
wooden glazing beads, unfortunately, cannot just be 
increased without impending risk for the distance 
pieccs and glazing unit to come into compression when 
the beads are mounted. A possible solution to this 
problem would seem to be a bead with a cross-sect- 
ion, as shown in Figrrre 23. This bead has a steep 

Fig 23. Proposed bottoin bead for hori~oizt~lly pivoting 
iviizdows as well as top- and boltolv-Itro~g windows. 

slope out from the glass and less slope Further up to 
the edge and is fixed a t  the least sloped part. The 
dangerous point is in this way removed from the la- 
teral glazing compound to the middle of the bead. By 



Fig. 24. Exatnple o f  botiorn bead tvitlz- a- steep slope 
for irzetal wiizdoivs. 

metal windows bottom glazing beads with steep slope 
can be made in different ways. An example is seen in 
Figure 24. 

By metal windows the profiles must be so designed 
that neither the rebate nor the bead have projecting 
lips which can reduce the width of the lateral glazing 
compound. On the contrary, the surfaces of the pro- 
files facing the glazing compound should be mgde as 
flat as possible. 

It  is recommended that glazing beads shall not be 
mitred in the corners. The horizontal beads at the 
top and bottom should rather be made going through 
and the side beads coped at the top and bottom. 

Practical esperience suggests that wooden beads 
should not be fised by screws but rather by nails. 
Screws will usually be hammered in and screwed only 
round the last turn. When screws are used, these should 
have flat heads. By round or lense-shaped heads the 
glazier's knife or similar tools may easily strike 
against the heads and disturb the srnoothcning of 
the glazing compound. 

By internal beads it is all right with a cross-section 
as shown in Figure 21. The beads may also protrude 
beyond the edge on all sides. I t  should be pointed out, 
however, that internal beads put great requirements 
on the installation work if leakages are to be avoided. 
When internal beads are used, the bottom casement 
member must be given a sufficient slope outwards. 
By fixed windows, side-hung windows and vertically 
pivoting windows, it will do with a slope of about one 
to four. By horizontally pivoting as well as top and 
bottom hung windows, the slope should be increased 
to about one to one. 

Glazing beads should always be made of the same 
material as the rest of the window. Othenvise they 
may open up in the comers, or get jammed and ride 
up; the latter has often been the case with teak beads 
on fir windows. Beads of oak should never be used as 
they nearly always will become heavily warped. Beads 
of fir should preferably be of pressure-impregnated 
material. 

siderably greater, and the edge clearance as well as 
the rebate depth have to be increased correspondingly. 
Practical esperience indicates that rebate depths oE 
25 to 30 mm are adequate. This is about 5 mm more 
than what is specified for wooden windows in Table 5. 
In practice, it is probably appropriate to increase the 
edge clearance as well as the rebate depth with 5 mm 
compared with the figures gven in Tables 3 and 5. 

14. Pre-treattitent of rebates and after-irca!ntrner~t of 
lateral glazing cornpotazd 

All the previous calcuIations presuppose that the 
rebates and beads in wooden windows are adequately 
pre-treated so that they do not absorb oil or other 
liquid constituents from the glazing compound. This 
is a point where there has so far been a great deal of 
sinning. Unfortunately, it is impossible to give any 
general advice on pre-treatment of rebates, as the 
requirements will differ greatly for the various types 
of glazing sealants. The problem is mentioned here 
in order to draw attention to the situation so that the 
glaziers can get into contact with the manufacturers 
of glazing sealants. The Norwegian Building Research 
Institute will try to take this matter up again later on. 

After-treatment of glazing compound can also be 
actual in many cases. All oil-based glazing compounds 
should thus be coated with oil or paint according to 
the manufacturer's recommendations. 

A large number of problems in connection with 
glazing rebates and beads for sealed glazing units have 
been treated under the previous headings. The results 
are given under each heading, and will not be repea- 
ted in detail here. Certain main points will, however, 
be summarized. 

All clearances and rebate dimensions should be in- 
creased beyond what has so far been customary. This 
applies especially to the rebate depth. 

It  is recommended that better types of glazing sea- 
lant be used which in practice will mean a complete 
change to glazing sealants in gun consistency. 

The glazing technique should be changed so that 
only the edge clearance under the unit be filled with 
glazing compound while an air space is left on both 
sides and at the top of the unit. This air space must be 
drained and ventilated. 

Glazing bends and bottom casement members must 
be given such a shape that water will run off easily, 
even when the window is in a ventilating position. 

The suggested solutions do in part deviate greatly 
from current practice. They should, however, give 
clear and comparatively simple directions, and lead 
to elimination of a large number of the esisting prob- 
lems. 

13. Iirstatlatior~ direct iitto franze~vork 
The calculations under headings 7 and 8 refer to 

factory-made windows with comparatively narrow 
tolerances on the tight size dimensions. When instal- 
ling sealed glazing units directly into framework, the 
tolerances on the tight size dimensions will be con- 
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