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National foreword

This British Standard is the UK implementation of EN 1452-3:1999. 
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. With BS EN 14814:2007, 
collectively Parts 1 to 5 of BS EN 1452 also supersede BS 4346-3:1982, 
which is withdrawn to exclude requirements for joints for pressure pipes for 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 systems and components for pressure applications.

A list of organizations represented on this subcommittee can be obtained on 
request to its secretary.

The responsible UK committtee 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) The range of nomimal diameters, dn, covered by EN 1452-3 extends from 
12 to 710 inclusive. UK water company purchasers may wish to note that 
when the industry adopted the metric ISO fitting dimensions (as used in 
BS EN 1452-3) in 1990, for WIS 4-31-07 (withdrawn), it was decided to 
rationalize on six nominal diameters, specifically 63, 90, 110, 160, 200, 250 
and 315 ( out of a possible 27 diameters). This decision was reconfirmed in 
1994.

BS EN 1452-3:1999

Amendments/corrigenda issued since publication

Amd. No. Date Comments 

11012 
Corrigendum No. 1

July 2000 Indicated by a sideline

12006 
Corrigendum No. 2

October 2000 Correction to National foreword 
supersession details

31 August 2009 Correction to National foreword 
supersession details, and   
alignment of BSI and CEN       
publication details

This British Standard was    
published under the authority of 
the Standards Committee and 
comes into effect on 15 May 
2000

© BSI 2009
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BS EN 1452-3:1999

i

Purchasers still wishing to order imperial (inch)-sized fittings should refer to 
normative annex A.

c) In Table 1, since reference is made to a specific type of end cap as specified in 
the current edition of EN 921, the UK Technical Committee considers that the 
reference here and in clause 2 should be to EN 921:1994.

d) Whereas previously either blue or grey fittings were acceptable in accordance 
with WIS 4-31-07 for use in conjunction with blue metric PVC-U pipes, EN 1452-3,
5.2 requires fittings to be grey, except where the fittings are fabricated from blue 
(or cream) pipe.

e) In 6.3.2 and Figure 2, reference is made to a 45Ê tee. In the UK this would 
usually be described as a ªbranch fittingº.

f) Attention is drawn to 6.3.2 where the use in the text and figures of ªZ-lengthº 
with an upper case ªZº for the symbol is not covered by the 
definitions/symbols/abbreviations clause in this standard or in EN 1452-1 and is 
inconsistent with that established by ISO 265-1:1988, which uses a lower case ªzº 
for this purpose. Its use in this standard is inconsistent, because in figures where 
comparison with other symbols such as ªrº, ªdnº or ªLº is possible a lower case 
ªzº is usually found.

The UK Technical Committee considers that the lower case ltalic ªzº should be 
used consistently for the laying length (z-length).

g) In 6.3.2.1, for calculation of the Z-length of a 45Ê tee, the equation introduces a 
symbol ªtº for which no definition or units are defined in this clause or in the 
definitions and symbols clause of this standard or in EN 1452-1:1999 or 
EN 1452-2:1999. Generally in plastics piping standards the basic symbol ªtº is used 
to signify a period of time, but in this case it would seem to be either an angle or 
a length.

h) In 6.3.2.1, and in Figures 3 to 6 , the symbol ªrº is used for the radius of a 
bend. However, in Figures 9 and 10, the symbol ªrº is used in a conventional 
fashion for the radius at a change of surface profile, thus resulting in a conflict of 
meanings for this symbol within this standard. The UK Technical Committee has 
recommended that to resolve this conflict the symbol ªrBº should be used for the 
radius of a bend.

i) For Table 11, attention is drawn to the note at the end of 6.5.2, which states 
that the values for Lmin given in Table 11 are for guidance, which is not apparent 
from the headings or notes within Table 11.

j) In 6.5.4, the requirements place no limit on the minimum wall thickness for a 
sealing ring groove. The UK Technical Committee considers that the requirements 
should be no less stringent than those applied for integral pipe sockets in 
EN 1452-2:1999, 6.6.2, i.e. not less than 0,8 times the minimum wall thickness of 
the connecting pipe. The UK Technical Committee recommends however that the 
minimum wall thickness of the sealing ring groove should be 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.

k) Through clause 9 and Table 21, the examination of razor-cut surfaces for 
defects following oven testing (introduced in WIS 4-31-07) has been adopted in 
EN 1452-3.

l) For the purposes of note 2 to Table 21, Figure 21 is unclear as to what sets the 
position of either boundary for zone ªLº for a ring gate. It is also not clear 
whether the ªmaximum value of 50 mmº applies to the total length for inspection 
in respect of a diaphragm gate or to each diamension ªLº, i.e. as shown in 
Figure 21 is the maximum overall length for inspection 50 mm or 100 mm?

m) In Table 21, because of the specific reference to method A as specified in the 
current edition of EN 763, the UK Technical Committee considers that the 
reference here and in clause 2 should be taken to mean EN 763:1994.

The UK Technical Committee requests opinions on whether and how clarification 
may be necessary to avoid differences of interpretation or conflict of results.

© BSI 2009
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BS EN 1452-3:1999

ii

WARNING This British Standard, which is identical with EN 1452-3:1999, does not 
necessarily detail all the precautions necessary to meet the requirements of the 
Health and Safety at Work etc. Act 1974 and subsequent regulations. Attention 
should be paid to any appropriate safety precautions and the test methods should 
be performed only by trained personnel.

Regualtion 25 of the Water Supply (Water Quality) Regulations 1989 specified the 
circumstances in which Water Utilities must introduce water fittings in contact with 
public water supplies in England and Wales. Regulations 25(1)(b) permits Water 
Utilities to make unapproved use of small surface area products such as fittings. 
Nevertheless, Water Utilities have to ensure that the fitting complies with BS 6920 or 
equivalent national standard in order to ensure that its use will not cause adverse 
effect on water quality or risk to health of consumers. Similar provisions apply in 
Scotland and Northern Ireland.

© BSI 2009

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from 
legal obligations.
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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�
-��3DUW�����)LWWLQJV��WKLV�VWDQGDUG��
-��3DUW�����9DOYHV�DQG�DQFLOODU\�HTXLSPHQW�
-��3DUW�����)LWQHVV�IRU�SXUSRVH�RI�WKH�V\VWHP�
-��3DUW�����*XLGDQFH�IRU�LQVWDOODWLRQ��(19��
-��3DUW�����*XLGDQFH�IRU�WKH�DVVHVVPHQW�RI�FRQIRUPLW\��(19��

This part of EN 1452 includes the following annexes:

-  Annex A (normative): Imperial(inch)-sized fittings;

-  Annex B (informative): Bibliography.

At the date of publication of this standard, System Standards for piping systems of other plastics materials
used for the same application are the following:

127(�� $OO�OLVWHG�6\VWHP�6WDQGDUGV�KDYH�UHDFKHG�WKH�(QTXLU\�VWDJH�RU�DUH�LQ�SUHSDUDWLRQ�

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

(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�SURGXFWV�FRYHUHG�E\�WKLV�VWDQGDUG�

��� 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� ILWWLQJV�� UHTXLUHPHQWV� DQG� WHVW�PHWKRGV� DUH� VSHFLILHG� LQ� 3DUW���
3DUW��� DQG� 3DUW��� RI� WKH� 6\VWHP� 6WDQGDUG�� &KDUDFWHULVWLFV� IRU� ILWQHVV� IRU� SXUSRVH� �PDLQO\� IRU� MRLQWV�� DUH
FRYHUHG� LQ�3DUW���� �*XLGDQFH�IRU� LQVWDOODWLRQ� LV�JLYHQ� LQ�(19��������� �(19��������FRYHUV�JXLGDQFH�IRU� WKH
DVVHVVPHQW�RI�FRQIRUPLW\�

7KLV�SDUW�RI�(1������FRYHUV�WKH�FKDUDFWHULVWLFV�RI�ILWWLQJV�
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1�   Scope

7KLV� SDUW� RI� (1������ VSHFLILHV� WKH� FKDUDFWHULVWLFV� RI� ILWWLQJV� 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, 2, and 5 of EN 1452 and ENV 1452-7 it is applicable to PVC-U fittings and to
joints with components of PVC-U, other plastics and non-plastics materials 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� ILWWLQJV� IRU� WKH� FRQYH\DQFH� RI� ZDWHU� XS� WR� DQG� LQFOXGLQJ� ����&�� )RU
WHPSHUDWXUHV�EHWZHHQ�����&�DQG�����&�ILJXUH�$���LQ�DQQH[�$�RI�(1�������������DSSOLHV�

Depending on the jointing method, this standard is applicable to the following types of fittings:

�-��ILWWLQJV�IRU�VROYHQW�FHPHQWLQJ�

�-��HODVWRPHULF�ULQJ�VHDO�ILWWLQJV�

7KLV�VWDQGDUG�LV�DSSOLFDEOH�WR�39&�8�IODQJH�DGDSWHUV�DQG�WR�WKH�FRUUHVSRQGLQJ�IODQJHV�PDGH�IURP�YDULRXV
PDWHULDOV�

39&�8�ILWWLQJV�FDQ�EH�PDQXIDFWXUHG�E\�LQMHFWLRQ�PRXOGLQJ�DQG�RU�EH�IDEULFDWHG�IURP�SLSH�

127(�� )LWWLQJV�IRU�PHFKDQLFDO�MRLQWV��PDGH�IURP�YDULRXV�PDWHULDOV�DUH�GHVFULEHG�LQ�(19��������

�� ��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����3ODVWLFV�SLSHV�DQG�ILWWLQJV�²�'HWHUPLQDWLRQ�RI�WKH�RSDFLW\

(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�,QMHFWLRQ�PRXOGHG�WKHUPRSODVWLFV�ILWWLQJV�²�7HVW�PHWKRG�IRU
YLVXDOO\�DVVHVVLQJ�HIIHFWV�RI�KHDWLQJ

(1�������3ODVWLFV�SLSLQJ�DQG�GXFWLQJ�V\VWHPV�²�,QMHFWLRQ�PRXOGHG�WKHUPRSODVWLFV�ILWWLQJV�IRU�SUHVVXUH�SLSLQJ
V\VWHPV�²�7HVW�PHWKRG�IRU�PD[LPXP�GHIRUPDWLRQ�E\�FUXVKLQJ

(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�����3LSHV

(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\
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(1���������3ODVWLFV�SLSLQJ�V\VWHPV�²�,QMHFWLRQ�PRXOGHG�WKHUPRSODVWLFV�ILWWLQJV��YDOYHV�DQG�DQFLOODU\
HTXLSPHQW�²�'HWHUPLQDWLRQ�RI�WKH�ORQJ�WHUP�K\GURVWDWLF�VWUHQJWK�RI�WKHUPRSODVWLFV�PDWHULDOV�IRU
LQMHFWLRQ�PRXOGLQJ��RI�SLSLQJ�FRPSRQHQWV

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

(1�,62��������������3ODVWLFV�SLSLQJ�V\VWHPV�²�8QSODVWLFL]HG�SRO\�YLQ\O�FKORULGH���39&�8��HQG-ORDG
EHDULQJ�GRXEOH�VRFNHW�MRLQWV����7HVW�PHWKRG�IRU�OHDNWLJKWQHVV�DQG�VWUHQJWK�ZKLOH�VXEMHFWHG�WR�EHQGLQJ
DQG�LQWHUQDO�SUHVVXUH

,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

,62�',6��������������)LWWLQJV��YDOYHV�DQG�RWKHU�SLSLQJ�V\VWHP�FRPSRQHQWV�RI�XQSODVWLFL]HG�SRO\�YLQ\O
FKORULGH���39&�8��IRU�SLSHV�XQGHU�SUHVVXUH�²�5HVLVWDQFH�WR�LQWHUQDO�SUHVVXUH�²�7HVW�PHWKRG

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

)RU� WKH� SXUSRVHV� RI� WKLV� VWDQGDUG�� WKH� GHILQLWLRQV�� V\PEROV� DQG� DEEUHYLDWLRQV� JLYHQ� LQ� (1�������� DSSO\�
WRJHWKHU�ZLWK�WKH�IROORZLQJ�

���� ��'HILQLWLRQV

�����
OD\LQJ�OHQJWK��=�OHQJWK�

D�� /D\LQJ�OHQJWK�RI�ILWWLQJV�DQG�YDOYHV�ZLWK�DQJOHG�RXWOHWV�

��� IRU�VRFNHWHG�RXWOHW��WKH�OD\LQJ�OHQJWK�LV�WKH�GLVWDQFH�IURP�WKH�LQVHUWHG�WXEH�RU�VSLJRW�HQG�WR�WKH
LQWHUVHFWLRQ�SRLQW�RI�WKH�ILWWLQJ�YDOYH�D[LV��ILWWLQJ�RU�YDOYH�FHQWUH��

��� IRU�VSLJRW�RXWOHW��WKH�OD\LQJ�OHQJWK�LV�WKH�GLVWDQFH�IURP�WKH�RXWOHW�HQG�WR�WKH�LQWHUVHFWLRQ�SRLQW�RI
WKH�ILWWLQJ�YDOYH�D[LV��ILWWLQJ�RU�YDOYH�FHQWUH��

E�� /D\LQJ�OHQJWK�RI�ILWWLQJV�DQG�YDOYHV�ZLWK�SDUDOOHO�RXWOHWV�

��� LQ�WKH�FDVH�RI�VRFNHWV��WKH�OD\LQJ�OHQJWK�LV�WKH�GLVWDQFH�EHWZHHQ�WKH�HQGV�RI�WKH�LQVHUWHG�WXEHV
RU�VSLJRWV�

��� LQ�WKH�FDVH�RI�RQH�VRFNHW�DQG�RQH�VSLJRW��WKH�OD\LQJ�OHQJWK�LV�WKH�GLVWDQFH�IURP�WKH�LQVHUWHG�WXEH
RU�VSLJRW�HQG�WR�WKH�HQG�RI�WKH�VSLJRW�RXWOHW�

�����
GHVLJQ�OHQJWK�RI�EHQGV��=G�OHQJWK�
7KH�OHQJWK�RI�DQ�RXWOHW��H[FOXGLQJ�DQ\�VRFNHW�OHQJWK�RU�LQVHUW�OHQJWK�RI�VSLJRW�

���� ��6\PEROV

�= � /D\LQJ�OHQJWK��=�OHQJWK�

�=G � =�GHVLJQ�OHQJWK��=G�OHQJWK�

�r : bend radius
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�� 0DWHULDO

���� ��)LWWLQJ�PDWHULDO

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

���� ��056�YDOXH

7KH�ILWWLQJV�PDWHULDO�VKDOO�EH�HYDOXDWHG�DFFRUGLQJ�WR�,62�75�����������PHWKRG�,,�����ZKHUH�WKH�SUHVVXUH�WHVW
LV�PDGH� LQ� DFFRUGDQFH�ZLWK�(1������� �WRJHWKHU�ZLWK�(1������� WR� ILQG� WKH� /&/�� � 7KH�056�YDOXH� VKDOO� EH
GHULYHG� IURP� WKH� /&/� DQG� WKH� ILWWLQJ� 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�

���� ��'HVLJQDWLRQ�RI�ILWWLQJV�PDWHULDO

7KH� ILWWLQJV� PDWHULDO� VKDOO� EH� GHVLJQDWHG� DV� 39&�8�� XQOHVV� WKH� PDWHULDO� KDV� DQ� 056� RI� QRW� OHVV� WKDQ
���03D��LQ�ZKLFK�FDVH�WKH�PDWHULDO�VKDOO�EH�GHVLJQDWHG�DV�39&�8+�

���� ��6WUHQJWK�RI�LQMHFWLRQ�PRXOGHG�PDWHULDO

:KHQ�SUHVVXUH� WHVWHG� LQ� DFFRUGDQFH�ZLWK� WKH� SURFHGXUH� GHVFULEHG� LQ� (1�������� XVLQJ� LQMHFWLRQ�PRXOGHG
WXEXODU�WHVW�SLHFHV�FRQIRUPLQJ�WR�ILJXUH����WKH�PDWHULDO�VKDOO�FRQIRUP�WR�WKH�UHTXLUHPHQWV�JLYHQ�LQ�WDEOH���

)LJXUH���²�)UHH�OHQJWK��OR��RI�LQMHFWLRQ�PRXOGHG�WHVW�SLHFHV

                                                     

���,Q�,62�7&�����6&���D�QHZ�H[WUDSRODWLRQ�PHWKRG�LV�XQGHU�GHYHORSPHQW��ZKLFK�LV�LQWHQGHG�WR�UHSODFH�,62�75������
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7DEOH���£�0DWHULDO�FKDUDFWHULVWLFV

&KDUDFWHULVWLF 5HTXLUHPHQWV 7HVW�SDUDPHWHUV 7HVW�PHWKRG

3DUDPHWHU 9DOXH

/RQJ�WHUP
VWUHQJWK

1R�EUHDN�GXULQJ
WKH�WHVW�SHULRG

'LDPHWHU
)UHH�OHQJWK��VHH�ILJXUH���
:DOO�WKLFNQHVV

7HVW�WHPSHUDWXUH
6DPSOLQJ�SURFHGXUH

1XPEHU�RI�WHVW�SLHFHV

&LUFXPIHUHQWLDO��KRRS�
��VWUHVV
7\SH�RI�WHVW
7\SH�RI�HQG�FDSV
7HVW�SHULRG

GQ������PP
O������GQ�
�
HQ�RI�SLSH�VHULHV
��������6�����
����&
6KDOO�FRQIRUP�WR
��(19�������
6KDOO�FRQIRUP�WR
��(19�������
�����03D

:DWHU�LQ�ZDWHU
W\SH�D�
�������K

(1������
�WRJHWKHU�ZLWK
(1�����


���)RU�WKH�GQ�RI����PP�D�PLQLPXP�IUHH�OHQJWK�RI�����PP�PD\�EH�XVHG�

���� ��0DWHULDO�VWUHQJWK�RI�ILWWLQJV�PDGH�IURP�SLSH

,I�WKH�ILWWLQJ�LV�PDGH�IURP�SLSH��WKH�SLSH�PDWHULDO�VKDOO�FRQIRUP�WR�(1�������������
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5�   General characteristics

���� ��$SSHDUDQFH

:KHQ�YLHZHG�ZLWKRXW�PDJQLILFDWLRQ��WKH�LQWHUQDO�DQG�H[WHUQDO�VXUIDFHV�RI�ILWWLQJV�VKDOO�EH�VPRRWK��FOHDQ�DQG
IUHH� IURP� VFRULQJ�� FDYLWLHV� DQG� RWKHU� VXUIDFH� GHIHFWV� WR� DQ� H[WHQW� WKDW� ZRXOG� SUHYHQW� FRQIRUPLW\� WR� WKLV
VWDQGDUG�

(DFK�HQG�RI�D�ILWWLQJ�VKDOO�EH�VTXDUH�WR�LWV�D[LV�

���� ��&RORXU

7KH�FRORXU�RI�LQMHFWLRQ�PRXOGHG�ILWWLQJV�VKDOO�EH�JUH\�WKURXJKRXW�WKH�ZDOO�

7KH�FRORXU�RI�ILWWLQJV�PDGH�IURP�SLSHV�VKDOO�EH�JUH\��EOXH�RU�FUHDP�WKURXJKRXW�WKH�ZDOO���)RU�DERYH�JURXQG
DSSOLFDWLRQ��FUHDP�ILWWLQJV�VKDOO�QRW�EH�XVHG�

���� ��2SDFLW\

7KH�ZDOO�RI�WKH�ILWWLQJV�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�ILWWLQJV��VHH������

�� ��*HRPHWULFDO�FKDUDFWHULVWLFV

���� ��0HDVXUHPHQW�RI�GLPHQVLRQV

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

���� ��1RPLQDO�GLDPHWHUV

7KH� QRPLQDO� LQVLGH� GLDPHWHU�V��� GQ�� RI� D� ILWWLQJ� VKDOO� FRUUHVSRQG� WR�� DQG� EH� GHVLJQDWHG� E\�� WKH� QRPLQDO

RXWVLGH�GLDPHWHU�V��RI�WKH�SLSH�V��IRU�ZKLFK�WKH�ILWWLQJ�LV�GHVLJQHG�

���� ��)LWWLQJV�IRU�VROYHQW�FHPHQWLQJ

������ 6RFNHW�DQG�VSLJRW�GLPHQVLRQV

7KH� VRFNHW� GLPHQVLRQV� RI� WKH� ILWWLQJV� VKDOO� EH� WKH� VDPH� DV� IRU� VRFNHWV� RQ� SLSHV� DQG� VKDOO� FRQIRUP� WR
(1�������������

7KH�VSLJRW�OHQJWK�V��VKDOO�EH�DW�OHDVW�HTXDO�WR�WKH�FRUUHVSRQGLQJ�VRFNHW�OHQJWK�V��

7KH�WROHUDQFH�RQ�WKH�GLDPHWHU�RI�WKH�VSLJRW�HQGV��G���RI�UHGXFLQJ�EXVKLQJ��VHH�WDEOH���DQG�WDEOH����VKDOO

DOZD\V�EH�SRVLWLYH�DQG�EH�DV�IROORZV�

�-��PD[LPXP�����PP�IRU�GLDPHWHUV�HTXDO�WR�RU�OHVV�WKDQ����PP�

�-��PD[LPXP�����PP�IRU�GLDPHWHUV�����WR�����PP�

�-��PD[LPXP�����PP�IRU�GLDPHWHUV�����WR�����PP�

�-��PD[LPXP�����PP�IRU�GLDPHWHUV�����WR�����PP�
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������ 'LDPHWHUV��OD\LQJ�OHQJWKV��EHQG�UDGLL�DQG�DQJOHV

����������)RU�WKH�IROORZLQJ�W\SHV�RI�LQMHFWLRQ�PRXOGHG�ILWWLQJV�WKH�=�OHQJWKV�VKDOO�EH�FDOFXODWHG�XVLQJ�RQH�RI
WKH�IROORZLQJ�HTXDWLRQV�DV�DSSOLFDEOH��ZKHUH�a�LV�WKH�DQJOH�RI�WKH�HOERZ�DQG�U�LV�WKH�UDGLXV�RI�WKH�EHQG�

D�������HOERZV������WHHV��VHH�WDEOH���� �
�
Q +=

G
=

E�������HOERZV��VHH�WDEOH���� �
�

WDQ
�

+=
aQG=

F�������WHH��VHH�WDEOH���� W
G

= Q +=
�

FRW
�

a

ZLWK GQ W

����
���
���
���
���

�
�
�
�
�

�
�

WDQ
�� +=

aQG=

G���%HQGV��VHH�WDEOH��� =� �U� ��GQ

H���6KRUW�EHQGV��VHH�WDEOH��� =� �U� �����GQ

I���5HGXFLQJ�EXVKHV�ORQJ��VHH�WDEOH��� =� ������G�����

J���5HGXFLQJ�EXVKHV�VKRUW��VHH�WDEOH���

Ü
Ý

Û
Ì
Í

Ë +-Ü
Ý

Û
Ì
Í

Ë += �
�

�
�

�� GG
=

7KH� FDOFXODWHG� YDOXHV� DUH� JLYHQ� LQ� WDEOH��� WR� WDEOH���� 7KH� FDOFXODWHG� YDOXHV� PD\� EH� DGDSWHG� E\� WKH
PDQXIDFWXUHU�

7KH�PDQXIDFWXUHU
V�LQIRUPDWLRQ��H�J��FDWDORJXHV��VKDOO�VWDWH�WKH�H[DFW�YDOXH�V��RI�WKH�=�OHQJWK�V��

127(�� 7KH�GHYLDWLRQ�IURP�WKH�FDOFXODWHG�YDOXHV�DUH�UHFRPPHQGHG�WR�EH�QRW�JUHDWHU�WKDQ�WKH�YDOXHV�JLYHQ�LQ
WKH�WDEOH����WDEOH����WDEOH����WDEOH���DQG�WDEOH���DV�DSSOLFDEOH�

����������)RU�EHQGV�PDGH�IURP�SLSH�WKH�=�GHVLJQ�OHQJWKV��=G��DQG�WKH�EHQG�UDGLL�VKDOO�EH�HTXDO�WR�RU�JUHDWHU
WKDQ�WKH�YDOXHV�JLYHQ�LQ�WDEOH���DQG�WDEOH����DV�DSSOLFDEOH�

127(�� 7KH�=G�OHQJWKV�DUH�DOZD\V�JUHDWHU�WKDQ�WKH�FRUUHVSRQGLQJ�VRFNHW�OHQJWKV�

7KH�ZDOO�WKLFNQHVV�LQ�WKH�EHQG�DUHD�RI�EHQGV�PDGH�IURP�SLSH�VKDOO�EH�QRW�OHVV�WKDQ�WKH�VSHFLILHG�PLQLPXP
ZDOO�WKLFNQHVV�IRU�WKH�FRUUHVSRQGLQJ�SLSH�JLYHQ�LQ�(1�������������

127(�� ,I�QHHGHG�WKH�QH[W�SLSH�VHULHV�ZLWK�WKH�VPDOOHU�6�QXPEHU�FDQ�EH�XVHG�

����������2WKHU�ILWWLQJV��LQ�SDUWLFXODU�DGDSWHU��DQG�FRQQHFWLRQ�ILWWLQJV��DUH�VKRZQ�LQ�(19��������

����������)LJXUHV�DQG�WDEOHV�IRU�ILWWLQJV�IRU�VROYHQW�FHPHQWLQJ
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