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(QJOLVK�YHUVLRQ

*ODVV�LQ�EXLOGLQJ���'HWHUPLQDWLRQ�RI�WKH�EHQGLQJ�VWUHQJWK�RI
JODVV���3DUW����)XQGDPHQWDOV�RI�WHVWLQJ�JODVV

9HUUH�GDQV�OD�FRQVWUXFWLRQ���'pWHUPLQDWLRQ�GH�OD�UpVLVWDQFH
GX�YHUUH�j�OD�IOH[LRQ���3DUWLH����3ULQFLSHV�IRQGDPHQWDX[�GHV

HVVDLV�VXU�OH�YHUUH

*ODV�LP�%DXZHVHQ���%HVWLPPXQJ�GHU�%LHJHIHVWLJNHLW�YRQ
*ODV���7HLO����*UXQGODJHQ

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

&(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�
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�������&(1 $OO�ULJKWV�RI�H[SORLWDWLRQ�LQ�DQ\�IRUP�DQG�E\�DQ\�PHDQV�UHVHUYHG
ZRUOGZLGH�IRU�&(1�QDWLRQDO�0HPEHUV�
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&RQWHQWV 3DJH

)RUHZRUG �

� 6FRSH �

� 1RUPDWLYH�UHIHUHQFHV �

� 'HILQLWLRQV �

� 6\PEROV �

� )DFWRUV�WR�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�WHVWLQJ�JODVV �
��� *ODVV�DV�D�PDWHULDO �
��� %HQGLQJ�VWUHVV�DQG�EHQGLQJ�VWUHQJWK ��
��� 7\SHV�RI�JODVV ��
��� 2ULHQWDWLRQ�RI�WKH�VSHFLPHQV ��
��� 1XPEHU�RI�VSHFLPHQV�LQ�D�VDPSOH ��

� ([SODQDWLRQV�RI�WKH�WHVW�PHWKRGV ��
��� &RD[LDO�GRXEOH�ULQJ�WHVW�IRU�ODUJH�WHVW�VXUIDFH�DUHDV ��
��� 7HVW�ZLWK�VSHFLPHQ�VXSSRUWHG�DW�WZR�SRLQWV��IRXU�SRLQW�EHQGLQJ� ��
��� &RD[LDO�GRXEOH�ULQJ�WHVW�IRU�VPDOO�WHVW�VXUIDFH�DUHDV ��

� 5DQJH�RI�DSSOLFDWLRQ�RI�WKH�WHVW�PHWKRGV ��
��� *HQHUDO�OLPLWDWLRQV ��
��� /LPLWDWLRQV�WR�(1������� ��
��� /LPLWDWLRQV�WR�(1������� ��
��� /LPLWDWLRQV�WR�(1������� ��
��� /LPLWDWLRQV�WR�(1������� ��

� &DOLEUDWLRQ�RI�WKH�WHVWLQJ�PDFKLQHV ��

� 5HFRPPHQGDWLRQV�IRU�VDIH�XVH�RI�WHVW�HTXLSPHQW ��

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

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&������*ODVV�LQ
EXLOGLQJ��WKH�6HFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�,%1�

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\�'HFHPEHU�������DQG
FRQIOLFWLQJ�QDWLRQDO�VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ�DW�WKH�ODWHVW�E\�'HFHPEHU������

&(1�7&�����:*���0HFKDQLFDO�6WUHQJWK��SUHSDUHG�WKH�GUDIW��*ODVV�LQ�EXLOGLQJ�±
'HWHUPLQDWLRQ�RI�WKH�EHQGLQJ�VWUHQJWK�RI�JODVV�±�3DUW����)XQGDPHQWDOV�RI�WHVWLQJ�JODVV�

7KHUH�DUH�IRXU�RWKHU�SDUWV�WR�WKLV�VWDQGDUG�

��3DUW��� &RD[LDO�GRXEOH�ULQJ�WHVW�RQ�IODW�VSHFLPHQV�ZLWK�ODUJH�WHVW�VXUIDFH�DUHDV�
��3DUW��� 7HVW�ZLWK�VSHFLPHQ�VXSSRUWHG�DW�WZR�SRLQWV��IRXU�SRLQW�EHQGLQJ��
��3DUW��� 7HVWLQJ�RI�FKDQQHO�VKDSHG�JODVV�
��3DUW��� &RD[LDO�GRXEOH�ULQJ�WHVW�RQ�IODW�VSHFLPHQV�ZLWK�VPDOO�WHVW�VXUIDFH�DUHDV�

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

7KLV�(XURSHDQ�6WDQGDUG� VSHFLILHV� WKH� GHWHUPLQDWLRQ� RI� WKH� EHQGLQJ� VWUHQJWK� RI�PRQROLWKLF
JODVV�IRU�XVH�LQ�EXLOGLQJV��7KH�WHVWLQJ�RI�LQVXODWLQJ�XQLWV�RU�ODPLQDWHG�JODVV�LV�H[FOXGHG�IURP
WKLV�VWDQGDUG�

7KLV�VWDQGDUG�GHVFULEHV�

��FRQVLGHUDWLRQV�WR�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�WHVWLQJ�JODVV�

��H[SODQDWLRQV�RI�WKH�UHDVRQV�IRU�GHVLJQLQJ�GLIIHUHQW�WHVW�PHWKRGV�

��OLPLWDWLRQV�RI�WKH�WHVW�PHWKRGV�

DQG�JLYHV�SRLQWHUV�WR�VDIHW\�UHTXLUHPHQWV�IRU�WKH�SHUVRQQHO�RSHUDWLQJ�WKH�WHVW�HTXLSPHQW�

(1���������(1���������(1��������DQG�(1��������VSHFLI\�WHVW�PHWKRGV�LQ�GHWDLO�

7KH� WHVW� PHWKRGV� VSHFLILHG� LQ� WKLV� VWDQGDUG� DUH� LQWHQGHG� WR� SURYLGH� ODUJH� QXPEHUV� RI
EHQGLQJ� VWUHQJWK� YDOXHV� WKDW� FDQ� EH� XVHG� DV� WKH� EDVLV� IRU� VWDWLVWLFDO� HYDOXDWLRQ� RI� JODVV
VWUHQJWK�

� 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� DQ\� 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������� *ODVV� LQ� EXLOGLQJ� �� 'HWHUPLQDWLRQ� RI� WKH� EHQGLQJ� VWUHQJWK� RI� JODVV� ±
3DUW���� &RD[LDO� GRXEOH� ULQJ� WHVW� RQ� IODW� VSHFLPHQV� ZLWK� ODUJH� WHVW
VXUIDFH�DUHDV�

(1������� *ODVV� LQ� EXLOGLQJ� �� 'HWHUPLQDWLRQ� RI� WKH� EHQGLQJ� VWUHQJWK� RI� JODVV� ±
3DUW���� 7HVW� ZLWK� VSHFLPHQ� VXSSRUWHG� DW� WZR� SRLQWV� �IRXU� SRLQW
EHQGLQJ��

(1������� *ODVV� LQ� EXLOGLQJ� �� 'HWHUPLQDWLRQ� RI� WKH� EHQGLQJ� VWUHQJWK� RI� JODVV� ±
3DUW����7HVWLQJ�RI�FKDQQHO�VKDSHG�JODVV�

(1������� *ODVV� LQ� EXLOGLQJ� �� 'HWHUPLQDWLRQ� RI� WKH� EHQGLQJ� VWUHQJWK� RI� JODVV� ±
3DUW���� &RD[LDO� GRXEOH� ULQJ� WHVW� RQ� IODW� VSHFLPHQV� ZLWK� VPDOO� WHVW
VXUIDFH�DUHDV�

(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
'HILQLWLRQV�DQG�JHQHUDO�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�
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(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
)ORDW�JODVV�

(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
3ROLVKHG�ZLUHG�JODVV�

(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
'UDZQ�VKHHW�JODVV�

(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
3DWWHUQHG�JODVV�

(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
:LUHG�SDWWHUQHG�JODVV�

(1������ *ODVV� LQ� EXLOGLQJ� �� %DVLF� VRGD� OLPH� VLOLFDWH� JODVV� SURGXFWV� �� 3DUW� ��
:LUHG�RU�XQZLUHG�FKDQQHO�VKDSHG�JODVV�

(1������� *ODVV� LQ� EXLOGLQJ� �� 6SHFLDO� EDVLF� SURGXFWV� �� 3DUW� ��� %RURVLOLFDWH
JODVVHV�

(1������� *ODVV�LQ�EXLOGLQJ���6SHFLDO�EDVLF�SURGXFWV���3DUW����*ODVV�FHUDPLFV�

(1������� *ODVV�LQ�EXLOGLQJ�±�+HDW�VWUHQJWKHQHG�VRGD�OLPH�VLOLFDWH�JODVV�±�3DUW���
'HILQLWLRQ�DQG�GHVFULSWLRQ�

(1�������� *ODVV�LQ�EXLOGLQJ�±�7KHUPDOO\�WRXJKHQHG�VRGD�OLPH�VLOLFDWH�VDIHW\�JODVV
±�3DUW����'HILQLWLRQ�DQG�GHVFULSWLRQ�

(1�������� *ODVV�LQ�EXLOGLQJ�±�&KHPLFDOO\�VWUHQJWKHQHG�VRGD�OLPH�VLOLFDWH�JODVV�±
3DUW����'HILQLWLRQ�DQG�GHVFULSWLRQ�

(1�,62�������� *ODVV�LQ�EXLOGLQJ���/DPLQDWHG�JODVV�DQG�ODPLQDWHG�VDIHW\�JODVV���3DUW
���'HILQLWLRQV�DQG�GHVFULSWLRQ�RI�FRPSRQHQW�SDUWV�

SU(1�������� *ODVV� LQ� EXLOGLQJ� ±� 7KHUPDOO\� WRXJKHQHG� ERURVLOLFDWH� VDIHW\� JODVV� ±
3DUW����'HILQLWLRQ�DQG�GHVFULSWLRQ�

� 'HILQLWLRQV

)RU�WKH�SXUSRVHV�RI�WKLV�(XURSHDQ�6WDQGDUG��WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

��� IODW� JODVV�� DQ\� JODVV� SURGXFW� FRQIRUPLQJ� WR� (1� ������� (1� ������� (1� ������
(1�������� (1� ������� (1� �������� (1� �������� RU� DQ\� WUDQVIRUPHG� JODVV�PDGH� IURP� WKHVH
SURGXFWV�ZLWKRXW�GHOLEHUDWHO\�LQGXFLQJ�SURILOH�RU�FXUYDWXUH

��� EHQGLQJ�VWUHVV��WKH�WHQVLOH�EHQGLQJ�VWUHVV�LQGXFHG�LQ�WKH�VXUIDFH�RI�D�VSHFLPHQ

127(��)RU�WHVWLQJ�SXUSRVHV��WKH�EHQGLQJ�VWUHVV�VKRXOG�EH�XQLIRUP�RYHU�D�VSHFLILHG
SDUW�RI�WKH�VXUIDFH�
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��� HIIHFWLYH� EHQGLQJ� VWUHVV�� D� ZHLJKWHG� DYHUDJH� RI� WKH� WHQVLOH� EHQGLQJ� VWUHVVHV�
FDOFXODWHG�E\�DSSO\LQJ�D�IDFWRU�WR�WDNH�LQWR�DFFRXQW�QRQ�XQLIRUPLW\�RI�WKH�VWUHVV�ILHOG

��� EHQGLQJ� VWUHQJWK�� WKH� EHQGLQJ� VWUHVV� RU� HIIHFWLYH� EHQGLQJ� VWUHVV� ZKLFK� OHDGV� WR
EUHDNDJH�RI�WKH�VSHFLPHQ

��� HTXLYDOHQW�EHQGLQJ�VWUHQJWK��WKH�DSSDUHQW�EHQGLQJ�VWUHQJWK�RI�SDWWHUQHG�JODVV��IRU
ZKLFK�WKH�LUUHJXODULWLHV�LQ�WKH�WKLFNQHVV�GR�QRW�DOORZ�SUHFLVH�FDOFXODWLRQ�RI�WKH�EHQGLQJ�VWUHVV

��� SURILOH� EHQGLQJ� VWUHQJWK�� WKH� TXRWLHQW� RI� WKH�PD[LPXP� EHQGLQJ�PRPHQW� DQG� WKH
VHFWLRQ�PRGXOXV�RI�D�FKDQQHO�VKDSHG�JODVV��(1�������

��� VWUHVV�LQWHQVLW\�IDFWRU��D�PHDVXUH�RI�WKH�VWUHVV�DW�D�FUDFN�WLS

���� SUHVWUHVVHG�JODVV��DQ\�JODVV�SURGXFW�FRQIRUPLQJ�WR�(1�������(1��������(1�������
DQG�SU(1��������

� 6\PEROV

) $SSOLHG�ORDG

K 6SHFLPHQ�WKLFNQHVV

/ /HQJWK�RI�VLGH�RI�VTXDUH�WHVW�VDPSOH

N &RQVWDQW�IRU�FDOFXODWLRQ�RI�EHQGLQJ�VWUHVV�LQ�(1�������

.��.� &RQVWDQWV�IRU�FDOFXODWLRQ�RI�EHQGLQJ�VWUHVV�LQ�(1�������

0E% 0D[LPXP�EHQGLQJ�PRPHQW

S *DV�SUHVVXUH�DSSOLHG�ZLWKLQ�ORDGLQJ�ULQJ�LQ�(1�������

3E% 3URILOH�EHQGLQJ�VWUHQJWK��RI�FKDQQHO�VKDSHG�JODVV�� �0E%�=

U� 5DGLXV�RI�ORDGLQJ�ULQJ

U� 5DGLXV�RI�VXSSRUWLQJ�ULQJ

U� 5DGLXV�RI�FLUFXODU�VSHFLPHQ

U�P $YHUDJH�VSHFLPHQ�UDGLXV��IRU�HYDOXDWLRQ�

\� &HQWUDO�GHIOHFWLRQ�RI�VSHFLPHQ

= 6HFWLRQ�PRGXOXV��RI�FKDQQHO�VKDSHG�JODVV�

m 3RLVVRQ�QXPEHU�RI�VSHFLPHQ

127(��)RU�VRGD�OLPH�VLOLFDWH�JODVV��VHH�(1��������D�YDOXH�RI������LV�XVHG�
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sE %HQGLQJ�VWUHVV

sEHII (IIHFWLYH�EHQGLQJ�VWUHVV

sE% %HQGLQJ�VWUHQJWK

sEHT% (TXLYDOHQW�EHQGLQJ�VWUHQJWK

sUDG 5DGLDO�VWUHVV

s7 7DQJHQWLDO�VWUHVV

s/ 6WUHVV�LQ�D�GLUHFWLRQ�DORQJ�WKH�OHQJWK�RI�WKH�VSHFLPHQ

� )DFWRUV�WR�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�WHVWLQJ�JODVV

��� *ODVV�DV�D�PDWHULDO

����� *HQHUDO

*ODVV� LV� D� KRPRJHQHRXV� LVRWURSLF� PDWHULDO� KDYLQJ� DOPRVW� SHUIHFW� OLQHDU�HODVWLF� EHKDYLRXU
RYHU�LWV�WHQVLOH�VWUHQJWK�UDQJH�

*ODVV�KDV�D�YHU\�KLJK�FRPSUHVVLYH�VWUHQJWK�DQG� WKHRUHWLFDOO\�D�YHU\�KLJK� WHQVLOH�VWUHQJWK�
EXW�WKH�VXUIDFH�RI�WKH�JODVV�KDV�PDQ\�LUUHJXODULWLHV�ZKLFK�DFW�DV�ZHDNQHVVHV�ZKHQ�JODVV�LV
VXEMHFWHG�WR�WHQVLOH�VWUHVV��7KHVH�LUUHJXODULWLHV�DUH�FDXVHG�E\�DWWDFN� IURP�PRLVWXUH�DQG�E\
FRQWDFW� ZLWK� KDUG� PDWHULDOV� �H�J�� JULW�� DQG� DUH� FRQWLQXDOO\� PRGLILHG� E\� PRLVWXUH� ZKLFK� LV
DOZD\V�SUHVHQW�LQ�WKH�DLU�

7HQVLOH�VWUHQJWKV�RI�DURXQG��������1�PP��FDQ�EH�SUHGLFWHG� IURP� WKH�PROHFXODU� VWUXFWXUH�
EXW�EXON�JODVV�QRUPDOO\�IDLOV�DW�VWUHVVHV�FRQVLGHUDEO\�EHORZ�����1�PP��

7KH� SUHVHQFH� RI� WKH� LUUHJXODULWLHV� DQG� WKHLU� PRGLILFDWLRQ� E\� PRLVWXUH� FRQWULEXWHV� WR� WKH
SURSHUWLHV�RI�JODVV�ZKLFK�QHHG�FRQVLGHUDWLRQ�ZKHQ�SHUIRUPLQJ�WHVWV�RI�VWUHQJWK�

%HFDXVH� RI� WKH� YHU\� KLJK� FRPSUHVVLYH� VWUHQJWK�� JODVV� DOZD\V� IDLOV� XQGHU� WHQVLOH� VWUHVV�
6LQFH�JODVV�LQ�EXLOGLQJV�LV�YHU\�UDUHO\�XVHG�LQ�GLUHFW�WHQVLRQ��WKH�PRVW�LPSRUWDQW�SURSHUW\�IRU
ORDG� UHVLVWDQFH� LV� WKH� WHQVLOH�EHQGLQJ�VWUHQJWK��$OO� WKH� WHVWV�GHVFULEHG� LQ� WKLV�VWDQGDUG�DUH
LQWHQGHG�WR�HYDOXDWH�WKH�WHQVLOH�EHQGLQJ�VWUHQJWK�RI�JODVV�

7KH�EHQGLQJ�VWUHQJWK�LV�LQIOXHQFHG�E\�WKH�IROORZLQJ�IDFWRUV�

D���VXUIDFH�FRQGLWLRQ��VHH��������

E���UDWH�DQG�GXUDWLRQ�RI�ORDGLQJ��VHH��������

F���DUHD�RI�VXUIDFH�VWUHVVHG�LQ�WHQVLRQ��VHH��������

G���DPELHQW�PHGLXP��WKURXJK�VWUHVV�FRUURVLRQ�FUDFNLQJ�DV�ZHOO�DV�KHDOLQJ�RI�VXUIDFH
GDPDJH�LQ�WKH�JODVV��VHH�������DQG�>�@�RI�DQQH[�$��
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H���DJH��L�H��WLPH�HODSVLQJ�VLQFH�WKH�ODVW�PHFKDQLFDO�VXUIDFH�WUHDWPHQW�RU�PRGLILFDWLRQ
WR�VLPXODWH�GDPDJH��VHH��������

I����WHPSHUDWXUH��VHH��������

7KH�LQIOXHQFH�H[HUWHG�E\�IDFWRUV�E��WR�I��RQ�EHQGLQJ�VWUHQJWK�KDV�EHHQ�WDNHQ�LQWR�DFFRXQW�LQ
WKLV�VWDQGDUG�

����� (IIHFW�RI�VXUIDFH�FRQGLWLRQ

)RU�WKH�SXUSRVH�RI�EHQGLQJ�VWUHQJWK�WHVWV�DFFRUGLQJ�WR�WKLV�VWDQGDUG��JODVV�EHKDYHV�DV�DQ
DOPRVW�LGHDOO\�OLQHDU�HODVWLF�PDWHULDO�WKDW�IDLOV�LQ�D�EULWWOH�PDQQHU��7KLV�EULWWOHQHVV�PHDQV�WKDW
FRQWDFW� ZLWK� DQ\� KDUG� REMHFW� FDQ� OHDG� WR� VXUIDFH� GDPDJH� LQ� WKH� IRUP� RI� XOWUD�ILQH�� SDUWO\
VXEPLFURVFRSLF� FUDFNV� DQG� FKLSV�� 6XUIDFH� GDPDJH� RI� WKLV� NLQG�� ZKLFK� LV� SUDFWLFDOO\
XQDYRLGDEOH�GXULQJ�QRUPDO�KDQGOLQJ�RI�JODVV��H[HUWV�D�QRWFK�DFWLRQ�ZKLFK�LV�D�PDMRU�IDFWRU�LQ
UHGXFLQJ�PHFKDQLFDO� VWUHQJWK��ZKHUHDV� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� WKH� JODVV� KDV� RQO\� D
PLQRU�DQG�LQ�VRPH�FDVHV�HQWLUHO\�QHJOLJLEOH��VLJQLILFDQFH�

+HQFH� LW� IROORZV� WKDW� WKH� EHQGLQJ� VWUHQJWK� GHWHUPLQHG� E\� WKH�PHWKRGV� UHIHUUHG� WR� LQ� WKLV
VWDQGDUG�LV�UHODWHG�ODUJHO\�WR�WKH�VXUIDFH�FRQGLWLRQ�RI�WKH�VSHFLPHQ�WR�EH�WHVWHG�

7KLV�VXUIDFH�FRQGLWLRQ�LV�FKDUDFWHUL]HG�E\�WKH�IROORZLQJ�PDLQ�IHDWXUHV�

D�� � 7KH� VXUIDFH� FRQGLWLRQ� LPSDUWHG� E\� D� SDUWLFXODU� PHWKRG� RI� WUHDWPHQW�� ZKLFK
SURGXFHV�D�VSHFLILF�GDPDJH�VSHFWUXP�DQG�WKXV�UHVXOWV�LQ�D�VWUHQJWK�ZKLFK�LV�VSHFLILF
WR�WKH�ILQLVKHG�VXUIDFH�FRQGLWLRQ�

E�� � 5HVLGXDO� VWUHVV�� H�J�� LQ� WKH� IRUP� RI� WKHUPDO� RU� FKHPLFDO� SUHVWUHVV� LQWHQWLRQDOO\
LPSDUWHG��DV�ZHOO�DV�XQLQWHQGHG�UHVLGXDO�VWUHVVHV�

����� (IIHFW�RI�UDWH�RI�ORDGLQJ

)RU� WKH� LQWHUSUHWDWLRQ� RI� WKH� EHQGLQJ� VWUHQJWK� YDOXHV� GHWHUPLQHG� DV� GHVFULEHG� LQ� WKLV
VWDQGDUG��WKH�UDWH�RI�ORDGLQJ�LV�RI�VSHFLDO�LPSRUWDQFH�

&UDFNV�SURSDJDWH�LQ�JODVV�RYHU�D�ZLGH�UDQJH�RI�YDOXHV�RI�WHQVLOH�VWUHVV��VHH�>�@�RI�DQQH[�$��
7KHUH�LV�D�ORZHU�OLPLW�WR�WKH�VWUHVV�LQWHQVLW\�IDFWRU�EHORZ�ZKLFK�FUDFNV�GR�QRW�SURSDJDWH��VHH
>�@�RI�DQQH[�$���7KHUH�LV�WKHQ�VRPH�VXEFULWLFDO�FUDFN�SURSDJDWLRQ�DW�KLJKHU� OHYHOV�RI�VWUHVV
LQWHQVLW\�IDFWRU��ZKLFK�LV�LQIOXHQFHG�E\�KXPLGLW\��WHPSHUDWXUH�DQG�FKHPLFDO�DJHQWV��$ERYH�D
FULWLFDO� VWUHVV� LQWHQVLW\� IDFWRU� FUDFN� SURSDJDWLRQ� LV� YHU\� UDSLG� DQG� OHDGV� WR� �DOPRVW�
LQVWDQWDQHRXV�IDLOXUH��7KH�FRQVHTXHQFH�RI�WKH�VXEFULWLFDO�FUDFN�SURSDJDWLRQ�LV��IRU�H[DPSOH�
WKDW� WKH� UDWH� RI� ORDG� LQFUHDVH� DQG�RU� WKH� GXUDWLRQ� RI� VWDWLF� ORDGLQJ� LQIOXHQFHV� WKH� EHQGLQJ
VWUHQJWK�

)RU�SUHVWUHVVHG�JODVV��WKLV�WLPH�GHSHQGHQFH�GRHV�QRW�PDQLIHVW�LWVHOI�XQWLO�WKH�WHQVLOH�VWUHVV
LQGXFHG�LQ�WKH�VXUIDFH�H[FHHGV�WKH�FRPSUHVVLYH�VWUHVV�SHUPDQHQWO\�SUHVHQW�WKHUH��VHH�>�@�RI
DQQH[�$��

����� (IIHFW�RI�WHVW�VXUIDFH�DUHD

7KH�GHFUHDVH�LQ�EHQGLQJ�VWUHQJWK�RI�JODVV�ZLWK� LQFUHDVLQJ�VL]H�RI�WKH�WHVW�DUHD�H[SRVHG�WR
KLJK�VWUHVV� LV�DOVR�RI� LPSRUWDQFH��VHH�>�@�RI�DQQH[�$���7KLV�DUHD�HIIHFW� LV�DFFRXQWHG�IRU�E\
WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI�VXUIDFH�GHIHFWV�YDU\LQJ�LQ�HIIHFWLYHQHVV��WKH�ODUJHU�WKH�WHVW�DUHD�
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WKH� JUHDWHU� LV� WKH� SUREDELOLW\� RI� LWV� FRQWDLQLQJ� D� ODUJH� VXUIDFH� GHIHFW�� &RQVHTXHQWO\�� WKH
LQIOXHQFH�RI�WKH�DUHD�HIIHFW�LQFUHDVHV�ZLWK�GHFUHDVLQJ�LQFLGHQFH�RI�GHIHFWV�LQ�WKH�VXUIDFH��VR
WKDW� WKLV� LQIOXHQFH� LV�PRUH� SURQRXQFHG� LQ� WKH� FDVH� RI� XQGDPDJHG�� H�J�� ILUH�ILQLVKHG� JODVV
VXUIDFHV��VHH�>�@�RI�DQQH[�$��

'LIIHUHQFHV� DUH� OLNHO\� EHWZHHQ� WKH� PHDQ� YDOXHV� RI� WKH� EHQGLQJ� VWUHQJWK� DV� PHDVXUHG� LQ
DFFRUGDQFH�ZLWK�(1�������� �PD[LPDOO\�VWUHVVHG�DUHD����������PP����RU�E\�XVLQJ�GHYLFHV
5��� DQG� 5��� LQ� DFFRUGDQFH� ZLWK� (1� ������� �PD[LPDOO\� VWUHVVHG� DUHDV�� ���� PP�� DQG
����PP����GXH�WR�WKH�VL]H�RI�WKH�VWUHVVHG�DUHD��'HSHQGLQJ�RQ�VXUIDFH�GDPDJH��WKH�UHVXOWV
REWDLQHG�IURP�WHVWLQJ�VPDOOHU�VXUIDFH�DUHDV�PD\�EH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKRVH�REWDLQHG
IURP�WHVWLQJ�ODUJHU�VXUIDFH�DUHDV��DV�VKRZQ�LQ�7DEOH���

7DEOH�����$SSUR[LPDWH�HIIHFWV�RI�WHVW�VXUIDFH�DUHD�RQ�WKH�PHDQ�PHDVXUHG�EHQGLQJ
VWUHQJWK

7HVW�0HWKRG 'HYLFH 5HODWLYH�EHQGLQJ�VWUHQJWK

(1������� �� ������
(1������� 5�� ������WR������
(1������� 5�� ������WR������

6LQFH� JODVV� IRU� XVH� LQ� EXLOGLQJV� LV� RIWHQ� LQ� ODUJH� VL]HV�� WKH� WHVW� PHWKRGV� VSHFLILHG� LQ
(1�������� DQG� (1� ������� JLYH� YDOXHV� ZKLFK� DUH� PRUH� DSSURSULDWH� DV� WKH� EDVLV� IRU
GHVLJQLQJ� IODW� JODVV� IRU� XVH� LQ� EXLOGLQJV�� 7KH� WHVW�PHWKRG� VSHFLILHG� LQ� (1� ������� FDQ� EH
XVHIXO�DV�D�PHWKRG�RI�HYDOXDWLQJ�WKH�FRPSDUDWLYH�EHQGLQJ�VWUHQJWK�RI�IODW�JODVV�

����� (IIHFW�RI�DPELHQW�PHGLXP

7KH�VXUURXQGLQJ�PHGLXP�LQ�ZKLFK�WKH�JODVV�LV�WHVWHG�KDV�DQ�LQIOXHQFH�RQ�WKH�VWUHQJWK�RI�WKH
JODVV�� SDUWLFXODUO\� LI� WKH� PRLVWXUH� OHYHO� LV� YHU\� ORZ�� :KHQ� JODVV� LV� XVHG� LQ� EXLOGLQJV�� WKH
UHODWLYH�KXPLGLW\� W\SLFDOO\� UDQJHV� IURP������ WR��������:LWKLQ� WKLV� UDQJH�� WKH�HIIHFW�RQ� WKH
EHQGLQJ�VWUHQJWK��DV�WHVWHG�DFFRUGLQJ�WR�WKLV�VWDQGDUG��LV�QRW�JUHDW��+RZHYHU��WHVWV�RQ�JODVV
IRU�XVH�LQ�EXLOGLQJV�VKDOO�EH�XQGHUWDNHQ�LQ�WHVW�FRQGLWLRQV�ZLWK�UHODWLYH�KXPLGLW\�OHYHOV�LQ�WKH
UDQJH�RI������ WR������� LQ�RUGHU� WR�HOLPLQDWH� WKLV�HIIHFW�ZKHQ�FRPSDULQJ�EHQGLQJ�VWUHQJWK
UHVXOWV�

����� (IIHFW�RI�DJLQJ

,I�WKH�JODVV�VXUIDFH�LV�PRGLILHG��E\�DEUDVLRQ��HWFKLQJ��HGJH�ZRUNLQJ��HWF���EHIRUH�WKH�WHVWLQJ�
LW�LV�QHFHVVDU\�WR�DOORZ�WKH�IUHVK�GDPDJH�WR�KHDO�EHIRUH�WKH�WHVW�LV�XQGHUWDNHQ��7KH�FRQWLQXDO
VXUIDFH� PRGLILFDWLRQ� E\� PRLVWXUH� DIIHFWV� WKH� GDPDJH� LQ� D� ZD\� WKDW� FDQ� UHGXFH� DQ\
ZHDNHQLQJ� HIIHFW� �VHH� >�@� RI� DQQH[� $��� ,Q� SUDFWLFH�� JODVV� LV� KLJKO\� XQOLNHO\� WR� EH� VWUHVVHG
GLUHFWO\�DIWHU�LW�KDV�EHHQ�WUHDWHG��VR�LW�VKDOO�EH�FRQGLWLRQHG�IRU�DW�OHDVW����K�EHIRUH�WHVWLQJ�

����� (IIHFW�RI�WHPSHUDWXUH

7KH� EHQGLQJ� VWUHQJWK� RI� JODVV� LV� DIIHFWHG� E\� FKDQJHV� LQ� WHPSHUDWXUH�� :LWKLQ� WKH� QRUPDO
UDQJH�RI� WHPSHUDWXUHV�H[SHULHQFHG�E\�JODVV� LQ�EXLOGLQJV�� WKLV�HIIHFW� LV�QRW�YHU\�VLJQLILFDQW�
EXW�� WR�DYRLG�SRVVLEOH� FRPSOLFDWLRQV� LQ� WKH�FRPSDULVRQ�RI�EHQGLQJ�VWUHQJWK� YDOXHV�� WHVWLQJ
VKDOO�EH�XQGHUWDNHQ�LQ�D�UHVWULFWHG�UDQJH�RI�WHPSHUDWXUHV�
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��� %HQGLQJ�VWUHVV�DQG�EHQGLQJ�VWUHQJWK

����� *HQHUDO

7KH� WHVW� PHWKRGV� GHVFULEHG� LQ� (1� �������� (1� �������� (1� ������� DQG� (1� ������� DUH
GHVLJQHG�WR� LQGXFH�D�XQLIRUP�EHQGLQJ�VWUHVV�RYHU�DQ�DUHD��WKH�WHVW�DUHD��RI� WKH�VSHFLPHQ�
+RZHYHU��WKH�WHVWV�DUH�VWDWLFDOO\�LQGHWHUPLQDWH��WKDW�LV��WKH�VWUHVVHV�LQGXFHG�E\�WKH�DSSOLHG
ORDGV�GHSHQG�RQ�WKH�QDWXUH�RI�WKH�PDWHULDO�WHVWHG�DV�ZHOO�DV�WKH�ORDG�GLVWULEXWLRQ�

����� (IIHFWLYH�VWUHVV

:KHUH� WKH� VWUHVV� YDULHV� VLJQLILFDQWO\� RYHU� WKH� WHVW� DUHD�� DV� LV� WKH� FDVH� LQ� (1� ������
�VHH���������LW�FDQ�EH�UHSUHVHQWHG�E\�D�ZHLJKWHG�DYHUDJH�VWUHVV��FDOOHG�WKH�HIIHFWLYH�EHQGLQJ
VWUHVV��sEHII��7KH�ZHLJKWLQJ�LV�REWDLQHG�E\�VWDWLVWLFDOO\�HYDOXDWLQJ�WKH�SUREDELOLW\�RI�IUDFWXUH�DW
DQ\�SRLQW�LQ�WKH�VWUHVVHG�DUHD�

����� (TXLYDOHQW�EHQGLQJ�VWUHQJWK

9DULDWLRQV�LQ�KRPRJHQHLW\�RU�WKLFNQHVV�RI�WKH�VSHFLPHQ�DIIHFW�WKH�VWUHVV�GLVWULEXWLRQ��+HQFH�
WKH�EHQGLQJ�VWUHQJWK��sE%�� LV�QHYHU�HQWLUHO\�DQ�DFFXUDWH�YDOXH�DQG�� LQ�VRPH� LQVWDQFHV�� LW� LV
EHWWHU�WHUPHG�WKH�HTXLYDOHQW�EHQGLQJ�VWUHQJWK��sEHT%�

)RU�VRPH�RI�WKH�JODVV�W\SHV�WHVWHG��IRU�H[DPSOH�IORDW�JODVV���VXFK�YDULDWLRQV�DUH�YHU\�VPDOO
DQG�WKH�EHQGLQJ�VWUHQJWK�GHWHUPLQHG�E\�WKH�WHVWV�LV�VXIILFLHQWO\�FORVH�WR�WKH�DFWXDO�EHQGLQJ
VWUHQJWK�IRU�WKH�GLIIHUHQFH�WR�EH�XQLPSRUWDQW�

,Q� WKH� FDVH� RI� SDWWHUQHG� JODVV�� KRZHYHU�� RQO\� WKH� HTXLYDOHQW� EHQGLQJ� VWUHQJWK� FDQ� EH
GHWHUPLQHG�

����� 3URILOH�EHQGLQJ�VWUHQJWK

:KHQ�FKDQQHO�VKDSHG�JODVV� LV� WHVWHG�DFFRUGLQJ� WR�(1���������PRVW�RI� WKH�VSHFLPHQV� IDLO
IURP�IUDFWXUHV�RULJLQDWLQJ�DW� WKH�FRUQHU�RI� WKH�SURILOH��ZKHUH� WKH�ZHE�DQG� IODQJH�PHHW��DQG
QRW�DW� WKH�H[WUHPH�RI� WKH� IODQJH�RU� VXUIDFH�RI� WKH�ZHE��7KLV� LV�GXH� WR�VHFRQGDU\� VWUHVVHV
JHQHUDWHG�E\�WKH�VSUHDGLQJ�RI�WKH�IODQJHV�ZKHQ�WKH�FKDQQHO�VHFWLRQ�LV�EHQW��,Q�WKLV�WHVW�WKH
EHQGLQJ�VWUHQJWK�LV�EHWWHU�H[SUHVVHG�DV�WKH�SURILOH�EHQGLQJ�VWUHQJWK��3E%�

��� 7\SHV�RI�JODVV

����� *HQHUDO

7KH�WHVWV�VSHFLILHG�LQ�(1���������(1��������DQG�(1��������DUH�IRU�WHVWLQJ�IODW�JODVV��7KLV
LQFOXGHV� IORDW� JODVV�� GUDZQ� VKHHW� JODVV�� SDWWHUQHG� JODVV�� SDWWHUQHG� ZLUHG� JODVV�� SROLVKHG
ZLUHG� JODVV� DQG� SUHVWUHVVHG� JODVV�� SURYLGHG� WKHUH� KDV� EHHQ� QR� GHOLEHUDWHO\� LQGXFHG
FXUYDWXUH�RU�SURILOH��RWKHU�WKDQ�WKH�SDWWHUQHG�VXUIDFH�RI�SDWWHUQHG�JODVV��

����� 3DWWHUQHG�JODVV

7KH� FRD[LDO� GRXEOH� ULQJ� WHVW� IRU� ODUJH� WHVW� VXUIDFH� DUHDV� �(1� �������� FDQ� EH� XVHG� WR
GHWHUPLQH� WKH�HTXLYDOHQW� EHQGLQJ� VWUHQJWK�RI� SDWWHUQHG�JODVV�� SURYLGHG� WKH�PD[LPXP�DQG
PLQLPXP�WKLFNQHVVHV�GR�QRW�GHYLDWH�E\�PRUH�WKDQ������RU���PP��ZKLFKHYHU� LV� WKH� ORZHU�
IURP�WKH�DYHUDJH�WKLFNQHVV���7KLV�LV�EHFDXVH�RI�GLIILFXOWLHV�LQ�VHDOLQJ�WKH�SUHVVXUH�ULQJ�WR�D
SDWWHUQHG�VXUIDFH�
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7KHUH� LV�QR� OLPLWDWLRQ�RQ� WKH�GHSWK�RI�SDWWHUQ� LI� WKH� IRXU�SRLQW�EHQGLQJ� WHVW� �(1��������� LV
XVHG�

����� /DPLQDWHG�JODVV

7KH� WHVWLQJ�RI� WKH�EHQGLQJ�VWUHQJWK�RI� ODPLQDWHG�JODVV� �VHH�(1� ,62���������� LV�H[FOXGHG
IURP�WKLV�VWDQGDUG�

,Q� D� EHQGLQJ� WHVW�� DGGLWLRQDO� VKHDU� GHIRUPDWLRQ� DULVHV� LQ� WKH� HODVWLF� RU� SODVWLF� LQWHUOD\HUV
�VOLGLQJ� RI� WKH� KDUG� JODVV� SOLHV� RQ� WKH� LQWHUOD\HU��� 7KLV� HIIHFW� PHDQV� WKDW� PHDVXULQJ� WKH
EHQGLQJ� VWUHQJWK� RI� ODPLQDWHG�JODVV� LV� OLNHO\� WR� JLYH� D� VWUHQJWK� YDOXH� OHVV� WKDQ� WKH� DFWXDO
EHQGLQJ� VWUHQJWK� RI� D� PRQROLWKLF� JODVV� RI� WKH� VDPH� WKLFNQHVV�� 7KLV� VKHDU� GHIRUPDWLRQ� LV
SDUWLFXODUO\�VHQVLWLYH�WR�WKH�HIIHFWV�RI�WHPSHUDWXUH�DQG�ORDGLQJ�UDWH�

/DPLQDWHG� JODVV� LV� PDQXIDFWXUHG� IURP� PRQROLWKLF� JODVV� SURGXFWV� WKDW� FDQ� EH� WHVWHG
LQGLYLGXDOO\�E\�WKH�WHVW�PHWKRGV�GHVFULEHG�LQ�(1���������(1��������DQG�(1��������

7KH�SURFHVV�RI�PDQXIDFWXUH�LV�XQOLNHO\�WR�FDXVH�VLJQLILFDQW�FKDQJHV�LQ�WKH�EHQGLQJ�VWUHQJWK
RI� WKH� FRPSRQHQW� JODVVHV�� VR� LW� LV� XQQHFHVVDU\� WR� WHVW� ODPLQDWHG� JODVV�� ZKLFK� FDQ� EH
DVVXPHG�WR�KDYH�EHQGLQJ�VWUHQJWKV�DSSURSULDWH�WR�WKHLU�LQGLYLGXDO�FRPSRQHQWV�

7KH�ORDG�UHVLVWDQFH�RI�ODPLQDWHG�JODVV�GHSHQGV�RQ�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�FRPSRQHQW
SDUWV�RI�WKH�FRPSRVLWH�VWUXFWXUH��ZKLFK�LV�EH\RQG�WKH�VFRSH�RI�WKLV�VWDQGDUG�

��� 2ULHQWDWLRQ�RI�WKH�VSHFLPHQV

0DQ\�JODVV�SURGXFWV� ODFN�V\PPHWU\� LQ� WKHLU�SURGXFWLRQ��7KLV�PD\�EH� LPPHGLDWHO\�REYLRXV�
VXFK�DV�D�SDWWHUQHG�JODVV��ZKLFK�LV�OLNHO\�WR�KDYH�RQH�VXUIDFH�PXFK�PRUH�GHHSO\�SDWWHUQHG
WKDQ� WKH� RWKHU� DQG� SRVVLEO\� LQ�ZKLFK� WKH� SDWWHUQ� LV� GLUHFWLRQDO�� RU� LW�PD\� EH� OHVV� REYLRXV�
VXFK�DV�WKH�VLGH�RQ�ZKLFK�WKH�ZKHHO�FXW�ZDV�PDGH��VHH�)LJXUH���LQ�(1���������

:KHUH�VXFK�DV\PPHWU\�LV�SUHVHQW��LW�PD\�EH�QHFHVVDU\�WR�WHVW�WKH�JODVV�LQ�VHYHUDO�GLIIHUHQW
RULHQWDWLRQV�LQ�RUGHU�WR�GHWHUPLQH�WKH�EHQGLQJ�VWUHQJWK��6DPSOHV�RI�JODVV�WR�EH�WHVWHG�VKDOO
KDYH�DOO�WKH�VSHFLPHQV�QRPLQDOO\�LGHQWLFDO�

��� 1XPEHU�RI�VSHFLPHQV�LQ�D�VDPSOH

7KH� EHQGLQJ� VWUHQJWK� RI� JODVV� GLVSOD\V� D� ODUJH� YDULDWLRQ� EHWZHHQ� QRPLQDOO\� LGHQWLFDO
VSHFLPHQV��9HU\� OLWWOH� LQIRUPDWLRQ�FDQ�EH�REWDLQHG�E\� WHVWLQJ�RQO\�D� IHZ�VSHFLPHQV�� VLQFH
WKHUH�LV�FRQVLGHUDEOH�XQFHUWDLQW\�DERXW�ZKHWKHU�WKH�UHVXOWV�DUH�UHSUHVHQWDWLYH�

,Q�VWDWLVWLFDO�WHUPV��WKLV�XQFHUWDLQW\�FDQ�EH�H[SUHVVHG�DV�FRQILGHQFH�OLPLWV��YDOXHV�EHWZHHQ
ZKLFK�WKHUH�LV�D�JLYHQ�SUREDELOLW\�WKDW�WKH�WDUJHW�EHLQJ�VRXJKW�ZLOO�OLH�

:KHUH�WKH�WDUJHW�EHLQJ�VRXJKW�LV�LQ�WKH�FHQWUDO�SDUW�RI�WKH�EHQGLQJ�VWUHQJWK�GLVWULEXWLRQ��IRU
LQVWDQFH� WKH�PHDQ�YDOXH��� WKHQ� WKH�FRQILGHQFH� OLPLWV�FDQ�EH� IDLUO\�QDUURZ�HYHQ�ZLWK� MXVW�D
IHZ�VSHFLPHQV�

$Q�DFFXUDWH�GHWHUPLQDWLRQ�RI� WKH� WHQVLOH�VWUHVV�ZKLFK� OHDGV� WR�D� ORZ�FUDFN�SUREDELOLW\� FDQ
UHTXLUH� ODUJH� QXPEHUV� RI� VSHFLPHQV� ZKHQ�� IRU� H[DPSOH�� D� FKDUDFWHULVWLF� VWUHVV�� RU� D
SHUPLVVLEOH�VWUHVV��RU�D�GHVLJQ�YDOXH�RI�EHQGLQJ�VWUHQJWK�LV�WR�EH�GHWHUPLQHG�
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� ([SODQDWLRQV�RI�WKH�WHVW�PHWKRGV

��� &RD[LDO�GRXEOH�ULQJ�WHVW�IRU�ODUJH�WHVW�VXUIDFH�DUHDV

127(��7KLV�WHVW�LV�VSHFLILHG�LQ�(1��������

����� (OLPLQDWLRQ�RI�HGJH�HIIHFWV

7KH�VSHFLDO� IHDWXUH�RI� WKH�FRD[LDO�GRXEOH� ULQJ�EHQGLQJ� WHVW� LQ�DFFRUGDQFH�ZLWK�(1�������
OLHV�LQ�WKH�IDFW�WKDW�RQO\�D�FLUFXODU�VKDSHG�OLPLWHG�DUHD�RI�WKH�VXUIDFH�RI�WKH�VSHFLPHQ���QRW�
KRZHYHU�� LWV�HGJHV��� LV�VXEMHFWHG�WR�PD[LPXP�VWUHVVLQJ�� ,Q�FRQWUDVW� WR�RWKHU�EHQGLQJ�WHVWV
�IRU� H[DPSOH� VHH� (1� ��������� LQ� ZKLFK� WKH� HGJH� RI� WKH� VSHFLPHQ� LV� VXEMHFWHG� WR� WKH
PD[LPXP� VWUHVV�� WKH� SURFHGXUH� LQ� DFFRUGDQFH� ZLWK� (1� ������� LV� VXLWDEOH� IRU� H[FOXVLYHO\
VXEMHFWLQJ� VXUIDFHV� �RU� GLIIHUHQW� VXUIDFH� FRQGLWLRQV�� WR� EHQGLQJ� VWUHVV�� 7KH� HIIHFW� RI� WKH
VSHFLPHQ�HGJH�FRQGLWLRQ�LV�IRU�WKH�PRVW�SDUW�VXSSUHVVHG�

����� $QDO\VLV�RI�WKH�VWUHVV�GHYHORSPHQW

:KHQ� WKH�GHIOHFWLRQV�DUH� UHODWLYHO\� VPDOO�� WKH� FHQWUDO� VXUIDFH�DUHD� LV� VXEMHFWHG� WR� XQLIRUP
WHQVLOH�VWUHVVLQJ�>VHH�)LJXUH��D�@��ZKHUH�WKH�UDGLDO�DQG�WDQJHQWLDO�VWUHVVHV�DUH�RI�HTXDO�VL]H�

,I� WKH�GHIOHFWLRQV�EHFRPH�ODUJHU�� L�H�� LI� WKH\�H[FHHG�DSSUR[LPDWHO\�KDOI� WKH� WKLFNQHVV�RI� WKH
VKHHW��WKH�SUHFLVH�OLPLW�LV�GHSHQGHQW�RQ�WKH�ULQJ�UDWLR�U��U����WKLV�OHDGV�WR�ORFDOL]HG�LQFUHDVHV
LQ�VWUHVV�EHORZ�WKH�HGJH�RI�WKH�ORDGLQJ�ULQJ��WKH�H[WHQW�RI�ZKLFK�LQFUHDVHV�DV�WKH�ORDG�ULVHV
>VHH� )LJXUH� �E�@�� $W� WKLV� VWDJH� RI� WKH� ORDGLQJ�� WKH� WDQJHQWLDO� DQG� UDGLDO� VWUHVVHV� FKDQJH
GLIIHUHQWO\� DQG� D� VLPSOH� FDOFXODWLRQ� RI� WKH� VWUHVVHV� LV� QR� ORQJHU� SRVVLEOH�� 7KH� VWUHVVHV
FDOFXODWHG�IURP�OLQHDU�EHQGLQJ�WKHRU\�ZRXOG�EH�WRR�KLJK�
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)LJXUH�����6FKHPDWLF�GHSHQGHQFH�RI�UDGLDO�DQG�WDQJHQWLDO�VWUHVVHV�XSRQ�WKH�UDGLXV�RI
WKH�VSHFLPHQ��ZKHQ�ORDGHG�E\�D�GRXEOH�ULQJ�GHYLFH

,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW��E\�PHDQV�RI�D�FRPELQHG�ULQJ�DQG�VXUIDFH�ORDG��VHH�>�@�� >�@
DQG� >�@� RI� DQQH[� $��� WKLV� LQFUHDVH� LQ� VWUHVV� EHORZ� WKH� HGJH� RI� WKH� ORDGLQJ� ULQJ� FDQ� EH
DYRLGHG��:LWK�D�FRQVWDQW�SLVWRQ� IRUFH��)�� WKH�JDV�SUHVVXUH��S�� FDQ�EH�RSWLPL]HG� LQ�VXFK�D
ZD\� WKDW� HLWKHU� WKH� UDGLDO� RU� WDQJHQWLDO� WHQVLOH� VWUHVV� GHYHORSV� DOPRVW� XQLIRUPO\�ZLWKLQ� WKH
ORDGLQJ�ULQJ��VHH�)LJXUHV���DQG�����,W�LV��KRZHYHU��QRW�SRVVLEOH�WR�RSWLPL]H�WKH�JDV�SUHVVXUH�
S��ZLWK�UHJDUG�ERWK�WR�WKH�UDGLDO�DQG�WDQJHQWLDO�VWUHVV�GHYHORSPHQW�DW�WKH�VDPH�WLPH�

)

K

Tensile stress

 Compressive stress

Tensile stress

 Compressive stress

a) in the small deflection range

b) in the large deflection range

rads

Ts
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,I� WKH�JDV�SUHVVXUH��S�� LV�RSWLPL]HG�ZLWK�UHJDUG� WR� WKH�UDGLDO�VWUHVV�GLVWULEXWLRQ��DV�JLYHQ� LQ
)LJXUH����FXUYH�S� ������EDUV��� WKHQ�WKH�WDQJHQWLDO�VWUHVV� IDOOV� WRZDUGV�WKH� ORDGLQJ�ULQJ��DV
JLYHQ�LQ�)LJXUH����FXUYH�S� ������EDUV���,I�WKH�JDV�SUHVVXUH��S��LV�RSWLPL]HG�ZLWK�UHJDUG�WR�WKH
WDQJHQWLDO�VWUHVV�GLVWULEXWLRQ��DV�JLYHQ�LQ�)LJXUH����FXUYH�S� ������EDUV��WKHQ�WKH�UDGLDO�VWUHVV
ULVHV�WRZDUGV�WKH�ORDGLQJ�ULQJ��DV�JLYHQ�LQ�)LJXUH����FXUYH�S� ������EDUV���6LQFH��LQ�WKH�FDVH
RI�EULWWOH�PDWHULDOV��LW�LV�DOZD\V�WKH�QRUPDO�VWUHVVHV�ZKLFK�FDXVH�IUDFWXUHV�WR�EH�WULJJHUHG�RII�
WKH�QRQ�KRPRJHQRXV�GLVWULEXWLRQ�RI�WKH�UDGLDO�VWUHVV�LV�WKH�GHFLVLYH�IDFWRU�LQ�WKH�WULJJHULQJ�RI
WKH� IUDFWXUH�� )RU� WKLV� UHDVRQ� WKH� JDV� SUHVVXUH�� S�� LV� DOZD\V� RSWLPL]HG� ZLWK� UHJDUG� WR� WKH
UDGLDO�VWUHVV�GHYHORSPHQW�IRU�SUDFWLFDO�WHVW�SXUSRVHV�

+RZHYHU��WKH�DGYDQWDJH�RI�WKH�EL�D[LDO�VWUHVV�FRQGLWLRQ��WKH�WZR�SULQFLSDO�VWUHVVHV�RI�ZKLFK
DUH�RI�HTXDO�VL]H��DV�LV�DSSDUHQW�GXULQJ�WKH�GRXEOH�ULQJ�EHQGLQJ�SURFHVV�LQ�WKH�FDVH�RI�VPDOO
GHIOHFWLRQV� �VHH������ LV� ORVW��7KLV�GLVDGYDQWDJH� LV�� KRZHYHU��PRUH� WKDQ�RIIVHW� E\� WKH� ODUJH
WHVW�VXUIDFH�DUHD��XQOHVV�WKH�VXUIDFH�GDPDJH�KDV�D�FOHDU�SUHIHUHQWLDO�GLUHFWLRQ��H�J��RQH�RU
PRUH�SDUDOOHO�VFUDWFKHV��

,Q� WKH�FDVH�RI�VTXDUH�VSHFLPHQV�� WKH�VWUHVV�GLVWULEXWLRQ� LV�VOLJKWO\�GLUHFWLRQDO�� WKH�VWUHVVHV
DORQJ�WKH�PHGLDQV�DQG�WKH�GLDJRQDOV�GLIIHU�VOLJKWO\��ZLWKLQ�D�UDQJH�RI�DERXW�����

7KH�FXUYHV� LQ�)LJXUH���RI�(1��������DQG� WKH�YDOXHV� LQ�7DEOH���RI�(1��������KDYH�EHHQ
GHWHUPLQHG�IURP�PHDVXUHPHQWV��'HYLDWLRQV�RI� LQGLYLGXDO�PHDVXUHG�YDOXHV� IURP�WKH�FXUYHV
RU�WDEOH�YDOXHV�DUH�DW�PRVW�����
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7KLV�JUDSK�KDV�EHHQ�PHDVXUHG�XVLQJ�WKH�IROORZLQJ�SDUDPHWHUV�

6TXDUH�VSHFLPHQ���������PP���������PP�����PP�
U�� �����PP�
U�� �����PP�
3LVWRQ�IRUFH��)����������1�
3DUDPHWHUV��JDV�SUHVVXUH��S

7KLV�GHWHUPLQHV�WKDW�WKH�RSWLPL]HG�JDV�SUHVVXUH��S��LV������EDUV�

)LJXUH�����5DGLDO�VWUHVV�GHYHORSPHQW�DORQJ�WKH�PHGLDQ�RI�WKH�FRQYH[O\�EHQW�VSHFLPHQ
VXUIDFH
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7KLV�JUDSK�KDV�EHHQ�PHDVXUHG�XVLQJ�WKH�IROORZLQJ�SDUDPHWHUV�

6TXDUH�VSHFLPHQ���������PP���������PP�����PP�
U�� �����PP�
�U�� �����PP�
3LVWRQ�IRUFH��)����������1�
3DUDPHWHUV��JDV�SUHVVXUH��S

7KLV�GHWHUPLQHV�WKDW�WKH�RSWLPL]HG�JDV�SUHVVXUH��S��LV������EDUV�

)LJXUH�����7DQJHQWLDO�VWUHVV�GHYHORSPHQW�DORQJ�WKH�PHGLDQ�RI�WKH�FRQYH[O\�EHQW
VXUIDFH
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����� 7HVWLQJ�RI�SDWWHUQHG�JODVV

6SHFLPHQV�ZLWK�RQH�RU� WZR�SDWWHUQHG�VXUIDFHV�FDQQRW�EH� WHVWHG�E\�PHDQV�RI�D�VPDOO� WHVW
DUHD�XVLQJ�WKH�FRD[LDO�GRXEOH�ULQJ�EHQGLQJ�WHVW��VHH�����DQG�(1����������VLQFH�WKH�VXUIDFH
VSUHDG�RI�WKH�GHFRUDWLRQV�DUH�DSSUR[LPDWHO\�WKH�VDPH�VL]H�DV�WKH�WHVW�VXUIDFH�DUHD�

+RZHYHU�� ZLWK� D� GRXEOH� ULQJ� EHQGLQJ� WHVW� ZLWK� D� ODUJH� WHVW� DUHD� LQ� DFFRUGDQFH� ZLWK
(1��������� LW� LV� SRVVLEOH� WR� WHVW� JODVV� ZLWK� SDWWHUQHG� VXUIDFHV�� 7KH� SHUPLVVLEOH� VWUXFWXUDO
GHSWK� JLYHQ� LQ������� �ORFDO� GHYLDWLRQV� IURP� WKH� DYHUDJH� WKLFNQHVV� D�PD[LPXP� RI� ����� RU
��PP��ZKLFKHYHU�LV�WKH�ORZHU��LV�EDVHG�XSRQ�H[SHULPHQWDO�UHVXOWV�

:KHUH�WKHUH�DUH�RQH�RU�WZR�SDWWHUQHG�VXUIDFHV��WKH�FRQGLWLRQ�RI�WKH�OLQH�VKDSHG�LQWURGXFWLRQ
RI� IRUFH�E\� WKH�HGJH�RI� WKH� ORDGLQJ� ULQJ� LV� YLRODWHG�E\� WKH�QHFHVVLW\� WR� LQWURGXFH�D� WKLFNHU
LQWHUPHGLDWH�OD\HU�RQ�WKH�ORDGLQJ�ULQJ�VLGH��7KH�RQO\�HIIHFW��KRZHYHU��LV�WR�UHGXFH�VRPHZKDW
LQ�VL]H�WKH�VXUIDFH�DUHD�RI�WKH�YLUWXDOO\�KRPRJHQHRXV�UDGLDO�VWUHVV�GLVWULEXWLRQ��2WKHUZLVH�WKH
VWUHVV�YDOXHV�UHPDLQ�DOPRVW�XQDIIHFWHG�

��� 7HVW�ZLWK�VSHFLPHQ�VXSSRUWHG�DW�WZR�SRLQWV��IRXU�SRLQW�EHQGLQJ�

127(��7KLV�WHVW�LV�VSHFLILHG�LQ�(1��������

����� ,QFOXVLRQ�RI�HGJH�HIIHFWV

7KLV� WHVW� LV� SHUIRUPHG� DV� D� EHDP� EHQGLQJ� WHVW� XVLQJ� D� ZLGH� EHDP�� 7KH� HGJHV� RI� WKH
VSHFLPHQ��RYHU�WKH�FHQWUDO�VSDQ�RI�QRPLQDOO\�XQLIRUP��XQLGLUHFWLRQDO�VWUHVV��DUH�VXEMHFWHG�WR
WKH�PD[LPXP�VWUHVV�DV�ZHOO�DV�WKH�VXUIDFH��,I�LW�LV�UHTXLUHG�WR�GHWHUPLQH�WKH�EHQGLQJ�VWUHQJWK
RI�JODVV�ZKHUH�WKH�HIIHFWV�RI�WKH�HGJH�DUH�LPSRUWDQW��WKLV�WHVW�VKRXOG�EH�XVHG�

����� $QDO\VLV�RI�WKH�VWUHVV�GHYHORSPHQW

6LPSOH� WKHRU\�DVVXPHV� WKDW� WKHUH�DUH�QR�VWUHVVHV�GHYHORSHG�DFURVV� WKH�ZLGWK�RI� D� EHDP
ZKHQ� LW� LV� VXEMHFWHG� WR� EHQGLQJ� DORQJ� LWV� OHQJWK�� +RZHYHU�� ZKLOH� WKLV� PD\� EH� D� JRRG
DSSUR[LPDWLRQ� IRU� QDUURZ� EHDPV�� WKH�3RLVVRQ� HIIHFW� JHQHUDWHV� VLJQLILFDQW� VWUHVVHV� DFURVV
WKH� ZLGWK� RI� ZLGH� EHDPV�� 7KHVH� VWUHVVHV� LQGXFH� D� FRQWUDIOH[LRQ� DFURVV� WKH� ZLGWK� RI� WKH
EHDP��VR�WKDW� WKH� ORQJLWXGLQDO�VWUHVV�FDQQRW�EH�UHJDUGHG�DV�XQLIRUP�DFURVV�WKH�ZLGWK��VHH
>�@�RI�DQQH[�$���7KH�HIIHFW�LV�WR�LQFUHDVH�WKH�WHQVLOH�EHQGLQJ�VWUHVV�GHYHORSHG�DW�WKH�HGJHV
RI� WKH� EHDP� DQG� GHFUHDVH� WKH� WHQVLOH� EHQGLQJ� VWUHVVHV� DW� WKH� PLG�OLQH� RI� WKH� EHDP� �DV
VKRZQ�LQ�)LJXUH����
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'LVWDQFH�IURP�WKH�PLGGOH�D[LV�RI�WKH�VSHFLPHQ�DORQJ�WKH�ZLGWK��PP�

�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ
�� VWUHVV�SUHGLFWHG�IURP�VLPSOH�WKHRU\�LV�������1�PP��WHQVLRQ�RU�FRPSUHVVLRQ

)LJXUH�����9DULDWLRQ�LQ�VWUHVV�DFURVV�WKH�ZLGWK�RI�DQ�����PP�WKLFN�VSHFLPHQ�RI�IORDW
JODVV�DW�WKH�PLGGOH�RI�WKH�VSDQ

,I� WKH�H[DFW�RULJLQ�RI� IUDFWXUH� LV�NQRZQ�� LW� LV�SRVVLEOH� WR�REWDLQ��E\�FRPSOH[�FDOFXODWLRQ�� WKH
SUHFLVH� ORFDO� EHQGLQJ� VWUHVV� WKDW� KDV� FDXVHG� IUDFWXUH� RI� WKH� VSHFLPHQ�� ,I�� KRZHYHU�� WKH
SUREDELOLW\�RI�IODZV�DQG�WKH�IODZ�GLVWULEXWLRQ�LV�FRQVLGHUHG��WKHUH�LV�DQRWKHU�DSSURDFK�ZKLFK
FDQ�EH�WDNHQ��GHSHQGLQJ�XSRQ�ZKHWKHU�WKH�UHTXLUHG�EHQGLQJ�VWUHQJWK�LV�GHULYHG�IURP�DOO�WKH
EHQGLQJ�WHVW�UHVXOWV��RYHUDOO�VWUHQJWK���RU�ZKHWKHU�RQO\�WKRVH�UHVXOWV�IURP�HGJH�EUHDNV�DUH�WR
EH�LQFOXGHG��HGJH�VWUHQJWK���,W�FDQ�EH�VKRZQ�WKDW�WKH�DSSOLFDWLRQ�RI�D�IDFWRU��N��WR�WKH
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FDOFXODWHG� EHQGLQJ� VWUHVV� FDQ� EH� XVHG� WR� PRGLI\� WKH� FDOFXODWHG� EHQGLQJ� VWUHVV� WR� D
³ZHLJKWHG�DYHUDJH´�RI�WKH�EHQGLQJ�VWUHVVHV��FDOOHG�WKH�HIIHFWLYH�EHQGLQJ�VWUHQJWK��sEHII��7KH
IDFWRUV�DUH�

N� �NV� ����� ZKHQ�DOO�WKH�IUDFWXUHV�DUH�WR�EH�LQFOXGHG
N� �NH ZKHQ�RQO\�HGJH�IUDFWXUHV�DUH�WR�EH�LQFOXGHG�

7KH�YDOXH�RI�NH�GHSHQGV�RQ�WKH�GHIOHFWLRQ�RI�WKH�VSHFLPHQ�DW�LWV�FHQWUH��DQG�YDOXHV�IRU�WKLV
SDUDPHWHU�DUH�JLYHQ�LQ�(1��������

��� &RD[LDO�GRXEOH�ULQJ�WHVW�IRU�VPDOO�WHVW�VXUIDFH�DUHDV

127(��7KLV�WHVW�LV�VSHFLILHG�LQ�(1��������

����� (OLPLQDWLRQ�RI�HGJH�HIIHFWV

7KH�VSHFLDO� IHDWXUH�RI� WKH�FRD[LDO�GRXEOH� ULQJ�EHQGLQJ� WHVW� LQ�DFFRUGDQFH�ZLWK�(1�������
OLHV�LQ�WKH�IDFW�WKDW�RQO\�D�FLUFXODU�VKDSHG�OLPLWHG�DUHD�RI�WKH�VXUIDFH�RI�WKH�VSHFLPHQ���QRW�
KRZHYHU�� LWV�HGJHV��� LV�VXEMHFWHG�WR�PD[LPXP�VWUHVVLQJ�� ,Q�FRQWUDVW� WR�RWKHU�EHQGLQJ�WHVWV
�IRU�H[DPSOH�(1���������� LQ�ZKLFK�WKH�HGJH�RI� WKH�VSHFLPHQ� LV�VXEMHFWHG�WR� WKH�PD[LPXP
VWUHVV�� WKH� SURFHGXUH� LQ� DFFRUGDQFH�ZLWK� (1� ������� LV� VXLWDEOH� IRU� H[FOXVLYHO\� VXEMHFWLQJ
VXUIDFHV��RU�GLIIHUHQW�VXUIDFH�FRQGLWLRQV��WR�EHQGLQJ�VWUHVV��7KH�HIIHFW�RI�WKH�VSHFLPHQ�HGJH
FUHDWHG�E\�PHFKDQLFDO�FROG�ZRUNLQJ�LV�IRU�WKH�PRVW�SDUW�VXSSUHVVHG�

����� $QDO\VLV�RI�WKH�VWUHVV�GHYHORSPHQW

7KH�DGYDQWDJHV�RXWOLQHG� LQ� ������DQG� >��@� RI� DQQH[�$�SURPSWHG� WKH� FKRLFH�RI� WKH� FRD[LDO
GRXEOH�ULQJ�EHQGLQJ�WHVW�DV�D�WHVW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�EHQGLQJ�VWUHQJWK�RI�JODVV��2QH
RI� WKHVH�DGYDQWDJHV� LV� WKH�XQLIRUP��DQG�GLUHFWLRQDOO\� LQGHSHQGHQW� ORDGLQJ�RI� WKH�VSHFLPHQ
ZLWK� WKH� ORDGLQJ� ULQJ�� ZKLFK� PHDQV� WKDW� WKH� GLUHFWLRQ� RI� SRVVLEOH� VXUIDFH� GHIHFWV� KDV� QR
LQIOXHQFH�RQ�WKH�UHVXOW��+RZHYHU��WKLV�RQO\�DSSOLHV�XS�WR�OLPLWHG�GHIOHFWLRQV��\���DW�WKH�FHQWUH
RI�WKH�VSHFLPHQ�

$ERYH� WKLV� OLPLW��H[FHVVLYH� ORFDO� VWUHVV�PD\�RFFXU�XQGHU� WKH�EHDULQJ�HGJHV�RI� WKH� ORDGLQJ
ULQJ�� WKH� PDJQLWXGH� RI� ZKLFK� LQFUHDVHV� DV� WKH� ORDG� EHFRPHV� JUHDWHU�� $W� WKH� VDPH� WLPH�
WDQJHQWLDO�DQG�UDGLDO�VWUHVVHV�XQGHUJR�YDULDEOH�PRGLILFDWLRQ��ZKLFK�LV�WRR�FRPSOH[�IRU�VLPSOH
FDOFXODWLRQ��,Q�WKLV�FDVH��WKH�VWUHVVHV�FDOFXODWHG�IURP�WKH�OLQHDU�EHQGLQJ�WKHRU\�DUH�IRXQG�WR
EH�H[FHVVLYHO\�KLJK��VHH������

)RU� WKH� ULQJ� VL]H� UDWLR� U��U��  � �� FKRVHQ� KHUH�� WKH� SHUPLVVLEOH� GHIOHFWLRQ� UDQJH� LV� JLYHQ
DSSUR[LPDWHO\�E\�\��K��������7KH�PLQLPXP�YDOXHV�IRU�WKH�WKLFNQHVV�RI�VSHFLPHQV�VSHFLILHG�LQ
(1��������KDYH�EHHQ�VHOHFWHG�IRU�EHQGLQJ�VWUHVVHV�XS�WR�����1�PP��LQ�VXFK�D�ZD\�WKDW��IRU
HODVWLF�PRGXOL�RI�QRW� OHVV� WKDQ����N1�PP��� WKH�UHODWLYH�GHIOHFWLRQV�\��K� LQ� WKH�FHQWUH�RI� WKH
VSHFLPHQ�GR�QRW�H[FHHG�������7KH�VWUHVV�GLIIHUHQFHV�LQ�WKH�ORDGLQJ�ULQJ�UHJLRQ�DUH�WKHQ�OHVV
WKDQ� �� ��� DFFRUGLQJ� WR� >��@� DQG� >��@� RI� DQQH[� $��� )RU� WKH� SXUSRVHV� RI� (1� �������� WKH
EHQGLQJ� VWUHQJWK� FDQ� EH� FDOFXODWHG� IURP� WKH� WHVW� ORDG� XVLQJ� WKH� HTXDWLRQV� JLYHQ� LQ
(1��������� SURYLGHG� WKDW� WKH� ULQJ� DQG� VSHFLPHQ� GLPHQVLRQV� DQG� WKH� YDOXHV� RI� PLQLPXP
WKLFNQHVV�RI�VSHFLPHQV�DUH�DGKHUHG�WR�
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)RU� WKLV� TXDVL�OLQHDU� UDQJH� RI� VSHFLPHQ� ORDGLQJ�� WKH� IROORZLQJ� H[SUHVVLRQ� DSSOLHV� IRU� WKH
VWUHVVHV� LQ� WKH� VXUIDFH� RI� FLUFXODU� VSHFLPHQV� ERXQGHG� E\� WKH� ORDGLQJ� ULQJ� �VHH� >�@� RI
DQQH[�$��

( ) ( )
( ) �������

K

)

U

UU

U

U
� �� � �

�

�
�

��

��
�OQ

�

���
��

�

�
�

�
�

�

�
7UDG ß

ß
à

Þ

Ï
Ï
Ð

Î
ss

���

$VVXPLQJ�D�FRQVWDQW�UDWLR�EHWZHHQ�WKH�YDOXHV�RI�U���U��DQG�U��DQG�D�3RLVVRQ�QXPEHU��m��IRU
WKH� VSHFLPHQ� RI� ������ WKH� IRUPXOD� XVHG� LQ� (1� �������� IRU� D� FLUFXODU� VSHFLPHQ�� PD\� EH
GHULYHG�IURP�WKH�IROORZLQJ�IRUPXOD�

��
K

)
.� �� �

��7UDG ss
���

ZLWK�.�� ������

7DEOH���VKRZV�WKH�HIIHFW�RI�3RLVVRQ�QXPEHU�RQ�.��

7DEOH�����&RQVWDQW�.���DV�D�IXQFWLRQ�RI�3RLVVRQ�QXPEHU��m

3RLVVRQ�1XPEHU
m

�&RQVWDQW
.�

�(UURU�RQ�DVVXPLQJ�m� �����
�

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

7KH�3RLVVRQ�QXPEHU�IRU�VRGD�OLPH�VLOLFDWH�JODVV��(1��������LV�JLYHQ�DV�������)RU�RWKHU�W\SHV
RI� JODVV�� H�J�� ERURVLOLFDWH� �(1� �������� DQG� JODVV� FHUDPLF� �(1� ��������� WKH� YDOXH� RI� .�

VKRXOG�EH�VHOHFWHG�WR�PDWFK�WKH�3RLVVRQ�QXPEHU�RI�WKH�JODVV�

)RU�VTXDUH�VSHFLPHQV��HTXDWLRQ�����DSSOLHV�XVLQJ�WKH�PHDQ�VSHFLPHQ�UDGLXV��DV�IROORZV�

�����������/
/
�U ����� �
��

�����
� ��P ���

+HUH��U�P�FRUUHVSRQGV�WR�WKH�PHDQ�RI�WKH�UDGLL�RI�WKH�FLUFOHV�FLUFXPVFULELQJ�DQG�LQVFULELQJ�WKH
VTXDUH��7KLV�OHDGV�WR�D�FRQVWDQW�.�� �������LQ�(1���������IRU�VTXDUH�VSHFLPHQV�RI�VRGD�OLPH
VLOLFDWH�JODVV�
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:KHQ�WHVWLQJ�XVLQJ�ORDGLQJ�GHYLFHV�5���DQG�5���DV�VSHFLILHG�LQ�(1���������WKH�WDQJHQWLDO
WHQVLOH� VWUHVV� DW� WKH� HGJH� RI� WKH� VKHHW� LV� DERXW� ��� �� RI� WKH� PD[LPXP� WDQJHQWLDO� VWUHVV
� �UDGLDO�VWUHVV��ZLWKLQ�WKH�ORDGLQJ�ULQJ��,I�WKLV�UHVXOWV� LQ�HGJH�EUHDNV�� LW� LV�UHFRPPHQGHG�WR
LQFUHDVH�WKH�VSHFLPHQ�UDGLXV�U��RU�VLGH�OHQJWK�/��DQG�KHQFH�WKH�SURMHFWLRQ�RI�WKH�VSHFLPHQ
EH\RQG� WKH�VXSSRUWLQJ� ULQJ��:LWK�D� UDWLR� U��U�� ���RU�/��U��  ���� WKH� WDQJHQWLDO� VWUHVV�DW� WKH
HGJH�RI�WKH�VKHHW�LV�GHILQLWHO\�EHORZ������RI�WKH�PD[LPXP�YDOXH��VHH�>��@�RI�DQQH[�$���VR
WKDW�WKH�SRVVLELOLW\�RI�HGJH�EUHDNV�FDQ�EH�YLUWXDOO\�H[FOXGHG��,Q�WKLV�FDVH��KRZHYHU��FRQVWDQWV
.��DQG�.��QHHG�WR�EH�FDOFXODWHG�DJDLQ�IURP�HTXDWLRQ�����

,Q� LQWHU�ODERUDWRU\� WHVWV� WKH� FDOFXODWLRQ� SULQFLSOH� JLYHQ� KHUH� IRU� VTXDUH� DQG� FLUFXODU
VSHFLPHQV�KDV�OHG�WR�VDWLVIDFWRU\�DJUHHPHQW�RI�WKH�EHQGLQJ�VWUHQJWK�YDOXHV�GHWHUPLQHG�IRU
ERWK�IRUPV�RI�VSHFLPHQ�

� 5DQJH�RI�DSSOLFDWLRQ�RI�WKH�WHVW�PHWKRGV

��� *HQHUDO�OLPLWDWLRQV

7KH�WHVW�PHWKRGV�VSHFLILHG�LQ�WKLV�VWDQGDUG�DUH�QRW�DSSURSULDWH�IRU�WKH�WHVWLQJ�RI� ODPLQDWHG
JODVV�RU�LQVXODWLQJ�XQLWV�

��� /LPLWDWLRQV�WR�(1�������

7KLV�WHVW�PHWKRG�LV�DSSOLFDEOH�RQO\�WR�IODW�JODVV��VHH������

3DWWHUQHG� JODVV� FDQ� EH� WHVWHG� SURYLGHG� WKH� PD[LPXP� DQG� PLQLPXP� WKLFNQHVVHV� GR� QRW
GHYLDWH�E\�PRUH�WKDQ�������EXW�QRW�PRUH�WKDQ���PP��IURP�WKH�PHDQ�WKLFNQHVV�

��� /LPLWDWLRQV�WR�(1�������

7KLV�WHVW�PHWKRG�LV�DSSOLFDEOH�RQO\�WR�IODW�JODVV��VHH������

3DWWHUQHG�JODVV�FDQ�EH�WHVWHG�ZLWKRXW�OLPLWDWLRQV�

��� /LPLWDWLRQV�WR�(1�������

7KLV�WHVW�PHWKRG�LV�DSSOLFDEOH�RQO\�WR�FKDQQHO�VKDSHG�JODVV�

��� /LPLWDWLRQV�WR�(1�������

7KLV�WHVW�PHWKRG�LV�DSSOLFDEOH�RQO\�WR�IODW�JODVV��VHH������

3DWWHUQHG�JODVV�VKDOO�QRW�EH�WHVWHG�E\�WKLV�PHWKRG�

� &DOLEUDWLRQ�RI�WKH�WHVWLQJ�PDFKLQHV

7KH�WHVWLQJ�PDFKLQHV�XVHG�DFFRUGLQJ�WR�(1���������(1���������(1��������DQG�(1�������
VKDOO�KDYH�EHHQ�FDOLEUDWHG�E\�WKH�XVHU�ZLWKLQ���PRQWKV�EHIRUH�D�WHVW�

)RU�WKH�SXUSRVHV�RI�FDOLEUDWLRQ�RI�D�WHVWLQJ�PDFKLQH��WKH�JODVV�VSHFLPHQ�FDQ�EH�UHSODFHG�E\
D�PHWDO��H�J��VWHHO��SODWH�RI�DSSURSULDWH�WKLFNQHVV�
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7R� SHUIRUP� WKH� FDOLEUDWLRQ� RI� WKH� IRUFH�PHDVXULQJ� LQVWUXPHQW�� DQ� RIILFLDOO\� FDOLEUDWHG� IRUFH
JDXJH�ZLWK� LQGHSHQGHQW� LQVWUXPHQW� UHDGLQJ��DFFXUDF\�������VKDOO�EH�SODFHG� LQ�VHULHV�ZLWK
WKH�IRUFH�PHDVXULQJ�LQVWUXPHQW�RI�WKH�WHVWLQJ�PDFKLQH�

7R�SHUIRUP�WKH�FDOLEUDWLRQ�RI�WKH�JDV�SUHVVXUH�PHDVXULQJ�LQVWUXPHQW��DQ�RIILFLDOO\�FDOLEUDWHG
SUHVVXUH� JDXJH� ZLWK� LQGHSHQGHQW� LQVWUXPHQW� UHDGLQJ�� DFFXUDF\� ��� ��� VKDOO� EH� SODFHG� LQ
SDUDOOHO�WR�WKH�SUHVVXUH�PHDVXULQJ��LQVWUXPHQW�RI�WKH�WHVWLQJ�PDFKLQH�

7KH� IRUFH� RU� SUHVVXUH� VKDOO� EH� LQFUHDVHG� LQ� DW� OHDVW� ILYH� DSSUR[LPDWHO\� HTXLGLVWDQW� VWHSV
FRYHULQJ�WKH�UDQJHV�RI�PHDVXUHPHQW��$W�HYHU\�VWHS�WKH�LQVWUXPHQW�UHDGLQJV�IURP�WKH�WHVWLQJ
PDFKLQH�DQG�WKDW�IURP�WKH�RIILFLDOO\�FDOLEUDWHG�JDXJH�VKDOO�EH�UHFRUGHG��%RWK�UHDGLQJV�VKDOO
FRLQFLGH�ZLWKLQ������RYHU� WKH�ZKROH�PHDVXULQJ� UDQJH�� ,I� WKH�GLIIHUHQFHV�EHWZHHQ� WKH� WZR
UHDGLQJV�H[FHHG������� WKH�PHDVXULQJ� LQVWUXPHQW�RI� WKH� WHVWLQJ�PDFKLQH�VKDOO�EH�DGMXVWHG
DFFRUGLQJO\�

2QO\� RIILFLDOO\� FDOLEUDWHG� JDXJHV� VKDOO� EH� XVHG� IRU� FDOLEUDWLRQ�� 7KH\� VKDOO� EH� RIILFLDOO\
UHFDOLEUDWHG�HYHU\�WKUHH�\HDUV�

� 5HFRPPHQGDWLRQV�IRU�VDIH�XVH�RI�WHVW�HTXLSPHQW

:KHUH�PDWHULDO� WHVWLQJ�PDFKLQHV�DUH� LQ�XVH��ERWK� WKH�XVHU�DQG�RWKHUV�PD\�EH�H[SRVHG� WR
KD]DUGV�DULVLQJ�IURP�WKH�GHVLJQ�RI�WKH�PDFKLQH�DQG�WKH�EHKDYLRXU�RI�WKH�VSHFLPHQ�

0DWHULDO�WHVWLQJ�PDFKLQHV�VKRXOG�EH�VR�GHVLJQHG�WKDW�WKH�XVHU�DQG�RWKHUV�DUH�SURWHFWHG��DV
IDU� DV� SRVVLEOH�� DJDLQVW� KD]DUGV� RI� DOO� NLQGV�� ZKHQ� WKH� PDFKLQH� LV� XVHG� LQ� WKH� SURSHU
PDQQHU�

7KH� WHVWV� PHWKRGV� VSHFLILHG� LQ� WKLV� VWDQGDUG� DUH� GHVLJQHG� WR� EUHDN� JODVV� XQGHU� KLJK
VWUHVVHV��VR�WKHUH�LV�DQ�REYLRXV�KD]DUG�IURP�WKH�EURNHQ�JODVV��$SSURSULDWH�SUHFDXWLRQV�VKDOO
EH� WDNHQ� GXULQJ� WKH� WHVWLQJ� RI� JODVV� VSHFLPHQV� WR� DYRLG� WKH� SDUWLFXODU� KD]DUGV� WR� ERWK
RSHUDWRUV�DQG�REVHUYHUV�IURP�EURNHQ�JODVV���7KHVH�FRXOG�LQFOXGH�

�� SURYLGLQJ� DSSURSULDWH� SURWHFWLYH� FORWKLQJ�� H�J�� VDIHW\� VSHFWDFOHV� DQG� JORYHV�
HVSHFLDOO\�IRU�WKH�KDQGOLQJ�RI�JODVV�VSHFLPHQV�DQG�EURNHQ�JODVV�IUDJPHQWV�

��DSSO\LQJ�DQ�DGKHVLYH�ILOP�WR�WKH�VXUIDFH�RI�WKH�JODVV��ZKLFK�LV�QRW�EHLQJ�VXEMHFWHG�WR
EHQGLQJ� WHQVLRQ�� WR� HQVXUH� WKDW� DOO� WKH� EURNHQ� SLHFHV� DUH� KHOG� WRJHWKHU� DIWHU
EUHDNDJH�

�� XVLQJ� WUDQVSDUHQW� VDIHW\� VFUHHQV� EHWZHHQ� REVHUYHUV� DQG�RU� RSHUDWRUV� DQG
VSHFLPHQ�

,I�LW�LV�QRW�SRVVLEOH��EHFDXVH�RI�

���WKH�SDUWLFXODU�QDWXUH�RI�WKH�WHVW�SURFHVV�

���GLIIHUHQW�DQG�XQSUHGLFWDEOH�EHKDYLRXU�RI�WKH�VSHFLPHQ�GXULQJ�WKH�WHVW�SURFHVV�

WR�DFKLHYH�VDIH�KDQGOLQJ�RI�WKH�WHVWLQJ�PDFKLQH�E\�GHVLJQ�PHDVXUHV�RU�E\�DGGLWLRQDO�VDIHW\
IHDWXUHV��WKH�WHVWLQJ�PDFKLQH�VKRXOG�EH�UHVWULFWHG�WR�XVH�E\�D�OLPLWHG�JURXS�RI�SHUVRQV�ZKR
DUH�DEOH�WR�DVVHVV�WKH�SRVVLEOH�ULVNV�
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$QQH[�$��LQIRUPDWLYH�

%LEOLRJUDSK\

>�@ :LHGHUKRUQ�� 6�� 0��� (QYLURQPHQWDO� 6WUHVV� &RUURVLRQ� &UDFNLQJ� RI� *ODVV�� 1DWLRQDO
%XUHDX� RI�6WDQGDUGV��:DVKLQJWRQ�'�&��&RUURV�� )DWLJXH��&KHP��0HFK��0LFURVWUXFW�
��������SS���������

>�@ .HUNKRI��)���%UXFKYRUJDQJH�LQ�*OlVHUQ����)UDFWXUH�3URFHVVHV�LQ�*ODVV��

'HXWVFKH�*ODVWHFKQLVFKH�*HVHOOVFKDIW��)UDQNIXUW�0DLQ�������S������II

>�@ 6KDQG��(��%���*ODVV�(QJLQHHULQJ�+DQG�%RRN��0F*UDZ�+LOO�%RRN�&RPS���1HZ�<RUN
����

>�@ 6FKHLGOHU�� +��� 9HUOHW]OLFKNHLW� XQG� WHFKQLVFKH� )HVWLJNHLW� YRQ�*ODV� �9XOQHUDELOLW\� DQG
WHFKQRORJLFDO�VWUHQJWK�RI�JODVV����*ODVWHFKQ��%HU�������������1R�����SS���������

>�@ :RHON�� +��� (OVHQKHLPHU�� .��� %LHJHEUXFKVSDQQXQJ� YRQ� )ORDWJODV� XQG� WKHUPLVFK
YRUJHVSDQQWHP� )ORDWJODV� �8OWLPDWH� EHQGLQJ� VWUHVV� RI� IORDW� JODVV� DQG� WKHUPDOO\
SUHVWUHVVHG�IORDW�JODVV����*ODVWHFKQ��%HU�������������1R�����SS�������

>�@ 6FKPLWW�� 5�� :��� � 'LH� 'RSSHOULQJPHWKRGH� PLW� �EHUODJHUWHP� *DVGUXFN� DOV
3U�IYHUIDKUHQ� ]XU� %HVWLPPXQJ� GHU� %UXFKVSDQQXQJHQ� YRQ� JURVVIRUPDWLJHQ� HEHQHQ
*ODVSODWWHQ� NOHLQHU� 'LFNH�� � �7KH� GRXEOH� ULQJ� PHWKRG� ZLWK� VXSHU�LPSRVHG� JDV
SUHVVXUH�DV�D�WHVWLQJ�SURFHGXUH�IRU�GHWHUPLQLQJ�WKH�VWUHVV�DW�EUHDN�RI�ODUJH�VL]HG�IODW
VKHHWV�RI�JODVV�RI�D�VPDOO�WKLFNQHVV��

'LSORPDUEHLW�DP�,QVWLWXW�I�U�0DVFKLQHQHOHPHQWH�XQG�0DVFKLQHQJHVWDOWXQJ��7KHVLV�DW
WKH�,QVWLWXWH�IRU�0DFKLQHU\�&RPSRQHQWV�DQG�0DFKLQH�'HVLJQ��

/HLWHU��3URIHVVRU�'U��+��3HHNHQ��5:7+�$DFKHQ������

>�@ 6FKPLWW��5��:����(QWZLFNOXQJ�HLQHV�3U�IYHUIDKUHQV�]XU�(UPLWWOXQJ�GHU�%LHJHIHVWLJNHLW
YRQ�*ODV� XQG�$VSHNWH� GHU� VWDWLVWLVFKHQ�%HKDQGOXQJ�GHU� JHZRQQHQHQ�0HVVZHUWH��
�'HYHORSPHQW�RI�D�WHVWLQJ�SURFHGXUH�IRU�WKH�GHWHUPLQDWLRQ�RI�WK�HEHQGLQJ�VWUHQJWK�RI
JODVV�DQG�VRPH�DVSHFWV�RI�WKH�VWDWLVWLFDO�HYDOXDWLRQ�RI�WHVW�UHVXOWV��

'LVV��5:7+�$DFKHQ������

>�@ %ODQN��.���6FKPLWW��5��:���7URHGHU��&KU���(LQ�PRGLIL]LHUWHV�'RSSHOULQJYHUIDKUHQ� ]XU
%HVWLPPXQJ� GHU� %LHJH]XJIHVWLJNHLW� JURVVIRUPDWLJHU� *ODVSODWWHQ�� � �$� PRGLILHG
FRD[LDO�ULQJ�EHQGLQJ�PHWKRG�IRU�WHVWLQJ�WKH�EHQGLQJ�VWUHQJWK�RI�ODUJH�JODVV�SODWHV��

*ODVWHFKQ�� %HU�� ��.� �������� YROXPH� ��� SS��������� �9RUWUDJ� DXI� GHP� ��
,QWHUQDWLRQDOHQ�*ODV�.RQJUHVV��+DPEXUJ������

>�@ %ODQN��.���'XUNRS��'���'XUFKKRO]��0���*UXWHUV��+���+HOPLFK��*��6HQJHU��:���6WUHQJWK
WHVWV�RI�IODW�JODVV�E\�PHDQV�RI�IRXU�SRLQW�EHQGLQJ���*ODVWHFKQLVFKH�%HULFKWH����������
1R�����SS�����
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>��@ 6FKPLWW��5��:���%ODQN��.���6FKRQEUXQQ��*���([SHULPHQWHOOH�6SDQQXQJVDQDO\VH�]XP
'RSSHOULQJYHUIDKUHQ��([SHULPHQWDO�VWUHVV�DQDO\VLV�IRU�WKH�GRXEOH�ULQJ�PHWKRG���
6SUHFKVDDO�������������1R�����SS���������DQG�SULQWLQJ�HUURU�FRUUHFWLRQ�LQ�6SUHFKVDDO
������������1R�����S����

>��@ .DR�� 5��� 3HUURQH�� 1��� &DSSV�� :��� /DUJH�'HIOHFWLRQ� 6ROXWLRQ� RI� WKH
&RD[LDO�5LQJ�&LUFXODU�*ODVV�3ODWH�)OH[XUH�3UREOHP�� �-��$P��&HUDP��6RF���� �������
1R������SS���������

>��@ )D\HW�� $��� 'pWHUPLQDWLRQ� GH� OD� UpVLVWDQFH� PpFDQLTXH� GHV� SODTXHV� FLUFXODLUHV� GHV
YHUUHV� PLQFHV� j� O
DLGH� G
XQ� WHVW� GH� IOH[LRQ� SDU� DQQHDX[� FRQFHQWULTXHV�� � 5HYXH
)UDQFDLVH�GH�0pFDQLTXH��������1R�����SS������
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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.


