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Foreword

ISO ( the ln ternat ional  Organizat ion for  Standardizat ion)  is  a wor ldwide
federat ion of  nat ional  s tandards bodies ( lSO member bodies) .  The work
of  prepar ing Internat ional  Standards is  normal ly  carr ied out  through ISO
technical committees. Each member body interested in a subject for
which a technrcal  commit tee has been establ ished has the r ight  to  be
represented on that  commit tee.  ln ternat ional  organizat ions,  governmental
and non-governmental ,  in  l iarson wi th lSO, a lso take par t  in  the work.  ISO
col laborates c losely wi th the ln ternat ional  Electrotechnical  Commission
( lEC) on a l l  mat ters of  e lect rotechnical  s tandardizat ion.

Draf t  ln ternat ional  Standards adopted by the technical  commit tees are
ci rcu lated to the member bodies for  vot ing.  Publ icat ion as an Internat ional
Standard requi res approval  by at  least  75o/o of  the member bodies cast ing
a vote.

Internat ional  Standard ISO 10291 was prepared by Technical  Commit tee
ISO/TC 160, G/ass in building, Subcommittee SC 2, Use considerations.
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Gf ass in building - Determination of steady-state U
vafues (thermal transmittancel of multiple glazing -
Guarded hot plate method

1 Scope

This Internat ional  Standard speci f  ies a measur ing
method used to determine the coef f ic ient  of  thermal
t ransmrt tance,  the U-value,  of  mul t ip le g laz ing wi th
f la t  and paral le l  sur faces,  inc luding casi  and f igured
rol led g lass.

I t  appl ies to mul t ip le g laz ing wi th outer  panes which
are not  t ransparent  to  far- in f rared radiat ion,  which is
the case for  normal  window glass.  However in ternal
e lements may be far- in f rared t ransparent .

2 Normative references

The fo l lowing standards conta in prov is ions which,
through reference in th is  text ,  const i tu te prov is lons
oi  th is  ln ternat lonal  Standard.  At  the t ime of  oubl i -
cat ion,  the edi t ions indicated were val id .  Al l  s tandards
are subject  to  rev is ion,  and par t ies to agreements
based on th is  Internat ional  Standard are encouraged
to invest igate the possib i l i ty  of  apply ing the most  re-
cent  edi t ions of  the standards indicated below.
Members o i  IEC and ISO mainta in regis ters of  cur-
rent ly  va l id  Internat ional  Standards.

ISO 8302:1991, Thermal insulation - Determination
of steady-state thermal resistance and related prop-
erties - Guarded hot plate apparatus.

ISO 10292:1994. G/ass in building - Calculation of
steady-state U values (thermal transmittance) of mul-
l i n l a  n l a z i n a

3 General

This ln ternat ional  Standard makes oossib le the deter-
minat ion of  the coef f ic ient  of  thermal  t ransmit tance,
the U-value,  in  the centra l  area of  the mul t ip le g laz ing.
Edge ef fects,  due to the thermal  br idge through the
spacer of  a sealed g laz ing uni t  or  through the f rame
are not  inc luded.  Nei ther  is  energy t ransfer  due to
solar  radiat ion taken into account .

The determinat ion of  the coef f  ic ient  of  thermal
t ransmit tance is  per formed for  condi t ions which wi l l
correspond to the average s i tuat ion for  g laz ing in
practice. In this way a fair comparison between dif-
ferent  products becomes possib le.

4 Basic equations and units

The coefficient of thermal transmittance, the U-value,
cf  g laz ing character izes the heat  t ransfer  through the
centra l  par t  of  the g laz ing,  i .e .  wi thout  edge ef fects,
and defines the steady-state density of heat transfer
per  uni t  o f  t ime,  per  sur face area uni t  and per  tem-
perature difference between the ambient tempera-
tures on each side. The U-value is given in watts per
square merre kelv in tW/(m'?.K)1.
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The U-value depends on the thermal resistance of the
mult iple glazing and the external and internal surface
heat transfer coeff ic ients according to the fol lowing
relat ion.

where
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measures 500 mm x 500 mm. The cool ing units
have surface dimensions at least as large as those o{
the heat ing unit ,  including the guard heater.

The specimens shal l  be of such a size as to cover the
heating unit surface completely. Additional edge in-
sulat ion and/or auxi l iary guard sect ions are required
as stated in ISO 8302.

7 Specimen dimensions

The specimens shal l  be square and preferably be
800 mm x 800 mm. The maximum range is  f rom
750 mm x 750 mm to 850 mm x 850 mm.

The two specimens needed for  measurement  shal l
be as near ly  ident ica l  as possib le.  The d i f ference in
th ickness between the two specimens,  measured at
the edges, shall not be more than 2 %.

The specimen sur faces shal l  be paral le l .  This  is  a lso
required for specimens with a textured surface (cast
g lass,  f igured ro l led g iass) .

I Preparation of specimens

The sum of  bowing or  d ish ing of  the outer  panes in
the central area of the specimens shall not exceed
0,5 mm. The check of  bowing or  d ish ing ef fects shal l
be carr ied out  af ter  cool ing the specimens unt i l
i so the rma l  equ i l i b r i um i s  reached  a t  10 'C ,  and  by
measur ing immediate ly  before the specimens are
posi t ioned in the measurement  apparatus.

In the case of  too h igh a bowing,  a correct ion of  the
th ickness of  the specimens in the centra l  area may
be made by a corresponding pressure reduction. ln
the case of  too h igh a d ish ing,  a correct ion by in-
ser t ion of  a i r  is  onlv  a l lowed i f  the needed correct ion
does not  exceed 0.5 mm.

I Measurements

The measurements are usual ly  made wi th the speci -
mens venrcal .

To ensure suf f ic ient  contact  between the specimens
and the adjacent surface plates, pieces of natural
rubber sponge about  3 mm th ick are used.

Measurements are per formed at  a mean temperature
for  each specimen of  (10 + 0,5)  "C.  The mean tem-
perature difference between the hot and cold speci-
men  su r faces  i s  (15  +  1 ) 'C .
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h" is the external surface heat transfer coef-
f ic ient ,  in  wat ts  per  square metre kelv in

ry7(m' 'r) l ;
ft, is the internal surface heat transfer coef-

ficient, in watts per square metre kelvin
rwr (m'z.r)t

ln  accordance wi th th is  Internat ional  Standard.  the
thermal  res is tance of  mul t ip le g laz ing is  measured
using the guarded hot plate method. The U-value is
then der ived f rom equat ion (1) .

5 Br ief  out l ine of  measur ing method

The thermal  res is tance of  the mul t ip le g laz ing is  de-
termined by means of  the guarded hot  p late method
la id down rn ISO 8302,  respect ing i ts  deta i led rec-
ommendat ions.

With in th is  context  fur ther  requi rements are necess-
ary.  The s izes of  the test  specimens and the per-
formance of  the measurements are la id down to meet
specia l  requi rements for  measur ing mul t ip le g laz ings
(see c lauses 6 to 9) .

6 Test apparatus

The measurement equipment is a two-specimen ap-
paratus.  F igure '1 g ives a general  out l ine of  th is  appar-
atus inc luding some requirements speci f ic  to  the
measurement  of  mul t ip le g laz ings.

Two near ly  ident ica l  square specimens are p laced e i -
ther  s ide of  a heat ing uni t .  The thermal  f lux f lows
through the specimens to the cool ing uni ts .

The heat ing uni t  consis ts  of  a separate centra l  me-
ter ing sect ion,  where the unid i rect ional  constant  heat
f lux can be establ ished surrounded by a guard sect ion
separated by a narrow gap. The metering section

2
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Dimensions in mi l l imetres
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Metering area heater

Metering area surface plates

Guard section

Guard surface plates

Cooling units

Cooling unit surface plates

Spec imens

Rubber sponge

lnsulat ing material

Metering section of heating unit

Guard section of heating unit
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10 Galculation and expression of resufts

10.1 Thermal resistance of mult iple glazing

The thermal resistance, R, in square metres kelvin per
*att  . ( . ' . f /W), is calculated with the fol lowing
equatron:

2A(7, _ T"\
R : - - : - _ l - - - : j -  . . . ( 2 )

wnere

A is the meter ing area, in square metres;

T1 is the average specimen hot side tem-
perature, in kelvins;

Tz is the average specimen cold side tem-
perature, in kelvins;

@ is the average power supplied to the cen-
tral section of the heating unit, in watts.

10.2 Coefficient of thermal transmittance

The coeff ic ient of  thermal transmit tance. U, is calcu-
lated according to equat ion (1).

For normal mult ip le glazing, i .e.  glazing without a
low-emissjvity coating on the outer surface, the fol-
lowing values {or the surface heat trans{er coef-
f ic ients are used:

- internal surface heat transfer coeff ic ient:
4 : a wl(m'?'r)

- external surface heat transfer coefficient:
he:  23 wl(m'? ' r )

NOTE 1 The reciprocai values of lo and 4, expressed to
two significant decimals, are as follows:

l lhe:0,04 m' .K1W and 1 lh,= 0,13 m2.KiW

For mul t ip le g laz ing wi th a low-emiss iv i ty  coat ing fac-
ing inward, ftr, in watts per square metre kelvin, is
modi f ied according to the fo l lowing equat ion:

h,:3,6 + a'+ 0fu7

where a is the corrected emissivrty of the surface for
room temperature radiat ion (e :0,837 for window

◎ |So

glass). The corrected emissivity is determined as in
tso 10292.

NOTE 2 Values for e lower than 0,837 (due to low-
emissivity coatings) should only be taken into account if
water condensation on the coated surface can be excluded.

lmprovements of the U-value due to external-facing coated
surfaces should not be taken into account.

lf other values of ft" and /r; are used to meet special
conditions, these values shall be indicated in the test
repon.

11 Test report

The test report shall indicate the following elements:

a) ident i f icat ion of specimens:

- length, in mi l l imetres,

-  width, in mi i l imetres,

-  thlckness measured at the edges, in mi l l ime-

- thickness of the glass panes, in mi l l imetres,

- thickness o{ gas space measured at the
edges, in mi l l imetres,

-  type of gas f i l l ing,

- position of any lR-reflecting coating(s),

-  bowing or dishing, in mi l l imetres;

b) cross-section of the specimen: a figure shall show
the structure of the specimen (position and thick-
ness of glass panes, posi t ion and thickness of gas
spaces, type of gas f i l l ing, posi t ion of lnternal foi ls,
posi t ion of lR-ref lect ing coat ings, etc.) ;

c) measurement results:

- mean surface temperature on the hot side of
the specimens, in kelvins,

- mean surface temperature on the cold side of
the specimens, in kelvins,

4
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- mean temperature difference between the hot - /r, and fte, in watts per square metre kelvin, if
and cold sides of the specimens, in kelvins, non-standardized values have been used,

- mean temperature of the specimens, in - U-value, in watts per square metre kelvin (to
kelv ins,  one decimal  p lace) .

- thermal resistance, in square metres kelvin per
watt (to three significant f igures),
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