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Amendments issued since publication

Amd. No. Date Comments

10999
Corrigendum No. 1

July 2000 Indicated by a sideline

12005
Corrigendum No. 2

October
2000

Correction to National foreword supersession
details

National foreword

This British Standard is the official English language version of EN 1452-2:1999.
Collectively, Parts 1, 2, 3, 4 and 5 of BS EN 1452 supersede BS 3505:1986,
BS 4346-1:1969 and BS 4346-2:1970. Since those British Standards are the basis of
piping systems with a design life of at least 50 years, it is intended that they will be
declared obsolescent, by 26 June 2001. Collectively, Parts 1 to 5 of BS EN 1452 also
partially supersede BS 4346-3:1982, which will be withdrawn or amended by
26 June 2001 to exclude requirements for joints for pressure pipes for water supply.

NOTE 1 The UK Water Industry has indicated that this British Standard is to be regarded as
superseding the following Water Industry Specifications:
WIS 4-31-06, Issue 2: March 1994 Blue unplasticised PVC pressure pipes, integral joints and
post-formed bends for cold potable water (underground use)
WIS 4-31-07, Issue 2: March 1994 Unplasticised PVC pressure fittings and assemblies for cold potable
water (underground use)

The UK participation in its preparation was entrusted by Technical Committee
PRI/61, Plastics piping systems and components, to Subcommittee PRI/61/2,
Thermoplastics piping sytems and components for pressure applications, which has
the responsibility to:

Ð aid enquirers to understand the text;

Ð present to the responsible European committee any enquiries on the
interpretation, or proposals for change, and keep the UK interests informed;

Ð monitor related international and European developments and promulgate
them in the UK.

A list of organizations represented on this subcommittee can be obtained on request
to its secretary.
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BS EN 1452-2:2000

 BSI 10-2000 i

The responsible UK committee gives the following advice concerning the selection
and installation of piping systems and components conforming to this British
Standard.

a) Water supply companies and other entities are obliged to use Parts 1 to 5 of
this suite of European Standards, produced under EC/U mandate, if they wish to
purchase PVC-U pipe systems or components within its scope.

NOTE 2 Parts 6 and 7 have each been prepared as an ENV (pre-standard), to allow further
development, and their use is voluntary unless invoked contractually.

b) Sub-clause 5.2 enables the selection of pipe colours from grey, blue and cream.
It has been the practice of UK water companies to use blue, metric PVC-U pipes
(conforming to WIS 4-31-06), to facilitate identification of potable water pipelines.
For buried applications in the United Kingdom, attention is drawn to the
recommendations of the National Joint Utilities Group (NJUG) concerning the
colour coding of pipelines and other services. For UK public water supply
applications, the pipes should also be marked with the word ªWATERº.

Purchasers still requiring grey, Imperial (inch) -sized pipes should refer to
normative annex B. The sizes equate to those of BS 3505:1986. Apart from the UK
fracture toughness requirements, all other requirements are as in the main text of
BS EN 1452-2:2000.

c) Table 2 covers a nominal outside diameter (dn) of 12 to 1 000 and a nominal
pressure PN range from 6 bar to 25 bar. In order not to use very thin wall PVC-U
pipes and to benefit from rationalization, the UK water company range had been
limited to PN 8 pipes in nominal outside diameters 90 mm to 630 mm, inclusive,
and PN 12.5 pipes from 63 mm to 630 mm; the overall service (design) coefficient
(C) was 2.0 for all sizes. In developing EN 1452-2, a compromise required the
increase of C to 2.5 for nominal outside diameters up to and including dn 90. For
most PNs this has had the effect of increasing the maximum and minimum wall
thickness values for dn 90 pipe to 0.1 mm above those for dn 110 pipe (in practice
the wall thicknesses will probably be the same for these two diameters). Thus, if
the same diameters and PNs are selected as previously, no pipe will have a wall
thickness less than 3.5 mm.

d) In 6.6.2, the requirements allow the wall thickness of the ring seal groove to
be less than the minimum wall thickness of the pipe by up to 20 %. The UK
Technical Committee recommends that the minimum wall thickness of the sealing
ring groove is not less than the nominal (minimum ) wall thickness for the pipe.
This may be achieved by e.g. local thickening of the socket wall or by using an
external sleeve.

e) In Table 5, the depths of engagement given for sockets are minimum depths.
It has been UK practice to use depths larger than the minimum (thus still
permitted).

f) For the purposes of 8.1, no purchaser selection decisions are required to be
made with respect to the 0 ÊC impact test; PN 8 pipes are required to conform to
level H requirements and PN 12.5 pipes to the level M requirements given in
Table 6.

g) In 8.2, for testing of pipes, the second paragraph allows either of two types of
end caps to be used without identifying which of these alternatives is to be the
reference condition in case of dispute. Since use of these two types of end caps is
not expected to always give identical results, users of this standard should agree
which type of end cap shall comprise the reference method in case of dispute.
This comment also applies to the fourth paragraph, for the testing of integral
sockets.

Li
ce

ns
ed

 C
op

y:
 In

st
itu

te
 O

f T
ec

hn
ol

og
y 

T
al

la
gh

t, 
In

st
itu

te
 o

f T
ec

hn
ol

og
y,

 T
hu

 O
ct

 1
2 

12
:4

3:
34

 B
S

T
 2

00
6,

 U
nc

on
tr

ol
le

d 
C

op
y,

 (
c)

 B
S

I



BS EN 1452-2:2000

ii  BSI 10-2000

h) In Table 9, attention is drawn to the normative note 2) and hence to annex C
and to note 2 to Table 11 of ENV 1452-7, which permits fracture toughness test
requirements to be specified for UK applications as an alternative to the gelation
test requirements specified in Table 9. It is strongly recommended that purchasers
for UK applications adopt this option on a contractual basis.

i) In the case of pipes which also conform to other standards, attention is drawn
to 14.3.1 concerning marking.

j) In Table B.4 Dimensions of sockets for solvent cementing, the committee
considers that a typographical error has been carried over for nominal size 8 (in),
in that the value for the minimum mean inside diameter of socket at midpoint of
the socket length, dim,min. should be 219,0 not 218,0. (The value of 219,4 for
dim,max is correct.)

k) For the purposes of B.5 and annex C to provide for UK needs for fracture
toughness requirements, the UK has been made aware of a mismatch or error in
the references to symbols for use of annex C in conjunction with the currently
available (1999) ISO/DIS 11673. To avoid an erroneous double application of a
correction factor and for consistency with the current and intended details of the
test method, the values specified in Table C.1 of EN 1452-2 should be regarded as
minimum values for Kc and not for Kic.

l) In annex C, the significance of ªalternative testº is unclear. See UK comments
on Table 9, note 2). Bearing in mind the status of ENV 1452-7, users of this
standard should declare or agree which test method and requirements apply in
case of dispute.

Cross-references

The British Standards which implement international or European publications
referred to in this document may be found in the BSI Standards Catalogue under the
section entitled ªInternational Standards Correspondence Indexº, or by using the
ªFindº facility of the BSI Standards Electronic Catalogue.

WARNING This British Standard, which is identical with EN 1452-2:1999, does not
necessarily detail all the precautions necessary to meet the requirements of the
Health and Safety at work etc. Act 1974. Attention should be paid to any appropriate
safety precautions and the test methods should be performed only by trained
personnel.

Regulation 25 of the Water Supply (Water Quality) Regulations 1989 specified the
circumstances in which water undertakers may use products in contact with public
water supplies in England and Wales. All pipes used to convey public water supplies
must be approved under the provisions of regulation 25(1)(a) in order to ensure that
use will not cause adverse effect on water quality or risk to health of consumers.
Similar provisions apply in Scotland and Northern Ireland.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i and ii, the EN
title page, pages 2 to 30, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the document
was last issued.

Sidelining in this document indicates the most recent changes by amendment.

Li
ce

ns
ed

 C
op

y:
 In

st
itu

te
 O

f T
ec

hn
ol

og
y 

T
al

la
gh

t, 
In

st
itu

te
 o

f T
ec

hn
ol

og
y,

 T
hu

 O
ct

 1
2 

12
:4

3:
34

 B
S

T
 2

00
6,

 U
nc

on
tr

ol
le

d 
C

op
y,

 (
c)

 B
S

I



(8523($1�67$1'$5'

1250(�(8523e(11(

(8523b,6&+(�1250

(1�������

-XQH�����

,&6����������

(QJOLVK�YHUVLRQ

3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�±�8QSODVWLFL]HG
SRO\�YLQ\O�FKORULGH���39&�8��±�3DUW����3LSHV

6\VWqPHV�GH�FDQDOLVDWLRQV�HQ�SODVWLTXH�SRXU�DOLPHQWDWLRQ
HQ�HDX�±�3RO\�FKORUXUH�GH�YLQ\OH��QRQ�SODVWLILp��39&�8��±

3DUWLH����7XEHV

.XQVWVWRII�5RKUOHLWXQJVV\VWHPH�I�U�GLH�:DVVHUYHUVRUJXQJ
±�:HLFKPDFKHUIUHLHV�3RO\YLQ\OFKORULG��39&�8��±�7HLO���

5RKUH
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$QQH[�$��QRUPDWLYH���$OORZDEOH�RSHUDWLQJ�SUHVVXUHV �������������������������������������������������������������������������������� ��

$QQH[�%��QRUPDWLYH���,PSHULDO�LQFK��VL]HG�SLSHV����������������������������������������������������������������������������������������� ��

$QQH[�&��QRUPDWLYH���5HTXLUHPHQWV�IRU�IUDFWXUH�WRXJKQHVV�WHVW�������������������������������������������������������������� ��

$QQH[�'��LQIRUPDWLYH���%LEOLRJUDSK\ ������������������������������������������������������������������������������������������������������������� ��
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)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&������3ODVWLFV�SLSLQJ�V\VWHPV
DQG�GXFWLQJ�V\VWHPV��WKH�6HFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�11,��,W�KDV�EHHQ�SUHSDUHG�ZLWK�WKH�FRRSHUDWLRQ�RI
(XUHDX�DQG�LQ�OLDLVRQ�ZLWK�&(1�7&������:DWHU�VXSSO\�

7KLV�(XURSHDQ�6WDQGDUG�VKDOO�EH�JLYHQ�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG��HLWKHU�E\�SXEOLFDWLRQ�RI�DQ�LGHQWLFDO
WH[W� RU� E\� HQGRUVHPHQW�� DW� WKH� ODWHVW� E\� GHFHPEHU� ������ DQG� FRQIOLFWLQJ� QDWLRQDO� VWDQGDUGV� VKDOO� EH
ZLWKGUDZQ�DW�WKH�ODWHVW�E\�-XQH������

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�XQGHU�D�PDQGDWH�JLYHQ�WR�&(1�E\�WKH�(XURSHDQ�&RPPLVVLRQ
DQG�WKH�(XURSHDQ�)UHH�7UDGH�$VVRFLDWLRQ��DQG�VXSSRUWV�HVVHQWLDO�UHTXLUHPHQWV�RI�(8�'LUHFWLYH�V��

$FFRUGLQJ�WR�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV��WKH�QDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQV�RI�WKH�IROORZLQJ
FRXQWULHV� DUH� ERXQG� WR� LPSOHPHQW� WKLV� (XURSHDQ� 6WDQGDUG�� $XVWULD�� %HOJLXP�� &]HFK� 5HSXEOLF�� 'HQPDUN�
)LQODQG�� )UDQFH�� *HUPDQ\�� *UHHFH�� ,FHODQG�� ,UHODQG�� ,WDO\�� /X[HPERXUJ�� 1HWKHUODQGV�� 1RUZD\�� 3RUWXJDO�
6SDLQ��6ZHGHQ��6ZLW]HUODQG�DQG�WKH�8QLWHG�.LQJGRP�

7KLV� VWDQGDUG� IRUPV� SDUW� RI� D� 6\VWHP� 6WDQGDUG� IRU� SODVWLFV� SLSLQJ� V\VWHPV� RI� D� SDUWLFXODU� PDWHULDO� IRU� D
VSHFLILHG�DSSOLFDWLRQ���7KHUH�DUH�D�QXPEHU�RI�VXFK�6\VWHP�6WDQGDUGV�

6\VWHP�6WDQGDUGV�DUH�EDVHG�RQ� WKH� UHVXOWV�RI� WKH�ZRUN�XQGHUWDNHQ� LQ� ,62�7&������3ODVWLFV�SLSHV�� ILWWLQJV
DQG�YDOYHV�IRU� WKH� WUDQVSRUW�RI� IOXLGV��ZKLFK� LV�D�7HFKQLFDO�&RPPLWWHH�RI� WKH� ,QWHUQDWLRQDO�2UJDQL]DWLRQ� IRU
6WDQGDUGL]DWLRQ��,62��

7KH\�DUH�VXSSRUWHG�E\�VHSDUDWH�VWDQGDUGV�RQ� WHVW�PHWKRGV� WR�ZKLFK� UHIHUHQFHV�DUH�PDGH� WKURXJKRXW� WKH
6\VWHP�6WDQGDUG�

7KH� 6\VWHP� 6WDQGDUGV� DUH� FRQVLVWHQW� ZLWK� JHQHUDO� VWDQGDUGV� RQ� IXQFWLRQDO� UHTXLUHPHQWV� DQG� RQ
UHFRPPHQGHG�SUDFWLFH�IRU�LQVWDOODWLRQ�

EN 1452 consists of the following Parts, under the general title, 3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�²
8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��

�-��3DUW�����*HQHUDO�
-��3DUW�����3LSHV��WKLV�VWDQGDUG��
-��3DUW�����)LWWLQJV�
-��3DUW�����9DOYHV�DQG�DQFLOODU\�HTXLSPHQW�
-��3DUW�����)LWQHVV�IRU�SXUSRVH�RI�WKH�V\VWHP�
-��3DUW�����*XLGDQFH�IRU�LQVWDOODWLRQ��(19��
-��3DUW�����*XLGDQFH�IRU�DVVHVVPHQW�RI�FRQIRUPLW\��(19��

7KLV�SDUW�RI�(1������LQFOXGHV�WKH�IROORZLQJ�DQQH[HV�

�-��$QQH[�$��QRUPDWLYH����$OORZDEOH�RSHUDWLQJ�SUHVVXUHV�
-��$QQH[�%��QRUPDWLYH����,PSHULDO�LQFK��VL]HG�SLSHV�
-��$QQH[�&��QRUPDWLYH����5HTXLUHPHQWV�IRU�IUDFWXUH�WRXJKQHVV�WHVW�
-��$QQH[�'��LQIRUPDWLYH����%LEOLRJUDSK\�

�$W�WKH�GDWH�RI�SXEOLFDWLRQ�RI�WKLV�VWDQGDUG��6\VWHP�6WDQGDUGV�IRU�SLSLQJ�V\VWHPV�RI�RWKHU�SODVWLFV�PDWHULDOV
XVHG�IRU�WKH�VDPH�DSSOLFDWLRQ�DUH�WKH�IROORZLQJ�

127(�� $OO�OLVWHG�6\VWHP�6WDQGDUGV�DUH�LQ�SUHSDUDWLRQ�

SU(1��������3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�ZLWK�RU�ZLWKRXW�SUHVVXUH�²�*ODVV�UHLQIRUFHG
WKHUPRVHWWLQJ�SODVWLFV��*53��EDVHG�RQ�SRO\HVWHU�UHVLQ��83��

SU(1���������3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�²�3RO\HWK\OHQH��3(��
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,QWURGXFWLRQ

7KH� 6\VWHP� 6WDQGDUG�� RI� ZKLFK� WKLV� LV� 3DUW���� VSHFLILHV� WKH� UHTXLUHPHQWV� IRU� D� SLSLQJ� V\VWHP� DQG� LWV
FRPSRQHQWV�PDGH�IURP�XQSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8���7KH�SLSLQJ�V\VWHP�LV�LQWHQGHG�WR�EH�XVHG
IRU�ZDWHU�VXSSO\�

In respect of potential adverse effects on the quality of water intended for human consumption, caused by
the products covered by this standard:

��� WKLV�VWDQGDUG�SURYLGHV�QR�LQIRUPDWLRQ�DV�WR�ZKHWKHU�WKH�SURGXFW�PD\�EH�XVHG�ZLWKRXW�UHVWULFWLRQ
LQ�DQ\�RI�WKH�0HPEHU�6WDWHV�RI�WKH�(8�RU�()7$�

��� LW� VKRXOG� EH� QRWHG� WKDW�� ZKLOH� DZDLWLQJ� WKH� DGRSWLRQ� RI� YHULILDEOH� (XURSHDQ� FULWHULD�� H[LVWLQJ
QDWLRQDO�UHJXODWLRQV�FRQFHUQLQJ�WKH�XVH�DQG�RU�WKH�FKDUDFWHULVWLFV�RI�WKLV�SURGXFW�UHPDLQ�LQ�IRUFH�

)RU�PDWHULDO�DQG�FRPSRQHQWV��RWKHU�WKDQ�SLSHV��UHTXLUHPHQWV�DQG�WHVW�PHWKRGV�DUH�VSHFLILHG� LQ�3DUWV�����
DQG���RI�(1��������&KDUDFWHULVWLFV�IRU�ILWQHVV�IRU�SXUSRVH��PDLQO\�IRU�MRLQWV��DUH�FRYHUHG�LQ�3DUW����*XLGDQFH
IRU�LQVWDOODWLRQ�LV�JLYHQ�LQ�(19����������(19��������LV�D�JXLGDQFH�IRU�WKH�DVVHVVPHQW�RI�FRQIRUPLW\�

7KLV�SDUW�RI�(1������FRYHUV�WKH�FKDUDFWHULVWLFV�RI�SLSHV�
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�� ��6FRSH

7KLV� SDUW�RI� (1������� VSHFLILHV� WKH� FKDUDFWHULVWLFV� RI� SLSHV� PDGH� IURP� XQSODVWLFL]HG� SRO\�YLQ\O� FKORULGH�
�39&�8��IRU�SLSLQJ�V\VWHPV�LQ�WKH�ILHOG�RI�ZDWHU�VXSSO\�

,W�DOVR�VSHFLILHV�WKH�WHVW�SDUDPHWHUV�IRU�WKH�WHVW�PHWKRGV�UHIHUUHG�WR�LQ�WKLV�VWDQGDUG�

In conjunction with Parts 1 to 5 of EN 1452 and ENV 1452-7, it is applicable to extruded PVC-U pipes
without a socket and pipes with a socket (integral or not), intended to be used for the following:

D�� ZDWHU�PDLQV�DQG�VHUYLFHV�EXULHG�LQ�JURXQG�

E�� FRQYH\DQFH�RI�ZDWHU�DERYH�JURXQG�IRU�ERWK�RXWVLGH�DQG�LQVLGH�EXLOGLQJV�

IRU� WKH� VXSSO\� RI� ZDWHU� XQGHU� SUHVVXUH� DW� DSSUR[LPDWHO\� ����&� �FROG� ZDWHU�� LQWHQGHG� IRU� KXPDQ
FRQVXPSWLRQ�DQG�IRU�JHQHUDO�SXUSRVHV�

7KLV� VWDQGDUG� LV� DOVR� DSSOLFDEOH� WR� SLSHV� IRU� WKH� FRQYH\DQFH� RI� ZDWHU� XS� WR� DQG� LQFOXGLQJ� ����&�� )RU
WHPSHUDWXUHV�EHWZHHQ�����&�DQG�����&�)LJXUH�$���LQ�DQQH[�$�DSSOLHV�

7KLV� VWDQGDUG� FRYHUV� D� UDQJH� RI� SLSH� VL]HV� DQG� SUHVVXUH� FODVVHV� DQG� JLYHV� UHTXLUHPHQWV� FRQFHUQLQJ
FRORXUV�

127(�� ,W� LV� WKH� UHVSRQVLELOLW\� RI� WKH� SXUFKDVHU� RU� VSHFLILHU� WR� PDNH� WKH� DSSURSULDWH� VHOHFWLRQV� IURP� WKHVH
DVSHFWV�� WDNLQJ� LQWR� DFFRXQW� WKHLU� SDUWLFXODU� UHTXLUHPHQWV� DQG� DQ\� UHOHYDQW� QDWLRQDO� UHJXODWLRQV� DQG� LQVWDOODWLRQ
SUDFWLFHV�RU�FRGHV�

�� ��1RUPDWLYH�UHIHUHQFHV

7KLV� VWDQGDUG� LQFRUSRUDWHV� E\� GDWHG� RU� XQGDWHG� UHIHUHQFH�� SURYLVLRQV� IURP� RWKHU� SXEOLFDWLRQV�� 7KHVH
QRUPDWLYH�UHIHUHQFHV�DUH�FLWHG�DW�WKH�DSSURSULDWH�SODFHV�LQ�WKH�WH[W�DQG�WKH�SXEOLFDWLRQV�DUH�OLVWHG�KHUHDIWHU�
)RU� GDWHG� UHIHUHQFHV�� VXEVHTXHQW� DPHQGPHQWV� WR� RU� UHYLVLRQV� RI� DQ\� RI� WKHVH� SXEOLFDWLRQV� DSSO\� WR� WKLV
VWDQGDUG�RQO\�ZKHQ�LQFRUSRUDWHG�LQ�LW�E\�DPHQGPHQW�RU�UHYLVLRQ��)RU�XQGDWHG�UHIHUHQFHV�WKH�ODWHVW�HGLWLRQ�RI
WKH�SXEOLFDWLRQ�UHIHUUHG�WR�DSSOLHV�

SU(1�������3ODVWLFV�SLSLQJ�DQG�GXFWLQJ�V\VWHPV�²�3ODVWLFV�SLSHV�DQG�ILWWLQJV�²�0HDVXUHPHQW�RI�GLPHQVLRQV
DQG�YLVXDO�LQVSHFWLRQ�RI�VXUIDFHV

(1�������3ODVWLFV�SLSLQJ�V\VWHPV�²�3ODVWLFV�SLSHV�DQG�ILWWLQJV�²�'HWHUPLQDWLRQ�RI�WKH�RSDFLW\

(1�������3ODVWLFV�SLSLQJ�V\VWHPV�²�8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��SLSHV�²�7HVW�PHWKRG�IRU�WKH
UHVLVWDQFH�WR�GLFKORURPHWKDQH�DW�D�VSHFLILHG�WHPSHUDWXUH��'&07�

(1���������(ODVWRPHULF�VHDOV�²�0DWHULDO�UHTXLUHPHQWV�IRU�SLSH�MRLQW�VHDOV�XVHG�LQ�ZDWHU�DQG�GUDLQDJH
DSSOLFDWLRQV�²�3DUW�����9XOFDQL]HG�UXEEHU

(1�������3ODVWLFV�SLSLQJ�DQG�GXFWLQJ�V\VWHPV�²�7KHUPRSODVWLFV�SLSHV�DQG�ILWWLQJV�²�'HWHUPLQDWLRQ�RI�9LFDW
VRIWHQLQJ�WHPSHUDWXUH��967�

(1�������3ODVWLFV�SLSLQJ�DQG�GXFWLQJ�V\VWHPV�²�7KHUPRSODVWLFV�SLSHV�²�'HWHUPLQDWLRQ�RI�WKH�ORQJLWXGLQDO
UHYHUVLRQ

(1������������3ODVWLFV�SLSLQJ�DQG�GXFWLQJ�V\VWHPV�²�7KHUPRSODVWLFV�SLSHV�²�7HVW�PHWKRG�IRU�UHVLVWDQFH�WR
H[WHUQDO�EORZV�E\�WKH�URXQG�WKH�FORFN�PHWKRG

(1������������3ODVWLFV�SLSLQJ�V\VWHPV�²�7KHUPRSODVWLFV�SLSHV�²�'HWHUPLQDWLRQ�RI�UHVLVWDQFH�WR�LQWHUQDO
SUHVVXUH�DW�FRQVWDQW�WHPSHUDWXUH

(1����������3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�²�8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��²�3DUW���
*HQHUDO

(1����������3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�²�8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��²�3DUW���
)LWQHVV�IRU�SXUSRVH�RI�WKH�V\VWHP

(19���������������3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�²�8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��²
3DUW�����*XLGDQFH�IRU�WKH�DVVHVVPHQW�RI�FRQIRUPLW\

(1�,62���������7KHUPRSODVWLFV�PDWHULDOV�IRU�SLSHV�DQG�ILWWLQJV�IRU�SUHVVXUH�DSSOLFDWLRQV�²�&ODVVLILFDWLRQ
DQG�GHVLJQDWLRQ�²�2YHUDOO�VHUYLFH��GHVLJQ��FRHIILFLHQW

,62�������������3ODVWLFV�²�0HWKRGV�IRU�GHWHUPLQLQJ�WKH�GHQVLW\�DQG�UHODWLYH�GHQVLW\�RI�QRQ�FHOOXODU�SODVWLFVLi
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,62�������������3ODVWLFV�²�+RPRSRO\PHU�DQG�FRSRO\PHU�UHVLQV�RI�YLQ\O�FKORULGH�²�'HWHUPLQDWLRQ�RI
UHVLGXDO�YLQ\O�FKORULGH�PRQRPHU�²�*DV�FKURPDWRJUDSKLF�PHWKRG

,62���������������$GKHVLYHV�ZLWK�VROYHQWV�IRU�DVVHPEO\�RI�39&�8�SLSH�HOHPHQWV�²�&KDUDFWHUL]DWLRQ�²
3DUW�����%DVLF�WHVW�PHWKRGV

,62�75�������������7KHUPRSODVWLFV�SLSHV�IRU�WKH�WUDQVSRUW�RI�IOXLGV�²�0HWKRGV�RI�H[WUDSRODWLRQ�RI
K\GURVWDWLF�VWUHVV�UXSWXUH�GDWD�WR�GHWHUPLQH�WKH�ORQJ�WHUP�K\GURVWDWLF�VWUHQJWK�RI�WKHUPRSODVWLFV�SLSH
PDWHULDOV

�� ��'HILQLWLRQV��V\PEROV�DQG�DEEUHYLDWLRQV

For the purposes of this standard, the definitions, symbols and abbreviations given in EN 1452-1 apply
together with the following:

�/ ���OHQJWK�RI�VRFNHW

�P ���GHSWK�RI�HQJDJHPHQW

�� ��0DWHULDO

���� ��3LSH�PDWHULDO

7KH�PDWHULDO�WR�EH�XVHG�VKDOO�FRQIRUP�WR�(1��������DQG�WR�WKH�UHTXLUHPHQWV�JLYHQ�LQ�����DQG�����

���� ��'HQVLW\

7KH�GHQVLW\�� ��DW�����&�RI�WKH�SLSH��ZKHQ�PHDVXUHG�LQ�DFFRUGDQFH�ZLWK�,62�������VKDOO�EH�EHWZHHQ�WKH

IROORZLQJ�OLPLWV�

������NJ�P���� ��������NJ�P�

���� ��056�YDOXH

7KH� SLSH� PDWHULDO� VKDOO� KDYH� D� PLQLPXP� UHTXLUHG� VWUHQJWK�� 056�� DV� GHILQHG� LQ� (1��������� RI� DW� OHDVW
���03D�

7KH�SLSH�PDWHULDO�VKDOO�EH�HYDOXDWHG�DFFRUGLQJ�WR�,62�75������PHWKRG�,,�����ZKHUH�DQ�LQWHUQDO�SUHVVXUH�WHVW
LV�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�(1�����������WR�ILQG�WKH�/&/���7KLV�HYDOXDWLRQ�VKDOO�EH�PDGH�ZLWK�DQ�HQG
FDS�W\SH�D��RU�E��LQ�DFFRUGDQFH�ZLWK�(1����������DQG�XVLQJ�D�SLSH�VHULHV�6����������7KH�056�YDOXH�VKDOO�EH
GHULYHG�IURP�WKH�/&/�DQG�WKH�SLSH�PDWHULDO�VKDOO�EH�FODVVLILHG�E\�WKH�FRPSRXQG�PDQXIDFWXUHU�LQ�DFFRUGDQFH
ZLWK�(1�,62�������

:KHUH� WKHUH� LV� DYDLODEOH� ORQJ�WHUP�H[SHULHQFH�ZLWK� WKH�HIIHFW� RI� D� FKDQJH� LQ�PDWHULDO�FRPSRXQG�� LW� LV� QRW
QHFHVVDU\�WR�UH�HYDOXDWH�WKH�056���,Q�WKLV�FDVH�WKH�YDOXHV�GHWHUPLQHG�ZLWK���WHVW�SLHFHV�DW�����&�DQG�����&
GXULQJ� �����K� WR� �����K� VKDOO� EH� ORFDWHG� RQ� RU� DERYH� WKH� ������� /&/� ORQJ�WHUP� FKDUDFWHULVWLF� FXUYH
HVWDEOLVKHG�SULRU�WR�WKH�PDWHULDO�FRPSRXQG�FKDQJH�

                                                     

��� � ,Q� ,62�7&�����6&�� D� QHZ� H[WUDSRODWLRQ� PHWKRG� LV� XQGHU� GHYHORSPHQW�� ZKLFK� LV� LQWHQGHG� WR� UHSODFH
,62�75������Li
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�� *HQHUDO�FKDUDFWHULVWLFV

���� ��$SSHDUDQFH

:KHQ�YLHZHG�ZLWKRXW�PDJQLILFDWLRQ�WKH� LQWHUQDO�DQG�H[WHUQDO�VXUIDFHV�RI�SLSHV�VKDOO�EH�VPRRWK��FOHDQ�DQG
IUHH� IURP� VFRULQJ�� FDYLWLHV� DQG� RWKHU� VXUIDFH� GHIHFWV� WR� DQ� H[WHQW� WKDW� ZRXOG� SUHYHQW� FRQIRUPLW\� WR� WKLV
VWDQGDUG��7KH�PDWHULDO�VKDOO�QRW�FRQWDLQ�DQ\� LPSXULWLHV�YLVLEOH�ZLWKRXW�PDJQLILFDWLRQ��7KH�HQGV�RI� WKH�SLSH
VKDOO�EH�FXW�FOHDQO\�DQG�VTXDUH�WR�WKH�D[LV�RI�WKH�SLSH�

���� ��&RORXU

7KH� FRORXU� RI� WKH� SLSHV� VKDOO� EH� HLWKHU� JUH\�� EOXH� RU� FUHDP�� 7KH� FRORXU� RI� WKH� SLSHV� VKDOO� EH� XQLIRUP
WKURXJKRXW���)RU�DERYH�JURXQG�DSSOLFDWLRQ��FUHDP�SLSHV�VKDOO�QRW�EH�XVHG�

���� ��2SDFLW\

7KH�ZDOO�RI�WKH�SLSH�VKDOO�EH�RSDTXH�DQG�VKDOO�QRW�WUDQVPLW�PRUH�WKDQ�������RI�YLVLEOH�OLJKW�ZKHQ�PHDVXUHG
LQ�DFFRUGDQFH�ZLWK�(1������7KLV�UHTXLUHPHQW�GRHV�QRW�DSSO\�WR�FUHDP�SLSHV��VHH������

�� ��*HRPHWULFDO�FKDUDFWHULVWLFV

���� ��0HDVXUHPHQW�RI�GLPHQVLRQV

'LPHQVLRQV�VKDOO�EH�PHDVXUHG�LQ�DFFRUGDQFH�ZLWK�SU(1�����

���� ��1RPLQDO�RXWVLGH�GLDPHWHUV

7KH�QRPLQDO�RXWVLGH�GLDPHWHU��GQ��
RI�D�SLSH�VKDOO�FRQIRUP�WR�

���� ��0HDQ�RXWVLGH�GLDPHWHUV�DQG�WKHLU�WROHUDQFHV

7KH�PHDQ�RXWVLGH�GLDPHWHU��GHP��RI�D�SLSH�VKDOO� FRQIRUP� WR� WKH�DSSOLFDEOH�QRPLQDO�RXWVLGH�GLDPHWHU��GQ�
ZLWKLQ�WKH�WROHUDQFH�JLYHQ�LQ�WDEOH���

7KH�WROHUDQFH�IRU�RXW�RI�URXQGQHVV�VKDOO�FRQIRUP�WR�WDEOH���
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7DEOH���²�1RPLQDO�RXWVLGH�GLDPHWHUV�DQG�WROHUDQFHV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO�RXWVLGH
GLDPHWHU

7ROHUDQFH�IRU�PHDQ
RXWVLGH�GLDPHWHU�GHP�

��
7ROHUDQFH�IRU�RXW�RI�URXQGQHVV����

GQ [ 6����WR�6������� 6������WR�6������

��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
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���
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���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

--
--
--
--
--

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
����
����
����

����
����
����
����
����

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
--
--

����7KH�WROHUDQFH�FRQIRUPV�WR�JUDGH�'�RI�,62��������������IRU�GQ������DQG�WR�JUDGH�&�IRU
GQ�>������7KH�WROHUDQFH�LV�H[SUHVVHG�LQ�WKH�IRUP�

�[��
������PP��ZKHUH�[�LV�WKH�YDOXH�RI�WKH

WROHUDQFH�
����7KH�WROHUDQFH�LV�H[SUHVVHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�ODUJHVW�DQG�WKH�VPDOOHVW
RXWVLGH�GLDPHWHU�LQ�D�FURVV�VHFWLRQ�RI�WKH�SLSH��L�H��GH�PD[�-�GH�PLQ��
����)RU�GQ��������WKH�WROHUDQFH�FRQIRUPV�WR�JUDGH�1�RI�,62��������������
)RU�GQ�>������WKH�WROHUDQFH�FRQIRUPV�WR�JUDGH�0�RI�,62����������������7KH�UHTXLUHPHQW
IRU�RXW�RI�URXQGQHVV�LV�RQO\�DSSOLFDEOH�SULRU�WR�VWRUDJH�
����)RU�D�GQ�RI����WR�������WKH�WROHUDQFH�FRQIRUPV�WR�����JUDGH�0�RI�,62��������������
7KH�UHTXLUHPHQW�IRU�RXW�RI�URXQGQHVV�LV�RQO\�DSSOLFDEOH�SULRU�WR�WKH�SLSH�OHDYLQJ�WKH
PDQXIDFWXUHU
V�SUHPLVHV�

���� ��:DOO�WKLFNQHVVHV�DQG�WKHLU�WROHUDQFHV

7KH�QRPLQDO�ZDOO�WKLFNQHVV��HQ��LV�FODVVLILHG�ZLWK�WKH�SLSH�VHULHV�6���7KH�QRPLQDO�ZDOO�WKLFNQHVV�FRUUHVSRQGV
WR�WKH�PLQLPXP�DOORZDEOH�ZDOO�WKLFNQHVV�Li
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7KH�QRPLQDO�ZDOO�WKLFNQHVV�VKDOO�FRQIRUP�WR�WDEOH����DV�DSSURSULDWH�WR�WKH�SLSH�VHULHV�

7KH�WROHUDQFH�IRU�PHDQ�ZDOO�WKLFNQHVV��HP��VKDOO�FRQIRUP�WR�WDEOH���

7DEOH���²�1RPLQDO��PLQLPXP��ZDOO�WKLFNQHVVHV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO 1RPLQDO��PLQLPXP��ZDOO�WKLFNQHVV

RXWVLGH 3LSH�VHULHV�6
GLDPHWHU 6���

�6'5����
�6������

�6'5������
6���

�6'5����
6�����

�6'5����
6���

�6'5����
6��

�6'5����
6����

�6'5������
6��

�6'5����

1RPLQDO�SUHVVXUH�31�EDVHG�RQ�VHUYLFH��GHVLJQ��FRHIILFLHQW�&� ����

GQ 31�� 31�� 31�� 31��� 31����� 31��� 31���

�� -- -- -- -- -- -- ���
�� -- -- -- -- -- -- ���
�� -- -- -- -- -- ��� ���
�� -- -- -- -- ��� ��� ���
�� -- -- ��� ��� ��� ��� ���

�� -- ��� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ��� ��� ���

1RPLQDO�SUHVVXUH�31�EDVHG�RQ�VHUYLFH��GHVLJQ��FRHIILFLHQW�&� ����

31�� 31���� 31�� 31��� 31����� 31��� 31��� 31���

��� ��� ��� ��� ��� ��� ��� ��� ����
��� ��� ��� ��� ��� ��� ��� ��� ����
��� ��� ��� ��� ��� ��� ��� ���� ����
��� ��� ��� ��� ��� ��� ��� ���� ����
��� ��� ��� ��� ��� ��� ���� ���� ����

��� ��� ��� ��� ��� ��� ���� ���� ����
��� ��� ��� ��� ��� ���� ���� ���� --
��� ��� ��� ��� ��� ���� ���� ���� --
��� ��� ��� ��� ���� ���� ���� ���� --
��� ��� ��� ��� ���� ���� ���� ���� --

��� ��� ���� ���� ���� ���� ���� ���� --
��� ��� ���� ���� ���� ���� ���� ���� --
��� ���� ���� ���� ���� ���� ���� ���� --
��� ���� ���� ���� ���� ���� ���� ���� --
��� ���� ���� ���� ���� ���� -- -- --

��� ���� ���� ���� ���� ���� -- -- --
��� ���� ���� ���� ���� -- -- -- --
��� ���� ���� ���� ���� -- -- -- --
��� ���� ���� ���� -- -- -- -- --
���� ���� ���� ���� -- -- -- -- --

127(�����7KH�QRPLQDO�ZDOO�WKLFNQHVVHV�FRQIRUP�WR�,62�����������
127(�����7R�DSSO\�DQ�RYHUDOO�VHUYLFH��GHVLJQ��FRHIILFLHQW�RI������LQVWHDG�RI������IRU�SLSHV�ZLWK�QRPLQDO�GLDPHWHUV
DERYH����PP��WKH�QH[W�KLJKHU�SUHVVXUH�UDWLQJ��31��VKDOO�EH�FKRVHQ�
127(�����7KH�31���YDOXHV�IRU�6����DQG�6����DUH�FDOFXODWHG�ZLWK�WKH�SUHIHUUHG�QXPEHU�����
127(�����7KH�SLSH�VHULHV�6������LQ�EUDFNHWV�LV�LQWHQGHG�WR�EH�SKDVHG�RXW�E\�WKH�HQG�RI�WKH�\HDU������
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7DEOH���²�7ROHUDQFH�RQ�ZDOO�WKLFNQHVVHV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO��PLQLPXP�
ZDOO�WKLFNQHVV

HQ

7ROHUDQFH�IRU�PHDQ
ZDOO�WKLFNQHVV

[

1RPLQDO��PLQLPXP�
ZDOO�WKLFNQHVV

HQ

7ROHUDQFH�IRU�PHDQ
ZDOO�WKLFNQHVV

[

> � > �

��� ���
��� ���
��� ���
��� ���
��� ���

��� ���
��� ���
��� ���
��� ����
���� ����

���� ����
���� ����
���� ����
���� ����
���� ����

���� ����
���� ����
���� ����
���� ����
���� ����

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���� ����
���� ����
���� ����
���� ����
���� ����

���� ����
���� ����
���� ����
���� ����
���� ����

���� ����
���� ����
���� ����
���� ����
���� ����

���� ����
���� ����

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���

127(�����7KH�WROHUDQFH�DSSOLHV�WR�WKH�QRPLQDO��PLQLPXP��ZDOO�WKLFNQHVV�DQG�LV�H[SUHVVHG�LQ�WKH�IRUP
��;��
����PP��ZKHUH�[�LV�WKH�YDOXH�RI�WROHUDQFH�IRU�WKH�PHDQ�ZDOO�WKLFNQHVV��HP�
127(�����7KH�WROHUDQFH�IRU�PHDQ�ZDOO�WKLFNQHVV��HP��FRQIRUPV�WR�JUDGH�:�RI�,62��������������

���� ��/HQJWK�RI�SLSH

7KH� QRPLQDO� SLSH� OHQJWK� VKDOO� EH� D� PLQLPXP� OHQJWK� ZKLFK� GRHV� QRW� LQFOXGH� WKH� GHSWK� RI� WKH� VRFNHWHG
SRUWLRQV��DV�VKRZQ�LQ�ILJXUH���

127(�� 7KH� SUHIHUUHG� QRPLQDO� OHQJWK� RI� SLSH� LV� ��P�� � 2WKHU� OHQJWKV� DUH� VXEMHFW� WR� DJUHHPHQW� EHWZHHQ
PDQXIDFWXUHU�DQG�SXUFKDVHU�
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)LJXUH���²�3RLQWV�RI�PHDVXUHPHQW�IRU�QRPLQDO�SLSH�OHQJWKV

���� ��3LSHV�ZLWK�VRFNHWV

������ 6RFNHWV�IRU�VROYHQW�FHPHQWLQJ

7KH�GLPHQVLRQV�RI�VRFNHWV�IRU�VROYHQW�FHPHQWLQJ�DUH�VKRZQ�LQ�ILJXUH�����7KH\�VKDOO�FRQIRUP�WR�WDEOH���
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)LJXUH���²�6RFNHW�IRU�VROYHQW�FHPHQWLQJ

7KH�QRPLQDO�LQVLGH�GLDPHWHU�RI�D�VRFNHW�VKDOO�EH�HTXDO�WR�WKH�QRPLQDO�RXWVLGH�GLDPHWHU�GQ�RI�WKH�SLSH�

7KH�PD[LPXP�LQFOXGHG�LQWHUQDO�DQJOH�RI�WKH�VRFNHWHG�SRUWLRQ�VKDOO�QRW�H[FHHG�����
�����PLQXWHV��

7KH�UHTXLUHPHQWV�IRU�PHDQ�LQVLGH�GLDPHWHUV��GLP��RI�VRFNHWV�VKDOO�DSSO\�DW�WKH�PLGSRLQW�RI�WKH�VRFNHW�OHQJWK�

7DEOH���²�'LPHQVLRQV�RI�VRFNHWV�IRU�VROYHQW�FHPHQWLQJ

'LPHQVLRQV�LQ�PLOOLPHWHUV
1RPLQDO�LQVLGH
GLDPHWHU�RI
VRFNHW

0HDQ�LQVLGH�GLDPHWHU
RI�VRFNHW

0D[LPXP�RXW�RI�
URXQGQHVV�IRU�GL

0LQLPXP�VRFNHW
OHQJWK

GQ GLP�PLQ GLP�PD[
�� /PLQ

���

�� ���� ���� ���� ����
�� ���� ���� ���� ����
�� ���� ���� ���� ����
�� ���� ���� ���� ����
�� ���� ���� ���� ����

�� ���� ���� ���� ����
�� ���� ���� ��� ����
�� ���� ���� ��� ����
�� ���� ���� ��� ����
�� ���� ���� ��� ����

��� ����� ����� ��� ����
��� ����� ����� ��� ����
��� ����� ����� ��� ����
��� ����� ����� ��� ����
��� ����� ����� ��� ����

��� ����� ����� ��� �����
��� ����� ����� ��� �����
��� ����� ����� ��� �����
��� ����� ����� ��� �����
��� ����� ����� ��� �����

����7KH�RXW�RI�URXQGQHVV�WROHUDQFHV�DUH�URXQGHG�YDOXHV�RI������JUDGH�0�WR
,62��������������
����7KH�PLQLPXP�VRFNHW�OHQJWKV�DUH�HTXDO�WR�����GQ�����PP��RU����PP�LI
����GQ�����PP�������PP�
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������ ��6RFNHWV�IRU�HODVWRPHULF�ULQJ�VHDO�W\SH�MRLQWV

7KH�PLQLPXP�GHSWK�RI�HQJDJHPHQW��PPLQ��RI�VLQJOH�VRFNHWV�ZLWK�HODVWRPHULF�ULQJ�VHDO�MRLQWV��VHH�ILJXUH����LV
EDVHG�RQ�SLSH�OHQJWKV�XS�WR����P�DQG�VKDOO�FRQIRUP�WR�WDEOH���

7KH�ZDOO� WKLFNQHVV�RI� WKH�VRFNHWV�DW�DQ\�SRLQW�� H[FHSW� WKH�VHDOLQJ� ULQJ�JURRYH�� VKDOO� QRW� EH� OHVV� WKDQ� WKH
PLQLPXP�ZDOO� WKLFNQHVV�RI�WKH�FRQQHFWLQJ�SLSH���7KH�ZDOO� WKLFNQHVV�RI�WKH�VHDOLQJ�ULQJ�JURRYH�VKDOO�QRW�EH
OHVV�WKDQ�����WLPHV�WKH�PLQLPXP�ZDOO�WKLFNQHVV�RI�WKH�FRQQHFWLQJ�SLSH�

7KH� UHTXLUHPHQWV� IRU�PHDQ� LQVLGH� GLDPHWHUV��GLP�� RI� VRFNHWV� VKDOO� DSSO\� DW� WKH�PLGSRLQW� RI� WKH� GHSWK� RI
HQJDJHPHQW�P�

)LJXUH���VKRZV�WKH�HQJDJHPHQW�LI�WKH�VSLJRW�HQG�LV�SXVKHG�WR�WKH�VRFNHW�ERWWRP���)RU�DVVHPEO\�LQVWUXFWLRQV
VHH�(19��������

)LJXUH���²�6RFNHW�DQG�VSLJRW�HQG�IRU�SLSHV�ZLWK�HODVWRPHULF�VHDOLQJ�ULQJ
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7DEOH���²�'LPHQVLRQV�RI�VRFNHWV�IRU�HODVWRPHULF�ULQJ�VHDO�MRLQWV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO�LQVLGH
GLDPHWHU�RI
VRFNHW

0LQLPXP�PHDQ
LQVLGH�GLDPHWHU

RI�VRFNHW

0D[LPXP�SHUPLVVLEOH
RXW�RI�URXQGQHVV�IRU�GL�

��
0LQLPXP
GHSWK�RI

HQJDJHPHQW

/HQJWK�RI�VRFNHW
HQWUDQFH�DQG
VHDOLQJ�DUHD

GQ GLP�PLQ�
�� 6����WR�6��� 6������WR�6�� PPLQ�

�� F���

�� ���� ��� ��� �� ��
�� ���� ��� ��� �� ��
�� ���� ��� ��� �� ��
�� ���� ��� ��� �� ��
�� ���� ��� ��� �� ��

�� ���� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��

��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��

��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ��
��� ����� ��� ��� �� ���

��� ����� ���� ��� ��� ���
��� ����� ���� ��� ��� ���
��� ����� ���� ��� ��� ���

����GLP�PLQ�LV�PHDVXUHG�LQ�WKH�PLGGOH�RI�WKH�HQJDJHPHQW��P��DQG�LV�FDOFXODWHG�XVLQJ�WKH�DSSOLFDEOH�HTXDWLRQ�DV
IROORZV�

GLP�PLQ� �GQ�������PP��ZKHQ�GQ������
GLP�PLQ� �GQ�������PP��ZKHQ������GQ������
GLP�PLQ� ������GQ�������PP��ZKHQ�GQ�������

7KH�YDOXHV�REWDLQHG�VKDOO�EH�URXQGHG�WR�WKH�QH[W�JUHDWHU�����PP�

����7KH�RXW�RI�URXQGQHVV�WROHUDQFHV�DUH�URXQGHG�YDOXHV�RI������JUDGHV�WR�,62�������������
IRU�6����WR�6����DV�IROORZV�

�����JUDGH�0�IRU�������GQ������
�����JUDGH�1�IRU��������GQ�������
�����JUDGH�0�IRU�������GQ�������

)RU�SLSH�VHULHV�6������WR�6�����������JUDGH�0��H[FHSW�����JUDGH�0�IRU�GQ� ����

����7KH�YDOXH�RI�PPLQ�LV�FDOFXODWHG�IURP�WKH�DSSOLFDEOH�HTXDWLRQ�DV�IROORZV�
PPLQ� ����PP�������GQ�-��H��6������ZKHQ�GQ�������
PPLQ� ����PP�������GQ�-��H��6������ZKHQ�GQ�>�����

7KH�YDOXHV�REWDLQHG�VKDOO�EH�URXQGHG�WR�WKH�QH[W�JUHDWHU�����PP�

����7KH�YDOXH�RI�F�LV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ���F� ����������GQ�DQG�F�LV�JLYHQ�RQO\�IRU�JXLGDQFH�LQ
FDOFXODWLQJ�PLQLPXP�VSLJRW�OHQJWKV���7KH�PDQXIDFWXUHUV�VKDOO�VWDWH�WKH�F�YDOXHV�LQ�WKHLU�FDWDORJXHV�
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���� ��3LSH�HQGV�IRU�ULQJ�VHDO�RU�VROYHQW�FHPHQW�MRLQWV

3LSHV�ZLWK� SODLQ� HQGV� LQWHQGHG� WR� EH� XVHG� ZLWK� HODVWRPHULF� ULQJ� VHDO� VRFNHWV� RU� LQWHJUDO� VROYHQW� FHPHQW
VRFNHWV�VKDOO�EH�FKDPIHUHG�DV�VKRZQ�LQ�ILJXUH�����3LSHV�ZLWK�SODLQ�HQGV�LQWHQGHG�WR�EH�XVHG�IRU�RWKHU�VROYHQW
FHPHQW�MRLQWV�VKDOO�KDYH�DOO�VKDUS�HGJHV�UHPRYHG�

�� ��&ODVVLILFDWLRQ�DQG�VHOHFWLRQ�RI�SLSHV

���� ��&ODVVLILFDWLRQ

3LSHV�VKDOO�EH�FODVVLILHG�DFFRUGLQJ�WR�WKHLU�QRPLQDO�SUHVVXUH�31�DQG�WKH�SLSH�VHULHV�6�

���� ��6HOHFWLRQ� RI� WKH� QRPLQDO� SUHVVXUH� 31� DQG� RI� WKH� SLSH� VHULHV� 6� IRU� ZDWHU� XS� WR
DSSUR[LPDWHO\�����&

7KH�QRPLQDO�SUHVVXUH�31��WKH�SLSH�VHULHV�6�DQG�WKH�GHVLJQ�VWUHVV��sV��DUH�FRQQHFWHG�E\�WKH�IROORZLQJ
UHODWLRQVKLS�

>31@��A �
��sV
>6@

)RU�39&�8�SLSHV�sV� UHVXOWV� IURP�DQ�056������03D�GLYLGHG� E\� WKH� RYHUDOO� VHUYLFH� �GHVLJQ�� FRHIILFLHQW�&�
7KLV�FRHIILFLHQW�VKDOO�EH����� IRU�QRPLQDO�RXWVLGH�GLDPHWHUV�XS� WR�DQG� LQFOXGLQJ����PP�DQG����� IRU�QRPLQDO
RXWVLGH�GLDPHWHUV�JUHDWHU�WKDQ����PP�

7KHUHIRUH�WKH�GHVLJQ�VWUHVV�sV�VKDOO�EH������03D�IRU�QRPLQDO�RXWVLGH�GLDPHWHUV�XS�WR�DQG�LQFOXGLQJ����PP
DQG������03D�IRU�QRPLQDO�RXWVLGH�GLDPHWHUV�JUHDWHU�WKDQ����PP�

7KH�DSSOLFDEOH�SLSH�VHULHV�VKDOO�EH�WDNHQ�IURP�WDEOH���

���� ��'HWHUPLQDWLRQ�RI�WKH�DOORZDEOH�RSHUDWLQJ�SUHVVXUH�3)$�IRU�ZDWHU�XS�WR�����&

7KH�DOORZDEOH�RSHUDWLQJ�SUHVVXUH��3)$��IRU�WHPSHUDWXUHV�XS�WR�����&�VKDOO�EH�HTXDO�WR�WKH�QRPLQDO�SUHVVXUH�
31�

7R�GHWHUPLQH�WKH�DOORZDEOH�RSHUDWLQJ�SUHVVXUH��3)$��IRU�WHPSHUDWXUHV�EHWZHHQ�����&�DQG�����&�D

VXSSOHPHQWDU\�GHUDWLQJ�IDFWRU��I7��VKDOO�EH�DSSOLHG�WR�WKH�QRPLQDO�SUHVVXUH��31��DV�IROORZV�

>3)$@� �I7���>31@

7KLV�IDFWRU�LV�JLYHQ�LQ�)LJXUH�$���RI�DQQH[�$�

�� ��0HFKDQLFDO�FKDUDFWHULVWLFV

���� ��,PSDFW�VWUHQJWK

3LSHV�ZLWK�D�QRPLQDO�ZDOO�WKLFNQHVV�RI������PP�RU�OHVV��ZKHQ�WHVWHG�IRU�UHVLVWDQFH�WR�H[WHUQDO�EORZV�DW����&
LQ�DFFRUGDQFH�ZLWK�(1����������VKDOO�KDYH�D�WUXH�LPSDFW�UDWH��7,5��RI�QRW�PRUH�WKDQ������ZKHQ�WHVWHG�DW
WKH�OHYHOV�JLYHQ�LQ�WDEOH���

3LSHV�LQ�WKH�VHULHV�6���WR�6����VKDOO�EH�WHVWHG�DW�WKH�PHGLXP�OHYHO�0�DQG�SLSHV�LQ�WKH�VHULHV�6������WR�6���
VKDOO�EH�WHVWHG�DW�WKH�KLJK�OHYHO�+�

7KH� W\SH�RI� WKH� VWULNHU� VKDOO� EH� DV� JLYHQ� LQ� WDEOH��� RI�(1���������� GHSHQGLQJ� RQ� WKH�PDVV� RI� WKH� IDOOLQJ
ZHLJKW�

7KH�VDPSOLQJ�SURFHGXUH�VKDOO�FRQIRUP�WR�(19��������

127(�� )RU�SUDFWLFDO�UHDVRQV�WKLV�WHVW�LV�QRW�UHOHYDQW�IRU�SLSHV�ZLWK�GQ�<����PP�
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7DEOH���²�5HTXLUHPHQWV�IRU�WKH�IDOOLQJ�ZHLJKW�LPSDFW�WHVW

1RPLQDO 0HGLXP�OHYHO�0 +LJK�OHYHO�+

RXWVLGH
GLDPHWHU

GQ

0DVV�RI
IDOOLQJ
ZHLJKW

)DOO
KHLJKW

,PSDFW
HQHUJ\������

0DVV�RI
IDOOLQJ
ZHLJKW

)DOO
KHLJKW

,PSDFW
HQHUJ\������

PP NJ P 1P NJ P 1P
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����%DVHG�RQ�J� ������P�V��
����)RU�OHVV�WKDQ�����URXQGHG�RII�WR������IRU�JUHDWHU�WKDQ�����URXQGHG�RII�WR�LQWHJHUV�

���� ��5HVLVWDQFH�WR�LQWHUQDO�SUHVVXUH

3LSHV� VKDOO� ZLWKVWDQG� ZLWKRXW� EXUVWLQJ� RU� OHDNDJH� WKH� K\GURVWDWLF� VWUHVV� LQGXFHG� E\� LQWHUQDO� K\GURVWDWLF
SUHVVXUH�ZKHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�(1����������XVLQJ�WKH�WHVW�FRQGLWLRQV�VSHFLILHG�LQ�WDEOH���

)RU�WKLV�WHVW�HQG�FDSV�W\SH�D��RU�E��LQ�DFFRUGDQFH�ZLWK�(1����������PD\�EH�XVHG�

7KH�VDPSOLQJ�SURFHGXUH�VKDOO�FRQIRUP�WR�(19��������

7DEOH���²�3UHVVXUH�WHVW�UHTXLUHPHQWV�IRU�SLSHV

&KDUDFWHULVWLF 5HTXLUHPHQW 7HVW�SDUDPHWHUV 7HVW

7HPS�

�&

&LUFXPIHUHQWLDO
VWUHVV

03D

7LPH

K

7\SH
RI
WHVW

PHWKRG

6KRUW��DQG
ORQJ�WHUP
VWUHQJWK

1R�IDLOXUH
GXULQJ�WKH�WHVW

��
��
��

����
����
����

�
���
����

:DWHU
�LQ�
ZDWHU

(1���������

,QWHJUDO�VRFNHWV�VKDOO�EH�WHVWHG�LQ�DFFRUGDQFH�ZLWK�(1����������XVLQJ�WKH�WHVW�SDUDPHWHUV�JLYHQ�LQ�WDEOH���
)RU�WKLV�WHVW�HQG�FDSV�W\SH�D��RU�E��LQ�DFFRUGDQFH�ZLWK�(1����������PD\�EH�XVHG�DQG�WKH�VRFNHW�HQWUDQFH
PD\�EH�H[WHUQDOO\�UHLQIRUFHG�WR�SUHYHQW�D�GLVSODFHPHQW�RI� WKH�VHDOLQJ�ULQJ�� �7KH�VDPSOLQJ�SURFHGXUH�VKDOO
FRQIRUP�WR�(19��������Li

ce
ns

ed
 C

op
y:

 In
st

itu
te

 O
f T

ec
hn

ol
og

y 
T

al
la

gh
t, 

In
st

itu
te

 o
f T

ec
hn

ol
og

y,
 T

hu
 O

ct
 1

2 
12

:4
3:

34
 B

S
T

 2
00

6,
 U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



3DJH�18
(1������������

��%6,��������

7DEOH���²�3UHVVXUH�WHVW�UHTXLUHPHQWV�IRU�DOO�W\SHV�RI�LQWHJUDO�VRFNHWV�RQ�SLSHV

&KDUDFWHULVWLF 5HTXLUHPHQW 7HVW�SDUDPHWHUV 7HVW

1RPLQDO
GLDPHWHU

GQ

7HPS�

�&

3UHVVXUH

EDU

7LPH

K

7\SH�RI
WHVW

PHWKRG

6KRUW�WHUP
VWUHQJWK

1R�IDLOXUH
GXULQJ�WKH
WHVW

�����PP

>����PP

��

��

������>31@

�������>31@

�

�

:DWHU�
LQ�ZDWHU

(1���������

�� ��3K\VLFDO�FKDUDFWHULVWLFV

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�WKH�WHVW�PHWKRGV�DV�VSHFLILHG�LQ�WDEOH���XVLQJ�WKH�LQGLFDWHG�SDUDPHWHUV��WKH
SLSH�VKDOO�KDYH�SK\VLFDO�FKDUDFWHULVWLFV�FRQIRUPLQJ�WR�WKH�UHTXLUHPHQWV�JLYHQ�LQ�WDEOH���

7KH�VDPSOLQJ�SURFHGXUH�VKDOO�FRQIRUP�WR�(19��������

7DEOH���²�3K\VLFDO�FKDUDFWHULVWLFV

&KDUDFWHULVWLF 5HTXLUHPHQW 7HVW�SDUDPHWHUV 7HVW
PHWKRG

9LFDW�VRIWHQLQJ
WHPSHUDWXUH��967�

������& 6KDOO�FRQIRUP�WR�(1���� (1����

/RQJLWXGLQDO�UHYHUVLRQ 0D[LPXP���� 7HVW�WHPSHUDWXUH�

7HVW�SHULRG�IRU

H�����PP
H�>���PP

�����������&

���PLQ
���PLQ

(1�����

0HWKRG�$
�OLTXLG����

RU���

7HVW�WHPSHUDWXUH�

7HVW�SHULRG�IRU

H�����PP
��PP�<�H������PP

H�>����PP

�����������&

�����PLQ
����PLQ
����PLQ

(1�����

0HWKRG�%
�DLU�

5HVLVWDQFH�WR�GLFKORUR�
PHWKDQH�DW�HOHYDWHG
WHPSHUDWXUHV���

�'HJUHH�RI�JHODWLRQ�

1R�DWWDFN�DW�DQ\
SDUW�RI�WKH
VXUIDFH�RI�WKH
WHVW�SLHFH

7HPSHUDWXUH�RI�EDWK�

,PPHUVLRQ�WLPH�

0LQ��ZDOO�WKLFNQHVV

����������&

���PLQ�

����PP

(1����

����,Q�FDVH�RI�GLVSXWH�PHWKRG�%�VKDOO�EH�XVHG�
����)RU�UHTXLUHPHQWV�IRU�IUDFWXUH�WRXJKQHVV�VHH�DQQH[�&�DQG�QRWH����WR�WDEOH����RI�(19��������

��� ��&KHPLFDO�FKDUDFWHULVWLFV

7KH� 39&�8� SLSH� VKDOO� QRW� FRQWDLQ� YLQ\O� FKORULGH�PRQRPHU� �9&0�� H[FHHGLQJ� ��SSP�ZKHQ� GHWHUPLQHG� E\
PHDQV�RI�JDV�SKDVH�FKURPDWRJUDSK\�XVLQJ�WKH�µKHDGVSDFH¶�PHWKRG�DFFRUGLQJ�WR�,62��������7KH�VDPSOLQJ
SURFHGXUH�VKDOO�FRQIRUP�WR�(19��������
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��� ��6HDOLQJ�ULQJV

7KH� PDWHULDO� RI� WKH� HODVWRPHULF� VHDOLQJ� ULQJ� XVHG� LQ� MRLQW� DVVHPEOLHV� IRU� SLSHV� VKDOO� EH� FKRVHQ� IURP
(1�������DQG�VKDOO�FRQIRUP�WR�WKH�DSSURSULDWH�FODVV�

7KH�VHDOLQJ�ULQJ�VKDOO�KDYH�QR�GHWULPHQWDO�HIIHFW�RQ�WKH�SURSHUWLHV�RI�WKH�SLSH�DQG�VKDOO�QRW�FDXVH�WKH�WHVW
DVVHPEO\�WR�IDLO�WKH�IXQFWLRQDO�UHTXLUHPHQWV�RI�(1��������

��� ��$GKHVLYHV

7KH�DGKHVLYH�V��VKDOO�KDYH�QR�GHWULPHQWDO�HIIHFWV�RQ�WKH�SLSH�DQG�VKDOO�QRW�FDXVH�WKH�WHVW�DVVHPEO\�WR�IDLO�WR
FRQIRUP�WR�(1��������

7KH� DGKHVLYHV� VKDOO� EH� LGHQWLILHG� DFFRUGLQJ� WR� ,62�������� DQG� WKHLU� SURSHUWLHV� VKDOO� FRQIRUP� WR� WKH
DSSURSULDWH�VWDQGDUGV�

127(�� $� VWDQGDUG� RQ� D� WHVW� PHWKRG� IRU� WKH� GHWHUPLQDWLRQ� RI� WKH� ILOP� SURSHUWLHV� LV� XQGHU� SUHSDUDWLRQ� �VHH
SU(1�,62���������

��� ��3HUIRUPDQFH�UHTXLUHPHQWV

:KHQ� SLSHV� FRQIRUPLQJ� WR� WKLV� VWDQGDUG� DUH� MRLQWHG� WR� HDFK� RWKHU� RU� WR� FRPSRQHQWV� FRQIRUPLQJ� WR� RWKHU
3DUWV�RI�(1�������WKH�SLSHV�DQG�WKH�MRLQWV�VKDOO�FRQIRUP�WR�(1��������

��� ��0DUNLQJ

����� ��*HQHUDO

���������7KH�PDUNLQJ�HOHPHQWV�VKDOO�EH�SULQWHG�RU�IRUPHG�GLUHFWO\�RQ�WKH�SLSH�ZLWK�D�PD[LPXP�LQWHUYDO�RI���P
LQ�VXFK�D�ZD\�WKDW�DIWHU�VWRUDJH��ZHDWKHULQJ��KDQGOLQJ�DQG�LQVWDOODWLRQ��H�J��LQ�DFFRUGDQFH�ZLWK�(19���������
OHJLELOLW\�LV�PDLQWDLQHG�GXULQJ�WKH�XVH�RI�WKH�SURGXFWV�

127(�� 7KH�PDQXIDFWXUHU� LV�QRW� UHVSRQVLEOH� IRU�PDUNLQJ�EHLQJ� LOOHJLEOH�GXH� WR�DFWLRQV�FDXVHG�E\� LQVWDOODWLRQ
DQG�XVH�VXFK�DV�SDLQWLQJ��VFUDWFKLQJ��FRYHULQJ�RI�WKH�SLSHV�RU�E\�XVH�RI�GHWHUJHQWV�RQ�WKH�SLSH�

���������0DUNLQJ� VKDOO� QRW� LQLWLDWH� FUDFNV� RU� RWKHU� W\SHV� RI� GHIHFWV� ZKLFK� ZRXOG� LPSDLU� FRQIRUPLW\� WR� WKH
UHTXLUHPHQWV�RI�WKLV�VWDQGDUG�

���������,I�SULQWLQJ�LV�XVHG��WKH�FRORXULQJ�RI�WKH�SULQWHG�LQIRUPDWLRQ�VKDOO�GLIIHU�IURP�WKH�EDVLF�FRORXULQJ�RI�WKH
SLSH�

���������7KH�VL]H�RI�WKH�PDUNLQJ�VKDOO�EH�VXFK�WKDW�WKH�PDUNLQJ�LV�OHJLEOH�ZLWKRXW�PDJQLILFDWLRQ�

����� ��0LQLPXP�UHTXLUHG�PDUNLQJ

7KH�PLQLPXP�UHTXLUHG�PDUNLQJ�RQ�SLSHV�VKDOO�FRQIRUP�WR�WDEOH����
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7DEOH����²�0LQLPXP�UHTXLUHG�PDUNLQJ�RQ�SLSHV

$VSHFWV 0DUN�RU�V\PERO

-�1XPEHU�RI�WKH�6\VWHP�6WDQGDUG
-�0DQXIDFWXUHU
V�QDPH�DQG�RU�WUDGH�PDUN
-�0DWHULDO
-�1RPLQDO�RXWVLGH�GLDPHWHU�GQ���ZDOO�WKLFNQHVV�HQ
-�1RPLQDO�SUHVVXUH�31����
-�0DQXIDFWXUHU
V�LQIRUPDWLRQ���
-�1XPEHU�RI�WKH�H[WUXVLRQ�OLQH����

(1�����
[\]
39&�8
H�J������[����
H�J��31���
H�J����������
H�J��1R���

����7KH�PDUNLQJ�RI�WKH�SLSH�VHULHV�6�PD\�EH�LQFOXGHG��H�J��31����6���

����)RU�SURYLGLQJ�WUDFHDELOLW\�WKH�IROORZLQJ�GHWDLOV�VKDOO�EH�JLYHQ�

D���WKH�SURGXFWLRQ�SHULRG��\HDU��LQ�ILJXUHV�RU�LQ�FRGH�
E���D�QDPH�RU�FRGH�IRU�WKH�SURGXFWLRQ�VLWH�LI�WKH�PDQXIDFWXUHU�LV
SURGXFLQJ�LQ�GLIIHUHQW�VLWHV��QDWLRQDOO\�DQG�RU�LQWHUQDWLRQDOO\�

����,I�QRW�LQFOXGHG�LQ�PDQXIDFWXUHU
V�LQIRUPDWLRQ�

����� ��$GGLWLRQDO�PDUNLQJ

���������3LSHV� ZKLFK� FRQIRUP� WR� WKLV� VWDQGDUG�� DQG� DOVR� FRQIRUP� WR� RWKHU� VWDQGDUG�V�� PD\� EH� PDUNHG
DGGLWLRQDOO\� ZLWK� WKH� QXPEHU�V�� RI� WKH� RWKHU� VWDQGDUG�V��� WRJHWKHU� ZLWK� WKH� PLQLPXP� UHTXLUHG� PDUNLQJ� LQ
DFFRUGDQFH�ZLWK�WKH�RWKHU�VWDQGDUG�V��

���������,W� LV� UHFRPPHQGHG� WKDW� WKRVH� SLSHV� ZKLFK� DUH� SXUFKDVHG� VSHFLILFDOO\� IRU� SXEOLF� ZDWHU� VXSSO\
DSSOLFDWLRQV�DUH�PDUNHG�DGGLWLRQDOO\�ZLWK�WKH�ZRUG�:$7(5�

���������3LSHV�ZKLFK�FRQIRUP�WR�WKLV�VWDQGDUG�DQG�ZKLFK�DUH�WKLUG�SDUW\�FHUWLILHG�PD\�EH�PDUNHG�DFFRUGLQJO\�

127(�� $WWHQWLRQ�LV�GUDZQ�WR�WKH�SRVVLEOH�QHHG�WR�LQFOXGH�&(�PDUNLQJ�ZKHQ�UHTXLUHG�IRU�OHJLVODWLYH�SXUSRVHV�
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$QQH[�$
�QRUPDWLYH�

$OORZDEOH�RSHUDWLQJ�SUHVVXUHV

$�����1RPLQDO�SUHVVXUHV�31�RI�SLSHV

7KH�QRPLQDO�SUHVVXUH��31��RI�D�SLSH�VKDOO�EH�GHVLJQDWHG�LQ�DFFRUGDQFH�ZLWK�7DEOH�$����GHSHQGLQJ�XSRQ�WKH
GLDPHWHU�RI�WKH�SLSH�DQG�WKH�SLSH�VHULHV�6�

7DEOH�$��²�1RPLQDO�SUHVVXUHV�RI�SLSHV

1RPLQDO 1RPLQDO�SUHVVXUHV

GLDPHWHU 3LSH�VHULHV

GQ

6���

�6'5����

6��������

�6'5������

6���

�6'5����

6�����

�6'5����

6���

�6'5����

6��

�6'5����

6����

�6'5������

6��

�6'5����

���� -- �31��� 31�� 31�� 31��� 31����� 31��� 31���

>��� 31�� �31����� 31�� 31��� 31����� 31��� 31��� 31���

����7KH�QRPLQDO�SUHVVXUHV�IRU�WKH�SLSH�VHULHV�6������DUH�LQWHQGHG�WR�EH�SKDVHG�RXW�E\�WKH�HQG�RI�WKH�\HDU������

$�����1RPLQDO�SUHVVXUHV�31�RI�WKH�V\VWHP

$OO�V\VWHP�FRPSRQHQWV�FRQIRUPLQJ� WR� WKLV�VWDQGDUG�VKDOO�EH�FODVVLILHG�DQG�PDUNHG�ZLWK�31�DQG�RSWLRQDOO\
ZLWK�WKH�SLSH�VHULHV�6��(YHU\�FRPSRQHQW�FDQ�EH�XVHG�DW�D�WHPSHUDWXUH�XS�WR�����&�IRU�DQ�RSHUDWLQJ�SUHVVXUH
LQ�EDU�HTXDO�WR�RU�OHVV�WKDQ�WKH�PDUNHG�31�

7KLV�PHDQV�WKDW�ILWWLQJV�DQG�YDOYHV�PD\�EH�XVHG�LQ�FRPELQDWLRQ�ZLWK�SLSHV�PDUNHG�ZLWK�WKH�VDPH�RU�ZLWK�D
ORZHU�31�

7KH�ZKROH�V\VWHP�DOORZV�WKH�RSHUDWLQJ�SUHVVXUH�WR�EH�HTXDO�WR�RU�OHVV�WKDQ�WKDW�RI�WKH�FRPSRQHQW�KDYLQJ�WKH
ORZHVW�SUHVVXUH�UDWLQJ�

$�����'HUDWLQJ�IDFWRU�IRU�VHUYLFH�WHPSHUDWXUHV�EHWZHHQ�����&�DQG�����&

7KH� GHUDWLQJ� IDFWRU� I7� IRU� VHUYLFH� WHPSHUDWXUHV� XS� WR� ����&� VKDOO� EH� WDNHQ� IURP�)LJXUH�$���� 7KH� GHUDWLQJ
IDFWRU�LV�EDVHG�RQ�ORQJ�WHUP�H[SHULHQFH�DQG�WHVW�UHVXOWV�

(;$03/(���&RQVLGHU�D�SLSH�ZLWK�31������WR�EH�DSSOLHG�IRU�ZDWHU�DW�����&�

)URP� )LJXUH�$��� WKH� GHUDWLQJ� IDFWRU� DW� ����&� LV� ������ 7KHUHIRUH� WKH� PD[LPXP� DOORZDEOH� RSHUDWLQJ
SUHVVXUH�DW�����&�LQ�FRQWLQXRXV�XVH�LV���������������EDU� ������EDU�
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)LJXUH�$���²�'HUDWLQJ�IDFWRU�I7�IRU�VHUYLFH�WHPSHUDWXUHV�XS�WR�����&

$�����'HUDWLQJ��RU�XSUDWLQJ��IDFWRU�UHODWHG�WR�DSSOLFDWLRQ�RI�WKH�V\VWHP

)RU�DSSOLFDWLRQV�ZKLFK�QHHG�DGGLWLRQDO�GHUDWLQJ��RU�XSUDWLQJ�� IDFWRUV��H�J��PRUH�VDIHW\� WKDQ� LQFOXGHG� LQ� WKH
RYHUDOO�VHUYLFH��GHVLJQ��FRHIILFLHQW�RI�����RU������DQ�DGGLWLRQDO�IDFWRU�I$�VKDOO�EH�FKRVHQ�DW�WKH�GHVLJQ�VWDJH�

7KH�DOORZDEOH�RSHUDWLQJ�SUHVVXUH�LQ�FRQWLQXRXV�XVH�VKDOO�EH�WKHQ�FDOFXODWHG�E\�

>3)$@� �I7���I$���>31@

ZKHUH�

�>3)$@ LV�WKH�DOORZDEOH�RSHUDWLQJ�SUHVVXUH�

�I7 LV�WKH�GHUDWLQJ�IDFWRU�IRU�VHUYLFH�WHPSHUDWXUHV�EHWZHHQ�����&�DQG�����&�

�I$ LV�WKH�GHUDWLQJ��RU�XSUDWLQJ��IDFWRU�UHODWHG�WR�WKH�DSSOLFDWLRQ�

�>31@ LV�WKH�QRPLQDO�SUHVVXUH�

127(�� >3)$@�DQG�>31@�DUH�H[SUHVVHG�LQ�WKH�VDPH�XQLW�RI�SUHVVXUH��SUHIHUDEO\�LQ�EDUV�
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$QQH[�%
�QRUPDWLYH�

,PSHULDO�LQFK��VL]HG�SLSHV

%�����*HQHUDO

$OO�FODXVHV�FRQWDLQHG�ZLWKLQ� WKH�PDLQ� WH[W�RI� WKLV�VWDQGDUG�VKDOO�DSSO\�� WRJHWKHU�ZLWK� WKH� IROORZLQJ�FODXVHV�
2QO\�WKRVH�FODXVHV�IRU�ZKLFK�WKH�FRQWHQWV�GLIIHU�IURP�WKH�PDLQ�WH[W�DUH�GHVFULEHG�KHUHDIWHU�

%�����1RUPDWLYH�UHIHUHQFHV

,Q�DGGLWLRQ�WR�WKH�QRUPDWLYH�UHIHUHQFHV�JLYHQ�LQ�FODXVH���RI�WKLV�VWDQGDUG��WKH�IROORZLQJ�QRUPDWLYH�UHIHUHQFH
DSSOLHV�

,62�',6��������������'HWHUPLQDWLRQ�RI�WKH�IUDFWXUH�WRXJKQHVV�RI�XQSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8�
SLSHV�

%�����*HRPHWULFDO�FKDUDFWHULVWLFV

%�������0HDQ�RXWVLGH�GLDPHWHUV�DQG�WKHLU�WROHUDQFHV

)RU�WKH�SXUSRVHV�RI������WDEOH�%���VKDOO�DSSO\�LQ�SODFH�RI�WDEOH���

7DEOH�%���²�0HDQ�RXWVLGH�GLDPHWHUV�DQG�WROHUDQFHV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO�VL]H 0HDQ�RXWVLGH�GLDPHWHU 7ROHUDQFH�IRU�RXW�RI�URXQGQHVV

�LQ� GHP�PLQ GHP�PD[
���
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B.3.2   Wall thicknesses and their tolerances

)RU�WKH�SXUSRVHV�RI������WKH�IROORZLQJ�VKDOO�DSSO\�

7KH� QRPLQDO� ZDOO� WKLFNQHVVHV��HQ�� VKDOO� EH� FODVVLILHG� DFFRUGLQJ� WR� WKH� 31� UDWLQJ� RI� WKH� SLSH�� DV� JLYHQ� LQ
WDEOH�%���

7KH�WROHUDQFHV�RQ�WKH�QRPLQDO��PLQLPXP��ZDOO�WKLFNQHVV�DW�DQ\�SRLQW�VKDOO�FRQIRUP�WR�WDEOH�%���

7DEOH�%���²�1RPLQDO�ZDOO�WKLFNQHVVHV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO�VL]H 1RPLQDO�ZDOO�WKLFNQHVV�HQ

�LQ� 31�� 31��� 31���
���
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7DEOH�%���²�7ROHUDQFH�RQ�ZDOO�WKLFNQHVV�DW�DQ\�SRLQW

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO�VL]H 7ROHUDQFH�[�RQ�QRPLQDO�ZDOO�WKLFNQHVV���

�LQ� 31�� 31��� 31���
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����7KH�WROHUDQFH�LV�H[SUHVVHG�LQ�WKH�IRUP�RI��;�����PP��ZKHUH�[�LV�WKH�YDOXH�RI
WKH�WROHUDQFH�RQ�WKH�PLQLPXP�ZDOO�WKLFNQHVV�

%�������3LSHV�ZLWK�VRFNHWV

%���������6RFNHWV�IRU�VROYHQW�FHPHQWLQJ

)RU�WKH�SXUSRVHV�RI��������WKH�IROORZLQJ�VKDOO�DSSO\�

7KH�GLPHQVLRQV�RI�VRFNHWV�IRU�VROYHQW�FHPHQWLQJ�DUH�VKRZQ�LQ�ILJXUH�%�����7KH\�VKDOO�FRQIRUP�WR�WKH�YDOXHV
JLYHQ�LQ�WDEOH�%���

)LJXUH�%����²�6RFNHW�RQ�SLSH�HQG�IRU�VROYHQW�FHPHQWLQJ
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At no point shall the inside diameter of the socket be greater than the mouth inside diameter of the
DVVRFLDWHG�VRFNHW���7KH�PHDQ�LQVLGH�GLDPHWHU�RI�WKH�VRFNHW�PD\�GHFUHDVH�IURP�PRXWK�WR�URRW�E\�WKH

IROORZLQJ�PD[LPXP�WRWDO�LQFOXGHG�DQJOH�RI�WDSHU�

������WR����QRPLQDO�VL]H�������
�

����QRPLQDO�VL]H�DQG�JUHDWHU�������
�

$Q�RXW�RI�URXQGQHVV�WROHUDQFH�RI���������LV�DOORZHG�RQ�WKH�PHDQ�LQVLGH�GLDPHWHU�RI�VRFNHW�

7DEOH�%���²�'LPHQVLRQV�RI�VRFNHWV�IRU�VROYHQW�FHPHQWLQJ

'LPHQVLRQV�LQ�PLOOLPHWHUV

1RPLQDO�VL]H 6RFNHW�OHQJWK 0HDQ�LQVLGH�GLDPHWHU�RI�VRFNHW�DW�PLGSRLQW�RI
VRFNHW�OHQJWK

�LQ� /PLQ GLP�PLQ GLP�PD[
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127(�� 7KH� PLQLPXP� VRFNHW� OHQJWKV�� /PLQ�� KDYH� EHHQ� FDOFXODWHG� XVLQJ� WKH� IROORZLQJ� HTXDWLRQ�
��/PLQ� ����GHP�PLQ�����PP

ZKHUH�GHP�PLQ�LV�WKH�PLQLPXP�PHDQ�RXWVLGH�GLDPHWHU�RI�WKH�FRUUHVSRQGLQJ�SLSH��VHH�(1���������

B.3.3.2   6RFNHWV�IRU�HODVWRPHULF�ULQJ�VHDO�MRLQWV

)RU�WKH�SXUSRVHV�RI�������WKH�IROORZLQJ�VKDOO�DSSO\�

7KH� GHSWK� RI� HQJDJHPHQW��P�� RI� VLQJOH� VRFNHWV� ZLWK� HODVWRPHULF� VHDOLQJ� ULQJ� W\SH� MRLQWV� DUH� VKRZQ� LQ
ILJXUH�%����7KH�PLQLPXP�YDOXH�IRU�P�VKDOO�FRQIRUP�WR�WKH�DSSOLFDEOH�YDOXH�JLYHQ�LQ�WDEOH�%���
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)LJXUH�%���²�6RFNHW�DQG�VSLJRW�HQG�IRU�SLSHV�ZLWK�HODVWRPHULF�VHDOLQJ�ULQJ

)LJXUH�%���� VKRZV� WKH� HQJDJHPHQW� LI� WKH� VSLJRW� HQG� LV� SXVKHG� WR� WKH� VRFNHW� ERWWRP�� � )RU� DVVHPEO\
LQVWUXFWLRQV�VHH�(19��������

7DEOH�%���²�'LPHQVLRQV�RI�VRFNHWV�IRU�HODVWRPHULF�ULQJ�VHDO�MRLQWV

'LPHQVLRQV�LQ�PLOOLPHWUHV

1RPLQDO�VL]H 0LQLPXP�GHSWK�RI�HQJDJHPHQW
PPLQ

�LQ� 6LQJOH�VRFNHW 'RXEOH�VRFNHW
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%�����&ODVVLILFDWLRQ�DQG�FKRLFH�RI�SLSHV

Clause 7.1 and 7.2 shall not apply to imperial(inch)-sized pipes.

%�����3K\VLFDO�FKDUDFWHULVWLFV

7KH�FKDUDFWHULVWLFV�JLYHQ�LQ�WDEOH���VKDOO�EH�DSSOLHG�WR�LPSHULDO�VL]HG�SLSHV�

,Q�DGGLWLRQ��SLSHV�RI�VL]H���LQFK�DQG� ODUJHU�VKDOO�EH� WHVWHG� LQ�DFFRUGDQFH�ZLWK� ,62�',6�������DQG�ZLWK� WKH
UHTXLUHPHQWV�VSHFLILHG�LQ�DQQH[�&�RI�WKLV�VWDQGDUG�

7KHVH�SLSHV�VKDOO�ZLWKVWDQG�WKH�DSSOLFDEOH�WHVW�IRUFH��IRU�QRW�OHVV�WKDQ����PLQ�ZLWKRXW�EUHDNLQJ�RU�FUDFNLQJ�DW
WKH�QRWFK�
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$QQH[�&
�QRUPDWLYH�

5HTXLUHPHQWV�IRU�IUDFWXUH�WRXJKQHVV�WHVW

5HTXLUHPHQWV�IRU�IUDFWXUH�WRXJKQHVV�WHVW�FRQIRUPLQJ�WR�,62�',6�������KDYH�EHHQ�DGGHG�WR�(1��������RQ
UHTXHVW�RI�WKH�8QLWHG�.LQJGRP��ZKHUH�VXFK�WHVW�LV�WUDGLWLRQDOO\�XVHG���,W�PD\�EH�XVHG�LQ�WKH�8QLWHG�.LQJGRP
DV�DQ�DOWHUQDWLYH�WR�WKH�JHODWLRQ�WHVW�VSHFLILHG�LQ�(1�����

7KH�YDOXHV�IRU�WKH�IUDFWXUH�WRXJKQHVV�WHVW�VKDOO�FRQIRUP�WR�WDEOH�&���IRU�WKH�DSSOLFDEOH�ZDOO�WKLFNQHVV�UDQJH�

7DEOH�&���²�)UDFWXUH�WRXJKQHVV�YDOXHV�UHTXLUHG�IRU�VSHFLILF�ZDOO�WKLFNQHVV�UDQJHV

3LSH�ZDOO�WKLFNQHVV�HQ )UDFWXUH�WRXJKQHVV�.LF�PLQ

PP 01P-���

�������HQ�<����� ����
�������HQ�<����� ����
�������HQ�<����� ����
�������HQ�<������ ���
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$QQH[�'
�LQIRUPDWLYH�

%LEOLRJUDSK\

(19����������3ODVWLFV�SLSLQJ�V\VWHPV�IRU�ZDWHU�VXSSO\�²�8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��²
3DUW�����*XLGDQFH�IRU�LQVWDOODWLRQ

SU(1�,62����������$GKHVLYHV�IRU�WKHUPRSODVWLFV�SLSLQJ�V\VWHPV�²�3DUW�����7HVW�PHWKRGV�IRU�VSUHDGDELOLW\
DQG�ILOP�SURSHUWLHV�RI�DGKHVLYHV

,62��������������7KHUPRSODVWLF�SLSHV�IRU�WKH�WUDQVSRUW�RI�IOXLGV�²�1RPLQDO�RXWVLGH�GLDPHWHUV�DQG�QRPLQDO
SUHVVXUHV�²�3DUW�����,QFK�VHULHV

,62�������������7KHUPRSODVWLFV�SLSHV�²�8QLYHUVDO�ZDOO�WKLFNQHVV�WDEOH

,62����������������7KHUPRSODVWLFV�SLSHV�IRU�WKH�WUDQVSRUW�RI�IOXLGV�²�'LPHQVLRQV�DQG�WROHUDQFHV�²�3DUW���
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BSI Ð British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.
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