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the authority of the Standards
Committee and comes into effect
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Amendments issued since publication

Amd. No. Date Comments

National foreword

This British Standard is the official English language version of EN 1871:2000.

The UK participation in its preparation was entrusted by Technical Committee
B/509, Road equipment, to Subcommittee B/509/2, Horizontal road markings and
road studs, 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.

BS 3262-1:1989 is declared obsolescent on the publiaction of this standard.

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.

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, the EN title page,
pages 2 to 41 and a back cover.

The BSI copyright notice displayed in this document indicates when the document
was last issued.
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(8523($1�67$1'$5'

1250(�(8523e(11(

(8523b,6&+(�1250

(1�����

-DQXDU\�����

,&6����������

(QJOLVK�YHUVLRQ

5RDG�PDUNLQJ�PDWHULDOV���3K\VLFDO�SURSHUWLHV

3URGXLWV�GH�PDUTXDJH�URXWLHU���3URSULpWpV�SK\VLTXHV 6WUD�HQPDUNLHUXQJVPDWHULDOLHQ���3K\VLNDOLVFKH
(LJHQVFKDIWHQ

7KLV�(XURSHDQ�6WDQGDUG�ZDV�DSSURYHG�E\�&(1�RQ����1RYHPEHU������

&(1�PHPEHUV�DUH�ERXQG�WR�FRPSO\�ZLWK�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV�ZKLFK�VWLSXODWH�WKH�FRQGLWLRQV�IRU�JLYLQJ�WKLV�(XURSHDQ
6WDQGDUG�WKH�VWDWXV�RI�D�QDWLRQDO�VWDQGDUG�ZLWKRXW�DQ\�DOWHUDWLRQ��8S�WR�GDWH�OLVWV�DQG�ELEOLRJUDSKLFDO�UHIHUHQFHV�FRQFHUQLQJ�VXFK�QDWLRQDO
VWDQGDUGV�PD\�EH�REWDLQHG�RQ�DSSOLFDWLRQ�WR�WKH�&HQWUDO�6HFUHWDULDW�RU�WR�DQ\�&(1�PHPEHU�

7KLV�(XURSHDQ�6WDQGDUG�H[LVWV�LQ�WKUHH�RIILFLDO�YHUVLRQV��(QJOLVK��)UHQFK��*HUPDQ���$�YHUVLRQ�LQ�DQ\�RWKHU�ODQJXDJH�PDGH�E\�WUDQVODWLRQ
XQGHU�WKH�UHVSRQVLELOLW\�RI�D�&(1�PHPEHU�LQWR�LWV�RZQ�ODQJXDJH�DQG�QRWLILHG�WR�WKH�&HQWUDO�6HFUHWDULDW�KDV�WKH�VDPH�VWDWXV�DV�WKH�RIILFLDO
YHUVLRQV�

&(1�PHPEHUV�DUH�WKH�QDWLRQDO�VWDQGDUGV�ERGLHV�RI�$XVWULD��%HOJLXP��&]HFK�5HSXEOLF��'HQPDUN��)LQODQG��)UDQFH��*HUPDQ\��*UHHFH�
,FHODQG��,UHODQG��,WDO\��/X[HPERXUJ��1HWKHUODQGV��1RUZD\��3RUWXJDO��6SDLQ��6ZHGHQ��6ZLW]HUODQG�DQG�8QLWHG�.LQJGRP�

(8523($1� &200,77((� )25� 67$1'$5',=$7,21
&20,7e � (8523e(1� '( � 1250$/,6$7,21
(8523b,6&+(6 � .20,7(( � )h5 � 125081*

&HQWUDO�6HFUHWDULDW��UXH�GH�6WDVVDUW��������%������%UXVVHOV

�������&(1 $OO�ULJKWV�RI�H[SORLWDWLRQ�LQ�DQ\�IRUP�DQG�E\�DQ\�PHDQV�UHVHUYHG
ZRUOGZLGH�IRU�&(1�QDWLRQDO�0HPEHUV�

5HI��1R��(1�����������(

Li
ce

ns
ed

 C
op

y:
 A

ki
n 

K
ok

sa
l, 

B
ec

ht
el

 L
td

, 1
0 

D
ec

em
be

r 
20

02
, U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



3DJH��
(1����������

¸%6,��������

&RQWHQWV
3DJH

,QWURGXFWLRQ ����������������������������������������������������������������������������������������������������������������������������������������

��6FRSH ��������������������������������������������������������������������������������������������������������������������������������������������

��1RUPDWLYH�UHIHUHQFHV����������������������������������������������������������������������������������������������������������������������

��'HILQLWLRQV ���������������������������������������������������������������������������������������������������������������������������������������

��5HTXLUHPHQWV����������������������������������������������������������������������������������������������������������������������������������

$QQH[�$��QRUPDWLYH���3DLQW�DQG�FROG�SODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FKURPDWLFLW\
FR�RUGLQDWHV�DQG�OXPLQDQFH�IDFWRU �������������������������������������������������������������������������������������

$QQH[�%��QRUPDWLYH���3DLQW�DQG�FROG�SODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�VWRUDJH�VWDELOLW\���

$QQH[�&��QRUPDWLYH���3DLQW�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�EOHHG�UHVLVWDQFH �����������������������������

$QQH[�'��QRUPDWLYH���3DLQW��FROG�SODVWLFV�DQG�WKHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ
WKH�DONDOL�UHVLVWDQFH�RI�WKH�PDWHULDOV ����������������������������������������������������������������������������������

$QQH[�(��QRUPDWLYH���7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FKURPDWLFLW\
FR�RUGLQDWHV�DQG�OXPLQDQFH�IDFWRU �������������������������������������������������������������������������������������

$QQH[�)��QRUPDWLYH���7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�VRIWHQLQJ�SRLQW ����������������

$QQH[�*��QRUPDWLYH���7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�KHDW�VWDELOLW\�������������������

$QQH[�+��QRUPDWLYH���7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FROG�LPSDFW�UHVLVWDQFH� ��

$QQH[�-��QRUPDWLYH���7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�LQGHQWDWLRQ�YDOXH�������������

$QQH[�.���QRUPDWLYH���7KHUPRSODVWLFV�DQG�FROG�SODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH
7U|JHU�ZHDU ������������������������������������������������������������������������������������������������������������������������

%LEOLRJUDSK\ ��������������������������������������������������������������������������������������������������������������������������������������
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3DJH��
(1����������

¸%6,��������

)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&������5RDG
HTXLSPHQW��WKH�VHFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�$)125�

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\�-XO\�������DQG�FRQIOLFWLQJ�QDWLRQDO�VWDQGDUGV�VKDOO
EH�ZLWKGUDZQ�DW�WKH�ODWHVW�E\�-XO\������

$FFRUGLQJ�WR�WKH�&(1�&(1(/(&�,QWHUQDO�5HJXODWLRQV��WKH�QDWLRQDO�VWDQGDUGV�RUJDQL]DWLRQV�RI�WKH
IROORZLQJ�FRXQWULHV�DUH�ERXQG�WR�LPSOHPHQW�WKLV�(XURSHDQ�6WDQGDUG��$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�

7KH�DQQH[HV�$��%��&��'��(��)��*��+��-�DQG�.�RI�WKLV�(XURSHDQ�6WDQGDUG�DUH�QRUPDWLYH�
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3DJH��
(1����������

¸%6,��������

,QWURGXFWLRQ

7KLV�(XURSHDQ�6WDQGDUG�JLYHV�WKH�SK\VLFDO�SURSHUWLHV�RI�URDG�PDUNLQJ�PDWHULDOV�XVHG�LQ�KRUL]RQWDO
VLJQDOL]DWLRQ��,W�LQFOXGHV�DQQH[HV�IRU�WHVW�PHWKRGV��,GHQWLILFDWLRQ�UHTXLUHPHQWV�DUH�FRYHUHG�LQ
SU(1������������

� 6FRSH

7KLV�(XURSHDQ�6WDQGDUG�VSHFLILHV�WKH�ODERUDWRU\�UHTXLUHPHQWV�DQG�WHVW�PHWKRGV�IRU�UHWURUHIOHFWLYH
DQG�RWKHU�URDG�PDUNLQJ�PDWHULDOV��ERWK�SHUPDQHQW�DQG�WHPSRUDU\�

� 1RUPDWLYH�UHIHUHQFHV

7KLV�(XURSHDQ�6WDQGDUG�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
WKHVH�SXEOLFDWLRQV�DSSO\�WR�WKLV�(XURSHDQ�6WDQGDUG�RQO\�ZKHQ�LQFRUSRUDWHG�LQ�LW�E\�DPHQGPHQW�RU
UHYLVLRQ��)RU�XQGDWHG�UHIHUHQFHV�WKH�ODWHVW�HGLWLRQ�RI�WKH�SXEOLFDWLRQ�UHIHUUHG�WR�DSSOLHV�

(1���������� 5RDG�PDUNLQJ�PDWHULDOV�±�5RDG�PDUNLQJ�SHUIRUPDQFH�IRU�URDG
XVHUV

SU(1����������� 5RDG�PDUNLQJ�PDWHULDOV�±�/DERUDWRU\�PHWKRGV�IRU
LGHQWLILFDWLRQ

,62������������ *HQHUDO�PHWKRGV�RI�WHVW�IRU�SLJPHQWV�DQG�H[WHQGHUV�±
3DUW�����'HWHUPLQDWLRQ�RI�WDPSHG�YROXPH�DQG�DSSDUHQW
GHQVLW\�DIWHU�WDPSLQJ

,62���������� 3DLQWV�DQG�YDUQLVKHV�±�6WDQGDUG�SDQHOV�IRU�WHVWLQJ

,62����� 3DLQWV�DQG�YDUQLVKHV�±�&RPSDULVRQ�RI�FRQWUDVW�UDWLR��KLGLQJ
SRZHU��RI�SDLQWV�RI�WKH�VDPH�W\SH�DQG�FRORXU

,62����� 3ODVWLFV�±�0HWKRGV�RI�H[SRVXUH�WR�ODERUDWRU\�OLJKW�VRXUFHV
3DUW����*HQHUDO�JXLGDQFH
3DUW����;HQRQ�DUF�VRXUFHV
3DUW����)OXRUHVFHQW�89�ODPSV

,62������� 3DLQWV�DQG�YDUQLVKHV�±�&RORULPHWU\�±�3DUW����&RORXU
PHDVXUHPHQW
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3DJH��
(1����������

¸%6,��������

� 'HILQLWLRQV

)RU�WKH�SXUSRVHV�RI�WKLV�VWDQGDUG�WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

��� SDLQW��D�OLTXLG�SURGXFW�FRQWDLQLQJ�VROLGV�VXVSHQGHG�LQ�DQ�RUJDQLF�VROYHQW�RU�LQ�ZDWHU��,W�FDQ
EH�VXSSOLHG�LQ�VLQJOH�RU�PXOWL�FRPSRQHQW�V\VWHPV��:KHQ�DSSOLHG�E\�EUXVK��UROOHU��VSUD\�RU�DQ\
RWKHU�DSSURSULDWH�PHWKRG�LW�SURGXFHV�D�FRKHVLYH�ILOP�E\�WKH�SURFHVV�RI�VROYHQW�HYDSRUDWLRQ�DQG�RU
E\�D�FKHPLFDO�SURFHVV�

��� WKHUPRSODVWLFV��D�VROYHQW�IUHH�PDUNLQJ�VXEVWDQFH�VXSSOLHG�LQ�EORFN��JUDQXODU�RU�SRZGHU
IRUPV��,W�LV�KHDWHG�WR�D�PROWHQ�VWDWH�DQG�WKHQ�DSSOLHG�ZLWK�DQ�DSSURSULDWH�KDQG�RU�PHFKDQLFDO
DSSOLFDWRU��,W�IRUPV�D�FRKHVLYH�ILOP�E\�FRROLQJ�

��� FROG�SODVWLFV��D�PDUNLQJ�VXEVWDQFH�ZKLFK�LV�VXSSOLHG�LQ�VLQJOH�RU�PXOWL�FRPSRQHQW�IRUPV�
'HSHQGLQJ�RQ�WKH�W\SH�RI�V\VWHP�WKH�FRPSRQHQWV�DUH�PL[HG�WRJHWKHU�LQ�YDULRXV�UDWLRV�DQG�DSSOLHG
ZLWK�DQ�DSSURSULDWH�DSSOLFDWRU��,W�IRUPV�D�FRKHVLYH�ILOP�RQO\�E\�D�FKHPLFDO�SURFHVV�

� 5HTXLUHPHQWV

��� 3DLQW

�������&KURPDWLFLW\�FR�RUGLQDWHV�DQG�OXPLQDQFH�IDFWRU�

7KH�GD\WLPH�YLVLELOLW\�RI�URDG�PDUNLQJ�SDLQW�VKDOO�EH�GHILQHG�E\�WKH�OXPLQDQFH�IDFWRU�b��7KH�FRORXU
VKDOO�EH�GHILQHG�E\�[�\�FKURPDWLFLW\�FR�RUGLQDWHV�RI�WKH�&,(�VWDQGDUG�V\VWHP�LQ�DFFRUGDQFH�ZLWK
(1�����������

3DQHOV�VKDOO�EH�SUHSDUHG�DQG�PHDVXUHPHQWV�FDUULHG�RXW�DFFRUGLQJ�WR�DQQH[�$��)RU�WKH�OXPLQDQFH
IDFWRU�WKH�FODVVHV�LQ�7DEOH���VKDOO�DSSO\��7KH�FKURPDWLFLW\�FR�RUGLQDWHV�DUH�FRQILQHG�E\�VSHFLILHG
UHJLRQV�LQ�WKH�[�\�FRORXU�GLDJUDP�E\�PHDQV�RI�WKH�FRUQHU�SRLQWV�VKRZQ�LQ�7DEOH���

7DEOH����&ODVVHV�RI�OXPLQDQFH�IDFWRU
&RORXU &ODVV /XPLQDQFH�IDFWRU�b

:KLWH
/)�
/)�
/)�

������
������
������

<HOORZ /)�
/)�

������
������

7DEOH����&KURPDWLFLW\�FR�RUGLQDWHV�RI�ZKLWH�DQG�\HOORZ�URDG�PDUNLQJ�SURGXFWV
&RUQHU�SRLQW�1� � � � �

:KLWH
[

\

�����

�����

�����

�����

�����

�����

�����

�����

<HOORZ
[

\

�����

�����

�����

�����

�����

�����

�����

�����
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3DJH��
(1����������

¸%6,��������

�������+LGLQJ�SRZHU

7KH�FRQWUDVW�UDWLR��KLGLQJ�SRZHU��IRU�ZKLWH�DQG�\HOORZ�SDLQWV�VKDOO�EH�QRW�OHVV�WKDQ������IRU�ZKLWH
DQG������IRU�\HOORZ�ZKHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62������ZKHQ�DSSOLHG�ZLWK�D�GRFWRU�EODGH�RI
����mP�

�������6WRUDJH�VWDELOLW\

7KH�SDLQW�VKDOO�EH�IUHH�IURP�VNLQ�DQG�VHWWOHPHQW�WKDW�FDQQRW�EH�UH�LQFRUSRUDWHG�E\�VWLUULQJ��7KH
SDLQW�VKDOO�KDYH�D�UDWLQJ�HTXDO�WR�RU�DERYH���ZKHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�%�

7KH�FRPSRQHQWV�RI�PXOWLFRPSRQHQW�SDLQW�VKDOO�HDFK�EH�WHVWHG�VHSDUDWHO\�LQ�GLIIHUHQW�FRQWDLQHUV�

��������89�DJHLQJ

���������*HQHUDO

7KH�SDLQW�VKDOO�EH�DSSOLHG�DV�LQ�$���WR�SDQHOV�DV�GHVFULEHG�LQ�$���DQG�WHVWHG�LQ�DFFRUGDQFH�ZLWK
,62��������E\�HLWKHU�RI�WKH�WZR�WHVW�SURFHGXUHV�GHVFULEHG�LQ���������DQG����������7KH�GLIIHUHQFH�LQ
OXPLQDQFH�IDFWRU�Db�VKDOO�EH�DV�LQ�7DEOH����ZKHUH�Db�� �RULJLQDO�OXPLQDQFH�IDFWRU�±�OXPLQDQFH
IDFWRU�DIWHU�WHVW���7KH�FKURPDWLFLW\�FR�RUGLQDWHV�VKDOO�EH�DV�JLYHQ�LQ�7DEOH���

���������89$�DJHLQJ

7KH�VSHFLPHQV�VKDOO�EH�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62��������IRU�����K�XQGHU�ODPS�W\SH�,
�89$��������LQ�F\FOHV�RI���K�RI�UDGLDWLRQ�DW�����&������&�DQG���K�RI�FRQGHQVDWLRQ�DW�����&������&�

���������89%�DJHLQJ

7KH�VSHFLPHQV�VKDOO�EH�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62��������IRU�����K�XQGHU�ODPS�W\SH�,,
�89%��������LQ�F\FOHV�RI���K�RI�UDGLDWLRQ�DW�����&������&�DQG���K�RI�FRQGHQVDWLRQ�DW�����&������&�

7DEOH����&ODVVHV�RI�GLIIHUHQFH�LQ�OXPLQDQFH�IDFWRU�DIWHU�89�DJHLQJ

&RORXU &ODVV Db

:KLWH�DQG�<HOORZ
89�

89�

1R�UHTXLUHPHQW

������

�������%OHHG�UHVLVWDQFH

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�&�WKH�GLIIHUHQFH�LQ�OXPLQDQFH�IDFWRU�Db�VKDOO�EH�DV�LQ
7DEOH����7KH�FKURPDWLFLW\�FR�RUGLQDWHV�VKDOO�EH�DV�LQ�7DEOH���

127(��7KLV�WHVW�LV�RQO\�DSSOLFDEOH�IRU�SDLQW�ZKLFK�LV�WR�EH�DSSOLHG�GLUHFWO\�WR�DVSKDOWLF
VXUIDFHV�
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7DEOH����&ODVVHV�RI�GLIIHUHQFH�LQ�OXPLQDQFH�IDFWRU�DIWHU�EOHHG�UHVLVWDQFH�WHVW

&RORXU &ODVV Db

:KLWH�DQG�<HOORZ
%5�
%5�
%5�

1R�UHTXLUHPHQW
������
������

�������$ONDOL�UHVLVWDQFH

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�'�WKH�SDLQW�ILOP�VKDOO�VKRZ�QR�GHWHULRUDWLRQ�RI�WKH�VXUIDFH�

127(��7KLV�WHVW�LV�RQO\�DSSOLFDEOH�IRU�SDLQW�ZKLFK�LV�WR�EH�DSSOLHG�GLUHFWO\�WR�K\GUDXOLF
FRQFUHWH�VXUIDFHV�

��������7KHUPRSODVWLFV

�������7HVWV�EHIRUH�KHDW�VWDELOLW\�WHVW

��������&KURPDWLFLW\�FR�RUGLQDWHV�DQG�OXPLQDQFH�IDFWRU

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�(�WKH�OXPLQDQFH�IDFWRU�VKDOO�EH�JLYHQ�DV�LQ�7DEOH���DQG�WKH
FKURPDWLFLW\�FR�RUGLQDWHV�DV�LQ�7DEOH���

7DEOH����&ODVVHV�RI�OXPLQDQFH�IDFWRU�IRU�WKHUPRSODVWLFV�DQG�FROG�SODVWLFV

&RORXU &ODVV /XPLQDQFH�IDFWRU�b

:KLWH
/)�
/)�
/)�

������
������
������

<HOORZ /)�
/)�

������
������

���������6RIWHQLQJ�SRLQW

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�)�WKH�VRIWHQLQJ�SRLQW�RI�WKH�PDWHULDO�VKDOO�FRPSO\�ZLWK�WKH
FODVVHV�DV�JLYHQ�LQ�7DEOH���

7DEOH����&ODVVHV�RI�VRIWHQLQJ�SRLQW�IRU�WKHUPRSODVWLFV

&ODVV 6RIWHQLQJ�SRLQW�LQ��&
63�
63�
63�
63�
63�

1R�UHTXLUHPHQW
����
����
����
�����
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���������$ONDOL�UHVLVWDQFH

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�'�WKH�VSHFLPHQ�VKDOO�VKRZ�QR�GHWHULRUDWLRQ�RI�WKH�VXUIDFH�

127(��7KLV�WHVW�LV�RQO\�DSSOLFDEOH�IRU�WKHUPRSODVWLFV�ZKLFK�DUH�WR�EH�DSSOLHG�GLUHFWO\�WR
K\GUDXOLF�FRQFUHWH�VXUIDFHV�

���������&ROG�LPSDFW

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�+�WKH�QXPEHU�RI�VSHFLPHQV�SDVVLQJ�WKH�WHVW�VKDOO�FRPSO\
ZLWK�WKH�FODVVHV�DV�JLYHQ�LQ�7DEOH���

7DEOH����&ODVVHV�IRU�FROG�LPSDFW

&ODVV 7HPSHUDWXUH�RI�WHVW�LQ��& %DOO 1XPEHU�RI�VSHFLPHQV�SDVVLQJ

&,��
&,��
&,��
&,��

1R�UHTXLUHPHQW
�

�������
�������

�
D
D
E

1R�UHTXLUHPHQW
�
�
�

���������89�DJHLQJ

7KH�PDWHULDO�VKDOO�EH�DSSOLHG�DW�WKH�PDQXIDFWXUHU
V�VWDWHG�WKLFNQHVV�WR�SDQHOV�DV�GHVFULEHG�LQ�$��
DQG�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62��������DQG�DV�GHVFULEHG�LQ�HLWKHU���������RU����������7KH
GLIIHUHQFH�LQ�OXPLQDQFH�IDFWRU�Db�VKDOO�FRPSO\�ZLWK�WKH�FODVVHV�DV�LQ�7DEOH����7KH�FKURPDWLFLW\
FR�RUGLQDWHV�VKDOO�EH�DV�JLYHQ�LQ�7DEOH���

��������+HDW�VWDELOLW\

7KH�KHDW�VWDELOLW\�RI�WKH�SURGXFW�VKDOO�EH�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�*�DQG�WKH�WHVWV�VSHFLILHG
LQ�������VKDOO�EH�VXEVHTXHQWO\�FDUULHG�RXW�

127(��7KLV�WHVW�LV�QRW�DSSOLFDEOH�IRU�KHDW�DSSOLHG�SUHIRUPHG�WKHUPRSODVWLFV�

�������7HVWV�DIWHU�KHDW�VWDELOLW\�WHVW

���������&KURPDWLFLW\�FR�RUGLQDWHV�DQG�OXPLQDQFH�IDFWRU

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�(�WKH�GLIIHUHQFH�LQ�OXPLQDQFH�IDFWRU�Db�VKDOO�EH�QR�PRUH
WKDQ������IRU�ERWK�ZKLWH�DQG�\HOORZ��7KH�FKURPDWLFLW\�FR�RUGLQDWHV�VKDOO�EH�DV�JLYHQ�LQ�7DEOH���

���������6RIWHQLQJ�SRLQW

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�)�WKH�GLIIHUHQFH�LQ�VRIWHQLQJ�SRLQW�D63�VKDOO�QRW�EH�PRUH
WKDQ�������&�
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���������,QGHQWDWLRQ

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�-�WKH�PHDQ�YDOXH�IRU�WKH�LQGHQWDWLRQ�WLPH�VKDOO�FRPSO\�ZLWK
WKH�FODVVHV�DV�JLYHQ�LQ�7DEOH���

7DEOH����&ODVVHV�IRU�LQGHQWDWLRQ

&ODVV ,QGHQWDWLRQ�WLPH

,1�
,1�
,1�
,1�
,1�
,1�

1R�UHTXLUHPHQW
��V�WR����V
���V�WR���PLQ
��PLQ�WR���PLQ
��PLQ�WR����PLQ

!����PLQ

���������7U|JHU�ZHDU

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�.�WKH�PHDQ�YDOXH�IRU�YROXPH�ORVV�VKDOO�FRPSO\�ZLWK�WKH
FODVVHV�DV�JLYHQ�LQ�7DEOH���

7DEOH����&ODVVHV�IRU�7U|JHU�ZHDU

&ODVV 9ROXPH�ORVV�LQ�FP�

��PP�WKLFN����SHULRGV
9ROXPH�ORVV�LQ�FP�

����PP�WKLFN���SHULRGV

7:�
7:�
7:�
7:�
7:�

1R�UHTXLUHPHQW
�����
����WR��

�
�

1R�UHTXLUHPHQW
�
�

�����
����WR��

���������89�DJHLQJ��;HQRQ�DUF�

7KH�PDWHULDO�VKDOO�EH�DSSOLHG�DW�WKH�PDQXIDFWXUHU
V�VWDWHG�WKLFNQHVV�WR�SDQHOV�DV�GHVFULEHG�LQ�$��
RU�0DUVKDOO�VSHFLPHQV�DV�GHVFULEHG�LQ�.�����DQG�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62���������7KH
GLIIHUHQFH�LQ�OXPLQDQFH�IDFWRU�Db�VKDOO�FRPSO\�ZLWK�WKH�FODVVHV�DV�JLYHQ�LQ�7DEOH����7KH
FKURPDWLFLW\�FR�RUGLQDWHV�VKDOO�EH�DV�JLYHQ�LQ�7DEOH���

7KH�89�WHVW�LV�SHUIRUPHG�IRU�������K�LQ�HLWKHU�VSUD\HG�RU�IORRGHG�F\FOHV�RI����PLQ�GXUDWLRQ�DQG
ZLWK�GU\�LQWHUYDOV�RI�����PLQ��5HODWLYH�KXPLGLW\�VKDOO�EH�������EODFN�VWDQGDUG�WHPSHUDWXUH�����&�
DQG�LUUDGLDWLRQ��EHWZHHQ�����QP�DQG�����QP������:�P���7KH�0DUVKDOO�WHVW�VSHFLPHQV�VKDOO�EH
SODFHG�KRUL]RQWDOO\�LQ�WKH�HTXLSPHQW�

127(��(TXLSPHQW�WKDW�FDQ�EH�XVHG�IRU�WKH�89�WHVW�RQ�0DUVKDOO�WHVW�VSHFLPHQV�DUH�;HQR
WHVW������6XQ�WHVW�RU�6XQ�WHVW�&36��

���������7U|JHU�ZHDU��DIWHU�89�DJHLQJ�

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62��������DQG�DQQH[�.�WKH�PHDQ�YDOXHV�IRU�WKH�GLIIHUHQFH�LQ
YROXPH�ORVV�VKDOO�FRPSO\�ZLWK�WKH�FODVVHV�DV�JLYHQ�LQ�7DEOH����
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7DEOH�����&ODVVHV�IRU�7U|JHU�ZHDU�DIWHU�89�DJHLQJ

&ODVV 'LIIHUHQFH�LQ�YROXPH�ORVV�LQ�FP�

7:8�
7:8�
7:8�

1R�UHTXLUHPHQW
��WR������
����WR����

�����&ROG�SODVWLFV

�������*HQHUDO

)RU�HDFK�RI�WKH�WHVWV�DW�OHDVW�����J�RI�PDWHULDO�VKDOO�EH�SUHSDUHG�LQ�WKH�VSHFLILHG�PDQQHU�

�������&KURPDWLFLW\�FR�RUGLQDWHV�DQG�OXPLQDQFH�IDFWRU

:KHQ�DSSOLHG�DW�WKH�PDQXIDFWXUHU
V�VWDWHG�WKLFNQHVV�DQG�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�$�WKH
OXPLQDQFH�IDFWRU�VKDOO�EH�DV�JLYHQ�LQ�7DEOH���DQG�WKH�FKURPDWLFLW\�FR�RUGLQDWHV�DV�LQ�7DEOH���

��������6WRUDJH�VWDELOLW\

7KH�PDWHULDO�VKDOO�EH�IUHH�IURP�VNLQ�DQG�VHWWOHPHQW�WKDW�FDQQRW�EH�LQFRUSRUDWHG�E\�VWLUULQJ��7KH
FROG�SODVWLFV�VKDOO�KDYH�D�UDWLQJ�HTXDO�WR�RU�DERYH���ZKHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�%�
7KH�FRPSRQHQWV�RI�FROG�SODVWLFV�VKDOO�HDFK�EH�WHVWHG�VHSDUDWHO\�LQ�GLIIHUHQW�FRQWDLQHUV�

127(��6HH�%�����IRU�FRPSRQHQWV�FRQWDLQLQJ�SHUR[LGHV�

��������89�DJHLQJ

7KH�PDWHULDO�VKDOO�EH�DSSOLHG�DW�WKH�PDQXIDFWXUHU¶V�VWDWHG�WKLFNQHVV�WR�SDQHOV�DV�GHVFULEHG�LQ�$��
DQG�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62��������DV�GHVFULEHG�LQ�HLWKHU���������RU����������7KH�GLIIHUHQFH
LQ�OXPLQDQFH�IDFWRU�Db�VKDOO�FRPSO\�ZLWK�WKH�FODVVHV�DV�JLYHQ�LQ�7DEOH����7KH�FKURPDWLFLW\
FR�RUGLQDWHV�VKDOO�EH�DV�JLYHQ�LQ�7DEOH���

��������$ONDOL�UHVLVWDQFH

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�'�WKH�VSHFLPHQ�VKDOO�VKRZ�QR�GHWHULRUDWLRQ�RI�WKH�VXUIDFH�

127(��7KLV�WHVW�LV�RQO\�DSSOLFDEOH�IRU�FROG�SODVWLFV�ZKLFK�DUH�WR�EH�DSSOLHG�GLUHFWO\�WR
K\GUDXOLF�FRQFUHWH�VXUIDFHV�

��������7U|JHU�ZHDU

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�DQQH[�.�WKH�PHDQ�YDOXH�IRU�YROXPH�ORVV�VKDOO�FRPSO\�ZLWK�WKH
FODVVHV�DV�JLYHQ�LQ�7DEOH���

��������7U|JHU�ZHDU�DIWHU�89�DJHLQJ

:KHQ�WHVWHG�LQ�DFFRUGDQFH�ZLWK�,62��������DQG�DQQH[�.�WKH�PHDQ�YDOXH�IRU�WKH�GLIIHUHQFH�LQ
YROXPH�ORVV�VKDOO�FRPSO\�ZLWK�WKH�FODVVHV�DV�JLYHQ�LQ�7DEOH����
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$QQH[�$��QRUPDWLYH�

3DLQW�DQG�FROG�SODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FKURPDWLFLW\�FR�RUGLQDWHV�DQG
OXPLQDQFH�IDFWRU

$�� 3ULQFLSOH�DQG�DSSDUDWXV

7KH�SULQFLSOH�RI�PHDVXUHPHQW�DQG�WKH�FKRLFH�RI�DSSDUDWXV�DUH�JLYHQ�LQ�DQQH[�&�RI�(1�����������

&DOLEUDWLRQ�VKDOO�EH�EDVHG�RQ�PHWKRGV�DFNQRZOHGJHG�E\�DQ�DFFUHGLWHG�ODERUDWRU\��5HIHUHQFH�WLOHV
RU�RWKHU�FDOLEUDWLRQ�UHIHUHQFHV�VKDOO�KDYH�D�FDOLEUDWLRQ�WUDFHDEOH�WR�DQ�DFFUHGLWHG�ODERUDWRU\�

$�� 0DWHULDOV

7HVW�SDQHOV�VKDOO�EH�PDGH�RI�DOXPLQLXP��RI�PLQLPXP�VL]H�����PP�[����PP�[������PP��SUHSDUHG
IRU�WHVW�E\�VROYHQW�FOHDQLQJ�

$����3URFHGXUH

3UHSDUH�WKH�DOXPLQLXP�SDQHO�DQG�DSSO\�WKH�SDLQW�RU�FROG�SODVWLF�WR�WKH�SDQHO�WR�JLYH�D�ZHW�ILOP
WKLFNQHVV�RI�����mP������mP�XVLQJ�VKLPV�DQG�D�GRFWRU�EODGH��,Q�WKH�FDVH�RI�SDLQW�FRQWDLQLQJ
SUHPL[�JODVV�EHDGV�D�FRDWLQJ�HTXLYDOHQW�WR�������J�P��PD\�EH�DSSOLHG��$OORZ�WKH�SDQHO�WR�GU\�IRU
VHYHQ�GD\V�LQ�D�KRUL]RQWDO�SRVLWLRQ�DW�����&������&�DQG������������UHODWLYH�KXPLGLW\��RXW�RI
VXQOLJKW�DQG�ZLWK�SURWHFWLRQ�IURP�GXVW�

0HDVXUH�LQ�DFFRUGDQFH�ZLWK�DQQH[�&�RI�(1�����������
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$QQH[�%��QRUPDWLYH�

3DLQW�DQG�FROG�SODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�VWRUDJH�VWDELOLW\

%����3ULQFLSOH

7KH�WHVW�PHWKRG�FRYHUV�WKH�GHWHUPLQDWLRQ�RI�WKH�GHJUHH�RI�SLJPHQW�VXVSHQVLRQ�DQG�HDVH�RI
UHPL[LQJ�D�VKHOI�DJHG�VDPSOH�RI�SDLQW�WR�D�KRPRJHQHRXV�FRQGLWLRQ�VXLWDEOH�IRU�LPPHGLDWH�XVH�

%����$SSDUDWXV

D��7KUHH�����PO�ZLGH�QHFN�ERWWOHV��WHVW�YHVVHOV��RI�FOHDU�JODVV�����PP�LQ�GLDPHWHU������PP�LQ
KHLJKW��ZLWK�DQ�RSHQLQJ����PP�LQ�GLDPHWHU�ZLWK�DQ�,62�WKUHDG�DQG�D�VFUHZ�W\SH�SODVWLF��3(��LQVHW
WRS�

E��VWHHO�VSDWXOD�ZHLJKLQJ����J�����J��VTXDUH������PP�����PP�LQ�OHQJWK�DQG�ZLWK�D�EODGH������PP
������PP�LQ�ZLGWK��7KH�VSDWXOD�VKDOO�EH�PDGH�E\�FXWWLQJ�WKH�WRS�IURP�DQ�RUGLQDU\�����PP�IOH[LEOH
VWHHO�ODERUDWRU\�VSDWXOD�WR�REWDLQ�WKH�VSHFLILHG�OHQJWK�

F��ZDUPLQJ�FDELQHW��ZLWK�IRUFHG�YHQWLODWLRQ�FDSDEOH�RI�UHDFKLQJ�D�WHPSHUDWXUH�RI�����&��������&�

G��WDPSLQJ�DSSDUDWXV�LQ�DFFRUGDQFH�ZLWK�,62��������������VHH�)LJXUH�%����

H��KROGHU�IRU�WKH�WHVW�YHVVHO��VHH�)LJXUH�%����
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'LPHQVLRQV�LQ�PLOOLPHWUHV

)LJXUH�%����7DPSLQJ�YROXPHWHU

%����3URFHGXUH

%������3DLQW

3ODFH�D�VDPSOH�RI�WKH�SDLQW�LQ�HDFK�RI�WKH�WKUHH�����PO�ZLGH�QHFN�ERWWOHV��WDNLQJ�FDUH�WR�HQVXUH
WKDW�WKH�OHYHO�RI�SDLQW�LQ�HDFK�WHVW�YHVVHO�LV�LGHQWLFDO�DQG�UHDFKHV�WKH�ORZHU�HGJH�RI�WKH�WKUHDG
�DSSUR[LPDWHO\����PP�EHORZ�WKH�VFUHZ�WRS�EXW�WR�D�PD[LPXP�RI������RI�WKH�YROXPH��

.H\

���5XEEHU�VOHHYH���PP
���+ROGHU�IRU�PHDVXULQJ�F\OLQGHU
���6KDIW
���6OHHYH
���$QYLO
���&DP
���,62������������
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7KH�HGJHV�DQG�WKUHDG�RI�WKH�WHVW�YHVVHOV�VKDOO�EH�WKRURXJKO\�FOHDQHG�XVLQJ�FHOOXORVH�DQG�VROYHQW�
7KH�WHVW�YHVVHOV�DUH�WKHQ�KHUPHWLFDOO\�FORVHG�DQG�ODEHOOHG���WR����7KH�VDPSOHV�DUH�WKHQ�ZHLJKHG�WR
WKH�QHDUHVW�����J�DQG�VWRUHG�LQ�WKH�ZDUPLQJ�FDELQHW�IRU�D�WRWDO�RI����GD\V�DW�����&��$IWHU�HDFK
VHYHQ�GD\�SHULRG�WKH�VDPSOHV�DUH�VXEMHFWHG�WR��������VWURNHV�RI�WKH�DXWRPDWLF�WDPSLQJ
HTXLSPHQW��%\�REVHUYLQJ�WKH�VDPSOHV�WKURXJK�WKH�JODVV�LW�FDQ�EH�VHHQ�ZKHWKHU�WKH�SKDVHV
VHSDUDWH�

$IWHU�HDFK�VHULHV�RI��������VWURNHV�WKH�VDPSOHV�DUH�UHWXUQHG�LQWR�WKH�ZDUPLQJ�FDELQHW��$OO�WKUHH
VDPSOHV�DUH�UHZHLJKHG�LPPHGLDWHO\�DIWHU�VWRUDJH�XQGHU�DFFHOHUDWHG�FRQGLWLRQV��DFWLRQ�RI�KHDW�DQG
WDPSLQJ��LQ�RUGHU�WR�GHWHUPLQH�DQ\�ORVV�RI�PDVV��/RVV�RI�ZHLJKW�VKDOO�QRW�H[FHHG������$Q\
VDPSOHV�ZLWK�D�ORVV�RI�PDVV�H[FHHGLQJ�����DUH�GHHPHG�WR�KDYH�IDLOHG�WKH�WHVW�

%������&ROG�SODVWLFV

&ROG�SODVWLFV�DUH�WHVWHG�LQ�WKH�VDPH�ZD\�DV�PXOWLFRPSRQHQW�SDLQWV��7KH�FRPSRQHQWV�RI�FROG
SODVWLF�VKDOO�EH�WHVWHG�IRU�WKH�SUHVHQFH�RI�SHUR[LGHV�SULRU�WR�WHVWLQJ�

7KH�FRPSRQHQWV�FRQWDLQLQJ�SHUR[LGHV�VKDOO�QRW�EH�VWRUHG�LQ�WKH�ZDUPLQJ�FDELQHW�EXW�DW�URRP
WHPSHUDWXUH�DQG�VKDOO�QRW�EH�VXEMHFWHG�WR�WKH�WDPSLQJ�WHVW�

%����'HWHUPLQDWLRQ�RI�WKH�GHJUHH�RI�VXVSHQVLRQ�DQG�HDVH�RI�UHPL[LQJ

$IWHU�ZHLJKLQJ��RSHQ�WKH�WKUHH�WHVW�YHVVHOV�FDUHIXOO\�ZLWKRXW�VKDNLQJ�RU�DJLWDWLRQ�DQG�H[DPLQH�WKH
VDPSOHV��'R�QRW�UHPRYH�DQ\�VXUIDFH�OD\HU�WKDW�PD\�KDYH�IRUPHG�RQ�WKH�VDPSOHV��VNLQ�IRUPDWLRQ��
8VH�D�VSDWXOD�WR�H[DPLQH�WKH�H[WHQW�WR�ZKLFK�SRUWLRQV�RI�WKH�SDLQW�KDYH�VHSDUDWHG�WR�IRUP�D�OD\HU
DW�WKH�ERWWRP�RI�WKH�WHVW�YHVVHO�GXULQJ�VWRUDJH�DQG�WDPSLQJ��+ROG�RQH�HQG�RI�WKH�VSDWXOD�VR�WKDW�LW
LV�SHUSHQGLFXODU�WR�WKH�FHQWUDO�DUHD�RI�WKH�SDLQW�DQG�LWV�ERWWRP�HGJH�LV�OHYHO�ZLWK�WKH�WRS�RI�WKH�WHVW
YHVVHO��'URS�WKH�VSDWXOD�IURP�WKLV�KHLJKW��WKHQ�PRYH�WKH�VSDWXOD�PDQXDOO\�RYHU�WKH�ERWWRP�RI�WKH
WHVW�YHVVHO�LQ�D�ODWHUDO�GLUHFWLRQ��$VVHVV�WKH�UHVLVWDQFH�RI�WKH�FDNH�RI�VHWWOHG�SLJPHQW�WR�WKLV
PRYHPHQW�DQG�WKH�HDVH�RI�UHPL[LQJ�IRU�DOO�WKUHH�VDPSOHV�LQ�DFFRUGDQFH�ZLWK�%����DIWHU�ZKLFK
GHWHUPLQH�DQG�UHFRUG�WKH�DYHUDJH�UDWLQJ�IRU�WKH�WKUHH�VDPSOHV�

%����5DWLQJ

5DWH�WKH�VDPSOH�IRU�GHJUHH�RI�VHWWOLQJ�RQ�D�VFDOH�RI����WR���LQ�DFFRUGDQFH�ZLWK�7DEOH�%����*LYH
LQWHUPHGLDWH�FRQGLWLRQV�WKH�DSSURSULDWH�RGG�QXPEHU�
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7DEOH�%�����5DWLQJ�VFDOH�IRU�VWRUDJH�VWDELOLW\

5DWLQJ 'HVFULSWLRQ�RI�SURGXFW�FRQGLWLRQ

�� 3HUIHFW�VXVSHQVLRQ��1R�FKDQJH�IURP�WKH�RULJLQDO�FRQGLWLRQ�RI�WKH�SURGXFW�

� 6HWWOLQJ�KDV�GHILQLWHO\�WDNHQ�SODFH��$�VOLJKW�GHSRVLW�LV�UDLVHG�ZKHQ�WKH�VSDWXOD�LV
GURSSHG�LQWR�WKH�SURGXFW��1R�VLJQLILFDQW�UHVLVWDQFH�WR�VLGHZD\V�PRYHPHQW�RI�WKH
VSDWXOD�

� 'HILQLWH�FDNH�RI�VHWWOHG�SLJPHQW��6SDWXOD�GURSV�WKURXJK�FDNH�XQGHU�LWV�RZQ�ZHLJKW�
'HILQLWH�UHVLVWDQFH�WR�VLGHZD\V�PRWLRQ�RI�WKH�VSDWXOD��&RKHUHQW�SRUWLRQV�RI�FDNH
PD\�EH�UHPRYHG�RQ�VSDWXOD��3URGXFW�FDQ�EH�UHPL[HG�UHDGLO\�WR�D�KRPRJHQHRXV
VWDWH�

� 6SDWXOD�GRHV�QRW�IDOO�WKURXJK�FDNH�WR�ERWWRP�RI�WHVW�YHVVHO�XQGHU�LWV�RZQ�ZHLJKW�
'LIILFXOW�WR�PRYH�VSDWXOD�WKURXJK�FDNH�VLGHZD\V�DQG�VOLJKW�HGJHZLVH�UHVLVWDQFH�
3URGXFW�FDQ�EH�UHPL[HG�UHDGLO\�WR�D�KRPRJHQHRXV�VWDWH�

� 'HILQLWH�UHVLVWDQFH�WR�HGJHZLVH�PRYHPHQW�RI�WKH�VSDWXOD�DIWHU�LW�KDV�EHHQ�SXVKHG
WKURXJK�WKH�VHWWOHG�OD\HU�E\�H[HUWLQJ�VOLJKW�SUHVVXUH�RQ�LW��3URGXFW�FDQ�EH�UHPL[HG
WR�D�KRPRJHQHRXV�VWDWH�E\�VWLUULQJ�PDQXDOO\�ZLWK�D�VPDOO�DPRXQW�RI�HIIRUW�

� :KHQ�VSDWXOD�KDV�EHHQ�IRUFHG�WKURXJK�WKH�VHWWOHG�OD\HU�LW�LV�YHU\�GLIILFXOW�WR�PRYH
VSDWXOD�VLGHZD\V��'HILQLWH�HGJHZLVH�UHVLVWDQFH�WR�PRYHPHQW�RI�VSDWXOD��3DLQW�FDQ
EH�UHPL[HG�WR�D�KRPRJHQHRXV�VWDWH�

� 9HU\�ILUP�FDNH�WKDW�FDQQRW�EH�LQFRUSRUDWHG�ZLWK�WKH�OLTXLG�WR�IRUP�D�VPRRWK
KRPRJHQHRXV�SURGXFW�E\�VWLUULQJ�PDQXDOO\�

127(��$�QRQ�DFFHOHUDWHG�WHVW�PD\�EH�FDUULHG�RXW�LQ�WKH�IROORZLQJ�PDQQHU�
3ODFH�D�VDPSOH�RI�SDLQW�RU�FROG�SODVWLF�WR�ZLWKLQ����PP�RI�WKH�WRS�RI�D�����PO�IULFWLRQ�WRS
SDLQW�WLQ�������PP�������PP�GLDPHWHU�DQG������PP�������PP�LQ�KHLJKW��DQG�FORVH�WLJKWO\�
6WRUH�XQGLVWXUEHG�IRU�VKHOI�DJHLQJ�DW�EHWZHHQ�����&�DQG�����&�IRU���PRQWKV�RU�VDLG�SHULRG
DV�DJUHHG�E\�WKH�SXUFKDVHU�RU�VHOOHU��7HVW�IRU�VHWWOHPHQW�LQ�DFFRUGDQFH�ZLWK�%���DQG
UHFRUG�WKH�UHVXOW�LQ�DFFRUGDQFH�ZLWK�%���
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$QQH[�&��QRUPDWLYH�

3DLQW�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�EOHHG�UHVLVWDQFH

&����3ULQFLSOH

7KH�SDLQW�LV�DSSOLHG�WR�D�ELWXPHQ�VXUIDFH�DQG�WKH�ILOP�LV�H[DPLQHG�IRU�GLVFRORUDWLRQ�DIWHU
FRQGLWLRQLQJ�IRU����K�

&����$SSDUDWXV�DQG�PDWHULDOV

D��/LJKW�VRXUFH�DQG�FRORULPHWHU�DV�GHVFULEHG�LQ�DQQH[�&�RI�(1�����������

E��ZDUPLQJ�FDELQHW�ZLWK�IRUFHG�YHQWLODWLRQ�FDSDEOH�RI�UHDFKLQJ�D�WHPSHUDWXUH�RI�����&��������&�

F��KDUGERDUG�SDQHOV�LQ�DFFRUGDQFH�ZLWK�,62������������FODXVH���DQG�DW�OHDVW�����PP�[�����PP�[
���PP�LQ�VL]H�ZLWK�GHQVLW\�!������J�FP��

G��GRFWRU�EODGH�ZLWK�ZKLFK�WR�DSSO\�WKH�SDLQW��ZLWK�D�PLQLPXP�VOLW�VL]H�RI�����mP�DQG����PP�RU
���PP�ZLGH�

H��7\SH�%��������SHQ�ELWXPHQ�RU�VLPLODU��7KH�TXDQWLW\�VKRXOG�EH�VXIILFLHQW�WR�FRDW�WKH�UHTXLUHG
QXPEHU�RI�FDUULHU�SDQHOV�

I��WROXRO��VROYHQW��

&����3UHSDUDWLRQ�RI�FDUULHU�SDQHO

6HYHUDO�FRDWV�RI�D������ELWXPHQ�VROXWLRQ�LQ�WROXRO�DUH�DSSOLHG�ZLWK�D�EUXVK�WR�WKH�VPRRWK�IDFH�RI
WKH�FDUULHU�SDQHO�LQ�DQ�HIILFLHQW�IXPH�FXSERDUG�VXFK�WKDW���J�RI�ELWXPHQ�VKDOO�UHPDLQ�RQ�WKH�SODWH
DIWHU�GU\LQJ��7KH�FDUULHU�SDQHO�LV�ILUVW�VWRUHG�LQ�D�ZDUPLQJ�FDELQHW�IRU����K�DW�����&��WKHQ�IRU����K�DW
URRP�WHPSHUDWXUH�LQ�RUGHU�WR�DJH�WKH�ELWXPHQ�UHPDLQLQJ�RQ�WKH�FDUULHU�SDQHO�

&����3URFHGXUH

3ODFH�D�VWULS�RI�WUDQVSDUHQW�WDSH�RI�ZLGWK�QRW�OHVV�WKDQ����PP�RQ�WKH�ELWXPHQ�VXUIDFH�
DSSUR[LPDWHO\����PP�IURP�WKH�HGJH�RI�WKH�SDQHO�DQG�SDUDOOHO�WR�WKH�����PP�VLGH�

7KRURXJKO\�VWLU�WKH�SDLQW�XQGHU�WHVW�DQG��DSSO\�RYHU�WKH�ZKROH�OHQJWK�RI�WKH�FDUULHU�SDQHO�ZLWKLQ
DSSUR[LPDWHO\���V�XVLQJ�D�GRFWRU�EODGH�ZLWK�D�VOLW�VL]H�RI�����mP�

0L[�WKH�FRPSRQHQWV�RI�D�PXOWLFRPSRQHQW�SDLQW�LPPHGLDWHO\�SULRU�WR�DSSOLFDWLRQ�RI�WKH�ILOP�LQ�WKH
UDWLR�VSHFLILHG�E\�WKH�PDQXIDFWXUHU��(QVXUH�WKDW�WKH�FRPSRQHQWV�DUH�PL[HG�WKRURXJKO\�

$IWHU�WKH�WHVW�SDQHO��FRQVLVWLQJ�RI�WKH�FDUULHU�SDQHO�SOXV�URDG�PDUNLQJ�SDLQW��KDV�EHHQ�GULHG�IRU����K
DW�DSSUR[LPDWHO\�����&�DQG�WKHQ�IRU����K�DW�����&��WKH�OXPLQDQFH�IDFWRU�RI�WKH�SDLQW�ERWK�RQ�WKH
FRDWHG�WHVW�VXUIDFH�WR�ZKLFK�DGKHVLYH�WDSH�LV�DSSOLHG��b��DQG�RQ�WKH�WHVW�VXUIDFH�FRDWHG�ZLWK
ELWXPHQ��b
��LV�GHWHUPLQHG�SKRWRPHWULFDOO\�LQ�DFFRUGDQFH�ZLWK�DQQH[�&�RI�(1������������5HFRUG
ERWK�YDOXHV��&DOFXODWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�OXPLQDQFH�IDFWRU�RI�WKH�SDLQW�RQ�WKH�WUDQVSDUHQW
WDSH�b��DQG�WKDW�RI�WKH�SDLQW�RQ�WKH�ELWXPHQ�FRDWLQJ�b¶��Db� �b���b¶��
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$QQH[�'��QRUPDWLYH�

3DLQW��FROG�SODVWLFV�DQG�WKHUPRSODVWLFV���7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�DONDOL�UHVLVWDQFH
RI�WKH�PDWHULDOV

'����*HQHUDO

7KH�SXUSRVH�RI�WKLV�WHVW�PHWKRG�LV�WR�DLG�WKH�VHOHFWLRQ�RI�D�URDG�PDUNLQJ�PDWHULDO�ZKLFK�LV�VXLWDEOH
IRU�GLUHFW�DSSOLFDWLRQ�RQWR�DONDOLQH�UHDFWLYH�VXEVWUDWHV��K\GUDXOLF�FRQFUHWH�SDYHPHQWV��

'����3ULQFLSOH

$�VSHFLPHQ�IUDFWLRQ�RI�SDLQW�RU�FROG�SODVWLFV�LV�DSSOLHG�WR�WKUHH�FDUULHU�SDQHOV�XVLQJ�D�GRFWRU�EODGH�
$�VSHFLPHQ�IUDFWLRQ�RI�D�WKHUPRSODVWLF�PDWHULDO�LV�KHDWHG�WR�D�PRXOGDEOH�VWDWH��SUHVVHG�LQWR�D
VKHHW�DQG�WKHQ�DSSOLHG�WR�WKUHH�FDUULHU�SDQHOV��7KH�WHVW�SDQHOV�DUH�FRQGLWLRQHG�DQG�FODPSHG�LQWR�D
IUDPH�ZKHUH�WKH�FRDWLQJV�DUH�VXEMHFWHG�WR�WKH�DFWLRQ�RI�D������VROXWLRQ�RI�VRGLXP�K\GUR[LGH�IRU�D
SHULRG�RI����K��$IWHU�ZDWHULQJ�DQG�EUXVKLQJ��WKH�VXUIDFH�FKDUDFWHULVWLFV�RI�WKH�WHVW�]RQHV�DUH
DVVHVVHG�

'����$SSDUDWXV�DQG�UHDJHQWV

'������*HQHUDO

D��)UDPH�ZLWK�FODPSLQJ�GHYLFH�

E��SHUIRUDWHG�SODWHV��WZR�SODWHV�����PP�[�����PP��[����PP�RI�DFU\OLF�JODVV�ZLWK�SHUIRUDWLRQV�RI
DSSUR[LPDWHO\����PP�GLDPHWHU�VLWXDWHG�RQ�WKH�ORQJLWXGLQDO�FHQWUH�OLQH�DW�GLVWDQFHV�RI����PP�DQG
����PP�UHVSHFWLYHO\�IURP�RQH�HQG�RI�WKH�SODWH�

F��FRYHU�SODWHV��WZR�SODWHV�����PP�[�����PP�[����PP�RI�DFU\OLF�JODVV�

G��VSDWXOD�

H��QDLO�EUXVK�

I��RYHQ��FDSDEOH�RI�IRUFHG�FLUFXODWLRQ�WR�D�WHPSHUDWXUH�RI�����&������&��DHUDWLRQ�

J��FDUULHU�SDQHOV��WKUHH�SDQHOV�����PP�[�����PP�[����PP�RI�DFU\OLF�JODVV��WUDQVSDUHQW�
URXJKHQHG��JUDLQLQJ�RI�����IOLQW�FRDWHG�SDSHU�

K��VROXWLRQ�RI������VRGLXP�K\GUR[LGH��LQ�ZDWHU�

'������3DLQW�DQG�FROG�SODVWLFV

D��'RFWRU�EODGH�ZLWK�ZKLFK�WR�DSSO\�WKH�SDLQW�RU�FROG�SODVWLFV��ZLWK�D�PLQLPXP�VOLW�VL]H�RI�����mP�WR
������mP�DQG����PP�RU����PP�ZLGH��RU�VFUHHG�ER[�ZLWK�DGMXVWDEOH�VOLW�IRU�FROG�SODVWLFV�

E��EHDNHU������PO�FDSDFLW\�
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'������7KHUPRSODVWLFV

D��9HVVHO�ZLWK�OLG�

E��SDLQW�VFUDSHU�

F��SHQ�NQLIH�

G��UROO�PLOO��ZLWK�WZR�UROOV��HDFK�DW�OHDVW�����PP�ORQJ��

H��KHDW�UHVLVWDQW�SODVWLF�IRLO������PP�ZLGH��KHDW�UHVLVWDQW�WR������&�

I��KHDWLQJ�FDELQHW��FDSDEOH�RI�EHLQJ�VHW�WR�DQ\�WHPSHUDWXUH�XS�WR������&�

'����1XPEHU�RI�WHVWV

$�VSHFLPHQ�IUDFWLRQ�RI�HDFK�PDWHULDO�LV�DSSOLHG�WR�WKUHH�FDUULHU�SDQHOV��7ZR�RI�WKHVH�SDQHOV�DUH
VXEMHFWHG�WR�WKH�VRGLXP�K\GUR[LGH�VROXWLRQ�DQG�VXEVHTXHQWO\�WHVWHG��7KH�WKLUG�RQH�VHUYHV�DV�D
UHIHUHQFH�

'����3UHSDUDWLRQ�RI�WHVW�SDQHOV�

'������3DLQW

$SSO\�D�VSHFLPHQ�IUDFWLRQ�RI�WKH�SDLQW�WR�EH�WHVWHG�WR�WKUHH�URXJKHQHG�DFU\OLF�JODVV�FDUULHU�SDQHOV�
����PP�[�����PP�[����PP��XVLQJ�D�GRFWRU�EODGH��7KH�VOLW�VL]H�RI�WKH�GRFWRU�EODGH�FRUUHVSRQGV�WR
WKH�ZHW�ILOP�WKLFNQHVV�SUHVFULEHG�E\�WKH�SDLQW�PDQXIDFWXUHU��DW�OHDVW�����mP��

0L[�WKH�FRPSRQHQWV�RI�PXOWLFRPSRQHQW�SDLQWV��DW�WKH�PL[LQJ�UDWLR�SUHVFULEHG�E\�WKH�PDQXIDFWXUHU�
GLUHFWO\�EHIRUH�DSSOLFDWLRQ��(QVXUH�WKDW�WKH�FRPSRQHQWV�DUH�PL[HG�WKRURXJKO\�

,I�WKH�PDQXIDFWXUHU�SUHVFULEHV�WKDW�WKH�SDLQW�EH�DSSOLHG�LQ�VHYHUDO�OD\HUV��VHOHFW�WKH�VOLW�ZLGWK�RI�WKH
GRFWRU�EODGH�ZKLFK�FRUUHVSRQGV�WR�WKH�ODUJHVW�RI�WKH�ZHW�ILOP�WKLFNQHVVHV�VWDWHG�

127(��7KH�SKHQRPHQD�UHODWHG�WR�WKH�ERQG�EHWZHHQ�WZR�SDLQW�OD\HUV�DUH�QRW�FRYHUHG�E\
WKLV�WHVW�

6FUHHQ�D�SDLQW�FRQWDLQLQJ�RYHUVL]H�EHIRUH�DSSOLFDWLRQ��7DNH�FDUH�WR�XVH�D�VFUHHQ�ZLWK�DQ�RSHQLQJ
VOLW�DV�FORVH�DV�SRVVLEOH�WR�WKH�ZHW�ILOP�WKLFNQHVV�WR�EH�DSSOLHG�

&RQGLWLRQ�WKH�WHVW�SDQHOV��FDUULHU�SDQHOV�ZLWK�SDLQW��E\�VWRULQJ�IRU����K�DW�URRP�WHPSHUDWXUH�DQG
WKHQ�LQ�DQ�RYHQ��LQ�D�KRUL]RQWDO�SRVLWLRQ��IRU�����K�DW�D�WHPSHUDWXUH�RI�����&������&��&RRO�WKH�WHVW
SDQHOV�WR�URRP�WHPSHUDWXUH�

'������7KHUPRSODVWLFV

6WRUH�D�VSHFLPHQ�IUDFWLRQ�RI�WKHUPRSODVWLFV�RI�DSSUR[LPDWHO\���NJ��SODFHG�LQ�D�YHVVHO�FRYHUHG�ZLWK
D�OLG��LQ�DQ�RYHQ�WR�EH�KHDWHG�WR�D�PRXOGDEOH�VWDWH��6SHFLILF�WHPSHUDWXUHV�FDQQRW�EH�VWDWHG�VLQFH
WKH�DSSOLFDWLRQ�WHPSHUDWXUHV�IRU�WKHUPRSODVWLFV�DUH�XVXDOO\�LQ�WKH�UDQJH������&�WR������&��,Q
JHQHUDO��WKH�DSSOLFDWLRQ�WHPSHUDWXUH�VWDWHG�E\�WKH�PDQXIDFWXUHU�VKRXOG�EH�DGHTXDWH��,I�D
PDQXIDFWXUHU�JLYHV�D�UDQJH�RI�WHPSHUDWXUHV��WKH�KHDWLQJ�FDELQHW�VKRXOG�EH�DGMXVWHG�WR�WKH
DYHUDJH�YDOXH�RI�WKH�WHPSHUDWXUHV�VWDWHG�

Li
ce

ns
ed

 C
op

y:
 A

ki
n 

K
ok

sa
l, 

B
ec

ht
el

 L
td

, 1
0 

D
ec

em
be

r 
20

02
, U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



3DJH���
(1����������

¸%6,��������

+DYLQJ�UHDFKHG�WKH�PRXOGDEOH�VWDWH��VWLU�WKH�KHDWHG�VSHFLPHQ�IUDFWLRQ�ZLWK�D�SDLQW�VFUDSHU�IRU
KRPRJHQL]DWLRQ�

$GMXVW�WKH�JDS�EHWZHHQ�WKH�WZR�UROOV�RI�WKH�PLOO�VR�WKDW�D�VDPSOH�RI�WKH�OD\HU�WKLFNQHVV�SUHVFULEHG
E\�WKH�PDQXIDFWXUHU�FDQ�EH�SURGXFHG�E\�SUHVVLQJ�EHWZHHQ�WZR�VKHHWV�RI�KHDW�UHVLVWDQW�SODVWLF�IRLO�

$�VWULS�RI�KHDW�UHVLVWDQW�SODVWLF�IRLO�RI�OHQJWK�RI�DSSUR[LPDWHO\���P�LV�IROGHG�LQ�KDOI��7KH�IROG�LV
LQVHUWHG�EHWZHHQ�WKH�WZR�UROOV��ZUDSSLQJ�WKH�WZR�HQGV�RI�WKH�IROGHG�VWULS�DURXQG�WKHP�

$IWHU�KRPRJHQL]DWLRQ��DQG�ZKLOH�WKH�VDPSOH�LV�VWLOO�LQ�D�PRXOGDEOH�VWDWH��JUDGXDOO\�SODFH�LW�EHWZHHQ
WKH�WZR�VWULSV�RI�KHDW�UHVLVWDQW�SODVWLF�IRLO�ZKLOH�D�VHFRQG�RSHUDWRU�VORZO\�DQG�XQLIRUPO\�RSHUDWLQJ
WKH�FUDQN�KDQGOH�RI�WKH�UROO�PLOO��7KH�URWDWLYH�PRWLRQ�RI�WKH�UROOV�SXOOV�WKH�WZR�KDOYHV�RI�WKH�IRLO�VWULS
EHWZHHQ�WKH�UROOV�SUHVVLQJ�WKHP�WRJHWKHU�DQG�DW�WKH�VDPH�WLPH�SURGXFLQJ�D�VKHHW�VDPSOH�RI
GHILQHG�WKLFNQHVV��$IWHU�FRROLQJ�WR�URRP�WHPSHUDWXUH��FXW�SDQHOV�IURP�WKH�VKHHW�XVLQJ�D�SHQ�NQLIH
DQG�RQH�RI�WKH�FDUULHU�SDQHOV�DV�D�WHPSODWH��8VLQJ�WKH�FDUULHU�SDQHOV��SUHSDUH�WKUHH�WHVW�SDQHOV�
&RQGLWLRQ�WKH�WKUHH�WHVW�SDQHOV��FDUULHU�SDQHOV�ZLWK�WKHUPRSODVWLFV��E\�VWRULQJ��LQ�D�KRUL]RQWDO
SRVLWLRQ��LQ�DQ�RYHQ�IRU����GD\V�DW�D�WHPSHUDWXUH�RI�����&������&��WKHQ�FRRO�WKH�WHVW�SDQHOV�WR�URRP
WHPSHUDWXUH�

'������&ROG�SODVWLFV

127(��6DIHW\�JODVVHV�VKRXOG�EH�ZRUQ�ZKHQ�KDQGOLQJ�SHUR[LGHV�

0L[�FROG�SODVWLFV�FRPSRQHQWV�LPPHGLDWHO\�EHIRUH�DSSOLFDWLRQ��8VLQJ�WKH�PL[LQJ�UDWLR�SUHVFULEHG�E\
WKH�PDQXIDFWXUHU��ZHLJK�D�WRWDO�RI�����J�RI�PL[HG�SURGXFW�SUHSDUHG�IURP�DOO�FRPSRQHQWV�WR�DQ
DFFXUDF\�RI�����LQWR�D�EHDNHU��:HLJK�WKH�EDVLF�PDWHULDO�ILUVW��IROORZHG�E\�WKH�RWKHU�FRPSRQHQWV�
6WLU�WKH�FRPSRQHQWV�LQWHQVLYHO\�XVLQJ�D�VSDWXOD�IRU���PLQ��RU�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V
LQVWUXFWLRQV��$SSO\�WKH�FROG�SODVWLFV�WR�EH�WHVWHG�WR�WKUHH�URXJKHQHG�FDUULHU�SDQHOV�XVLQJ�D�GRFWRU
EODGH�RU�D�VFUHHG�ER[��7KH�VOLW�VL]H��LQ�WKLV�FDVH��VKDOO�EH�WKH�HTXLYDOHQW�RI�WKH�ZHW�ILOP�WKLFNQHVV�RI
WKH�PDWHULDO�SUHVFULEHG�E\�WKH�PDQXIDFWXUHU�RI�WKH�FROG�SODVWLFV��DW�OHDVW�����mP��

(OLPLQDWH�DQ\�LPSXULWLHV�RU�RYHUVL]H�LQ�DQ\�RI�WKH�FRPSRQHQWV�E\�VFUHHQLQJ�WKH�PDWHULDO�EHIRUH
PL[LQJ�XVLQJ�D�VFUHHQ�ZLWK�DQ�RSHQLQJ�ZLGWK�DV�FORVH�DV�SRVVLEOH�WR�WKH�ZHW�ILOP�WKLFNQHVV�WR�EH
DSSOLHG�

&RQGLWLRQ�WKH�WHVW�SDQHOV��FDUULHU�SDQHOV�ZLWK�FROG�SODVWLFV��E\�VWRULQJ�IRU����K�DW�URRP�WHPSHUDWXUH
DQG�DIWHUZDUGV�LQ�DQ�RYHQ��LQ�D�KRUL]RQWDO�SRVLWLRQ��IRU����GD\V�DW�D�WHPSHUDWXUH�RI�����&������&�
&RRO�WKH�WHVW�SDQHOV�WR�URRP�WHPSHUDWXUH�

'����7HVWLQJ

8VH�RQH�RI�WKH�SDQHOV�DV�D�UHIHUHQFH��3ODFH�WKH�WZR�UHPDLQLQJ�SDQHOV��ZLWK�WKH�PDWHULDO�IDFH�XS��LQ
D�VXLWDEOH�IUDPH�DQG�FRYHU�HDFK�ZLWK�D����PP�WKLFN�SHUIRUDWHG�SODWH��*OXH�VSRQJH�UXEEHU�RQWR�WKH
ERWWRP�HGJHV�RI�WKH�SHUIRUDWHG�SODWHV��8VLQJ�D�SUHVVLQJ�GHYLFH�SUHVV�WKH�SHUIRUDWHG�SODWHV�RQWR
WKH�WHVW�SDQHOV��7KH�VSRQJH�UXEEHU�DFWV�DV�VHDODQW�EHWZHHQ�WKH�WHVW�SDQHO�DQG�WKH�SHUIRUDWHG
SODWH��)LOO�WKH�FDYLWLHV�ZKLFK�DUH�SURGXFHG�DERYH�WKH�WHVW�SDQHOV�WR�WKH�ULP�ZLWK�VRGLXP�K\GUR[LGH
VROXWLRQ�RI������FRQFHQWUDWLRQ��&RYHU�WKH�SHUIRUDWHG�SODWHV�XVLQJ�WKH�FRYHU�SDQHOV�

6XEMHFW�WKH�PDWHULDO�WR�WKH�HIIHFW�RI�WKH�VRGLXP�K\GUR[LGH�VROXWLRQ�IRU�D�SHULRG�RI����K�DW�����&�
WKHQ�VWLU�XS�WKH�VRGLXP�K\GUR[LGH�VROXWLRQ�XVLQJ�D�JODVV�VSDWXOD�WKURXJK�WKH�SHUIRUDWLRQV�RI�WKH
SHUIRUDWHG�SODWHV��&KHFN�WKH�VRGLXP�K\GUR[LGH�VROXWLRQ�IRU�DQ\�GLVWLQFW�DQG�LQWHQVH�FRORXULQJ�DV�D
UHVXOW�RI�WKH�FKHPLFDO�UHDFWLRQ��LWV�HIIHFW�RQ�WKH�ELQGHU��DQG�IRU�FORXGV�DV�D�UHVXOW�RI�SLJPHQW
GLVWXUEDQFH�
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$IWHU�H[DPLQDWLRQ�GHFDQW�WKH�VRGLXP�K\GUR[LGH�VROXWLRQ��5HPRYH�WKH�WHVW�SDQHOV�IURP�WKH�IUDPH�
SODFH�XQGHU�UXQQLQJ�ZDWHU��DQG�EUXVK�ZLWK�D�KDUG�QDLO�EUXVK�XQWLO�DOO�ORRVH�SDUWLFOHV�DUH�UHPRYHG
IURP�WKH�WHVW�]RQH��WLOO�WKH�ULQVLQJ�ZDWHU�LV�FOHDU��
,QVSHFW�WKH�WHVW�]RQHV�RI�WKH�PDWHULDO��ZKHUH�WKH\�KDYH�EHHQ�VXEMHFWHG�WR�WKH�HIIHFW�RI�VRGLXP
K\GUR[LGH�VROXWLRQ��IRU�DQ\�VLJQV�RI�GHVWUXFWLRQ�E\�WKH�VROXWLRQ��,I�DQ\�LQWHQVH�GLVFRORUDWLRQ�LV
REVHUYHG��GU\�WKH�WHVW�SDQHOV�LQ�DQ�RYHQ�DW�����&�EHIRUH�HYDOXDWLRQ�

'����(YDOXDWLRQ

'������&RQGLWLRQ�RI�WKH�VRGLXP�K\GUR[LGH�WHVW�VROXWLRQ

$Q\�GLVWLQFW�DQG�LQWHQVH�FRORUDWLRQ�RI�WKH�VRGLXP�K\GUR[LGH�WHVW�VROXWLRQ�DV�D�UHVXOW�RI�LWV�HIIHFW�RQ
WKH�ELQGHU�VKDOO�EH�UHFRUGHG�DV�ZHOO�DV�SLJPHQW�GLVWXUEDQFH�DV�D�UHVXOW�RI�WKH�VWLUULQJ�

'������6XUIDFH�FRQGLWLRQ�RI�WKH�WHVW�]RQHV

7KH�VXUIDFH�RI�WKH�FRORXUHG�ILOPV�LQ�WKH�]RQHV�VXEMHFWHG�WR�WKH�WHVW�VROXWLRQ�VKDOO�EH�GHVFULEHG�ZLWK
UHVSHFW�WR�WKH�IROORZLQJ��VLJQV�RI�SDUWLDO�RU�FRPSOHWH�ILOP�GHVWUXFWLRQ��VXUIDFH�URXJKHQLQJ�RU
GLVFRORUDWLRQ�

7KH�VXUIDFH�FRQGLWLRQ�RI�WKH�WHVW�]RQHV�RI�ERWK�WKHUPRSODVWLFV�DQG�FROG�SODVWLFV�VKDOO�EH�GHVFULEHG
ZLWK�UHVSHFW�WR�WKH�IROORZLQJ��ORVV�RI�JORVV��FKDQJH�LQ�FRORXU��VXUIDFH�URXJKHQLQJ�DQG�DEUDVLRQ�
3RVVLEOH�UHWURUHIOHFWLYH�SURSHUWLHV�DUH�FKHFNHG�E\�LQFOLQLQJ�WKH�WHVW�SDQHOV�DJDLQVW�WKH�OLJKW�WR�ILQG
RXW�ZKHWKHU�JODVV�EHDGV�KDYH�EHHQ�H[SRVHG�RU�QRW�

'����$VVHVVLQJ�WKH�PDWHULDOV

'������3DLQW

$Q�DSSURSULDWH�FULWHULRQ�LV�WKH�FKHPLFDO�UHVLVWDQFH�WR�VRGLXP�K\GUR[LGH�VROXWLRQ�RI�WKH�SDLQW
VXUIDFH��7KH�DGKHVLRQ�RI�WKH�SDLQW�WR�WKH�FRQFUHWH�VXUIDFH�LV�D�IXQFWLRQ�RI�LWV�FKHPLFDO�UHVLVWDQFH�
)RU�WKLQ�ILOPV�WKH�ELQGHU�FDQ�EH�FRPSOHWHO\�K\GUROL]HG�E\�WKH�WHVW�VROXWLRQ��,Q�WKLV�FDVH�ILOP
DGKHVLRQ�RU�FRKHVLRQ�ORVVHV�PLJKW�EH�XVHG�DV�FULWHULRQ�IRU�DONDOL�UHVLVWDQFH�

7KH�SDLQW�LV�DONDOL�UHVLVWDQW�LI�LW�FDQQRW�EH�EUXVKHG�RII�ZLWK�D�KDUG�QDLO�EUXVK�LQ�WKH�]RQHV�VXEMHFWHG
WR�WKH�HIIHFW�RI�WKH�WHVW�VROXWLRQ�

'������7KHUPRSODVWLFV�DQG�FROG�SODVWLFV

7KHUPRSODVWLFV�DQG�FROG�SODVWLFV�DUH�DONDOL�UHVLVWDQW�LI��JHQHUDOO\�

D���WKH�VRGLXP�K\GUR[LGH�WHVW�VROXWLRQ��DIWHU�D�UHDFWLRQ�WLPH�RI����K�DQG�VWLUULQJ��VKRZV�QR
VLJQ�RI�GLVWLQFW�DQG�LQWHQVH�FRORXULQJ�QRU�DQ\�FORXGLQJ�DV�D�UHVXOW�RI�SLJPHQW�GLVWXUEDQFH�

E���WKH�WHVW�]RQHV�RI�WKH�PDWHULDO�QHLWKHU�VKRZ�D�VLJQ�RI�VXUIDFH�URXJKHQLQJ�QRU�RQH
LQGLFDWLQJ�WKDW�WKH�JODVV�EHDGV�KDYH�EHHQ�H[SRVHG�

'����3UHFLVLRQ�DQG�UHSHWLWLRQ

7KH�WZR�SDQHOV�VKDOO�JLYH�WKH�VDPH�UHVXOW�RWKHUZLVH�WKH�WHVW�VKDOO�EH�UHSHDWHG�
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$QQH[�(��QRUPDWLYH�

7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FKURPDWLFLW\�FR�RUGLQDWHV�DQG�OXPLQDQFH
IDFWRU

(����3ULQFLSOH

7KH�SULQFLSOH�RI�PHDVXUHPHQW�LV�JLYHQ�LQ�DQQH[�&�RI�(1������������$�VROLG�EORFN�RI�WKHUPRSODVWLF
PDWHULDO�LV�PHDVXUHG��7KLV�WHVW�PHWKRG�VSHFLILHV�D�WHVW�VSHFLPHQ�RI�DSSURSULDWH�GLPHQVLRQ�DQG
WKLFNQHVV�WR�JLYH�D�VPRRWK�VXUIDFH�DQG�PD[LPXP�UHIOHFWLRQ��2WKHU�VSHFLPHQV�FDQ�EH�XVHG�LI�LW�LV
YHULILHG�WKDW�WKH\�KDYH�WKH�VDPH�VSHFLILF�SURSHUWLHV�

(����$SSDUDWXV

D��/LJKW�VRXUFH�DQG�PHDVXULQJ�GHYLFH�DV�LQ�DQQH[�&�RI�(1�����������

E��VLOLFRQH�UXEEHU�PRXOG�FRQVLVWLQJ�RI�D�IODW�VKHHW�RI�VLOLFRQH�UXEEHU��DSSUR[LPDWHO\����PP�WKLFN��WR
EH�XVHG�DV�D�EDVH�SODWH�DQG�D�WRS�VKHHW�RI�VLPLODU�VL]H�DQG�WKLFNQHVV�ZLWK�D�����PP�FLUFOH�FXW�LQ�LW�

(����3URFHGXUH

(�����0HOW�VXIILFLHQW�PDWHULDO�WR�ILOO�D�SUHSDUHG�UXEEHU�PRXOG�DQG�FDVW�D�VODE�RI�DSSUR[LPDWHO\
����PP�LQ�GLDPHWHU�DQG����PP�WKLFN�

127(����0DWHULDOV�VKRXOG�QRW�EH�KHDWHG�DERYH�WKH�PDQXIDFWXUHU¶V�VWDWHG�VDIH�KHDWLQJ
WHPSHUDWXUH�

127(����)RU�URXWLQH�SXUSRVHV�VSHFLPHQV�PD\�EH�FDVW�RQ�D�VPRRWK�PHWDO�VKHHW�FRDWHG
ZLWK�D�SHUPDQHQW�UHOHDVH�FRDWLQJ�RI�37)(��SRO\WHWUDIOXRUHWK\OHQH��

,Q�FDVH�RI�GLVSXWH��XVH�WKH�UXEEHU�PRXOG�

127(����,I��DIWHU�KDYLQJ�EHHQ�WHVWHG��WKH�VSHFLPHQ�LV�WR�EH�NHSW�IRU�IXUWKHU
PHDVXUHPHQWV��LW�VKRXOG�EH�UHWXUQHG�WR�LWV�PRXOG�DQG�NHSW�DW�D�ORZ�WHPSHUDWXUH�
SUHIHUDEO\�LQ�D�UHIULJHUDWRU��LQ�RUGHU�WR�DYRLG�GLVWRUWLRQ�

127(����3URYLGHG�WKH�FDVW�IDFH��XQGHUVXUIDFH��RI�WKH�VSHFLPHQ�LV�XVHG�IRU�WKH
PHDVXUHPHQW��WKH�SUHVHQFH�RI�VROLG�JODVV�EHDGV�LQ�WKH�PDWHULDO�LV�XQOLNHO\�WR�DIIHFW�LWV
OXPLQDQFH�
,I�QHFHVVDU\��LQ�RUGHU�WR�REWDLQ�D�VPRRWK�XQGHUVXUIDFH��WKH�WRS�RI�WKH�PRXOG�PD\�EH
ORDGHG�ZLWK�D�PDVV�RI���NJ�ZKLOVW�WKH�VSHFLPHQ�LV�ZDUP�

(������$OORZ�WKH�VSHFLPHQ�WR�FRRO�WR�URRP�WHPSHUDWXUH��UHPRYH�LW�IURP�WKH�PRXOG�DQG�LPPHGLDWHO\
PHDVXUH�WKH�FKURPDWLFLW\�FR�RUGLQDWHV�[�DQG�\�RQ�WKUHH�GLIIHUHQW�DUHDV�RI�WKH�XQGHUVXUIDFH�RI�WKH
VSHFLPHQ�

Li
ce

ns
ed

 C
op

y:
 A

ki
n 

K
ok

sa
l, 

B
ec

ht
el

 L
td

, 1
0 

D
ec

em
be

r 
20

02
, U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



3DJH���
(1����������

¸%6,��������

$QQH[�)��QRUPDWLYH�

7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�VRIWHQLQJ�SRLQW

)����3ULQFLSOH

7KH�SULQFLSOH�RI�WKLV�PHWKRG�LV�WR�GHWHUPLQH�WKH�VRIWHQLQJ�SRLQW�RI�WKHUPRSODVWLF�URDG�PDWHULDOV�LQ
DFFRUGDQFH�ZLWK�:LOKHOPL�

7KH�VRIWHQLQJ�SRLQW�LV�WKH�WHPSHUDWXUH��XQGHU�WKH�WHVWLQJ�FRQGLWLRQV�RI�WKLV�PHWKRG��DW�ZKLFK�D
JLYHQ�OD\HU�RI�WKHUPRSODVWLF�PDWHULDO�H[SHULHQFHV�D�JLYHQ�GHIRUPDWLRQ�XQGHU�WKH�DFWLRQ�RI�D�VWHHO
EDOO�RI������J�PDVV�

)����$SSDUDWXV

D��5LQJ��LQ�DFFRUGDQFH�ZLWK�:LOKHOPL��VHH�)LJXUH�)�����FRQVLVWLQJ�RI�D�ERWWRP�ULQJ�KDOI�DQG�D�WRS
ULQJ�KDOI�ZLWK�ED\RQHW�FDWFK��UHWDLQLQJ�URG�DQG�SURPLQHQWO\�SURWUXGLQJ�QLSSOHV�

E��EHDNHU��DSSURSULDWH�IRUP�IRU�WKH�HTXLSPHQW�

F��VWHHO�EDOO�RI�PDVV������J�������J��DSSUR[LPDWH�GLDPHWHU����PP��

G��WKHUPRPHWHU������&�WR�������&�JUDGXDWHG�LQ������&�GLYLVLRQV�

H��EDVH�SODWH�RI�PHWDO�RU�JODVV�

I��PRXOG�SDUWLQJ�DJHQW��H�J��PL[WXUH�RI�JO\FHULQH�DQG�GH[WULQH�LQ�����UDWLR�

J��NQLIH�

K��WRQJV�RU�WZHH]HUV��IRU�KROGLQJ�WKH�EDOO�

L��WHVW�OLTXLGV��IUHVKO\�ERLOHG�GLVWLOOHG�ZDWHU��JO\FHULQH�

M��GHYLFH�IRU�KHDWLQJ�WKH�EHDNHU��HQDEOLQJ�WKH�WHPSHUDWXUH�RI�WKH�WHVW�OLTXLG�WR�EH�UDLVHG�XQLIRUPO\
IURP����&�WR������&�DW�D�UDWH�RI����&�SHU����V�����V�DQG�ZLWK�VWLUULQJ�LI�QHFHVVDU\�WR�PDLQWDLQ�D
FRQVWDQW�KHDWLQJ�UDWH�

)����6DPSOHV

7KH�VDPSOH�PDVV�VKDOO�DPRXQW�WR�DSSUR[LPDWHO\����J��7ZR�WHVW�VSHFLPHQV�VKDOO�EH�WHVWHG�

)����3UHSDUDWLRQ�RI�WKH�ULQJ

+HDW�WKH�ERWWRP�KDOI�RI�WKH�ULQJ�DQG�EDVH�SODWH��WKLQO\�FRDWHG�ZLWK�WKH�PRXOG�SDUWLQJ�DJHQW�
WRJHWKHU�ZLWK�WKH�VDPSOH��WR�WKH�PDQXIDFWXUHU¶V�VXJJHVWHG�VRIWHQLQJ�SRLQW������&�

)LOO�WKH�ERWWRP�KDOI�RI�WKH�ULQJ�ZLWK�WKH�KRW�PDWHULDO��3ODFH�WKH�WRS�KDOI�RI�WKH�ULQJ�RQWR�WKH�ERWWRP
KDOI�VR�WKDW�WKH�VXSHUIOXRXV�SRUWLRQ�RI�WKH�PDWHULDO�LV�SUHVVHG�RXW�RI�WKH�ZKROH�RI�WKH�WRS�KDOI�DQG
OHDYH�VWDQGLQJ�IRU����PLQ�DW�URRP�WHPSHUDWXUH������&�WR�����&���7KH�VDOLHQW�SRUWLRQ�RI�WKH�WHVW
VSHFLPHQ�LV�WULPPHG�RII�ZLWK�WKH�ZDUPHG�NQLIH�VR�WKDW�WKH�VXUIDFH�RI�WKH�WHVW�VSHFLPHQ�LV�VPRRWK
DQG�IODW�

,QVHUW�WKH�ERWWRP�KDOI�RI�WKH�ULQJ�LQWR�WKH�WRS�KDOI�DQG�IDVWHQ�ZLWK�WKH�ED\RQHW�FDWFK��7KH�WHVW
VSHFLPHQ�LV�QRZ�ILUPO\�FODPSHG�EHWZHHQ�WKH�WZR�KDOYHV�RI�WKH�ULQJ��DQG�LV�QRW�FDSDEOH�RI
EHFRPLQJ�GHIRUPHG�DW�WKH�HGJHV�
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'LPHQVLRQV�LQ�PLOOLPHWUHV

)LJXUH�)����5LQJ�LQ�DFFRUGDQFH�ZLWK�:LOKHOPL

)����3URFHGXUH

6XVSHQG�WKH�ULQJ��DIWHU�SUHSDUDWLRQ�DV�LQ�)����LQ�WKH�EHDNHU�LQ�VXFK�D�ZD\�WKDW�LWV�ERWWRP�IDFH�LV
VLWXDWHG����PP�DERYH�WKH�ERWWRP�RI�WKH�EHDNHU��3RXU�WKH�WHVW�OLTXLG�LQWR�WKH�EHDNHU�XS�WR�D�KHLJKW
RI����PP�DERYH�WKH�WRS�IDFH�RI�WKH�ULQJ�DW�D�WHPSHUDWXUH�RI�DSSUR[LPDWHO\����&�RU�����&
UHVSHFWLYHO\�DFFRUGLQJ�WR�WKH�WHVW�OLTXLG�XVHG��VHH�7DEOH�)�����3ODFH�WKH�EDOO�LQ�WKH�WHVW�OLTXLG�EXW�QRW
RQ�WKH�WHVW�VSHFLPHQ��6XVSHQG�WKH�WKHUPRPHWHU�LQ�WKH�EHDNHU�LQ�VXFK�D�ZD\�WKDW�LWV�ERWWRP�HQG
OLHV�IOXVK�ZLWK�WKH�ERWWRP�IDFH�RI�WKH�ULQJ��EXW�GRHV�QRW�WRXFK�HLWKHU�WKH�ULQJ�RU�WKH�EHDNHU�

7KH�W\SH�RI�WHVW�OLTXLG�DQG�WKH�LQLWLDO�WHPSHUDWXUH�ZLOO�GHSHQG�RQ�WKH�VRIWHQLQJ�SRLQW�RI�WKH�VDPSOH
DQG�DUH�OLVWHG�LQ�7DEOH�)���
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7DEOH�)����7HVW�FRQGLWLRQV

6RIWHQLQJ�SRLQW�LQ�DFFRUGDQFH
ZLWK�:LOKHOPL

7HVW�OLTXLG ,QLWLDO�WHPSHUDWXUH

8S�WR�����&

2YHU�����&

)UHVKO\�ERLOHG
GLVWLOOHG�ZDWHU
*O\FHULQH

���&

����&

127(��)UHVKO\�ERLOHG�GLVWLOOHG�ZDWHU�VKRXOG�EH�XVHG�DV�RWKHUZLVH�WKH�WHVW�UHVXOWV�PD\�EH
DIIHFWHG�E\�DLU�EXEEOHV��7KH�JO\FHULQH�LV�VWLOO�VR�YLVFRXV�DW�WHPSHUDWXUHV�EHORZ�����&�WKDW
VWUHDNV�DUH�IRUPHG�GXULQJ�WKH�KHDWLQJ�SURFHVV��+RZHYHU��WKH�SUHVFULEHG�XQLIRUP
WHPSHUDWXUH�ULVH�HQVXUHV�WKDW�QR�GLIILFXOWLHV�ZLOO�RFFXU�DW�D�WHPSHUDWXUH�DERYH�����&�

$IWHU�LPPHUVLRQ�RI�WKH�EDOO�OHDYH�WKH�EHDNHU�VWDQGLQJ�IRU����PLQ�DW�URRP�WHPSHUDWXUH������&�WR
����&��RQ�WKH�EHDNHU�KHDWLQJ�GHYLFH��ZKLFK�KDV�QRW�\HW�EHHQ�VZLWFKHG�RQ��$IWHU�WKHVH����PLQ�SODFH
WKH�EDOO�RQ�WKH�WHVW�VSHFLPHQ�LQ�WKH�PLGGOH�RI�WKH�ULQJ��ZLWK�WKH�DLG�RI�WKH�WRQJV�RU�WZHH]HUV�

+HDW�WKH�EHDNHU�LQ�VXFK�D�ZD\�WKDW�WKH�WHPSHUDWXUH�RI�WKH�WHVW�OLTXLG�LQFUHDVHV�XQLIRUPO\�DW�D�UDWH
RI����&�SHU�PLQXWH��ZLWK�QRQ�WXUEXOHQW�VWLUULQJ��8VH�WKH�ILUVW�IHZ�PLQXWHV�WR�DGMXVW�WKH�UDWH�RI
WHPSHUDWXUH�ULVH��$W�D�WHPSHUDWXUH�ZKLFK�LV�DW�OHDVW�����&�EHORZ�WKH�VRIWHQLQJ�SRLQW�RI�WKH�VDPSOH�
DGMXVW�WKH�UDWH�RI�WKH�WHPSHUDWXUH�ULVH�ZLWK�VXIILFLHQW�DFFXUDF\�WR�HQVXUH�WKDW�WKH�IXUWKHU�UDWH�RI
WHPSHUDWXUH�ULVH�IURP�WKLV�SRLQW�RQZDUGV�WDNHV�SODFH�DW�D�UDWH�RI����&�SHU����V�����V��'HYLDWLRQV
VKDOO�RQO\�RFFXU�ZLWKLQ�WKH�UDQJH�RI�WKHVH�����V�DQG�VKDOO�HYHQ�WKHQ�QRW�EH�FRPSHQVDWHG�IRU�GXULQJ
WKH�SURJUHVV�RI�WKH�WHVW�

$V�WKH�WHPSHUDWXUH�LQFUHDVHV��WKH�WHVW�VSHFLPHQ�EHFRPHV�PRUH�FDPEHUHG�LQ�D�GRZQZDUG
GLUHFWLRQ�XQGHU�WKH�ZHLJKW�RI�WKH�EDOO��$W�WKH�LQVWDQW�ZKHQ�HLWKHU�WKH�WHVW�VSHFLPHQ�RU�WKH�EDOO
FRPHV�LQWR�FRQWDFW�ZLWK�WKH�ERWWRP�RI�WKH�EHDNHU�UHDG�RII�WKH�WHPSHUDWXUH�WR�WKH�QHDUHVW������&�

7HVW�WKH�VHFRQG�VSHFLPHQ�LQ�D�VHFRQG�KHDWLQJ�SURFHVV�

,I�WKH�WHPSHUDWXUHV�PHDVXUHG�RQ�WKH�WZR�WHVW�VSHFLPHQV�GLIIHU�IURP�RQH�DQRWKHU�E\�PRUH�WKDQ�WKH
SHUPLVVLEOH����&�WKHQ�UHSHDW�WKH�WHVW�RQ�WZR�QHZ�WHVW�VSHFLPHQV�

&DUU\�RXW�WKH�WHVW�SURFHGXUH�ZLWKLQ����K�RI�WHVW�VSHFLPHQ�SUHSDUDWLRQ�

)���([SUHVVLRQ�RI�WKH�UHVXOW

:LWK�UHIHUHQFH�WR�WKLV�WHVW�PHWKRG��UHSRUW�WKH�PHDQ�YDOXH�RI�WKH�WZR�PHDVXUHPHQWV��URXQGHG�WR�WKH
QHDUHVW����&��7KLV�UHSUHVHQWV�WKH�VRIWHQLQJ�SRLQW�LQ�DFFRUGDQFH�ZLWK�:LOKHOPL�
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$QQH[�*��QRUPDWLYH�

7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�KHDW�VWDELOLW\

*����3ULQFLSOH

7KH�PHWKRG�LV�LQWHQGHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�KHDW�VWDELOLW\�RI�D�WKHUPRSODVWLF�URDG�PDUNLQJ
PDWHULDO�XQGHU�SUHVFULEHG�FRQGLWLRQV��7KH�WHVW�LV�GHVLJQHG�WR�VLPXODWH�WKH�KHDWLQJ�FRQGLWLRQV�ZKLFK
RFFXU�GXULQJ�QRUPDO�DSSOLFDWLRQ�RSHUDWLRQV�

*����6XPPDU\

7KH�WKHUPRSODVWLF�PDWHULDO�LV�PHOWHG�DQG�WKHQ�KHDWHG�IRU���K�DW�DSSOLFDWLRQ�WHPSHUDWXUH�
'HWHUPLQDWLRQV��VXFK�DV�FKURPDWLFLW\�FR�RUGLQDWHV�[�\�DQG�OXPLQDQFH�IDFWRU��VRIWHQLQJ�SRLQW�
LQGHQWDWLRQ�YDOXH��7U|JHU�ZHDU�DQG�89�DJHLQJ�DUH�WKHQ�SHUIRUPHG�DV�UHTXLUHG�

*����$SSDUDWXV

D��+HDWLQJ�HTXLSPHQW��VXLWDEOH�IRU�KHDWLQJ�WKH�VDPSOH�XS�WR�D�WHPSHUDWXUH�RI�DERXW������&�DQG
PDLQWDLQLQJ�WKLV�WHPSHUDWXUH������&�

E��SDGGOH�VWLUUHU��HOHFWULFDOO\�GULYHQ�DQG�FRQWUROOHG�WR�URWDWH�DW�����U�PLQ������U�PLQ��7KH�VKDIW�RI�WKH
VWLUUHU�LV�D����PP�GLDPHWHU�URG�RI�VXLWDEOH�OHQJWK�ILWWHG�ZLWK�D�³GRXEOH�EODGH´�SDGGOH�RI����PP
OHQJWK�����PP�GHSWK�DQG���PP�WKLFNQHVV��VHH�)LJXUHV�*����*���DQG�*����

F��WKHUPRPHWHU��PHDVXULQJ�UDQJH�XS�WR������&�ZLWK����&�GLYLVLRQV�DQG�DQ�DFFXUDF\�RI������&�

G��RQH�OLWUH�SDLQW�FRQWDLQHUV�ZLWK�ULP��PDGH�RI�WLQ��DOXPLQLXP��JODVV�RU�VWDLQOHVV�VWHHO��LQQHU
GLDPHWHU�����PP�DQG�KHLJKW�����PP��8VH�JODVV�IRU�SURGXFWV�FRQWDLQLQJ�KDUG�FRDUVH�DJJUHJDWH�
$OXPLQLXP�IRLO�WR�FRYHU�WKH�FRQWDLQHU�GXULQJ�KHDWLQJ�

H��VSDWXOD��RU�RWKHU�VXLWDEOH�WRRO�IRU�VWLUULQJ�WKH�PDUNLQJ�PDWHULDO�

I��GLYLGLQJ�WRRO��LI�UHTXLUHG��H�J��KDPPHU�RU�VOHGJH�KDPPHU�

*����3UHSDUDWLRQ�RI�VDPSOH

*������'LYLVLRQ�RI�VDPSOH

'LYLGH�WKH�WKHUPRSODVWLF�PDWHULDO�ZKHUH�QHFHVVDU\�XVLQJ�D�KDPPHU�RU�VOHGJH�KDPPHU��7R
IDFLOLWDWH�WKLV�SURFHVV��WKH�VDPSOH�PD\�EH�IUR]HQ�LQ�D�IUHH]LQJ�FDELQHW�IRU�DW�OHDVW�D�FRXSOH�RI�KRXUV
�RU�RYHUQLJKW��WR�REWDLQ�D�PRUH�EULWWOH�FRQVLVWHQF\�EHIRUH�EHLQJ�GLYLGHG�LQWR�VPDOOHU�SLHFHV�ZLWK�D
KDPPHU�

'XULQJ�WKLV�RSHUDWLRQ�SURWHFWLYH�H\HZHDU�VKDOO�EH�ZRUQ��7KH�VDPSOH�PD\�EH�FRYHUHG�ZLWK�D�FORWK�WR
SUHYHQW�GDQJHU�IURP�IO\LQJ�IUDJPHQWV�

$IWHU�GLYLVLRQ��UHPRYH�SLHFHV��ZLWK�D�WRWDO�PDVV�RI�����NJ��DW�UDQGRP�IURP�YDULRXV�SDUWV�RI�WKH
LQWHULRU�RI�WKH�VDPSOH�
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*������+HDWLQJ

3ODFH�WKH�VDPSOH�LQ�WKH�SDLQW�FRQWDLQHUV�IRU�KHDWLQJ��3ODFH�WKH�FRQWDLQHU�ZLWK�WKH�VDPSOH�LQ�D
WKHUPRVWDWLFDOO\�UHJXODWHG�KHDWLQJ�PDQWOH�IRU�KHDWLQJ�WR�WKH�DSSOLFDWLRQ�WHPSHUDWXUH��3ODFH�WKH
VWLUUHU�LQ�WKH�FHQWUH�RI�WKH�FRQWDLQHU�����PP�DERYH�WKH�ERWWRP�RI�WKH�FRQWDLQHU��3ODFH�WKH
WKHUPRPHWHU�LQ�WKH�VDPSOH��MXVW�EHWZHHQ�VWLUUHU�DQG�FRQWDLQHU�ZDOO�����PP�WR����PP�DERYH�WKH
ERWWRP�RI�WKH�FRQWDLQHU��7KLV�FDQ�QRUPDOO\�EH�GRQH�ZKHQ�WKH�WHVW�VDPSOH�KDV�UHDFKHG�D
WHPSHUDWXUH�RI�DSSUR[LPDWHO\������&��:KLOVW�EHLQJ�EURXJKW�XS�WR�WHPSHUDWXUH�VWLU�WKH�VDPSOH
FRQWLQXRXVO\��&RYHU�WKH�FRQWDLQHU�ZLWK�WKH�VDPSOH�ZLWK�IRLO�GXULQJ�WKLV�KHDWLQJ�SHULRG��$�VXLWDEOH
VWLUULQJ�VSHHG�LV�����U�PLQ��+HDWLQJ�IURP������&�WR�WKH�WHVW�WHPSHUDWXUH�������&������&�RU������&�RI
WKH�PD[LPXP�VSHFLILHG�DSSOLFDWLRQ�WHPSHUDWXUH��VKRXOG�QRW�WDNH�PRUH�WKDQ�DSSUR[LPDWHO\�����K�

:KHQ�WKH�VDPSOH�KDV�UHDFKHG�WKH�UHTXLUHG�WHPSHUDWXUH�DQG�LV�IXOO\�KRPRJHQL]HG��PDLQWDLQ�WHVW
FRQGLWLRQV�IRU���K��6ZLWFK�RII�WKH�KHDWLQJ�PDQWOH�DQG�OHDYH�WKH�FRQWDLQHU�DQG�VDPSOH�WR�FRRO�WR
URRP�WHPSHUDWXUH�LQ�WKH�PDQWOH�

$�WHPSHUDWXUH�DERYH�WKH�UHTXLUHG�WHVW�WHPSHUDWXUH�FDQ�EH�DFFHSWHG�IRU�VKRUW�SHULRGV�RI�WLPH�EXW
WKHVH�VKDOO�QRW�WRWDO�PRUH�WKDQ����PLQ�RYHU�WKH�WHVW�SHULRG��7KH�WHPSHUDWXUH�VKDOO�QHYHU�H[FHHG�WKH
PD[LPXP�WHPSHUDWXUH�JLYHQ�E\�WKH�PDQXIDFWXUHU�

*����7HVWLQJ

:KHQ�WKH�PDWHULDO�KDV�FRROHG�WR�URRP�WHPSHUDWXUH��QRUPDOO\�RYHUQLJKW���FDUU\�RXW�GHWHUPLQDWLRQV
IRU�WKH�IROORZLQJ�SDUDPHWHUV�

D���FKURPDWLFLW\�FR�RUGLQDWHV�[�\�DQG�OXPLQDQFH�IDFWRU�b��
E���LQGHQWDWLRQ�
F���7U|JHU�ZHDU�
G���89�DJHLQJ�
H��VRIWHQLQJ�SRLQW�

)RU�HDFK�WHVW��WKH�SUHSDUDWLRQ�RI�WKH�VDPSOH�DQG�WKH�WHVWLQJ�LV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�PHWKRG
LQ�WKH�DSSURSULDWH�DQQH[��7KH�UHVXOWV�DUH�UHSRUWHG�DQG�FRPSDUHG��ZKHUH�DSSURSULDWH��ZLWK�UHVXOWV
IURP�VDPSOHV�ZKLFK�KDYH�QRW�EHHQ�VXEMHFWHG�WR�WKH�KHDW�VWDELOLW\�WHVW�
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.H\

��6WLUUHU
��7KHUPRPHWHU
��7HPSHUDWXUH�WUDQVPLWWHU
��7HPSHUDWXUH�UHJXODWRU
��*ODVV�YHVVHO
����O�FRQWDLQHU
��+HDWLQJ�PDQWOH
��6DPSOH

)LJXUH�*����(TXLSPHQW�IRU�KHDWLQJ�WKH�WKHUPRSODVWLF�URDG�PDUNLQJ�PDWHULDO
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'LPHQVLRQV�LQ�PLOOLPHWUHV

)LJXUH�*����6WLUUHU�VKDIW
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'LPHQVLRQV�LQ�PLOOLPHWUHV

)LJXUH�*����6WLUUHU�SDGGOH
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$QQH[�+��QRUPDWLYH�

7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�FROG�LPSDFW�UHVLVWDQFH

+����3ULQFLSOH

7KH�SULQFLSOH�LV�WR�PHDVXUH�WKH�UHVLVWDQFH�RI�WKHUPRSODVWLF�PDWHULDOV��ZKLFK�KDYH�EHHQ�VWRUHG�DW
FROG�WHPSHUDWXUHV��WR�WKH�LPSDFW�RI�D�IDOOLQJ�VWHHO�EDOO�

+����$SSDUDWXV�DQG�UHDJHQWV

D��+REDUW�PL[HU�PRGHO�1�����HOHFWULF�SDGGOH�VWLUUHU���RU�VLPLODU�HTXLSPHQW��KDYLQJ�D�PL[LQJ
FRQWDLQHU��FDSDFLW\���O��ZKLFK�FDQ�EH�KHDWHG�GXULQJ�PL[LQJ�DQG�ZKLFK�LV�FDSDEOH�RI�SUHYHQWLQJ
RYHUKHDWLQJ��6LQJOH�EODGHG�SDGGOH�

E��WKHUPRPHWHU��PHDVXULQJ�UDQJH����&�WR������&�ZLWK�DQ�DFFXUDF\�RI�����&�

F��F\OLQGULFDO�VSULQJ�PRXOGV�

��LQWHUQDO�GLDPHWHU� ���PP�������PP�
��GHSWK� ���PP�������PP�

G��JODVV�RU�PHWDO�SODWH�

H��PHWDO�WUD\�FRQWDLQLQJ�D�F\OLQGULFDO�UHFHVV�LQ�WKH�EDVH�ZLWK�D�GLDPHWHU�RI����PP�DQG�D�GHSWK�RI
��PP�

I��EDVH�SODWH�ZLWK�FHQWHULQJ�GHYLFH�

J��VWHHO�EDOOV��HLWKHU�

��PDVV������J�������J��DSSUR[LPDWH�GLDPHWHU������PP���RU
��PDVV�����J�������J��DSSUR[LPDWH�GLDPHWHU������PP��

K��HOHFWURPDJQHW�

L��VLOLFRQ�SDSHU�VWULSV��OHQJWK�����PP��ZLGWK����PP�

M��UHOHDVH�RLO�

N��EULQH�VROXWLRQ��D�VROXWLRQ�RI�����J�VRGLXP�FKORULGH��1D&O��LQ���O�RI�ZDWHU��IRU�VWRULQJ�VSHFLPHQV�DW
�����&��

O��IUHH]HU�FDELQHW��FDSDEOH�RI�UHDFKLQJ������&������&�

P��LFH�DQG�ZDWHU�PL[WXUH�
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+����3URFHGXUH

+������6SHFLPHQ�SUHSDUDWLRQ

+HDW�WKH�PDWHULDO�LQ�WKH�PL[LQJ�FRQWDLQHU��LQ�WKH�FDVH�RI�EORFN�IRUP�PDWHULDO�EUHDN�LQWR�SLHFHV�QR
ODUJHU�WKDQ�����J���6WLU�FRQVWDQWO\�DQG�PHDVXUH�WKH�WHPSHUDWXUH��&RQWLQXH�KHDWLQJ�XQWLO�WKH
PDWHULDO�KDV�JRRG�IORZDELOLW\�

'R�QRW�KHDW�DERYH�WKH�VXSSOLHU
V�DGYLVHG�PD[LPXP�VDIH�KHDWLQJ�WHPSHUDWXUH�

3ODFH�WKH�VLOLFRQ�SDSHU�VWULSV�URXQG�WKH�LQVLGH�RI�WKH�PRXOGV�DQG�SODFH�WKH�PRXOGV�RQ�WKH�PHWDO�RU
JODVV�SODWH�ZKLFK�KDV�EHHQ�SUHYLRXVO\�WUHDWHG�ZLWK�UHOHDVH�RLO�

)LOO�WKH�PRXOGV�ZLWK�WKH�PROWHQ�PDWHULDO�VR�WKDW�LW�LV�VOLJKWO\�DERYH�WKH�WRS�OHYHO�RI�WKH�PRXOGV��$OORZ
WKH�VSHFLPHQV�WR�FRRO�WR�DPELHQW�WHPSHUDWXUH�DQG�WKHQ�OHYHO�RII�WKH�WRS�VXUIDFH�RI�WKH�PRXOGV
XVLQJ�D�KHDWHG�NQLIH��5HPRYH�WKH�VSHFLPHQV�IURP�WKH�PRXOGV�DQG�LPPHUVH�WKHP�IRU���K�LQ�D
VXLWDEOH�FRQWDLQHU�ILOOHG�ZLWK�D�PL[WXUH�RI�LFH�DQG�ZDWHU�DW����&�RU�LQ�D�IUHH]LQJ�FDELQHW�DW
�����&������&�

+������7HVW�DW����&

5HPRYH�D�VSHFLPHQ�IURP�WKH�FRQWDLQHU�DQG�SODFH�LW��ZLWK�WKH�OHYHOOHG�IDFH�GRZQZDUGV��LQWR�WKH
UHFHVV�RI�WKH�PHWDO�WUD\��)LOO�WKH�WUD\�ZLWK�LFH�DQG�ZDWHU�DW����&�WR�WKH�OHYHO�RI�WKH�XSSHU�VXUIDFH�RI
WKH�VSHFLPHQ�

:LWK�WKH�DLG�RI�WKH�HOHFWURPDJQHW�DOORZ�WKH�VWHHO�EDOO�RI������J�WR�IDOO�RQWR�WKH�FHQWUH�RI�WKH
VSHFLPHQ�IURP�D�KHLJKW�RI������P��PHDVXUHG�IURP�WKH�WRS�VXUIDFH�RI�WKH�VSHFLPHQ�WR�WKH
XQGHUVLGH�RI�WKH�EDOO���([DPLQH�WKH�VSHFLPHQ�WR�VHH�LI�LW�KDV�EURNHQ�RU�VKRZV�HYLGHQFH�RI�FUDFNLQJ�
7HVW�IRU�WKH�SUHVHQFH�RI�KLGGHQ�FUDFNV�E\�WU\LQJ�WR�EUHDN�WKH�VSHFLPHQ�E\�KDQG��5HSHDW�WKH
SURFHGXUH�XQWLO����VSHFLPHQV��SUHSDUHG�IURP�WKH�VDPH�PDWHULDO��KDYH�EHHQ�WHVWHG��5HFRUG�WKH
QXPEHU�RI�VSHFLPHQV�ZKLFK�KDYH�QRW�EURNHQ�RU�FUDFNHG�

+������7HVW�DW������&

5HPRYH�D�VSHFLPHQ�IURP�WKH�IUHH]LQJ�FDELQHW�DQG�SODFH�LW��ZLWK�WKH�OHYHOOHG�IDFH�GRZQZDUGV��LQWR
WKH�UHFHVV�RI�WKH�PHWDO�WUD\��)LOO�WKH�WUD\�ZLWK�EULQH�VROXWLRQ�DW������&�WR�WKH�OHYHO�RI�WKH�VSHFLPHQ�
7HVW�DV�LQ�+�����EXW�XVLQJ�WKH�VWHHO�EDOO�RI�HLWKHU������J�RU�������J�
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$QQH[�-��QRUPDWLYH�

7KHUPRSODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�LQGHQWDWLRQ�YDOXH

-����3ULQFLSOH

7KH�SULQFLSOH�LV�WKH�GHWHUPLQDWLRQ�RI�WKH�LQGHQWDWLRQ�YDOXH�RI�D�WKHUPRSODVWLF�URDG�PDUNLQJ�PDWHULDO�
7KH�LQGHQWDWLRQ�YDOXH�LV�WKH�WLPH�LQ�VHFRQGV�UHTXLUHG�IRU�D�F\OLQGHU�ZLWK�D�EDVH�DUHD�RI�����PP�

DQG�D�IRUFH�RI�����1�WR�VLQN����PP�LQWR�WKH�URDG�PDUNLQJ�PDWHULDO�DW�D�JLYHQ�WHPSHUDWXUH�

-����6XPPDU\

$�VDPSOH�RI�WKH�WKHUPRSODVWLF�URDG�PDUNLQJ�PDWHULDO�LV�FDVW�LQ�PRXOGV�WR�SURGXFH����PP�WHVW
FXEHV��7KH�WHVW�FXEHV�DUH�FRQGLWLRQHG�LQ�WKH�PRXOG�LQ�D�ZDWHU�EDWK�

$�F\OLQGULFDO�VWDPS�ZLWK�D�FURVV�VHFWLRQ�RI�����PP��LV�DSSOLHG�SHUSHQGLFXODU�WR�WKH�VDPSOH�VXUIDFH
DQG�ORDGHG�ZLWK�D�IRUFH�RI�����1��7KH�LQGHQWDWLRQ�GHSWK�RI�WKH�WHVW�VWDPS�YDULHV�ZLWK�WLPH�DQG�LV
UHFRUGHG�

7KH�WLPH�WDNHQ�WR�UHDFK����PP�LQGHQWDWLRQ�LV�UHFRUGHG��1RUPDOO\��GHWHUPLQDWLRQV�DUH�FDUULHG�RXW
RQ�WZR�VDPSOHV�

-����$SSDUDWXV

D��,QGHQWDWLRQ�ORDG�HTXLSPHQW��ZLWK�WHVW�VWDPS��GLDO�JDXJH�FDOLEUDWHG�LQ�����PP�GLYLVLRQV�DQG�ZDWHU
EDWK�ZLWK�D�FDSDFLW\�RI�����O��VHH�)LJXUH�-����

7KH�DSSDUDWXV�LV�GHVLJQHG�VR�WKDW�WKH�VDPSOH�FDQ�EH�VXEMHFWHG�E\�WKH�VWDPS�WR�D�WRWDO�ORDG�RI
����1�����1�DSSOLHG�SHUSHQGLFXODU�WR�WKH�WHVW�VXUIDFH��7KH�ORDGLQJ�VKDIW�LWVHOI�FRQWULEXWHV�D�IRUFH�RI
���1�DQG�WKH�PDVV�DFWLQJ�RQ�WKH�VDPSOH�VXUIDFH�D�IXUWKHU�����1�������1��WKH�WRWDO�PDVV�DFWLQJ�RQ
WKH�VDPSOH�LV������NJ�������NJ�

E��WHVW�VWDPS��FRQVLVWLQJ�RI�D�VWHHO�F\OLQGHU�ZLWK�D�IODW�ERWWRP�KDYLQJ�DQ�DUHD�RI�����PP�

�FRUUHVSRQGLQJ�WR�D�GLDPHWHU�RI������PP�������PP���7KH�PDQWOH�DQG�ERWWRP�VXUIDFH�RI�WKH�VWDPS
DUH�JURXQG�WR�D�KLJK�ILQLVK�

F��GLDO�JDXJH��ZLWK�JUDGXDWLRQV�RI�����PP�DQG�DQ�DFFXUDF\�RI�������PP�

G��ZDWHU�EDWK��FDSDEOH�RI�FRQWUROOLQJ�WKH�WHPSHUDWXUH�DW�WKH�UHTXLUHG�WHVW�WHPSHUDWXUH��������&�

7KH�HQWLUH�DSSDUDWXV�VKDOO�EH�SODFHG�RQ�D�IODW�VXUIDFH�

H��VTXDUH�VWHHO�PRXOG��LQQHU�VL]H����PP�����PP��ZLWK�EDVH�SODWH�DQG�IL[LQJ�GHYLFH���VHH
ILJXUH�-����

I���DSSDUDWXV�IRU�KHDWLQJ�WKH�VDPSOH��VHH�ILJXUH�*����

J��RQH�OLWUH�SDLQW�FRQWDLQHU��VHH�FODXVH�*����

K��VWRSZDWFK��ZLWK�JUDGXDWLRQV�RI�����V�DQG�ZLWK�DQ�DFFXUDF\�RI�������V�

L��JO\FHULQH�IRU�OXEULFDWLQJ�WKH�PRXOG�DQG�EDVHSODWH�
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M��GLYLGLQJ�WRRO��VHH�FODXVH�*����

N��VSDWXOD�RU�RWKHU�VXLWDEOH�WRRO�IRU�VWLUULQJ�WKH�VDPSOH�

O��� RYHQ��FDSDEOH�RI�EHLQJ�FRQWUROOHG�DW�DQ\�WHPSHUDWXUH�XS�WR������&�

.H\

��:HLJKWV
��5DLVLQJ�DQG�ORZHULQJ�PHFKDQLVP
��'LDO�JDXJH
��)LQH�DGMXVWPHQW
��7HVW�VWDPS
��:DWHU�EDWK

)LJXUH�-����,QGHQWDWLRQ�ORDG�DSSDUDWXV
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.H\

��0RXOG
��)L[LQJ�GHYLFH
��6WHHO�SODWH

)LJXUH�-����6WHHO�PRXOG�ZLWK�IL[LQJ�GHYLFH

-����3UHSDUDWLRQ�RI�WKH�VDPSOH

-������'LYLVLRQ�RI�VDPSOH

'LYLGH�WKH�WKHUPRSODVWLF�URDG�PDUNLQJ�PDWHULDO�DV�GHVFULEHG�LQ�*�����

-������+HDWLQJ�DQG�FDVWLQJ�RI�WHVW�FXEHV

&DUU\�RXW�WKH�KHDWLQJ�DV�GHVFULEHG�LQ�*������:KHQ�WKH�VDPSOH�KDV�UHDFKHG�WKH�UHTXLUHG
WHPSHUDWXUH�DQG�ILQDOO\�KRPRJHQL]HG�ZLWK�D�VSDWXOD��FDVW�LW�LQ�WKH�WHVW�FXEHV�

3RXU�WKH�KHDWLQJ�VDPSOH�HYHQO\��ZLWK�D�VPDOO�H[FHVV��LQWR�WKH�PRXOG�ZKLFK�KDV�EHHQ�SUHYLRXVO\
OXEULFDWHG�ZLWK�JO\FHULQH��$IWHU�WKH�WHVW�FXEH�KDV�FRROHG�VRPHZKDW��XVH�D�WRRO��VXFK�DV�D�VSDWXOD�
WR�SURGXFH�D�VPDOO�HOHYDWLRQ�LQ�WKH�FHQWUH�RI�WKH�WRS�VXUIDFH��7KH�HOHYDWLRQ�VKDOO�EH�VXIILFLHQWO\�ELJ
VR�WKDW�D�IODW�VXUIDFH�LV�IRUPHG�ZKHQ�WKH�WHVW�FXEH�KDV�FRROHG�FRPSOHWHO\�

:KHQ�WKH�WHVW�FXEH�KDV�UHDFKHG�URRP�WHPSHUDWXUH�UHPRYH�LW�IURP�WKH�PRXOG��WXUQ�VR�WKDW�RQH�VLGH
LV�DW�WKH�ERWWRP�DQG�UHPRXQW�LQ�WKLV�ZD\�LQ�WKH�PRXOG��,W�LV�LPSRUWDQW�WKDW�WKH�WHVW�FXEH�UHVWV
FRPSOHWHO\�RQ�WKH�EDVH�SODWH�

-������&RQGLWLRQLQJ

$IWHU�EHLQJ�WXUQHG�LQ�WKH�PRXOG�DQG�ILUPO\�UH�IL[HG��SODFH�WKH�WHVW�FXEH�LQ�WKH�ZDWHU�EDWK�DQG
FRQGLWLRQ�DW�����&��������&�IRU�DW�OHDVW���K��RWKHU�WHVWLQJ�WHPSHUDWXUHV�PD\�DSSO\���3UHSDUH�WZR
FXEHV�DQG�FDUU\�RXW�WKH�WHVW�RQ�ERWK�FXEHV�
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-����7HVWLQJ

3ODFH�WKH�WHVW�FXEH�XQGHU�WKH�WHVW�VWDPS��ZLWK�WKH�WRWDO�ORDG�PRYHG�XSZDUGV�ZLWK�WKH�DLG�RI�WKH
UDLVLQJ�DQG�ORZHULQJ�GHYLFH��$SSO\�WKH�ORDGLQJ�VKDIW�DORQH��IRUFH����1��WR�WKH�VXUIDFH�RI�WKH�WHVW
FXEH�DW�D�GLVWDQFH�RI�DSSUR[LPDWHO\����PP�IURP�WKH�HGJH�RI�WKH�FXEH��:KHQ�WKLV�ORDG�LV�VWDELOL]HG
VHW�WKH�GLDO�JDXJH�WR�]HUR�ZLWK�WKH�ILQH�DGMXVWPHQW��$SSO\�WKH�WRWDO�ORDG������1��WR�WKH�VKDIW�E\
VORZO\�WXUQLQJ�WKH�UDLVLQJ�DQG�ORZHULQJ�GHYLFH�DQG�WXUQLQJ�WKH�DUP���WR���WLPHV�VR�WKDW�WKH�ORDG�LV
FRPSOHWHO\�IUHH��DQG�VWDUW�WKH�VWRSZDWFK��5HFRUG�WKH�WLPH�IRU����PP�LQGHQWDWLRQ�

&DUU\�RXW�WKH�WHVWLQJ�SURFHGXUH�ZLWKLQ����K�RI�WHVW�FXEH�SUHSDUDWLRQ�

-����&DOFXODWLRQ

7KH�WLPH�WDNHQ�IRU����PP�LQGHQWDWLRQ�LV�VSHFLILHG�LQ�VHFRQGV�IRU�HDFK�WHVW�FXEH��7KH�DULWKPHWLF
PHDQ�LV�FDOFXODWHG�

-����,QWHUSUHWDWLRQ�RI�WKH�UHVXOWV

,I�WKH�GHYLDWLRQ�EHWZHHQ�LQGLYLGXDO�YDOXHV�DQG�WKH�PHDQ�GRHV�QRW�H[FHHG���V�IRU�PHDQV�OHVV�WKDQ
���V��RU������IRU�PHDQV�JUHDWHU�WKDQ����V��WKHQ�WKH�YDOXHV�DUH�DSSURYHG�

,I�WKH�GHYLDWLRQ�LV�JUHDWHU��WHVW�WZR�IXUWKHU�FXEHV�DQG�FDOFXODWH�WKH�DULWKPHWLF�PHDQ�RI�DOO�WKH�YDOXHV�
,I�WKH�GHYLDWLRQ�EHWZHHQ�WKLV�PHDQ�DQG�DQ\�LQGLYLGXDO�YDOXH�LV�JUHDWHU�WKDQ���V�RU�����
UHVSHFWLYHO\��UHMHFW�WKH�YDOXH�DQG�FDOFXODWH�D�QHZ�PHDQ�IURP�WKH�DSSURYHG�YDOXHV�

-����5HSRUW

7KH�WHVW�UHSRUW�VKDOO�LQFOXGH�WKH�IROORZLQJ�LQIRUPDWLRQ�

D��WKDW�WHVWLQJ�KDV�EHHQ�SHUIRUPHG�DFFRUGLQJ�WR�WKLV�PHWKRG�

E��WKH�WHVW�WHPSHUDWXUH�

F��WKH�WLPH�IRU����PP�LQGHQWDWLRQ�LQ�VHFRQGV��WKH�PHDQ�DQG�DOO�DSSURYHG�YDOXHV�
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$QQH[�.���QRUPDWLYH�

7KHUPRSODVWLFV�DQG�FROG�SODVWLFV�±�7HVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�7U|JHU�ZHDU

.����3ULQFLSOH

7KH�SULQFLSOH�RI�WKH�PHWKRG�LV�WKH�GHWHUPLQDWLRQ�RI�WKH�ZHDU�UHVLVWDQFH�RI�WKHUPRSODVWLFV�DQG�FROG
SODVWLFV�URDG�PDUNLQJ�PDWHULDOV��:HDU�LV�SURGXFHG�LQ�D�7U|JHU�DSSDUDWXV�RQ�D�VDPSOH�ZKLFK�LV
DSSOLHG�WR�D�0DUVKDOO�VSHFLPHQ��7KH�WHVW�LV�FDUULHG�RXW�DW�D�WHPSHUDWXUH�RI������&�

.����6XPPDU\

7KH�KHDWHG��KRPRJHQL]HG�WKHUPRSODVWLFV�RU�SUHSDUHG�FROG�SODVWLFV�PDWHULDO�LV�DSSOLHG�WR�D
0DUVKDOO�VSHFLPHQ�DQG�LV�FRQGLWLRQHG�DW�������&�IRU����K�WR����K��7KH�VDPSOH�LV�WKHQ�PRXQWHG�LQ�D
7U|JHU�DSSDUDWXV�

:HDU�LV�SURGXFHG�E\�D�QHHGOH�JXQ�GULYHQ�E\�FRPSUHVVHG�DLU��'XULQJ�WHVWLQJ�DLU��DW�������&��LV�EORZQ
FRQWLQXRXVO\�DFURVV�WKH�VDPSOH�

7KH�PDVV�RI�DEUDGHG�PDWHULDO�LV�UHFRUGHG�E\�ZHLJKLQJ�WKH�WHVW�VDPSOH�EHIRUH�DQG�DIWHU�WKH�WHVW�
7KH�YROXPH�ORVV�LV�WKHQ�FDOFXODWHG�

1RUPDOO\��WHVWLQJ�LV�FDUULHG�RXW�RQ�WKUHH�0DUVKDOO�WHVW�VSHFLPHQV�WR�ZKLFK�PDWHULDO�KDV�EHHQ
DSSOLHG�

.����$SSDUDWXV

D��$�IODW�VWHHO�SODWH�

E��0DUVKDOO�VSHFLPHQV��ZLWK�SDYLQJ�JUDGH�ELWXPHQ����������ELQGHU�FRQWHQW���������������E\�PDVV�
PD[LPXP�DJJUHJDWH�VL]H���PP�DQG�YRLGV�FRQWHQW���������������E\�YROXPH��7KH�DJJUHJDWH�XVHG
VKRXOG�KDYH�D�1RUGLF�$EUDVLRQ�9DOXH�RI�QRW�PRUH�WKDQ����7KH�VSHFLPHQV�DUH�VDZQ�WR
DSSUR[LPDWHO\����PP�WKLFN�

F��VWHHO�PRXOGV�DQG�VFUDSHU��IRU�DSSOLFDWLRQ�RI�WKH�VDPSOH�WR�WKH�0DUVKDOO�VSHFLPHQV��VHH
)LJXUH�.����

G��VDPSOH�KHDWLQJ�HTXLSPHQW��DV�LQ�)LJXUH�*���

H��RQH�OLWUH�SDLQW�FRQWDLQHUV��DV�LQ�FODXVH�*���

I��VSDWXOD��RU�RWKHU�VXLWDEOH�WRRO�IRU�VWLUULQJ�WKH�PROWHQ�PDWHULDO�

J��GLYLGLQJ�WRRO��VHH�FODXVH�*���

K��RYHQ��FDSDEOH�RI�EHLQJ�VHW�WR�DQ\�WHPSHUDWXUH�XS�WR�DSSUR[LPDWHO\������&�

L��IUHH]LQJ�FDELQHW��FDSDEOH�RI�EHLQJ�VHW�WR�DQ\�WHPSHUDWXUH�GRZQ�WR�DSSUR[LPDWHO\������&�DQG�WR
NHHS�WKH�UHTXLUHG�WHPSHUDWXUH�ZLWKLQ������&�

M��ODERUDWRU\�EDODQFH��ZLWK�DQ�DFFXUDF\�RI�����J�

N��7U|JHU�DSSDUDWXV��SODFHG�LQ�D�VRXQG�LQVXODWHG�FDELQHW��VHH�)LJXUH�.����
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O��FROG�DLU�GHYLFH��SURYLGLQJ�D�FRQWLQXRXV�VXSSO\�RI�FROG�DLU�DW������&������&�

P��JO\FHULQH��IRU�OXEULFDWLQJ�WKH�PRXOG�

.����3UHSDUDWLRQ�RI�VDPSOH���WKHUPRSODVWLFV

.������&DUU\�RXW�WKH�GLYLVLRQ�RI�WKH�VDPSOH�DV�GHVFULEHG�LQ�*�����

.�����&DUU\�RXW�WKH�KHDWLQJ�DV�GHVFULEHG�LQ�*������:KHQ�WKH�VDPSOH�KDV�UHDFKHG�WKH�UHTXLUHG
WHPSHUDWXUH��KRPRJHQL]H�ZLWK�D�VSDWXOD�DQG�DSSO\�WKH�PDWHULDO�WR�D�0DUVKDOO�VSHFLPHQ�XVLQJ�D
PRXOG�DQG�VFUDSHU��VHH�)LJXUH�.�����+HDW�WKH�PRXOG�DQG�VFUDSHU�WR�D�WHPSHUDWXUH�EHWZHHQ������&
DQG������&��/XEULFDWH�WKH�LQVLGH�RI�WKH�PRXOG�ZLWK�JO\FHULQH��3ODFH�WKH�FOHDQ��GU\�0DUVKDOO
VSHFLPHQ�IODW�ZLWK�WKH�VDZQ�VXUIDFH�XS��3ODFH�WKH�KRW�PRXOG�RYHU�WKH�0DUVKDOO�VSHFLPHQ��FDVW�WKH
PDWHULDO�DQG�VFUDSH�RII�DORQJ�WKH�WRS�RI�WKH�PRXOG�ZLWK�WKH�VFUDSHU��$IWHU�DSSUR[LPDWHO\����V
UHPRYH�WKH�PRXOG�E\�WZLVWLQJ�LW�

$IWHU�DSSOLFDWLRQ�DOORZ�WKH�VDPSOH�WR�FRRO�WR�URRP�WHPSHUDWXUH�

$SSO\�DSSUR[LPDWHO\���PP�RI�PDWHULDO��2WKHU�WKLFNQHVVHV�FDQ�EH�XVHG�OLNH�����PP�IRU�VSUD\
SODVWLFV�

&DUU\�RXW�WKH�WHVW�RQ�WKUHH�VDPSOHV�

.����3UHSDUDWLRQ�RI�VDPSOH�±�FROG�SODVWLFV

3UHSDUH�WKH�FROG�SODVWLF�PDWHULDO�DV�UHFRPPHQGHG�E\�WKH�VXSSOLHU��$SSO\�WKH�PDWHULDO�WR�WKH
0DUVKDOO�VSHFLPHQV�XVLQJ�D�PRXOG�DQG�D�VFUDSHU��/XEULFDWH�WKH�LQVLGH�RI�WKH�PRXOG�ZLWK�JO\FHULQH�
3ODFH�WKH�FOHDQ��GU\�0DUVKDOO�VSHFLPHQ�IODW�ZLWK�WKH�VDZQ�VXUIDFH�XS��3ODFH�WKH�PRXOG�RYHU�WKH
0DUVKDOO�VSHFLPHQ��FDVW�WKH�PDWHULDO�DQG�VFUDSH�LW�RII�DORQJ�WKH�WRS�RI�WKH�PRXOG�ZLWK�WKH�VFUDSHU�

$OORZ�WKH�VDPSOHV�WR�FXUH�IRU�D�SHULRG�VSHFLILHG�E\�WKH�VXSSOLHU��5HPRYH�WKH�PRXOG�E\�WZLVWLQJ�LW�

7KH�WKLFNQHVV�RI�WKH�PRXOG�GHSHQGV�RQ�WKH�PDWHULDO�DQG�VKDOO�DV�UHFRPPHQGHG�E\�WKH�VXSSOLHU�

&DUU\�RXW�WKH�WHVW�RQ�WKUHH�VDPSOHV�

.����3URFHGXUH

.�����:HLJK�WKH�VDPSOH��0L��DQG�IL[�LW�LQ�WKH�7U|JHU�DSSDUDWXV��VHH�ILJXUH�.�����$GMXVW�WKH�QHHGOH
JXQ�VR�WKDW�WKH�GLVWDQFH�EHWZHHQ�WKH�QHHGOHV�DQG�WKH�VXUIDFH�RI�WKH�VDPSOH�LV���PP��6HW�WKH
URWDWLQJ�WDEOH�ZLWK�WKH�VDPSOH�LQ�PRWLRQ��7KH�URWDWLRQ�VSHHG�VKDOO�EH����U�PLQ��&ORVH�WKH�GRRU�RI�WKH
VRXQG�LQVXODWHG�FDELQHW�DQG�VWDUW�WKH�7U|JHU�DSSDUDWXV�

3URFHVV�WKH�VDPSOHV�RI���PP�WKLFNQHVV�IRU����SHULRGV�RI����V��DW�DQ�DLU�SUHVVXUH�RI�����N3D��ZLWK
D����V�LQWHUYDO�EHWZHHQ�HDFK�SHULRG��$W�WKH�VDPH�WLPH�EORZ�FROG�DLU�DW������&�DFURVV�WKH�VDPSOH�

127(��8VLQJ�VXLWDEOH�DXWRPDWLRQ�WKH�7U|JHU�DSSDUDWXV�FDQ�EH�SURJUDPPHG�WR�RSHUDWH
ZLWKRXW�PDQXDO�VXSHUYLVLRQ�

3URFHVV�WKH�VDPSOHV�RI�����PP�WKLFNQHVV��VSUD\�SODVWLFV��IRU���SHULRGV�RI����V��3URFHVVLQJ�PD\�EH
FRQWLQXHG�IRU����SHULRGV�LI�UHTXLUHG�

.�����:KHQ�WHVWLQJ�KDV�EHHQ�FRPSOHWHG��UHPRYH�WKH�VDPSOH��EUXVK�RII�WKRURXJKO\�DQG�ZHLJK��0V��
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.����&DOFXODWLRQ

:HDU��:��LV�H[SUHVVHG�LQ�FXELF�FHQWLPHWUHV��FP����DQG�LV�FDOFXODWHG�DV�IROORZV�

r
VL 00

:
-

=

ZKHUH�
0L�LV�WKH�PDVV�RI�RULJLQDO�WHVW�VSHFLPHQ�LQ�JUDPV��J��
0V�LV�WKH�PDVV�RI�WKH�WHVW�VSHFLPHQ�LQ�JUDPV��J��DIWHU�WHVWLQJ�
r��LV�WKH�GHQVLW\�RI�WKH�WHVWHG�PDWHULDO�LQ�JUDPV�SHU�FXELF�FHQWLPHWUHV��J�FP���

DQG�LW�LV�H[SUHVVHG�WR�WKH�QHDUHVW�����FP��

&DOFXODWH�WKH�DULWKPHWLF�PHDQ�IRU�WKH�WKUHH�VDPSOHV�

.����,QWHUSUHWDWLRQ�RI�WKH�UHVXOWV

,I�WKH�GHYLDWLRQ�EHWZHHQ�LQGLYLGXDO�YDOXHV�DQG�WKH�PHDQ�GRHV�QRW�H[FHHG�����FP��IRU�PHDQV�OHVV
WKDQ�����FP���RU������IRU�PHDQV�JUHDWHU�WKDQ�����FP���WKH�YDOXHV�DUH�DSSURYHG�

,I�WKH�GHYLDWLRQ�LV�JUHDWHU��WHVW�WZR�IXUWKHU�VDPSOHV�DQG�FDOFXODWH�WKH�DULWKPHWLF�PHDQ�RI�DOO�WKH
YDOXHV��,I�WKH�GHYLDWLRQ�EHWZHHQ�WKLV�PHDQ�DQG�DQ\�LQGLYLGXDO�YDOXH�LV�JUHDWHU�WKDQ�����FP��RU
�����UHVSHFWLYHO\��UHMHFW�WKH�YDOXH�DQG�FDOFXODWH�D�QHZ�PHDQ�IURP�WKH�DSSURYHG�YDOXHV�

.����5HSRUW

7KH�WHVW�UHSRUW�VKDOO�LQFOXGH�WKH�IROORZLQJ�LQIRUPDWLRQ�

D���WKDW�WHVWLQJ�KDV�EHHQ�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�WKLV�PHWKRG�

E���WKH�QXPEHU�RI�WHVW�F\FOHV�����RU������

F���WKH�PDVV�RI�DEUDGHG�PDWHULDO��0L�±�0V���LQ�JUDPV��IRU�DOO�DSSURYHG�YDOXHV�

G���WKH�GHQVLW\�LQ�JUDPV�SHU�FXELF�FHQWLPHWUH�RI�WHVWHG�PDWHULDO�DQG�WKH�WHVWLQJ�PHWKRG�XVHG
IRU�LWV�GHWHUPLQDWLRQ�

H���WKH�ZHDU�LQ�FXELF�FHQWLPHWUHV��PHDQ�YDOXH�DQG�DOO�DSSURYHG�YDOXHV�
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'LPHQVLRQV�LQ�PLOOLPHWUHV

)LJXUH�.����0RXOG�DQG�VFUDSHU�IRU�DSSO\LQJ�PDWHULDO�WR�D�0DUVKDOO�VSHFLPHQ
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.H\

��&RPSUHVVHG�DLU�IRU�GULYLQJ�JXQ
��&ROG�DLU�IRU�FRROLQJ�WKH�VDPSOH�VXUIDFH
��1HHGOHV
��6DPSOH
��5RWDWLQJ�WDEOH

)LJXUH�.����*HQHUDO�GLDJUDP�RI�7U|JHU�DSSDUDWXV

Li
ce

ns
ed

 C
op

y:
 A

ki
n 

K
ok

sa
l, 

B
ec

ht
el

 L
td

, 1
0 

D
ec

em
be

r 
20

02
, U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



3DJH���
(1����������

¸%6,��������

%LEOLRJUDSK\

,62�&,(������ ���� &,(�VWDQGDUG�FRORULPHWULF�LOOXPLQDQWV

&,(�3XEOLFDWLRQ����� ���� ,QWHUQDWLRQDO�OLJKWLQJ�YRFDEXODU\
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1871:2000

BSI
389 Chiswick High Road
London
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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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