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0 ISO ISO 877:1994(E) 

Foreword 

ISO (the International Organization for Standardization) is a worldwide 
federation of national Standards bodies (ISO member bodies). The work 
of preparing International Standards is normally carried out through ISO 
technical committees. Esch member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard ISO 877 was prepared by Technical Committee 
ISO/TC 61, Plastics, Subcommittee SC 6, Ageing, chemica/ and environ- 
mental resis tance. 

This second edition cancels and replaces the first edition (ISO 877:1976), 
which has been technically revised. 

Annex A forms an integral part of this International Standard. Annexes B 
and C are for information only. 

. . . 
Ill 
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Introduction 

Outdoor-exposure tests of the type specified in this International Standard 
are needed to evaluate the Performance of plastics when exposed to 
daylight. The results of such tests should be regarded only as an indication 
of the effect of exposure to direct weathering (Method A), or to indirect 
weathering using glass-filtered daylight (Method B) or to intensified day- 
light (Method C) by the methods described. Results obtained after ex- 
posure for a given time may not be comparable to those obtained after 
other exposures of equal time using the Same method. When identical 
materials are exposed at different times for extended periods of several 
years, they generally show comparable behaviour after equal-exposure in- 
tervals. However, even in long-term tests, the results may be affected by 
the season in which the tests are started. This is particularly true when 
exposure tests are performed in accordance with Method C, using the 
Fresnel-reflecting concentrators described in this International Standard. 

Fresnel-reflecting concentrators of the type described in Method C, which 
employ solar radiation as the Source of ultraviolet light, are utilized to pro- 
vide accelerated outdoor-exposure testing of many plastics materials. 

However, some plastics materials, especially those that may tend to be 
comparatively moisture-sensitive, may not exhibit losses in certain 
properties at the same rate as in outdoor, natura1 exposures. 

The results of short-term outdoor-exposure tests tan give an indication of 
the relative outdoor Performance, but should not be used to predict the 
absolute long-term Performance of a material. Even results of tests carried 
out for longer than 24 months tan show an effect of the season in which 
the exposure was started. Comparisons of non-full-year exposure will ex- 
hibit seasonal effects. 

A System of classifying and characterizing climates in different Parts of the 
world is given in annex B. 

lt is noted that the test method Chosen is usually designed to expose the 
material to the most severe conditions associated with any particular cli- 
mate. lt should, therefore, be borne in mind that the severity of exposure 
in actual use is, in most cases, likely to be less than that specified in this 
International Standard, and allowance should be made accordingly when 
interpreting the results. For example, vertical exposure at 90” from the 
horizontal is considerably less severe in its effects on plastics than near- 
horizontal exposure, particularly in tropical regions, where the sun is most 
powerful at high zenith angles. 

Polar-facing surfaces are much less likely to be degraded than equator- 
facing surfaces because they are less exposed to solar radiation. However, 
the fact that they may remain wet for longer periods may be of signifi- 
cance for materials affected by moisture. 
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INTERNATIONAL STANDARD 0 ISO ISO 877:1994(E) 

Plastics - Methods of exposure to direct weathering, 
to weathering using glass-filtered daylight, and to 
intensified weathering by daylight using Fresnel 
mirrors 

1 Scope 

This International Standard specifies methods of ex- 
posing plastics to solar radiation, either by direct ex- 
posure to natura1 weathering (Method A), to indirect 
solar radiation by modification of its spectral distribu- 
tion with glass to simulate ageing of plastics behind 
building or automotive window glass (Method B), or 
to solar radiation intensified by the use of Fresnel 
mirrors to achieve acceleration of the weathering 
processes (Method C). The purpose is to assess 
changes produced after specified stages of such ex- 
posures. 

This International Standard specifies the general re- 
quirements for the apparatus and operating pro- 
cedures for using the test methods described. 
Although this International Standard does not include 
direct weathering using black-box test fixtures, atten- 
tion is drawn to this method of exposure testing of 
materials under conditions simulating their end-use 
temperatures? 

Methods B and C exclude the effects of weathering 
influences such as wind and rain, although the 
Method C apparatus used to produce intensified solar 
radiation is equipped to provide moisture in the form 
of water Spray. 

When comparing the results of exposure using 
Method C with results using Methods A and B, dif- 
ferences in specimen temperatures, ultraviolet radiant 
exposure levels and moisture deposition should be 
taken into account. Additionally, when comparing 

Method C exposures to Method B exposures, the 
glass or other transparent materials used as filters 
should be identical. Exposure results being compared 
should be for ultraviolet radiant exposure levels that 
agree closely with each other. 

This International Standard also specifies methods for 
determining radiation dosage. The methods are appli- 
cable to plastics materials of all kinds and to products 
and portions of products. 

NOTE 1 For the determination of changes in properties 
after exposure, see ISO 4582. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publica- 
tion, the editions indicated were valid. All Standards 
are subject to revision, and Parties to agreements 
based on this International Standard are encouraged 
to investigate the possibility of applying the most re- 
cent editions of the Standards indicated below. 
Members of IEC and ISO maintain registers of cur- 
rently valid International Standards. 

ISO 105-AOl :-*), Textiles - Tests for colour fastness 
- Part AO?: General principles of testing. 

ISO 105-AO29 993, Textiles - Tests for colour fast- 
ness - Part AO2 Grey scale for assessing Change in 
colour. 

1) ASTM G 7-89, Standard practice for atmospheric environmental exposure testing of nonmetallic materials and ASTM 
D 4141-82 (reapproved 1987), Standard practice for conducting accelerated outdoof exposure tests of coatings. 

2) To be published. (Revision of ISO 105-AO1:1989) 
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ISO 877:1994(E) 0 ISO 

ISO 105-BOI :1989, Textiles - Tests for colour fast- 
ness - Part BOI: Colour fastness to light: Daylight. 

ISO 291: 1977, Plastics - Standard atmospheres for 
conditioning and tes ting. 

ISO 293: 1986, Plastics - Compression moulding test 
specimens of thermoplastic ma terials. 

ISO 294: 1975, Plastics - Injection moulding test 
specimens of thermoplastic ma terials. 

ISO 2557-1: 1989, Plastics - Amorphous thermoplas- 
tics - Preparation of test specimens with a specified 
maximum reversion - Part 1: Bars. 

ISO 2818:1994, Plastics - Prepara tion 0 f test speci- 
mens by machining. 

ISO 3167:1993, Plastics - Multipurpose test speci- 
mens. 

i SO 4582: 1980, Plas tics - Determination of changes 
in colour and variations in properties after exposure to 
daylight under glass, natura/ weathering or artificial . 
Irgh t . 

ISO 4892:1981, Plastics - Methods of exposure to 
laboratory light sources. 

WMO, Guide to meteorological instruments and 
methods of Observation, WM0 No. 8, Fifth Edition, 
World Meteorological Organization, Geneva, 1983. 

3 Definitions 

For the purposes o f this International Standard, the 
follo wing definitions aPPlY. 

3.1 direct (beam) solar radiation: Solar flux, com- 
ing from a small solid angle centred on the sun’s disc, 
incident on a surface perpendicular to the axis of that 
solid angle. 

Convention dictates that the plane angle of direct 
radiation is about 6”. 

3.2 direct weathering; direct exposure: By con- 
vention, weathering (or exposure) due to 
incident on a surface, which is unmodified 
transmission through transparent materia 
flection by mirrors. 

33 . Fresnel-reflector System: Flat mirrors arranged 
in an array such that they reflect onto a target having 
an illuminated area which simulates the shape and 
size of the flat mirror. 

radiation, 
by either 
s or re- 

3.4 natura1 weathering: Long-term exposure of 
materials to the elements, usually conducted on 
fixed-angle or seasonally adjusted racks (see ASTM 
G 7-89”). 

These exposures are used to assess the effects of 
environmental factors on various functional and 
decorative Parameters of interest. 

3.5 pyrheliometer: Radiometer used to measure 
the direct (beam) solar irradiance incident on a surface 
normal to the sun’s rays. 

3.6 pyranometer: Radiometer used to measure the 
total solar radiant energy incident upon a surface per 
unit time per unit area. 

The energy measured includes direct and diffuse 
radiant energy as weil as radiant energy reflected 
from the background. 

4 Principle 

Spetimens or, if required, sheets or other shapes 
from which specimens tan be tut, are exposed to di- 
rect natura1 daylight, or to window glass-filtered day- 
light, or to intensified sunlight using a Fresnel-mirror 
concentrator, as specified. After the prescribed ex- 
posure interval, the specimen(s) are removed from 
exposure and tested for changes in Optical, mech- 
anical or other properties of interest. The exposure 
Stage may be a given interval of time, or may be ex- 
pressed in terms of a given total solar or solar- 
ultraviolet-radiation dosage. The latter is preferred 
whenever the main objective of the exposure is to 
determine resistance to light ageing, since it mini- 
mizes the effect of variations in the quality and inten- 
sity of solar radiation with climate, location and time. 

Methods of assessing the radiation dosage may 
comprise one or more of the following: 

- instrumental means of measuring irradiance, and 
means for integration to give the light dosage over 
a period of time; 

- evaluation of physical Standards which Change in 
colour or in other weil-defined properties upon ex- 
posure to light, the degree of Change indicating the 
light dosage. 

Unless otherwise specified, test pieces for the deter- 
mination of Change in colour and Change in mech- 
anical properties are exposed in an unstrained state. 

Climatic conditions and variations thereof during the 
test are monitored and reported with other conditions 
of exposure. 
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0 ISO ISO 877:1994(E) 

5 Apparatus 5.2 Fixture for exposure testing using 
Method A 

5.1 General requirements 

Exposure equipment consisting essentially of an ap- 
propriate test rack shall be used. The rack, holders 
and other fixtures shall be made from inert materials 
that will not affect the test results. Noncorrosive alu- 
minium alloy, stainless steel or ceramics have been 
found suitable. Certain timbers that have been suit- 
ably impregnated with preservatives such as copper- 
chromium-arsenic mixtures or that have been shown 
not to interact with exposure tests may be used. 
Materials having thermal properties which differ from 
these materials may give different results. Copper or 
zinc or their alloys, iron or steels other than stainless 
steels, galvanized or plated metals or timbers other 
than those above should not be used in the vicinity 
of the test specimens. 

When installed, the racks employed in test methods 
A and B shall be capable of providing the desired an- 
gle of inclination (see 7.1), and shall be such that no 
Portion of the test pieces shall be closer than 0,5 m 
to the ground or to any other obstruction. Spetimens 
may be mounted directly on the rack, or in suitable 
holders which are then affixed to the rack. Mounting 
fixtures shall be secure, but should apply as little 
stress as possible to the specimens, and should per- 
mit shrinkage, expansion or warping to occur without 
constraint, so far as possible. 

If backing is necessary to support the test pieces or 
to simulate special end-use conditions, such backing 
shall be of inert material. Spetimens that require 
support to prevent sagging of the test piece, but do 
not require backing to elevate the temperature, or re- 
quire no “solid” backing, should be supported with 
fine-Strand wire netting, or slit-expanded aluminium 
or stainless steel backing. 

NOTE 2 For tests on finished products, it is rec- 
ommended that, wherever possible, the fixtures should 
closely simulate those used in practice. 

lt is essential that the condition of the apparatus used 
in the two indirect-exposure methods (Methods B and 
C) be monitored to ensure that spectrum-modifying 
changes do not occur on ageing. For this reason the 
spectral transmittance of the glass for Method B test, 
and the specular spectral reflectance of the mirror 
System for Method C tests, must be periodically 
measured. Alternatively, the glass or the mirrors 
should be periodically replaced in their respective ap- 
paratus. 

The design of the rack shall be suited to the types of 
pieces being tested, but for many purposes a flat 
frame mounted on a support is suitable. This frame 
shall consist of rails of approved timber or other ap- 
proved materials to which the test specimens them- 
selves, or suitable specimen holders, may be secured. 
The test fixture may be adjustable with respect to 
both solar altitude (i.e. tilt) and azimuth. 

5.3 Fixture for exposure testing using 
Method B 

The test fixture consists of either a test rack, or 
open-bottomed box, with a framed lid of appropriate 
window, Windscreen or automotive side-window 
glass. The enclosure shall be equipped with a rack 
that is positioned in a plane parallel to that of the glass 
cover, on which specimens may be mounted directly 
or in suitable holders. The test fixture may be adjust- 
able with respect to both solar altitude (i.e. tilt) and 
azimuth. A schematic of an acceptable under-glass 
exposure case is shown in figure 1. 

Sufficient space between the lid and the rack is 
necessary to ensure adequate Ventilation; a minimum 
of 75 mm has been found suitable. To minimize 
shadows, the usable-exposure area under the glass 
shall be limited to the area of the glass cover with di- 
mensions reduced by the distance from the cover to 
the specimens. 

The glass used for the lid shall be flat, uniformly 
transparent and without defects. For exposure testing 
under building-window glass, Single-strength glass of 
2 mm to 3 mm thickness having a transmittance of 
approximately 90 % at wavelengths in the visible 
range of the spectrum from 370 nm and 830 nm and 
a transmittance of less than 1 % at wavelengths of 
300 nm to 310 nm and shorter, is recommended. To 
maintain these characteristics, it is usually necessary 
to replace the glass at intervals of not more than two 
years. 

Other types of glass or glazing materials may be used 
as agreed upon by the interested Parties. 

NOTE 3 Exposure under glass may give rise to different 
results compared to exposure to the open atmosphere be- 
Cause of a differente in spectral distribution and a differente 
between under-glass and open-air temperature. 
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5.4 Apparatus for exposure testing using 
Method C 

The test fixture is a Fresnel-reflecting concentrator 
device comprising 10 flat mirrors that focus direct 
solar radiation onto an air-cooled Sample area. The 
mirrors shall be arranged to simulate tangents to a 
parabolic trough such that they reflect sunlight uni- 
formly onto the specimens mounted in the target 
area. An essentially complete description of the ap- 
paratus is given in documentation cited in annex C. 
A schematic of the device is shown in figure2. 

The test machines are usually deployed with their 
axes oriented in a north-South direction such that the 
mirror System faces the equator. The opposite polar- 
facing end is altitude-adjustable to account for 
seasonal variations in solar altitude at zenith. 

The plane of the mirror System shall be maintained 
at a near-normal orientation to the beam component 
of solar radiation by a sun-tracking mechanism. The 
tracking mechanism usually consists of two 
photoreceptor cells that are installed on top of the 
wind tunnel such that they face the sun. A “T” 
shadow maker is mounted above the cells so that 
one-half of each cell is equally illuminated when the 
machine is in focus. As one cell receives more solar 
radiation than the other, the balance is disturbed and 
a Signal is furnished through a null-operated d.c. 
amplifier to a reversible motor which then adjusts the 
machine to maintain focus. 

An alternative approach is to use a computer- 
controlled tracking System that adjusts the azimuth 
and altitude with respect to the sun throughout the 
year. Alternatively, a clock drive that maintains the 
device’s azimuthal Position with respect to the sun 
may also be used. 

The test machine’s effective target area is slightly less 
than the dimensions of the mirrors used, and is typi- 
cally 130 mm x 1 400 mm. The mirrors shall pos- 
sess a high specular spectral reflectance in the 
ultraviolet and visible wavelength regions from 
295 nm to 700 nm. The mirrors shall be adjusted such 
that the nonuniformity of intensified solar radiation in 
the target plane is less than 5 %. The mirrors em- 
ployed on Fresnel-reflector test machines shall be flat 
and shall have a specular spectral reflectance of 
65 % or greater at 310 nm wavelength.3) 

The apparatus shall be provided with a mounting area 
for affixing a removable Optical-mirror Sample having 
a minimum area of 25 mm*. The essential require- 
ment is that the Optical-mirror specimen be manufac- 
tured from the same batch and lot as the mirror 
stock-material used to irradiate the target Sample 
area. The Optical-mirror Sample is mounted simul- 
taneously with the mirrors used to irradiate the sam- 
ple area, and its specular spectral reflectance shall be 
periodically measured. 

NOTE 4 The degree of weathering acceleration provided 
by the apparatus is greatest when operated in dry, desert 
or high altitude climates. 

Water sprayed on the specimen shall be free of silica 
(less than 0,Ol mg/litre) and contain less than 
20 mg/litre total solids. Distillation or demineralization 
of the water may be required. All material which 
Comes into contact with specimen Spray water shall 
be of a nature that will not contaminate the water.4) 

The test machines shall be equipped with a mech- 
anism for delivery of water Spray to the samples dur- 
ing irradiation. Use of specific Spray cycles relates to 
the end-use application of the plastics material. 

3) This tan be measured using ASTM E 903-82 (1988). Test method for solar absorptance, reflectance, and transmittance of 
materials using integrakg spheres, or an equivalent method. 

4) A Hach Model SI-7 low-range silica test kit may be used. This information is given for the convenience o-f usess of this 
International Standard and does no% constitute an er:dorsenxr:2 b‘; BSC cf ?he o:odi:ict i nfji-9@& Eqjb&nt I-)lf4@JV1,c9 f-qEy be tisecl 
if they c=an be shown ts lead ts the sa-m results 
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Dimensions in miliimetres 
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Figure 1 - Typical exposure case for weathering of plastics using glass-filtered daylight 
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A Air Plenum 
B Air blower 
C Rotor assembly 
D Turntable assembly 
E A-frame assembly 
F Mirror 
G Gear box, elev drive 
H Control box 

J M 

I 
J 
K 
L 
M 
N 
0 
P 

Gear box, azimuth drive 
Air flow switch 
Water Spray nozzle 
Clutch disc, elev drive 
Solar cells/shadow hat 
Sample protection door 
Door release mechanism 
Air deflector 

a) Schematic of machine 
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Sun 
Air Plenum (end view) 

-7 

Target board 

Test specimen 

Centre of gravity 
and rotation -\ 

SkY 
radia 

Mirror bed 

b) Schematic of Optical System 

Figure 2 - Fresnel reflecting concentrator accelerated weathering machine 

5.5 Apparatus for measurement of climatic 
factors 

5.5.1 Apparatus for measurement of solar 
radiation 

5.5.1 .l Pyranometers 

Pyranometers shall meet or exceed the requirements 
for a second class instrument as defined by the World 
Meteorological Organization (WMO). In addition, 
pyranometers shall be calibrated at least annually, and 
their calibration factor shall be traceable to the world 
radiometric reference (WRR) (see the WM0 Guide, 
chapter 9). 

tion 

5.5.1.2 Pyrheliometers 

Pyrheliometers shall meet or exceed the require- 
ments for a first class instrument as defined by the 
World Meteorological Organization (WMO). In addi- 
tion, pyrheliometers shall be calibrated at least annu- 
ally, and their calibration factors shall likewise be 
traceable to the world radiometric reference (WRR). 

5.5.1.3 Total ultraviolet radiometers (TUVRs) 

When used to define exposure stages, TUVRs shall 
have a bandpass that maximizes the acceptance of 
radiation in the 300 nm and 400 nm wavelength re- 
gion, and they shall be cosine-corrected to include ul- 
traviolet sky radiation. Commercially available TUVRs 
require semi-annual calibration Checks if they are de- 

7 
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ployed between 40” north and 40” South latitudes 
(annual calibrations are satisfactory if deployed out- 
side this band). 

5.5.1.4 Narrow-band ultraviolet radiometers 
(NBUVRs) 

When used to define exposure stages, NBUVRs shall 
be cosine-corrected if used in conjunction with either 
natura1 fixed angles or glass-filtered exposures; they 
shall possess an acceptance angle that exceeds the 
mirror system’s effective field-of-view if used in con- 
junction with intensified solar-radiation exposure test- 
ing using a Fresnel-reflecting concentrator. In either 
case, they shall be calibrated at least every six 
months, or more often if required to ensure stability 
of their instrument constants. 

5.5.2 Dyed blue wool references 

When used to define exposure Stages, blue wool ref- 
erences shall be used in conformance with 
ISO 105BOI (see annex A). 

5.5.3 Other climate-measuring instruments 

Instrumentation required for the measurement of air 
temperature, Sample temperature, relative humidity, 
rainfall, wet time and sunshine hours shall be appro- 
priate to the exposure method used, and shall be 
agreed upon between the Parties involves. 

NOTE 5 Time-of-wetness measurements are usually de- 
termined by methods that employ galvanic cells, or similar 
“electrical” means.5) 

6 Test specimen 

6.1 Form and preparation 

The dimensions of the test specimen(s) shall be those 
specified in the applicable test method or specification 
for the property or properties to be measured after 
exposure, unless a Sample is required to be exposed 
in the form of a sheet or other shape from which the 
test specimen(s) tan later be tut for specific tests. 

If the material to be tested is an extrusion or moulding 
compound in the form of granules, Chips or other raw 
state, specimens shall be produced directly from it by 
an appropriate method, or a sheet shall be made from 
it by an appropriate method and the specimens tut 
from the sheet. The method used shall be agreed by 
the interested Parties and should be closely related to 
the method by which the material is to be processed 

by the User. For preparation of test specimens, use 
ISO 293, ISO 294, ISO 2557-1 and ISO 3167, as ap- 
propriate. 

If the material to be tested is in the form of an 
extrusion, moulding, sheet, etc., test specimens may 
be prepared from the materials either before or after 
exposure, depending on the specific requirements of 
the tests and the nature of the material. For example, 
materials which embrittle markedly on weathering 
shall be exposed in the form in which they are to be 
tested, since subsequent machining is difficult; on the 
other hand, materials such as laminates, which may 
delaminate at the edges, should be exposed in sheet 
form and the specimens should be tut after exposure. 

NOTE 6 For the preparation of test specimens by ma- 
chining, see ISO 2818. 

When the behaviour of a specific type of article is to 
be established, the article itself should be exposed 
wherever possible. Such articles or portions large 
enough for test purposes shall be exposed as they 
are. In cases where pieces of material are exposed 
and test specimens tut from them afterwards, the 
exposed weathered surface shall not be removed. 

Test specimens tut from exposed sheet shall be 
taken from sheet at least 20 mm from the edge, and 
from fixtures holding the material, or from supports 
that are not intended to simulate the conditions of 
exposure of the materials in Service. Under no cir- 
cumstances shall any of the material be removed 
from the front exposed face during the test specimen 
preparation. 

Only test pieces of similar dimensions and having ap- 
proximately the Same exposed areas shall be com- 
pared. 

62 . Number of test specimens 

The number of test pieces for each test condition or 
exposure Stage shall be at least that specified in the 
appropriate test method for the property or properties 
to be measured after exposure. 

NOTE 7 For the determination of mechanical properties, 
it is recommended that the number of test specimens to 
be exposed be twice that required by the relevant Interna- 
tional Standard (due to the large Standard deviation known 
to occur in measuring the mechanical properties of 
“weathered” plastics). 

The total number of test specimens required will be 
determined by the necessity for measurement of ini- 

5) The method described in ASTM G 84 is used in the United States and Canada to measure time-of-wetness. 
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tial values and the values after each of a number of 
exposure stages. 

6.3 Conditioning and storage 

If test specimens are to be obtained by machining and 
if it is necessary to precondition the Sample to facili- 
tate specimen preparation, the details of such pre- 
conditioning shall be recorded. 

Before testing, the test pieces shall be conditioned 
as applicable in accordance with the requirements of 
the material specification and the test procedure to 
be used; the conditioning procedure used shall be re- 
corded in accordance with the applicable descriptions 
given in ISO 291. If the conditioning period used ex- 
ceeds the minimum period specified in ISO 291 be- 
Cause the results of subsequent tests would 
otherwise be significantly affected (for example, in the 
case of test pieces of materials where the property 
to be measured is very sensitive to moisture content 
and/or the test pieces have been exposed to climatic 
extremes), the minimum conditioning period used 
shall be recorded. 

The control samples shall be stored in the dark under 
normal laboratory conditions, preferably in one of the 
Standard atmospheres given in ISO 291. 

NOTE 8 Som e materials will Change colour during stor- 
age in the dark, particularly after weathe ring. 

7 Test conditions 

7.1 Exposure aspect for test Methods A 
and B 

The exposure aspect shall be fixed, facing the 
equator, and at an angle of tilt from the horizontal 
Chosen in accordance with one of the following con- 
ditions, depending upon the purpose of the exposure 
test. 

a) For maximum annual exposure to total solar radi- 
ation at most mid-latitude regions of the world, 
and in the absence of an overriding specification, 
the tilt angle from horizontal shall be the site lati- 
tude angle minus IO”. 

b) For maximum annual exposure to solar ultraviolet 
radiation in the band bound f 
and 40” South, the tilt ang 
be 5” to 1 O”? 

?d by latitude 40” north 
e from horizontal shall 

ISO 877:1994(E) 

NOTE 9 At equatorial to mid-latitude desert sites, the 
maximum annual exposure to solar ultraviolet radiation 
is more closely approximated by exposing at a tilt of the 
latitude angle divided by 2. 

c) Any other specific angle between IO” and 90” 
from the horizontal. 

NOTE IO Option c) may be used to obtain results 
relevant to special purposes; for example, vertical ex- 
posure may be required to simulate conditions on the 
face of a building, or 45” may be used for comparison 
with established data bases. 

7.2 Exposure sit6 

7.2.1 Test sites for Methods A and B 

Exposure test sites shall be on open ground well 
away from trees and buildings. For exposure at tilt 
angles of 45” facing the equator, no obstruction, in- 
cluding adjacent racks, in an easterly, westerly or 
equatorial direction, shall subtend a vertical angle 
greater than 20”, or in a polar direction greater than 
45”. For exposures at tilt angles of less than 30”, ob- 
structions shall not subtend an included angle 
greather than 20” in the polar direction. Unless Service 
conditions dictate otherwise, natura1 soil covering is 
recommended, for example, grass in temperate re- 
gions, or stabilized sand in desert regions. Vegetation 
shall be kept tut low. 

Additionally, for some applications, it may be desirable 
to include exposure in uncleared areas in jungle or 
forest regions in Order to assess the effects of bio- 
logical growth, termites and rotting Vegetation. In 
choosing such sites, care shal 
that: 

a) the uncleared site is truly 
general environment; 

b) 

be taken to ensure 

epresentative of the 

the exposure facilities and access paths do not 
grossly interfere with or modify the environment. 

NOTE 11 To obtain the most reliable results, 
weathering-exposure tests should be conducted at sites in 
a number of different environments, in particular those that 
resemble as closely as possible the intended conditions of 
use. For guidance on climatic conditions, see 10.2 . 

7.2.2 Test sites for Method C 

The Fresnel-concentrator test devices required for 
Method C operate best in dry, sunny climates receiv- 
ing 3 500 or more hours of sunshine per year, and at 

6) Exposure at 5” to 10” from the 
rainwater. 

horizontal is approximately equivalent to horizontal exposure yet enables drainage of excess 
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test sites having an average daytime annual relative 
humidity of less than 30 %. For Optimum levels of 
weathering acceleration, the minimum requirement 
for performing intensified solar radiation testing using 
Method C is a ratio of direct irradiance to global 
normal solar irradiance of 0,8. 

NOTE 12 Use of Method C apparatus in regions of mod- 
erate to high diffuse solar irradiance will substantially reduce 
the test machine’s effectiveness in providing concentrated 
ultraviolet radiation at the specimen target board. Such a 
loss in effectiveness may greatly reduce the degree of ex- 
posure acceleration achieved, although acceptable results 
may be obtained with respect to correlation. As discussed 
in ISO/TR 9673, moderate to high levels of humidity and 
urban aerosols result in the stattering of the direct solar 
radiation (beam component) to an extent that the ultraviolet 
component is scattered into the hemispherical sky dome 
and is not available in the direct beam for concentrated fo- 
cusing by the Method C machine’s mirror System (see fig- 
ure 2). 

73 . Presentation of the test specimens 

For the determination of changes in colour and 
mechanical properties, test specimens shall be ex- 
posed in the unstrained state, unless otherwise 
specified. 

Unless use of backing is required, either to support 
the test specimen (see 5.1) or to simulate conditions 
of use (see 5.2), test specimens shall be exposed 
without backing or support (other than that necessary 
to maintain their Position), and their rear surfaces shall 
otherwise be open to the air. 

If backing or general support of the rear surface of the 
test specimen is used, the Sample exposed shall be 
considered to consist of the test piece plus backing, 
or support. 

NOTE 13 The backing or general support may signifi- 
cantly affect the temperature of the exposed Sample since 
the backing influences the thermal insulation provided to the 
unexposed side of the specimen. 

In cases where the intended use of the material ren- 
ders it necessary to consider exposure in direct con- 
tact with specific backing materials, the test may be 
modified to take account of this requirement. 

8 Exposure stages 

The same exposure Stage (by whichever method it is 
defined) will not necessarily give the same Change in 
a test specimen, irrespective of the exposure test 
site. The exposure stages specified shall be regarded 
as giving only a general indication of the degree of 
Change in the material’s properties as a result of the 

given exposure, and results should always be con- 
sidered in terms of the characteristics of the exposure 
site. 

The exposure stages at which chang es in properties 
of the test specimen are deter *mined are specified by 
one of the following procedures. 

8.1 Elapsed time 

8.1.1 Duration of exposure 

The exposure stages shall be specified in terms of the 
duration of exposure selected from the following, un- 
less otherwise specified: 

a) weeks: 2; 3; 4 (Method C); 
b) months: 1; 3; 6; 9 (Methods A, B and C); 
c) years: 1; 1,5; 2; 3; 4; 6 (Methods A and B). 

The results for exposure stages of less than one year 
when testing in accordance with Methods A and B 
will depend on the season of the year in which the 
exposure was made. For longer exposure stages, 
seasonal effects are averaged, but results may still 
depend upon the particular season in which exposure 
was begun (for example, whether started in spring or 
autumn). 

8.1.2 Method C 

The degree of acceleration factors that tan be 
experienced with Method C testing is dependent on 
both the material and the time of the year. The ultra- 
violet content of natura1 solar radiation is time-of-year 
dependent. Thus, wintertime testing requires longer 
exposure periods on the Fresnel-reflector test ma- 
chines to achieve equal accumulation of ultraviolet 
radiant energy and equal levels of degradation com- 
pared to summertime testing. 

Testing to specific levels (quantities) of solar radiant 
exposure is preferable to simple elapsed-time 
exposure-level determination. The only way to reduce 
time-of-year disparities in exposure results using 
Method C is to test for a Standard reference radiant 
exposure in terms of joules per Square metre solar 
ultraviolet radiation. For guidance in selecting ex- 
posure stages based on total solar ultraviolet radiant 
exposure, the average annual solar ultraviolet radiant 
exposure on an at-latitude rack in a typical subtropical 
climate may be used as an “equivalent Standard ref- 
erence year”. Typical values are given in table 1 for 
subtropical Florida exposures. Values based on annual 
solar ultraviolet radiant exposure for other climatic re- 
gions tan also be used for determining an “equivalent 
Standard reference year”. 
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Table 1 - Typical subtropical Florida values of 
average annual radiant exposure 

Radiant exposure 

I 
MJ-m-* 

/ I 
Time 

Solar UV 

6 280 1 308 (at 300 nm - 385 nm) 1 1 year I 

8.2 Solar radiation dosage 

Since the amount of solar radiation is one of the most 
important factors in the deterioration of plastics during 
weathering exposure, stages may be defined in terms 
of the amount of solar radiation received by the 
specimens. Although the use of total solar radiant 
energy to define exposure stages is optional, total 
solar radiant energy shall be measured and reported 
for each exposure Stage in all exposure tests covered 
by this International Standard. 

8.2.1 Instrumental 
exposure 

measurement of solar radiant 

Instruments used to measure radiant exposure shall 
be mounted on fixtures that are closely adjacent to 
the Sample exposure rack area. 

8.2.1.1 Total solar radiant exposure 

For exposure tests performed in accordance with 
Method A, solar irradiance shall be measured with a 
pyranometer (see 5.5.1 .l), with the plane of its re- 
ceiver mounted parallel to the plane of the exposure 
test rack. The solar irradiance shall be recorded and 
integrated to give the total solar radiant exposure in 
joules per Square metre for each exposure Stage. If 
mounted at a tilt from the horizontal of greater than 
lO”, care shall be exercised to ensure that no objects 
are permitted to reflect disproportionate amounts of 
sunlight onto the receiver, and to ensure that the 
pyranometer’s foreground matches that of the ex- 
posure test samples as closely as possible. The 
pyranometer glass dome shall be cleaned daily with 
distilled or deionized water and dried with a soft 
lens-type tissue. 

For exposure tests performed in accordance with 
Method B, a pyranometer such as required for 
Method A shall be mounted under a framed piece of 
glass in such a manner that the plane of its receiver 
is the Same distance from the plane of the glass as 
are the samples being exposed to glass-filtered day- 

light. The glass either shall be selected from the same 
lot as is used in Sample testing to Method B, or its 
spectral characteristics shall be demonstrated to be 
essentially identical to that lot. 

When testing in accordance with method C, a 
pyrheliometer, as defined in 5.5.1.2, shall be affixed 
to an equatorial sun-tracking mount, and shall be op- 
erated continuously during all periods that the Method 
C test machines are in Operation. The amount shall 
be adjusted daily to account for the changing 
declination of the sun; the pyrheliometer glass win- 
dow shall be cleaned daily, using distilled or deionized 
water, and a soft lens-type tissue. 

8.2.1.2 Energy in specified wavelength intervals 

Pyranometers and pyrheliometers used to determine 
total solar irradiance measure all of the infrared por- 
tion of solar radiation in addition to radiation of ultra- 
violet and visible wavelengths. Since the infrared 
energy has no direct photochemical effect on the 
weathering of plastics, although it does affect the 
temperature of exposed specimens, it may be pre- 
ferred to tonfine the solar measurements to the 
wavelength ranges that are photochemically active, 
which are principally in the ultraviolet Portion of the 
spectrum. 

As an example, solar ultraviolet radiation may be 
measured in the broadband wavelength range of 
300 nm to 400 nm, using a commercially available 
total ultraviolet radiometer that meets the specifi- 
cations in 5.5.1.3’). 

Alternately, exposure stages may be followed using 
narrow-band ultraviolet radiometers (NBUVRs) that 
meet the specifications in 5.5.1.4*! In either case, ul- 
traviolet radiometers, when used to determine or 
monitor exposure stages, shall be mounted and 
maintained in accordance with the procedures 
speficied for pyranometers in this International Stan- 
dard. Ultraviolet radiant exposure shall be measured 
and reported in joules per Square metre. 

8.2.2 Dyed blue wo01 references 

The use of blue wool references for the assessment 
of colour fastness to light is specified in ISO 105-BOI . 

NOTE 14 It is advisable to check that the covers are 
transparent to the incident light by performing a comparison 
test on covered and uncovered references under dry con- 
ditions. 

7) One of the most widely used commercial TUVRs possesses a 50 % bandpass from wavelengths 298 nm to 385 nm. 

8) In 1991, there were several experimental NBUVR radiometers available commercially. The user is cautioned to thoroughly 
determine the suitability of a radiometer before using it to define exposure stages in long-term field testing. 
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There is no ideal response for an instrumental detec- 
tor or for a reference material to monitor the exposure 
of all materials. Although it is known that most mate- 
rials are particularly responsive to the short wave- 
length end of the ultraviolet region of the solar 
spectrum, the detailed responses of materials differ 
and depend on their Chemical composition and the 
nature of any additives present. 

9 Procedure 

9.1 Mounting of test specimens 

9.1.1 General procedure (Methods A, B and C) 

Attach the test specimens to the test rack, or in suit- 
able holders, using a clamping device of inert material. 
Ensure that sufficient space exists between the at- 
tachments and between battens to leave an un- 
masked area of sufficient dimensions to carry out the 
required Optical and mechanical tests. Ensure that 
specimens required for mechanical tests are mounted 
properly with respect, for example, to notches, fillets, 
etc. Ensure that the method of mounting does not 
impose significant stress on the test specimen. 

Identify each test specimen on the rear face by suit- 
able indelible marking. Ensure that any scribe marks 
used for identification are not in an area that tan af- 
fett the results of mechanical tests. As a check, a 
plan of the mounting positions may be retained. 

If required, a Portion of each test specimen may be 
covered by an opaque, weather-resistant mask during 
the test to provide an unexposed, masked area ad- 
jacent to the exposed area for comparison. This pro- 
cedure is useful for checking the progress of 
exposure tests, but the data reported shall always be 
based on the comparison with the unexposed control 
specimens in storage. 

NOTE 15 lt is often useful to expose at the same time 
samples of one or more materials of known Performance in 
Order to monitor the exposure severity. 

9.1.2 Method B 

Mount the samples to be exposed to glass-filtered 
daylight according to the general procedures given in 
8.1 .l, but ensure that they are mounted within the 
area required by 5.3, and that the distance between 
the Sample face and the glass lid is at least 75 mm. 

9.1.3 Method C 

Mount the test specimens in a suitable test frame 
such that a minimum of the test specimen is covered 
by the clamping fixture used. 

For unbacked exposures, mount the framed speci- 
mens approximately 5 mm off the target board, with 
the test surfaces facing the mirrors. Position the 
samples such that clearance is maintained between 
the air-delivery slot and the frame. Adjust the ma- 
chine’s air deflector to provide a clearance of from 
6 mm to 13 mm between the exposed surface of the 
test specimen and the air deflector lip. 

For insulated, backed exposures, mount samples into 
Sample holders with samples backed with an insulat- 
ing, water-resistant material (such as 12-mm-thick 
exterior plywood). 

9.2 Mounting of radiometers and material 
references 

If applicable, mount the radiometer or material refer- 
ences in accordance with 8.2. Mount the dyed blue 
wool references in accordance with the procedure for 
test specimens given in 9.1, and adjacent to them. 
Ensure that the requirements of annex A are met. 

NOTE 16 Historically, the dyed blue wool references de- 
veloped for the testing of textile colour fastness have been 
used in the testing of plastics. lt is well recognized that this 
method has severe limitations when used to define ex- 
posure stages for plastics. 

9.3 Climatic observations 

Maintain a record of all climatic conditions and 
changes that may affect the exposure test results 
(see 10.2). 

9.4 Exposure of test pieces 

Unless otherwise specified, do not wash test speci- 
mens during exposure. lf washing is required, use 
distilled water or water of equivalent purity and take 
care not to darnage the weathered surface by 
abrasion, or otherwise. 

Perform regular periodic inspections and maintenance 
of the site for the purpose of refixing loose test 
specimens, recording the general condition of test 
specimens, and repairing darnage or deterioration to 
equipment, particularly after storms. 
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9.4.1 Method B 

Perform regular periodic cleaning of the glass lid used 
in glass-filtered daylight-exposure tests. Clean the 
glass lids immediately after storms that deposit dir-t, 
sand or debris. The underside of glass lids should be 
cleaned periodically to remove dust and Sample 
exudates. Clean with water and wipe dry. 

9.4.2 Method C 

Perform regular periodic cleaning of the Fresnel- 
reflecting concentrator mirrors used in the intensified 
natural-weathering tests. 

Measure the specular reflectance of the mirrors in the 
ultraviolet region from 295 nm to 400 nm every six 
months. This may be accomplished either by remov- 
ing the removable mirror-monitoring samples (and re- 
placing them after measurement), or with a 
demonstrably suitable portable reflectometer. Replace 
the mirrors for a given machine when the specular 
reflectance of the Sample, or the mirror, at 310 nm 
decreases to less than 65 %. 

Adjust the water-Spray apparatus to provide con- 
ditions in accordance with one of the cycles given in 
table 2. 

9.5 Determination of changes in properties 

Expose the test piece for the appropriate exposure 
Stage or stages, then remove it from the test fixture 
and determine the changes in appearance, colour, 
gloss and mechanical properties, in accordance with 
ISO 4582 and the appropriate test methods. 

Perform the test(s) as soon as possible after ex- 
posure, consistent with the period required for condi- 
tioning, and record the interval between the end of 
the exposure and the commencement of testing. 

Consider whether the value of an exposure-test pro- 
gram would be increased by adjusting subsequent 
withdrawal periods in the light of earlier results. 

Table 2 - Water Spray cycles used with 
Fresnel-reflecting concentrators 

Cycle No. Description 

1 8 min v-w, 52 min dry (during 
irradiation) plus 3 night-time Sprays of 
8 min duration (at 18:00 h, 24:00 h and 
06:OO h ) 

2 3 min Spray, 12 min dry (18:00 h to 
06:OO h, night spraying only) 

3 

4 

Other 

No Spray 

18 min Spray, 102 min dry 

Other Spray cycles may be used as 
agreed upon between the interested par- 
ties 

NOTE - Typical uses of the cycles are as follows: 

- Cycle No. 1: testing most plastics specimens. 
- Cycle No. 2: testing plastics specimens having an in- 

itially high gloss, such as automotive lens materials, 
transparent sheet, etc. 

- Cycle No. 3: testing under glass, testing plastics- 
laminated glass, fade-only tests, and inner plastic 
covers of solar hot-water collectors. 

- Cycle No. 4: used in certain artificial-exposure de- 
vices described in ISO 4892. 

10 Expression of results 

10.1 Determination of changes in properties 

Changes in the properties of interest should be de- 
termined in accordance with ISO procedures and test 
methods (see ISO 4582). 

10.2 Climatic conditions 

10.2.1 Classes of climate 

Climates are divided into five classes, each subdivided 
into several types. Annex B gives details of one such 
classification in use throughout the world. The classi- 
fication of climates given is such that significant dif- 
ferences are to be expected between each of the 
climatic conditions with respect to their effects on the 
weathering behaviour of plastics. 

As an overriding influence upon this regional classi- 
fication, marine and industrial conditions are likely to 
produce significantly different effects with respect to 
the basic climatic conditions of the region. These 
particular conditions comprise the microclimate of the 
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test site. In coastal regions, where the atmosphere 
may contain traces of salt and is generally otherwise 
clean, exposed samples receive a comparatively 
higher amount of solar radiation and are likely to de- 
grade more rapidly than in non-desertg) inland regions. 
In industrial areas, atmospheric pollution and dirt re- 
tained on the samples reduce the effect of solar radi- 
ation, although the pollution and dirt may at the same 
time make the effects of moisture more pronounced. 

(the Optical System) for the known average 
solar spectral energy distribution at the 
equinox; 

N is the number of days of exposure; 

Hd is the direct normal total daily solar radiant 
exposure measured in a 6” field of view 
using a pyrheliometer. 

10.2.2.4 Precipitation 
10.2.2 Climatic observations 

a) monthly total amount of rainfall, in millimetres; 
The general description of the climate at the exposure 
site by class, type and special conditions shall be 
supplemented by the following detailed observations. 

b) monthly total time-of-wetness due to 
condensation, in hours; 

monthly total time-of-wetness due 
tation, in hours. 

to precipi- 10.2.2.1 Temperature 

a) monthly mean of daily maxima; 
10.2.2.5 Time-of-wetness 

b) monthly mean of daily minima; 
a) monthly mean 

wetness; 
of the daily percent time-of- 

d monthly maximum and minimum. 

b) monthly range of the daily percent time-of- 
wetness. 

10.2.2.2 Relative humidity 

a) monthly mean of daily maxima; 
10.2.2.6 Other observations 

b) monthly mean of daily minima; 
Other observations, such as wind Speed and direc- 
tion, incidence and nature of any atmospheric pol- 
lution, total ultraviolet radiant exposure (if measured) 
and any special local features, may also be recorded. 

d monthly range. 

10.2.2.3 Levels (values) of exposure stages 

a) elapsed time (weeks, months, years); 

11 Test report b) total solar radiant exposure, expressed in joules 
per Square metre. 

The test report shall contain the following information: 
For determining exposure levels using Method C, 
compute the solar radiant exposure Hs of the test 
specimens using the following equation: 

a) Sample details: 

a full description of the Sample and its origin, 

compounding details, including eure time and 
temperature where appropriate, 

method of preparation of test piece; 

N 

Hs = MP,~,H, 

where 

Hs is the total solar radiant exposure, in joules 
per Square metre; b) test method used (Method A, B or C); 

c) test details: M is the number of mirrors; 

Ps is the average specular solar reflectance 
at the average incident an gle of the mirrors 

1) exposure aspect (e.g. tilt and azimuth orien- 
tation), 

9) Certain plastics are known to degrade more rapidly in specific desert exposure sites than in most coastal test sites. 
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2) location and details of exposure site (e.g. lon- 
gitude, latitude, altitude, annual climate 
characteristics, etc.), 

3) class and type of climate (quote from 
annex B, giving reference authority), 

4) nature of masking, backing, support and at- 
tachments, if used, 

5) procedure for determining exposure stages, 

6) total solar radiant exposure, including method 
used for determination, 

7) details of washing, if any; 

d) test results: 

1) exposure stages used, and corresponding in- 
tervals between property measurements and 
Sample removal from exposure, 

2) climatological data, 

3) presentation of results as required by 
ISO 4582; 

e) the date of test. 
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Annex A 
(normative) 

Use of dyed blue wo01 references to measure light dosage 

A. 1 General 

Dyed blue wool references were developed for textile 
testing and historically have been used with plastics 
because of their availability. Because, in general, 
plastics require longer exposure periods than those 
normally used for testing the lightfastness of textiles, 
the consecutive use of the number 7 Standard has 
been introduced. 

Owing to the differentes between the spectral sen- 
sitivity of the blue wool references and the plastics 
materials, there is considerable doubt about the use 
of blue wool references for this application. However, 
their ready availability and the fund of data based on 
their use ensures that there is still a demand for their 
application in exposure tests on plastics. 

A.2 Procedure 

Simultaneously expose a set of dyed blue wool refer- 
ences (ISO 105-801) comprising one Strip each from 
numbers 1 to 7. 

Use the references to determine the stages of radi- 
ation dosage (exposure stages) in accordance with 
tableA.1 by comparing the differente in colour be- 
tween the exposed and unexposed blue references 
with the contrast 4 on the grey scale; thus, Stage l/l 
is reached when reference 1 gives a contrast equal to 
4 on the grey scale; 211 when reference 2 Shows 
similar contrast, and in the same manner to Stage 
7/1 showing a contrast of 4 on the grey scale. 

NOTE 17 The duration of Stage 7/1 is about one year in 
natura1 daylight in temperate climates. 

Inspect the blue references as frequently as necess- 
ary to determine when each exposure Stage is 
reached. 

At Stage 7/1, discard the blue references, mount a 
second fresh reference 7 and continue exposure until 
this second reference 7 Shows a contrast with the 
unexposed reference 7 equal to 4 on the grey scale. 
The storage is designated 7/2. 

Then discard the second reference 7 and mount a 
third fresh reference 7. Stage 7/3 is reached when 
this reference in turn gives a contrast of 4. 

Repeat this procedure as often as required, giving 
stages, 714, . . . . 7/N. 

NOTE 18 Consecutive exposure of No. 7 reference 
should only by employed when no better alternative is 
available. 

Table A.l - Exposure stages 

Stage Description 

VI Blue reference 1 to grey scale contrast 4 

Zl1 Blue reference 2 to grey scale contrast 4 

3/1 Blue reference 3 to grey scale contrast 4 

4/1 Blue reference 4 to grey scale contrast 4 

511 Blue reference 5 to grey scale contrast 4 

6/1 Blue reference 6 to grey scale contrast 4 

71 First blue reference 7 to grey scale con- 
trast 4 

72 Second blue reference 7 to grey scale con- 
trast 4 

7/N Nth blue reference 7 to grey scale con- 
trast 4 

A.3 Supply of dyed blue wo01 references 

Sets of the dyed blue wool Iight-fastness references 
tan be obtained from the following organizations: 

British Standards Institution 
3 York Street 
Manchester M2 2AT 
United Kingdom 

Beuth-Vertrieb GmbH 
Burggrafenstrasse 4 - 7 
D-l000 Berlin 30 
Germany 
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American Society for Testing and Materials 
1916 Rate Street 
Philadelphia 
Pennsylvania 19103 
USA 

Eidg. Materialprüfungs- und Versuchsanstalt 
Unterstrasse 11 
St. Gallen 
Switzerland 

Association pour Ia determination de Ia solidite des 
teintures et impressions sur textiles 
12 rue d’Anjou 
F 75008 Paris 
France 

Japanese Standards Association 
1-24 Akasaka 4 
Minatoku 
Tokyo 
Japan 

and other countries. 

A.4 Supply of grey scale 

The grey scale for assessing Change in colour tan be 
obtained from the following organizations: 

British Standards Institution 
3 York Street 
Manchester M2 2AT 
United Kingdom 

The Society of Dyers and Colourists 
P.O. Box 244, Perkin House 
82 Gratton Road 
Bradford BD1 2JB 
West Yorks 
United Kingdom 

Association pour Ia determination de Ia solidite des 
teintures et impressions sur textiles 
12 rue d’Anjou 
F 75008 Paris 
France 

Eidg. Materialprüfungs- und Versuchsanstalt 
Unterstrasse 11 
St. Gallen 
Switzerland 

Japanese Standards Association 
1-24 Akasaka 4 
Minatoku 
Tokyo 
Japan 

American Association of Textile Chemists and 
Colorists 
P.O. Box 12215 
Research Triangle Park 
North Carolina 27709 
USA 

Beuth-Vertrieb GmbH 
Burggrafenstrasse 4 - 7 
D-l000 Berlin 30 
Germany 
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Annex B 
(informative) 

Classification of climates 

A weil-known System of climate classificationlO) is 
presented below, giving general classification (B.1 to 
B.6) subdivided into detailed types of climate with 

b) Humid subtropical/warm Summer - Ca 

1) Dry Winter - Caw 
their letter designations. 

B.l Tropical rainy climates 

a) Tropical rainforest - Af, Am 

b) Tropical savanna - AW 

B.2 Dry climates 

a) Steppe - BS 

1) Tropical and subtropical steppe 

2) Middle latitude steppe - Bsk 

b) Desert -BW 

1) Tropical and subtropical desert 

2) Middle latitude desert - Bwk 

d Marinelco Summer - Cb, Cc 

2) No dry season - Caf 

B.4 Humid micro-thermal climates 

a) Humid continentallwar 

b) Humid continental/coo 

c) Subarctic - Dc, Del 

Bsh 
B.5 Undifferentiatel 
climates - H 

B.6 Polar climates 
Bwh a) Tundra - ET 

b) Ice cap - EF 

B.3 Humid meso-thermal climates 

a) Mediterranean subtropical/dry Summer - Cs 

n Summer - Da 

Summer - Db 

I highland 

‘IO) Trewartha, T.T. An Introduction to Westher and Clima~e. McGraw-Hill, New York, 1947, Plate 1. 
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