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)RUHZRUG

7KLV�(XURSHDQ�6WDQGDUG�KDV�EHHQ�SUHSDUHG�E\�7HFKQLFDO�&RPPLWWHH�&(1�7&������7KHUPRSODVWLF�VWDWLF�WDQNV��WKH
6HFUHWDULDW�RI�ZKLFK�LV�KHOG�E\�%6,�

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\�6HSWHPEHU�������DQG�FRQIOLFWLQJ�QDWLRQDO�VWDQGDUGV�VKDOO�EH�ZLWKGUDZQ�DW�WKH
ODWHVW�E\�6HSWHPEHU������

7KH�LQIRUPDWLYH�$QQH[�$�JLYHV�VRPH�FRQVWUXFWLRQ�GHWDLOV�RI�UHFWDQJXODU�WDQNV�DV�H[DPSOHV�

(1�������������:HOGHG�VWDWLF�QRQ�SUHVVXUL]HG�WKHUPRSODVWLF�WDQNV��FRQVLVWV�RI�

3DUW��� *HQHUDO�SULQFLSOHV

3DUW��� &DOFXODWLRQ�RI�YHUWLFDO�F\OLQGULFDO�WDQNV

3DUW��� 'HVLJQ�DQG�FDOFXODWLRQ�RI�VLQJOH�VNLQ�UHFWDQJXODU�WDQNV

3DUW��� 'HVLJQ�DQG�FDOFXODWLRQ�RI�IODQJHG�MRLQWV

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

���6FRSH

7KLV� VWDQGDUG� VSHFLILHV� WKH� GHVLJQ� DQG� FDOFXODWLRQ� IRU� VLQJOH� VNLQ� UHFWDQJXODU� WDQNV�� IDEULFDWHG� IURP� WKH� IROORZLQJ
WKHUPRSODVWLFV�

3RO\HWK\OHQH��3(�

3RO\SURS\OHQH��33�

3RO\��YLQ\O�FKORULGH���39&�

3RO\��YLQ\OLGHQH�IOXRULGH���39')�

7KH�WDQNV�PD\�EH�VWUHQJWKHQHG�RQ�WKH�RXWVLGH�E\�PHDQV�RI�ULEV�RU�IUDPHV�PDGH�RI�WKH�VDPH�RU�RWKHU�PDWHULDOV��7KLV
VWDQGDUG�LV�RQO\�DSSOLFDEOH�WR�WDQNV�ZKLFK�DUH�QRW�LQWHQGHG�WR�ZLWKVWDQG�LQWHUQDO�SUHVVXUH�RU�YDFXXP��RWKHU�WKDQ�WKDW
ZKLFK�PD\�RFFXU�GXULQJ�WKH�WUDQVIHU�RI�IOXLGV��LQFOXGLQJ�JDVHV�� LQ�WKHLU�QRUPDO�RSHUDWLRQ��7KH�FDOFXODWLRQ�WDNHV�LQWR
DFFRXQW�VKRUW�WHUP�DQG�ORQJ�WHUP�DFWLYH�SUHVVXUHV�DV�ZHOO�DV�WKH�K\GURVWDWLF�ORDGLQJ��7KH�IROORZLQJ�YDOXHV�DUH�ORQJ�
WHUP�SUHVVXUHV�DQG�UHSUHVHQW�WKH�OLPLWLQJ�YDOXHV�

2YHUSUHVVXUH���������1�PP���������EDU�

/RZ�SUHVVXUH���������1�PP���������EDU�

3ODWH�WKHRU\�ZDV�XVHG�DV�WKH�EDVLV�RI� WKH�FDOFXODWLRQ� LQ� WKLV�GRFXPHQW��5HIHUHQFH�WR�PHPEUDQH�WKHRU\� LV�JLYHQ� LQ
$QQH[�%�
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���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������������� :HOGHG�VWDWLF�QRQ�SUHVVXUL]HG�WKHUPRSODVWLF�WDQNV�±�3DUW����*HQHUDO�SULQFLSOHV

(1����� &KDUDFWHULVWLF� YDOXHV� IRU� ZHOGHG� WKHUPRSODVWLF� FRQVWUXFWLRQV� ±� 'HWHUPLQDWLRQ� RI� DOORZDEOH
VWUHVVHV�DQG�PRGXOL�IRU�GHVLJQ�RI�WKHUPRSODVWLF�HTXLSPHQW

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

)RU�WKH�SXUSRVHV�RI�WKLV�SDUW�RI�WKLV�VWDQGDUG�WKH�IROORZLQJ�GHILQLWLRQV��V\PEROV�DQG�DEEUHYLDWLRQV�DSSO\�

�����'HILQLWLRQV

����� 6NLQ���%DVLF�VWUXFWXUDO�HOHPHQW�RI�WKH�WDQN�

����� 6WLIIHQHU���6HFWLRQ�DWWDFKHG�KRUL]RQWDOO\�RU�YHUWLFDOO\�WR�WKH�VNLQ�RI�WKH�WDQN�

����� :DOO���6NLQ�RI�WKH�WDQN�SOXV�VWLIIHQHUV�

����� 3DQHO���$UHD�RI�WKH�VNLQ�EHWZHHQ�VWLIIHQHUV�

����� 8�IUDPH���6WLIIHQHU�UXQQLQJ�EHQHDWK�WKH�EDVH�DQG�YHUWLFDOO\�XS�WKH�VLGH�RI�WKH�WDQN�

�����6\PEROV�DQG�DEEUHYLDWLRQV

( LV�WKH�HODVWLF�PRGXOXV�RI�WKH�VWLIIHQHU�PDWHULDO��ZLWK�SODVWLFV��WKLV�FRUUHVSRQGV�WR�(F���LQ�1HZWRQV�SHU�VTXDUH
PLOOLPHWUH

(
F�DO��' LV�WKH�DOORZDEOH�FUHHS�PRGXOXV�DW�WKH�GHVLJQ�FRQGLWLRQ�IRU�GHIRUPDWLRQ��WHPSHUDWXUH��VWUHVV��WLPH��PHGLXP��

LQ�QHZWRQV�SHU�VTXDUH�PLOOLPHWUH��VHH�(1�����

) LV�WKH�IRUFH��LQ�QHZWRQV

I LV�WKH�PD[LPXP�GHIOHFWLRQ��LQ�PLOOLPHWUHV

- LV�WKH�PRPHQW�RI�LQHUWLD�RI�VWLIIHQHU��LQ�PLOOLPHWUHV�WR�WKH�IRXUWK�SRZHU

N LV�WKH�FRUUHFWLRQ�FRHIILFLHQW�IRU�WKH�GHIOHFWLRQ�RI�WKH�ZDOO

0 LV�WKH�EHQGLQJ�PRPHQW��LQ�QHZWRQ�PLOOLPHWUHV

1 LV�WKH�ULJLGLW\�FRHIILFLHQW

S LV�WKH�H[FHVV�SUHVVXUH�RQ�WKH�WDQN�EDVH��LQ�QHZWRQV�SHU�VTXDUH�PLOOLPHWUH

S' LV�WKH�XQLIRUPO\�GLVWULEXWHG�ORDG�DFWLQJ�RQ�WKH�FRYHU��LQ�QHZWRQV�SHU�VTXDUH�PLOOLPHWUH

SP LV�WKH�PHDQ�YDOXH�RI�H[FHVV�SUHVVXUH�IRU�FDOFXODWLRQ�RI�VNLQ�WKLFNQHVV��LQ�QHZWRQV�SHU�VTXDUH�PLOOLPHWUH

S� LV�WKH�PHDQ�YDOXH�RI�H[FHVV�SUHVVXUH�IRU�FDOFXODWLRQ�RI�WKH�VWLIIHQHU��LQ�QHZWRQV�SHU�VTXDUH�PLOOLPHWUH

W LV�WKH�VNLQ�WKLFNQHVV��LQ�PLOOLPHWUHV

: LV�WKH�PRPHQW�RI�UHVLVWDQFH�RI�ULP�VWLIIHQHUV��LQ�FXELF�PLOOLPHWUHV

[ LV�WKH�OHQJWK�RI�WKH�WDQN�RU�GLVWDQFH�EHWZHHQ�WKH�YHUWLFDO�VWLIIHQHUV��LQ�PLOOLPHWUHV

[
 LV�WKH�HIIHFWLYH�OHQJWK�RI�SDQHOV�DVVLJQHG�WR�VWLIIHQHUV��LQ�PLOOLPHWUHV

\ LV�WKH�GHSWK�RI�WKH�WDQN�RU�GLVWDQFH�EHWZHHQ�WKH�KRUL]RQWDO�VWLIIHQHUV��LQ�PLOOLPHWUHV

\
 LV�WKH�HIIHFWLYH�GHSWK�RI�SDQHOV�DVVLJQHG�WR�VWLIIHQHUV��LQ�PLOOLPHWUHV

] LV�WKH�ZLGWK�RI�WKH�WDQN�RU�SDQHO��LQ�PLOOLPHWUHV

������ � LV�WKH�GHIRUPDWLRQ�FRHIILFLHQW

������ � LV�WKH�VWUHVV�FRHIILFLHQW

DO� LV�WKH�DOORZDEOH�VWUHVV��LQ�QHZWRQV�SHU�VTXDUH�PLOOLPHWUH��VHH�(1�����
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���*HQHUDO�FRQVLGHUDWLRQV�LQ�GHVLJQ�FDOFXODWLRQV

*HQHUDO�SULQFLSOHV�LQ�DFFRUGDQFH�ZLWK�(1��������������

&DOFXODWLRQ�PHWKRGV�DUH�JLYHQ�RQO\��IRU�WKH�WDQN�GHVLJQV�LOOXVWUDWHG�LQ�)LJXUHV���WR���

:HOGV�VKRXOG�EH�VLWXDWHG�LQ�UHJLRQV�RI�ORZ�EHQGLQJ�PRPHQWV��WKH�PD[LPXP�EHQGLQJ�PRPHQWV�DUH�VKRZQ�LQ��)LJXUHV
�����DQG���

127(��7KH�GHVLJQ�VKRXOG� WDNH�DFFRXQW�RI� WKH�HIIHFWV�RI� WKHUPDO�H[SDQVLRQ�EHWZHHQ� WKH� WDQN�ZDOO�DQG�DQ\
H[WHUQDO�VWLIIHQLQJ�

7KH�PD[LPXP�GHIOHFWLRQ�VKDOO�QRW�EH�ODUJHU�WKDQ�WKH�KDOI�VNLQ�WKLFNQHVV�

I�������W

)RU�FRQVWUXFWLRQ�GHWDLOV�RI�UHFWDQJXODU�WDQN�VHH�$QQH[�$�

)LJXUH����8QVWLIIHQHG�WDQN

)LJXUH����7DQN�ZLWK�D�KRUL]RQWDO�ULP�VWLIIHQHU

)LJXUH����7DQN�ZLWK�LQWHUPHGLDWH�KRUL]RQWDO�VWLIIHQHUV
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)LJXUH����7DQN�ZLWK�YHUWLFDO�VWLIIHQHUV

)LJXUH����7DQN�ZLWK�FURVV�ULEEHG�KRUL]RQWDO�DQG�YHUWLFDO�VWLIIHQHUV

���8QVWLIIHQHG�WDQNV�VLWWLQJ�RQ�D�FRQWLQXRXV�IODW�ULJLG�VXUIDFH

�����*HQHUDO

7KH� FDOFXODWLRQ� RI� WKH� PLQLPXP� VNLQ� WKLFNQHVV� GHSHQGV� RQ� WKH� UDWLR� EHWZHHQ� WKH� OHQJWK� �[�� DQG� GHSWK� �\�
�VHH�)LJXUH�����7KH�WKLFNQHVV�RI�WKH�EDVH�VKDOO�EH�RI�VLPLODU�PDJQLWXGH�WR�WKH�DFWXDO�WKLFNQHVV�RI�WKH�VNLQ�

)LJXUH���3ULQFLSDO�GLVWULEXWLRQ�RI�EHQGLQJ�PRPHQWV�LQ�DQ�XQVWLIIHQHG�WDQN
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�����$VSHFW�UDWLR�[�\������

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

s �DO

�

����
[�S� W� ���

127(����,Q�HTXDWLRQ�����IRU�WKH�VNLQ�WKLFNQHVV��W���WKH�VNLQ�KDV�EHHQ�DVVXPHG�DV�D�EHDP�IL[HG�DW�ERWK�HQGV
ZLWK�WKH�ORDG�GLVWULEXWHG�XQLIRUPO\�EHWZHHQ�WKHVH�WZR�SRLQWV��7KLV�OHDGV�WR�D�IDFWRU�RI���LQ�WKH�GHQRPLQDWRU��7R
SURYLGH�EHWWHU�DJUHHPHQW�ZLWK�PHDVXUHG�YDOXHV��WKH�IDFWRU�ZDV�LQFUHDVHG�WR�����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

W�(N����
[�S� �I

�
��F�DO

�

'

���

7KH�FRUUHFWLRQ�FRHIILFLHQW�N�LV�HLWKHU���ZKHQ�[���\�RU���ZKHQ�[�\� �����

127(����,Q�HTXDWLRQ�����IRU�WKH�GHIOHFWLRQ��WKHUH�LV�D�IDFWRU�RI����LQ�WKH�GHQRPLQDWRU�ZKHQ�D�EHDP�LV�IL[HG�DW
ERWK� HQGV� ZLWK� WKH� ORDG� GLVWULEXWHG� XQLIRUPO\� EHWZHHQ� WKHVH� WZR� SRLQWV�� +RZHYHU�� LW� LV� SRVVLEOH� WR� XVH
HTXDWLRQV�EDVHG�RQ�SODWH�WKHRU\�ZKLFK�H[DFWO\�FRUUHVSRQG�WR�WKH�SDUWLFXODU�ORDG�FDVH�DQG�OHDG�WR�D�IDFWRU�RI���
LI�[�\� ������7KHUHIRUH��DQ�DGGLWLRQDO�FRUUHFWLRQ�FRHIILFLHQW�N�ZDV� LQWURGXFHG��ZKLFK��GHSHQGLQJ�RQ�[�\��JLYHV
VXIILFLHQWO\�DFFXUDWH�UHVXOWV�

�����$VSHFW�UDWLR�������[�\����

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

s
b

.al

2

1

y p
  = t ���

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

W�(

\�S�
� �I

�
��F�DO

�
�

'

a
���

7KH�YDOXHV�IRU� ��DQG� ��VKDOO�EH�WDNHQ�IURP�7DEOH���
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�����$VSHFW�UDWLR�[�\�!��

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

s �DO

�\�S
� W� ���

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

W�(����
\�S

� �I
�

��F�DO

�

'

���

127(��7KH�WDQN�ZDOO�KHUH�LV�FRQVLGHUHG�DV�D�FDQWLOHYHU�ZLWK�D�WULDQJXODU�ORDG�

���7DQNV�ZLWK�ULP�VWLIIHQLQJ�VXSSRUWHG�RQ�D�FRQWLQXRXV�IODW�ULJLG�VXUIDFH

�����&DOFXODWLRQ�RI�WKH�VNLQ�WKLFNQHVV

�������*HQHUDO

7KH�FDOFXODWLRQ�RI�WKH�PLQLPXP�VNLQ�WKLFNQHVV�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�ULP�VWLIIHQLQJ�FRQVWLWXWHV�D�ILUP
VXSSRUW��7KH�WKLFNQHVV�RI�WKH�EDVH�VKDOO�EH�RI�VLPLODU�PDJQLWXGH�WR�WKH�DFWXDO�WKLFNQHVV�RI�WKH�VNLQ��VHH�)LJXUH����

�
S
 �DYHUDJH�DUHD�ORDG

)LJXUH����3ULQFLSDO�GLVWULEXWLRQ�RI�EHQGLQJ�PRPHQWV�LQ�D�WDQN�ZLWK�ULP�VWLIIHQLQJ
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�������$VSHFW�UDWLR�[�\������

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

s �DO

�

��
[�S� W� ���

127(����,Q�HTXDWLRQ�����IRU�WKH�VNLQ�WKLFNQHVV��W���WKH�VNLQ�KDV�EHHQ�DVVXPHG�DV�D�EHDP��IL[HG�DW�ERWK�HQGV
ZLWK�WKH�ORDG�GLVWULEXWHG�XQLIRUPO\�EHWZHHQ�WKHVH�WZR�SRLQWV��7KLV�OHDGV�WR�D�IDFWRU�RI���LQ�WKH�GHQRPLQDWRU��7R
SURYLGH�EHWWHU�DJUHHPHQW�ZLWK�PHDVXUHG�YDOXHV��WKH�IDFWRU�ZDV�LQFUHDVHG�WR���

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

W�(N����
[�S� �I

�
��F�DO

�

'

���

7KH�FRUUHFWLRQ�FRHIILFLHQW�N�LV�HLWKHU���ZKHQ�[���\�RU���ZKHQ�[�\� �����

127(����,Q�HTXDWLRQ�����IRU�WKH�GHIOHFWLRQ��WKHUH�LV�D�IDFWRU�RI����LQ�WKH�GHQRPLQDWRU�ZKHQ�D�EHDP�LV�IL[HG�DW
ERWK� HQGV� ZLWK� WKH� ORDG� GLVWULEXWHG� XQLIRUPO\� EHWZHHQ� WKHVH� WZR� SRLQWV�� +RZHYHU�� LW� LV� SRVVLEOH� WR� XVH
HTXDWLRQV�EDVHG�RQ�SODWH�WKHRU\�ZKLFK�H[DFWO\�FRUUHVSRQG�WR�WKH�SDUWLFXODU�ORDG�FDVH�DQG�OHDG�WR�D�IDFWRU�RI���
LI�[�\� ������7KHUHIRUH��DQ�DGGLWLRQDO�FRUUHFWLRQ�FRHIILFLHQW�N�ZDV� LQWURGXFHG��ZKLFK��GHSHQGLQJ�RQ�[�\��JLYHV
VXIILFLHQWO\�DFFXUDWH�UHVXOWV�

�������$VSHFW�UDWLR�������[�\����

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�����

s

b

.al

2
2 y p 

 = t ���

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(

\�S�
� �I

�
��F�DO

�
�

'

a
����

7KH�YDOXHV�IRU� ��DQG� ��VKDOO�EH�WDNHQ�IURP�7DEOH���
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�������$VSHFW�UDWLR�[�\�!��

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s �DO

�

����
\�S

� W� ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(���
\�S

� �I
�

��F�DO

�

'

����

127(��7KH�WDQN�ZDOO�KHUH�LV�FRQVLGHUHG�RQ�WKH�RQH�KDQG�DV�D�IL[HG�EHDP�DQG�RQ�WKH�RWKHU�KDQG�DV�D�IUHHO\
VXSSRUWHG�EHDP�ZLWK�WULDQJXODU�ORDG�

�����&DOFXODWLRQ�RI�ULP�VWLIIHQHUV

7KH�GHIOHFWLRQ�RI�WKH�ULP�VWLIIHQHUV�VKDOO�EH�FDOFXODWHG�DV�D�PHDQ�EHWZHHQ�D�IUHHO\�VXSSRUWHG��I� ��������DQG�D�IL[HG
EHDP��I� ��������ZLWK�D�XQLIRUPDOO\�GLVWULEXWHG�ORDG��7KH�ULP�VWLIIHQLQJ�WDNHV�XS����WK�RI�WKH�ZDOO�ORDG�DV�XQLIRUPDOO\
GLVWULEXWHG�ORDG��7R�DOORZ�WKH�ULP�VWLIIHQLQJ�WR�EH�DVVXPHG�DV�D�IL[HG�VXSSRUW��LWV�GHIOHFWLRQ�VKDOO�QRW�EH�JUHDWHU�WKDQ
����RI�WKH�OHQJWK�RU�GHSWK��7KH�VPDOOHU�GLVWDQFH�KDV�WKH�JUHDWHVW�HIIHFW��7KH�GHIOHFWLRQ�RI�WKH�ULP�VWLIIHQHU�VKDOO�EH
FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

-�(�����
[\��S� �I
�

����

127(��7KH�UDWLR�S�������FRPHV�IURP��

�
���
�

���
���
�

�������

S����

��

7KH�PD[LPXP�EHQGLQJ�PRPHQW��0��LQ�WKH�ULP�VWLIIHQHU�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

���
[\��S� �0
�

����

7KH�PRPHQW�RI�UHVLVWDQFH��:��RI�WKH�ULP�VWLIIHQHU�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s �DO

�

����
[\��S� :� ����
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:KHQ�WKH�GHIOHFWLRQ��I��LV�XVHG�LQ�WKH�GHVLJQ�FDOFXODWLRQV�WKH�PRPHQW�RI�LQHUWLD��-��RI�WKH�VWLIIHQHU�VKDOO�EH�FDOFXODWHG
DFFRUGLQJ�WR�HTXDWLRQ������

I�(�����
[\��S� �-
�

����

127(��7KH�EHQGLQJ�PRPHQW�RI� D�EHDP�ZLWK�D� OLQHDU� ORDG��ZKLFK� LV� FRQVLGHUHG�DV�D�PHDQ�EHWZHHQ� IUHHO\
VXSSRUWHG�DQG�IL[HG�EHDP�LV�

��
�[)

� �0

7KH� WDQN� ZDOO� LV� FRQVLGHUHG� WR� EH� IL[HG� DW� WKH� ERWWRP� DQG� WR� EH� IUHHO\� VXSSRUWHG� DW� WKH� ULP� VWLIIHQHU�
&RQVHTXHQWO\�WKH�ORDG�DW�WKH�ULP�LV����WK�RI�WKH�ORDG�RQ�WKH�WDQN�ZDOO�

+HQFH�

�
\�[�S

�
�
�
� �)

ZKHQ�S�LV�WKH�SUHVVXUH�DW�WKH�EDVH�RI�WKH�WDQN�

7KLV�OHDGV�WR�WKH�HTXDWLRQ�

���
[\��S� �0
�

7KH�VDPH�SURFHGXUH�LV�DGRSWHG�IRU�WKH�GHIOHFWLRQ�>VHH�HTXDWLRQ�����@�

���7DQNV� ZLWK� LQWHUPHGLDWH� KRUL]RQWDO� VWLIIHQHUV� VXSSRUWHG� RQ� D� FRQWLQXRXV� IODW� ULJLG
VXUIDFH

�����*HQHUDO

7KLV�GHVLJQ� LV�SULQFLSDOO\� IRU� ODUJH� WDQNV��7KH�VNLQ� WKLFNQHVVHV�VKDOO�EH�FDOFXODWHG� LQGLYLGXDOO\� IRU�HDFK�SDQHO��7KH
GHSWKV�RI�WKH�SDQHOV�FDQ�EH�GHWHUPLQHG�VR�WKDW��DV�IDU�DV�SRVVLEOH��HTXDO�VNLQ�WKLFNQHVVHV�UHVXOW��2Q�WKH�RWKHU�KDQG�
WKH�SDQHO�GHSWKV�PD\�EH�IL[HG�VR�WKDW�HDFK�VWLIIHQHU�LV�VXEMHFWHG�WR�DQ�HTXDO�ORDG��7KH�ZHLJKW�RI�WKH�VWLIIHQHUV�VKDOO
QRW� FRQWULEXWH� VLJQLILFDQW� DGGLWLRQDO� ORDGLQJ� WR� WKH� WDQN� ZDOO�� ,I� QHFHVVDU\�� WKH� VWLIIHQHUV� VKDOO� EH� VXSSRUWHG
LQGHSHQGHQWO\�RI�WKH�WDQN�ZDOO�

7KH�WKLFNQHVV�RI�WKH�EDVH�VKDOO�EH�RI�VLPLODU�PDJQLWXGH�WR�WKH�DFWXDO�WKLFNQHVV�RI�WKH�VNLQ�

�����&DOFXODWLRQ�RI�WKH�PLQLPXP�VNLQ�WKLFNQHVV

�������*HQHUDO

7KH�PHWKRG�RI�FDOFXODWLRQ�IRU�WKH�LQGLYLGXDO�SDQHOV�GHSHQGV�XSRQ�WKHLU�SRVLWLRQ�DQG�WKHLU�DVSHFW�UDWLRV��7KH�IUHH�SDQHO
GHSWK�\Q��Q� ��������������VKDOO�EH�VXEVWLWXWHG�IRU�\�LQ�WKH�HTXDWLRQ�

�������&DOFXODWLRQ�IRU�WKH�WRS�SDQHO

7KH�HTXDWLRQV�GHWDLOHG�LQ�����VKDOO�EH�XVHG��,Q�WKLV�FDVH��WKH�SUHVVXUH�DW�WKH�VWLIIHQHU�LPPHGLDWHO\�DGMDFHQW�WR�WKH�ULP
VWLIIHQHU� VKDOO� EH� VXEVWLWXWHG� LQ� WKH� HTXDWLRQV� IRU� WKH� VXUIDFH� SUHVVXUH� �S��� 7KH� GHSWK� RI� WKH� WRS� SDQHO� VKDOO� EH
VXEVWLWXWHG�IRU�WKH�RYHUDOO�WDQN�GHSWK��\��
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��7RS�SDQHO

��%RWWRP�SDQHO

��,QWHUPHGLDWH�SDQHOV

)LJXUH����3ULQFLSDO��GLVWULEXWLRQ�RI�EHQGLQJ�PRPHQWV�LQ�D�WDQN�ZLWK�LQWHUPHGLDWH�KRUL]RQWDO�VWLIIHQHUV

�������&DOFXODWLRQ�IRU�WKH�LQWHUPHGLDWH�DQG�ERWWRP�SDQHOV

���������*HQHUDO

)RU�WKH�FDOFXODWLRQ��D�PHDQ�YDOXH�RI�H[FHVV�SUHVVXUH�SP�VKDOO�EH�DVVXPHG��VHH�)LJXUH����

���������$VSHFW�UDWLR�[�\������

7KH�HTXDWLRQV�GHWDLOHG�LQ�������VKDOO�EH�XVHG�

���������$VSHFW�UDWLR�������[�\����

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s

b

�DO

�
P� \�S�

� W� ����
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7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(

\�S�
� �I

�
��F�DO

�
P�

'

a
����

7KH�YDOXHV�IRU� ��DQG� ��VKDOO�EH�WDNHQ�IURP�7DEOH���

���������$VSHFW�UDWLR�[�\�!��

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s .al

2
m

 2

y p
 = t ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(���
\�S

� �I
�

��F�DO

�
P

'

����

127(��7KLV�LV�WKH�HTXDWLRQ�IRU�WKH�XQLIRUPO\�ORDGHG�SODWH�IL[HG�RQ�DOO�VLGHV�

�����&DOFXODWLRQ�RI�WKH�KRUL]RQWDO�VWLIIHQHUV

7KH�VWLIIHQHUV�VKDOO�EH�DVVXPHG�WR�EH�D�PHDQ�EHWZHHQ�IUHHO\�VXSSRUWHG�DQG�FRQVWUDLQHG�EHDPV��7KLV�VWDWHPHQW�LV
FRUUHFW�RQO\�IRU�ULJLG�FRUQHU�MRLQWV�RI�WKH�VWLIIHQHUV��7KH�FRUUHVSRQGLQJ�SDQHO�ORDG�LV�REWDLQHG�IURP�DQ�H[FHVV�SUHVVXUH
SQ��Q� ��������������DYHUDJHG�RYHU�KDOI�WKH�WRS�DQG�ERWWRP�SDQHO�GHSWK��VHH�)LJXUH�����7KH�GLPHQVLRQV�RI�WKH�ERWWRP
VWLIIHQHU�VKDOO�EH�VXFK� WKDW� LWV�GHIOHFWLRQ�GRHV�QRW�H[FHHG�����RI� WKH�ERWWRP�SDQHO�GHSWK��7KLV� UHVWULFWV� WKH�VWUHVV
DSSOLHG�WR�WKH�ZHOG�RQ�WKH�WDQN�EDVH��7KH�SURSHUWLHV�RI�WKH�VWLIIHQHUV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�ULP�VWLIIHQHU��VKDOO�EH
FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQV������������DQG������

-�(����
[�\�S� �I
�

Q
�

����

��
[�\�S� �0
�

Q
�

����

s DO

�
Q

���
[�\�S� :�
�

����

7KHVH�H[SUHVVLRQV�SURYLGH�WKH�EDVLV�RQ�ZKLFK�WKH�VHFWLRQ�VL]H�DQG�SURILOH�RI�WKH�VWLIIHQHU�FDQ�EH�GHWHUPLQHG��3UHFLVH
GHWDLOV�RI�GLPHQVLRQV�DQG�SURILOH�VKDSH�VKDOO�EH�DJUHHG�EHWZHHQ�WKH�WDQN�PDQXIDFWXUHU�DQG�WKH�VXSSOLHU�RI�WKH�SURILOH
VHFWLRQV�

7KH� ULP� VWLIIHQLQJ� VKDOO� EH� FDOFXODWHG� LQ� DFFRUGDQFH� ZLWK� ����� )RU� WKLV� SXUSRVH�� WKH� SUHVVXUH� DW� WKH� LQWHUPHGLDWH
VWLIIHQHU�DGMDFHQW� WR�WKH�ULP�VWLIIHQHU� LV�XVHG� LQ� WKH�HTXDWLRQV� IRU�VXUIDFH�SUHVVXUH�S��)RU�\�� WKH� WRS�SDQHO�GHSWK� LV
HPSOR\HG�
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���7DQNV�ZLWK�FURVV�ULEEHG�KRUL]RQWDO�DQG�YHUWLFDO�VWLIIHQHUV�VXSSRUWHG�RQ�D�FRQWLQXRXV
ULJLG�VXUIDFH

�����&DOFXODWLRQ� RI� WKH� PLQLPXP� VNLQ� WKLFNQHVV�� EDVH� WKLFNQHVV� DQG� SURSHUWLHV� RI� KRUL]RQWDO
VWLIIHQHUV

7KH�PLQLPXP� VNLQ� WKLFNQHVV�� EDVH� WKLFNQHVV� DQG� SURSHUWLHV� RI� KRUL]RQWDO� VWLIIHQHUV� VKDOO� EH� FDOFXODWHG� XVLQJ� WKH
UHOHYDQW�HTXDWLRQV�JLYHQ�LQ�FODXVH���

�����&DOFXODWLRQ�RI�WKH�SURSHUWLHV�RI�YHUWLFDO�VWLIIHQHUV

7KH�PHWKRG�RI�FDOFXODWLRQ�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�GHIOHFWLRQ�RI� WKH�ULP�VWLIIHQHU� LV� WDNHQ�DV�WKH�PHDQ
EHWZHHQ�WKH�GHIOHFWLRQ�RI�D�IUHHO\�VXSSRUWHG�EHDP�DQG�D�IL[HG�EHDP�ZLWK�D�OLQHDU�LQFUHDVLQJ�ORDG��,Q�RUGHU�WKDW�LW�FDQ
EH�DVVXPHG�WR�EH�D�IL[HG�VXSSRUW�� WKH�GHIOHFWLRQ�RI� WKH�ULP�VWLIIHQHU�VKDOO�QRW�EH�JUHDWHU� WKDQ�����RI� WKH�GHSWK�RU
OHQJWK�RI�WKH�WRS�SDQHO�ZKLFK�HYHU�LV�WKH�VKRUWHU�

$V�WKH�PDUJLQDO�UHLQIRUFHPHQW�VKDOO�VHUYH�DV�D�VXSSRUW�IRU�WKH�YHUWLFDO�FDUULHU��LW�VKDOO�EH�GLPHQVLRQHG�ZLWK�WKH�WRWDO
OHQJWK�[��GLVWDQFH�EHWZHHQ�WKH�YHUWLFDO�VWLIIHQHUV��

7KH�SURSHUWLHV�RI�WKH�VWLIIHQHUV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQV������������DQG������

-�(����
\�[�S

� �I
��

����

����
\�[�S

� �0
��

����

s �DO

�

�����
\�[�S

� :�
�

����

)LJXUH����7DQN�ZLWK�FURVV�ULEEHG�KRUL]RQWDO�DQG�YHUWLFDO�VWLIIHQHUV
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���5HFWDQJXODU�WDQNV�ZLWK�8�IUDPH

�����*HQHUDO

7KLV� IRUP�RI� FRQVWUXFWLRQ� LV�XVHG� LQ�FDVHV�ZKHUH�D�KRUL]RQWDO� VWLIIHQHU� LV� LPSUDFWLFDEOH��H�J�� YHU\� ORQJ� WDQNV�DV� LQ
)LJXUH����

���6NLQ��D�VKHHW�RI�WKHUPRSODVWLF

127(��'LVWULEXWLRQ�RI�EHQGLQJ�PRPHQWV�LV�DV�VKRZQ�LQ�)LJXUH���

)LJXUH�����7DQN�ZLWK�8�IUDPH�VWLIIHQLQJ

�����&DOFXODWLRQ�RI�WKH�VNLQ�WKLFNQHVV�RI�WKH�VLGH�ZDOOV

7KH�HTXDWLRQV�GHWDLOHG�LQ�����VKDOO�EH�XVHG�

�����'HWHUPLQDWLRQ�RI�WKH�WDQN�EDVH

�������$VSHFW�UDWLR�[�]������

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s �DO

�

��
[�S� W� ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(N����
[�S� �I

�
��F�DO

�

'

����

7KH�FRUUHFWLRQ�FRHIILFLHQW�N�LV�HLWKHU���ZKHQ�[���]�RU���ZKHQ�[�]� �����
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�������$VSHFW�UDWLR�������[�]����

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s

b

�DO

�
� ]�S�� W� ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(
]�S�� �I

�
��F�DO

�
�

'

a
����

�������$VSHFW�UDWLR�[�]�!��

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s �DO

�

��
]�S� W� ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(���
]�S� �I

�
��F�DO

�

'

����

�����&DOFXODWLRQ�RI�WKH�8�IUDPH�VWLIIHQLQJ

7KH�VL]H�RI� WKH�8�IUDPH�VWLIIHQLQJ�VKDOO�EH�FDOFXODWHG��DVVXPLQJ� WKH\�DUH�FRQWLQXRXV�EHDPV�RQ� WZR�VXSSRUWV�ZLWK
FDQWLOHYHUV� RQ� HLWKHU� VLGH�� 7KHVH� FDQWLOHYHUV� DUH� VXEMHFWHG� WR� WULDQJXODU� ORDG� DQG� WKH� EHDP� LV� ORDGHG� DW� D� VWUHVV
HTXLYDOHQW�WR�WKH�SUHVVXUH�DW�WKH�EDVH�RI�WKH�WDQN�

����'HWHUPLQDWLRQ�RI�WKH�WDQN�FRYHU

������*HQHUDO

3ODWH�WKHRU\�LV�XVHG�LQ�WKHVH�FDOFXODWLRQV��7KH�SUHIHUUHG�GHVLJQ�RI�WKH�FRYHU�LV�ZLWKRXW�VWLIIHQLQJ��,I�WKH�WHPSHUDWXUH
H[FHHGV���� �&�DQ\�VWLIIHQHU�VKDOO� EH� ILWWHG�RQ� WKH� WRS�RI� WKH�FRYHU�� ,I� WKH�FRYHU� LV� VWLOO� SURQH� WR�ZDUSLQJ��GLDJRQDO
VWLIIHQHUV�VKDOO�EH�ILWWHG��7KH�OHWWHU��[��DOZD\V�GHVLJQDWHV�WKH�ORQJHU�VLGH�

������)UHHO\�VXSSRUWHG�WDQN�FRYHU

7KH� PLQLPXP� VNLQ� WKLFNQHVV� RI� D� IUHHO\� VXSSRUWHG� WDQN� FRYHU� �VHH� )LJXUH� ���� VKDOO� EH� FDOFXODWHG� DFFRUGLQJ� WR
HTXDWLRQ������

s

b

�DO

�
'� [�S�

� W� ����
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7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�FRYHU�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

t E

x p 
 = f

3
).c(al

4
D5

D

a
����

7KH�YDOXHV�IRU� ��DQG� ��VKDOO�EH�WDNHQ�IURP�7DEOH���

)LJXUH�����5HIHUHQFH�GLPHQVLRQV�IRU�WDQN�FRYHU

������)L[HG�WDQN�FRYHU

��������*HQHUDO

)LJXUHV����DQG����GHWDLO�UHIHUHQFH�GLPHQVLRQV�IRU�WKH�HIIHFW�RI�LQWHUQDO�DQG�H[WHUQDO�SUHVVXUH�RQ�WKH�WDQN�FRYHU�

��������$VSHFW�UDWLR�����[�]����

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s

b

�DO

�
'� [�S�

� W� ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(
[�S�

� �I
�

��F�DO

�
'�

'

a
����
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��������$VSHFW�UDWLR�[�]�!��

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

s �DO

�
'

��
[�S

� W� ����

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ������

W�(���
[�S

� �I
�

��F�DO

�
'

'

����

��S'�����'LUHFWLRQ�RI�IRUFH�GXH�WR�SUHVVXUH

)LJXUH�����5HIHUHQFH�GLPHQVLRQV�IRU�LQWHUQDO�SUHVVXUH�RQ�WKH�WDQN�FRYHU

��S'�����'LUHFWLRQ�RI�IRUFH�GXH�WR�SUHVVXUH

)LJXUH�����5HIHUHQFH�GLPHQVLRQV�IRU�H[WHUQDO�SUHVVXUH�RQ�WKH�WDQN�FRYHU
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������6WLIIHQHG�WDQN�FRYHU

��������&DOFXODWLRQ�RI�VNLQ�WKLFNQHVV�DQG�GHIOHFWLRQ

7KH�HTXDWLRQV�GHWDLOHG�LQ��������RU���������VKDOO�EH�XVHG�

��������'HWHUPLQDWLRQ�RI�WKH�GLPHQVLRQV�RI�VWLIIHQHUV�XVHG�ZLWK�D�WDQN�FRYHU

7KH� PRPHQW� RI� UHVLVWDQFH� �:�� RI� D� VWLIIHQHG� WDQN� FRYHU� �VHH� )LJXUH� ���� VKDOO� EH� FDOFXODWHG� DFFRUGLQJ� WR
HTXDWLRQ������

s �DO

'
�

��
S�]�[� :� ����

:KHQ�WKH�GHIOHFWLRQ��I��LV�XVHG�LQ�WKH�GHVLJQ�FDOFXODWLRQV�WKH�PRPHQW�RI�LQHUWLD��-��RI�WKH�VWLIIHQHUV�VKDOO�EH�FDOFXODWHG
DFFRUGLQJ�WR�HTXDWLRQ������

I�(����
[�]�S��

� �-
�

' ����

)LJXUH�����5HIHUHQFH�GLPHQVLRQV�RI�VWLIIHQHG�WDQN�FRYHU
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7DEOH����'HIRUPDWLRQ�FRHIILFLHQWV� �DQG�VNLQ�WKLFNQHVV�FRHIILFLHQWV�

[�\�DQG

[�]
� � � � � � � �

���

���

���
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/LQHDU�LQWHUSRODWLRQ�VKDOO�EH�XVHG�WR�HVWDEOLVK�LQWHUPHGLDWH�YDOXHV�
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$QQH[�$��LQIRUPDWLYH�

&RQVWUXFWLRQ�GHWDLOV�IRU�UHFWDQJXODU�WDQNV

A.1  General design principles

*HQHUDO�UXOHV�IRU�GHVLJQ�DQG�GLPHQVLRQV�RI�ZHOGHG�MRLQWV�VKRXOG�EH�LQ�DFFRUGDQFH�ZLWK�$QQH[�%�RI�(1��������������

6LJQLILFDQW�GLIIHUHQFHV�LQ�H[SDQVLRQ�EHWZHHQ�WKH�VWLIIHQHUV�DQG�WKH�WDQN�ZDOO��FDXVHG�E\�WHPSHUDWXUH�FKDQJHV��VKRXOG
EH�DOORZHG�IRU�LQ�WKH�FRQVWUXFWLRQ�

$Q\�VWUHVVHV�RQ�QR]]OHV�FDXVHG�E\�ILWWLQJV�DQG�SLSHZRUN��IRU�H[DPSOH�WKURXJK�WKHUPDO�H[SDQVLRQ�DQG�ZHLJKWV��VKDOO
EH�DYRLGHG�E\�XVLQJ�FRPSHQVDWRUV�RU�DSSURSULDWH�DUUDQJHPHQW�DQG�LQVWDOODWLRQ�RI�WKH�SLSHZRUN�

A.2  Symbols and abbreviations

)RU�WKH�SXUSRVHV�RI�WKLV�DQQH[�RI�WKLV�SDUW�RI��WKLV�VWDQGDUG�WKH�IROORZLQJ�V\PEROV�DQG�GHILQLWLRQV�DSSO\�

D LV�WKH�GHSWK�RI�ZHOG�VHDP��LQ�PLOOLPHWUHV

G LV�WKH�GHSWK�RI�D�8�SURILOH��LQ�PLOOLPHWUHV

I� LV�WKH�GHSWK�RI�WKH�ZHOG�XQGHUFXW��LQ�PLOOLPHWUHV

I� LV�WKH�KHLJKW�RI�WKH�H[WHUQDO�ZHOG�EXLOG��LQ�PLOOLPHWUHV

K LV�WKH�ZLGWK�RI�VWLIIHQHU��LQ�PLOOLPHWUHV

O LV�WKH�GLVWDQFH�EHWZHHQ�WKH�HQG�RI�WKH�FXUYHG�VHFWLRQ�DQG�DQ\�ZHOG��LQ�PLOOLPHWUHV

5 LV�WKH�UDGLXV�RI�D�FRQVWUXFWLRQ�HOHPHQW��LQ�PLOOLPHWUHV

WQ LV�WKH�WKLFNQHVV�RI�D�FRQVWUXFWLRQ�HOHPHQW��LQ�PLOOLPHWUHV

X LV�WKH�SURWUXVLRQ�RI�WKH�EDVH�EH\RQG�WKH�WDQN�VNLQ��LQ�PLOOLPHWUHV

LV�WKH�LQFOXGHG�DQJOH��LQ�GHJUHH��IRU�WKH�)LJXUHV�$����$���DQG�$���EHWZHHQ�����DQG�����

A.3  Design examples

A.3.1  Horizontal rim stiffeners

W��!�W W��!�W

D� �������W D� �������W

K�W����� K�W�����

��� 3UHSDUHG�LI�QHFHVVDU\�

)LJXUH�$����:HE�ZLWK�ILOOHG�ZHOGV )LJXUH�$����:HE�ZLWK�ILOOHW�DQG�VLQJOH�9�ZHOG
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W����W

5�������W���EXW�QRW�VPDOOHU�WKDQ����PP��RU�VZLYHO�EHQGLQJ�ZHOG

)LJXUH�$����7ULDQJOH�VHFWLRQ

���VWHHO

)RU�WKH�VXSSRUWLQJ�IUDPH��D�YDULHW\�RI�VHFWLRQ�SURILOHV�PD\
EH�XVHG��,Q�WKH�FDVH�RI�KHDY\�SURILOHV�OHDGLQJ�WR�LQFUHDVHG
YHUWLFDO� ORDGV�� WKH�UHVXOWDQW� IRUFHV�VKRXOG�EH� WDNHQ�XS�E\
YHUWLFDO� VXSSRUWV�� ,QVWHDG� RI� ZHOGLQJ� E\� EHQGLQJ� XVLQJ� D
KHDWHG�WRRO��VLPSOH�EHQGLQJ�PD\�DOVR�EH�FRQVLGHUHG��H�J�
IRU�39&�

)LJXUH�$����7ULDQJXODU�VHFWLRQ )LJXUH�$����5HFWDQJXODU�VHFWLRQ�ZLWK�VWHHO�LQVHUW

ZLWK�VWHHO�IUDPH�LQVHUW
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A.3.2  Horizontal intermediate stiffeners

W����W K�W������

D� �������W I�� �������W�
K�W����� I�� �������W�

D� �������W�
G���K

)LJXUH�$����)ODW�VHFWLRQ )LJXUH�$����8�VHFWLRQ�SURILOH

���6HFWLRQDO�VWHHO�IUDPH� W����W

���+DOYHG�SLSH� 5�������W���EXW�QRW�VPDOOHU�WKDQ����PP�

���6XSSRUW� RU�VZLYHO�EHQGLQJ�ZHOG

W����W 
D� �������W�

/HQJWK�RI�VXSSRUW�DSSUR[������PP

'LVWDQFH�DSSUR[��������PP

)LJXUH�$����(QFORVHG�VTXDUH�VWHHO�SLSH� )LJXUH�$����(QFORVHG�7�VHFWLRQ�VWHHO�IUDPH
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A.3.3  Joint between outer wall and tank base

I����X���I�������PP�GHSHQGLQJ

RQ�ZHOGLQJ�SURFHVV

D� �������W O������PP��5������PP

)LJXUH�$�����7�MRLQW�ZLWK�GRXEOH�ILOOHW�ZHOG )LJXUH�$�����5RXQGHG�WUDQVLWLRQ�EHWZHHQ�RXWHU�ZDOO
DQG�WDQN�EDVH

A.3.4  Vertical tank corners

D���KRW�IRUPHG

D�� F� E���KRW�EHQW�ZHOG

F��7�MRLQW�ZLWK�GRXEOH�ILOOHW�ZHOG

G���MRLQW�ZLWK�ILOOHW�DQG�VLQJOH�9�ZHOG

,Q� JHQHUDO� W\SHV� D�� DQG� E�� VKRXOG� EH� XVHG�� :KHUH� WKH
ZDOOV� DUH� VXIILFLHQWO\� VWLII�� W\SHV� F�� DQG� G�� DUH� DOVR
SHUPLVVLEOH�

E� G�

)LJXUH�$�����'LIIHUHQW�W\SHV�RI�FRUQHUV
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A.3.5  Partition walls

D� E�

W����W�
D� �������W�
I�� �������W�

D��3DUWLWLRQ�ZDOO�ZLWK�FRPSHQVDWLRQ�WR�UHGXFH�WKH�VWUHVV�RQ�WKH�ZHOGV��,I�WKH�SDUWLWLRQ�ZDOO�LV�ZHOGHG�WR�WKH�EDVH�
FRPSHQVDWLRQ�RQ�ERWK�VLGHV�LV�QHFHVVDU\�

E��7KH�SDUWLWLRQ�ZDOO�DOVR�DFWV�DV�D�WLH�EDU��7KH�ZHOG�FRQQHFWLRQ�LV�WR�EH�GLPHQVLRQHG�DFFRUGLQJO\�

Figure A.13: Partition wall stressed XQLIRUPO\�RQ�ERWK�VLGHV
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D� E�

W����W�
D� �������W�
I�� �������W�

:HOGLQJ�GHWDLOV�DV�IRU�)LJXUH�$����

D��7KH�VWHHO�VWUHQJWKHQLQJ�RI�WKH�SDUWLWLRQ�ZDOO�DOVR�DFWV�DV�D�WLH�EDU��7KH�FDOFXODWLRQ�OHQJWK�RI�WKH�KRUL]RQWDO
LQWHUPHGLDWH�VWLIIHQHU�LV�WKHUHE\�UHGXFHG�

E��7KH�SDUWLWLRQ�ZDOO�DOVR�DFWV�DV�D�WLH�EDU��7KH�ZHOG�FRQQHFWLRQ�LV�WR�EH�GLPHQVLRQHG�DFFRUGLQJO\�

)LJXUH�$�����3DUWLWLRQ�ZDOO�VWUHVVHG�RQ�RQH�VLGH�RQO\
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A.3.6  Construction arrangements to take up differences in expansion between stiffeners and the tank wall

6WUHQJWKHQLQJ�ERUGHUV�RQ�WKH�WDQN��'LIIHUHQFHV�LQ�H[SDQVLRQ�DUH�WDNHQ�XS�LQ�FRUQHU�UHJLRQV�

5������PP

���6WHHO�IUDPH

)LJXUH�$�����5RXQGHG�FRUQHUV�WR�DOORZ�H[SDQVLRQ

7KH�WDQN�FDQ�VOLGH�LQ�WKH�ORQJLWXGLQDO�GLUHFWLRQ�ZLWKLQ�WKH�VWHHO�VWUXFWXUH�

W� �W�
���&RQWLQXRXV�VXSSRUW�H�J�RI�WLPEHU

���/RQJLWXGLQDO�EHDP

���<RNH

���(QG�EHDP

)LJXUH�$�����/RQJLWXGLQDO�DQG�HQG�EHDP�LQGHSHQGHQW�RI�HDFK�RWKHU
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A.3.7  Tank nozzles

1R]]OHV�RI�VPDOO�QRPLQDO�ERUH��'1�������UHTXLUH�VWLIIHQLQJ�LQ�WKH�IRUP�RI�ULEV��FRQHV�RU�WKH�OLNH��DV�VKRZQ�LQ�)LJXUHV
$����DQG�$����

)LJXUH�$�����1R]]OHV�ZLWK�ULE�VWLIIHQHUV )LJXUH�$�����1R]]OHV�ZLWK�FRQLFDO�VWLIIHQHUV

,Q�WKLV�IODQJH�FRQILJXUDWLRQ�EROWV�QHHG��WR�EH�VHFXUHG� 7KH� GLVWDQFH� �[�� VKRXOG� SURYLGH� VXIILFLHQW� WR
SUHYHQW�WZLVWLQJ��IRU�H[DPSOH�E\�� FOHDUDQFH�IRU�ZHOGLQJ�

�� +RW�SUHVVLQJ�EROW�KHDG�LQWR�UHYHUVH�RI�SODWH��GULOO

KROHV�HTXDO�WR�GLVWDQFH�DFURVV�EROW�KHDGV�IODWV���RU

�� $�ZLUH�ULQJ�SDVVHG�WKURXJK�EROW�KHDGV��RU

�� $�FRPSOHWH�VWHHO�ULQJ�ZLWK�WKUHDGHG�VWXGV�ZHOGHG

WR�LW�

)LJXUH�$�����%OLQG�IODQJH )LJXUH�$�����1R]]OH�FORVH�WR�EDVH
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)LJXUH�$�����/DWHUDO�RXWOHW�QR]]OH�RQ�WDQN�EDVH� )LJXUH�$�����2XWOHW�QR]]OH�RQ�WDQN�EDVH
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$QQH[�%��LQIRUPDWLYH�

6SHFLDO�FDVHV
7KH�XVH�RI�WKH�DQQH[�LV�RSWLRQDO�EXW�LI�XVHG�IRU�VSHFLDO�FDVHV�WKH�FRQWHQW�EHFRPHV�QRUPDWLYH�

B.1  Intermittently supported tank bases

,Q� WKRVH� FDVHV� ZKHUH� WKH� WDQN� GRHV� QRW� UHVW� HYHQO\� RQ� WKH� JURXQG� EXW� VWDQGV� LQ� RU� RQ� D� VXSSRUWLQJ� IUDPH�� WKH
SURSHUWLHV�RI�WKH�WDQN�EDVH�VKRXOG�EH�FDOFXODWHG�DFFRUGLQJ�WR�����

B.2  Limits of validity for the plate theory design method

B.2.1  General

%HFDXVH�XQUHLQIRUFHG�SODVWLFV�KDYH�ORZ�VWLIIQHVV��WKLV�OLPLWV�WKHLU�DELOLW\�WR�DEVRUE�H[WHUQDO�EHQGLQJ�ORDGV�HVSHFLDOO\�LI
WKH�FRPSRQHQW�KDV�D�KLJK�VXUIDFH�DUHD��:KHQ�WKH�GHIOHFWLRQ�RI�D�SDQHO�DPRXQWV� WR�PRUH� WKDQ�KDOI� WKH�SDQHO�ZDOO
WKLFNQHVV��D�FRQVLGHUDEOH�SRUWLRQ�RI�WKH�ORDG�LV�DEVRUEHG�E\�PHPEUDQH�IRUFHV��L��H��WHQVLOH�IRUFHV���VHH�)LJXUH�%����
7KLV� PHDQV� WKDW� LQ� WKH� FDOFXODWLRQV� D� GLVWLQFWLRQ� EHWZHHQ� VHYHUDO� FDVHV� QHHGV� WR� EH� PDGH�7KH� FDVHV� DUH
GLVWLQJXLVKHG�RQ�WKH�EDVLV�RI�ULJLGLW\�1��7KH�YDOXH�RI�1�LV�FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK�HTXDWLRQ�%���

W�(

\�S
� �1

�
��F�DO

�

'

�%���

ä� ULJLG�SODWH

�� PHPEUDQH

³� SODWH�DQG�PHPEUDQH

)LJXUH�%����5HJLRQV�RI�YDOLGLW\�RI�SODWH�DQG�PHPEUDQH�WKHRU\

B.2.2  Rigidity coefficient N � 30

7KH�HTXDWLRQV�GHWDLOHG�LQ�FODXVH���DQG�����VKRXOG�EH�XVHG�



Page 31
EN 12573-3:2000

B.2.3  Rigidity coefficient N > 30

7KH� HTXDWLRQV� IRU� EHQGLQJ� DQG� WHQVLOH� VWUHVV� PD\� EH� XVHG�� )RU� D� SODWH� IL[HG� RQ� IRXU� VLGHV� ZKHUH� WKH� ORDG� LV
GLVWULEXWHG�XQLIRUPO\�DQG�KDV�DQ�DVSHFW�UDWLR�[�\� ���� �� ������DQG� �� ������WKH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH
FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ��%����

$���%���$� W� � �%���

ZKHUH

(
\���

��
� $�

��F�DO

�DO

�

�

'

s
b
b

�

s

b

�DO

�
��\�S

� �%

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ��%����

� � '���&���&� �I �%���

ZKHUH

�W(

\�S
��

�
� �&

��F�DO

��
�

'

�a

a
a

�
�

��
�

���
W�� �'

B.2.4  Rigidity coefficient N > 1 000

,Q�WKH�FDVH�RI�YHU\�KLJK�1�YDOXHV��HTXDWLRQV�EDVHG�RQ�PHPEUDQH�WKHRU\�PD\�EH�XVHG���)RU�1� ��������WKH�HUURU�LV
DERXW�����ZKHQ�FRPSDUHG�ZLWK�WKH�H[SUHVVLRQV�IRU�1�!����DQG�[�\� ����

7KH�PLQLPXP�VNLQ�WKLFNQHVV�VKDOO�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ��%����

s
b

�
�DO

��F�DO

�

(
\�S�� W� ' �%���

7KH�PD[LPXP�GHIOHFWLRQ�RI�WKH�VNLQ�VKRXOG�EH�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ��%����

�

��F�DO

�

�
(W�
S�\

�� �I
'

a �%���

7KH�YDOXHV�IRU� ���DQG� ��VKDOO�EH�WDNHQ�IURP�7DEOH����7KH�YDOXHV�IRU� ��DQG� ��DFFRUGLQJ�WR�%�����
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$QQH[�&��LQIRUPDWLYH�

$�GHYLDWLRQV

$�GHYLDWLRQ��1DWLRQDO�GHYLDWLRQ�GXH�WR�UHJXODWLRQV��WKH�DOWHUDWLRQ�RI�ZKLFK�LV�IRU�WKH�WLPH�EHLQJ�RXWVLGH�WKH�FRPSHWHQFH
RI�WKH�&(1�&(1(/(&�PHPEHU�

7KLV�(XURSHDQ�6WDQGDUG�GRHV�QRW�IDOO�XQGHU�DQ\�'LUHFWLYH�RI�WKH�(8��,Q�WKH�UHOHYDQW�&(1�&(1(/(&�FRXQWULHV���WKHVH
$�GHYLDWLRQV�DUH�YDOLG�LQVWHDG�RI�WKH�SURYLVLRQV�RI�WKH�(XURSHDQ�6WDQGDUG�XQWLO�WKH\�KDYH�EHHQ�UHPRYHG�

*HUPDQ\ ��

�� 9HURUGQXQJ� �EHU� $QODJHQ� ]XU� /DJHUXQJ�� $EI�OOXQJ� XQG� %HI|UGHUXQJ� EUHQQEDUHU� )O�VVLJNHLWHQ� ]X� /DQGH
�9HURUGQXQJ��EHU�EUHQQEDUH�)O�VVLJNHLWHQ���9E)�

$XVJDEH��������3DUDJUDSK���$EVDW]���XQG�$QKDQJ�,,�3XQNW�������$EVDW]�D��XQG�3XQNW�������$EVDW]����

,Q�DGGLWLRQ�WR�WKH�UHTXLUHPHQWV�RI�WKLV�(XURSHDQ�6WDQGDUG�WKH�IROORZLQJ�LV�YDOLG�LQ�*HUPDQ\�

:DOOV�RI�WDQNV�IRU�WKH�VWRUDJH�RI�IODPPDEOH�OLTXLGV�ZLWK�IODVK�SRLQWV�EHORZ�����&�RU�RI�WDQNV�ZKLFK�VKDOO�EH�LQVWDOOHG�LQ
D�SRWHQWLDOO\�H[SORVLYH�DWPRVSKHUH�VKDOO�EH�FRQVWUXFWHG�LQ�D�ZD\�WKDW�RSHUDWLRQDO�SURFHVVHV�FDQQRW�FDXVH�GDQJHURXV
HOHFWURVWDWLF�FKDUJH�

7KHUHIRUH�WKH�IROORZLQJ�UHTXLUHPHQWV�VKDOO�EH�IXOOILOOHG�

��$OO�PHWDO�SDUWV�RI�WKH�WDQNV�DV�ZHOO�DV�WKH�HOHFWULFDOO\�FRQGXFWLYH�OD\HUV�RI�WKH�ZDOO�VKDOO�EH�FRQGXFWLYHO\�FRQQHFWHG
ZLWK�HDFK�RWKHU��7KH�UHVLVWDQFH�EHWZHHQ�WKH�FRQGXFWLYH�SDUWV�DQG�WKH�HDUWK�VKDOO�QRW�H[FHHG����� �

��7KH�EOHHGHU�UHVLVWRU�RI�DFFHVVLEOH�VXUIDFHV�LQVLGH�DQG�RXWVLGH�RI�WKH�WDQN�VKDOO�QRW�H[FHHG����� �

��7KH�VXUIDFH�UHVLVWDQFH�RI�WKH�WDQN�ZDOOV�KDYLQJ�QR�HOHFWULFDOO\�FRQGXFWLYH�OD\HUV�VKDOO�QRW�H[FHHG����� �

6ZHGHQ

��$FW������������DQG�2UGLQDQFH�������������RQ�)ODPPDEOHV�DQG�([SORVLYHV

��5HJXODWLRQV�RQ�6WRUDJH�DQG�+DQGOLQJ�RI�)ODPPDEOHV��6,1'�)6��������.DS����DQG�6b,)6���������.DS����

,Q�DGGLWLRQ�WR�WKH�UHTXLUHPHQWV�RI�WKLV�(XURSHDQ�6WDQGDUG�WKH�IROORZLQJ�LV�YDOLG�LQ�6ZHGHQ�

7DQNV� IRU� IODPPDEOHV�KDYH� OLPLWDWLRQV� IRU�XVH��7KH\�DUH�RQO\�DFFHSWHG� IRU� IODPPDEOHV�ZLWK� IODVKSRLQWV�!�����&�DV
KHDWLQJ�RLO�DQG�GLHVHO�IXHO�

7KH�WDQNV�KDYH�WR�EH�DSSURYHG�E\�D�&�W\SH�ERG\�DFFRUGLQJ�WR�(1�������DQG�DFFRUGLQJ�WR�WHFKQLFDO���UHTXLUHPHQWV
LVVXHG�E\�WKH�,QVSHFWRUDWH�

,QVWDOODWLRQ�RI�WDQNV�IRU�WKHVH�IODPPDEOHV�DUH�RQO\�DFFHSWHG�LQGRRUV�DQG�ZLWK�UHTXLUHPHQWV�RQ�ILUH�UHVLVWDQFH�OLQNHG�WR
WKH�YROXPH�
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%LEOLRJUDSK\

%LWWQHU�(��3ODWHV�DQG�7DQNV��3ODWWHQ�XQG�%HKlOWHU���6SULQJHU�9HUODJ��:LHQ��1HZ�<RUN������

7LPRVKHQNR�6��7KHRU\�RI�SODWHV�DQG�6KHOOV��0F*UDZ�+LOO�%RRN�&RPS��1HZ�<RUN�/RQGRQ������

6WLHJODW�.�DQG�:LSSHO�+��7KLFN�SODWHV��0DVVLYH�3ODWWHQ���9HUODJ�:��(UQVW�	�6RKQ��%HUOLQ�0�QFKHQ������

%RXFKr� &K�� 'XEEHOV� +DQGERRN� IRU� (QJHQHHULQJ� �'XEEHOV� +DQGEXFK� I�U� GHQ� 0DVFKLQHQEDX��� 6SULQJHU� 9HUODJ
%HUOLQ�+HLGHOEHUJ�1HZ�<RUN������

.XQ]� $�� )RUPXODH� FROOHFWLRQ� �)RUPHOVDPPOXQJ�� 9*%� 7HFKQLVFKH� 9HUHLQLJXQJ� GHU� *UR�NUDIWZHUNVEHWUHLEHU� H�� 9�
�����

)UDQ]�*��&RQFUHWH�&DOHQGHU��%HWRQ�.DOHQGHU���3DUW����9HUODJ�(UQVW�	�6RKQ��%HUOLQ�0�QFKHQ�'�VVHOGRUI������

7LPRVKHQNR��6���6WUHQJWK�RI�PDWHULDOV���3DUW�,,��$GYDQFHG�WKHRU\�DQG�SUREOHPV��VHFRQG�HGLWLRQ���WZHOIWK�SULQWLQJ��'�
YDQ�1RVWUDQG�&RPSDQ\��,QF���7RURQWR��1HZ�<RUN��/RQGRQ
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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.


