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Glass in building — Determination of light transmittance,
solar direct transmittance, total solar energy
transmittance and ultraviolet transmittance,

and related glazing factors

1 Scope

This International Standard specifies methods of determining
light and energy transmission of solar radiation for glazing units
in buildings. These characteristic data can serve as a basis for
light, heating and ventilation calculations of rooms and permit
comparison between different types of glazing.

This International Standard applies both to conventional glaz-
ing units and to absorbing or reflecting solar-control glazing
units, used as vertical or horizontal glazed apertures. The ap-
propriate formulae for single, doeuble and triple glazing units are
given.

This International Standard accordingly- applies-"to " all
transparent materials except those which show significant
transmission in the wavelength region (5 um to 50 um)of,am-
bient temperature radiation, such as certain plastics sheets,

Materials with light-scattering properties for incident radiation
are dealt with as conventional transparent materials under cer-
tain conditions (see 2.2).

2 Determination of characteristic
parameters

2.1 General

The characteristic parameters are determined for quasi-parallel,
almost normal radiation incidence (see [6]), using the radiation
distribution of illuminant Dgg (see table 1), solar radiation ac-
cording to table 2 or 3 and ultraviolet (UV) radiation according
to table 4.

The characteristic parameters are as follows :

— the spectral transmittance 7(4) and the spectral reflec-
tance (1) in the wavelength range of 280 nm to 2 500 nm,

— the light transmittance 7, and the light reflectance o,
for illuminant Dgg,

— the solar direct transmittance 7, and the solar direct
reflectance o,

— the total solar energy transmittance (solar factor) g,

— the UV-transmittance 7y,

— the general colour rendering index R, (in accordance
with [2]).

To characterize glazing, the principal parameters are 7, and g;
the other parameters are optional to provide additional infor-
mation.

If nothing else is stated, the published characteristic
parameters should be determined using the standard con-
ditions given in. 2.2 to. 2.6.

2.2 Light transmittance

The light transmittance 7, of glazing units may be calculated
using the formula :

780 nm 780 nm
f DtV X DA VIAIAL
m m

_/1=380n _ A=380n M
= 780 nm - 780 nm
| D, ViA)dA )y D VIAAA
A =380 nm A =380 nm

where

D, s the relative spectral power distribution of illuminant
Dgs (see [3]);

7(A) is the spectral transmittance of the glazing;

V{A) is the photopic luminous efficiency function defining
the standard observer for photometry (see [3]).

Table 1 indicates the values for D;V(1)AA for intervals of
10 nm. The table has been drawn up in such a way that
X D, V(A)AL = 100. In the case of multiple glazing, the spectral
transmittance 7(A) can be calculated from the spectral transmit-
tance and reflectance of the individual components as follows.

For double glazing units :

7,{A)7,(4)

=2
= T e

...(2)

where

7,{A) is the spectral transmittance of the outer sheet;
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THA) is the spectral transmittance of the second sheet;

0,(4) is the spectral reflectance of the outer sheet,
measured in the direction of incident radiation;

0{4) is the spectral reflectance of the outer sheet,
measured in the opposite direction to the incident radiation;

92()1) is the spectral reflectance of the second sheet,
measured in the direction of the incident radiation.

For triple glazing :
11(/1)‘[2(1)1'3(/1)
[1- o1t00,0)] x [1-ogiieg)] — w3kl (Alogh)

(4) ..(3)

where

1,(4), T,(4), ©4(4), ei(A) and @,(A) are as defined in
equation (2);

13(1) is the spectral transmittance of the third sheet;

Qé(i) is the spectral reflectance of the second sheet,
measured in the opposite direction to the incident radiation;

04(4) is the spectral reflectance “of- the -third/ sheet,
measured in the direction of the incident radiation,

For glazing with more than three components, similar relations
to (2) and (3) can be found to calculate 7(A) of such units from
the spectral factors of the individual components. As an exam-
ple, glazing composed of five components may be treated as
follows:

a) first consider the first three components as a triple glaz-
ing unit and calculate the factors of this unit;

b) next, run the same procedure for the next two com-
ponents as a double glazing unit;

¢) then calculate t(1) for the five component unit, con-
sidering it as a double glazing unit with the spectral com-
ponents of the two preceding units.

NOTES

1 The spectral transmittance (1) of any multiple glazing may also be
obtained by measurements on the complete unit.

2 In the case of oblique incidence of light, i.e. in general cases where
glazed apertures are lit by the sun, a clear or overcast sky and by light
reflected off the ground and buildings, the transmittance is smaller
than with light of perpendicular incidence. In the design therefore, with
the application of appropriate corrections, somewhat larger glazed
apertures result than on the basis of the transmittance determined for
quasi-parallel and almost normal incident light (see [7]).

3 Daylight calculations are based on [4].

4 The use of an integrating sphere is recommended when light-
scattering materials are tested. In this case the size of the sphere and
its aperture should be big enough to collect all possible stray light and
to obtain fair average values when surface patterns are irregularly
distributed.

2.3 Light reflectance

The light reflectance of glazing o, may be calculated using the
following formula :

780 nm 780 nm
f DoVAdA X D0 VAL
_A=380nm ~)1=380nm 4)
o= 780 nm - 780 nm a
| D; ViA)dA p3 D, VIAAL
A= 380 nm A =380 nm
where

D, and V(1) are as defined in 2.2;
ol(1) is the spectral reflectance of the glazing.

In the case of multiple glazing, the spectral reflectance o(4)
may be calculated from the spectral transmittance and the
spectral reflectance of the individual components as follows
(for definitions of symbols, see 2.2).

For double glazing units :
t2(A)o,(4)
o(d) = 04(4) + TW ...(5)
For triple glazing units :
o(d) = 04(4) +

2200, 11+ ogMlogn)] + tHAIRIex2)

.(6)
[1)5 oguieh] x [1 - e52do4)] - 13(0)ej(heq(h)

For glazing with more than three elements the same method as
described in 2.2 can be used.

2.4 Totalsolar energy transmittance
(solar factor)

2.4.1 Definitions

The total solar energy transmittance g is the sum of the solar
direct transmittance 7, and of the secondary heat transfer fac-
tor g; of the glazing towards the inside (see 2.4.3 and 2.4.6),
the latter resulting from heat transfer by convection and
longwave IR-radiation of that part of the incident solar radiation
which has been absorbed by the glazing :

g=Te+Qi (7)

2.4.2 Division of incident solar radiation

The incident solar radiation ¢, is divided into the following
three parts (see figure 1) :

— the transmitted part, 7.9,

the reflected part, 0,9,
— the absorbed part, a0,

where
T, is the solar direct transmittance (see 2.4.3);
0. s the solar direct reflectance (see 2.4.4);

o, is the solar direct absorptance (see 2.4.5).
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Figure 1 — Example of division of ‘the incident solar radiation

The relation between the three factors is
Te+ Qe+ g =1 ...(8)

The absorbed part a9, is subsequently split into two parts
q;9. and g, ¢, which are energies transferred to the inside and
outside respectively :

e =g+ g, ...(9)
where

g; is the secondary heat transfer factor of the glazing
towards the inside;

g, is the secondary heat transfer factor of the glazing
towards the outside.

2.4.3 Solar direct transmittance

The solar direct transmittance 7, of the glazing may be
calculated using the following equation :

(5] o
[ s;zndr X s;raal
A=0 A=0 V
To="— == ...(10)
[ sd2 Y 580
= 1=0

where

S, is the spectral distribution of the solar radiation (see
tables 2 and 3);

t(A) is the spectral transmittance of the glazing.

In the case of multiple glazing, the spectral transmittance 7(A)
can be calculated in accordance with 2.2.

Worldwide, two spectral distributions S, are used to calculate
the solar direct transmittance, one according to [5] and the
other according to the curve of P. Moon [8] for air mass 2. The
corresponding values S;AZ are given in tables 2 and 3. The
tables have been drawn up in such a way that p S; AL = 1.
Other spectral distributions, S;, meeting special climatic condi-
tions may also be used.

In most cases the differences in the solar direct transmittance
obtained with these distributions can be neglected. Only for
glazing materials with considerable differences in the transmit-
tance over the whole spectral region may noticeable deviations
come out. For all technical glazing materials, these differences
may amount to only a few percent.

Which distribution is used for the calculation of the
characteristic energy values shall be indicated.

NOTES

1 Contrary to real situations, it is always assumed, for simplification,
that the spectral distribution of the solar radiation (tables 2 and 3) is not
dependent upon atmospheric conditions (e.g. dust, mist, moisture
content) and that the solar radiation strikes the glazing as a beam and
almost normaily. The resulting errors are very small.

2 In the case of oblique incidence of radiation, the solar direct
transmittance of the glazing and the total solar energy transmittance
are both reduced, as explained in 2.2, note 2. The solar control effect
becomes greater in the case of oblique incidence of radiation.
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2.4.4 Solar direct reflectance

The solar direct reflectance o, of the glazing can be calculated
using the following equation :

>~
=8

o
So(A)di X Sj0l)AL
0 A=0
Qe = =~ — ...(11)
X S;AL
A=0

where

S, is the spectral distribution of the solar radiation (see
tables 2 and 3);

o(4) is the spectral reflectance of the glazing.

In the case of multiple glazing, the spectral reflectance o(4) can
be calculated in accordance with 2.3.

2.45 Solar direct absorptance

The solar direct absorptance a, can be calculated using
equation (8).

2.4.6 Secondary heat transfer factor towards
the inside

2.4.6.1 Boundary conditions

For the calculation of the secondary heat transfer factor
towards the inside, g;, the heat transfer coefficients of the
glazing towards the outside, h,, and towards the.inside, A;, .are
needed. These values mainly depend on the position of, the
glazing, wind velocity, inside and outside temperatures and
furthermore on the temperature of the two external glazing
surfaces.

As the purpose of this International Standard is to provide basic
information on the performance of glazing units, conventional
conditions have been stated for simplicity :

— position of the glazing : vertical;

— outside surface : wind velocity : approximately 4 m/s,
hemispherical emissivity = 0,83;

— inside surface : natural convection, emissivity optional.

Under these conventional, average conditions, standard values
for h, and h; are obtained :

h, = 23 W/(m2K)

44 &
B = 3,6 + —— W/(m2.K)
0,83

’

where ¢; is the hemispherical emissivity [for normal glass
& = 0,83 and h; = 8 W/(m2.K)].

If other heat transfer coefficients are used to calculate the
secondary heat transfer factor in order to meet special boun-
dary conditions, this shall be indicated.

NOTE — Lower values than 0,83 for ¢; (due to surface coatings with
higher reflection in the far infra-red) are only to be taken into account if
water condensation on the coated surface can be excluded.

2.4.6.2 Single glazing

The secondary heat transfer factor of a single glazing unit
towards the inside g; can be calculated using the following
formula:

hi

.= ——————— ...(12
: aehe+hi (12)

q

where

a, is the solar direct absorptance in accordance with
2.4.5;

h;and h, are the heat transfer factors towards the inside
and outside respectively in accordance with 2.4.6.1.

2.4.6.3 Double glazing

The secondary heat transfer factor of double glazing units
towards the inside g; can be calculated using the following
formula:

) eq T | Oep _1_+ 1 +L (13)
4= hq A m Ry A )T

where

240 is the solar absorptance of the outer sheet within the
double.glazing unit;

@y s the solar absorptance of the second sheet within the
double glazing unit;

A is the thermal conductance between the outer and
second sheet of the double glazing.

Coefficients a4 and a5 are calculated as follows :

el

S a;(A)r,(A)o,(A)
S;q aifd) + —————di
0

J 1 = 0llA)g,iA)
gy =~ — 2 ..(14)
S S, dA
A=0
as(d)T4(4)
S S*{1 2 (,1; (A)} o
= - o040
L2Y) =2 0 P ! z ...(15)
S S,dA
A=0

where

a4(A) is the spectral absorptance of the outer sheet,
measured in the direction of the incident radiation, given by
the relation

a,h) = 1 = 7,(4) = g,(A) ..(16)
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a4(1) is the spectral absorptance of the outer sheet, measured in the opposite direction to the incident radiation, given by the
relation

@j(A) = 1 - 7,04) - @}(d) .(17)

a,(A) is the spectral absorptance of the second sheet, measured in the direction of the incident radation, given by the relation

NOTE — The thermal conductance A is determined by the calculation method whenever possible or measuring methods (for example guarded hot
plate method [1]). Corresponding International Standards are in preparation. The determinations are carried out with the sample vertical, the

temperature difference across the sample being approximately 15 °C. The values are given for a mean sample temperature of 10 °C. Variations of
these temperatures have practically no influence on the values of g;.

2.4.6.4 Triple glazing

The secondary heat transfer factor of triple glazing towards the inside g; may be calculated using the following formula :

4= a93+ae3+ae2+ae3+ae2+ae1 L+_L+ 1 + 1 > (19)
' Ax Az he ki he A Axn

where

ag is the solar direct absorptance of the outer sheet within the triple glazing;
agy is the solar direct absorptance of the second sheet within the triple glazing;
a3 is the solar direct absorptance of the third sheet within the triple glazing;
A4, is the thermal conductance between the outer and second sheet;

Ayz is the thermal conductance between the second and third sheet.

Coefficients &g, @5 and a3 are calculated ‘as follows

o

1V VAT il - o4(A)g AR M2 (A)o4(A)
SSA{OHW+ 1ld)a;(A)ey Aoy 1lt5ld)aq(A)og 41

(1721210 % [T 0505t ] = 1200 (A)g4A)
Qg1 = RS ...(20)

S S,dA
A=0

T(Ma M1 = opMes)] + 7, Aas(A)oqlA)
A

CaZo 0 [ = ofel)] x [1 - ehleg)] — 3(2)ej(Aley(A) on
Qg =

o]
S S,dA
=0

A

T](/l)‘l'z(/l)a:;(/{)

S;
Caz0 1 -efen)] x [1 - eprlei)] — tZalej(AleslA) 22)
Qg3 =

o]
5 S;dA
=0

I ey @

A
where

a4(4), a3(A) and a,(A) are as defined in 2.4.6.3;

a,(4) is the spectral absorptance of ‘the second sheet, measured in the opposite direction to the incident radiation, given by the
relation

ay(d) =1 = 1,(4) — 95(4) ...(23)
a4(4) s the spectral absorptance of the third sheet, measured in the direction of the incident radiation, given by the relation

agfd) = 1= 1404) — o4(4) ...(24)
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The thermal conductances A, and A,3 are determined ac-
cording to the note in 2.4.6.3.

2.4.7 Total solar energy transmitted

The total solar energy transmitted into the room per unit area of
glazing @g; is given by the relation

Dei = P8 ...(25)

P T Y s Al £, . PRy SN T tmnidnndt anlar sadiatian
where @ IS e 1ux O e imnuiueit suiar  rauiauuii.
@¢-values can be obtained from appropriate tables in meteoro-
logical literature.

2.4.8 Additionai heat transfer

If the room temperature T; differs from the outside temperature
T,,, another heat transfer occurs in addition to ¢¢. This ad-
ditional heat flow g, is independent of solar radiation and can
be calculated as follows :

q,= U(T, - T) ..(26)

where U is the thermal transmittance of the)glazing.

2.5 UV-transmittance

In the UV-range, the global radiation/of the sunjonly;contains
components in the UVB-range (280 nm to 315 nm).;andxthe
UVA (315 nm to 380 nm). A standard distribution for the UV
part of the global radiation has been found (see [9]). Table 4
gives the values U, AA for intervals of 5 nm in the range of UVA
and UVB. The table has been drawn up with relative values in
such a way that X U;AL = 1 for the total UV-range.

The UV-transmittance tyy is calculated as follows :

380 nm 380
| Upriidi X
A= 280 nm A

Tuv = S 380 nm

nm
U,t(A)AA
=280 nm

= ...(27)

380 nm
U,di z U, AL
A =280 nm A =280 nm

where 7(A) is the spectral transmittance of the glazing (see 2.2).

NOTE — If statements are made about the UV-transmittance of glazing
units, it is in most cases sufficient to give tyyy,, the transmittance for
the total UV-radiation contained in the global radiation. Only in special
cases would there be any interest in the transmittance for the sub-
ranges UVA and UVB.

2.6 Colour rendering

The colour rendering properties of the transmitted daylight are
given by the general colour rendering index R. It is calculated

according to the test colour method which has been estab-
lished by the International Commission of lllumination (CIE) as
the recommended method of measuring and specifying colour
rendering properties of light sources (see [2]).

To determine the general colour rendering index R, of glazing
in transmission, Dgg is given as a reference illuminant and the
relative spectral distribution D;7(A) corresponds to the light
source to be investigated.

R, may reach a maximum value of 100. This will be achieved for
glazing the spectral transmittance of which is completely con-

stant in the visible spectral range.

Siar VisSi2i© Spellia

In the technique of illumination, general colour rendering
indices R, > 90 characterize a very good and values R, > 80

a good colour rendering.

Table 1 — Relative spectral power distribution D,
of illuminant Dgg multiplied by the spectral sensitivity
of the human eye V(1) and the spectral bandwidth A

A D, V()AL A D, VIAIAL
380 0,000 0 580 7,899 4
390 0,000 5 590 6,330 6
400 0,003 0 600 5,354 2
410 0,0103 610 4,249 1
420 0,035 2 620 3,150 2
430 0,094 8 630 2,081 2
440 | 0,227 4 640 1,381 0
450 0,419 2 650 0,807 0
460 0,666 3 660 0,461 2
470 0,985 0 670 0,248 5
480 1,518 9 680 0,1255
490 2,133 6 690 0,053 6
500 3,349 1 700 0,027 6
510 5,139 3 710 0,014 6
520 7,052 3 720 0,005 7
530 8,799 0 730 0,003 5
540 9,442 7 740 0,002 1
550 9,807 7 750 0,000 8
560 9,430 6 760 0,000 1
570 8,689 1 770 0,000 0
780 0,000 0

Table 2 — Relative spectral distribution of global solar
radiation (direct and diffuse) S, (see [5]) for air mass 1
multiplied by the spectral bandwidth A

e S, x S,
300 0,008 700 0,046
340 0,024 740 0,041
380 0,032 780 0,037
420 0,050 900 0,139
460 0,065 1100 0,097
500 0,063 1300 0,058
540 0,058 1500 0,039
580 0,054 1700 0,026
620 0,055 1900 0,018
660 0,049 2500 0,044




Table 3 — Relative spectral distribution of direct solar
radiation S; according to P. Moon [8] for air mass 2

multiplied by the spectral bandwidth A

A ;AL A ;AL
350 00128 1250 0,024 7
400 0,035 3 1300 0,018 5
450 0,066 5 1350 0,002 6
500 0,0813 1400 0,000 1
550 0,080 2 1450 0,001 6
600 0,078 8 1500 0,010 3
650 0,079 1 1550 0,014 8
700 0,069 4 1600 0,013 6
750 0,059 5 1650 0,018
800 0,056 6 1700 0,008 9
850 0,056 4 1750 0,005 1
900 0,030 3 1800 0,000 3
950 0,029 1 1850 0,000 0
1000 0,042 6 1900 0,000 0
1050 0,037 7 1950 0,0013
1100 0,019 9 2 000 0,001 3
1150 0,014 5 2 050 0,003 8
1200 0,025 6 2100 0,005 8
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Table 4 — Relative spectral distribution of the UV part
of the global radiation U; multiplied by the
spectral bandwidth AA

A
nm

U, AL

282,5
287,5
292,65
297,5
302,5
307,5
312,56
317,56
322,5
327,56
332,56
337,56
342,5
347,56
352,56
357,56
362,56
367,56
372,56
377,5

0,000 00
0,000 00
0,000 00
0,000 82
0,004 61
0,01373
0,027 46
0,041 20
0,055 91
0,065 72
0,070 62
0,072 58
0,074 54
0,076 01
0,077 00
0,078 96
0,080 43
0,083 37
0,086 31
0,090 73
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