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&RQWHQWV

3DJH
&RPPLWWHHV UHVSRQVLEOH ,QVLGH IURQW FRYHU
)RUHZRUG Y
6HFWLRQ �� *HQHUDO �
��� 6FRSH �
��� 1RUPDWLYH UHIHUHQFHV �
��� 7HUPV DQG GHILQLWLRQV �
��� 0DMRU V\PEROV �
��� 2WKHU PDWHULDOV �
��� 'HVLJQ GRFXPHQWV �
��� 5HIHUHQFH WR %6 ������ �
6HFWLRQ �� /LPLW VWDWHV GHVLJQ �
��� *HQHUDO SULQFLSOHV DQG GHVLJQ PHWKRGV �
��� /RDGLQJ ��
��� 7HPSHUDWXUH FKDQJH ��
��� 8OWLPDWH OLPLW VWDWHV ��
��� 6HUYLFHDELOLW\ OLPLW VWDWHV ��

��� 6WUXFWXUDO VWHHO
��� %ROWV DQG ZHOGV
��� 6WHHO FDVWLQJV DQG IRUJLQJV

���
��� 6OHQGHU FURVV�VHFWLRQV
6HFWLRQ �� 'HVLJQ RI VWUXFWXUDO PHPEHUV
��� *HQHUDO
��� 0HPEHUV VXEMHFW WR EHQGLQJ
���
���
��� :HE EHDULQJ FDSDFLW\� EXFNOLQJ UHVLVWDQFH DQG VWLIIHQHU GHVLJQ
��� 7HQVLRQ PHPEHUV
��� &RPSUHVVLRQ PHPEHUV
��� 0HPEHUV ZLWK FRPELQHG PRPHQW DQG D[LDO IRUFH
���
����
���� *DQWU\ JLUGHUV

���� &ROXPQ EDVHV

���� 6HSDUDWRUV DQG GLDSKUDJPV
���� (FFHQWULF ORDGV RQ EHDPV

��� *HQHUDO
���
���
��� &RQWLQXRXV EHDPV
��� 3RUWDO IUDPHV

���

6HFWLRQ �� 3URSHUWLHV RI PDWHULDOV DQG VHFWLRQ SURSHUWLHV

��� 6HFWLRQ SURSHUWLHV
&ODVVLILFDWLRQ RI FURVV�VHFWLRQV
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*OREDO DQDO\VLV
6WDELOLW\ RXW�RI�SODQH IRU SODVWLF DQDO\VLV

��� (ODVWLF GHVLJQ RI PXOWL�VWRUH\ ULJLG IUDPHV
3ODVWLF GHVLJQ RI PXOWL�VWRUH\ ULJLG IUDPHV

6HFWLRQ �� &RQWLQXRXV VWUXFWXUHV
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LL

3DJH
6HFWLRQ �� &RQQHFWLRQV

��� 1RQ�SUHORDGHG EROWV
��� 3UHORDGHG EROWV

��� :HOGHG FRQQHFWLRQV
��� 'HVLJQ RI ILOOHW ZHOGV
��� 'HVLJQ RI EXWW ZHOGV

��� 7HVW FRQGLWLRQV

��� 6WUHQJWK WHVW

$QQH[ $ �LQIRUPDWLYH� 6DIHW\ IRUPDW LQ %6 ������ DQG UHIHUHQFHV WR

$QQH[ % �QRUPDWLYH� /DWHUDO�WRUVLRQDO EXFNOLQJ RI PHPEHUV VXEMHFW WR
EHQGLQJ

$QQH[ ( �QRUPDWLYH� (IIHFWLYH OHQJWKV RI FRPSUHVVLRQ PHPEHUV LQ 

$QQH[ ) �QRUPDWLYH� )UDPH VWDELOLW\
$QQH[ * �QRUPDWLYH� 0HPEHUV ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG
$QQH[ + �QRUPDWLYH� :HE EXFNOLQJ UHVLVWDQFH
$QQH[ , �QRUPDWLYH� &RPELQHG D[LDO FRPSUHVVLRQ DQG EHQGLQJ
%LEOLRJUDSK\
)LJXUH � ¦
)LJXUH � ¦
)LJXUH � ¦ 6WDJJHUHG KROHV
)LJXUH � ¦
)LJXUH � ¦
)LJXUH � ¦
)LJXUH � ¦
)LJXUH � ¦ 'RXEO\ V\PPHWULF VOHQGHU FURVV�VHFWLRQV
)LJXUH � ¦
)LJXUH �� ¦
)LJXUH �� ¦ &URVV�VHFWLRQV FRPSULVLQJ HOHPHQWV ZLWK GLIIHULQJ GHVLJQ 
VWUHQJWKV
)LJXUH �� ¦ ,QWHUDFWLRQ EHWZHHQ VKHDU DQG PRPHQW
)LJXUH �� ¦
)LJXUH �� ¦
)LJXUH �� ¦ (IIHFWLYH DUHD RI D EDVHSODWH
)LJXUH �� ¦ 3URSRUWLRQV RI VWDQGDUG FDVWHOODWHG PHPEHUV
)LJXUH �� ¦ 'LPHQVLRQV RI D KDXQFK
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��� *HQHUDO UHFRPPHQGDWLRQV
��� &RQQHFWLRQV XVLQJ EROWV

��� 3LQ FRQQHFWLRQV
��� +ROGLQJ�GRZQ EROWV
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157
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160

6HFWLRQ �� /RDGLQJ WHVWV
��� *HQHUDO

��� 7HVW SURFHGXUHV

��� 3URRI WHVW

��� )DLOXUH WHVW

��� 5HODWLYH VWUHQJWK FRHIILFLHQW
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%6 ������

$QQH[ ' �QRUPDWLYH� (IIHFWLYH OHQJWKV RI FROXPQV LQ VLPSOH VWUXFWXUHV

FRQWLQXRXV VWUXFWXUHV

$QQH[ & �QRUPDWLYH� &RPSUHVVLYH VWUHQJWK

 22
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 30
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 31
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 59
 
65 
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87

110
116
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 ([DPSOH RI W\LQJ WKH FROXPQV RI D EXLOGLQJ
 ([DPSOH RI JHQHUDO W\LQJ RI D EXLOGLQJ

 $QJOH ZLWK KROHV LQ ERWK OHJV
 'LPHQVLRQV RI FRPSUHVVLRQ HOHPHQWV
 'LPHQVLRQV RI FRPSRXQG IODQJHV
 6WUHVV UDWLR IRU D VHPL�FRPSDFW ZHE

 (IIHFWLYH ZLGWK IRU FODVV � VOHQGHU ZHE XQGHU SXUH EHQGLQJ
 ([DPSOHV RI OLSSHG ,�VHFWLRQV ZLWK FRPSUHVVLRQ IODQJH OLSV

 6WLII EHDULQJ OHQJWK
 5ROOHG ,� RU +�VHFWLRQ ZLWK ZHOGHG IODQJH SODWHV
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LLL

3DJH
)LJXUH �� ¦ 3RUWDO IUDPH GHILQLWLRQV
)LJXUH �� ¦
)LJXUH �� ¦ &ROXPQ ZHE SDQHO ]RQH
)LJXUH �� ¦ 0LQLPXP HGJH DQG HQG GLVWDQFHV
)LJXUH �� ¦ %ORFN VKHDU ¦ (IIHFWLYH VKHDU DUHD
)LJXUH �� ¦
)LJXUH �� ¦ 0D[LPXP FURVV�FHQWUHV RI EROW OLQHV IRU WKH VLPSOH PHWKRG
)LJXUH �� ¦ 'HVLJQ RI RXWVWDQGV
)LJXUH �� ¦ 3LQ�HQGHG WHQVLRQ PHPEHUV
)LJXUH �� ¦ :HOGHG HQG FRQQHFWLRQV
)LJXUH �� ¦ :HOGHG FRQQHFWLRQ WR DQ XQVWLIIHQHG IODQJH
)LJXUH �� ¦ (IIHFWLYH WKURDW VL]H D
)LJXUH �� ¦
)LJXUH �� ¦
)LJXUH �� ¦
)LJXUH '�� ¦ 6LGH FROXPQ ZLWKRXW LQWHUPHGLDWH ODWHUDO UHVWUDLQW
)LJXUH '�� ¦ 6LGH FROXPQ ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQW WR ERWK
IODQJHV
)LJXUH '�� ¦ 6LPSOH VLGH FROXPQ ZLWK FUDQH JDQWU\ EHDPV
)LJXUH '�� ¦ &RPSRXQG VLGH FROXPQ ZLWK FUDQH JDQWU\ EHDPV
)LJXUH '�� ¦ &RPSRXQG YDOOH\ FROXPQ ZLWK FUDQH JDQWU\ EHDPV
)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ IRU WKH QRQ�VZD\ EXFNOLQJ PRGH

)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ IRU WKH VZD\ EXFNOLQJ PRGH

)LJXUH (�� ¦ 'LVWULEXWLRQ IDFWRUV IRU FRQWLQXRXV FROXPQV
)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ ZLWK SDUWLDO VZD\ EUDFLQJ RI
UHODWLYH VWLIIQHVV NS   �

)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ ZLWK SDUWLDO VZD\ EUDFLQJ RI
UHODWLYH VWLIIQHVV NS   �

)LJXUH *�� ¦
)LJXUH *�� ¦ 7\SHV RI KDXQFKHV
)LJXUH *�� ¦
)LJXUH *�� ¦ 9DOXH RI �W

)LJXUH *�� ¦ &RQVHUYDWLYH PRPHQW JUDGLHQWV
)LJXUH *�� ¦
)LJXUH +�� ¦ $QFKRU IRUFH +T

)LJXUH +�� ¦
)LJXUH +�� ¦
)LJXUH +�� ¦ $QFKRU SDQHOV

7DEOH � ¦ /LPLW VWDWHV ��
7DEOH � ¦ 3DUWLDO IDFWRUV IRU ORDGV �I ��

7DEOH � ¦ )DFWRU . IRU W\SH RI GHWDLO� VWUHVV OHYHO DQG VWUDLQ FRQGLWLRQV ��
7DEOH � ¦ 7KLFNQHVV W� IRU SODWHV� IODWV DQG UROOHG VHFWLRQV ��

7DEOH � ¦ 7KLFNQHVV W� IRU VWUXFWXUDO KROORZ VHFWLRQV ��

7DEOH � ¦ 0D[LPXP WKLFNQHVV W� �PP� ��

7DEOH � ¦ &KDUS\ WHVW WHPSHUDWXUH RU HTXLYDOHQW WHVW WHPSHUDWXUH 7��- ��

7DEOH � ¦ 6XJJHVWHG OLPLWV IRU FDOFXODWHG GHIOHFWLRQV
7DEOH � ¦ 'HVLJQ VWUHQJWK S\

7DEOH �� ¦
7DEOH �� ¦ /LPLWLQJ ZLGWK�WR�WKLFNQHVV UDWLRV IRU VHFWLRQV RWKHU WKDQ

7DEOH �� ¦ /LPLWLQJ ZLGWK�WR�WKLFNQHVV UDWLRV IRU &+6 DQG 5+6

 � � 

124
127
133
134
136
137
140
141
144
147
149
150
150
152
153
175

176
177
178
179
182
183
184

186

187
191
192
195
197
199
200
206
207
208
208

 +DXQFK UHVWUDLQWV

 /DS OHQJWK RI D VSOLFH

 RI D ILOOHW ZHOG
 'HHS SHQHWUDWLRQ ILOOHW ZHOG

 3DUWLDO SHQHWUDWLRQ EXWW ZHOGV

 0HPEHUV ZLWK RQH IODQJH UHVWUDLQHG

 'LPHQVLRQV GHILQLQJ WDSHU IDFWRU

 0RPHQW UDWLRV

 6LQJOH VWLIIHQHU HQG SRVWV
 7ZLQ VWLIIHQHU HQG SRVWV

 —Fillet welds 

 

Directional method

 6WUHQJWK DQG HORQJDWLRQ RI ZHOGV

&+6 DQG 5+6

25
27
28

34
35
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LY

3DJH
7DEOH �� ¦ (IIHFWLYH OHQJWK /( IRU EHDPV ZLWKRXW LQWHUPHGLDWH UHVWUDLQW

7DEOH �� ¦ (IIHFWLYH OHQJWK /( IRU FDQWLOHYHUV ZLWKRXW LQWHUPHGLDWH
UHVWUDLQW
7DEOH �� ¦ /LPLWLQJ YDOXH RI /(�U\ IRU 5+6

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU ZHOGHG VHFWLRQV

7DEOH �� ¦ (TXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 IRU ODWHUDO�WRUVLRQDO

7DEOH �� ¦ 6OHQGHUQHVV IDFWRU � IRU VHFWLRQV ZLWK WZR SODLQ IODQJHV
7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV ZLWK HTXDO 

7DEOH �� ¦ 6KHDU EXFNOLQJ VWUHQJWK TZ �1�PP�� RI D ZHE

7DEOH �� ¦ 1RPLQDO HIIHFWLYH OHQJWK /( IRU D FRPSUHVVLRQ PHPEHU

7DEOH �� ¦ $OORFDWLRQ RI VWUXW FXUYH
7DEOH �� ¦ &RPSUHVVLYH VWUHQJWK SF �1�PP��

7DEOH �� ¦ $QJOH� FKDQQHO DQG 7�VHFWLRQ VWUXWV
7DEOH �� ¦ (TXLYDOHQW XQLIRUP PRPHQW IDFWRU P IRU IOH[XUDO EXFNOLQJ
7DEOH �� ¦ (PSLULFDO YDOXHV IRU SXUOLQV
7DEOH �� ¦ (PSLULFDO YDOXHV IRU VLGH UDLOV
7DEOH �� ¦ 0LQLPXP HGJH DQG HQG GLVWDQFHV RI EROWV
7DEOH �� ¦ 6KHDU VWUHQJWK RI EROWV
7DEOH �� ¦
7DEOH �� ¦ %HDULQJ VWUHQJWK SEV RI FRQQHFWHG SDUWV

7DEOH �� ¦ 6WDQGDUG GLPHQVLRQV RI KROHV IRU QRQ�SUHORDGHG EROWV
7DEOH �� ¦ 7HQVLRQ VWUHQJWK RI EROWV
7DEOH �� ¦ 6OLS IDFWRUV IRU SUHORDGHG EROWV
7DEOH �� ¦
7DEOH �� ¦ 'HVLJQ VWUHQJWK RI ILOOHW ZHOGV SZ

7DEOH �� ¦ 6WDWLVWLFDO IDFWRU N
7DEOH $�� ¦ &RPSDULVRQ RI SDUWLDO IDFWRUV
7DEOH '�� ¦ (IIHFWLYH OHQJWKV RI FROXPQV IRU LQWHUQDO SODWIRUP IORRUV
7DEOH (�� ¦ 6WLIIQHVV FRHIILFLHQWV .E RI EHDPV LQ EXLOGLQJV ZLWK IORRU

7DEOH (�� ¦ *HQHUDO VWLIIQHVV FRHIILFLHQWV .E IRU EHDPV

7DEOH (�� ¦ $SSUR[LPDWH YDOXHV RI .E IRU EHDPV VXEMHFW WR D[LDO 
FRPSUHVVLRQ
7DEOH *�� ¦ (TXLYDOHQW XQLIRUP PRPHQW IDFWRU PW

 49

 50
 51
 53
 54

 55
 58

 61
 69
 81
 83
 84
 96

106
109
110
135
137
138
138
139
140
142
144
151
161
165
180

184
188

188
198

EXFNOLQJ

IODQJHV

 %HDULQJ VWUHQJWK RI EROWV

 6WDQGDUG GLPHQVLRQV RI KROHV IRU SUHORDGHG EROWV

VODEV
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%6 �����������

Y

)RUHZRUG

7KLV SDUW RI %6 ���� VXSHUVHGHV %6 ������������ ZKLFK LV ZLWKGUDZQ� $ SHULRG
RI WKUHH PRQWKV LV EHLQJ DOORZHG IRU XVHUV WR FRQYHUW WR WKH QHZ VWDQGDUG� 7KLV
HGLWLRQ LQWURGXFHV WHFKQLFDO FKDQJHV EDVHG RQ D UHYLHZ RI WKH VWDQGDUG� EXW LW
GRHV QRW FRQVWLWXWH D IXOO UHYLVLRQ�

7KLV QHZ HGLWLRQ KDV EHHQ SUHSDUHG IROORZLQJ WKH LVVXH RI D QXPEHU RI QHZ 
UHODWHG VWDQGDUGV DGRSWLQJ (XURSHDQ RU LQWHUQDWLRQDO VWDQGDUGV IRU PDWHULDOV
DQG SURFHVVHV� SOXV UHYLVLRQV WR VWDQGDUGV IRU ORDGLQJ� ,W DOVR UHIOHFWV WKH WUDQVIHU
RI FROG IRUPHG VWUXFWXUDO KROORZ VHFWLRQV IURP %6 ������ WR %6 �������

&ODXVHV XSGDWHG WHFKQLFDOO\ LQFOXGH WKRVH IRU VZD\ VWDELOLW\� DYRLGDQFH RI
GLVSURSRUWLRQDWH FROODSVH� UHVLVWDQFH WR EULWWOH IUDFWXUH� ORFDO EXFNOLQJ� 
ODWHUDO�WRUVLRQDO EXFNOLQJ� VKHDU UHVLVWDQFH� VWLIIHQHUV� PHPEHUV VXEMHFW WR
FRPELQHG D[LDO IRUFH DQG EHQGLQJ PRPHQW� MRLQWV� FRQQHFWLRQV DQG WHVWLQJ� ,Q DOO
FDVHV WKH UHDVRQ IRU FKDQJLQJ WKH UHFRPPHQGDWLRQV RQ D WRSLF LV VWUXFWXUDO 
VDIHW\� EXW ZKHUH SRVVLEOH VRPH DGMXVWPHQWV EDVHG RQ LPSURYHG NQRZOHGJH KDYH 
DOVR EHHQ PDGH WR WKH UHFRPPHQGDWLRQV RQ WKHVH WRSLFV WR RIIVHW SRWHQWLDO
UHGXFWLRQV LQ HFRQRP\�

6RPH RI WKH WH[W KDV EHHQ HGLWHG WR UHGXFH WKH ULVN RI PLVDSSOLFDWLRQ� ,Q DGGLWLRQ
VRPH WRSLFV RPLWWHG XQWLO QRZ KDYH EHHQ DGGHG IURP %6 ���� LQFOXGLQJ
VHSDUDWRUV DQG GLDSKUDJPV DQG HFFHQWULF ORDGV RQ EHDPV�

%6 ���� LV D VWDQGDUG FRPELQLQJ FRGHV RI SUDFWLFH FRYHULQJ WKH GHVLJQ� 
FRQVWUXFWLRQ DQG ILUH SURWHFWLRQ RI VWHHO VWUXFWXUHV DQG VSHFLILFDWLRQV IRU 
PDWHULDOV� ZRUNPDQVKLS DQG HUHFWLRQ� ,W FRPSULVHV WKH IROORZLQJ SDUWV�

¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ ¦ 5ROOHG DQG ZHOGHG VHFWLRQV�
¦ 3DUW �� 6SHFLILFDWLRQ IRU PDWHULDOV� IDEULFDWLRQ DQG HUHFWLRQ ¦ 5ROOHG DQG 
ZHOGHG VHFWLRQV�
¦ 3DUW �� 'HVLJQ LQ FRPSRVLWH FRQVWUXFWLRQ ¦ 6HFWLRQ ���� &RGH RI SUDFWLFH IRU 
GHVLJQ RI VLPSOH DQG FRQWLQXRXV FRPSRVLWH EHDPV�
¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ RI FRPSRVLWH VODEV ZLWK SURILOHG VWHHO 
VKHHWLQJ�
¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ RI FROG IRUPHG WKLQ JDXJH VHFWLRQV�
¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ RI OLJKW JDXJH SURILOHG VWHHO VKHHWLQJ�
¦ 3DUW �� 6SHFLILFDWLRQ IRU PDWHULDOV� IDEULFDWLRQ DQG HUHFWLRQ ¦ &ROG IRUPHG
VHFWLRQV DQG VKHHWLQJ�
¦ 3DUW �� &RGH RI SUDFWLFH IRU ILUH UHVLVWDQW GHVLJQ�
¦ 3DUW �� &RGH RI SUDFWLFH IRU VWUHVVHG VNLQ GHVLJQ�

The start and finish of text introduced or altered by Amendment No. 1 is 
indicated in the text by tags !". 
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%6 �����������

YL

3DUW � JLYHV UHFRPPHQGDWLRQV IRU WKH GHVLJQ RI VLPSOH DQG FRQWLQXRXV VWHHO
VWUXFWXUHV� XVLQJ UROOHG DQG ZHOGHG VHFWLRQV� ,WV SURYLVLRQV DSSO\ WR WKH PDMRULW\
RI VXFK VWUXFWXUHV� DOWKRXJK LW LV UHFRJQL]HG WKDW FDVHV ZLOO DULVH ZKHQ RWKHU 
SURYHQ PHWKRGV RI GHVLJQ PD\ EH PRUH DSSURSULDWH�

7KLV SDUW GRHV QRW DSSO\ WR RWKHU VWHHO VWUXFWXUHV IRU ZKLFK DSSURSULDWH %ULWLVK
6WDQGDUGV H[LVW�

,W KDV EHHQ DVVXPHG LQ WKH GUDIWLQJ RI WKLV %ULWLVK 6WDQGDUG WKDW WKH H[HFXWLRQ RI
LWV SURYLVLRQV LV HQWUXVWHG WR DSSURSULDWHO\ TXDOLILHG DQG H[SHULHQFHG SHRSOH DQG 
WKDW FRQVWUXFWLRQ DQG VXSHUYLVLRQ ZLOO EH FDUULHG RXW E\ FDSDEOH DQG H[SHULHQFHG
RUJDQL]DWLRQV�

$V D FRGH RI SUDFWLFH� WKLV %ULWLVK 6WDQGDUG WDNHV WKH IRUP RI JXLGDQFH DQG 
UHFRPPHQGDWLRQV� ,W VKRXOG QRW EH TXRWHG DV LI LW ZHUH D VSHFLILFDWLRQ DQG
SDUWLFXODU FDUH VKRXOG EH WDNHQ WR HQVXUH WKDW FODLPV RI FRPSOLDQFH DUH QRW
PLVOHDGLQJ� )RU PDWHULDOV DQG ZRUNPDQVKLS UHIHUHQFH VKRXOG EH PDGH WR
%6 ������� )RU HUHFWLRQ� UHIHUHQFH VKRXOG EH PDGH WR %6 ������ DQG %6 �����

6XPPDU\ RI SDJHV
7KLV GRFXPHQW FRPSULVHV D IURQW FRYHU� DQ LQVLGH IURQW FRYHU� SDJHV L WR YL� 

7KH %6, FRS\ULJKW QRWLFH GLVSOD\HG LQ WKLV GRFXPHQW LQGLFDWHV ZKHQ WKH 
GRFXPHQW ZDV ODVW LVVXHG�

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application.
Compliance with a British Standard cannot confer immunity from 
legal obligations.

 DQG D EDFN FRYHU�SDJHV � WR ��5
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%6 �����������

�

6HFWLRQ �� *HQHUDO �

��� 6FRSH

7KLV SDUW RI %6 ���� JLYHV UHFRPPHQGDWLRQV IRU WKH GHVLJQ RI VWUXFWXUDO VWHHOZRUN XVLQJ KRW UROOHG VWHHO
VHFWLRQV� IODWV� SODWHV� KRW ILQLVKHG VWUXFWXUDO KROORZ VHFWLRQV DQG FROG IRUPHG VWUXFWXUDO KROORZ VHFWLRQV� LQ 
EXLOGLQJV DQG DOOLHG VWUXFWXUHV QRW VSHFLILFDOO\ FRYHUHG E\ RWKHU VWDQGDUGV�
127( � 7KHVH UHFRPPHQGDWLRQV DVVXPH WKDW WKH VWDQGDUGV RI PDWHULDOV DQG FRQVWUXFWLRQ DUH DV VSHFLILHG LQ %6 �������

127( � 'HVLJQ XVLQJ FROG IRUPHG VWUXFWXUDO KROORZ VHFWLRQV FRQIRUPLQJ WR %6 (1 ����� LV FRYHUHG E\ WKLV SDUW RI %6 ����� 'HVLJQ
XVLQJ RWKHU IRUPV RI FROG IRUPHG VHFWLRQV LV FRYHUHG LQ %6 �������

127( � 'HVLJQ IRU VHLVPLF UHVLVWDQFH LV QRW FRYHUHG LQ %6 �����

127( � 7KH SXEOLFDWLRQV UHIHUUHG WR LQ WKLV VWDQGDUG DUH OLVWHG RQ SDJH ����

'HWDLOHG UHFRPPHQGDWLRQV IRU SUDFWLFDO GLUHFW DSSOLFDWLRQ RI §VHFRQG RUGHU¨ PHWKRGV RI JOREDO DQDO\VLV
�EDVHG RQ WKH ILQDO GHIRUPHG JHRPHWU\ RI WKH IUDPH�� LQFOXGLQJ DOORZDQFHV IRU JHRPHWULFDO LPSHUIHFWLRQV
DQG UHVLGXDO VWUHVVHV� VWUDLQ KDUGHQLQJ� WKH UHODWLRQVKLS EHWZHHQ PHPEHU VWDELOLW\ DQG IUDPH VWDELOLW\ DQG
DSSURSULDWH IDLOXUH FULWHULD� DUH EH\RQG WKH VFRSH RI WKLV GRFXPHQW� +RZHYHU� VXFK XVH LV QRW SUHFOXGHG
SURYLGHG WKDW DSSURSULDWH DOORZDQFHV DUH PDGH IRU WKHVH FRQVLGHUDWLRQV �VHH �������

7KH WHVW SURFHGXUHV RI ����� DUH LQWHQGHG RQO\ IRU VWHHO VWUXFWXUHV ZLWKLQ WKH VFRSH RI WKLV SDUW RI %6 �����
2WKHU FDVHV DUH FRYHUHG LQ 6HFWLRQ ��� RU 3DUWV �� �� � DQG � RI %6 ���� DV DSSURSULDWH�

��� 1RUPDWLYH UHIHUHQFHV
7KH IROORZLQJ QRUPDWLYH GRFXPHQWV FRQWDLQ SURYLVLRQV ZKLFK� WKURXJK UHIHUHQFH LQ WKLV WH[W� FRQVWLWXWH
SURYLVLRQV RI WKLV %ULWLVK 6WDQGDUG� )RU GDWHG UHIHUHQFHV� VXEVHTXHQW DPHQGPHQWV WR� RU UHYLVLRQV RI� DQ\ 
RI WKHVH SXEOLFDWLRQV GR QRW DSSO\� )RU XQGDWHG UHIHUHQFHV� WKH ODWHVW HGLWLRQ RI WKH SXEOLFDWLRQ UHIHUUHG WR
DSSOLHV�

%6 ������� 5XOHV IRU WKH GHVLJQ RI FUDQHV ¦ 3DUW �� 6SHFLILFDWLRQ IRU FODVVLILFDWLRQ� VWUHVV FDOFXODWLRQV DQG
GHVLJQ FULWHULD IRU VWUXFWXUHV�

%6 ����� 6SHFLILFDWLRQ IRU WKH GHVLJQ DQG WHVWLQJ RI VWHHO RYHUKHDG UXQZD\ EHDPV�

%6 ����� 6SHFLILFDWLRQ IRU VWHHO FDVWLQJV IRU JHQHUDO HQJLQHHULQJ SXUSRVHV�

%6 ������� 6SHFLILFDWLRQ IRU KLJK VWUHQJWK IULFWLRQ JULS EROWV DQG DVVRFLDWHG QXWV DQG ZDVKHUV IRU VWUXFWXUDO
HQJLQHHULQJ ¦ 3DUW �� *HQHUDO JUDGH�

%6 ������� 6SHFLILFDWLRQ IRU KLJK VWUHQJWK IULFWLRQ JULS EROWV DQG DVVRFLDWHG QXWV DQG ZDVKHUV IRU VWUXFWXUDO
HQJLQHHULQJ ¦  3DUW �� +LJKHU JUDGH EROWV DQG QXWV DQG JHQHUDO JUDGH ZDVKHUV�

%6 ����� 6SHFLILFDWLRQ IRU FDUERQ VWHHO EDUV IRU WKH UHLQIRUFHPHQW RI FRQFUHWH�

%6 ����� 6SHFLILFDWLRQ IRU FROG UHGXFHG VWHHO ZLUH IRU WKH UHLQIRUFHPHQW RI FRQFUHWH�

%6 ����� 6WHHO IDEULF IRU WKH UHLQIRUFHPHQW RI FRQFUHWH�

%6 ������� 6SHFLILFDWLRQ IRU WKH XVH RI KLJK VWUHQJWK IULFWLRQ JULS EROWV LQ VWUXFWXUDO VWHHOZRUN ¦
0HWULF VHULHV ¦ 3DUW �� *HQHUDO JUDGH�

%6 ������� 6SHFLILFDWLRQ IRU WKH XVH RI KLJK VWUHQJWK IULFWLRQ JULS EROWV LQ VWUXFWXUDO VWHHOZRUN ¦
0HWULF VHULHV ¦ 3DUW �� +LJKHU JUDGH �SDUDOOHO VKDQN��

%6 ������� 6WHHO� FRQFUHWH DQG FRPSRVLWH EULGJHV ¦ 3DUW �� &RGH RI SUDFWLFH IRU WKH GHVLJQ RI VWHHO EULGJHV�

%6 ������� 6WUXFWXUDO XVH RI VWHHOZRUN LQ EXLOGLQJ ¦ 3DUW �� 6SHFLILFDWLRQ IRU PDWHULDOV� IDEULFDWLRQ DQG 
HUHFWLRQ ¦ 5ROOHG DQG ZHOGHG VHFWLRQV�

%6 ������� 6WUXFWXUDO XVH RI VWHHOZRUN LQ EXLOGLQJ ¦ 3DUW �� 'HVLJQ LQ FRPSRVLWH FRQVWUXFWLRQ ¦
6HFWLRQ ���� &RGH RI SUDFWLFH IRU GHVLJQ RI VLPSOH DQG FRQWLQXRXV FRPSRVLWH EHDPV� 

%6 ������� 6WUXFWXUDO XVH RI VWHHOZRUN LQ EXLOGLQJ ¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ RI FRPSRVLWH VODEV 
ZLWK SURILOHG VWHHO VKHHWLQJ�

%6 ������� 6WUXFWXUDO XVH RI VWHHOZRUN LQ EXLOGLQJ ¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ RI FROG IRUPHG WKLQ 
JDXJH VHFWLRQV�

%6 ������� 6WUXFWXUDO XVH RI VWHHOZRUN LQ EXLOGLQJ ¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ RI OLJKW JDXJH 
SURILOHG VWHHO VKHHWLQJ�

%6 ������� 6WUXFWXUDO XVH RI VWHHOZRUN LQ EXLOGLQJ ¦ 3DUW �� &RGH RI SUDFWLFH IRU VWUHVVHG VNLQ GHVLJQ�
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%6 �����������

�

6HFWLRQ �

%6 ������� /RDGLQJ IRU EXLOGLQJV ¦ 3DUW �� &RGH RI SUDFWLFH IRU GHDG DQG LPSRVHG ORDGV�

%6 ������� /RDGLQJ IRU EXLOGLQJV ¦ 3DUW �� &RGH RI SUDFWLFH IRU ZLQG ORDGV�

%6 ������� /RDGLQJ IRU EXLOGLQJV ¦ 3DUW �� &RGH RI SUDFWLFH IRU LPSRVHG URRI ORDGV�

%6 ����� 6SHFLILFDWLRQ IRU KROGLQJ GRZQ EROWV�

%6 ����� &RGH RI SUDFWLFH IRU IDWLJXH GHVLJQ DQG DVVHVVPHQW RI VWHHO VWUXFWXUHV�

%6 ������� 'LUHFW WHQVLRQ LQGLFDWRUV ¦ 3DUW �� 6SHFLILFDWLRQ IRU FRPSUHVVLEOH ZDVKHUV�

%6 ������� 'LUHFW WHQVLRQ LQGLFDWRUV ¦ 3DUW �� 6SHFLILFDWLRQ IRU QXW IDFH DQG EROW IDFH ZDVKHUV�

%6 ����� 6SHFLILFDWLRQ IRU ZHOGDEOH VWUXFWXUDO VWHHOV ¦ +RW ILQLVKHG VWUXFWXUDO KROORZ VHFWLRQV LQ ZHDWKHU 
UHVLVWDQW VWHHOV�

%6 ����� &RGH RI SUDFWLFH IRU HDUWK UHWDLQLQJ VWUXFWXUHV�

%6 ����� &RGH RI SUDFWLFH IRU IRXQGDWLRQV�

%6 ������� 6WUXFWXUDO XVH RI FRQFUHWH ¦ 3DUW �� &RGH RI SUDFWLFH IRU GHVLJQ DQG FRQVWUXFWLRQ�

%6 ������� 6WUXFWXUDO XVH RI FRQFUHWH ¦ 3DUW �� &RGH RI SUDFWLFH IRU VSHFLDO FLUFXPVWDQFHV�

%6 (1 �������� 7HQVLOH WHVWLQJ RI PHWDOOLF PDWHULDOV ¦ 3DUW �� 0HWKRG RI WHVW DW DPELHQW WHPSHUDWXUH�

%6 (1 ������ +RW UROOHG SURGXFWV RI QRQ�DOOR\ VWUXFWXUDO VWHHOV ¦ 7HFKQLFDO GHOLYHU\ FRQGLWLRQV�

%6 (1 �������� +RW�UROOHG SURGXFWV LQ ZHOGDEOH ILQH JUDLQ VWUXFWXUDO VWHHOV ¦ 3DUW �� 'HOLYHU\ FRQGLWLRQV 
IRU QRUPDOL]HG�QRUPDOL]HG UROOHG VWHHOV�

%6 (1 �������� +RW�UROOHG SURGXFWV LQ ZHOGDEOH ILQH JUDLQ VWUXFWXUDO VWHHOV ¦ 3DUW �� 'HOLYHU\ FRQGLWLRQV 
IRU WKHUPRPHFKDQLFDO UROOHG VWHHOV�

%6 (1 �������� 3ODWHV DQG ZLGH IODWV PDGH RI KLJK \LHOG VWUHQJWK VWUXFWXUDO VWHHOV LQ WKH TXHQFKHG DQG
WHPSHUHG RU SUHFLSLWDWLRQ KDUGHQHG FRQGLWLRQV ¦ 3DUW �� 'HOLYHU\ FRQGLWLRQV IRU TXHQFKHG DQG WHPSHUHG 
VWHHOV�

%6 (1 ������ 6WUXFWXUDO VWHHOV ZLWK LPSURYHG DWPRVSKHULF FRUURVLRQ UHVLVWDQFH ¦ 7HFKQLFDO GHOLYHU\ 
FRQGLWLRQV�

%6 (1 �������� +RW ILQLVKHG VWUXFWXUDO KROORZ VHFWLRQV RI QRQ�DOOR\ DQG ILQH JUDLQ VWUXFWXUDO VWHHOV ¦
3DUW �� 7HFKQLFDO GHOLYHU\ UHTXLUHPHQWV�

%6 (1 �������� &ROG IRUPHG ZHOGHG VWUXFWXUDO KROORZ VHFWLRQV RI QRQ�DOOR\ DQG ILQH JUDLQ VWHHOV ¦
3DUW �� 7HFKQLFDO GHOLYHU\ UHTXLUHPHQWV�

%6 (1 �������� 2SHQ GLH VWHHO IRUJLQJV IRU JHQHUDO HQJLQHHULQJ SXUSRVHV ¦ 3DUW �� 1RQ�DOOR\ TXDOLW\ DQG 
VSHFLDO VWHHOV�

%6 (1 ������ :HOGHG� EUD]HG DQG VROGHUHG MRLQWV ¦ 6\PEROLF UHSUHVHQWDWLRQ RQ GUDZLQJV�

&3�� (DUWK UHWDLQLQJ VWUXFWXUHV� &LYLO (QJLQHHULQJ &RGH RI 3UDFWLFH 1R� �� /RQGRQ� 7KH ,QVWLWXWLRQ RI

&3��&K 9�3DUW �� &RGH RI EDVLF GDWD IRU WKH GHVLJQ RI EXLOGLQJV ¦ &KDSWHU 9� /RDGLQJ ¦ 3DUW �� :LQG ORDGV�
/RQGRQ� %6,� �����
127(  3XEOLFDWLRQV WR ZKLFK LQIRUPDWLYH UHIHUHQFH LV PDGH IRU LQIRUPDWLRQ RU JXLGDQFH DUH OLVWHG LQ WKH %LEOLRJUDSK\�

��� 7HUPV DQG GHILQLWLRQV

)RU WKH SXUSRVHV RI WKLV SDUW RI %6 ����� WKH IROORZLQJ WHUPV DQG GHILQLWLRQV DSSO\�

����� 
EHDP
D PHPEHU SUHGRPLQDQWO\ VXEMHFW WR EHQGLQJ

����� 
EULWWOH IUDFWXUH
EULWWOH IDLOXUH RI VWHHO DW ORZ WHPSHUDWXUH

6WUXFWXUDO (QJLQHHUV� �����
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%6 �����������

�

6HFWLRQ �

����� 
EXFNOLQJ UHVLVWDQFH
OLPLW RI IRUFH RU PRPHQW WKDW D PHPEHU FDQ ZLWKVWDQG ZLWKRXW EXFNOLQJ

����� 
EXLOW�XS
FRQVWUXFWHG E\ LQWHUFRQQHFWLQJ PRUH WKDQ RQH UROOHG VHFWLRQ WR IRUP D VLQJOH PHPEHU

����� 
FDQWLOHYHU
D EHDP WKDW LV IL[HG DW RQH HQG DQG IUHH WR GHIOHFW DW WKH RWKHU

����� 
FDSDFLW\
OLPLW RI IRUFH RU PRPHQW WKDW FDQ EH UHVLVWHG ZLWKRXW IDLOXUH GXH WR \LHOGLQJ RU UXSWXUH

����� 
FROXPQ
D YHUWLFDO PHPEHU FDUU\LQJ D[LDO IRUFH DQG SRVVLEO\ PRPHQWV

����� 
FRPSDFW FURVV�VHFWLRQ
D FURVV�VHFWLRQ WKDW FDQ GHYHORS LWV SODVWLF PRPHQW FDSDFLW\� EXW LQ ZKLFK ORFDO EXFNOLQJ SUHYHQWV URWDWLRQ
DW FRQVWDQW PRPHQW

����� 
FRPSRXQG VHFWLRQ
VHFWLRQV� RU SODWHV DQG VHFWLRQV� LQWHUFRQQHFWHG WR IRUP D VLQJOH PHPEHU

������
FRQQHFWLRQ
ORFDWLRQ ZKHUH D PHPEHU LV IL[HG WR D VXSSRUWLQJ PHPEHU RU RWKHU VXSSRUW� LQFOXGLQJ WKH EROWV� ZHOGV DQG
RWKHU PDWHULDO XVHG WR WUDQVIHU ORDGV

������
GHDG ORDG
D ORDG RI FRQVWDQW PDJQLWXGH DQG SRVLWLRQ WKDW DFWV SHUPDQHQWO\� LQFOXGLQJ VHOI�ZHLJKW

������
GHVLJQ VWUHQJWK
WKH QRWLRQDO \LHOG VWUHQJWK RI WKH PDWHULDO XVHG LQ GHVLJQ� REWDLQHG E\ DSSO\LQJ SDUWLDO IDFWRUV WR WKH 
VSHFLILHG PLQLPXP \LHOG VWUHQJWK DQG WHQVLOH VWUHQJWK RI WKH PDWHULDO

������
G\QDPLF ORDG
SDUW RI DQ LPSRVHG ORDG UHVXOWLQJ IURP PRWLRQ

������
HGJH GLVWDQFH
GLVWDQFH IURP WKH FHQWUH RI D EROW KROH WR WKH QHDUHVW HGJH RI DQ HOHPHQW� PHDVXUHG SHUSHQGLFXODU WR WKH
GLUHFWLRQ LQ ZKLFK WKH EROW EHDUV

������
HIIHFWLYH OHQJWK
IRU D EHDP� /HQJWK EHWZHHQ DGMDFHQW UHVWUDLQWV DJDLQVW ODWHUDO�WRUVLRQDO EXFNOLQJ� PXOWLSOLHG E\ D IDFWRU
WKDW DOORZV IRU WKH HIIHFW RI WKH DFWXDO UHVWUDLQW FRQGLWLRQV FRPSDUHG WR D VLPSOH EHDP ZLWK WRUVLRQDO HQG 
UHVWUDLQW
IRU D FRPSUHVVLRQ PHPEHU� /HQJWK EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV DJDLQVW EXFNOLQJ DERXW D JLYHQ D[LV�
PXOWLSOLHG E\ D IDFWRU WKDW DOORZV IRU WKH HIIHFW RI WKH DFWXDO UHVWUDLQW FRQGLWLRQV FRPSDUHG WR SLQQHG HQGV
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%6 �����������

�

6HFWLRQ �

������ 
HODVWLF DQDO\VLV
VWUXFWXUDO DQDO\VLV WKDW DVVXPHV QR UHGLVWULEXWLRQ RI PRPHQWV LQ D FRQWLQXRXV PHPEHU RU IUDPH GXH WR
SODVWLF KLQJH URWDWLRQ

������ 
HPSLULFDO PHWKRG
VLPSOLILHG PHWKRG RI GHVLJQ MXVWLILHG E\ H[SHULHQFH RU E\ WHVWV

������ 
HQG GLVWDQFH
GLVWDQFH IURP WKH FHQWUH RI D EROW KROH WR WKH HGJH RI DQ HOHPHQW� PHDVXUHG SDUDOOHO WR WKH GLUHFWLRQ LQ ZKLFK
WKH EROW EHDUV

������ 
IDFWRUHG ORDG
VSHFLILHG ORDG PXOWLSOLHG E\ WKH UHOHYDQW SDUWLDO IDFWRU

������ 
IDWLJXH
GDPDJH WR D VWUXFWXUDO PHPEHU FDXVHG E\ UHSHDWHG DSSOLFDWLRQ RI VWUHVVHV WKDW DUH LQVXIILFLHQW WR FDXVH
IDLOXUH E\ D VLQJOH DSSOLFDWLRQ

������ 
IRXQGDWLRQ
SDUW RI D VWUXFWXUH WKDW GLVWULEXWHV ORDG GLUHFWO\ WR WKH JURXQG

������ 
IULFWLRQ JULS FRQQHFWLRQ
D EROWHG FRQQHFWLRQ WKDW UHOLHV RQ IULFWLRQ WR WUDQVPLW VKHDU EHWZHHQ FRPSRQHQWV

������ 
+�VHFWLRQ
VHFWLRQ ZLWK D FHQWUDO ZHE DQG WZR IODQJHV� WKDW KDV DQ RYHUDOO GHSWK QRW JUHDWHU WKDQ ��� WLPHV LWV RYHUDOO
ZLGWK

������ 
K\EULG VHFWLRQ
,�VHFWLRQ ZLWK D ZHE RI D ORZHU VWUHQJWK JUDGH WKDQ WKH IODQJHV

������ 
,�VHFWLRQ
VHFWLRQ ZLWK D FHQWUDO ZHE DQG WZR IODQJHV� WKDW KDV DQ RYHUDOO GHSWK JUHDWHU WKDQ ��� WLPHV LWV RYHUDOO 
ZLGWK

������ 
LPSRVHG ORDG
ORDG RQ D VWUXFWXUH RU PHPEHU� RWKHU WKDQ ZLQG ORDG� SURGXFHG E\ WKH H[WHUQDO HQYLURQPHQW RU WKH LQWHQGHG
RFFXSDQF\ RU XVH

������ 
LQVWDELOLW\
LQDELOLW\ WR FDUU\ IXUWKHU ORDG GXH WR YDQLVKLQJ VWLIIQHVV

������ 
MRLQW
HOHPHQW RI D VWUXFWXUH WKDW FRQQHFWV PHPEHUV WRJHWKHU DQG HQDEOHV IRUFHV DQG PRPHQWV WR EH WUDQVPLWWHG
EHWZHHQ WKHP

������ 
ODWHUDO UHVWUDLQW
IRU D EHDP� 5HVWUDLQW WKDW SUHYHQWV ODWHUDO PRYHPHQW RI WKH FRPSUHVVLRQ IODQJH
IRU D FRPSUHVVLRQ PHPEHU� 5HVWUDLQW WKDW SUHYHQWV ODWHUDO PRYHPHQW RI WKH PHPEHU LQ D JLYHQ SODQH
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%6 �����������

�

6HFWLRQ �

������
ORQJLWXGLQDO
DORQJ WKH OHQJWK RI WKH PHPEHU

������
QRWFKHG HQG
FRQQHFWHG HQG RI D PHPEHU ZLWK RQH RU ERWK IODQJHV FXW DZD\ ORFDOO\ IRU FOHDUDQFH

������
SDWWHUQ ORDGLQJ
ORDGV DUUDQJHG WR JLYH WKH PRVW VHYHUH HIIHFW RQ D SDUWLFXODU HOHPHQW

������
SLWFK
GLVWDQFH EHWZHHQ FHQWUHV RI EROWV O\LQJ LQ WKH GLUHFWLRQ RI IRUFH WUDQVIHU

������
SODVWLF DQDO\VLV
VWUXFWXUDO DQDO\VLV WKDW DOORZV IRU UHGLVWULEXWLRQ RI PRPHQWV LQ D FRQWLQXRXV PHPEHU RU IUDPH GXH WR
SODVWLF KLQJH URWDWLRQ

������
SODVWLF FURVV�VHFWLRQ
D FURVV�VHFWLRQ WKDW FDQ GHYHORS D SODVWLF KLQJH ZLWK VXIILFLHQW URWDWLRQ FDSDFLW\ WR DOORZ UHGLVWULEXWLRQ RI
EHQGLQJ PRPHQWV ZLWKLQ D FRQWLQXRXV PHPEHU RU IUDPH

������
SODVWLF ORDG IDFWRU
WKH UDWLR E\ ZKLFK HDFK RI WKH IDFWRUHG ORDGV ZRXOG KDYH WR EH LQFUHDVHG WR SURGXFH D SODVWLF KLQJH 
PHFKDQLVP

������
SODVWLF PRPHQW
PRPHQW FDSDFLW\ DOORZLQJ IRU UHGLVWULEXWLRQ RI VWUHVV ZLWKLQ D FURVV�VHFWLRQ

������
SRUWDO IUDPH
D VLQJOH VWRUH\ IUDPH ZLWK ULJLG PRPHQW�UHVLVWLQJ MRLQWV

������
SUHORDGHG EROW
EROW WLJKWHQHG WR D VSHFLILHG LQLWLDO WHQVLRQ

������
URWDWLRQ FDSDFLW\
WKH DQJOH WKURXJK ZKLFK D MRLQW FDQ URWDWH ZLWKRXW IDLOLQJ

������
URWDWLRQDO VWLIIQHVV
WKH PRPHQW UHTXLUHG WR SURGXFH XQLW URWDWLRQ LQ D MRLQW

������
VHJPHQW
D SRUWLRQ RI WKH OHQJWK RI D PHPEHU� EHWZHHQ DGMDFHQW SRLQWV WKDW DUH ODWHUDOO\ UHVWUDLQHG

������
VHPL�FRPSDFW FURVV�VHFWLRQ
D FURVV�VHFWLRQ WKDW FDQ GHYHORS LWV HODVWLF FDSDFLW\ LQ FRPSUHVVLRQ RU EHQGLQJ� EXW LQ ZKLFK ORFDO EXFNOLQJ
SUHYHQWV GHYHORSPHQW RI LWV SODVWLF PRPHQW FDSDFLW\

© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������

�

6HFWLRQ �

������ 
VOHQGHU FURVV�VHFWLRQ
D FURVV�VHFWLRQ LQ ZKLFK ORFDO EXFNOLQJ SUHYHQWV GHYHORSPHQW RI LWV HODVWLF FDSDFLW\ LQ FRPSUHVVLRQ DQG�RU 
EHQGLQJ

������
VOHQGHUQHVV
WKH HIIHFWLYH OHQJWK GLYLGHG E\ WKH UDGLXV RI J\UDWLRQ

������ 
VOLS UHVLVWDQFH
OLPLW RI VKHDU WKDW FDQ EH DSSOLHG EHIRUH VOLS RFFXUV LQ D IULFWLRQ JULS FRQQHFWLRQ

������
VWDELOLW\
UHVLVWDQFH WR IDLOXUH E\ EXFNOLQJ RU ORVV RI VWDWLF HTXLOLEULXP

������ 
VWUHQJWK
UHVLVWDQFH WR IDLOXUH E\ \LHOGLQJ RU EXFNOLQJ

������ 
VWUXW
PHPEHU FDUU\LQJ SUHGRPLQDQWO\ D[LDO FRPSUHVVLYH IRUFH

������
VXE�IUDPH
SDUW RI D ODUJHU IUDPH

������ 
WRUVLRQDO UHVWUDLQW
UHVWUDLQW WKDW SUHYHQWV URWDWLRQ RI D PHPEHU DERXW LWV ORQJLWXGLQDO D[LV

������ 
WUDQVYHUVH
GLUHFWLRQ SHUSHQGLFXODU WR WKH VWURQJHU RI WKH UHFWDQJXODU D[HV RI WKH PHPEHU

������ 
ZHOGHG VHFWLRQ
FURVV�VHFWLRQ IDEULFDWHG IURP SODWHV E\ ZHOGLQJ

��� 0DMRU V\PEROV

$ $UHD
$H (IIHFWLYH QHW DUHD

$HII (IIHFWLYH FURVV�VHFWLRQDO DUHD

$J *URVV FURVV�VHFWLRQDO DUHD

$Q 1HW DUHD

$V 6KHDU DUHD RI D EROW

$W 7HQVLOH VWUHVV DUHD RI D EROW

$Y 6KHDU DUHD RI D PHPEHU

D
RU

6SDFLQJ RI WUDQVYHUVH VWLIIHQHUV
(IIHFWLYH WKURDW VL]H RI ZHOG

% :LGWK
E 2XWVWDQG
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%6 �����������

�

6HFWLRQ �

'
RU
RU

'HSWK RI VHFWLRQ
'LDPHWHU RI VHFWLRQ
'LDPHWHU RI KROH

G
RU

'HSWK RI ZHE
1RPLQDO GLDPHWHU RI EROW

( 0RGXOXV RI HODVWLFLW\ RI VWHHO
H (GJH RU HQG GLVWDQFH
)F &RPSUHVVLYH D[LDO IRUFH

)V 6KHDU IRUFH LQ D EROW

)W 7HQVLOH D[LDO IRUFH

)Y 6KHDU IRUFH LQ D PHPEHU

IF &RPSUHVVLYH VWUHVV GXH WR D[LDO IRUFH

IY 6KHDU VWUHVV

+ :DUSLQJ FRQVWDQW RI VHFWLRQ
K 6WRUH\ KHLJKW
,[ 6HFRQG PRPHQW RI DUHD DERXW WKH PDMRU D[LV

,\ 6HFRQG PRPHQW RI DUHD DERXW WKH PLQRU D[LV

- 7RUVLRQ FRQVWDQW RI VHFWLRQ
/

RU
/HQJWK
6SDQ

/( (IIHFWLYH OHQJWK

0 0RPHQW
0E %XFNOLQJ UHVLVWDQFH PRPHQW �ODWHUDO�WRUVLRQDO EXFNOLQJ�

0F 0RPHQW FDSDFLW\

0U 5HGXFHG PRPHQW FDSDFLW\ LQ WKH SUHVHQFH RI DQ D[LDO IRUFH

P (TXLYDOHQW XQLIRUP PRPHQW IDFWRU
3EE %HDULQJ FDSDFLW\ RI D EROW

3EJ )ULFWLRQ JULS EHDULQJ FDSDFLW\

3EV %HDULQJ FDSDFLW\ RI FRQQHFWHG SDUWV

3F &RPSUHVVLRQ UHVLVWDQFH

3V 6KHDU FDSDFLW\ RI D EROW

3V/ 6OLS UHVLVWDQFH SURYLGHG E\ D SUHORDGHG EROW

3W 7HQVLRQ FDSDFLW\ RI D PHPEHU RU EROW

3Y 6KHDU FDSDFLW\ RI D PHPEHU

SE %HQGLQJ VWUHQJWK �ODWHUDO�WRUVLRQDO EXFNOLQJ�

SEE %HDULQJ VWUHQJWK RI D EROW

SEV %HDULQJ VWUHQJWK RI FRQQHFWHG SDUWV

SF &RPSUHVVLYH VWUHQJWK

SV 6KHDU VWUHQJWK RI D EROW

SW 7HQVLRQ VWUHQJWK RI D EROW

SZ 'HVLJQ VWUHQJWK RI D ILOOHW ZHOG

S\ 'HVLJQ VWUHQJWK RI VWHHO

TZ 6KHDU EXFNOLQJ VWUHQJWK RI D ZHE

U[ 5DGLXV RI J\UDWLRQ DERXW WKH PDMRU D[LV
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%6 �����������

�

6HFWLRQ �

��� 2WKHU PDWHULDOV
:KHUH RWKHU VWUXFWXUDO PDWHULDOV DUH XVHG LQ DVVRFLDWLRQ ZLWK VWUXFWXUDO VWHHOZRUN� WKH\ VKRXOG FRQIRUP 
WR WKH DSSURSULDWH %ULWLVK 6WDQGDUG�

��� 'HVLJQ GRFXPHQWV
7KH GHVLJQ GRFXPHQWV VKRXOG FRQWDLQ VXIILFLHQW LQIRUPDWLRQ WR HQDEOH WKH GHVLJQ WR EH GHWDLOHG DQG WKH 
VWUXFWXUH IDEULFDWHG DQG HUHFWHG�

7KH GHVLJQ GRFXPHQWV VKRXOG VWDWH WKH DVVXPHG EHKDYLRXU RI WKH VWUXFWXUH� WKH GHVLJQ DVVXPSWLRQV DQG 
ZKHWKHU DQ\ ORDGV RU UHDFWLRQV TXRWHG DUH IDFWRUHG RU XQIDFWRUHG�

:KHUH ZHOG V\PEROV DUH XVHG RQ GUDZLQJV WKH\ VKRXOG EH LQ DFFRUGDQFH ZLWK %6 (1 ������ ZKLFK VKRXOG
EH UHIHUHQFHG RQ WKH GUDZLQJV FRQFHUQHG�

��� 5HIHUHQFH WR %6 ������
,Q %6 ������ WKH QRPLQDO YDOXHV RI PDWHULDO VWUHQJWKV DQG WKH PHWKRG RI DSSO\LQJ SDUWLDO VDIHW\ IDFWRUV
DUH GLIIHUHQW� VHH $QQH[ $� 7KHVH GLIIHUHQFHV VKRXOG EH WDNHQ LQWR DFFRXQW ZKHQ UHIHUULQJ WR %6 �������

U\ 5DGLXV RI J\UDWLRQ DERXW WKH PLQRU D[LV

6HII (IIHFWLYH SODVWLF PRGXOXV

6[ 3ODVWLF PRGXOXV DERXW WKH PDMRU D[LV

6\ 3ODVWLF PRGXOXV DERXW WKH PLQRU D[LV

V /HJ OHQJWK RI D ILOOHW ZHOG
7 7KLFNQHVV RI D IODQJH
W

RU
7KLFNQHVV
7KLFNQHVV RI D ZHE

WS 7KLFNQHVV RI D FRQQHFWHG SDUW

X %XFNOLQJ SDUDPHWHU RI D FURVV�VHFWLRQ
9E 6KHDU EXFNOLQJ UHVLVWDQFH RI D ZHE

9FU &ULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH RI D ZHE

� 6OHQGHUQHVV IDFWRU IRU D EHDP
[ 7RUVLRQDO LQGH[ RI D FURVV�VHFWLRQ
=HII (IIHFWLYH VHFWLRQ PRGXOXV

=[ 6HFWLRQ PRGXOXV DERXW WKH PDMRU D[LV �PLQLPXP YDOXH XQOHVV RWKHUZLVH VWDWHG�

=\ 6HFWLRQ PRGXOXV DERXW WKH PLQRU D[LV �PLQLPXP YDOXH XQOHVV RWKHUZLVH VWDWHG�

�I 2YHUDOO ORDG IDFWRU


 &RQVWDQW �����S\����


 6OHQGHUQHVV� L�H� WKH HIIHFWLYH OHQJWK GLYLGHG E\ WKH UDGLXV RI J\UDWLRQ

FU (ODVWLF FULWLFDO ORDG IDFWRU


/� /LPLWLQJ HTXLYDOHQW VOHQGHUQHVV �ODWHUDO�WRUVLRQDO EXFNOLQJ�


/7 (TXLYDOHQW VOHQGHUQHVV �ODWHUDO�WRUVLRQDO EXFNOLQJ�


� /LPLWLQJ VOHQGHUQHVV �D[LDO FRPSUHVVLRQ�
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%6 �����������

�

6HFWLRQ �� /LPLW VWDWHV GHVLJQ �

��� *HQHUDO SULQFLSOHV DQG GHVLJQ PHWKRGV

����� *HQHUDO SULQFLSOHV

�������  $LPV RI VWUXFWXUDO GHVLJQ

7KH DLP RI VWUXFWXUDO GHVLJQ VKRXOG EH WR SURYLGH� ZLWK GXH UHJDUG WR HFRQRP\� D VWUXFWXUH FDSDEOH RI
IXOILOOLQJ LWV LQWHQGHG IXQFWLRQ DQG VXVWDLQLQJ WKH VSHFLILHG ORDGV IRU LWV LQWHQGHG OLIH� 7KH GHVLJQ VKRXOG
IDFLOLWDWH VDIH IDEULFDWLRQ� WUDQVSRUW� KDQGOLQJ DQG HUHFWLRQ� ,W VKRXOG DOVR WDNH DFFRXQW RI WKH QHHGV RI
IXWXUH PDLQWHQDQFH� ILQDO GHPROLWLRQ� UHF\FOLQJ DQG UHXVH RI PDWHULDOV�

7KH VWUXFWXUH VKRXOG EH GHVLJQHG WR EHKDYH DV D RQH WKUHH�GLPHQVLRQDO HQWLW\� 7KH OD\RXW RI LWV FRQVWLWXHQW
SDUWV� VXFK DV IRXQGDWLRQV� VWHHOZRUN� MRLQWV DQG RWKHU VWUXFWXUDO FRPSRQHQWV VKRXOG FRQVWLWXWH D UREXVW
DQG VWDEOH VWUXFWXUH XQGHU QRUPDO ORDGLQJ WR HQVXUH WKDW� LQ WKH HYHQW RI PLVXVH RU DFFLGHQW� GDPDJH ZLOO
QRW EH GLVSURSRUWLRQDWH WR WKH FDXVH�

7R DFKLHYH WKHVH DLPV WKH EDVLF DQDWRP\ RI WKH VWUXFWXUH E\ ZKLFK WKH ORDGV DUH WUDQVPLWWHG WR WKH
IRXQGDWLRQV VKRXOG EH FOHDUO\ GHILQHG� $Q\ IHDWXUHV RI WKH VWUXFWXUH WKDW KDYH D FULWLFDO LQIOXHQFH RQ LWV 
RYHUDOO VWDELOLW\ VKRXOG EH LGHQWLILHG DQG WDNHQ DFFRXQW RI LQ WKH GHVLJQ�

(DFK SDUW RI WKH VWUXFWXUH VKRXOG EH VXIILFLHQWO\ UREXVW DQG LQVHQVLWLYH WR WKH HIIHFWV RI PLQRU LQFLGHQWDO
ORDGV DSSOLHG GXULQJ VHUYLFH WKDW WKH VDIHW\ RI RWKHU SDUWV LV QRW SUHMXGLFHG� 5HIHUHQFH VKRXOG EH PDGH
WR ������

:KLOVW WKH XOWLPDWH OLPLW VWDWH FDSDFLWLHV DQG UHVLVWDQFHV JLYHQ LQ WKLV VWDQGDUG DUH WR EH UHJDUGHG DV
OLPLWLQJ YDOXHV� WKH SXUSRVH LQ GHVLJQ VKRXOG EH WR UHDFK WKHVH OLPLWV LQ DV PDQ\ SDUWV RI WKH VWUXFWXUH DV
SRVVLEOH� WR DGRSW D OD\RXW VXFK WKDW PD[LPXP VWUXFWXUDO HIILFLHQF\ LV DWWDLQHG DQG WR UDWLRQDOL]H WKH VWHHO
PHPEHU VL]HV DQG GHWDLOV LQ RUGHU WR REWDLQ WKH RSWLPXP FRPELQDWLRQ RI PDWHULDOV DQG ZRUNPDQVKLS� 
FRQVLVWHQW ZLWK WKH RYHUDOO UHTXLUHPHQWV RI WKH VWUXFWXUH�

������� 2YHUDOO VWDELOLW\

7KH GHVLJQHU ZKR LV UHVSRQVLEOH IRU WKH RYHUDOO VWDELOLW\ RI WKH VWUXFWXUH VKRXOG EH FOHDUO\ LGHQWLILHG� 7KLV
GHVLJQHU VKRXOG HQVXUH WKH FRPSDWLELOLW\ RI WKH VWUXFWXUDO GHVLJQ DQG GHWDLOLQJ EHWZHHQ DOO WKRVH VWUXFWXUDO 
SDUWV DQG FRPSRQHQWV WKDW DUH UHTXLUHG IRU RYHUDOO VWDELOLW\� HYHQ LI VRPH RU DOO RI WKH VWUXFWXUDO GHVLJQ DQG 
GHWDLOLQJ RI WKRVH VWUXFWXUDO SDUWV DQG FRPSRQHQWV LV FDUULHG RXW E\ DQRWKHU GHVLJQHU�

������� $FFXUDF\ RI FDOFXODWLRQ

)RU WKH SXUSRVH RI GHFLGLQJ ZKHWKHU D SDUWLFXODU UHFRPPHQGDWLRQ LV VDWLVILHG� WKH ILQDO YDOXH� REVHUYHG RU 
FDOFXODWHG� H[SUHVVLQJ WKH UHVXOW RI D WHVW RU DQDO\VLV VKRXOG EH URXQGHG RII� 7KH QXPEHU RI VLJQLILFDQW
SODFHV UHWDLQHG LQ WKH URXQGHG RII YDOXH VKRXOG EH WKH VDPH DV LQ WKH UHOHYDQW YDOXH UHFRPPHQGHG LQ WKLV
VWDQGDUG�

����� 0HWKRGV RI GHVLJQ

������� *HQHUDO

6WUXFWXUHV VKRXOG EH GHVLJQHG XVLQJ WKH PHWKRGV JLYHQ LQ �������� �������� ������� DQG ��������

,Q HDFK FDVH WKH GHWDLOV RI WKH MRLQWV VKRXOG EH VXFK DV WR IXOILO WKH DVVXPSWLRQV PDGH LQ WKH UHOHYDQW GHVLJQ
PHWKRG� ZLWKRXW DGYHUVHO\ DIIHFWLQJ DQ\ RWKHU SDUW RI WKH VWUXFWXUH�

������� 6LPSOH GHVLJQ

7KH MRLQWV VKRXOG EH DVVXPHG QRW WR GHYHORS PRPHQWV DGYHUVHO\ DIIHFWLQJ HLWKHU WKH PHPEHUV RU WKH
VWUXFWXUH DV D ZKROH�

7KH GLVWULEXWLRQ RI IRUFHV PD\ EH GHWHUPLQHG DVVXPLQJ WKDW PHPEHUV LQWHUVHFWLQJ DW D MRLQW DUH SLQ
FRQQHFWHG� 7KH QHFHVVDU\ IOH[LELOLW\ LQ WKH FRQQHFWLRQV PD\ UHVXOW LQ VRPH QRQ�HODVWLF GHIRUPDWLRQ RI WKH
PDWHULDOV� RWKHU WKDQ WKH EROWV�

7KH VWUXFWXUH VKRXOG EH ODWHUDOO\ UHVWUDLQHG� ERWK LQ�SODQH DQG RXW�RI�SODQH� WR SURYLGH VZD\ VWDELOLW\�
VHH �������� DQG UHVLVW KRUL]RQWDO IRUFHV� VHH ��������
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%6 �����������

��

6HFWLRQ �

������� &RQWLQXRXV GHVLJQ

(LWKHU HODVWLF RU SODVWLF DQDO\VLV PD\ EH XVHG�

)RU HODVWLF DQDO\VLV WKH MRLQWV VKRXOG KDYH VXIILFLHQW URWDWLRQDO VWLIIQHVV WR MXVWLI\ DQDO\VLV EDVHG RQ IXOO
FRQWLQXLW\� 7KH MRLQWV VKRXOG DOVR EH FDSDEOH RI UHVLVWLQJ WKH PRPHQWV DQG IRUFHV UHVXOWLQJ IURP WKH 
DQDO\VLV�

)RU SODVWLF DQDO\VLV WKH MRLQWV VKRXOG KDYH VXIILFLHQW PRPHQW FDSDFLW\ WR MXVWLI\ DQDO\VLV DVVXPLQJ SODVWLF 
KLQJHV LQ WKH PHPEHUV� 7KH MRLQWV VKRXOG DOVR KDYH VXIILFLHQW URWDWLRQDO VWLIIQHVV IRU LQ�SODQH VWDELOLW\�

������� 6HPL�FRQWLQXRXV GHVLJQ

7KLV PHWKRG PD\ EH XVHG ZKHUH WKH MRLQWV KDYH VRPH GHJUHH RI VWUHQJWK DQG VWLIIQHVV� EXW LQVXIILFLHQW WR
GHYHORS IXOO FRQWLQXLW\� (LWKHU HODVWLF RU SODVWLF DQDO\VLV PD\ EH XVHG�

7KH PRPHQW FDSDFLW\� URWDWLRQDO VWLIIQHVV DQG URWDWLRQ FDSDFLW\ RI WKH MRLQWV VKRXOG EH EDVHG RQ
H[SHULPHQWDO HYLGHQFH� 7KLV PD\ SHUPLW VRPH OLPLWHG SODVWLFLW\� SURYLGHG WKDW WKH FDSDFLW\ RI WKH EROWV RU 
ZHOGV LV QRW WKH IDLOXUH FULWHULRQ� 2Q WKLV EDVLV� WKH GHVLJQ VKRXOG VDWLVI\ WKH VWUHQJWK� VWLIIQHVV DQG 
LQ�SODQH VWDELOLW\ UHTXLUHPHQWV RI DOO SDUWV RI WKH VWUXFWXUH ZKHQ SDUWLDO FRQWLQXLW\ DW WKH MRLQWV LV WDNHQ
LQWR DFFRXQW LQ GHWHUPLQLQJ WKH PRPHQWV DQG IRUFHV LQ WKH PHPEHUV�
127(  'HWDLOV RI GHVLJQ SURFHGXUHV RI WKLV W\SH DUH JLYHQ LQ UHIHUHQFHV >�@ DQG >�@� VHH %LEOLRJUDSK\�

������� ([SHULPHQWDO YHULILFDWLRQ

:KHUH GHVLJQ RI D VWUXFWXUH RU HOHPHQW E\ FDOFXODWLRQ LQ DFFRUGDQFH ZLWK DQ\ RI WKH SUHFHGLQJ PHWKRGV LV 
QRW SUDFWLFDEOH� RU LV LQDSSURSULDWH� WKH VWUHQJWK� VWDELOLW\� VWLIIQHVV DQG GHIRUPDWLRQ FDSDFLW\ PD\ EH
FRQILUPHG E\ DSSURSULDWH ORDGLQJ WHVWV LQ DFFRUGDQFH ZLWK 6HFWLRQ ��

����� /LPLW VWDWHV FRQFHSW

6WUXFWXUHV VKRXOG EH GHVLJQHG E\ FRQVLGHULQJ WKH OLPLW VWDWHV EH\RQG ZKLFK WKH\ ZRXOG EHFRPH XQILW IRU 
WKHLU LQWHQGHG XVH� $SSURSULDWH SDUWLDO IDFWRUV VKRXOG EH DSSOLHG WR SURYLGH DGHTXDWH GHJUHHV RI UHOLDELOLW\
IRU XOWLPDWH OLPLW VWDWHV DQG VHUYLFHDELOLW\ OLPLW VWDWHV� 8OWLPDWH OLPLW VWDWHV FRQFHUQ WKH VDIHW\ RI WKH ZKROH 
RU SDUW RI WKH VWUXFWXUH� 6HUYLFHDELOLW\ OLPLW VWDWHV FRUUHVSRQG WR OLPLWV EH\RQG ZKLFK VSHFLILHG VHUYLFH
FULWHULD DUH QR ORQJHU PHW�

([DPSOHV RI OLPLW VWDWHV UHOHYDQW WR VWHHO VWUXFWXUHV DUH JLYHQ LQ 7DEOH �� ,Q GHVLJQ� WKH OLPLW VWDWHV UHOHYDQW
WR WKDW VWUXFWXUH RU SDUW VKRXOG EH FRQVLGHUHG�

7KH RYHUDOO IDFWRU LQ DQ\ GHVLJQ KDV WR FRYHU YDULDELOLW\ RI�

,Q WKLV FRGH WKH PDWHULDO IDFWRU �P LV LQFRUSRUDWHG LQ WKH UHFRPPHQGHG GHVLJQ VWUHQJWKV� )RU VWUXFWXUDO 
VWHHO WKH PDWHULDO IDFWRU LV WDNHQ DV ��� DSSOLHG WR WKH \LHOG VWUHQJWK <V RU ���  DSSOLHG WR WKH WHQVLOH VWUHQJWK
8V� 'LIIHUHQW YDOXHV DUH XVHG IRU EROWV DQG ZHOGV�

7KH YDOXHV DVVLJQHG IRU �� DQG �S GHSHQG RQ WKH W\SH RI ORDG DQG WKH ORDG FRPELQDWLRQ� 7KHLU SURGXFW LV WKH
IDFWRU �I E\ ZKLFK WKH VSHFLILHG ORDGV DUH WR EH PXOWLSOLHG LQ FKHFNLQJ WKH VWUHQJWK DQG VWDELOLW\ RI D 
VWUXFWXUH� VHH ���� $ GHWDLOHG EUHDNGRZQ RI � IDFWRUV LV JLYHQ LQ $QQH[ $�

7DEOH � ¦ /LPLW VWDWHV

¦ PDWHULDO VWUHQJWK� �P

¦ ORDGLQJ� ��

¦ VWUXFWXUDO SHUIRUPDQFH� �S

8OWLPDWH OLPLW VWDWHV �8/6� 6HUYLFHDELOLW\ OLPLW VWDWHV �6/6�

6WUHQJWK �LQFOXGLQJ JHQHUDO \LHOGLQJ� UXSWXUH� 
EXFNOLQJ DQG IRUPLQJ D PHFKDQLVP�� VHH ������

'HIOHFWLRQ� VHH ������

6WDELOLW\ DJDLQVW RYHUWXUQLQJ DQG VZD\ VWDELOLW\� 
VHH ������

9LEUDWLRQ� VHH ������

)UDFWXUH GXH WR IDWLJXH� VHH ������ :LQG LQGXFHG RVFLOODWLRQ� VHH ������

%ULWWOH IUDFWXUH� VHH ������ 'XUDELOLW\� VHH ������
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%6 �����������

��

6HFWLRQ �

��� /RDGLQJ

����� *HQHUDO

$OO UHOHYDQW ORDGV VKRXOG EH FRQVLGHUHG VHSDUDWHO\ DQG LQ VXFK UHDOLVWLF FRPELQDWLRQV DV WR FRPSULVH WKH
PRVW FULWLFDO HIIHFWV RQ WKH HOHPHQWV DQG WKH VWUXFWXUH DV D ZKROH� 7KH PDJQLWXGH DQG IUHTXHQF\ RI
IOXFWXDWLQJ ORDGV VKRXOG DOVR EH FRQVLGHUHG�

/RDGLQJ FRQGLWLRQV GXULQJ HUHFWLRQ VKRXOG UHFHLYH SDUWLFXODU DWWHQWLRQ� 6HWWOHPHQW RI VXSSRUWV VKRXOG EH
WDNHQ LQWR DFFRXQW ZKHUH QHFHVVDU\�

����� 'HDG� LPSRVHG DQG ZLQG ORDGLQJ

7KH GHDG DQG LPSRVHG ORDGV VKRXOG EH GHWHUPLQHG IURP %6 ������ DQG %6 ������� ZLQG ORDGV VKRXOG EH
GHWHUPLQHG IURP %6 ������ RU &3��&K 9�3DUW ��
127(   ,Q FRXQWULHV RWKHU WKDQ WKH 8.� ORDGV FDQ EH GHWHUPLQHG LQ DFFRUGDQFH ZLWK WKLV FODXVH� RU LQ DFFRUGDQFH ZLWK ORFDO RU QDWLRQDO
SURYLVLRQV DV DSSURSULDWH�

����� /RDGV IURP RYHUKHDG WUDYHOOLQJ FUDQHV

)RU RYHUKHDG WUDYHOOLQJ FUDQHV� WKH YHUWLFDO DQG KRUL]RQWDO G\QDPLF ORDGV DQG LPSDFW HIIHFWV VKRXOG EH 
GHWHUPLQHG LQ DFFRUGDQFH ZLWK %6 ������� 7KH YDOXHV IRU FUDQHV RI ORDGLQJ FODVV 4� DQG 4� DV GHILQHG LQ
%6 ������ VKRXOG EH HVWDEOLVKHG LQ FRQVXOWDWLRQ ZLWK WKH FUDQH PDQXIDFWXUHU�

����� (DUWK DQG JURXQG�ZDWHU ORDGLQJ

7KH HDUWK DQG JURXQG�ZDWHU ORDGLQJ WR ZKLFK WKH SDUWLDO IDFWRU    �I RI ��� JLYHQ LQ 7DEOH � DSSOLHV� VKRXOG EH
WDNHQ DV WKH ZRUVW FUHGLEOH HDUWK DQG JURXQG�ZDWHU ORDGV REWDLQHG LQ DFFRUGDQFH ZLWK %6 ����� :KHUH 
RWKHU HDUWK DQG JURXQG�ZDWHU ORDGV DUH XVHG� VXFK DV QRPLQDO ORDGV GHWHUPLQHG LQ DFFRUGDQFH ZLWK &3��
WKH YDOXH RI WKH SDUWLDO IDFWRU �I VKRXOG EH WDNHQ DV ����

:KHQ DSSO\LQJ �I WR HDUWK DQG JURXQG�ZDWHU ORDGV� QR GLVWLQFWLRQ VKRXOG EH PDGH EHWZHHQ DGYHUVH DQG 
EHQHILFLDO ORDGV� 0RUHRYHU� WKH VDPH YDOXH RI �I VKRXOG EH DSSOLHG LQ DQ\ ORDG FRPELQDWLRQ�

��� 7HPSHUDWXUH FKDQJH
:KHUH� LQ WKH GHVLJQ DQG HUHFWLRQ RI D VWUXFWXUH� LW LV QHFHVVDU\ WR WDNH DFFRXQW RI FKDQJHV LQ WHPSHUDWXUH�
LW PD\ EH DVVXPHG WKDW LQ WKH 8. WKH DYHUDJH WHPSHUDWXUH RI LQWHUQDO VWHHOZRUN YDULHV IURP
¥� �& WR ��� �&� 7KH DFWXDO UDQJH� KRZHYHU� GHSHQGV RQ WKH ORFDWLRQ� W\SH DQG SXUSRVH RI WKH VWUXFWXUH DQG
VSHFLDO FRQVLGHUDWLRQ PD\ EH QHFHVVDU\ IRU VWUXFWXUHV LQ RWKHU FRQGLWLRQV� DQG LQ ORFDWLRQV DEURDG VXEMHFWHG
WR GLIIHUHQW WHPSHUDWXUH UDQJHV�

��� 8OWLPDWH OLPLW VWDWHV

����� /LPLW VWDWH RI VWUHQJWK

������� *HQHUDO

,Q FKHFNLQJ WKH VWUHQJWK RI D VWUXFWXUH� RU RI DQ\ SDUW RI LW� WKH VSHFLILHG ORDGV VKRXOG EH PXOWLSOLHG E\ WKH
UHOHYDQW SDUWLDO IDFWRUV �I  JLYHQ LQ 7DEOH �� 7KH IDFWRUHG ORDGV VKRXOG EH DSSOLHG LQ WKH PRVW XQIDYRXUDEOH
UHDOLVWLF FRPELQDWLRQ IRU WKH SDUW RU HIIHFW XQGHU FRQVLGHUDWLRQ�

7KH ORDG FDUU\LQJ FDSDFLW\ RI HDFK PHPEHU DQG FRQQHFWLRQ� DV GHWHUPLQHG E\ WKH UHOHYDQW SURYLVLRQV RI WKLV
VWDQGDUG� VKRXOG EH VXFK WKDW WKH IDFWRUHG ORDGV ZRXOG QRW FDXVH IDLOXUH�

,Q HDFK ORDG FRPELQDWLRQ� D �I IDFWRU RI ��� VKRXOG EH DSSOLHG WR GHDG ORDG WKDW FRXQWHUDFWV WKH HIIHFWV RI
RWKHU ORDGV� LQFOXGLQJ GHDG ORDGV UHVWUDLQLQJ VOLGLQJ� RYHUWXUQLQJ RU XSOLIW�

������� %XLOGLQJV ZLWKRXW FUDQHV

,Q WKH GHVLJQ RI EXLOGLQJV QRW VXEMHFW WR ORDGV IURP FUDQHV� WKH IROORZLQJ SULQFLSDO FRPELQDWLRQV RI ORDGV
VKRXOG EH WDNHQ LQWR DFFRXQW�

¦ /RDG FRPELQDWLRQ �� 'HDG ORDG DQG LPSRVHG ORDG �JUDYLW\ ORDGV��

¦ /RDG FRPELQDWLRQ �� 'HDG ORDG DQG ZLQG ORDG�

¦ /RDG FRPELQDWLRQ �� 'HDG ORDG� LPSRVHG ORDG DQG ZLQG ORDG�
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%6 �����������

��

6HFWLRQ �

7DEOH � ¦ 3DUWLDO IDFWRUV IRU ORDGV �I

7\SH RI ORDG DQG ORDG FRPELQDWLRQ )DFWRU �I

'HDG ORDG� H[FHSW DV IROORZV� ���

'HDG ORDG DFWLQJ WRJHWKHU ZLWK ZLQG ORDG DQG LPSRVHG ORDG FRPELQHG� ���

'HDG ORDG DFWLQJ WRJHWKHU ZLWK FUDQH ORDGV DQG LPSRVHG ORDG FRPELQHG� ���

'HDG ORDG DFWLQJ WRJHWKHU ZLWK FUDQH ORDGV DQG ZLQG ORDG FRPELQHG� ���

'HDG ORDG ZKHQHYHU LW FRXQWHUDFWV WKH HIIHFWV RI RWKHU ORDGV� ���

'HDG ORDG ZKHQ UHVWUDLQLQJ VOLGLQJ� RYHUWXUQLQJ RU XSOLIW� ���

,PSRVHG ORDG� ���

,PSRVHG ORDG DFWLQJ WRJHWKHU ZLWK ZLQG ORDG� ���

:LQG ORDG� ���

:LQG ORDG DFWLQJ WRJHWKHU ZLWK LPSRVHG ORDG� ���

6WRUDJH WDQNV� LQFOXGLQJ FRQWHQWV� ���

6WRUDJH WDQNV� HPSW\� ZKHQ UHVWUDLQLQJ VOLGLQJ� RYHUWXUQLQJ RU XSOLIW� ���

(DUWK DQG JURXQG�ZDWHU ORDG� ZRUVW FUHGLEOH YDOXHV� VHH ������ ���

(DUWK DQG JURXQG�ZDWHU ORDG� QRPLQDO YDOXHV� VHH ������ ���

([FHSWLRQDO VQRZ ORDG �GXH WR ORFDO GULIWLQJ RQ URRIV� VHH ��� LQ %6 ������������� ����

)RUFHV GXH WR WHPSHUDWXUH FKDQJH� ���

9HUWLFDO FUDQH ORDGV� ���

9HUWLFDO FUDQH ORDGV DFWLQJ WRJHWKHU ZLWK KRUL]RQWDO FUDQH ORDGV� ���D

+RUL]RQWDO FUDQH ORDGV �VXUJH� VHH ������ RU FUDEELQJ� VHH �������� ���

+RUL]RQWDO FUDQH ORDGV DFWLQJ WRJHWKHU ZLWK YHUWLFDO FUDQH ORDGV� ���

9HUWLFDO FUDQH ORDGV DFWLQJ WRJHWKHU ZLWK LPSRVHG ORDG� ���D

+RUL]RQWDO FUDQH ORDGV DFWLQJ WRJHWKHU ZLWK LPSRVHG ORDG� ���

,PSRVHG ORDG DFWLQJ WRJHWKHU ZLWK YHUWLFDO FUDQH ORDGV� ���

,PSRVHG ORDG DFWLQJ WRJHWKHU ZLWK KRUL]RQWDO FUDQH ORDGV� ���

&UDQH ORDGV DFWLQJ WRJHWKHU ZLWK ZLQG ORDG� ���D

:LQG ORDG DFWLQJ WRJHWKHU ZLWK FUDQH ORDGV� ���

D 8VH �I
   ��� IRU YHUWLFDO FUDQH ORDGV WKDW FRXQWHUDFW WKH HIIHFWV RI RWKHU ORDGV�

!NOTE 1  The imposed loads are the imposed floor loads and the imposed roof loads. 
NOTE 2  The crane loads are the self-weight of the crane, the lifted load and the allowances for dynamic effects."

© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������

��

6HFWLRQ �

�������  2YHUKHDG WUDYHOOLQJ FUDQHV

7KH �I IDFWRUV JLYHQ LQ 7DEOH � IRU YHUWLFDO ORDGV IURP RYHUKHDG WUDYHOOLQJ FUDQHV VKRXOG EH DSSOLHG WR WKH 
G\QDPLF YHUWLFDO ZKHHO ORDGV� L�H� WKH VWDWLF YHUWLFDO ZKHHO ORDGV LQFUHDVHG E\ WKH DSSURSULDWH DOORZDQFH IRU 
G\QDPLF HIIHFWV� VHH ������

:KHUH D VWUXFWXUH RU PHPEHU LV VXEMHFW WR ORDGV IURP WZR RU PRUH FUDQHV� WKH FUDQH ORDGV VKRXOG EH WDNHQ 
DV WKH PD[LPXP YHUWLFDO DQG KRUL]RQWDO ORDGV DFWLQJ VLPXOWDQHRXVO\ ZKHUH WKLV LV UHDVRQDEO\ SRVVLEOH�

)RU RYHUKHDG WUDYHOOLQJ FUDQHV LQVLGH EXLOGLQJV� LQ WKH GHVLJQ RI JDQWU\ JLUGHUV DQG WKHLU VXSSRUWV WKH
IROORZLQJ SULQFLSDO FRPELQDWLRQV RI ORDGV VKRXOG EH WDNHQ LQWR DFFRXQW�

)XUWKHU ORDG FRPELQDWLRQV VKRXOG DOVR EH FRQVLGHUHG LQ WKH FDVH RI PHPEHUV WKDW VXSSRUW RYHUKHDG
WUDYHOOLQJ FUDQHV DQG DUH DOVR VXEMHFW WR ZLQG ORDGV

������� 2XWGRRU FUDQHV

7KH ZLQG ORDGV RQ RXWGRRU RYHUKHDG WUDYHOOLQJ FUDQHV VKRXOG EH REWDLQHG IURP�

D� %6 ������� IRU FUDQHV XQGHU ZRUNLQJ FRQGLWLRQV�

E� %6 ������� IRU FUDQHV WKDW DUH QRW LQ RSHUDWLRQ�

����� 6WDELOLW\ OLPLW VWDWHV

������� *HQHUDO

6WDWLF HTXLOLEULXP� UHVLVWDQFH WR KRUL]RQWDO IRUFHV DQG VZD\ VWLIIQHVV VKRXOG EH FKHFNHG�

,Q FKHFNLQJ WKH VWDELOLW\ RI D VWUXFWXUH� RU RI DQ\ SDUW RI LW� WKH ORDGV VKRXOG EH LQFUHDVHG E\ WKH UHOHYDQW �I
IDFWRUV JLYHQ LQ 7DEOH �� 7KH IDFWRUHG ORDGV VKRXOG EH DSSOLHG LQ WKH PRVW XQIDYRXUDEOH UHDOLVWLF
FRPELQDWLRQ IRU WKH SDUW RU HIIHFW XQGHU FRQVLGHUDWLRQ�

������� 6WDWLF HTXLOLEULXP

7KH IDFWRUHG ORDGV� FRQVLGHUHG VHSDUDWHO\ DQG LQ FRPELQDWLRQ� VKRXOG QRW FDXVH WKH VWUXFWXUH� RU DQ\ SDUW
RI LW �LQFOXGLQJ WKH IRXQGDWLRQV�� WR VOLGH� RYHUWXUQ RU OLIW RII LWV VHDWLQJ� 7KH FRPELQDWLRQ RI GHDG� LPSRVHG
DQG ZLQG ORDGV VKRXOG EH VXFK DV WR KDYH WKH PRVW VHYHUH HIIHFW RQ WKH VWDELOLW\ OLPLW VWDWH XQGHU
FRQVLGHUDWLRQ� VHH ������

$FFRXQW VKRXOG EH WDNHQ RI YDULDWLRQV LQ GHDG ORDG SUREDEOH GXULQJ FRQVWUXFWLRQ RU RWKHU WHPSRUDU\
FRQGLWLRQV�

������� 5HVLVWDQFH WR KRUL]RQWDO IRUFHV

7R SURYLGH D SUDFWLFDO OHYHO RI UREXVWQHVV DJDLQVW WKH HIIHFWV RI LQFLGHQWDO ORDGLQJ� DOO VWUXFWXUHV� LQFOXGLQJ
SRUWLRQV EHWZHHQ H[SDQVLRQ MRLQWV� VKRXOG KDYH DGHTXDWH UHVLVWDQFH WR KRUL]RQWDO IRUFHV� ,Q ORDG
FRPELQDWLRQ � �VHH �������� WKH QRWLRQDO KRUL]RQWDO IRUFHV JLYHQ LQ ������� VKRXOG EH DSSOLHG� ,Q ORDG
FRPELQDWLRQV � DQG � WKH KRUL]RQWDO FRPSRQHQW RI WKH IDFWRUHG ZLQG ORDG VKRXOG QRW EH WDNHQ DV OHVV WKDQ
��� � RI WKH IDFWRUHG GHDG ORDG DSSOLHG KRUL]RQWDOO\�

5HVLVWDQFH WR KRUL]RQWDO IRUFHV VKRXOG EH SURYLGHG XVLQJ RQH RU PRUH RI WKH IROORZLQJ V\VWHPV�

¦ WULDQJXODWHG EUDFLQJ�
¦ PRPHQW�UHVLVWLQJ MRLQWV�
¦ FDQWLOHYHU FROXPQV�
¦ VKHDU ZDOOV�
¦ VSHFLDOO\ GHVLJQHG VWDLUFDVH HQFORVXUHV� OLIW FRUHV RU VLPLODU FRQVWUXFWLRQ�

:KDWHYHU V\VWHP RI UHVLVWLQJ KRUL]RQWDO IRUFHV LV XVHG� UHYHUVDO RI ORDG GLUHFWLRQ VKRXOG EH DFFRPPRGDWHG� 
7KH FODGGLQJ� IORRUV DQG URRI VKRXOG KDYH DGHTXDWH VWUHQJWK DQG EH VR VHFXUHG WR WKH VWUXFWXUDO IUDPHZRUN 
DV WR WUDQVPLW DOO KRUL]RQWDO IRUFHV WR WKH SRLQWV DW ZKLFK VXFK UHVLVWDQFH LV SURYLGHG�

:KHUH UHVLVWDQFH WR KRUL]RQWDO IRUFHV LV SURYLGHG E\ FRQVWUXFWLRQ RWKHU WKDQ WKH VWHHO IUDPH� WKH VWHHOZRUN 
GHVLJQ VKRXOG FOHDUO\ LQGLFDWH WKH QHHG IRU VXFK FRQVWUXFWLRQ DQG VWDWH WKH IRUFHV DFWLQJ RQ LW� VHH ����

¦ &UDQH FRPELQDWLRQ �� 'HDG ORDG� LPSRVHG ORDG DQG YHUWLFDO FUDQH ORDGV�

¦ &UDQH FRPELQDWLRQ �� 'HDG ORDG� LPSRVHG ORDG DQG KRUL]RQWDO FUDQH ORDGV�

¦ &UDQH FRPELQDWLRQ �� 'HDG ORDG� LPSRVHG ORDG� YHUWLFDO FUDQH ORDGV DQG KRUL]RQWDO FUDQH ORDGV�
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6HFWLRQ �

$V WKH VSHFLILHG ORDGV IURP RYHUKHDG WUDYHOOLQJ FUDQHV DOUHDG\ LQFOXGH VLJQLILFDQW KRUL]RQWDO ORDGV� LW LV QRW
QHFHVVDU\ WR LQFOXGH YHUWLFDO FUDQH ORDGV ZKHQ FDOFXODWLQJ WKH PLQLPXP ZLQG ORDG�

������� 1RWLRQDO KRUL]RQWDO IRUFHV

7R DOORZ IRU WKH HIIHFWV RI SUDFWLFDO LPSHUIHFWLRQV VXFK DV ODFN RI YHUWLFDOLW\� DOO VWUXFWXUHV VKRXOG EH FDSDEOH
RI UHVLVWLQJ QRWLRQDO KRUL]RQWDO IRUFHV� WDNHQ DV D PLQLPXP RI ��� � RI WKH IDFWRUHG YHUWLFDO GHDG DQG 
LPSRVHG ORDGV DSSOLHG DW WKH VDPH OHYHO�
127(    )RU FHUWDLQ VWUXFWXUHV� VXFK DV LQWHUQDO SODWIRUP IORRUV RU VSHFWDWRU JUDQGVWDQGV� ODUJHU PLQLPXP KRUL]RQWDO IRUFHV DUH JLYHQ
LQ WKH UHOHYDQW GHVLJQ GRFXPHQWDWLRQ�

7KH QRWLRQDO KRUL]RQWDO IRUFHV VKRXOG EH DVVXPHG WR DFW LQ DQ\ RQH GLUHFWLRQ DW D WLPH DQG VKRXOG EH DSSOLHG
DW HDFK URRI DQG IORRU OHYHO RU WKHLU HTXLYDOHQW� 7KH\ VKRXOG EH WDNHQ DV DFWLQJ VLPXOWDQHRXVO\ ZLWK WKH 
IDFWRUHG YHUWLFDO GHDG DQG LPSRVHG ORDGV �ORDG FRPELQDWLRQ �� VHH ���������

$V WKH VSHFLILHG ORDGV IURP RYHUKHDG WUDYHOOLQJ FUDQHV DOUHDG\ LQFOXGH VLJQLILFDQW KRUL]RQWDO ORDGV� WKH 
YHUWLFDO FUDQH ORDGV QHHG QRW EH LQFOXGHG ZKHQ FDOFXODWLQJ QRWLRQDO KRUL]RQWDO IRUFHV�

7KH QRWLRQDO KRUL]RQWDO IRUFHV DSSOLHG LQ ORDG FRPELQDWLRQ � VKRXOG QRW�

D� EH DSSOLHG ZKHQ FRQVLGHULQJ RYHUWXUQLQJ�

E� EH DSSOLHG ZKHQ FRQVLGHULQJ SDWWHUQ ORDGV�

F� EH FRPELQHG ZLWK DSSOLHG KRUL]RQWDO ORDGV�

G� EH FRPELQHG ZLWK WHPSHUDWXUH HIIHFWV�

127(  7KHVH FRQGLWLRQV GR QRW DSSO\ WR WKH PLQLPXP ZLQG ORDG ���� � RI GHDG ORDG� LQ ��������

������� 6ZD\ VWLIIQHVV

$OO VWUXFWXUHV �LQFOXGLQJ SRUWLRQV EHWZHHQ H[SDQVLRQ MRLQWV� VKRXOG KDYH VXIILFLHQW VZD\ VWLIIQHVV� VR WKDW
WKH YHUWLFDO ORDGV DFWLQJ ZLWK WKH ODWHUDO GLVSODFHPHQWV RI WKH VWUXFWXUH GR QRW LQGXFH H[FHVVLYH VHFRQGDU\ 
IRUFHV RU PRPHQWV LQ WKH PHPEHUV RU FRQQHFWLRQV� :KHUH VXFK §VHFRQG RUGHU¨ �§3� �¨� HIIHFWV DUH VLJQLILFDQW�
WKH\ VKRXOG EH DOORZHG IRU LQ WKH GHVLJQ RI WKRVH SDUWV RI WKH VWUXFWXUH WKDW FRQWULEXWH WR LWV UHVLVWDQFH WR
KRUL]RQWDO IRUFHV� VHH ��������

6ZD\ VWLIIQHVV VKRXOG EH SURYLGHG E\ WKH V\VWHP RI UHVLVWLQJ KRUL]RQWDO IRUFHV� VHH �������� :KDWHYHU V\VWHP 
LV XVHG� VXIILFLHQW VWLIIQHVV VKRXOG EH SURYLGHG WR OLPLW VZD\ GHIRUPDWLRQ LQ DQ\ KRUL]RQWDO GLUHFWLRQ DQG
DOVR WR OLPLW WZLVWLQJ RI WKH VWUXFWXUH RQ SODQ�

:KHUH PRPHQW UHVLVWLQJ MRLQWV DUH XVHG WR SURYLGH VZD\ VWLIIQHVV� XQOHVV WKH\ SURYLGH IXOO FRQWLQXLW\ RI
PHPEHU VWLIIQHVV� WKHLU IOH[LELOLW\ VKRXOG EH WDNHQ LQWR DFFRXQW LQ WKH DQDO\VLV�

,Q WKH FDVH RI FODG VWUXFWXUHV� WKH VWLIIHQLQJ HIIHFW RI PDVRQU\ LQILOO ZDOO SDQHOV RU GLDSKUDJPV RI SURILOHG
VWHHO VKHHWLQJ PD\ EH H[SOLFLWO\ WDNHQ LQWR DFFRXQW E\ XVLQJ WKH PHWKRG RI SDUWLDO VZD\ EUDFLQJ JLYHQ LQ
$QQH[ (�

������� §1RQ�VZD\¨ IUDPHV

$ VWUXFWXUH RU VWUXFWXUDO IUDPH PD\ EH FODVVHG DV §QRQ�VZD\¨ LI LWV VZD\ GHIRUPDWLRQ LV VXIILFLHQWO\ VPDOO
IRU WKH UHVXOWLQJ VHFRQGDU\ IRUFHV DQG PRPHQWV WR EH QHJOLJLEOH� )RU FODG VWUXFWXUHV� SURYLGHG WKDW WKH
VWLIIHQLQJ HIIHFW RI PDVRQU\ LQILOO ZDOO SDQHOV RU GLDSKUDJPV RI SURILOHG VWHHO VKHHWLQJ LV QRW H[SOLFLWO\ WDNHQ
LQWR DFFRXQW �VHH ��������� WKLV PD\ EH DVVXPHG WR EH VDWLVILHG LI WKH VZD\ PRGH HODVWLF FULWLFDO ORDG IDFWRU

FU RI WKH IUDPH� XQGHU YHUWLFDO ORDG RQO\� VDWLVILHV�


FU � ��

,Q DOO RWKHU FDVHV WKH VWUXFWXUH RU IUDPH VKRXOG EH FODVVHG DV §VZD\�VHQVLWLYH¨� VHH ��������

e) be taken to contribute to the net reactions !of the structure as a whole on its" foundations.
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6HFWLRQ �

([FHSW IRU VLQJOH�VWRUH\ IUDPHV ZLWK PRPHQW�UHVLVWLQJ MRLQWV� RU RWKHU IUDPHV LQ ZKLFK VORSLQJ PHPEHUV
KDYH PRPHQW�UHVLVWLQJ FRQQHFWLRQV� 
FU VKRXOG EH WDNHQ DV WKH VPDOOHVW YDOXH� FRQVLGHULQJ HYHU\ VWRUH\�
GHWHUPLQHG IURP�

ZKHUH

)RU VLQJOH�VWRUH\ IUDPHV ZLWK ULJLG PRPHQW�UHVLVWLQJ MRLQWV� UHIHUHQFH VKRXOG EH PDGH WR ����

2WKHU IUDPHV LQ ZKLFK VORSLQJ PHPEHUV KDYH PRPHQW�UHVLVWLQJ FRQQHFWLRQV PD\ HLWKHU EH GHVLJQHG E\
REWDLQLQJ 
FU E\ VHFRQG�RUGHU HODVWLF DQDO\VLV� RU WUHDWHG OLNH SRUWDO IUDPHV� VHH ����

������� §6ZD\�VHQVLWLYH¨ IUDPHV

$OO VWUXFWXUHV WKDW DUH QRW FODVVHG DV §QRQ�VZD\¨ �LQFOXGLQJ WKRVH LQ ZKLFK WKH VWLIIHQLQJ HIIHFW RI PDVRQU\
LQILOO ZDOO SDQHOV RU GLDSKUDJPV RI SURILOHG VWHHO VKHHWLQJ LV H[SOLFLWO\ WDNHQ LQWR DFFRXQW� VHH ���������

������� 6ZD\ HIIHFWV

,Q WKH FDVH RI D V\PPHWULFDO IUDPH� ZLWK V\PPHWULFDO YHUWLFDO ORDGV� WKH VZD\ HIIHFWV VKRXOG EH WDNHQ DV
FRPSULVLQJ WKH IRUFHV DQG PRPHQWV LQ WKH IUDPH GXH WR WKH KRUL]RQWDO ORDGV�

K LV WKH VWRUH\ KHLJKW�
	


FU
K

���	
������������� 

is the notional horizontal deflection of the top of the storey relative to the bottom of the storey, 
due to !horizontal forces equal to 0.5 % of the factored vertical dead, imposed and crane loads 
applied to the frame at each storey level".

!2.4.2.7.1 General" 

should be classed as “sway-sensitive” !and the secondary forces and moments should be allowed for.
NOTE  Either elastic or plastic analysis may be used." 

!2.4.2.7.2 Elastic analysis 
Provided that 2cr is not less than 4.0, the secondary forces and moments should be allowed for by using one 
of the following methods: 

a) Effective length method: This method applies to cases where the resistance to horizontal forces is 
provided by moment-resisting joints or cantilever columns. Sway mode in-plane effective lengths should 
be used for the columns, see 4.7.3 for simple structures or E.2 for continuous structures. The beams 
should be designed to remain elastic under the factored loads.
b) Amplified sway method: The sway effects (see 2.4.2.8) should be multiplied by the amplification factor 
kamp determined from the following: 

1) for clad structures, provided that the stiffening effect of masonry infill wall panels or diaphragms of 
profiled steel sheeting (see 2.4.2.5) is not explicitly taken into account: 

2) for unclad frames, or for clad structures in which the stiffening effect of masonry infill wall panels 
or diaphragms of profiled steel sheeting (see 2.4.2.5) is explicitly taken into account: 

c) Analytical method. A rigorous form of second order elastic analysis should be used. 
If 2cr is less than 4.0, method c) should always be used. 

2.4.2.7.3 Plastic analysis 
If plastic analysis is used, reference should be made to 5.5 for portal frames or 5.7 for multi-storey frames. 
The secondary forces and moments should be allowed for by using second order elastic–plastic analysis. 
Simple plastic theory should not be used for second order analysis." 

kamp
λcr

λcr 1–
---------------=

kamp
λcr

1.15λcr
1.5–

-----------------------------but kamp 1.0≥=
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%6 �����������

��

6HFWLRQ �

,Q DQ\ RWKHU FDVH� WKH IRUFHV DQG PRPHQWV DW WKH HQGV RI HDFK PHPEHU PD\ FRQVHUYDWLYHO\ EH WUHDWHG DV
VZD\ HIIHFWV� 2WKHUZLVH� WKH VZD\ HIIHFWV PD\ EH IRXQG E\ XVLQJ RQH RI WKH IROORZLQJ DOWHUQDWLYHV�

D� 'HGXFWLQJ WKH QRQ�VZD\ HIIHFWV�

�� $QDO\VH WKH IUDPH XQGHU WKH DFWXDO UHVWUDLQW FRQGLWLRQV�

�� $GG KRUL]RQWDO UHVWUDLQWV DW HDFK IORRU RU URRI OHYHO WR SUHYHQW VZD\� WKHQ DQDO\VH WKH IUDPH DJDLQ�

�� 2EWDLQ WKH VZD\ HIIHFWV E\ GHGXFWLQJ WKH VHFRQG VHW RI IRUFHV DQG PRPHQWV IURP WKH ILUVW VHW�

E� 'LUHFW FDOFXODWLRQ�

�� $QDO\VH WKH IUDPH ZLWK KRUL]RQWDO UHVWUDLQWV DGGHG DW HDFK IORRU RU URRI OHYHO WR SUHYHQW VZD\�

�� 5HYHUVH WKH GLUHFWLRQV RI WKH KRUL]RQWDO UHDFWLRQV SURGXFHG DW WKH DGGHG KRUL]RQWDO UHVWUDLQWV�

�� $SSO\ WKHP DV ORDGV WR WKH RWKHUZLVH XQORDGHG IUDPH XQGHU WKH DFWXDO UHVWUDLQW FRQGLWLRQV�

�� $GRSW WKH IRUFHV DQG PRPHQWV IURP WKH VHFRQG DQDO\VLV DV WKH VZD\ HIIHFWV�

������� )RXQGDWLRQ GHVLJQ

7KH GHVLJQ RI IRXQGDWLRQV VKRXOG EH LQ DFFRUGDQFH ZLWK %6 ���� DQG VKRXOG DFFRPPRGDWH DOO WKH IRUFHV
LPSRVHG RQ WKHP� $WWHQWLRQ VKRXOG EH JLYHQ WR WKH PHWKRG RI FRQQHFWLQJ WKH VWHHO VXSHUVWUXFWXUH WR WKH
IRXQGDWLRQV DQG WR WKH DQFKRULQJ RI KROGLQJ�GRZQ EROWV DV UHFRPPHQGHG LQ ����

:KHUH LW LV QHFHVVDU\ WR TXRWH WKH IRXQGDWLRQ UHDFWLRQV� LW VKRXOG EH FOHDUO\ VWDWHG ZKHWKHU WKH IRUFHV DQG
PRPHQWV UHVXOW IURP IDFWRUHG RU XQIDFWRUHG ORDGV� :KHUH WKH\ UHVXOW IURP IDFWRUHG ORDGV� WKH UHOHYDQW  �I
IDFWRUV IRU HDFK ORDG LQ HDFK FRPELQDWLRQ VKRXOG EH VWDWHG�

����� )DWLJXH

)DWLJXH QHHG QRW EH FRQVLGHUHG XQOHVV D VWUXFWXUH RU HOHPHQW LV VXEMHFWHG WR QXPHURXV VLJQLILFDQW
IOXFWXDWLRQV RI VWUHVV� 6WUHVV FKDQJHV GXH WR QRUPDO IOXFWXDWLRQV LQ ZLQG ORDGLQJ QHHG QRW EH FRQVLGHUHG� 
+RZHYHU� ZKHUH DHURG\QDPLF LQVWDELOLW\ FDQ RFFXU� DFFRXQW VKRXOG EH WDNHQ RI ZLQG LQGXFHG RVFLOODWLRQV�

6WUXFWXUDO PHPEHUV WKDW VXSSRUW KHDY\ YLEUDWLQJ PDFKLQHU\ RU SODQW VKRXOG EH FKHFNHG IRU IDWLJXH 
UHVLVWDQFH� ,Q WKH GHVLJQ RI FUDQH VXSSRUWLQJ VWUXFWXUHV� RQO\ WKRVH PHPEHUV WKDW VXSSRUW FUDQHV RI
XWLOL]DWLRQ FODVVHV 8� WR 8� DV GHILQHG LQ %6 ���� QHHG EH FKHFNHG�

:KHQ GHVLJQLQJ IRU IDWLJXH D �I IDFWRU RI ��� VKRXOG EH XVHG� 5HVLVWDQFH WR IDWLJXH VKRXOG EH GHWHUPLQHG E\
UHIHUHQFH WR %6 �����

:KHUH IDWLJXH LV FULWLFDO� DOO GHVLJQ GHWDLOV VKRXOG EH SUHFLVHO\ GHILQHG DQG WKH UHTXLUHG TXDOLW\ RI
ZRUNPDQVKLS VKRXOG EH FOHDUO\ VSHFLILHG�
127(  %6 ������ GRHV QRW IXOO\ FRYHU ZRUNPDQVKLS IRU FDVHV ZKHUH IDWLJXH LV FULWLFDO� EXW UHIHUHQFH FDQ EH PDGH WR ,62 ��������

����� %ULWWOH IUDFWXUH

%ULWWOH IUDFWXUH VKRXOG EH DYRLGHG E\ XVLQJ D VWHHO TXDOLW\ ZLWK DGHTXDWH QRWFK WRXJKQHVV� WDNLQJ DFFRXQW
RI�

¦ WKH PLQLPXP VHUYLFH WHPSHUDWXUH�
¦ WKH WKLFNQHVV�
¦ WKH VWHHO JUDGH�
¦ WKH W\SH RI GHWDLO�
¦ WKH VWUHVV OHYHO�
¦ WKH VWUDLQ OHYHO RU VWUDLQ UDWH�

,Q DGGLWLRQ� WKH ZHOGLQJ HOHFWURGHV RU RWKHU ZHOGLQJ FRQVXPDEOHV VKRXOG KDYH D VSHFLILHG &KDUS\ LPSDFW 
YDOXH HTXLYDOHQW WR� RU EHWWHU WKDQ� WKDW VSHFLILHG IRU WKH SDUHQW PHWDO� VHH ����� DQG ������

,Q WKH 8. WKH PLQLPXP VHUYLFH WHPSHUDWXUH 7PLQ LQ WKH VWHHO VKRXOG QRUPDOO\ EH WDNHQ DV ¥� �& IRU 
LQWHUQDO VWHHOZRUN DQG ¥�� �& IRU H[WHUQDO VWHHOZRUN� )RU FROG VWRUHV� ORFDWLRQV H[SRVHG WR H[FHSWLRQDOO\ ORZ 
WHPSHUDWXUHV RU VWUXFWXUHV WR EH FRQVWUXFWHG LQ RWKHU FRXQWULHV� 7PLQ VKRXOG EH WDNHQ DV WKH PLQLPXP 
WHPSHUDWXUH H[SHFWHG WR RFFXU LQ WKH VWHHO ZLWKLQ WKH LQWHQGHG GHVLJQ OLIH RI WKH VWUXFWXUH�

7KH VWHHO TXDOLW\ VHOHFWHG IRU HDFK FRPSRQHQW VKRXOG EH VXFK WKDW WKH WKLFNQHVV W RI HDFK HOHPHQW VDWLVILHV�

W � .W�

© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������

��

6HFWLRQ �

ZKHUH

,Q DGGLWLRQ� WKH PD[LPXP WKLFNQHVV RI WKH FRPSRQHQW VKRXOG QRW H[FHHG WKH PD[LPXP WKLFNQHVV W� DW
ZKLFK WKH IXOO &KDUS\ LPSDFW YDOXH DSSOLHV WR WKH VHOHFWHG VWHHO TXDOLW\ IRU WKDW SURGXFW W\SH DQG VWHHO
JUDGH� DFFRUGLQJ WR WKH UHOHYDQW SURGXFW VWDQGDUG� VHH 7DEOH ��

)RU UROOHG VHFWLRQV W DQG W� VKRXOG EH UHODWHG WR WKH VDPH HOHPHQW RI WKH FURVV�VHFWLRQ DV WKH IDFWRU .� EXW
W� VKRXOG EH UHODWHG WR WKH WKLFNHVW HOHPHQW RI WKH FURVV�VHFWLRQ�

ZKHUH

7DEOH � ¦ )DFWRU . IRU W\SH RI GHWDLO� VWUHVV OHYHO DQG VWUDLQ FRQGLWLRQV

. LV D IDFWRU WKDW GHSHQGV RQ WKH W\SH RI GHWDLO� WKH JHQHUDO VWUHVV OHYHO� WKH VWUHVV
FRQFHQWUDWLRQ HIIHFWV DQG WKH VWUDLQ FRQGLWLRQV� VHH 7DEOH ��

W� LV WKH OLPLWLQJ WKLFNQHVV DW WKH DSSURSULDWH PLQLPXP VHUYLFH WHPSHUDWXUH 7PLQ IRU D JLYHQ 
VWHHO JUDGH DQG TXDOLW\� ZKHQ WKH IDFWRU .   �� IURP 7DEOH � RU 7DEOH ��

7PLQ LV WKH PLQLPXP VHUYLFH WHPSHUDWXUH �LQ �&� H[SHFWHG WR RFFXU LQ WKH VWHHO ZLWKLQ
WKH LQWHQGHG GHVLJQ OLIH RI WKH SDUW�

<QRP LV WKH QRPLQDO \LHOG VWUHQJWK �LQ 1�PP�� >WKH VSHFLILHG PLQLPXP \LHOG VWUHQJWK
IRU WKLFNQHVV � �� PP �RU �� PP IRU %6 ������ DV LQ WKH VWHHO JUDGH GHVLJQDWLRQ@�

7\SH RI GHWDLO RU ORFDWLR
IDFWRUHG ORDGV

&RPSRQHQWV QRW
VXEMHFW WR DSSOLHG

WHQVLRQ
6WUHVV ���� ���<QRP 6WUHVV � ���<QRP

3ODLQ VWHHO � � �

'ULOOHG KROHV RU UHDPHG KROHV ��� � �

)ODPH FXW HGJHV � ��� �

3XQFKHG KROHV �XQ�UHDPHG� � ��� �

:HOGHG� JHQHUDOO\ � ��� �

:HOGHG DFURVV HQGV RI FRYHU SODWHV ��� ���� �

��� ���� �

127( � :KHUH SDUWV DUH UHTXLUHG WR ZLWKVWDQG VLJQLILFDQW SODVWLF GHIRUPDWLRQ DW WKH PLQLPXP VHUYLFH WHPSHUDWXUH �VXFK DV 
FUDVK EDUULHUV RU FUDQH VWRSV� . VKRXOG EH KDOYHG�
127( � %DVHSODWHV DWWDFKHG WR FROXPQV E\ QRPLQDO ZHOGV RQO\� IRU WKH SXUSRVHV RI ORFDWLRQ LQ XVH DQG VHFXULW\ LQ WUDQVLW� VKRXOG
EH FODVVLILHG DV SODLQ VWHHO�
127( � :HOGHG DWWDFKPHQWV QRW H[FHHGLQJ ��� PP LQ OHQJWK VKRXOG QRW EH FODVVLILHG DV FRYHU SODWHV�

1
7PLQ 7��-±

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

 

	 �

 

!Alternatively, the value of t1 may be determined from the following: 
 

t1 50 1.2( )N 355
Ynom
-------------

1.4
=

t1 110 1.8( )N 355
Ynom
-------------

1.4
=

— if Tmin < T27J – 35 ºC: 

t1 = 0

in which: 

"

!T27J is the test temperature or equivalent test temperature (in °C) for a minimum 
Charpy impact value Cv of 27 J as specified in the relevant product standard, 
see Table 7;" 

n

Welded connections to unstiffened flanges,  
see 6.7.5!, and tubular nodal joints"

!NOTE 4   Where abrupt changes in cross-sections coincide with the detail, (other than those covered by descriptions above),  e.g. 
service openings, notched cut-outs, etc., the general stress levels should take into account the additional stress concentration  effect. 
NOTE 5   The stress considered is the stress excluding residual stresses and stresses from structural integrity checks to 2.4.5." 

— if Tmin U T27J p 20 ºC: 

— if T27J p 20 ºC  >  Tmin U T27J p 35 ºC: 

!Detail" in tension due to
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%6 �����������

��

6HFWLRQ �

7DEOH � ¦ 7KLFNQHVV W� IRU SODWHV� IODWV DQG UROOHG VHFWLRQVDE

!  
Maximum thickness t1 (mm) when K = 1 according to 

minimum service temperature 
Normal temperatures 

Internal External 
Lower temperatures 

Product standard, steel grade and quality 

−5 °C −15 °C −25 °C −35 °C −45 °C 
BS EN 10025-2:      
S 275 JR 36 20 — — — 
S 275 J0 65 54 36 20 — 
S 275 J2 94 78 65 54 36 
S 355 JR 25 14 — — — 
S 355 J0 46 38 25 14 — 
S 355 J2 66 55 46 38 25 
S 355 K2 79 66 55 46 38 
S 450 J0 33 27 18 10 — 
BS EN 10025-3:      
S 275 N 113 94 78 65 54 
S 275 NL 162 135 113 94 78 
S 355 N 79 66 55 46 38 
S 355 NL 114 95 79 66 55 
S 460 N 55 46 38 32 26 
S 460 NL 79 66 55 46 38 
BS EN 10025-4:      
S 275 M 113 94 78 65 54 
S 275 ML 162 135 113 94 78 
S 355 M 79 66 55 46 38 
S 355 ML 114 95 79 66 55 
S 460 M 55 46 38 32 26 
S 460 ML 79 66 55 46 38 
BS EN 10025-5:      
S 355 J0W or S 355 J0WP 46 38 25 14 — 
S 355 J2W or S 355 J2WP 66 55 46 38 25 
S 355 K2W 79 66 55 46 38 
BS EN 10025-6:      
S 460 Q 46 38 32 26 18 
S 460 QL 66 55 46 38 32 
S 460 QL1 95 79 66 55 46 
a The values in this table do not apply if the thickness of the part exceeds the relevant limiting thickness for validity of 

the standard Charpy impact value for that product form, see Table 6. 
b The inclusion of a thickness in this table does not necessarily imply that steel of that thickness can be supplied to that 

grade in all product forms. 

"  
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%6 �����������

��

6HFWLRQ �

7DEOH � ¦ 7KLFNQHVV W� IRU VWUXFWXUDO KROORZ VHFWLRQV
!  

Maximum thickness t1 (mm) when K = 1 according to 
minimum service temperature 

Normal temperatures 
Internal External 

Lower temperatures 

Product standard, steel grade and quality 

−5 °C −15 °C −25 °C −35 °C −45 °C 
BS EN 10210:      
S 275 J0H 65 54 36 20 — 
S 275 J2H 94 78 65 54 36 
S 275 NH 113 94 78 65 54 
S 275 NLH 162 135 113 94 78 
S 355 J0H 46 38 25 14 — 
S 355 J2H 66 55 46 38 25 
S 355 K2H or S 355 NH 79 66 55 46 38 
S 355 NLH 114 95 79 66 55 
S 460 NH 55 46 38 32 26 
S 460 NLH 79 66 55 46 38 
BS EN 10219:      
S 275 J0H 65 54 36 20 — 
S 275 J2H 94 78 65 54 36 
S 275 MH or S 275 NH 113 94 78 65 54 
S 275 MLH or S 275 NLH 162 135 113 94 78 
S 355 J0H 46 38 25 14 — 
S 355 J2H 66 55 46 38 25 
S 355 K2H or S 355 MH or S 355 NH 79 66 55 46 38 
S 355 MLH or S 355 NLH 114 95 79 66 55 
S 460 MH or  S 460 NH 55 46 38 32 26 
S 460 MLH or S 460 NLH 79 66 55 46 38 
BS 7668:      
S 345 J0WH or S 345 J0WPH 48 40 26 15 — 
S 345 GWH 62 52 43 36 20 

"  
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%6 �����������

��

6HFWLRQ �

7DEOH � ¦ 0D[LPXP WKLFNQHVV W�
D �PP�

7DEOH � ¦ &KDUS\ WHVW WHPSHUDWXUH 

!  
Product standard Steel grade Steel quality Sections Plates and 

flats 
Hollow 
sections 

JR or J0 100 250 — 

J2 100 400 — 

S 275 or S 355 

K2 100 150 — 

BS EN 10025-2 

S 450 J0 100 — — 
S 275 or S 355 All 250 250 — BS EN 10025-3 
S 460 All 200 200 — 

BS EN 10025-4 S 275, S 355 or
S 460 

All 150 120 — 

J0WP or J2WP 40 12 — BS EN 10025-5 All 
J0W, J2W or 
K2W 

150 150 — 

BS EN 10025-6 S 460 All — 150 — 
J0, J2 or K2 — — 120 BS EN 10210-1 All 
NH or NLH — — 65 

BS EN 10219-1 All All — — 40 
All J0WPH — — 12 BS 7668 
 J0WH or GWH — — 40 

a Maximum thickness at which the full Charpy impact value specified in the product standard applies. 

 

Product standard Steel quality 
BS EN 10025 BS EN 10210-1 BS EN 10219-1 BS 7668 

JR +20 °C +20 °C +20 °C — 
J0 0 °C 0 °C 0 °C 0 °C 
J2 −20 °C −20 °C −20 °C — 
K2 −30 °C a — −30 °C a — 
M  −30 °C a — −30 °C a — 
ML  −50 °C — −50 °C — 
N  −30 °C a −30 °C a −30 °C a — 
NL  −50 °C −50 °C −50 °C — 
Q  −20 °C a — — — 
QL  −40 °C a — — — 
QL1 −60 °C a — — — 
G  — — — −15 °C 
a Equivalent test temperature for 27 J, see product standard. 

"  

(or equivalent test temperature) T27 J
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%6 �����������

��

6HFWLRQ �

����� 6WUXFWXUDO LQWHJULW\

������� *HQHUDO

7KH GHVLJQ RI DOO VWUXFWXUHV VKRXOG IROORZ WKH SULQFLSOHV JLYHQ LQ �������� ,Q DGGLWLRQ� WR UHGXFH WKH ULVN RI
ORFDOL]HG GDPDJH VSUHDGLQJ� EXLOGLQJV VKRXOG VDWLVI\ WKH IXUWKHU UHFRPPHQGDWLRQV JLYHQ LQ �������� �������
DQG �������� )RU WKH SXUSRVHV RI �������� ������� DQG ������� LW PD\ EH DVVXPHG WKDW VXEVWDQWLDO SHUPDQHQW 
GHIRUPDWLRQ RI PHPEHUV DQG WKHLU FRQQHFWLRQV LV DFFHSWDEOH�

!Where regulations require that certain buildings should be constructed so that in event of an accident 
the building will not suffer collapse to an extent disproportionate to the cause, steel framed buildings 
designed as recommended in this standard (including the recommendations of 2.1.1.1) may be assumed to 
meet this requirement provided that: 

a) buildings of Class 1 and Class 2A are designed to conform to 2.4.5.2; 
b) buildings of Class 2B are designed to conform to 2.4.5.2 and 2.4.5.3; 
c) buildings of Class 3 are designed to conform to 2.4.5.2 and 2.4.5.3 in addition to resisting the design 
conditions that can reasonably be foreseen as possible during the life of the buildings, identified by a 
systematic risk analysis of normal and abnormal hazards such that any collapse is not disproportionate 
to the cause. 

where
Class 1 includes houses not exceeding 4 storeys; agricultural buildings; buildings into which people 

rarely go, provided no part of the building is closer to another building, or area where people do 
go, than a distance of 1.5 times the building height. 

Class 2A includes 5 storey single occupancy houses; hotels not exceeding 4 storeys; flats, apartments 
and other residential buildings not exceeding 4 storeys; offices not exceeding 4 storeys; 
industrial buildings not exceeding 3 storeys; retailing premises not exceeding 3 storeys of less 
than 2 000 m2 floor area in each storey; single storey educational buildings; all buildings not 
exceeding 2 storeys to which members of the public are admitted and which contain floor areas 
not exceeding 2 000 m2 floor area at each storey. 

Class 2B includes hotels, flats, apartments and other residential buildings greater than 4 storeys but not 
exceeding 15 storeys; educational buildings greater than 1 storey but not exceeding 15 storeys; 
retailing premises greater than 3 storeys but not exceeding 15 storeys; hospitals not  
exceeding 3 storeys; offices greater than 4 storeys but not exceeding 15 storeys; all buildings to 
which members of the public are admitted which contain floor areas exceeding 2 000 m2 but less 
than 5 000 m2 at each storey; car parking not exceeding 6 storeys.  

Class 3 includes all buildings defined above as Class 2A and 2B that exceed the limits on area or number 
of storeys; grandstands accommodating more than 5 000 spectators; buildings containing 
hazardous substances or processes. 

NOTE   For steel beams supported by other materials, reference should be made to BS 5628 for  masonry, BS 5268 for timber,  
BS 8110 for concrete and BS 5950-5 for cold-formed steel."

$OO EXLOGLQJV VKRXOG EH HIIHFWLYHO\ WLHG WRJHWKHU DW HDFK SULQFLSDO IORRU OHYHO� (DFK FROXPQ VKRXOG EH
HIIHFWLYHO\ KHOG LQ SRVLWLRQ E\ PHDQV RI KRUL]RQWDO WLHV LQ WZR GLUHFWLRQV� DSSUR[LPDWHO\ DW ULJKW DQJOHV� DW 
HDFK SULQFLSDO IORRU OHYHO VXSSRUWHG E\ WKDW FROXPQ� +RUL]RQWDO WLHV VKRXOG VLPLODUO\ EH SURYLGHG DW URRI
OHYHO� H[FHSW ZKHUH WKH VWHHOZRUN RQO\ VXSSRUWV FODGGLQJ WKDW ZHLJKV QRW PRUH WKDQ ��� N1�P� DQG WKDW
FDUULHV RQO\ LPSRVHG URRI ORDGV DQG ZLQG ORDGV�

&RQWLQXRXV OLQHV RI WLHV VKRXOG EH DUUDQJHG DV FORVH DV SUDFWLFDEOH WR WKH HGJHV RI WKH IORRU RU URRI DQG WR
HDFK FROXPQ OLQH� VHH )LJXUH �� $W UH�HQWUDQW FRUQHUV WKH WLH PHPEHUV QHDUHVW WR WKH HGJH VKRXOG EH
DQFKRUHG LQWR WKH VWHHO IUDPHZRUN DV LQGLFDWHG LQ )LJXUH ��

2.4.5.2 !Minimum requirements"
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%6 �����������

$OO KRUL]RQWDO WLHV DQG WKHLU HQG FRQQHFWLRQV VKRXOG EH RI D VWDQGDUG RI UREXVWQHVV FRPPHQVXUDWH ZLWK WKH 
VWUXFWXUH RI ZKLFK WKH\ IRUP D SDUW� 7KH KRUL]RQWDO WLHV PD\ EH�
¦ VWHHO PHPEHUV� LQFOXGLQJ WKRVH DOVR XVHG IRU RWKHU SXUSRVHV�
¦ VWHHO EDU UHLQIRUFHPHQW WKDW LV DQFKRUHG WR WKH VWHHO IUDPH DQG HPEHGGHG LQ FRQFUHWH�
¦ VWHHO PHVK UHLQIRUFHPHQW LQ D FRPSRVLWH VODE ZLWK SURILOHG VWHHO VKHHWLQJ� VHH %6 ������� GHVLJQHG WR
DFW FRPSRVLWHO\ ZLWK VWHHO EHDPV� VHH %6 ��������� WKH SURILOHG VWHHO VKHHWV EHLQJ GLUHFWO\ FRQQHFWHG WR
WKH EHDPV E\ WKH VKHDU FRQQHFWRUV�

$OO KRUL]RQWDO WLHV� DQG DOO RWKHU KRUL]RQWDO PHPEHUV� VKRXOG EH FDSDEOH RI UHVLVWLQJ D IDFWRUHG WHQVLOH ORDG� 
ZKLFK VKRXOG QRW EH FRQVLGHUHG DV DGGLWLYH WR RWKHU ORDGV� RI QRW OHVV WKDQ �� N1�

(DFK SRUWLRQ RI D EXLOGLQJ EHWZHHQ H[SDQVLRQ MRLQWV VKRXOG EH WUHDWHG DV D VHSDUDWH EXLOGLQJ�

)LJXUH � ¦ ([DPSOH RI W\LQJ WKH FROXPQV RI D EXLOGLQJ

A

Re-entrant corner

Tie anchoring
re-entrant corner

Edge ties Beams not used as ties

Column ties

Edge ties

Edge ties

Tie anchoring
column A

!Where precast concrete or other heavy floor or roof units are used, the bearing details should conform 
to BS 8110." 

6HFWLRQ �

D� *HQHUDO W\LQJ� +RUL]RQWDO WLHV JHQHUDOO\ VLPLODU WR WKRVH GHVFULEHG LQ ������� VKRXOG EH DUUDQJHG LQ
FRQWLQXRXV OLQHV ZKHUHYHU SUDFWLFDEOH� GLVWULEXWHG WKURXJKRXW HDFK IORRU DQG URRI OHYHO LQ WZR GLUHFWLRQV
DSSUR[LPDWHO\ DW ULJKW DQJOHV� VHH )LJXUH ��

2.4.5.3 !Limiting the effects of accidental removal of supports"
!Where regulations require certain buildings to be specially designed to limit the effect of accidental 
removal of supports, steel-framed buildings designed as recommended in this standard (including the 
recommendations of 2.1.1.1 and 2.4.5.2) may be assumed to meet this requirement provided that the 
following five conditions a) to e) are met." 
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%6 �����������6HFWLRQ �

6WHHO PHPEHUV DFWLQJ DV KRUL]RQWDO WLHV� DQG WKHLU HQG FRQQHFWLRQV� VKRXOG EH FDSDEOH RI UHVLVWLQJ WKH 
IROORZLQJ IDFWRUHG WHQVLOH ORDGV� ZKLFK QHHG QRW EH FRQVLGHUHG DV DGGLWLYH WR RWKHU ORDGV�

ZKHUH
JN LV WKH VSHFLILHG GHDG ORDG SHU XQLW DUHD RI WKH IORRU RU URRI�
/ LV WKH VSDQ�
TN LV WKH VSHFLILHG LPSRVHG IORRU RU URRI ORDG SHU XQLW DUHD�
VW LV WKH PHDQ WUDQVYHUVH VSDFLQJ RI WKH WLHV DGMDFHQW WR WKDW EHLQJ FKHFNHG�

+RUL]RQWDO WLHV WKDW FRQVLVW RI VWHHO UHLQIRUFHPHQW VKRXOG EH GHVLJQHG DV UHFRPPHQGHG LQ %6 �����
E� 7\LQJ RI HGJH FROXPQV� 7KH KRUL]RQWDO WLHV DQFKRULQJ WKH FROXPQV QHDUHVW WR WKH HGJHV RI D IORRU RU URRI
VKRXOG EH FDSDEOH RI UHVLVWLQJ D IDFWRUHG WHQVLOH ORDG� DFWLQJ SHUSHQGLFXODU WR WKH HGJH� HTXDO WR WKH
JUHDWHU RI WKH ORDG VSHFLILHG LQ D� RU � � RI WKH PD[LPXP IDFWRUHG YHUWLFDO GHDG DQG LPSRVHG ORDG LQ WKH
FROXPQ DGMDFHQW WR WKDW OHYHO�
F� &RQWLQXLW\ RI FROXPQV� 8QOHVV WKH VWHHO IUDPH LV IXOO\ FRQWLQXRXV LQ DW OHDVW RQH GLUHFWLRQ� DOO FROXPQV
VKRXOG EH FDUULHG WKURXJK DW HDFK EHDP�WR�FROXPQ FRQQHFWLRQ� $OO FROXPQ VSOLFHV VKRXOG EH FDSDEOH RI 

G� 5HVLVWDQFH WR KRUL]RQWDO IRUFHV� %UDFHG ED\V RU RWKHU V\VWHPV IRU UHVLVWLQJ KRUL]RQWDO IRUFHV DV
UHFRPPHQGHG LQ ������� VKRXOG EH GLVWULEXWHG WKURXJKRXW WKH EXLOGLQJ VXFK WKDW� LQ HDFK RI WZR
GLUHFWLRQV DSSUR[LPDWHO\ DW ULJKW DQJOHV� QR VXEVWDQWLDO SRUWLRQ RI WKH EXLOGLQJ LV FRQQHFWHG DW RQO\ RQH 
SRLQW WR D V\VWHP IRU UHVLVWLQJ KRUL]RQWDO IRUFHV�

�

,I DQ\ RI WKH ILUVW WKUHH FRQGLWLRQV D� WR F� DUH QRW PHW� WKH EXLOGLQJ VKRXOG EH FKHFNHG� LQ HDFK VWRUH\ LQ
WXUQ� WR HQVXUH WKDW GLVSURSRUWLRQDWH FROODSVH ZRXOG QRW EH SUHFLSLWDWHG E\ WKH QRWLRQDO UHPRYDO� RQH DW D

7KH SRUWLRQ RI WKH EXLOGLQJ DW ULVN RI FROODSVH VKRXOG QRW H[FHHG �� � RI WKH IORRU RU URRI DUHD RU �� P� 

�ZKLFKHYHU LV OHVV� DW WKH UHOHYDQW OHYHO DQG DW RQH LPPHGLDWHO\ DGMRLQLQJ IORRU RU URRI OHYHO� HLWKHU DERYH
RU EHORZ LW� ,I WKH QRWLRQDO UHPRYDO RI D FROXPQ� RU RI DQ HOHPHQW RI D V\VWHP SURYLGLQJ UHVLVWDQFH WR
KRUL]RQWDO IRUFHV� ZRXOG ULVN WKH FROODSVH RI D JUHDWHU DUHD� WKDW FROXPQ RU HOHPHQW VKRXOG EH GHVLJQHG DV
D NH\ HOHPHQW� DV UHFRPPHQGHG LQ ��������

,Q WKHVH FKHFNV IRU QRWLRQDO UHPRYDO RI PHPEHUV� RQO\ D WKLUG RI WKH RUGLQDU\ ZLQG ORDG DQG D WKLUG RI WKH
RUGLQDU\ LPSRVHG ORDG QHHG EH DOORZHG IRU� WRJHWKHU ZLWK WKH GHDG ORDG� H[FHSW WKDW LQ WKH FDVH RI EXLOGLQJV
XVHG SUHGRPLQDQWO\ IRU VWRUDJH� RU ZKHUH WKH LPSRVHG ORDG LV RI D SHUPDQHQW QDWXUH� WKH IXOO LPSRVHG ORDG
VKRXOG EH XVHG� $ SDUWLDO IDFWRU �I  RI ���� VKRXOG EH DSSOLHG� H[FHSW WKDW ZKHQ FRQVLGHULQJ RYHUWXUQLQJ WKH
GHDG ORDG VXSSO\LQJ WKH UHVWRULQJ PRPHQW VKRXOG EH PXOWLSOLHG E\ D SDUWLDO IDFWRU  �I  RI ����

— for internal ties: !0.5(1.4gk + 1.6qk)stLn" but not less than 75 kN;
— for edge ties: !0.25(1.4gk + 1.6qk)stLn" but not less than 75 kN.

This may be assumed to be satisfied if, in the absence of other loading, the member and its end  
connections are capable of resisting a tensile force equal to its end reaction under factored loads 
!multiplied by n", or the larger end reaction !multiplied by n" if they are unequal, but not less 
than 75 kN. 

resisting a tensile force equal to the largest !total factored vertical dead and imposed load      applied "
to the column at a single floor level located between that column splice and the next column splice

  down.

e) Heavy floor units. Where precast concrete or other heavy floor!, stair" or roof units are used they 
should be effectively anchored in the direction of their span, either to each other over a support, or 
directly to their supports as recommended in BS 8110.

time, of each column !and each beam supporting one or more columns". If condition d) is not met, a 
check should be made in each storey in turn to ensure that disproportionate collapse would not be 
precipitated by the notional removal, one at a time, of each element of the systems providing resistance to 
horizontal forces. 

n is a factor related to the number of storeys in the structure as follows: 
Number of storeys: Value of factor, n: 
5 or more 1.0 
4 0.75 
3 0.5 
2 0.25 
1 0 

"  

!
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%6 �����������

������� .H\ HOHPHQWV

,Q D PXOWL�VWRUH\ EXLOGLQJ WKDW LV UHTXLUHG E\ UHJXODWLRQV WR EH GHVLJQHG WR DYRLG GLVSURSRUWLRQDWH FROODSVH�
D PHPEHU WKDW LV UHFRPPHQGHG LQ ������� WR EH GHVLJQHG DV D NH\ HOHPHQW VKRXOG EH GHVLJQHG IRU WKH
DFFLGHQWDO ORDGLQJ VSHFLILHG LQ %6 �������

$Q\ RWKHU VWHHO PHPEHU RU RWKHU VWUXFWXUDO FRPSRQHQW WKDW SURYLGHV ODWHUDO UHVWUDLQW YLWDO WR WKH VWDELOLW\
RI D NH\ HOHPHQW VKRXOG LWVHOI DOVR EH GHVLJQHG DV D NH\ HOHPHQW IRU WKH VDPH DFFLGHQWDO ORDGLQJ�

7KH DFFLGHQWDO ORDGLQJ VKRXOG EH DSSOLHG WR WKH PHPEHU IURP DOO KRUL]RQWDO DQG YHUWLFDO GLUHFWLRQV� LQ RQH
GLUHFWLRQ DW D WLPH� WRJHWKHU ZLWK WKH UHDFWLRQV IURP RWKHU EXLOGLQJ FRPSRQHQWV DWWDFKHG WR WKH PHPEHU 
WKDW DUH VXEMHFW WR WKH VDPH DFFLGHQWDO ORDGLQJ� EXW OLPLWHG WR WKH PD[LPXP UHDFWLRQV WKDW FRXOG
UHDVRQDEO\ EH WUDQVPLWWHG� FRQVLGHULQJ WKH EUHDNLQJ UHVLVWDQFHV RI VXFK FRPSRQHQWV DQG WKHLU FRQQHFWLRQV�

,Q WKLV FKHFN WKH HIIHFWV RI RUGLQDU\ ORDGV VKRXOG DOVR EH FRQVLGHUHG� WR WKH VDPH H[WHQW DQG ZLWK WKH VDPH 
SDUWLDO IDFWRU �I DV UHFRPPHQGHG LQ ��������

��� 6HUYLFHDELOLW\ OLPLW VWDWHV

����� 6HUYLFHDELOLW\ ORDGV

*HQHUDOO\ WKH VHUYLFHDELOLW\ ORDGV VKRXOG EH WDNHQ DV WKH XQIDFWRUHG VSHFLILHG YDOXHV� +RZHYHU� H[FHSWLRQDO 
VQRZ ORDG �GXH WR ORFDO GULIWLQJ RQ URRIV� VHH ��� LQ %6 ������������ VKRXOG QRW EH LQFOXGHG LQ WKH LPSRVHG
ORDG ZKHQ FKHFNLQJ VHUYLFHDELOLW\�

,Q WKH FDVH RI FRPELQHG LPSRVHG ORDG DQG ZLQG ORDG� RQO\ �� � RI WKH IXOO VSHFLILHG YDOXHV QHHG EH
FRQVLGHUHG ZKHQ FKHFNLQJ VHUYLFHDELOLW\� ,Q WKH FDVH RI FRPELQHG KRUL]RQWDO FUDQH ORDGV DQG ZLQG ORDG� RQO\ 
WKH JUHDWHU HIIHFW QHHG EH FRQVLGHUHG ZKHQ FKHFNLQJ VHUYLFHDELOLW\�

����� 'HIOHFWLRQ

7KH GHIOHFWLRQV RI D EXLOGLQJ RU SDUW XQGHU VHUYLFHDELOLW\ ORDGV VKRXOG QRW LPSDLU WKH VWUHQJWK RU HIILFLHQF\
RI WKH VWUXFWXUH RU LWV FRPSRQHQWV� QRU FDXVH GDPDJH WR WKH ILQLVKLQJV�

:KHQ FKHFNLQJ IRU GHIOHFWLRQV WKH PRVW DGYHUVH UHDOLVWLF FRPELQDWLRQ DQG DUUDQJHPHQW RI VHUYLFHDELOLW\
ORDGV VKRXOG EH DVVXPHG� DQG WKH VWUXFWXUH PD\ EH DVVXPHG WR EHKDYH HODVWLFDOO\�

)LJXUH � ¦ ([DPSOH RI JHQHUDO W\LQJ RI D EXLOGLQJ

All beams designed
to act as ties

Tie anchoring
column A

A

6HFWLRQ �
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%6 �����������6HFWLRQ �

7DEOH � JLYHV VXJJHVWHG OLPLWV IRU WKH FDOFXODWHG GHIOHFWLRQV RI FHUWDLQ VWUXFWXUDO PHPEHUV� &LUFXPVWDQFHV
PD\ DULVH ZKHUH JUHDWHU RU OHVVHU YDOXHV ZRXOG EH PRUH DSSURSULDWH� 2WKHU PHPEHUV PD\ DOVR QHHG 
GHIOHFWLRQ OLPLWV�

2Q ORZ SLWFKHG DQG IODW URRIV WKH SRVVLELOLW\ RI SRQGLQJ VKRXOG EH LQYHVWLJDWHG� 

)RU GHIOHFWLRQ OLPLWV IRU UXQZD\ EHDPV UHIHUHQFH VKRXOG EH PDGH WR %6 �����

����� 9LEUDWLRQ DQG RVFLOODWLRQ

9LEUDWLRQ DQG RVFLOODWLRQ RI EXLOGLQJ VWUXFWXUHV VKRXOG EH OLPLWHG WR DYRLG GLVFRPIRUW WR XVHUV DQG GDPDJH
WR FRQWHQWV� 5HIHUHQFH WR VSHFLDOLVW OLWHUDWXUH VKRXOG EH PDGH DV DSSURSULDWH�
127( *XLGDQFH RQ IORRU YLEUDWLRQ LV JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

����� 'XUDELOLW\

,Q RUGHU WR HQVXUH WKH GXUDELOLW\ RI WKH VWUXFWXUH XQGHU FRQGLWLRQV UHOHYDQW ERWK WR LWV LQWHQGHG XVH DQG WR
LWV LQWHQGHG OLIH� WKH IROORZLQJ IDFWRUV VKRXOG EH WDNHQ LQWR DFFRXQW LQ GHVLJQ�

D� WKH HQYLURQPHQW RI WKH VWUXFWXUH DQG WKH GHJUHH RI H[SRVXUH�

E� WKH VKDSH RI WKH PHPEHUV DQG WKH VWUXFWXUDO GHWDLOLQJ�

F� WKH SURWHFWLYH PHDVXUHV� LI DQ\�

G� ZKHWKHU LQVSHFWLRQ DQG PDLQWHQDQFH DUH SRVVLEOH�

$V DQ DOWHUQDWLYH WR WKH XVH RI SURWHFWLYH FRDWLQJV� ZHDWKHU UHVLVWDQW VWHHOV WR %6 (1 ����� PD\ EH XVHG�

7DEOH � ¦ 6XJJHVWHG OLPLWV IRU FDOFXODWHG GHIOHFWLRQV

D� 9HUWLFDO GHIOHFWLRQ RI EHDPV GXH WR LPSRVHG ORDG

&DQWLOHYHUV /HQJWK����

%HDPV FDUU\LQJ SODVWHU RU RWKHU EULWWOH ILQLVK 6SDQ����

2WKHU EHDPV �H[FHSW SXUOLQV DQG VKHHWLQJ UDLOV� 6SDQ����

3XUOLQV DQG VKHHWLQJ UDLOV 6HH ������

E� +RUL]RQWDO GHIOHFWLRQ RI FROXPQV GXH WR LPSRVHG ORDG DQG ZLQG ORDG

7RSV RI FROXPQV LQ VLQJOH�VWRUH\ EXLOGLQJV� H[FHSW SRUWDO IUDPHV +HLJKW����

&ROXPQV LQ SRUWDO IUDPH EXLOGLQJV� QRW VXSSRUWLQJ FUDQH UXQZD\V 7R VXLW FODGGLQJ

&ROXPQV VXSSRUWLQJ FUDQH UXQZD\V 7R VXLW FUDQH UXQZD\

,Q HDFK VWRUH\ RI D EXLOGLQJ ZLWK PRUH WKDQ RQH VWRUH\ +HLJKW RI WKDW VWRUH\����

F� &UDQH JLUGHUV

9HUWLFDO GHIOHFWLRQ GXH WR VWDWLF YHUWLFDO ZKHHO ORDGV IURP RYHUKHDG
WUDYHOOLQJ FUDQHV

6SDQ����

+RUL]RQWDO GHIOHFWLRQ �FDOFXODWHG RQ WKH WRS IODQJH SURSHUWLHV DORQH�
GXH WR KRUL]RQWDO FUDQH ORDGV

6SDQ����
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%6 �����������

6HFWLRQ �� 3URSHUWLHV RI PDWHULDOV DQG VHFWLRQ
SURSHUWLHV �

��� 6WUXFWXUDO VWHHO

����� 'HVLJQ VWUHQJWK

7KLV VWDQGDUG FRYHUV WKH GHVLJQ RI VWUXFWXUHV IDEULFDWHG IURP VWUXFWXUDO VWHHOV FRQIRUPLQJ WR WKH JUDGHV
DQG SURGXFW VWDQGDUGV VSHFLILHG LQ %6 ������� ,I RWKHU VWHHOV DUH XVHG� GXH DOORZDQFH VKRXOG EH PDGH IRU 
YDULDWLRQV LQ SURSHUWLHV� LQFOXGLQJ GXFWLOLW\ DQG ZHOGDELOLW\�

7KH GHVLJQ VWUHQJWK S\ VKRXOG EH WDNHQ DV ���<V EXW QRW JUHDWHU WKDQ 8V ���� ZKHUH <V DQG 8V DUH
UHVSHFWLYHO\ WKH PLQLPXP \LHOG VWUHQJWK 5H+ DQG WKH PLQLPXP WHQVLOH VWUHQJWK 5P VSHFLILHG LQ WKH
UHOHYDQW SURGXFW VWDQGDUG� )RU WKH PRUH FRPPRQO\ XVHG JUDGHV DQG WKLFNQHVVHV RI VWHHO IURP WKH SURGXFW
VWDQGDUGV VSHFLILHG LQ %6 ������ WKH YDOXH RI S\ PD\ EH REWDLQHG IURP 7DEOH �� $OWHUQDWLYHO\� WKH YDOXHV RI 
5H+ DQG 5P PD\ EH REWDLQHG IURP WKH UHOHYDQW SURGXFW VWDQGDUG�
127( $GGLWLRQDO UHTXLUHPHQWV DSSO\ ZKHUH SODVWLF DQDO\VLV LV XVHG� VHH ������

7DEOH � ¦ 'HVLJQ VWUHQJWK S\

����� 1RWFK WRXJKQHVV

7KH QRWFK WRXJKQHVV RI WKH VWHHO� DV TXDQWLILHG E\ WKH &KDUS\ LPSDFW SURSHUWLHV� VKRXOG FRQIRUP WR WKDW IRU 
WKH DSSURSULDWH TXDOLW\ RI VWHHO IRU DYRLGLQJ EULWWOH IUDFWXUH� VHH ������

6WHHO JUDGH 7KLFNQHVVD OHVV WKDQ RU HTXDO WR 'HVLJQ VWUHQJWK S\

PP 1�PP�

6 ��� �� ���

�� ���

�� ���

�� ���

��� ���

��� ���

6 ��� �� ���

�� ���

�� ���

�� ���

��� ���

��� ���

6 ��� �� ���

�� ���

�� ���

�� ���

��� ���

D )RU UROOHG VHFWLRQV� XVH WKH VSHFLILHG WKLFNQHVV RI WKH WKLFNHVW HOHPHQW RI WKH FURVV�VHFWLRQ�
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%6 ����������� 6HFWLRQ �

����� 2WKHU SURSHUWLHV

)RU WKH HODVWLF SURSHUWLHV RI VWHHO� WKH IROORZLQJ YDOXHV VKRXOG EH XVHG�

¦ 0RGXOXV RI HODVWLFLW\� (   ��� ��� 1�PP�

¦ 6KHDU PRGXOXV� *  (�>��� � ��@
¦ 3RLVVRQ
V UDWLR� �   ����
¦ &RHIILFLHQW RI OLQHDU WKHUPDO H[SDQVLRQ
�LQ WKH DPELHQW WHPSHUDWXUH UDQJH�� �   �� � ��¥� SHU �& 

��� %ROWV DQG ZHOGV

����� %ROWV� QXWV DQG ZDVKHUV

$VVHPEOLHV RI EROWV� QXWV DQG ZDVKHUV VKRXOG FRUUHVSRQG WR RQH RI WKH PDWFKLQJ FRPELQDWLRQV VSHFLILHG LQ
%6 ������� +ROGLQJ�GRZQ EROW DVVHPEOLHV VKRXOG FRQIRUP WR %6 �����

����� )ULFWLRQ JULS IDVWHQHUV

)ULFWLRQ JULS IDVWHQHUV VKRXOG JHQHUDOO\ EH SUHORDGHG +6)* EROWV� ZLWK DVVRFLDWHG QXWV DQG ZDVKHUV�
FRQIRUPLQJ WR %6 ������ RU %6 ������� 'LUHFW WHQVLRQ LQGLFDWRUV FRQIRUPLQJ WR %6 ���� PD\ EH XVHG�

2WKHU W\SHV RI IULFWLRQ JULS IDVWHQHUV PD\ DOVR EH XVHG SURYLGHG WKDW WKH\ FDQ EH UHOLDEO\ WLJKWHQHG WR DW
OHDVW WKH PLQLPXP VKDQN WHQVLRQV VSHFLILHG LQ %6 �����

����� :HOGLQJ FRQVXPDEOHV

$OO ZHOGLQJ FRQVXPDEOHV� LQFOXGLQJ FRYHUHG HOHFWURGHV� ZLUHV� ILOOHU URGV� IOX[ DQG VKLHOGLQJ JDVHV� VKRXOG
FRQIRUP WR WKH UHOHYDQW VWDQGDUG VSHFLILHG LQ %6 �������

7KH \LHOG VWUHQJWK <H� WHQVLOH VWUHQJWK 8H DQG PLQLPXP HORQJDWLRQ RI D ZHOG VKRXOG EH WDNHQ DV HTXDO WR
UHVSHFWLYHO\ WKH PLQLPXP \LHOG VWUHQJWK 5H/ RU 5S��� �GHSHQGLQJ RQ WKH UHOHYDQW SURGXFW VWDQGDUG�� WHQVLOH
VWUHQJWK 5P DQG PLQLPXP SHUFHQWDJH HORQJDWLRQ RQ D ILYH GLDPHWHU JDXJH OHQJWK DFFRUGLQJ WR WKH
DSSURSULDWH SURGXFW VWDQGDUG� DOO DV OLVWHG IRU VWDQGDUG FODVVHV ��� �� DQG �� LQ 7DEOH ���

7DEOH �� ¦ 6WUHQJWK DQG HORQJDWLRQ RI ZHOGV

��� 6WHHO FDVWLQJV DQG IRUJLQJV
6WHHO FDVWLQJV DQG IRUJLQJV PD\ EH XVHG IRU FRPSRQHQWV LQ EHDULQJV� MXQFWLRQV DQG RWKHU VLPLODU SDUWV�
&DVWLQJV VKRXOG FRQIRUP WR %6 ���� DQG IRUJLQJV VKRXOG FRQIRUP WR %6 (1 �������� 8QOHVV EHWWHU 
LQIRUPDWLRQ LV DYDLODEOH� GHVLJQ VWUHQJWKV FRUUHVSRQGLQJ WR VWUXFWXUDO VWHHO JUDGH 6 ��� PD\ EH DGRSWHG�
127(  *XLGDQFH RQ VWHHO FDVWLQJV LV JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

&ODVV <LHOG VWUHQJWK <H 7HQVLOH VWUHQJWK 8H 0LQLPXP HORQJDWLRQ

�1�PP�� �1�PP�� ���

�� ��� ��� ��

�� ��� ��� ��

�� ��� ��� ��
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%6 �����������6HFWLRQ �

��� 6HFWLRQ SURSHUWLHV

����� *URVV FURVV�VHFWLRQ

*URVV FURVV�VHFWLRQ SURSHUWLHV VKRXOG EH GHWHUPLQHG IURP WKH VSHFLILHG VKDSH DQG QRPLQDO GLPHQVLRQV RI
WKH PHPEHU RU HOHPHQW� +ROHV IRU EROWV VKRXOG QRW EH GHGXFWHG� EXW GXH DOORZDQFH VKRXOG EH PDGH IRU ODUJHU 
RSHQLQJV� 0DWHULDO XVHG VROHO\ LQ VSOLFHV RU DV EDWWHQV VKRXOG QRW EH LQFOXGHG�

����� 1HW DUHD

7KH QHW DUHD RI D FURVV�VHFWLRQ RU DQ HOHPHQW RI D FURVV�VHFWLRQ VKRXOG EH WDNHQ DV LWV JURVV DUHD� OHVV WKH
GHGXFWLRQV IRU EROW KROHV JLYHQ LQ ������

����� (IIHFWLYH QHW DUHD

7KH HIIHFWLYH QHW DUHD DH RI HDFK HOHPHQW RI D FURVV�VHFWLRQ ZLWK EROW KROHV VKRXOG EH GHWHUPLQHG IURP�

DH  .HDQ EXW DH � DJ

LQ ZKLFK WKH HIIHFWLYH QHW DUHD FRHIILFLHQW .H LV JLYHQ E\�

ZKHUH

����� 'HGXFWLRQV IRU EROW KROHV

������� +ROH DUHD

,Q GHGXFWLQJ IRU EROW KROHV �LQFOXGLQJ FRXQWHUVXQN KROHV�� WKH VHFWLRQDO DUHD RI WKH KROH LQ WKH SODQH RI LWV 
RZQ D[LV VKRXOG EH GHGXFWHG� QRW WKDW RI WKH EROW�

������� +ROHV QRW VWDJJHUHG

3URYLGHG WKDW WKH EROW KROHV DUH QRW VWDJJHUHG� WKH DUHD WR EH GHGXFWHG VKRXOG EH WKH VXP RI WKH VHFWLRQDO
DUHDV RI WKH EROW KROHV LQ D FURVV�VHFWLRQ SHUSHQGLFXODU WR WKH PHPEHU D[LV RU GLUHFWLRQ RI GLUHFW VWUHVV�

������� 6WDJJHUHG KROHV

:KHUH WKH EROW KROHV DUH VWDJJHUHG� WKH DUHD WR EH GHGXFWHG VKRXOG EH WKH JUHDWHU RI�

D� WKH GHGXFWLRQ IRU QRQ�VWDJJHUHG KROHV JLYHQ LQ ��������

E� WKH VXP RI WKH VHFWLRQDO DUHDV RI D FKDLQ RI KROHV O\LQJ RQ DQ\ GLDJRQDO RU ]LJ�]DJ OLQH H[WHQGLQJ
SURJUHVVLYHO\ DFURVV WKH PHPEHU RU HOHPHQW� VHH )LJXUH �� OHVV DQ DOORZDQFH RI ����V�W�J IRU HDFK JDXJH
VSDFH J WKDW LW WUDYHUVHV GLDJRQDOO\� ZKHUH�

)RU VHFWLRQV VXFK DV DQJOHV ZLWK KROHV LQ ERWK OHJV� WKH JDXJH VSDFLQJ J VKRXOG EH WDNHQ DV WKH VXP RI WKH 
EDFN PDUNV WR HDFK KROH� OHVV WKH OHJ WKLFNQHVV� VHH )LJXUH ��

¦ IRU JUDGH 6 ���� .H   ���

¦ IRU JUDGH 6 ���� .H   ���

¦ IRU JUDGH 6 ���� .H   ���

¦ IRU RWKHU VWHHO JUDGHV� .H   �8V������S\

DJ LV WKH JURVV DUHD RI WKH HOHPHQW�

DQ LV WKH QHW DUHD RI WKH HOHPHQW�

S\ LV WKH GHVLJQ VWUHQJWK�

8V LV WKH VSHFLILHG PLQLPXP WHQVLOH VWUHQJWK�

J LV WKH JDXJH VSDFLQJ SHUSHQGLFXODU WR WKH PHPEHU D[LV RU GLUHFWLRQ RI GLUHFW VWUHVV� EHWZHHQ WKH
FHQWUHV RI WZR FRQVHFXWLYH KROHV LQ WKH FKDLQ� VHH )LJXUH ��

V LV WKH VWDJJHUHG SLWFK� L�H� WKH VSDFLQJ SDUDOOHO WR WKH PHPEHU D[LV RU GLUHFWLRQ RI GLUHFW VWUHVV�
EHWZHHQ WKH FHQWUHV RI WKH VDPH WZR KROHV� VHH )LJXUH ��

W LV WKH WKLFNQHVV RI WKH KROHG PDWHULDO�
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%6 ����������� 6HFWLRQ �

RQ OLQH $�
$Q  W>E ¥ �'@

RQ OLQH %�
$Q  W>E ¥ �' � ����V�

��J�@
RQ OLQH &�

$Q  W>E ¥ �' � ���V�
��J� � ����V�

��J�@

ZKHUH ' LV WKH KROH GLDPHWHU�

)LJXUH � ¦ 6WDJJHUHG KROHV

)LJXUH � ¦ $QJOH ZLWK KROHV LQ ERWK OHJV

A CB

Direction of

direct stress
b

s1 s2 s1 s2

g1

g2

g1

B
a

ck
m

a
rk

Back mark
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%6 �����������6HFWLRQ �

��� &ODVVLILFDWLRQ RI FURVV�VHFWLRQV

����� *HQHUDO

&URVV�VHFWLRQV VKRXOG EH FODVVLILHG WR GHWHUPLQH ZKHWKHU ORFDO EXFNOLQJ LQIOXHQFHV WKHLU FDSDFLW\� ZLWKRXW
FDOFXODWLQJ WKHLU ORFDO EXFNOLQJ UHVLVWDQFH�

7KH FODVVLILFDWLRQ RI HDFK HOHPHQW RI D FURVV�VHFWLRQ VXEMHFW WR FRPSUHVVLRQ �GXH WR D EHQGLQJ PRPHQW RU DQ 
D[LDO IRUFH� VKRXOG EH EDVHG RQ LWV ZLGWK�WR�WKLFNQHVV UDWLR� 7KH GLPHQVLRQV RI WKHVH FRPSUHVVLRQ HOHPHQWV
VKRXOG EH WDNHQ DV VKRZQ LQ )LJXUH �� 7KH HOHPHQWV RI D FURVV�VHFWLRQ DUH JHQHUDOO\ RI FRQVWDQW WKLFNQHVV�
IRU HOHPHQWV WKDW WDSHU LQ WKLFNQHVV WKH WKLFNQHVV VSHFLILHG LQ WKH UHOHYDQW VWDQGDUG VKRXOG EH XVHG�

$ GLVWLQFWLRQ VKRXOG EH PDGH EHWZHHQ WKH IROORZLQJ W\SHV RI HOHPHQW�

D� RXWVWDQG HOHPHQWV DWWDFKHG WR DQ DGMDFHQW HOHPHQW DW RQH HGJH RQO\� WKH RWKHU HGJH EHLQJ IUHH�

E� LQWHUQDO HOHPHQWV DWWDFKHG WR RWKHU HOHPHQWV RQ ERWK ORQJLWXGLQDO HGJHV DQG LQFOXGLQJ�

¦ ZHEV FRPSULVLQJ LQWHUQDO HOHPHQWV SHUSHQGLFXODU WR WKH D[LV RI EHQGLQJ�
¦ IODQJHV FRPSULVLQJ LQWHUQDO HOHPHQWV SDUDOOHO WR WKH D[LV RI EHQGLQJ�

$OO FRPSUHVVLRQ HOHPHQWV VKRXOG EH FODVVLILHG LQ DFFRUGDQFH ZLWK ������ *HQHUDOO\� WKH FRPSOHWH
FURVV�VHFWLRQ VKRXOG EH FODVVLILHG DFFRUGLQJ WR WKH KLJKHVW �OHDVW IDYRXUDEOH� FODVV RI  LWV FRPSUHVVLRQ 
HOHPHQWV� $OWHUQDWLYHO\� D FURVV�VHFWLRQ PD\ EH FODVVLILHG ZLWK LWV FRPSUHVVLRQ IODQJH DQG LWV ZHE LQ
GLIIHUHQW FODVVHV�

&LUFXODU KROORZ VHFWLRQV VKRXOG EH FODVVLILHG VHSDUDWHO\ IRU D[LDO FRPSUHVVLRQ DQG IRU EHQGLQJ�

5ROOHG ,� RU +�VHFWLRQV 7�VHFWLRQV

 5ROOHG FKDQQHOV 5+6D &+6

D )RU DQ 5+6 RU ER[ VHFWLRQ� % DQG E DUH IODQJH GLPHQVLRQV DQG ' DQG G DUH ZHE GLPHQVLRQV� 7KH GLVWLQFWLRQ EHWZHHQ ZHEV DQG
IODQJHV GHSHQGV XSRQ ZKHWKHU WKH PHPEHU LV EHQW DERXW LWV PDMRU D[LV RU LWV PLQRU D[LV� VHH ������
)RU DQ 5+6� GLPHQVLRQV E DQG G DUH GHILQHG LQ IRRWQRWH D WR 7DEOH ���

)LJXUH � ¦ 'LPHQVLRQV RI FRPSUHVVLRQ HOHPHQWV �FRQWLQXHG RYHUOHDI�
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%6 ����������� 6HFWLRQ �

����� &ODVVLILFDWLRQ

7KH IROORZLQJ FODVVLILFDWLRQ VKRXOG EH DSSOLHG�

¦ &ODVV � SODVWLF� &URVV�VHFWLRQV ZLWK SODVWLF KLQJH URWDWLRQ FDSDFLW\� (OHPHQWV VXEMHFW WR FRPSUHVVLRQ
WKDW PHHW WKH OLPLWV IRU FODVV � JLYHQ LQ 7DEOH �� RU 7DEOH �� VKRXOG EH FODVVLILHG DV FODVV � SODVWLF�
¦ &ODVV � FRPSDFW� &URVV�VHFWLRQV ZLWK SODVWLF PRPHQW FDSDFLW\� (OHPHQWV VXEMHFW WR FRPSUHVVLRQ WKDW
PHHW WKH OLPLWV IRU FODVV � JLYHQ LQ 7DEOH �� RU 7DEOH �� VKRXOG EH FODVVLILHG DV FODVV � FRPSDFW�
¦ &ODVV � VHPL�FRPSDFW� &URVV�VHFWLRQV LQ ZKLFK WKH VWUHVV DW WKH H[WUHPH FRPSUHVVLRQ ILEUH FDQ UHDFK WKH 
GHVLJQ VWUHQJWK� EXW WKH SODVWLF PRPHQW FDSDFLW\ FDQQRW EH GHYHORSHG� (OHPHQWV VXEMHFW WR FRPSUHVVLRQ
WKDW PHHW WKH OLPLWV IRU FODVV � JLYHQ LQ 7DEOH �� RU 7DEOH �� VKRXOG EH FODVVLILHG DV FODVV � VHPL�FRPSDFW�
¦ &ODVV � VOHQGHU� &URVV�VHFWLRQV LQ ZKLFK LW LV QHFHVVDU\ WR PDNH H[SOLFLW DOORZDQFH IRU WKH HIIHFWV RI ORFDO 
EXFNOLQJ� (OHPHQWV VXEMHFW WR FRPSUHVVLRQ WKDW GR QRW PHHW WKH OLPLWV IRU FODVV � VHPL�FRPSDFW JLYHQ LQ 
7DEOH �� RU 7DEOH �� VKRXOG EH FODVVLILHG DV FODVV � VOHQGHU�

6LQJOH DQJOHE 'RXEOH DQJOHVE 2XWVWDQGE

:HOGHG ,�VHFWLRQ :HOGHG ER[ VHFWLRQVD

D )RU DQ 5+6 RU ER[ VHFWLRQ� % DQG E DUH IODQJH GLPHQVLRQV DQG ' DQG G DUH ZHE GLPHQVLRQV� 7KH GLVWLQFWLRQ EHWZHHQ ZHEV DQG 
IODQJHV GHSHQGV XSRQ ZKHWKHU WKH PHPEHU LV EHQW DERXW LWV PDMRU D[LV RU LWV PLQRU D[LV� VHH ������
)RU DQ 5+6� GLPHQVLRQV E DQG G DUH GHILQHG LQ IRRWQRWH D WR 7DEOH ���

E )RU DQ DQJOH� E LV WKH ZLGWK RI WKH RXWVWDQG OHJ DQG G LV WKH ZLGWK RI WKH FRQQHFWHG OHJ�

)LJXUH � ¦ 'LPHQVLRQV RI FRPSUHVVLRQ HOHPHQWV �FRQWLQXHG�
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%6 �����������6HFWLRQ �

����� )ODQJHV RI FRPSRXQG ,� RU +�VHFWLRQV

7KH FODVVLILFDWLRQ RI WKH FRPSUHVVLRQ IODQJH RI D FRPSRXQG VHFWLRQ� IDEULFDWHG E\ ZHOGLQJ D IODQJH SODWH WR

D� WKH UDWLR RI WKH RXWVWDQG E RI WKH FRPSRXQG IODQJH� VHH )LJXUH �D�� WR WKH WKLFNQHVV 7 RI WKH RULJLQDO
IODQJH VKRXOG EH FODVVLILHG XQGHU §RXWVWDQG HOHPHQW RI FRPSUHVVLRQ IODQJH¥UROOHG VHFWLRQ¨� VHH 7DEOH ���

E� WKH UDWLR RI WKH LQWHUQDO ZLGWK ES RI WKH SODWH EHWZHHQ WKH OLQHV RI ZHOGV RU EROWV FRQQHFWLQJ LW WR WKH
RULJLQDO IODQJH� VHH )LJXUH �E�� WR WKH WKLFNQHVV WS RI WKH SODWH VKRXOG EH FODVVLILHG XQGHU §LQWHUQDO HOHPHQW 
RI FRPSUHVVLRQ IODQJH¨� VHH 7DEOH ���

F� WKH UDWLR RI WKH RXWVWDQG ER RI WKH SODWH EH\RQG WKH OLQHV RI ZHOGV RU EROWV FRQQHFWLQJ LW WR WKH RULJLQDO
IODQJH� VHH )LJXUH �F�� WR WKH WKLFNQHVV WS RI WKH SODWH VKRXOG EH FODVVLILHG XQGHU §RXWVWDQG HOHPHQW
RI FRPSUHVVLRQ IODQJH¥ZHOGHG VHFWLRQ¨� VHH 7DEOH ���

�����  /RQJLWXGLQDOO\ VWLIIHQHG HOHPHQWV

)RU WKH GHVLJQ RI FRPSUHVVLRQ HOHPHQWV ZLWK ORQJLWXGLQDO VWLIIHQHUV� UHIHUHQFH VKRXOG EH PDGH WR
%6 �������

D� 2XWVWDQG RI FRPSRXQG IODQJH

E� ,QWHUQDO ZLGWK RI SODWH F� 2XWVWDQG RI SODWH

)LJXUH � ¦ 'LPHQVLRQV RI FRPSRXQG IODQJHV

b

T T

b

p p pb t b to

a rolled !or welded" I- or H-section should take account of the width-to-thickness ratios shown in 
Figure 6 as follows:
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ /LPLWLQJ ZLGWK�WR�WKLFNQHVV UDWLRV IRU VHFWLRQV RWKHU WKDQ &+6 DQG 5+6
&RPSUHVVLRQ HOHPHQW 5DWLRD /LPLWLQJ YDOXHE

&ODVV �
SODVWLF

&ODVV �
FRPSDFW

&ODVV �
VHPL�FRPSDFW

2XWVWDQG HOHPHQW RI
FRPSUHVVLRQ IODQJH

5ROOHG VHFWLRQ E�7 �
 ��
 ��

:HOGHG VHFWLRQ E�7 �
 �
 ��


,QWHUQDO HOHPHQW RI
FRPSUHVVLRQ IODQJH

&RPSUHVVLRQ GXH
WR EHQGLQJ

E�7 ��
 ��

��


$[LDO FRPSUHVVLRQ E�7 1RW DSSOLFDEOH
:HE RI DQ ,�� 
+� RU ER[
VHFWLRQF

1HXWUDO D[LV DW PLG�GHSWK G�W ��
 ���
 ���

*HQHUDOO\G ,I U� LV QHJDWLYH� G�W

,I U� LV SRVLWLYH� G�W

EXW � ��
 EXW � ��
 EXW � ��


$[LDO FRPSUHVVLRQG G�W 1RW DSSOLFDEOH
:HE RI D FKDQQHO G�W ��
 ��
 ��

$QJOH� FRPSUHVVLRQ GXH WR EHQGLQJ E�W �
 ��
 ��

�%RWK FULWHULD VKRXOG EH VDWLVILHG� G�W �
 ��
 ��

6LQJOH DQJOH� RU GRXEOH DQJOHV ZLWK WKH 
FRPSRQHQWV VHSDUDWHG� D[LDO FRPSUHVVLRQ

E�W ��

G�W 1RW DSSOLFDEOH ��


�$OO WKUHH FULWHULD VKRXOG EH VDWLVILHG� �E � G��W ��

2XWVWDQG OHJ RI DQ DQJOH LQ FRQWDFW
EDFN�WR�EDFN LQ D GRXEOH DQJOH PHPEHU

E�W �
 ��
 ��


2XWVWDQG OHJ RI DQ DQJOH ZLWK LWV EDFN LQ 
FRQWLQXRXV FRQWDFW ZLWK DQRWKHU FRPSRQHQW

6WHP RI D 7�VHFWLRQ� UROOHG RU FXW IURP D UROOHG 
,� RU +�VHFWLRQ

'�W �
 �
 ��


D 'LPHQVLRQV E� '� G� 7 DQG W DUH GHILQHG LQ )LJXUH �� )RU D ER[ VHFWLRQ E DQG 7 DUH IODQJH GLPHQVLRQV DQG G DQG W DUH ZHE
GLPHQVLRQV� ZKHUH WKH GLVWLQFWLRQ EHWZHHQ ZHEV DQG IODQJHV GHSHQGV XSRQ ZKHWKHU WKH ER[ VHFWLRQ LV EHQW DERXW LWV PDMRU D[LV 
RU LWV PLQRU D[LV� VHH ������

E 7KH SDUDPHWHU �   �����S\�����
F )RU WKH ZHE RI D K\EULG VHFWLRQ � VKRXOG EH EDVHG RQ WKH GHVLJQ VWUHQJWK S\I RI WKH IODQJHV�
G 7KH VWUHVV UDWLRV U� DQG U� DUH GHILQHG LQ ������

���

� U��
������������

��

� U��
������������ ���


� ���U��
�������������������� ���


� �U��
�������������������
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%6 �����������6HFWLRQ �

7DEOH �� ¦ /LPLWLQJ ZLGWK�WR�WKLFNQHVV UDWLRV IRU &+6 DQG 5+6

&RPSUHVVLRQ HOHPHQW 5DWLRD /LPLWLQJ YDOXHE

&ODVV �
SODVWLF

&ODVV �
FRPSDFW

&ODVV �
VHPL�FRPSDFW

&+6 &RPSUHVVLRQ GXH WR EHQGLQJ '�W ��
� ��
� ���
�

$[LDO FRPSUHVVLRQ '�W 1RW DSSOLFDEOH ��
�

+)
5+6

)ODQJH &RPSUHVVLRQ GXH WR
EHQGLQJ

E�W ��

EXW � ��
 ¥ G�W

��
 
EXW � ��
 ¥ ���G�W ��
 

$[LDO FRPSUHVVLRQ E�W 1RW DSSOLFDEOH

:HE 1HXWUDO D[LV DW
PLG�GHSWK

G�W ��
 ��
 ���


*HQHUDOO\FG G�W

EXW   � ��
 EXW � ��
 EXW � ��


$[LDO FRPSUHVVLRQG G�W 1RW DSSOLFDEOH

&)
5+6

)ODQJH &RPSUHVVLRQ GXH WR
EHQGLQJ

E�W ��

EXW ���
 ¥ G�W

��

EXW � ��
 ¥ ���G�W ��


$[LDO FRPSUHVVLRQG E�W 1RW DSSOLFDEOH

1HXWUDO D[LV DW
PLG�GHSWK

G�W ��
 ��
 ���


*HQHUDOO\FG G�W

EXW  � ��
 EXW � ��
 EXW � ��


$[LDO FRPSUHVVLRQG G�W 1RW DSSOLFDEOH

$EEUHYLDWLRQV

&) &ROG IRUPHG�

&+6 &LUFXODU KROORZ VHFWLRQ ¦ LQFOXGLQJ ZHOGHG WXEH�

+) +RW ILQLVKHG�

5+6 5HFWDQJXODU KROORZ VHFWLRQ ¦ LQFOXGLQJ VTXDUH KROORZ VHFWLRQ�

D )RU DQ 5+6� WKH GLPHQVLRQV E DQG G VKRXOG EH WDNHQ DV IROORZV�
¦ IRU +) 5+6 WR %6 (1 ������ E   % ¥ �W� G  ' ¥ �W
¦ IRU &) 5+6 WR %6 (1 ������ E   % ¥ �W� G  ' ¥ �W

DQG %� ' DQG W DUH GHILQHG LQ )LJXUH �� )RU DQ 5+6 VXEMHFW WR EHQGLQJ % DQG E DUH DOZD\V IODQJH GLPHQVLRQV DQG ' DQG G DUH DOZD\V
ZHE GLPHQVLRQV� EXW WKH GHILQLWLRQ RI ZKLFK VLGHV RI WKH 5+6 DUH ZHEV DQG ZKLFK DUH IODQJHV FKDQJHV DFFRUGLQJ WR WKH D[LV RI 
EHQGLQJ� VHH ������
E 7KH SDUDPHWHU �    �����S\�����
F )RU 5+6 VXEMHFW WR PRPHQWV DERXW ERWK D[HV VHH +���
G 7KH VWUHVV UDWLRV U� DQG U� DUH GHILQHG LQ ������

��

� ���U��
�������������������� ��


� U��
������������ ���


� �U��
���������������

��

� ���U��
�������������������� ��


� U��
������������ ���


� �U��
���������������

Web
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%6 ����������� 6HFWLRQ �

����� 6WUHVV UDWLRV IRU FODVVLILFDWLRQ

7KH VWUHVV UDWLRV U� DQG U� XVHG LQ 7DEOH �� DQG 7DEOH �� VKRXOG EH GHWHUPLQHG IURP WKH IROORZLQJ�

D� IRU ,� RU +�VHFWLRQV ZLWK HTXDO IODQJHV�

E� IRU ,� RU +�VHFWLRQV ZLWK XQHTXDO IODQJHV�

F� IRU 5+6 RU ZHOGHG ER[ VHFWLRQV ZLWK HTXDO IODQJHV�

ZKHUH

$J LV WKH JURVV FURVV�VHFWLRQDO DUHD�

%F LV WKH ZLGWK RI WKH FRPSUHVVLRQ IODQJH�

%W LV WKH ZLGWK RI WKH WHQVLRQ IODQJH�

G LV WKH ZHE GHSWK�

)F LV WKH D[LDO FRPSUHVVLRQ �QHJDWLYH IRU WHQVLRQ��

I� LV WKH PD[LPXP FRPSUHVVLYH VWUHVV LQ WKH ZHE� VHH )LJXUH ��

I� LV WKH PLQLPXP FRPSUHVVLYH VWUHVV LQ WKH ZHE �QHJDWLYH IRU WHQVLRQ�� VHH )LJXUH ��

S\I LV WKH GHVLJQ VWUHQJWK RI WKH IODQJHV�

S\Z LV WKH GHVLJQ VWUHQJWK RI WKH ZHE �EXW S\Z � S\I��

7F LV WKH WKLFNQHVV RI WKH FRPSUHVVLRQ IODQJH�

7W LV WKH WKLFNQHVV RI WKH WHQVLRQ IODQJH�

W LV WKH ZHE WKLFNQHVV�

U�

)F

GWS\Z
������������� EXW �± U�� ��

U�

)F

$JS\Z

�������������� 

U�

)F

GWS\Z
�������������

%W7W %± F7F� �S\I

GWS\Z
����������������������������������������� EXW �± U�� ��

U�

I� I��
�S\Z
�������������� 

U�

)F

�GWS\Z
���������������� EXW �± U� � �� 

U�

)F

$JS\Z

�������������� 
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%6 �����������6HFWLRQ �

����� (IIHFWLYH SODVWLF PRGXOXV

������� *HQHUDO

&ODVV � VHPL�FRPSDFW VHFWLRQV VXEMHFW WR EHQGLQJ VKRXOG EH GHVLJQHG XVLQJ HLWKHU WKH VHFWLRQ PRGXOXV = RU 
WKH HIIHFWLYH SODVWLF PRGXOXV 6HII� )RU ,� RU +�VHFWLRQV ZLWK HTXDO IODQJHV� 5+6 DQG &+6� WKH HIIHFWLYH
SODVWLF PRGXOXV VKRXOG EH GHWHUPLQHG IURP �������� ������� RU ������� UHVSHFWLYHO\� )RU ,� RU +�VHFWLRQV ZLWK
XQHTXDO IODQJHV VXEMHFW WR EHQGLQJ LQ WKH SODQH RI WKH ZHE� UHIHUHQFH VKRXOG EH PDGH WR +��� )RU RWKHU 
FURVV�VHFWLRQV 6HII VKRXOG EH WDNHQ DV HTXDO WR WKH VHFWLRQ PRGXOXV =�

������� ,� RU +�VHFWLRQV ZLWK HTXDO IODQJHV

)RU FODVV � VHPL�FRPSDFW ,� RU +�VHFWLRQV ZLWK HTXDO IODQJHV� WKH HIIHFWLYH SODVWLF PRGXOL 6[�HII DQG 6\�HII
DERXW WKH PDMRU DQG PLQRU D[HV PD\ EH REWDLQHG IURP�

)LJXUH � ¦ 6WUHVV UDWLR IRU D VHPL�FRPSDFW ZHE

ZKHUH
E LV  WKH IODQJH RXWVWDQG� VHH )LJXUH ��
G LV  WKH ZHE GHSWK�
6[ LV  WKH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV�
6\ LV  WKH SODVWLF PRGXOXV DERXW WKH PLQRU D[LV�
7 LV  WKH IODQJH WKLFNQHVV�
W LV  WKH ZHE WKLFNQHVV�
=[ LV  WKH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV�

+_ +_
f1 f1

f2

CompressionTension CompressionTension

d d

f2

6[�HII =[ 6[ =[±� �� 

��Z

G W�
���������

�
�
�

�

�±

��Z

��Z
���������

�
�

�
� �±

�������������������������  EXW 6[�HII =[ 6[ =[±� ���

��I

E 7�
��������� �±

��I

��I
������ �±
�������������������

6\�HII =\ 6\ =\±� �� 

��I
E 7�
����������� �±

��I
��I
������� �±
����������������������� !but Sy,eff   Sy"
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%6 ����������� 6HFWLRQ �

������� 5HFWDQJXODU KROORZ VHFWLRQV

)RU FODVV � VHPL�FRPSDFW 5+6 WKH HIIHFWLYH SODVWLF PRGXOL 6[�HII DQG 6\�HII  IRU PDMRU DQG PLQRU D[LV EHQGLQJ 
PD\ ERWK EH REWDLQHG E\ FRQVLGHULQJ EHQGLQJ DERXW WKH UHVSHFWLYH D[LV� XVLQJ WKH IROORZLQJ�

DQG WKH GLPHQVLRQV E� G DQG W RI DQ 5+6 DUH DV GHILQHG LQ 7DEOH ���
127(  )RU DQ 5+6 VXEMHFW WR EHQGLQJ % DQG E DUH DOZD\V IODQJH GLPHQVLRQV DQG ' DQG G DUH DOZD\V ZHE GLPHQVLRQV� EXW WKH
GHILQLWLRQ RI ZKLFK VLGHV RI WKH 5+6 DUH ZHEV DQG ZKLFK DUH IODQJHV FKDQJHV DFFRUGLQJ WR WKH D[LV RI EHQGLQJ� VHH ������

������� &LUFXODU KROORZ VHFWLRQV

)RU FODVV � VHPL�FRPSDFW &+6 RI GLDPHWHU ' DQG WKLFNQHVV W WKH HIIHFWLYH SODVWLF PRGXOXV 6HII VKRXOG EH
REWDLQHG IURP�

��� 6OHQGHU FURVV�VHFWLRQV

����� (IIHFWLYH VHFWLRQ SURSHUWLHV

7KH ORFDO EXFNOLQJ UHVLVWDQFH RI FODVV � VOHQGHU FURVV�VHFWLRQV PD\ EH DOORZHG IRU LQ GHVLJQ E\ DGRSWLQJ
HIIHFWLYH VHFWLRQ SURSHUWLHV� 'XH DOORZDQFH VKRXOG EH PDGH IRU WKH SRVVLEOH HIIHFWV RI DQ\ VKLIW RI WKH 
FHQWURLG RI WKH HIIHFWLYH FURVV�VHFWLRQ FRPSDUHG WR WKDW RI WKH JURVV FURVV�VHFWLRQ� VHH ������

*HQHUDOO\ WKH PHWKRGV JLYHQ LQ ������ ������ ������ ����� DQG ����� VKRXOG EH XVHG� EXW PRUH H[DFW PHWKRGV
RI FDOFXODWLQJ UHVLVWDQFH WR ORFDO EXFNOLQJ PD\ DOVR EH XVHG ZKHUH DSSURSULDWH�

,Q PHPEHUV WKDW DUH PDLQO\ VWUHVVHG E\ D[LDO FRPSUHVVLRQ� WKH SRVVLEOH HIIHFWV RI ORFDO EXFNOLQJ RQ
VHUYLFHDELOLW\ VKRXOG EH WDNHQ LQWR DFFRXQW IRU FURVV�VHFWLRQV WKDW LQFOXGH LQWHUQDO HOHPHQWV ZLGHU WKDQ ��

WLPHV WKHLU WKLFNQHVV IRU FROG IRUPHG 5+6� RU ��
 WLPHV IRU RWKHU VHFWLRQV�

=\ LV  WKH VHFWLRQ PRGXOXV DERXW WKH PLQRU D[LV�
��I LV  WKH OLPLWLQJ YDOXH RI E�7 IURP 7DEOH �� IRU D FODVV � FRPSDFW IODQJH�
��Z LV  WKH OLPLWLQJ YDOXH RI G�W IURP 7DEOH �� IRU D FODVV � FRPSDFW ZHE�
��I LV  WKH OLPLWLQJ YDOXH RI E�7 IURP 7DEOH �� IRU D FODVV � VHPL�FRPSDFW IODQJH�
��Z LV  WKH OLPLWLQJ YDOXH RI G�W IURP 7DEOH �� IRU D FODVV � VHPL�FRPSDFW ZHE�

ZKHUH
��I LV WKH OLPLWLQJ YDOXH RI E�W IURP 7DEOH �� IRU D FODVV � FRPSDFW IODQJH�
��Z LV WKH OLPLWLQJ YDOXH RI G�W IURP 7DEOH �� IRU D FODVV � FRPSDFW ZHE�
��I LV WKH OLPLWLQJ YDOXH RI E�W IURP 7DEOH �� IRU D FODVV � VHPL�FRPSDFW IODQJH�
��Z LV WKH OLPLWLQJ YDOXH RI G�W IURP 7DEOH �� IRU D FODVV � VHPL�FRPSDFW ZHE�

6HII = 6 =±� ��

��Z
G�W
��������� �±

��Z
��Z
��������� �±
���������������������  EXW 6HII =� 6 =±� ��

��I
E�W
������� �±

��I
��I
�������� �±
�������������������

6HII = ����� ���
' W�
����������
� �
	 � ���

S\
����������
� �
	 � ���

�± 6 =±� �� 
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%6 �����������6HFWLRQ �

����� 'RXEO\ V\PPHWULF FURVV�VHFWLRQV

������� *HQHUDO

7KH PHWKRGV JLYHQ LQ �������� ������� DQG ������� PD\ EH XVHG IRU GRXEO\ V\PPHWULF FURVV�VHFWLRQV WKDW
LQFOXGH FODVV � VOHQGHU HOHPHQWV� 7KH HIIHFWLYH FURVV�VHFWLRQDO DUHD $HII DQG WKH YDOXHV RI HIIHFWLYH VHFWLRQ
PRGXOXV =HII IRU EHQGLQJ DERXW WKH PDMRU DQG PLQRU D[HV VKRXOG HDFK EH GHWHUPLQHG IURP VHSDUDWH HIIHFWLYH 
FURVV�VHFWLRQV DV GHWDLOHG LQ �������� ������� DQG ��������

������� (IIHFWLYH DUHD

7KH HIIHFWLYH FURVV�VHFWLRQDO DUHD $HII VKRXOG EH GHWHUPLQHG IURP WKH HIIHFWLYH FURVV�VHFWLRQ DV VKRZQ LQ
)LJXUH �D�� 7KH HIIHFWLYH ZLGWK RI D FODVV � VOHQGHU ZHE HOHPHQW RU LQWHUQDO IODQJH HOHPHQW VKRXOG EH WDNHQ 
DV ��
 WLPHV LWV WKLFNQHVV IRU FROG IRUPHG 5+6� RU ��
 WLPHV IRU RWKHU VHFWLRQV� FRPSULVLQJ WZR HTXDO 
SRUWLRQV ZLWK D FHQWUDO QRQ�HIIHFWLYH ]RQH� 7KH HIIHFWLYH ZLGWK RI D FODVV � VOHQGHU RXWVWDQG HOHPHQW VKRXOG
EH WDNHQ DV HTXDO WR WKH PD[LPXP ZLGWK IRU FODVV � GHULYHG IURP 7DEOH ���

5ROOHG ,�VHFWLRQ :HOGHG ,�VHFWLRQ 5ROOHG +�VHFWLRQ  :HOGHG +�VHFWLRQ

+RW ILQLVKHG 5+6 &ROG IRUPHG 5+6 :HOGHG ER[ VHFWLRQ

D� (IIHFWLYH FURVV�VHFWLRQV XQGHU SXUH FRPSUHVVLRQ� IRU GHWHUPLQLQJ $HII

)LJXUH � ¦ 'RXEO\ V\PPHWULF VOHQGHU FURVV�VHFWLRQV

20t

15T

13T

ε

20tε

20tε
ε 15Tε

ε 13Tε

13Tε 13Tε

15Tε 15Tε
20tε

2.5t 2.5t17.5t  17.5t 

17.5t

2.5t

2.5t

17.5t

20t
1.5t

1.5t

Class 1, 2 or 3 outstand20t 1.5t1.5t 20t 

20t 

20t 

20T

ε ε

ε
ε

ε ε

εε

ε ε
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%6 ����������� 6HFWLRQ �

������� (IIHFWLYH PRGXOXV ZKHQ ZHE LV IXOO\ HIIHFWLYH

)RU FURVV�VHFWLRQV ZLWK ZHEV WKDW DUH QRW FODVV � VOHQGHU XQGHU SXUH EHQGLQJ� WKH HIIHFWLYH VHFWLRQ PRGXOXV
=HII VKRXOG EH GHWHUPLQHG IURP DQ HIIHFWLYH FURVV�VHFWLRQ LQ ZKLFK WKH HIIHFWLYH ZLGWK RI DQ\ FODVV � VOHQGHU 
HOHPHQW LQ WKH FRPSUHVVLRQ IODQJH LV GHWHUPLQHG DV GHWDLOHG LQ �������� VHH )LJXUH �E��

,I WKH ZKROH FURVV�VHFWLRQ LV IXOO\ HIIHFWLYH IRU EHQGLQJ DERXW D JLYHQ D[LV WKHQ =HII  VKRXOG EH WDNHQ DV HTXDO 
WR WKH VHFWLRQ PRGXOXV = DERXW WKDW D[LV�

,I WKH FURVV�VHFWLRQ LV QRW IXOO\ HIIHFWLYH LQ UHVLVWLQJ EHQGLQJ DERXW WKH PDMRU RU PLQRU D[LV� FDXVLQJ WKH
UHOHYDQW HIIHFWLYH FURVV�VHFWLRQ WR EH DV\PPHWULF DERXW WKH D[LV RI EHQGLQJ� WKH VPDOOHU RI WKH WZR YDOXHV RI
=HII IRU WKDW D[LV VKRXOG EH XVHG�

������� (IIHFWLYH PRGXOXV ZKHQ ZHE LV VOHQGHU

)RU FURVV�VHFWLRQV ZLWK ZHEV WKDW DUH FODVV � VOHQGHU XQGHU SXUH EHQGLQJ� WKH HIIHFWLYH VHFWLRQ PRGXOXV  =HII
VKRXOG EH GHWHUPLQHG IURP DQ HIIHFWLYH FURVV�VHFWLRQ REWDLQHG E\ DGRSWLQJ DQ HIIHFWLYH ZLGWK EHII IRU WKH
FRPSUHVVLRQ ]RQH RI WKH ZHE� DUUDQJHG DV LQGLFDWHG LQ )LJXUH �� ZLWK ���EHII DGMDFHQW WR WKH FRPSUHVVLRQ 
IODQJH DQG ���EHII DGMDFHQW WR WKH HODVWLF QHXWUDO D[LV�

5ROOHG +�VHFWLRQ :HOGHG +�VHFWLRQ

+RW ILQLVKHG 5+6 &ROG IRUPHG 5+6 :HOGHG ER[ VHFWLRQ

E� (IIHFWLYH FURVV�VHFWLRQV� ZHEV IXOO\ HIIHFWLYH XQGHU SXUH PRPHQW� IRU GHWHUPLQLQJ =HII

)LJXUH � ¦ 'RXEO\ V\PPHWULF VOHQGHU FURVV�VHFWLRQV �FRQWLQXHG�

Compression
flange

Centroidal axis
of the gross

cross-section

Centroidal axis
of the effective
cross-section

Tension flange

15T 15Tε

ε

ε

ε15T ε15T 13T ε13T ε13T ε13T

Centroidal axis
of the effective
cross-section

Compression
flange

Tension
flange

Centroidal axis
of the gross

cross-section

ε20T20T2.5t 17.5t 17.5t 2.5t20t1.5t 20t 1.5tεε ε ε ε
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%6 �����������6HFWLRQ �

7KH HIIHFWLYH ZLGWK EHII RI WKH FRPSUHVVLRQ ]RQH XQGHU SXUH EHQGLQJ VKRXOG EH REWDLQHG IURP�

7KH YDOXHV RI IFZ DQG IWZ XVHG WR GHWHUPLQH EHII VKRXOG EH EDVHG RQ D FURVV�VHFWLRQ LQ ZKLFK WKH ZHE LV WDNHQ 
DV IXOO\ HIIHFWLYH� XVLQJ WKH HIIHFWLYH ZLGWK RI WKH FRPSUHVVLRQ IODQJH LI WKLV LV FODVV � VOHQGHU�

����� 6LQJO\ V\PPHWULF DQG XQV\PPHWULF FURVV�VHFWLRQV

7KH HIIHFWLYH ZLGWKV GHWDLOHG LQ ������� PD\ DOVR EH XVHG IRU FODVV � VLQJO\ V\PPHWULF DQG XQV\PPHWULF 
FURVV�VHFWLRQV� SURYLGHG WKDW DFFRXQW LV WDNHQ RI WKH DGGLWLRQDO PRPHQWV LQGXFHG LQ WKH PHPEHU GXH WR WKH
VKLIW RI WKH FHQWURLG RI WKH HIIHFWLYH FURVV�VHFWLRQ FRPSDUHG WR WKDW RI WKH JURVV FURVV�VHFWLRQ�

7KHVH DGGLWLRQDO PRPHQWV VKRXOG EH REWDLQHG E\ DVVXPLQJ WKDW WKH D[LDO FRPSUHVVLYH IRUFH )F DFWV DW WKH
FHQWURLG RI WKH JURVV FURVV�VHFWLRQ� EXW LV UHVLVWHG E\ DQ HTXDO DQG RSSRVLWH IRUFH DFWLQJ DW WKH FHQWURLG RI 
WKH HIIHFWLYH FURVV�VHFWLRQ WKDW FRUUHVSRQGV WR WKH FDVH RI D XQLIRUP VWUHVV HTXDO WR WKH GHVLJQ VWUHQJWK S\
DFWLQJ WKURXJKRXW LWV HIIHFWLYH FURVV�VHFWLRQDO DUHD� 7KH DGGLWLRQDO PRPHQWV VKRXOG EH WDNHQ LQWR DFFRXQW 
LQ WKH FKHFNV RQ FURVV�VHFWLRQ FDSDFLW\ DQG PHPEHU EXFNOLQJ UHVLVWDQFH JLYHQ LQ ���� ���� ���� ���� DQG ���� 
H[FHSW ZKHUH D PRUH RQHURXV FRQGLWLRQ RFFXUV LI WKH\ DUH RPLWWHG�

ZKHUH

IFZ LV WKH PD[LPXP FRPSUHVVLYH VWUHVV LQ WKH ZHE� VHH )LJXUH ��

IWZ LV WKH PD[LPXP WHQVLOH VWUHVV LQ WKH ZHE� VHH )LJXUH ��

S\Z LV WKH GHVLJQ VWUHQJWK RI WKH ZHE�

W LV WKH ZHE WKLFNQHVV�

)LJXUH � ¦ (IIHFWLYH ZLGWK IRU FODVV � VOHQGHU ZHE XQGHU SXUH EHQGLQJ

EHII
���
W

�
IFZ IWZ±

S\Z
������������������������ �

	 � �
IWZ
IFZ
���������� �

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

t

Elastic neutral axis
of gross section

Compression flange

Tension flange

Non-effective zone

0.4 b
eff

eff
0.6 b

Elastic neutral axis
of effective section

cwf

f tw
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%6 ����������� 6HFWLRQ �

����� (TXDO�OHJ DQJOH VHFWLRQV

)RU FODVV � VOHQGHU KRW UROOHG HTXDO�OHJ DQJOH VHFWLRQV� WKH PHWKRG JLYHQ LQ ����� PD\ EH XVHG� $OWHUQDWLYHO\�
WKH HIIHFWLYH FURVV�VHFWLRQDO DUHD $HII DQG HIIHFWLYH VHFWLRQ PRGXOXV =HII DERXW D JLYHQ D[LV PD\
FRQVHUYDWLYHO\ EH REWDLQHG XVLQJ�

����� $OWHUQDWLYH PHWKRG

$V DQ DOWHUQDWLYH WR WKH PHWKRGV GHWDLOHG LQ ������ ����� DQG ������ D UHGXFHG GHVLJQ VWUHQJWK S\U PD\ EH 
FDOFXODWHG DW ZKLFK WKH FURVV�VHFWLRQ ZRXOG EH FODVV � VHPL�FRPSDFW� 7KH UHGXFHG GHVLJQ VWUHQJWK S\U
VKRXOG WKHQ EH XVHG LQ SODFH RI S\ LQ WKH FKHFNV RQ VHFWLRQ FDSDFLW\ DQG PHPEHU EXFNOLQJ UHVLVWDQFH JLYHQ 
LQ ���� ���� ���� ��� DQG ���� 7KH YDOXH RI WKLV UHGXFHG GHVLJQ VWUHQJWK S\U PD\ EH REWDLQHG IURP�

LQ ZKLFK � LV WKH YDOXH RI E�7� E�W� '�W RU G�W WKDW H[FHHGV WKH OLPLWLQJ YDOXH �� JLYHQ LQ 7DEOH �� RU 7DEOH ��
IRU D FODVV � VHPL�FRPSDFW VHFWLRQ�
127( 8QOHVV WKH FODVV � VHPL�FRPSDFW OLPLW LV H[FHHGHG E\ RQO\ D VPDOO PDUJLQ� WKH XVH RI WKLV DOWHUQDWLYH PHWKRG FDQ EH UDWKHU 
FRQVHUYDWLYH�

����� &LUFXODU KROORZ VHFWLRQV

3URYLGHG WKDW WKH RYHUDOO GLDPHWHU ' GRHV QRW H[FHHG ���W� � WKH HIIHFWLYH FURVV�VHFWLRQDO DUHD $HII DQG
HIIHFWLYH VHFWLRQ PRGXOXV =HII RI D FODVV � VOHQGHU FLUFXODU KROORZ VHFWLRQ RI WKLFNQHVV W PD\ EH GHWHUPLQHG 
IURP�

ZKHUH

E LV WKH OHJ OHQJWK�

W LV WKH WKLFNQHVV�

$HII
$
���������� ��


E W�
��������� 

=HII
=
��������� ��


E W�
��������� 

S\U �� � � �� �S\ 

$HII
$
���������� ��

' W�
����������� �
	 � ���

S\
����������� �
	 � ���

 

=HII
=
��������� ���

' W�
����������
� �
	 � ���

S\
����������
� �
	 � ����
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%6 �����������

6HFWLRQ �� 'HVLJQ RI VWUXFWXUDO PHPEHUV �

���  *HQHUDO

�����  $SSOLFDWLRQ

7KLV 6HFWLRQ � DSSOLHV WR WKH GHVLJQ RI VLPSOH PHPEHUV DQG RI PHPEHUV WKDW FRPSULVH SDUWV RI IUDPHV�

�����  &ODVV RI FURVV�VHFWLRQ

5HIHUHQFH VKRXOG EH PDGH WR ��� IRU WKH FODVVLILFDWLRQ RI FURVV�VHFWLRQV�

�����  'HVLJQ VWUHQJWK

7KH GHVLJQ VWUHQJWK S\ VKRXOG EH REWDLQHG IURP ������

��� 0HPEHUV VXEMHFW WR EHQGLQJ

�����  *HQHUDO

������� *HQHUDO FRQGLWLRQV

$OO PHPEHUV VXEMHFW WR EHQGLQJ VKRXOG PHHW WKH IROORZLQJ FRQGLWLRQV�

D� $W FULWLFDO SRLQWV WKH FRPELQDWLRQ RI PD[LPXP PRPHQW DQG FR�H[LVWHQW VKHDU� DQG WKH FRPELQDWLRQ RI
PD[LPXP VKHDU DQG FR�H[LVWHQW PRPHQW VKRXOG EH FKHFNHG�

E� 7KH GHIOHFWLRQ FULWHULD JLYHQ LQ ����� VKRXOG EH WDNHQ LQWR DFFRXQW�

F� 8QOHVV WKH PHPEHU LV IXOO\ UHVWUDLQHG DJDLQVW ODWHUDO�WRUVLRQDO EXFNOLQJ DV LQGLFDWHG LQ ������ LWV 
UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG EH FKHFNHG LQ DFFRUGDQFH ZLWK ����

G� )RU FODVV � VOHQGHU VHFWLRQV� ORFDO EXFNOLQJ VKRXOG EH WDNHQ LQWR DFFRXQW DV JLYHQ LQ ����

H� :KHQ ORDGV RU UHDFWLRQV DUH DSSOLHG WKURXJK WKH IODQJH WR WKH ZHE WKH FRQGLWLRQV RI ��� IRU EHDULQJ DQG
EXFNOLQJ VKRXOG EH PHW�

������� 6SDQ RI EHDPV

7KH VSDQ RI D EHDP VKRXOG EH WDNHQ EHWZHHQ WKH HIIHFWLYH SRLQWV RI VXSSRUW�

������� /HQJWK RI FDQWLOHYHUV

7KH OHQJWK RI D FDQWLOHYHU VKRXOG EH WDNHQ DV WKH GLVWDQFH IURP WKH HIIHFWLYH SRLQW RI WKH VXSSRUW WR WKH WLS
RI WKH FDQWLOHYHU�

�����  )XOO ODWHUDO UHVWUDLQW

,I D EHDP KDV IXOO ODWHUDO UHVWUDLQW WR LWV FRPSUHVVLRQ IODQJH� LWV UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ PD\ 
EH DVVXPHG WR EH DGHTXDWH� SURYLGHG WKDW LW DOVR KDV QRPLQDO WRUVLRQDO UHVWUDLQW DW LWV VXSSRUWV� 1RPLQDO 
WRUVLRQDO UHVWUDLQW DW PHPEHU VXSSRUWV �DV GLVWLQFW IURP IXOO WRUVLRQDO UHVWUDLQW DW PHPEHU VXSSRUWV�
VHH ������ PD\ EH VXSSOLHG E\ ZHE FOHDWV� SDUWLDO GHSWK HQG SODWHV� ILQ SODWHV RU FRQWLQXLW\ ZLWK WKH QH[W
VSDQ�

)XOO ODWHUDO UHVWUDLQW PD\ EH DVVXPHG WR H[LVW LI WKH IULFWLRQDO RU SRVLWLYH FRQQHFWLRQ RI D IORRU �RU RWKHU� 
FRQVWUXFWLRQ WR WKH FRPSUHVVLRQ IODQJH RI WKH PHPEHU LV FDSDEOH RI UHVLVWLQJ D ODWHUDO IRUFH RI QRW OHVV WKDQ
��� � RI WKH PD[LPXP IRUFH LQ WKH FRPSUHVVLRQ IODQJH RI WKH PHPEHU� 7KLV ODWHUDO IRUFH VKRXOG EH 
FRQVLGHUHG DV GLVWULEXWHG XQLIRUPO\ DORQJ WKH IODQJH� SURYLGHG WKDW WKH GHDG ORDG RI WKH IORRU DQG WKH 
LPSRVHG ORDG LW VXSSRUWV WRJHWKHU FRQVWLWXWH WKH GRPLQDQW ORDGLQJ RQ WKH PHPEHU� ,W VKRXOG EH HQVXUHG
WKDW WKH IORRU �RU RWKHU� FRQVWUXFWLRQ LV FDSDEOH RI UHVLVWLQJ WKLV ODWHUDO IRUFH�

!4.2.1.4 Curtailment of flange plates 
In a beam of compound section, see 3.5.3, each additional flange plate should be extended beyond the point 
at which the cross-section is sufficient without it. The extension beyond the theoretical cut-off point should 
be long enough for its connecting welds to transfer the longitudinal force in the plate. This force should be 
calculated from the moment at the theoretical cut-off point, based upon the properties of the compound 
section." 
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%6 ����������� 6HFWLRQ �

����� 6KHDU FDSDFLW\

7KH VKHDU IRUFH )Y VKRXOG QRW EH JUHDWHU WKDQ WKH VKHDU FDSDFLW\ 3Y JLYHQ E\�

3Y   ���S\$Y

LQ ZKLFK $Y LV WKH VKHDU DUHD� WDNHQ DV IROORZV�

D� UROOHG ,� + DQG FKDQQHO VHFWLRQV� ORDG SDUDOOHO WR ZHE� W'

E� ZHOGHG ,�VHFWLRQV� ORDG SDUDOOHO WR ZHE� WG

F� UHFWDQJXODU KROORZ VHFWLRQV� ORDG SDUDOOHO WR ZHEV� $'��' � %�

G� ZHOGHG ER[ VHFWLRQV� ORDG SDUDOOHO WR ZHEV� �WG

H� UROOHG 7�VHFWLRQV� ORDG SDUDOOHO WR ZHE� W'

I� ZHOGHG 7�VHFWLRQV� ORDG SDUDOOHO WR ZHE� W�' ¥ 7�

J� FLUFXODU KROORZ VHFWLRQV� ���$

K� VROLG EDUV DQG SODWHV� ���$

L� DQ\ RWKHU FDVH� ���$R

ZKHUH

,Q &+6 DQG 5+6 VHFWLRQV WKH VKHDU DUHD VKRXOG EH DVVXPHG WR EH ORFDWHG DGMDFHQW WR WKH QHXWUDO D[LV�

)RU WKH HIIHFW RI EROW KROHV RQ VKHDU FDSDFLW\� UHIHUHQFH VKRXOG EH PDGH WR ������

,I WKH UDWLR G�W H[FHHGV ��
 IRU D UROOHG VHFWLRQ� RU ��
 IRU D ZHOGHG VHFWLRQ� WKH ZHE VKRXOG EH FKHFNHG IRU 
VKHDU EXFNOLQJ LQ DFFRUGDQFH ZLWK ������

����� (ODVWLF VKHDU VWUHVV

,Q FURVV�VHFWLRQV ZLWK ZHEV WKDW YDU\ LQ WKLFNQHVV WKH GLVWULEXWLRQ RI VKHDU VWUHVVHV VKRXOG EH FDOFXODWHG 
IURP ILUVW SULQFLSOHV DVVXPLQJ OLQHDU HODVWLF EHKDYLRXU� ,Q WKLV FDVH WKH SHDN YDOXH RI WKH VKHDU VWUHVV
GLVWULEXWLRQ VKRXOG QRW H[FHHG ���S\� )RU FURVV�VHFWLRQV ZLWK RSHQLQJV VLJQLILFDQWO\ ODUJHU WKDQ WKRVH 
QRUPDOO\ UHTXLUHG IRU EROWV� UHIHUHQFH VKRXOG EH PDGH WR �����

����� 0RPHQW FDSDFLW\

�������  *HQHUDO

7KH PRPHQW FDSDFLW\ 0F VKRXOG EH GHWHUPLQHG IURP �������� ������� DQG ������� DOORZLQJ IRU WKH HIIHFWV RI 
FR�H[LVWLQJ VKHDU� 7KH HIIHFWV RI EROW KROHV VKRXOG EH DOORZHG IRU DV GHWDLOHG LQ ��������

7R DYRLG LUUHYHUVLEOH GHIRUPDWLRQ XQGHU VHUYLFHDELOLW\ ORDGV� WKH YDOXH RI 0F VKRXOG EH OLPLWHG WR ���S\=
JHQHUDOO\ DQG WR ���S\= LQ WKH FDVH RI D VLPSO\ VXSSRUWHG EHDP RU D FDQWLOHYHU�

$ LV WKH DUHD RI WKH FURVV�VHFWLRQ�

$R LV WKH DUHD RI WKDW UHFWLOLQHDU HOHPHQW RI WKH FURVV�VHFWLRQ ZKLFK KDV WKH ODUJHVW GLPHQVLRQ LQ WKH
GLUHFWLRQ SDUDOOHO WR WKH VKHDU IRUFH�

% LV WKH RYHUDOO EUHDGWK�

' LV WKH RYHUDOO GHSWK�

G LV WKH GHSWK RI WKH ZHE�

W LV WKH ZHE WKLFNQHVV�
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%6 �����������6HFWLRQ �

������� /RZ VKHDU

3URYLGHG WKDW WKH VKHDU IRUFH )Y GRHV QRW H[FHHG �� � RI WKH VKHDU FDSDFLW\ 3Y�

¦ IRU FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQV�
0F  S\6

¦ IRU FODVV � VHPL�FRPSDFW VHFWLRQV�
0F  S\= RU DOWHUQDWLYHO\ 0F  S\6HII

¦ IRU FODVV � VOHQGHU FURVV�VHFWLRQV�
0F  S\=HII

ZKHUH

������� +LJK VKHDU

:KHUH )Y ! ���3Y�

¦ IRU FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQV�
0F  S\�6 ¥ �6Y� 

¦ IRU FODVV � VHPL�FRPSDFW FURVV�VHFWLRQV�
0F  S\�= ¥ �6Y����� RU DOWHUQDWLYHO\ 0F  S\�6HII ¥ �6Y� 

¦ IRU FODVV � VOHQGHU FURVV�VHFWLRQV�
0F  S\�=HII ¥ �6Y�����

LQ ZKLFK 6Y LV REWDLQHG IURP WKH IROORZLQJ�

¦ IRU VHFWLRQV ZLWK XQHTXDO IODQJHV�
6Y  6 ¥ 6I

LQ ZKLFK 6I  LV WKH SODVWLF PRGXOXV RI WKH HIIHFWLYH VHFWLRQ H[FOXGLQJ WKH VKHDU DUHD $Y GHILQHG LQ ������ 

¦ RWKHUZLVH�
6Y LV WKH SODVWLF PRGXOXV RI WKH VKHDU DUHD $Y GHILQHG LQ ������

DQG � LV JLYHQ E\�

�   >��)Y�3Y� ¥ �@�

127( 7KH UHGXFWLRQ IDFWRU � VWDUWV ZKHQ )Y H[FHHGV ���3Y EXW WKH UHVXOWLQJ UHGXFWLRQ LQ PRPHQW FDSDFLW\ LV QHJOLJLEOH XQOHVV )Y
H[FHHGV ���3Y�
$OWHUQDWLYHO\� IRU FODVV � VHPL�FRPSDFW FURVV�VHFWLRQV UHIHUHQFH PD\ EH PDGH WR +��� RU IRU FODVV � VOHQGHU 
FURVV�VHFWLRQV UHIHUHQFH PD\ EH PDGH WR ��� DQG +���

,I WKH UDWLR G�W H[FHHGV ��
 IRU D UROOHG VHFWLRQ� RU ��
 IRU D ZHOGHG VHFWLRQ� WKH PRPHQW FDSDFLW\ VKRXOG EH
GHWHUPLQHG DOORZLQJ IRU VKHDU EXFNOLQJ LQ DFFRUGDQFH ZLWK ������

6 LV WKH SODVWLF PRGXOXV�

6HII LV WKH HIIHFWLYH SODVWLF PRGXOXV� VHH ������

= LV WKH VHFWLRQ PRGXOXV�

=HII LV WKH HIIHFWLYH VHFWLRQ PRGXOXV� VHH ������
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%6 ����������� 6HFWLRQ �

������� 1RWFKHG HQGV

)RU QRWFKHG HQGV RI ,� + RU FKDQQHO VHFWLRQ PHPEHUV WKH PRPHQW FDSDFLW\ 0F VKRXOG EH WDNHQ DV IROORZV�

D� /RZ VKHDU� ZKHUH )Y � ����3Y�

¦ IRU VLQJO\ QRWFKHG HQGV�

0F  S\=

¦ IRU GRXEO\ QRWFKHG HQGV�

0F  S\WG���

E� +LJK VKHDU� ZKHUH )Y ! ����3Y�

¦ IRU VLQJO\ QRWFKHG HQGV�

¦ IRU GRXEO\ QRWFKHG HQGV�

ZKHUH

������� %ROW KROHV

1R DOORZDQFH QHHG EH PDGH IRU EROW KROHV LQ D FRPSUHVVLRQ IODQJH �RU OHJ�� 1R DOORZDQFH QHHG EH PDGH IRU 
EROW KROHV LQ D WHQVLRQ IODQJH �RU OHJ� LI� IRU WKH WHQVLRQ HOHPHQW�

DW�QHW � DW�.H

ZKHUH

1R DOORZDQFH QHHG EH PDGH IRU EROW KROHV LQ WKH WHQVLRQ ]RQH RI D ZHE XQOHVV WKHUH DUH DOVR EROW KROHV LQ WKH
WHQVLRQ IODQJH DW WKH VDPH ORFDWLRQ� )XUWKHUPRUH� QR DOORZDQFH QHHG EH PDGH IRU EROW KROHV LQ D ZHE LI WKH
FRQGLWLRQ JLYHQ DERYH LV VDWLVILHG ZKHQ ERWK DW DQG DW�QHW DUH EDVHG XSRQ WKH FRPSOHWH WHQVLRQ ]RQH�
FRPSULVLQJ WKH WHQVLRQ IODQJH SOXV WKH WHQVLRQ ]RQH RI WKH ZHE�

,I DW�QHW LV OHVV WKDQ DW�.H WKHQ DQ HIIHFWLYH QHW DUHD RI .HDW�QHW PD\ EH XVHG�

��� /DWHUDO�WRUVLRQDO EXFNOLQJ

����� *HQHUDO

8QOHVV D EHDP RU FDQWLOHYHU KDV IXOO ODWHUDO UHVWUDLQW WR LWV FRPSUHVVLRQ IODQJH DV GHVFULEHG LQ ������ WKHQ
LQ DGGLWLRQ WR VDWLVI\LQJ ��� LWV UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG DOVR EH FKHFNHG�

*HQHUDOO\ WKH UHVLVWDQFH RI D PHPEHU WR ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG EH FKHFNHG DV GHWDLOHG
LQ ������ ������ ������ ������ ������ ����� DQG ������ +RZHYHU� IRU PHPEHUV WKDW VDWLVI\ WKH FRQGLWLRQV JLYHQ 
LQ *��� DGYDQWDJH PD\ EH WDNHQ RI WKH PHWKRGV IRU PHPEHUV ZLWK RQH IODQJH UHVWUDLQHG JLYHQ LQ *���

����� ,QWHUPHGLDWH ODWHUDO UHVWUDLQWV

������� *HQHUDO

,I D PHPEHU WKDW LV VXEMHFW WR EHQGLQJ QHHGV LQWHUPHGLDWH ODWHUDO UHVWUDLQWV ZLWKLQ LWV OHQJWK LQ RUGHU WR
GHYHORS WKH UHTXLUHG EXFNOLQJ UHVLVWDQFH PRPHQW� WKHVH UHVWUDLQWV VKRXOG KDYH VXIILFLHQW VWLIIQHVV DQG 
VWUHQJWK WR LQKLELW ODWHUDO PRYHPHQW RI WKH FRPSUHVVLRQ IODQJH UHODWLYH WR WKH VXSSRUWV�

G LV WKH UHVLGXDO GHSWK RI D GRXEO\ QRWFKHG HQG�

= LV WKH UHOHYDQW VHFWLRQ PRGXOXV RI WKH UHVLGXDO WHH DW D VLQJO\ QRWFKHG HQG�

DW LV WKH DUHD RI WKH WHQVLRQ HOHPHQW�

DW�QHW LV WKH QHW DUHD RI WKH WHQVLRQ HOHPHQW DIWHU GHGXFWLQJ EROW KROHV�

.H LV WKH IDFWRU IRU HIIHFWLYH QHW DUHD JLYHQ LQ ������

0F ��� S\= � )Y 3Y�� �
�±

0F S\WG� ��� � � )Y 3Y�� �± � 

46 © BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������6HFWLRQ �

,QWHUPHGLDWH ODWHUDO UHVWUDLQWV VKRXOG JHQHUDOO\ EH FRQQHFWHG WR WKH PHPEHU DV FORVH DV SUDFWLFDEOH WR WKH
FRPSUHVVLRQ IODQJH DQG LQ DQ\ FDVH FORVHU WR WKH OHYHO RI WKH VKHDU FHQWUH RI WKH FRPSUHVVLRQ IODQJH WKDQ WR
WKH OHYHO RI WKH VKHDU FHQWUH RI WKH PHPEHU� +RZHYHU� LI DQ LQWHUPHGLDWH WRUVLRQDO UHVWUDLQW� VHH ������ LV
DOVR SURYLGHG DW WKH VDPH FURVV�VHFWLRQ� DQ LQWHUPHGLDWH ODWHUDO UHVWUDLQW PD\ EH FRQQHFWHG DW DQ\ OHYHO�

�������  5HVWUDLQW IRUFHV

��������� :KHUH LQWHUPHGLDWH ODWHUDO UHVWUDLQW LV UHTXLUHG DW LQWHUYDOV ZLWKLQ WKH OHQJWK RI D EHDP RU
FDQWLOHYHU� WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV VKRXOG EH FDSDEOH RI UHVLVWLQJ D WRWDO IRUFH RI QRW OHVV WKDQ 
��� � RI WKH PD[LPXP YDOXH RI WKH IDFWRUHG IRUFH LQ WKH FRPSUHVVLRQ IODQJH ZLWKLQ WKH UHOHYDQW VSDQ�
GLYLGHG EHWZHHQ WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV LQ SURSRUWLRQ WR WKHLU VSDFLQJ�

7KH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV VKRXOG HLWKHU EH FRQQHFWHG WR DQ DSSURSULDWH V\VWHP RI EUDFLQJ FDSDEOH
RI WUDQVIHUULQJ WKH UHVWUDLQW IRUFHV WR WKH HIIHFWLYH SRLQWV RI VXSSRUW RI WKH PHPEHU� RU HOVH FRQQHFWHG WR DQ 
LQGHSHQGHQW UREXVW SDUW RI WKH VWUXFWXUH FDSDEOH RI IXOILOOLQJ D VLPLODU IXQFWLRQ� :KHUH WZR RU PRUH SDUDOOHO 
PHPEHUV UHTXLUH LQWHUPHGLDWH ODWHUDO UHVWUDLQW� LW LV QRW DGHTXDWH PHUHO\ WR FRQQHFW WKH PHPEHUV WRJHWKHU
VXFK WKDW WKH\ EHFRPH PXWXDOO\ GHSHQGHQW�

��������� :KHUH WKUHH RU PRUH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV DUH SURYLGHG� HDFK LQWHUPHGLDWH ODWHUDO
UHVWUDLQW VKRXOG EH FDSDEOH RI UHVLVWLQJ D IRUFH RI QRW OHVV WKDQ � � RI WKH PD[LPXP YDOXH RI WKH IDFWRUHG 
IRUFH LQ WKH FRPSUHVVLRQ IODQJH ZLWKLQ WKH UHOHYDQW VSDQ�

7KH EUDFLQJ V\VWHP VKRXOG EH FDSDEOH RI UHVLVWLQJ HDFK RI WKH IROORZLQJ DOWHUQDWLYHV�

D� WKH � � UHVWUDLQW IRUFH FRQVLGHUHG DV DFWLQJ DW RQO\ RQH SRLQW DW D WLPH�

E� WKH ��� � UHVWUDLQW IRUFH IURP ���������� GLYLGHG EHWZHHQ WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV LQ
SURSRUWLRQ WR WKHLU VSDFLQJ�

��������� %UDFLQJ V\VWHPV WKDW VXSSO\ LQWHUPHGLDWH ODWHUDO UHVWUDLQW WR PRUH WKDQ RQH PHPEHU VKRXOG EH 
GHVLJQHG WR UHVLVW WKH VXP RI WKH ODWHUDO UHVWUDLQW IRUFHV IURP HDFK PHPEHU WKDW WKH\ UHVWUDLQ� GHWHUPLQHG
LQ DFFRUGDQFH ZLWK ��������� DQG ���������� UHGXFHG E\ WKH IDFWRU NU REWDLQHG IURP�

NU   ���� � ��1U����

LQ ZKLFK 1U LV WKH QXPEHU RI SDUDOOHO PHPEHUV UHVWUDLQHG�

��������� 3XUOLQV DGHTXDWHO\ UHVWUDLQHG E\ VKHHWLQJ QHHG QRW QRUPDOO\ EH FKHFNHG IRU IRUFHV FDXVHG E\ 
UHVWUDLQLQJ UDIWHUV RI URRI WUXVVHV RU SRUWDO IUDPHV WKDW FDUU\ SUHGRPLQDQWO\ URRI ORDGV� SURYLGHG WKDW
HLWKHU�

D� WKHUH LV EUDFLQJ RI DGHTXDWH VWLIIQHVV LQ WKH SODQH RI WKH UDIWHUV� RU

E� WKH URRI VKHHWLQJ LV FDSDEOH RI DFWLQJ DV D VWUHVVHG�VNLQ GLDSKUDJP� VHH %6 �������

�����  7RUVLRQDO UHVWUDLQWV

$ PHPEHU PD\ EH WDNHQ DV WRUVLRQDOO\ UHVWUDLQHG �DJDLQVW URWDWLRQ DERXW LWV ORQJLWXGLQDO D[LV� DW DQ\ SRLQW
LQ LWV OHQJWK ZKHUH ERWK IODQJHV DUH KHOG LQ SRVLWLRQ UHODWLYH WR HDFK RWKHU LQ WKH ODWHUDO GLUHFWLRQ� E\ 
H[WHUQDO PHDQV QRW LQYROYLQJ WKH ODWHUDO VWLIIQHVV RU UHVLVWDQFH RI WKH IODQJHV WKHPVHOYHV�

)XOO WRUVLRQDO UHVWUDLQW DW PHPEHU VXSSRUWV �DV GLVWLQFW IURP QRPLQDO WRUVLRQDO UHVWUDLQW DW PHPEHU
VXSSRUWV� VHH ������� VKRXOG JHQHUDOO\ EH SURYLGHG LQ WKH IRUP RI ODWHUDO UHVWUDLQW WR ERWK IODQJHV� RU E\
VLPLODU PHDQV WR LQWHUPHGLDWH WRUVLRQDO UHVWUDLQWV� $OWHUQDWLYHO\� IXOO WRUVLRQDO UHVWUDLQW DW PHPEHU
VXSSRUWV PD\ EH SURYLGHG E\ EHDULQJ VWLIIHQHUV DV UHFRPPHQGHG LQ ������

,QWHUPHGLDWH WRUVLRQDO UHVWUDLQWV ZLWKLQ WKH OHQJWK RI WKH PHPEHU PD\ EH SURYLGHG E\ PHDQV RI VXLWDEOH 
GLDSKUDJPV EHWZHHQ WZR VLPLODU PHPEHUV� RU HOVH E\ HTXLYDOHQW SDQHOV RI WULDQJXODWHG EUDFLQJ�

(DFK WRUVLRQDO UHVWUDLQW VKRXOG EH FDSDEOH RI UHVLVWLQJ D FRXSOH FRPSULVLQJ WZR HTXDO DQG RSSRVLWH IRUFHV�
DFWLQJ DW D OHYHU DUP HTXDO WR WKH GHSWK EHWZHHQ WKH FHQWURLGV RI WKH IODQJHV� HDFK HTXDO WR WKH ODUJHU RI�

D� � � RI WKH PD[LPXP YDOXH RI WKH IDFWRUHG IRUFH LQ WKH FRPSUHVVLRQ IODQJH ZLWKLQ WKH UHOHYDQW VSDQ�

E� ��� � RI WKH PD[LPXP YDOXH RI WKH IDFWRUHG IRUFH LQ WKH FRPSUHVVLRQ IODQJH ZLWKLQ WKH UHOHYDQW VSDQ� 
GLYLGHG EHWZHHQ WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV LQ SURSRUWLRQ WR WKHLU VSDFLQJ�
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%6 ����������� 6HFWLRQ �

����� 'HVWDEOL]LQJ ORDG

7KH GHVWDELOL]LQJ ORDGLQJ FRQGLWLRQ VKRXOG EH WDNHQ ZKHUH D ORDG LV DSSOLHG WR WKH WRS IODQJH RI D EHDP RU
D FDQWLOHYHU� DQG ERWK WKH ORDG DQG WKH IODQJH DUH IUHH WR GHIOHFW ODWHUDOO\ �DQG SRVVLEO\ URWDWLRQDOO\ DOVR�
UHODWLYH WR WKH FHQWURLG RI WKH FURVV�VHFWLRQ� 2WKHUZLVH WKH QRUPDO ORDGLQJ FRQGLWLRQ VKRXOG EH DVVXPHG�

����� (IIHFWLYH OHQJWK IRU ODWHUDO�WRUVLRQDO EXFNOLQJ

������� 6LPSOH EHDPV ZLWKRXW LQWHUPHGLDWH ODWHUDO UHVWUDLQWV

7KH HIIHFWLYH OHQJWK /( IRU ODWHUDO�WRUVLRQDO EXFNOLQJ RI D VLPSOH EHDP ZLWK UHVWUDLQWV DW WKH HQGV RQO\�
VKRXOG EH REWDLQHG IURP 7DEOH ��� WDNLQJ WKH VHJPHQW OHQJWK //7 DV HTXDO WR WKH VSDQ / RI WKH EHDP� ,I WKH
UHVWUDLQW FRQGLWLRQV DW HDFK HQG GLIIHU� WKH PHDQ YDOXH RI /( VKRXOG EH WDNHQ�

7KH FRQGLWLRQV RI UHVWUDLQW DJDLQVW URWDWLRQ RI IODQJHV RQ SODQ DW PHPEHU VXSSRUWV VKRXOG EH DVVHVVHG
WDNLQJ LQWR DFFRXQW WKH VWLIIQHVV RI WKH FRQQHFWLRQV DV ZHOO DV WKH VWLIIQHVV RI WKH VXSSRUWLQJ PHPEHUV RU
RWKHU FRQVWUXFWLRQ VXSSO\LQJ UHVWUDLQW DW WKH VXSSRUWV�

������� 6LPSOH EHDPV ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQWV

7KH HIIHFWLYH OHQJWK /( IRU ODWHUDO�WRUVLRQDO EXFNOLQJ RI D VLPSOH EHDP ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQWV
VKRXOG EH WDNHQ DV ���//7 IRU QRUPDO ORDGLQJ FRQGLWLRQV RU ���//7 IRU WKH GHVWDELOL]LQJ ORDGLQJ FRQGLWLRQ
�VHH ������� ZKHUH //7 LV WKH OHQJWK RI WKH UHOHYDQW VHJPHQW EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV�

)RU WKH VHJPHQW EHWZHHQ D VXSSRUW DQG WKH DGMDFHQW LQWHUPHGLDWH ODWHUDO UHVWUDLQW� DFFRXQW VKRXOG EH 
WDNHQ RI WKH UHVWUDLQW FRQGLWLRQV DW WKH VXSSRUW� 7KH HIIHFWLYH OHQJWK /( VKRXOG EH WDNHQ DV WKH PHDQ RI WKH 
YDOXH JLYHQ DERYH DQG WKH YDOXH JLYHQ E\ 7DEOH �� IRU WKH UHVWUDLQW FRQGLWLRQV DW WKH VXSSRUW� WDNLQJ //7
DV WKH OHQJWK RI WKH VHJPHQW EHWZHHQ WKH VXSSRUW DQG WKH ODWHUDO UHVWUDLQW LQ ERWK FDVHV�

������� %HDPV ZLWK GRXEOH FXUYDWXUH EHQGLQJ

,Q WKH FDVH RI FRQWLQXRXV EHDPV RU RWKHU PHPEHUV VXEMHFW WR GRXEOH FXUYDWXUH EHQGLQJ� FRQVLGHUDWLRQ
VKRXOG EH JLYHQ WR WKH UHJLRQV VXEMHFW WR VDJJLQJ PRPHQWV DQG KRJJLQJ PRPHQWV DV IROORZV�

D� )RU D EHDP ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQWV WR HDFK IODQJH� WKH VHJPHQW OHQJWK //7 DQG WKH
HIIHFWLYH OHQJWK /( IRU ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG EH GHWHUPLQHG DV IRU D VLPSOH EHDP DV JLYHQ
LQ ������� LQ KRJJLQJ PRPHQW UHJLRQV DV ZHOO DV LQ VDJJLQJ PRPHQW UHJLRQV� 7KH ODWHUDO UHVWUDLQWV WR WKH
FRPSUHVVLRQ IODQJH RI HDFK UHJLRQ VKRXOG H[WHQG XS WR RU EH\RQG WKH SRLQWV RI FRQWUDIOH[XUH�

E� )RU D EHDP ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQWV WR WKH FRPSUHVVLRQ IODQJH LQ WKH VDJJLQJ PRPHQW
UHJLRQ RQO\� IRU WKH VDJJLQJ PRPHQW UHJLRQ WKH VHJPHQW OHQJWK //7 DQG HIIHFWLYH OHQJWK /( IRU
ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG EH GHWHUPLQHG DV IRU D VLPSOH EHDP DV JLYHQ LQ �������� 7KH ODWHUDO
EXFNOLQJ UHVLVWDQFH RI WKH EHDP WR WKH PRPHQWV LQ WKH KRJJLQJ PRPHQW UHJLRQV VKRXOG EH GHWHUPLQHG
XVLQJ *���

F� )RU D EHDP GLUHFWO\ VXSSRUWLQJ D FRQFUHWH RU FRPSRVLWH IORRU RU URRI VODE WKDW SURYLGHV IXOO ODWHUDO 
UHVWUDLQW WR WKH WRS IODQJH� VHH ������ WKH ODWHUDO EXFNOLQJ UHVLVWDQFH RI WKH EHDP WR WKH PRPHQWV LQ WKH
KRJJLQJ PRPHQW UHJLRQV VKRXOG EH GHWHUPLQHG XVLQJ *���

G� )RU D EHDP GLUHFWO\ VXSSRUWLQJ D FRQFUHWH RU FRPSRVLWH IORRU RU URRI VODE WKDW SURYLGHV ERWK ODWHUDO DQG 
WRUVLRQDO UHVWUDLQW WR WKH WRS IODQJH� DQ DOORZDQFH PD\ EH PDGH IRU WKLV WRUVLRQDO UHVWUDLQW E\ DVVXPLQJ
YLUWXDO ODWHUDO UHVWUDLQWV WR WKH ERWWRP IODQJH DW WKH SRLQWV RI FRQWUDIOH[XUH ZKHQ GHWHUPLQLQJ WKH
VHJPHQW OHQJWK //7� ,Q WKH DEVHQFH RI EHWWHU LQIRUPDWLRQ� WRUVLRQDO UHVWUDLQW RI WKH WRS IODQJH PD\ EH
DVVXPHG LI WKH GHSWK RI WKH EHDP LV OHVV WKDQ ��� PP DQG WKH VODE LV HLWKHU�

¦ D FRPSRVLWH VODE ZLWK SURILOHG VWHHO VKHHWLQJ� VHH %6 ������� GHVLJQHG WR DFW FRPSRVLWHO\ ZLWK WKH
VWHHO EHDP� VHH %6 ��������� RU

¦ D VROLG LQ VLWX FRQFUHWH VODE ZLWK D GHSWK RI QRW OHVV WKDQ �� � RI WKH EHDP GHSWK� GHVLJQHG WR EH
FRQWLQXRXV RYHU WKH EHDP�

7KHVH YLUWXDO UHVWUDLQWV VKRXOG QRW EH DVVXPHG LI DQRWKHU IRUP RI DOORZDQFH LV PDGH IRU WKH WRUVLRQDO 
UHVWUDLQW RI WKH WRS IODQJH E\ WKH VODE� /DWHUDO UHVWUDLQW RI WKH ERWWRP IODQJH VKRXOG QRW EH DVVXPHG DW D 
SRLQW RI FRQWUDIOH[XUH XQGHU RWKHU UHVWUDLQW FRQGLWLRQV� XQOHVV D ODWHUDO UHVWUDLQW LV DFWXDOO\ SURYLGHG DW
WKDW SRLQW�
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%6 �����������6HFWLRQ �

7DEOH �� ¦ (IIHFWLYH OHQJWK /( IRU EHDPV ZLWKRXW LQWHUPHGLDWH UHVWUDLQW

������� &DQWLOHYHUV ZLWKRXW LQWHUPHGLDWH UHVWUDLQWV

7KH HIIHFWLYH OHQJWK /( IRU ODWHUDO�WRUVLRQDO EXFNOLQJ RI D FDQWLOHYHU ZLWK QR LQWHUPHGLDWH ODWHUDO UHVWUDLQW
VKRXOG EH REWDLQHG IURP 7DEOH ��� WDNLQJ / DV WKH OHQJWK RI WKH FDQWLOHYHU� ,I D EHQGLQJ PRPHQW LV DSSOLHG
DW LWV WLS� WKH HIIHFWLYH OHQJWK /( IURP 7DEOH �� VKRXOG EH LQFUHDVHG E\ WKH JUHDWHU RI �� � RU ���/�

������� &DQWLOHYHUV ZLWK LQWHUPHGLDWH UHVWUDLQWV

3URYLGHG WKDW WKH HQG UHVWUDLQW FRQGLWLRQV FRUUHVSRQG ZLWK FDVHV F��� RU G��� LQ 7DEOH ��� WKH HIIHFWLYH 
OHQJWK /( IRU ODWHUDO�WRUVLRQDO EXFNOLQJ RI D FDQWLOHYHU ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQWV WR LWV
FRPSUHVVLRQ IODQJH VKRXOG EH WDNHQ DV ���/ IRU QRUPDO ORDGLQJ FRQGLWLRQV� WDNLQJ / DV WKH OHQJWK RI WKH
UHOHYDQW VHJPHQW EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV� +RZHYHU� IRU WKH GHVWDELOL]LQJ ORDGLQJ FRQGLWLRQ 
�VHH ������ /( VKRXOG EH REWDLQHG IURP 7DEOH ��� WDNLQJ / DV WKH OHQJWK RI WKH FDQWLOHYHU� XQOHVV WKH WRS 
IODQJH DOVR KDV LQWHUPHGLDWH ODWHUDO UHVWUDLQWV�

&RQGLWLRQV RI UHVWUDLQW DW VXSSRUWV /RDGLQJ FRQGLWLRQ

1RUPDO 'HVWDELOL]LQJ

&RPSUHVVLRQ IODQJH
ODWHUDOO\ UHVWUDLQHG�

1RPLQDO WRUVLRQDO
UHVWUDLQW DJDLQVW
URWDWLRQ DERXW
ORQJLWXGLQDO D[LV� DV
JLYHQ LQ ������

%RWK IODQJHV IXOO\ UHVWUDLQHG DJDLQVW URWDWLRQ
RQ SODQ�

���//7 ����//7

&RPSUHVVLRQ IODQJH IXOO\ UHVWUDLQHG DJDLQVW
URWDWLRQ RQ SODQ�

����//7 ���//7

%RWK IODQJHV SDUWLDOO\ UHVWUDLQHG DJDLQVW
URWDWLRQ RQ SODQ�

���//7 ����//7

&RPSUHVVLRQ IODQJH SDUWLDOO\ UHVWUDLQHG
DJDLQVW URWDWLRQ RQ SODQ�

����//7 ���//7

%RWK IODQJHV IUHH WR URWDWH RQ SODQ� ���//7 ���//7

&RPSUHVVLRQ IODQJH
ODWHUDOO\
XQUHVWUDLQHG�

3DUWLDO WRUVLRQDO UHVWUDLQW DJDLQVW URWDWLRQ
DERXW ORQJLWXGLQDO D[LV SURYLGHG E\ FRQQHFWLRQ
RI ERWWRP IODQJH WR VXSSRUWV�

���//7 � �' ���//7 � �'

%RWK IODQJHV IUHH WR
URWDWH RQ SODQ�

3DUWLDO WRUVLRQDO UHVWUDLQW DJDLQVW URWDWLRQ
DERXW ORQJLWXGLQDO D[LV SURYLGHG RQO\ E\
SUHVVXUH RI ERWWRP IODQJH RQWR VXSSRUWV�

���//7 � �' ���//7 � �'

' LV WKH RYHUDOO GHSWK RI WKH EHDP�
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ (IIHFWLYH OHQJWK /( IRU FDQWLOHYHUV ZLWKRXW LQWHUPHGLDWH UHVWUDLQW

5HVWUDLQW FRQGLWLRQV /RDGLQJ FRQGLWLRQV

$W VXSSRUW $W WLS 1RUPDO 'HVWDELOL]LQJ

D� &RQWLQXRXV� ZLWK ODWHUDO
UHVWUDLQW WR WRS IODQJH

�� )UHH

�� /DWHUDO UHVWUDLQW WR WRS
IODQJH

�� 7RUVLRQDO UHVWUDLQW

�� /DWHUDO DQG WRUVLRQDO
UHVWUDLQW

���/

���/

���/

���/

���/

���/

���/

���/

E� &RQWLQXRXV� ZLWK SDUWLDO
WRUVLRQDO UHVWUDLQW

�� )UHH

�� /DWHUDO UHVWUDLQW WR WRS
IODQJH

�� 7RUVLRQDO UHVWUDLQW

�� /DWHUDO DQG WRUVLRQDO
UHVWUDLQW

���/

���/

���/

���/

���/

���/

���/

���/

F� &RQWLQXRXV� ZLWK ODWHUDO 
DQG WRUVLRQDO UHVWUDLQW

�� )UHH

�� /DWHUDO UHVWUDLQW WR WRS
IODQJH

�� 7RUVLRQDO UHVWUDLQW

�� /DWHUDO DQG WRUVLRQDO
UHVWUDLQW

���/

���/

���/

���/

���/

���/

���/

���/

G� 5HVWUDLQHG ODWHUDOO\�
WRUVLRQDOO\ DQG DJDLQVW
URWDWLRQ RQ SODQ

�� )UHH

�� /DWHUDO UHVWUDLQW WR WRS
IODQJH

�� 7RUVLRQDO UHVWUDLQW

�� /DWHUDO DQG WRUVLRQDO
UHVWUDLQW

���/

���/

���/

���/

���/

���/

���/

���/

7LS UHVWUDLQW FRQGLWLRQV
�� )UHH �� /DWHUDO UHVWUDLQW WR WRS 

IODQJH
�� 7RUVLRQDO UHVWUDLQW �� /DWHUDO DQG WRUVLRQDO UHVWUDLQW

�QRW EUDFHG RQ SODQ� �EUDFHG RQ SODQ LQ DW OHDVW 
RQH ED\�

�QRW EUDFHG RQ SODQ� �EUDFHG RQ SODQ LQ DW OHDVW RQH ED\�

L

L

L

L
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%6 �����������6HFWLRQ �

����� 5HVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ

������� *HQHUDO

5HVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ QHHG QRW EH FKHFNHG VHSDUDWHO\ �DQG WKH EXFNOLQJ UHVLVWDQFH 
PRPHQW 0E PD\ EH WDNHQ DV HTXDO WR WKH UHOHYDQW PRPHQW FDSDFLW\ 0F� LQ WKH IROORZLQJ FDVHV�

¦ EHQGLQJ DERXW WKH PLQRU D[LV�
¦ &+6� VTXDUH 5+6 RU FLUFXODU RU VTXDUH VROLG EDUV�
¦ 5+6� XQOHVV /(�U\ H[FHHGV WKH OLPLWLQJ YDOXH JLYHQ LQ 7DEOH �� IRU WKH UHOHYDQW YDOXH RI '�%�
¦ ,�� +�� FKDQQHO RU ER[ VHFWLRQV� LI 
/7 GRHV QRW H[FHHG 
/�� VHH ��������

2WKHUZLVH� IRU PHPEHUV VXEMHFW WR EHQGLQJ DERXW WKHLU PDMRU D[LV� UHIHUHQFH VKRXOG EH PDGH DV IROORZV�

¦ IRU ,�� +�� FKDQQHO RU ER[ VHFWLRQ PHPEHUV ZLWK HTXDO IODQJHV DQG D XQLIRUP FURVV�VHFWLRQ WKURXJKRXW
WKH OHQJWK RI WKH UHOHYDQW VHJPHQW / EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV� VHH ��������
¦ IRU ,�VHFWLRQV RU ER[ VHFWLRQV ZLWK XQHTXDO IODQJHV EXW ZLWK D XQLIRUP FURVV�VHFWLRQ WKURXJKRXW WKH
OHQJWK RI WKH UHOHYDQW VHJPHQW / EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV� VHH ��������
¦ IRU ,�� +�� FKDQQHO RU ER[ VHFWLRQ PHPEHUV ZLWK D FURVV�VHFWLRQ WKDW YDULHV ZLWKLQ WKH OHQJWK RI WKH
UHOHYDQW VHJPHQW / EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV� VHH %�����
¦ IRU KRW UROOHG DQJOHV� VHH ������
¦ IRU SODWHV� IODWV RU VROLG UHFWDQJXODU EDUV� VHH %�����
¦ IRU 7�VHFWLRQV VHH� %�����

7DEOH �� ¦ /LPLWLQJ YDOXH RI /(�U\ IRU 5+6

�������  ,�� +�� FKDQQHO DQG ER[ VHFWLRQV ZLWK HTXDO IODQJHV

,Q HDFK VHJPHQW RI OHQJWK / EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV� PHPEHUV RI ,�� +�� FKDQQHO RU ER[ VHFWLRQV
ZLWK HTXDO IODQJHV VKRXOG VDWLVI\�

0[� 0E�P/7 DQG 0[ � 0F[

ZKHUH

5DWLR /LPLWLQJ YDOXH RI 5DWLR /LPLWLQJ YDOXH RI 5DWLR /LPLWLQJ YDOXH RI

'�% /(�U\ '�% /(�U\ '�% /(�U\

���� ��� � �����S\� ��� ��� � �����S\� ��� ��� � �����S\�

���� ��� � �����S\� ���� ��� � �����S\� ��� ��� � �����S\�

��� ��� � �����S\� ���� ��� � �����S\� ��� ��� � �����S\�

���� ��� � �����S\� ��� ��� � �����S\� ��� ���     � �����S\�

.H\�

% LV WKH ZLGWK RI WKH VHFWLRQ�

' LV WKH GHSWK RI WKH VHFWLRQ�

/( LV WKH HIIHFWLYH OHQJWK IRU ODWHUDO�WRUVLRQDO EXFNOLQJ IURP ������

S\ LV WKH GHVLJQ VWUHQJWK�

U\ LV WKH UDGLXV RI J\UDWLRQ RI WKH VHFWLRQ DERXW LWV PLQRU D[LV�

0E LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW� VHH ��������

0F[ LV WKH PDMRU D[LV PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ� VHH ������

0[ LV WKH PD[LPXP PDMRU D[LV PRPHQW LQ WKH VHJPHQW�

P/7 LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU ODWHUDO�WRUVLRQDO EXFNOLQJ� VHH ��������
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%6 ����������� 6HFWLRQ �

������� ,�VHFWLRQV DQG ER[ VHFWLRQV ZLWK XQHTXDO IODQJHV

,Q HDFK VHJPHQW RI OHQJWK //7 EHWZHHQ DGMDFHQW ODWHUDO UHVWUDLQWV� PHPEHUV RI , RU ER[ FURVV�VHFWLRQ ZLWK
XQHTXDO IODQJHV VKRXOG VDWLVI\�

¦ IRU D VHJPHQW RI OHQJWK //7 VXEMHFW WR VLQJOH FXUYDWXUH EHQGLQJ� WKH FULWHULD JLYHQ LQ ������� IRU 
VHFWLRQV ZLWK HTXDO IODQJHV�
¦ IRU D VHJPHQW RI OHQJWK //7 VXEMHFW WR GRXEOH�FXUYDWXUH EHQGLQJ� WKH FULWHULD JLYHQ LQ %�������

������� %XFNOLQJ UHVLVWDQFH PRPHQW

)RU ODWHUDO�WRUVLRQDO EXFNOLQJ� WKH EXFNOLQJ UHVLVWDQFH PRPHQW 0E VKRXOG EH REWDLQHG DV IROORZV�

D� IRU UROOHG ,�� +� RU FKDQQHO VHFWLRQV ZLWK HTXDO IODQJHV� HLWKHU XVLQJ WKH JHQHUDO PHWKRG JLYHQ LQ F�� RU 
DOWHUQDWLYHO\ XVLQJ WKH VLPSOH PHWKRG JLYHQ LQ ������

E� IRU VLQJOH DQJOHV� DV JLYHQ LQ ������

F� JHQHUDOO\� H[FHSW DV JLYHQ LQ D� RU E�� 0E VKRXOG EH GHWHUPLQHG IURP WKH IROORZLQJ�

¦ IRU FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQV�
0E  SE6[

¦ IRU FODVV � VHPL�FRPSDFW FURVV�VHFWLRQV�
0E  SE=[� RU DOWHUQDWLYHO\

0E  SE6[�HII

¦ IRU FODVV � VOHQGHU FURVV�VHFWLRQV�
0E  SE=[�HII

ZKHUH

�������  %HQGLQJ VWUHQJWK SE

,I WKH HTXLYDOHQW VOHQGHUQHVV 
/7 IURP ������� LV QRW PRUH WKDQ WKH OLPLWLQJ VOHQGHUQHVV 
/� IRU WKH UHOHYDQW
GHVLJQ VWUHQJWK S\ JLYHQ DW WKH IRRW RI 7DEOH �� DQG 7DEOH ��� WKHQ SE VKRXOG EH WDNHQ DV HTXDO WR S\ DQG
QR DOORZDQFH QHHG EH PDGH IRU ODWHUDO�WRUVLRQDO EXFNOLQJ�

2WKHUZLVH WKH EHQGLQJ VWUHQJWK SE IRU WKH UHOHYDQW YDOXHV RI 
/7 DQG S\ VKRXOG EH REWDLQHG IURP
7DEOH �� IRU UROOHG VHFWLRQV RU 7DEOH �� IRU ZHOGHG VHFWLRQV� RU IURP WKH IRUPXOD JLYHQ LQ %�����

������� (TXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7

)RU WKH QRUPDO ORDGLQJ FRQGLWLRQ� WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU ODWHUDO�WRUVLRQDO EXFNOLQJ P/7
VKRXOG EH REWDLQHG IURP 7DEOH �� IRU WKH SDWWHUQ RI PDMRU D[LV PRPHQWV RYHU WKH VHJPHQW OHQJWK //7�

)RU WKH GHVWDELOL]LQJ ORDGLQJ FRQGLWLRQ P/7 VKRXOG EH WDNHQ DV ����

SE LV WKH EHQGLQJ VWUHQJWK IURP ��������

6[ LV WKH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV�

6[�HII LV WKH HIIHFWLYH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV� VHH ������

=[ LV WKH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV�

=[�HII LV WKH HIIHFWLYH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV� VHH ������
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%6 �����������6HFWLRQ �

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV

�/7 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

��� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�/� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

53© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 ����������� 6HFWLRQ �

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU ZHOGHG VHFWLRQV

�/7 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

��� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�/� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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%6 �����������6HFWLRQ �

7DEOH �� ¦ (TXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 IRU ODWHUDO�WRUVLRQDO EXFNOLQJ
�FRQWLQXHG RYHUOHDI�

6HJPHQWV ZLWK HQG PRPHQWV RQO\ �YDOXHV RI P/7 IURP WKH IRUPXOD IRU WKH JHQHUDO FDVH� � P/7
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦(TXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 IRU ODWHUDO�WRUVLRQDO EXFNOLQJ �FRQWLQXHG�
*HQHUDO FDVH �VHJPHQWV EHWZHHQ LQWHUPHGLDWH ODWHUDO UHVWUDLQWV�

)RU EHDPV�

$OO PRPHQWV DUH WDNHQ DV SRVLWLYH� 7KH PRPHQWV 0� DQG 0� DUH WKH YDOXHV DW WKH TXDUWHU SRLQWV� WKH PRPHQW 0� LV WKH YDOXH DW 
PLG�OHQJWK DQG 0PD[ LV WKH PD[LPXP PRPHQW LQ WKH VHJPHQW�
)RU FDQWLOHYHUV ZLWKRXW LQWHUPHGLDWH ODWHUDO UHVWUDLQW� P/7   �����

1 2 3 4 5M M M M M

M max

1 2 3

4 5

M M M

M M

Mmax

P/7 ���
����0� ���� 0� ����0��

0PD[
������������������������������������������������������������������������� EXW P/7 �����
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%6 �����������6HFWLRQ �

�������  (TXLYDOHQW VOHQGHUQHVV 
/7

7KH HTXLYDOHQW VOHQGHUQHVV 
/7 VKRXOG EH REWDLQHG DV IROORZV�

D� )RU DQ ,� RU +�VHFWLRQ PHPEHU WKH HTXLYDOHQW VOHQGHUQHVV 
 /7 VKRXOG EH REWDLQHG XVLQJ�

LQ ZKLFK�


  /(�U\
ZKHUH

7KH VOHQGHUQHVV IDFWRU �   PD\ EH REWDLQHG IURP 7DEOH ��� GHSHQGLQJ RQ WKH YDOXH RI WKH UDWLR 
�[�
ZKHUH [ LV WKH WRUVLRQDO LQGH[� VHH �������� DQG WKH IODQJH UDWLR �� )RU VHFWLRQV ZLWK HTXDO IODQJHV WKH
IODQJH UDWLR � VKRXOG EH WDNHQ DV ���� 2WKHUZLVH � VKRXOG EH REWDLQHG IURP�

ZKHUH

$OWHUQDWLYHO\� � PD\ EH GHWHUPLQHG IURP WKH IROORZLQJ�

¦ IRU DQ ,�� +� RU FKDQQHO VHFWLRQ ZLWK HTXDO IODQJHV�

¦ IRU DQ ,� RU +�VHFWLRQ ZLWK XQHTXDO IODQJHV�

LQ ZKLFK � LV WKH PRQRV\PPHWU\ LQGH[�

7KH PRQRV\PPHWU\ LQGH[ � PD\ EH REWDLQHG IURP %������� $OWHUQDWLYHO\� IRU YDOXHV RI � VDWLVI\LQJ 
��� � � � ��� WKH PRQRV\PPHWU\ LQGH[ � PD\ EH DSSUR[LPDWHG DV IROORZV�

¦ IRU D SODLQ ,� RU +�VHFWLRQ�

¦ IRU D OLSSHG ,�VHFWLRQ RI GHSWK ' ZLWK FRPSUHVVLRQ IODQJH OLSV RI GHSWK '/� �VHH )LJXUH ����
�   �� � ���'/�'�

LQ ZKLFK    ��� ZKHQ � ! ��� DQG    ��� ZKHQ � � ����

E� )RU D FKDQQHO VHFWLRQ PHPEHU WKH PHWKRG IRU DQ ,� RU +�VHFWLRQ VSHFLILHG LQ D� PD\ EH XVHG LI WKH GHWDLOV
RI WKH VXSSRUWV� HQG UHVWUDLQWV� LQWHUPHGLDWH UHVWUDLQWV DQG FRQQHFWLRQV RI WKH FKDQQHO WR RWKHU PHPEHUV
WKDW DSSO\ ORDG WR LW DUH VXFK WKDW WKH OLQHV RI DFWLRQ RI WKH ORDGV DQG VXSSRUW UHDFWLRQV FDQ EH WDNHQ DV
SDVVLQJ WKURXJK LWV VKHDU FHQWUH� HYHQ WKRXJK WKLV LV ORFDWHG RXWVLGH WKH EDFN RI LWV FURVV�VHFWLRQ�

F� )RU D ER[ VHFWLRQ PHPEHU �LQFOXGLQJ DQ 5+6 ZLWK D YDOXH RI /(�U\ WKDW H[FHHGV WKH YDOXH JLYHQ LQ
7DEOH ��� WKH HTXLYDOHQW VOHQGHUQHVV 
/7 VKRXOG EH REWDLQHG XVLQJ %�����

/( LV WKH HIIHFWLYH OHQJWK IRU ODWHUDO�WRUVLRQDO EXFNOLQJ� IURP ������

U\ LV WKH UDGLXV RI J\UDWLRQ DERXW WKH PLQRU D[LV�

X LV WKH EXFNOLQJ SDUDPHWHU� VHH ��������
�: LV WKH UDWLR GHILQHG LQ ��������

,\F LV WKH VHFRQG PRPHQW RI DUHD RI WKH FRPSUHVVLRQ IODQJH DERXW WKH PLQRU D[LV RI WKH VHFWLRQ�

,\W LV WKH VHFRQG PRPHQW RI DUHD RI WKH WHQVLRQ IODQJH DERXW WKH PLQRU D[LV RI WKH VHFWLRQ�


/7 X�
 �: 

�
,\F

,\F ,\W�
��������������������� 

�
�

� ���� 
 [�� ���� �
����

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

�
�

�� � �±� � ���� 
 [�� �
�

�
�� �� �

	 �
���

��
���
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� N� �� �±� �
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ 6OHQGHUQHVV IDFWRU � IRU VHFWLRQV ZLWK WZR SODLQ IODQJHV

��[ 8QHTXDO IODQJHV� ODUJHU IODQJH LQ
FRPSUHVVLRQ

(TXDO IODQJHV 8QHTXDO IODQJHV� VPDOOHU IODQJH LQ
FRPSUHVVLRQ

&RPSUHVVLRQ

 7HQVLRQ

&RPSUHVVLRQ

 7HQVLRQ

� � �

��� ��� ��� ��� ��� ��� ��� ��� ���

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

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

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

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

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

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

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ����
127(  )RU 7�VHFWLRQV VHH %�����
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%6 �����������6HFWLRQ �

�������  %XFNOLQJ SDUDPHWHU X DQG WRUVLRQDO LQGH[ [

7KH EXFNOLQJ SDUDPHWHU X DQG WRUVLRQDO LQGH[ [ VKRXOG EH REWDLQHG IURP HLWKHU�

¦ WKH IRUPXODH JLYHQ LQ %���� �RU WDEOHV IRU UROOHG VHFWLRQV EDVHG RQ WKHVH IRUPXODH��
¦ WKH IROORZLQJ SDLUV RI FRQVHUYDWLYH DSSUR[LPDWLRQV�
¦ IRU UROOHG ,�� +� RU FKDQQHO VHFWLRQV ZLWK HTXDO IODQJHV�

[  '�7 XVHG ZLWK X   ���

¦ IRU ZHOGHG WKUHH�SODWH JLUGHUV ZLWK HTXDO IODQJHV�
[  '�7 XVHG ZLWK X   ���

ZKHUH

�������  5DWLR �:

7KH UDWLR �: VKRXOG EH WDNHQ DV IROORZV�

¦ IRU FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQV�
�:   ����

¦ IRU FODVV � VHPL�FRPSDFW FURVV�VHFWLRQV�
¦ LI 0E  SE=[ LQ ��������  �:  =[�6[�
¦ LI 0E  SE6[�HII LQ �������� �:  6[�HII �6[�

¦ IRU FODVV � VOHQGHU FURVV�VHFWLRQV�
�:  =[�HII �6[�

)LJXUH �� ¦ ([DPSOHV RI OLSSHG ,�VHFWLRQV ZLWK FRPSUHVVLRQ IODQJH OLSV

' LV WKH GHSWK RI WKH VHFWLRQ�

7 LV WKH IODQJH WKLFNQHVV�

D D

LDDL

59© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 ����������� 6HFWLRQ �

����� (TXDO IODQJHG UROOHG VHFWLRQV

$V D VLPSOH �EXW PRUH FRQVHUYDWLYH� DOWHUQDWLYH WR �������� �������� �������� ������� DQG �������� WKH EXFNOLQJ
UHVLVWDQFH PRPHQW 0E RI D SODLQ UROOHG ,� + RU FKDQQHO VHFWLRQ ZLWK HTXDO IODQJHV PD\ EH GHWHUPLQHG XVLQJ
WKH EHQGLQJ VWUHQJWK SE REWDLQHG IURP 7DEOH �� IRU WKH UHOHYDQW YDOXHV RI ��:����/(�U\ DQG '�7 DV IROORZV�

¦ IRU D FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQ�
0E  SE6[

¦ IRU D FODVV � VHPL�FRPSDFW FURVV�VHFWLRQ�
0E  SE=[

ZKHUH

����� %XFNOLQJ UHVLVWDQFH PRPHQW IRU VLQJOH DQJOHV

�������  *HQHUDO

7KH GHVLJQ RI XQUHVWUDLQHG VLQJOH DQJOH PHPEHUV WR UHVLVW EHQGLQJ VKRXOG WDNH DFFRXQW RI WKH IDFW WKDW WKH
UHFWDQJXODU D[HV RI WKH FURVV�VHFWLRQ �[�[ DQG \�\� DUH QRW WKH SULQFLSDO D[HV� HLWKHU E\ XVLQJ WKH EDVLF
PHWKRG JLYHQ LQ ������� RU WKH VLPSOLILHG PHWKRG JLYHQ LQ ��������

�������  %DVLF PHWKRG

)RU WKLV PHWKRG WKH DSSOLHG PRPHQWV VKRXOG EH UHVROYHG LQWR PRPHQWV DERXW WKH SULQFLSDO D[HV X�X
DQG Y�Y� 7KH EXFNOLQJ UHVLVWDQFH PRPHQW 0E IRU EHQGLQJ DERXW WKH X�X D[LV VKRXOG EH EDVHG RQ WKH YDOXH
RI 
/7  REWDLQHG IURP %����� 7KH HIIHFWV RI ELD[LDO EHQGLQJ VKRXOG WKHQ EH FRPELQHG LQ DFFRUGDQFH ZLWK ����

�������  6LPSOLILHG PHWKRG

$OWHUQDWLYHO\ WR �������� IRU HTXDO DQJOHV WKH EXFNOLQJ UHVLVWDQFH PRPHQW RI D VLQJOH DQJOH ZLWK
E�W � ��
 VXEMHFW WR EHQGLQJ DERXW WKH [�[ D[LV� PD\ EH GHWHUPLQHG DV IROORZV�

¦ KHHO RI DQJOH LQ FRPSUHVVLRQ�

0E   ���S\=[

¦ KHHO RI DQJOH LQ WHQVLRQ�

ZKHUH

,I WKH PHPEHU LV EHQW ZLWK WKH KHHO RI WKH DQJOH LQ WHQVLRQ DQ\ZKHUH ZLWKLQ WKH OHQJWK /Y EHWZHHQ
UHVWUDLQWV DJDLQVW EXFNOLQJ DERXW WKH Y�Y D[LV� WKH UHOHYDQW YDOXH RI 0E VKRXOG EH DSSOLHG WKURXJKRXW WKDW
VHJPHQW�

)RU XQHTXDO DQJOHV WKH EDVLF PHWKRG JLYHQ LQ ������� VKRXOG EH XVHG�

' LV WKH GHSWK RI WKH VHFWLRQ�

/( LV WKH HIIHFWLYH OHQJWK IURP ������

U\ LV WKH UDGLXV RI J\UDWLRQ RI WKH VHFWLRQ DERXW LWV \�\ D[LV�

6[ LV WKH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV�

7 LV WKH IODQJH WKLFNQHVV�
=[ LV WKH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV�

�: LV WKH UDWLR VSHFLILHG LQ ��������

/( LV WKH HIIHFWLYH OHQJWK IURP ������ EDVHG RQ WKH OHQJWK /Y EHWZHHQ UHVWUDLQWV DJDLQVW EXFNOLQJ
DERXW WKH Y�Y D[LV�

UY LV WKH UDGLXV RI J\UDWLRQ DERXW WKH Y�Y D[LV�

=[ LV WKH VPDOOHU VHFWLRQ PRGXOXV DERXW WKH [�[ D[LV�

0E S\=[

� ���
 /( UY�±
� ���


������������������������������������������� �
	 � EXW 0E ���S\=[�
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%6 �����������6HFWLRQ �

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV ZLWK HTXDO IODQJHV

�� *UDGH 6 ��� VWHHO� WKLFNQHVV ���� �� PP ¦ GHVLJQ VWUHQJWK S\   ��� 1�PP�

�� :����/(�U\ '�7

� �� �� �� �� �� �� �� �� ��

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

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

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

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

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

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

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

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

��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV ZLWK HTXDO IODQJHV �FRQWLQXHG�

�� *UDGH 6 ��� VWHHO� WKLFNQHVV ! �� PP ���� �� PP ¦ GHVLJQ VWUHQJWK S\   ��� 1�PP�

��:����/(�U\ '�7

� �� �� �� �� �� �� �� �� ��

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

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

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

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

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

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

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

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

��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
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%6 �����������6HFWLRQ �

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV ZLWK HTXDO IODQJHV �FRQWLQXHG�

�� *UDGH 6 ��� VWHHO� WKLFNQHVV ���� �� PP ¦ GHVLJQ VWUHQJWK S\   ��� 1�PP�

��:����/(�U\ '�7

� �� �� �� �� �� �� �� �� ��

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

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

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

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

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

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

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

��� ��� ��� ��� ��� �� �� �� �� �� ��
��� ��� ��� ��� ��� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ %HQGLQJ VWUHQJWK SE �1�PP�� IRU UROOHG VHFWLRQV ZLWK HTXDO IODQJHV �FRQWLQXHG�

�� *UDGH 6 ��� VWHHO� WKLFNQHVV ! �� PP ���� �� PP ¦ GHVLJQ VWUHQJWK S\   ��� 1�PP�

��:����/(�U\ '�7

� �� �� �� �� �� �� �� �� ��

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

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

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

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

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

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

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

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

��� ��� ��� ��� ��� �� �� �� �� �� ��
��� ��� ��� ��� ��� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
��� ��� ��� ��� �� �� �� �� �� �� ��
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%6 �����������6HFWLRQ �

���  3ODWH JLUGHUV

�����  *HQHUDO

)RU WKH GHVLJQ RI SODWH JLUGHUV� WKH DGGLWLRQDO SURYLVLRQV JLYHQ LQ ������ ������ ������ ����� DQG ����� VKRXOG
EH VDWLVILHG� WRJHWKHU ZLWK WKH UHOHYDQW SURYLVLRQV JLYHQ LQ ��� DQG ����

�����  'HVLJQ VWUHQJWK

7KH GHVLJQ VWUHQJWK RI WKH IODQJHV S\I DQG WKH GHVLJQ VWUHQJWK RI WKH ZHE S\Z VKRXOG ERWK EH GHWHUPLQHG
IURP ������ ,I S\Z ! S\I WKHQ WKH GHVLJQ VWUHQJWK RI WKH IODQJHV S\I  VKRXOG DOZD\V EH XVHG ZKHQ FRQVLGHULQJ
PRPHQWV RU D[LDO IRUFH� VHH )LJXUH ��D�� EXW WKH GHVLJQ VWUHQJWK RI WKH ZHE S\Z PD\ RSWLRQDOO\ EH XVHG
ZKHQ FRQVLGHULQJ VKHDU RU WUDQVYHUVH IRUFHV DSSOLHG WR WKH ZHE�

)RU D K\EULG SODWH JLUGHU �ZLWK D ZHE RI D ORZHU VWUHQJWK JUDGH WKDQ WKH IODQJHV�� WKH GHVLJQ VWUHQJWK S\Z
RI WKH ZHE VKRXOG DOZD\V EH XVHG ZKHQ FRQVLGHULQJ VKHDU RU WUDQVYHUVH IRUFHV DSSOLHG WR WKH ZHE� EXW ERWK
GHVLJQ VWUHQJWKV PD\ EH WDNHQ LQWR DFFRXQW ZKHQ FRQVLGHULQJ PRPHQWV RU D[LDO IRUFH� VHH )LJXUH ��E��
127( 7KH FODVVLILFDWLRQ RI WKH ZHE VKRXOG EH EDVHG RQ S\I� VHH 7DEOH ���

�����  'LPHQVLRQV RI ZHEV DQG IODQJHV

�������  *HQHUDO

5HIHUHQFH VKRXOG EH PDGH WR ��� IRU WKH FODVVLILFDWLRQ RI ZHEV DQG FRPSUHVVLRQ IODQJHV�

7KH ZHE WKLFNQHVV VKRXOG VDWLVI\ ERWK ������� DQG ��������

�������  0LQLPXP ZHE WKLFNQHVV IRU VHUYLFHDELOLW\

7R DYRLG VHUYLFHDELOLW\ SUREOHPV�

D� IRU ZHEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV� W � G�����

E�  IRU ZHEV ZLWK WUDQVYHUVH VWLIIHQHUV RQO\�

¦ ZKHUH VWLIIHQHU VSDFLQJ D ! G� W � G�����
¦ ZKHUH VWLIIHQHU VSDFLQJ D� G� W�   �G������D�G�����

F� IRU ZHEV ZLWK ORQJLWXGLQDO VWLIIHQHUV� UHIHUHQFH VKRXOG EH PDGH WR %6 �������

D� :HE GHVLJQ VWUHQJWK S\Z ! IODQJH GHVLJQ VWUHQJWK S\I

E� :HE GHVLJQ VWUHQJWK S\Z � IODQJH GHVLJQ VWUHQJWK S\I

)LJXUH �� ¦ &URVV�VHFWLRQV FRPSULVLQJ HOHPHQWV ZLWK GLIIHULQJ GHVLJQ VWUHQJWKV

pyf pyf pyf pyf

pyf
pyw pyw pyw

pyw

pyw

pyf pyf pyf
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%6 ����������� 6HFWLRQ �

������� 0LQLPXP ZHE WKLFNQHVV WR DYRLG FRPSUHVVLRQ IODQJH EXFNOLQJ

7R DYRLG WKH FRPSUHVVLRQ IODQJH EXFNOLQJ LQWR WKH ZHE�

D� IRU ZHEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV� W ��G������S\I ������ 

E� IRU ZHEV ZLWK LQWHUPHGLDWH WUDQVYHUVH VWLIIHQHUV�

¦ ZKHUH VWLIIHQHU VSDFLQJ D ! ���G� W ��G������S\I ������
¦ ZKHUH VWLIIHQHU VSDFLQJ D � ���G� W � �G������S\I ���������

ZKHUH

�����  0RPHQW FDSDFLW\

������� :HE QRW VXVFHSWLEOH WR VKHDU EXFNOLQJ

,I WKH ZHE GHSWK�WR�WKLFNQHVV UDWLR G�W � ��
 LW VKRXOG EH DVVXPHG QRW WR EH VXVFHSWLEOH WR VKHDU EXFNOLQJ
DQG WKH PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ VKRXOG EH GHWHUPLQHG XVLQJ ������

������� :HE VXVFHSWLEOH WR VKHDU EXFNOLQJ

,I WKH ZHE GHSWK�WR�WKLFNQHVV UDWLR G�W ! ��
 IRU D UROOHG VHFWLRQ� RU ��
 IRU D ZHOGHG VHFWLRQ� LW VKRXOG EH
DVVXPHG WR EH VXVFHSWLEOH WR VKHDU EXFNOLQJ� 7KH PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ VKRXOG EH
GHWHUPLQHG WDNLQJ DFFRXQW RI WKH LQWHUDFWLRQ RI VKHDU DQG PRPHQW� VHH )LJXUH ��� XVLQJ WKH IROORZLQJ 
PHWKRGV�

D� ORZ VKHDU�

3URYLGHG WKDW WKH DSSOLHG VKHDU )Y � ���9Z� ZKHUH 9Z LV WKH VLPSOH VKHDU EXFNOLQJ UHVLVWDQFH 
IURP �������� WKH PRPHQW FDSDFLW\ VKRXOG EH GHWHUPLQHG IURP ������
127( 7KH UHGXFWLRQ IDFWRU � VWDUWV ZKHQ )Y H[FHHGV ���9Z EXW WKH UHVXOWLQJ UHGXFWLRQ LQ PRPHQW FDSDFLW\ LV QHJOLJLEOH XQOHVV 
)Y H[FHHGV ���9Z�

E� KLJK VKHDU ¦ §IODQJHV RQO\¨ PHWKRG�

,I WKH DSSOLHG VKHDU )Y ! ���9Z� EXW WKH ZHE LV GHVLJQHG IRU VKHDU RQO\� VHH ������ SURYLGHG WKDW WKH 
IODQJHV DUH QRW FODVV � VOHQGHU� D FRQVHUYDWLYH YDOXH 0I IRU WKH PRPHQW FDSDFLW\ PD\ EH REWDLQHG E\ 
DVVXPLQJ WKDW WKH PRPHQW LV UHVLVWHG E\ WKH IODQJHV DORQH� ZLWK HDFK IODQJH VXEMHFW WR D XQLIRUP VWUHVV
QRW H[FHHGLQJ S\I �

F� KLJK VKHDU ¦ JHQHUDO PHWKRG�

,I WKH DSSOLHG VKHDU )Y ! ���9Z� SURYLGHG WKDW WKH DSSOLHG PRPHQW GRHV QRW H[FHHG WKH §ORZ�VKHDU¨
PRPHQW FDSDFLW\ JLYHQ LQ D�� WKH ZHE VKRXOG EH GHVLJQHG XVLQJ +�� IRU WKH DSSOLHG VKHDU FRPELQHG ZLWK
DQ\ DGGLWLRQDO PRPHQW EH\RQG WKH §IODQJHV�RQO\¨ PRPHQW FDSDFLW\ 0I JLYHQ E\ E��

������� (IIHFWV RI D[LDO IRUFH

,I WKH PHPEHU LV DOVR VXEMHFW WR DQ D[LDO IRUFH� UHIHUHQFH VKRXOG DOVR EH PDGH WR ���� 7KH YDOXH RI 0I
LQ �������E� VKRXOG EH REWDLQHG E\ DVVXPLQJ WKDW WKH PRPHQW DQG WKH D[LDO IRUFH DUH ERWK UHVLVWHG E\ WKH
IODQJHV DORQH� ZLWK HDFK IODQJH VXEMHFW WR D XQLIRUP VWUHVV QRW H[FHHGLQJ S\I �

�����  6KHDU EXFNOLQJ UHVLVWDQFH

�������  *HQHUDO

7KH VKHDU EXFNOLQJ UHVLVWDQFH VKRXOG EH FKHFNHG LI WKH UDWLR G�W RI WKH ZHE H[FHHGV ��
 IRU D UROOHG VHFWLRQ 
RU ��
 IRU D ZHOGHG VHFWLRQ�

)RU ZHEV UHTXLUHG WR FDUU\ EHQGLQJ PRPHQW DQG�RU D[LDO IRUFH LQ DGGLWLRQ WR VKHDU� UHIHUHQFH VKRXOG DOVR
EH PDGH WR ������

:HEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV VKRXOG EH GHVLJQHG XVLQJ WKH VLPSOLILHG PHWKRG JLYHQ LQ ��������

:HEV ZLWK LQWHUPHGLDWH WUDQVYHUVH VWLIIHQHUV VKRXOG EH GHVLJQHG E\ PHDQV RI HLWKHU�

D� WKH VLPSOLILHG PHWKRG JLYHQ LQ ��������

E� WKH PRUH H[DFW PHWKRG JLYHQ LQ ��������

F� UHIHUHQFH WR %6 �������

S\I LV WKH GHVLJQ VWUHQJWK RI WKH FRPSUHVVLRQ IODQJH�
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%6 �����������6HFWLRQ �

,Q DGGLWLRQ� WKH FRQGLWLRQV JLYHQ LQ ������� DQG ������� VKRXOG EH VDWLVILHG DV DSSURSULDWH�

:HEV ZLWK ORQJLWXGLQDO VWLIIHQHUV VKRXOG EH GHVLJQHG E\ PDNLQJ UHIHUHQFH WR %6 �������

�������  6LPSOLILHG PHWKRG

7KH VKHDU EXFNOLQJ UHVLVWDQFH 9E RI D ZHE ZLWK RU ZLWKRXW LQWHUPHGLDWH WUDQVYHUVH VWLIIHQHUV PD\ EH WDNHQ 
DV WKH VLPSOH VKHDU EXFNOLQJ UHVLVWDQFH 9Z JLYHQ E\�

9E  9Z  GWTZ

ZKHUH

7KH VKHDU EXFNOLQJ VWUHQJWK TZ VKRXOG EH REWDLQHG IURP +�� RU IURP 7DEOH �� GHSHQGLQJ RQ WKH YDOXHV RI 
G�W DQG D�G ZKHUH D LV WKH VWLIIHQHU VSDFLQJ� )RU ZHEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV D�G VKRXOG EH WDNHQ
DV LQILQLW\�

D� XVLQJ VLPSOLILHG PHWKRG IRU 9E

E� XVLQJ PRUH H[DFW PHWKRG IRU 9E

)LJXUH �� ¦ ,QWHUDFWLRQ EHWZHHQ VKHDU DQG PRPHQW

G LV WKH GHSWK RI WKH ZHE�
TZ LV WKH VKHDU EXFNOLQJ VWUHQJWK RI WKH ZHE�
W LV WKH ZHE WKLFNQHVV�

d

c

c

b
a

b 4.4.4.2(b)

c H.3

d 4.4.5.2

a 4.2.5.1

Fv

Mf M

Vb = Vw

0.5 Vw

0

0.5 V

0

Fv

Mf M

c

c

b
a

V

eVb a 4.2.5.1

b 4.4.4.2(b)

c H.3

e 4.4.5.3

w

w
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%6 ����������� 6HFWLRQ �

�������  0RUH H[DFW PHWKRG

$OWHUQDWLYHO\� WKH VKHDU EXFNOLQJ UHVLVWDQFH 9E RI D ZHE SDQHO EHWZHHQ WZR WUDQVYHUVH VWLIIHQHUV PD\ EH
GHWHUPLQHG DV IROORZV�

¦ LI WKH IODQJHV RI WKH SDQHO DUH IXOO\ VWUHVVHG �II  S\I ��
9E  9Z  GWTZ

¦ LI WKH IODQJHV DUH QRW IXOO\ VWUHVVHG �II � S\I ��
9E  9Z � 9I EXW 9E � 3Y

LQ ZKLFK 9I LV WKH IODQJH�GHSHQGHQW VKHDU EXFNOLQJ UHVLVWDQFH� JLYHQ E\�

ZKHUH

�������  (QG DQFKRUDJH

(QG DQFKRUDJH QHHG QRW EH SURYLGHG LI HLWKHU RI WKH IROORZLQJ FRQGLWLRQV DSSO\�

D� WKH VKHDU FDSDFLW\� QRW WKH VKHDU EXFNOLQJ UHVLVWDQFH� LV WKH JRYHUQLQJ GHVLJQ FULWHULRQ� LQGLFDWHG E\�

9Z  3Y

E� VXIILFLHQW VKHDU EXFNOLQJ UHVLVWDQFH LV DYDLODEOH ZLWKRXW IRUPLQJ D WHQVLRQ ILHOG� LQGLFDWHG E\�

)Y � 9FU

LQ ZKLFK 9FU LV WKH FULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH IURP +�� RU JLYHQ E\ WKH IROORZLQJ�

ZKHUH

,Q DOO RWKHU FDVHV DQFKRUDJH VKRXOG EH SURYLGHG IRU D ORQJLWXGLQDO DQFKRU IRUFH +T UHSUHVHQWLQJ WKH
ORQJLWXGLQDO FRPSRQHQW RI WKH WHQVLRQ ILHOG� DV GHWDLOHG LQ +��� DW�

¦ WKH HQGV RI ZHEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV�
¦ WKH HQG SDQHOV RI ZHEV ZLWK LQWHUPHGLDWH WUDQVYHUVH VWLIIHQHUV�

�������  3DQHOV ZLWK RSHQLQJV

)RU WKH GHVLJQ RI SDQHOV ZLWK DQ RSHQLQJ ZLWK DQ\ GLPHQVLRQ JUHDWHU WKDQ �� � RI WKH PLQLPXP SDQHO
GLPHQVLRQ� UHIHUHQFH VKRXOG EH PDGH WR ����� 6XFK SDQHOV VKRXOG QRW EH XVHG DV DQFKRU SDQHOV DQG WKH
DGMDFHQW SDQHOV VKRXOG EH GHVLJQHG DV HQG SDQHOV�

II LV WKH PHDQ ORQJLWXGLQDO VWUHVV LQ WKH VPDOOHU IODQJH GXH WR PRPHQW DQG�RU D[LDO IRUFH�

0SI LV WKH SODVWLF PRPHQW FDSDFLW\ RI WKH VPDOOHU IODQJH� DERXW LWV RZQ HTXDO DUHD D[LV SHUSHQGLFXODU
WR WKH SODQH RI WKH ZHE� GHWHUPLQHG XVLQJ S\I�

0SZ LV WKH SODVWLF PRPHQW FDSDFLW\ RI WKH ZHE� DERXW LWV RZQ HTXDO DUHD D[LV SHUSHQGLFXODU WR WKH
SODQH RI WKH ZHE� GHWHUPLQHG XVLQJ S\Z�

3Y LV WKH VKHDU FDSDFLW\ IURP ������

S\I LV WKH GHVLJQ VWUHQJWK RI WKH IODQJH�

S\Z LV WKH GHVLJQ VWUHQJWK RI WKH ZHE�

¦ LI 9Z  3Y 9FU  3Y

¦ LI 3Y !9Z ! ����3Y 9FU  ��9Z ¥ �3Y���

¦ LI 9Z� ����3Y 9FU  �9Z�������3Y

)Y LV WKH PD[LPXP VKHDU IRUFH�

9Z LV WKH VLPSOH VKHDU EXFNOLQJ UHVLVWDQFH IURP ��������

9I

3Y G D�� � � II S\I�� �
�±� �

� ����� 0SZ 0SI�� �
������������������������������������������������������������� 
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%6 �����������6HFWLRQ �

7DEOH �� ¦ 6KHDU EXFNOLQJ VWUHQJWK TZ �1�PP�� RI D ZHE

�� *UDGH 6 ��� VWHHO� WKLFNQHVV ���� �� PP ¦ GHVLJQ VWUHQJWK S\   ��� 1�PP�
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��� ��� ��� ��� ��� ��� ��� ��� ��� �� �� �� �� �� �� ��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��� ��� ��� �� �� �� �� �� �� �� �� �� �� �� �� ��
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%6 �����������6HFWLRQ �

�����  'HVLJQ RI LQWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV

�������  *HQHUDO

,QWHUPHGLDWH WUDQVYHUVH VWLIIHQHUV PD\ EH SURYLGHG RQ HLWKHU RQH RU ERWK VLGHV RI WKH ZHE�

�������  6SDFLQJ

:KHUH LQWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV DUH SURYLGHG� WKHLU VSDFLQJ VKRXOG FRQIRUP WR ������

�������  2XWVWDQG RI VWLIIHQHUV

7KH RXWVWDQG RI WKH VWLIIHQHUV VKRXOG FRQIRUP WR ��������

�������  0LQLPXP VWLIIQHVV

,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV QRW VXEMHFW WR H[WHUQDO ORDGV RU PRPHQWV VKRXOG KDYH D VHFRQG 
PRPHQW RI DUHD ,V DERXW WKH FHQWUHOLQH RI WKH ZHE QRW OHVV WKDQ ,V JLYHQ E\�

,V   ����GWPLQ
�

,V   ����G�D��GWPLQ
�

ZKHUH

�������  $GGLWLRQDO VWLIIQHVV IRU H[WHUQDO ORDGLQJ

,I DQ LQWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHU LV VXEMHFW WR H[WHUQDOO\ DSSOLHG IRUFHV� WKH YDOXH RI ,V JLYHQ
LQ ������� VKRXOG EH LQFUHDVHG E\ DGGLQJ ,H[W DV IROORZV�

D� IRU WUDQVYHUVH IRUFHV HIIHFWLYHO\ DSSOLHG LQ OLQH ZLWK WKH ZHE�

,H[W   �  �L�H� QR LQFUHDVH LQ ,V�

E� IRU WUDQVYHUVH IRUFHV DSSOLHG HFFHQWULF WR WKH ZHE�

,H[W  )[H['��(W

F� IRU ODWHUDO IRUFHV� GHHPHG WR EH DSSOLHG DW WKH OHYHO RI WKH FRPSUHVVLRQ IODQJH RI WKH JLUGHU�

,H[W   �)K'��(W

ZKHUH

�������  %XFNOLQJ UHVLVWDQFH

,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV QRW VXEMHFW WR H[WHUQDO IRUFHV RU PRPHQWV VKRXOG PHHW WKH
FRQGLWLRQ�

)T � 3T

LQ ZKLFK )T LV WKH ODUJHU YDOXH� FRQVLGHULQJ WKH WZR ZHE SDQHOV HDFK VLGH RI WKH VWLIIHQHU� RI WKH FRPSUHVVLYH 
D[LDO IRUFH JLYHQ E\�

)T  9 ¥ 9FU

D LV WKH DFWXDO VWLIIHQHU VSDFLQJ�

G LV WKH GHSWK RI WKH ZHE�
WPLQ LV WKH PLQLPXP UHTXLUHG ZHE WKLFNQHVV IRU WKH DFWXDO VWLIIHQHU VSDFLQJ D�

' LV WKH RYHUDOO GHSWK RI WKH VHFWLRQ�
( LV WKH PRGXOXV RI HODVWLFLW\�
H[ LV WKH HFFHQWULFLW\ RI WKH WUDQVYHUVH IRUFH IURP WKH FHQWUHOLQH RI WKH ZHE�

)K LV WKH H[WHUQDO ODWHUDO IRUFH�

)[ LV WKH H[WHUQDO WUDQVYHUVH IRUFH�

W LV WKH DFWXDO ZHE WKLFNQHVV�

IRU D�G ���

IRU D�G ���

!but Fq  0" 
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%6 ����������� 6HFWLRQ �

ZKHUH

,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV VXEMHFW WR H[WHUQDO IRUFHV RU PRPHQWV VKRXOG PHHW WKH FRQGLWLRQV
IRU ORDG FDUU\LQJ ZHE VWLIIHQHUV JLYHQ LQ �������� ,Q DGGLWLRQ� WKH\ VKRXOG DOVR VDWLVI\ WKH IROORZLQJ�

¦ LI )T ! )[�

¦ LI )T � )[�

LQ ZKLFK

0V  )[H[ � )K'

ZKHUH

������� &RQQHFWLRQ WR ZHE RI LQWHUPHGLDWH VWLIIHQHUV

,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV WKDW DUH QRW VXEMHFW WR H[WHUQDO IRUFHV RU PRPHQWV VKRXOG EH
FRQQHFWHG WR WKH ZHE WR ZLWKVWDQG D VKHDU EHWZHHQ HDFK FRPSRQHQW DQG WKH ZHE �LQ N1 SHU PLOOLPHWUH UXQ� 
RI QRW OHVV WKDQ�

W����EV�

ZKHUH

,I WKH VWLIIHQHUV DUH VXEMHFW WR H[WHUQDO IRUFHV RU PRPHQWV� WKH UHVXOWLQJ VKHDU EHWZHHQ WKH ZHE DQG WKH
VWLIIHQHU VKRXOG EH DGGHG WR WKH DERYH YDOXH�

,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV WKDW DUH QRW VXEMHFW WR H[WHUQDO IRUFHV RU PRPHQWV VKRXOG H[WHQG WR
WKH FRPSUHVVLRQ IODQJH� EXW QHHG QRW EH FRQQHFWHG WR LW� ,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV WKDW DUH QRW
VXEMHFW WR H[WHUQDO IRUFHV RU PRPHQWV PD\ WHUPLQDWH FOHDU RI WKH WHQVLRQ IODQJH� ,Q VXFK FDVHV WKH ZHOGV
FRQQHFWLQJ WKH VWLIIHQHU WR WKH ZHE VKRXOG WHUPLQDWH QRW PRUH WKDQ �W FOHDU RI WKH WHQVLRQ IODQJH�

���  :HE EHDULQJ FDSDFLW\� EXFNOLQJ UHVLVWDQFH DQG VWLIIHQHU GHVLJQ

�����  *HQHUDO

�������  :HE VWLIIHQHUV

:HE VWLIIHQHUV VKRXOG EH SURYLGHG ZKHUH QHHGHG DW ORFDWLRQV ZKHUH XQVWLIIHQHG ZHEV DUH VXEMHFW WR ORFDO 
ORDGV RU UHDFWLRQV� DV IROORZV�

D� EHDULQJ VWLIIHQHUV� WR SUHYHQW FUXVKLQJ RI WKH ZHE GXH WR IRUFHV DSSOLHG WKURXJK D IODQJH� VHH ������

E� ORDG FDUU\LQJ VWLIIHQHUV� WR UHVLVW ZHE EXFNOLQJ GXH WR FRQFHQWUDWHG ORDGLQJ� VHH ������

F� WHQVLRQ VWLIIHQHUV� WR WUDQVPLW WHQVLOH IRUFHV DSSOLHG YLD D IODQJH LQWR WKH ZHE� VHH ������

G� LQWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV� WR UHVLVW ZHE EXFNOLQJ GXH WR VKHDU� VHH ������

3T LV WKH EXFNOLQJ UHVLVWDQFH RI WKH LQWHUPHGLDWH ZHE VWLIIHQHU� IURP ������

9 LV WKH VKHDU LQ D ZHE SDQHO DGMDFHQW WR WKH VWLIIHQHU�
9FU LV WKH FULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH >VHH �������E�@ RI WKH VDPH ZHE SDQHO�

)K LV WKH H[WHUQDO ODWHUDO IRUFH� LI DQ\� VHH ��������

)[ LV WKH H[WHUQDO WUDQVYHUVH IRUFH�

0\V LV WKH PRPHQW FDSDFLW\ RI WKH VWLIIHQHU EDVHG RQ LWV VHFWLRQ PRGXOXV�

3[ LV WKH EXFNOLQJ UHVLVWDQFH RI D ORDG FDUU\LQJ VWLIIHQHU� VHH ��������

EV LV WKH RXWVWDQG RI WKH VWLIIHQHU �LQ PP��

W LV WKH ZHE WKLFNQHVV �LQ PP��

)T )[±
3T

��������������������
)[
3[
������

0V
0\V
����������� � ��

)[
3[
������

0V
0\V
���������� ���
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%6 �����������6HFWLRQ �

H� GLDJRQDO VWLIIHQHUV� WR SURYLGH ORFDO UHLQIRUFHPHQW RI D ZHE LQ VKHDU� VHH ������

I� WRUVLRQ VWLIIHQHUV� WR SURYLGH WRUVLRQDO UHVWUDLQW DW VXSSRUWV� VHH ������ 

,I WKH VDPH VWLIIHQHUV KDYH PRUH WKDQ RQH IXQFWLRQ� WKH\ VKRXOG PHHW WKH UHTXLUHPHQWV IRU HDFK IXQFWLRQ�

�������  0D[LPXP RXWVWDQG RI ZHE VWLIIHQHUV

8QOHVV WKH RXWHU HGJH RI D ZHE VWLIIHQHU LV LWVHOI FRQWLQXRXVO\ VWLIIHQHG� LWV RXWVWDQG IURP WKH IDFH RI WKH ZHE
VKRXOG QRW H[FHHG ��
WV�

,I WKH RXWVWDQG RI D VWLIIHQHU LV EHWZHHQ ��
WV DQG ��
WV WKHQ LWV GHVLJQ VKRXOG EH EDVHG RQ DQ HIIHFWLYH 
FURVV�VHFWLRQ ZLWK DQ RXWVWDQG RI ��
WV�

�������  6WLII EHDULQJ OHQJWK

7KH VWLII EHDULQJ OHQJWK E� VKRXOG EH WDNHQ DV WKH OHQJWK RI VXSSRUW WKDW FDQQRW GHIRUP DSSUHFLDEO\ LQ
EHQGLQJ� 7R GHWHUPLQH E� WKH GLVSHUVLRQ RI ORDG WKURXJK D VWHHO EHDULQJ VKRXOG EH WDNHQ DV LQGLFDWHG LQ
)LJXUH ��� 'LVSHUVLRQ DW ��� WKURXJK SDFNV PD\ EH LQFOXGHG SURYLGHG WKDW WKH\ DUH ILUPO\ IL[HG LQ SODFH�

�������  (FFHQWULFLW\

:KHUH D ORDG RU UHDFWLRQ LV DSSOLHG HFFHQWULF IURP WKH FHQWUHOLQH RI WKH ZHE� RU ZKHUH WKH FHQWURLG RI WKH 
VWLIIHQHU GRHV QRW OLH RQ WKH FHQWUHOLQH RI WKH ZHE� WKH UHVXOWLQJ HFFHQWULFLW\ RI ORDGLQJ VKRXOG EH DOORZHG IRU 
LQ GHVLJQ�

�������  +ROORZ VHFWLRQV

:KHUH FRQFHQWUDWHG ORDGV DUH DSSOLHG WR KROORZ VHFWLRQV FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR ORFDO VWUHVVHV DQG
GHIRUPDWLRQV DQG WKH VHFWLRQ UHLQIRUFHG RU VWLIIHQHG DV QHFHVVDU\�
127(  'HWDLOV RI D GHVLJQ SURFHGXUH IRU UHVLVWDQFH WR ORDGV RU UHDFWLRQV DSSOLHG WR ZHEV RI KROORZ VHFWLRQV WKURXJK D IODQJH DUH
JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

�����  %HDULQJ FDSDFLW\ RI ZHE

�������  8QVWLIIHQHG ZHE

%HDULQJ VWLIIHQHUV VKRXOG EH SURYLGHG ZKHUH WKH ORFDO FRPSUHVVLYH IRUFH )[ DSSOLHG WKURXJK D IODQJH E\
ORDGV RU UHDFWLRQV H[FHHGV WKH EHDULQJ FDSDFLW\ 3EZ RI WKH XQVWLIIHQHG ZHE DW WKH ZHE�WR�IODQJH FRQQHFWLRQ� 
JLYHQ E\�

3EZ   �E� � QN�WS\Z

LQ ZKLFK�

¦ H[FHSW DW WKH HQG RI D PHPEHU�
Q   �

¦ DW WKH HQG RI D PHPEHU�
Q   � � ���EH�N EXW Q � �

E�  W � ���U � �7 E�  W � ���V � �7 E�  W � 7 � ���U ¥ J E�   ���'F � W � ���V ¥ J

)LJXUH �� ¦ 6WLII EHDULQJ OHQJWK

g

Tr
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1
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%6 ����������� 6HFWLRQ �

DQG N LV REWDLQHG DV IROORZV�

¦ IRU D UROOHG ,� RU +�VHFWLRQ� N  7 � U
¦ IRU D ZHOGHG ,� RU +�VHFWLRQ� N  7

ZKHUH

�������  6WLIIHQHG ZHE

%HDULQJ VWLIIHQHUV VKRXOG EH GHVLJQHG IRU WKH DSSOLHG IRUFH )[ PLQXV WKH EHDULQJ FDSDFLW\ 3EZ RI WKH 
XQVWLIIHQHG ZHE� 7KH FDSDFLW\ 3V RI WKH VWLIIHQHU VKRXOG EH REWDLQHG IURP�

3V  $V�QHWS\

LQ ZKLFK $V�QHW LV WKH QHW FURVV�VHFWLRQDO DUHD RI WKH VWLIIHQHU� DOORZLQJ IRU FRSH KROHV IRU ZHOGLQJ�

,I WKH ZHE DQG WKH VWLIIHQHU KDYH GLIIHUHQW GHVLJQ VWUHQJWKV� WKH VPDOOHU YDOXH VKRXOG EH XVHG WR FDOFXODWH
ERWK WKH ZHE FDSDFLW\ 3EZ DQG WKH VWLIIHQHU FDSDFLW\ 3V�

�����  %XFNOLQJ UHVLVWDQFH

�������  8QVWLIIHQHG ZHE

/RDG FDUU\LQJ ZHE VWLIIHQHUV VKRXOG EH SURYLGHG ZKHUH WKH ORFDO FRPSUHVVLYH IRUFH )[ DSSOLHG WKURXJK D
IODQJH E\ D ORDG RU UHDFWLRQ H[FHHGV WKH EXFNOLQJ UHVLVWDQFH RI WKH ZHE�

,I WKH IODQJH WKURXJK ZKLFK WKH ORDG RU UHDFWLRQ LV DSSOLHG LV HIIHFWLYHO\ UHVWUDLQHG DJDLQVW ERWK�

D� URWDWLRQ UHODWLYH WR WKH ZHE�

E� ODWHUDO PRYHPHQW UHODWLYH WR WKH RWKHU IODQJH�

WKHQ SURYLGHG WKDW WKH GLVWDQFH DH IURP WKH ORDG RU UHDFWLRQ WR WKH QHDUHU HQG RI WKH PHPEHU LV DW OHDVW ���G� 
WKH EXFNOLQJ UHVLVWDQFH RI WKH XQVWLIIHQHG ZHE VKRXOG EH WDNHQ DV 3[ JLYHQ E\�

ZKHUH

,I WKH GLVWDQFH DH IURP WKH ORDG RU UHDFWLRQ WR WKH QHDUHU HQG RI WKH PHPEHU LV OHVV WKDQ ���G� WKH EXFNOLQJ
UHVLVWDQFH 3[ RI WKH ZHE VKRXOG EH WDNHQ DV�

:KHUH D� RU E� LV QRW PHW� WKH EXFNOLQJ UHVLVWDQFH RI WKH ZHE VKRXOG EH UHGXFHG WR 3[U JLYHQ E\�

LQ ZKLFK /( LV WKH HIIHFWLYH OHQJWK RI WKH ZHE� DFWLQJ DV D FRPSUHVVLRQ PHPEHU RU D SDUW RI D FRPSUHVVLRQ 
PHPEHU� GHWHUPLQHG LQ DFFRUGDQFH ZLWK ����� IRU WKH DSSURSULDWH FRQGLWLRQV RI HQG UHVWUDLQW�

E� LV WKH VWLII EHDULQJ OHQJWK� VHH ��������

EH LV WKH GLVWDQFH WR WKH QHDUHU HQG RI WKH PHPEHU IURP WKH HQG RI WKH VWLII EHDULQJ�

S\Z LV WKH GHVLJQ VWUHQJWK RI WKH ZHE�

U LV WKH URRW UDGLXV�
7 LV WKH IODQJH WKLFNQHVV�
W LV WKH ZHE WKLFNQHVV�

G LV WKH GHSWK RI WKH ZHE�
3EZ LV WKH EHDULQJ FDSDFLW\ RI WKH XQVWLIIHQHG ZHE DW WKH ZHE�WR�IODQJH FRQQHFWLRQ� IURP �������

DQG E�� N� Q DQG W DUH DV GHILQHG LQ ��������

3[
��
W

E� QN�� �G
���������������������������������3EZ 

3[

DH ���G�
���G

������������������������ ��
W
E� QN�� �G

���������������������������������3EZ 

3[U
���G
/(
������������3[ 
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%6 �����������6HFWLRQ �

�������  /RDGV DSSOLHG EHWZHHQ VWLIIHQHUV

/RDG FDUU\LQJ ZHE VWLIIHQHUV VKRXOG EH DGGHG ZKHUH WKH ORFDO FRPSUHVVLYH VWUHVV IHG RQ WKH FRPSUHVVLRQ
HGJH RI D ZHE� GXH WR ORDGV RU UHDFWLRQV DSSOLHG WKURXJK D IODQJH EHWZHHQ WKH ZHE VWLIIHQHUV DOUHDG\
SURYLGHG� H[FHHGV WKH FRPSUHVVLYH VWUHQJWK IRU HGJH ORDGLQJ SHG�

)RU WKLV FKHFN� WKH VWUHVV IHG RQ WKH FRPSUHVVLRQ HGJH RI D ZHE SDQHO RI GHSWK G EHWZHHQ WZR WUDQVYHUVH
VWLIIHQHUV RI VSDFLQJ D VKRXOG EH FDOFXODWHG DV IROORZV�

D� LQGLYLGXDO SRLQW ORDGV DQG GLVWULEXWHG ORDGV VKRUWHU WKDQ WKH VPDOOHU SDQHO GLPHQVLRQ D RU G VKRXOG
EH GLYLGHG E\ WKH VPDOOHU SDQHO GLPHQVLRQ�

E� IRU D VHULHV RI VLPLODU SRLQW ORDGV� HTXDOO\ VSDFHG� GLYLGH WKH ODUJHVW ORDG E\ WKH VSDFLQJ� RU E\ WKH
VPDOOHU SDQHO GLPHQVLRQ LI WKLV LV OHVV�

F� DGG WKH LQWHQVLW\ �IRUFH�XQLW OHQJWK� RI DQ\ RWKHU GLVWULEXWHG ORDGV�

G� GLYLGH WKH VXP RI D�� E� DQG F� E\ WKH ZHE WKLFNQHVV W�

7KH FRPSUHVVLYH VWUHQJWK IRU HGJH ORDGLQJ SHG VKRXOG EH FDOFXODWHG DV IROORZV�

¦ LI WKH FRPSUHVVLRQ IODQJH LV UHVWUDLQHG DJDLQVW URWDWLRQ UHODWLYH WR WKH ZHE�

¦ LI WKH FRPSUHVVLRQ IODQJH LV QRW UHVWUDLQHG DJDLQVW URWDWLRQ UHODWLYH WR WKH ZHE�

�������  %XFNOLQJ UHVLVWDQFH RI ORDG FDUU\LQJ VWLIIHQHUV

7KH H[WHUQDO ORDG RU UHDFWLRQ )[ RQ D ORDG FDUU\LQJ VWLIIHQHU VKRXOG QRW H[FHHG WKH EXFNOLQJ UHVLVWDQFH 3[
RI WKH VWLIIHQHU� JLYHQ E\�

3[  $V SF

7KH HIIHFWLYH DUHD $V RI WKH ORDG FDUU\LQJ VWLIIHQHU VKRXOG EH WDNHQ DV WKDW RI D FUXFLIRUP FURVV�VHFWLRQ PDGH
XS IURP WKH HIIHFWLYH DUHD RI WKH VWLIIHQHUV WKHPVHOYHV �VHH �������� WRJHWKHU ZLWK DQ HIIHFWLYH ZLGWK RI ZHE
RQ HDFK VLGH RI WKH FHQWUHOLQH RI WKH VWLIIHQHUV OLPLWHG WR �� WLPHV WKH ZHE WKLFNQHVV W�

7KH FRPSUHVVLYH VWUHQJWK SF VKRXOG EH GHWHUPLQHG IURP ����� XVLQJ VWUXW FXUYH F� �VHH 7DEOH ��� DQG WKH 
UDGLXV RI J\UDWLRQ RI WKH FRPSOHWH FUXFLIRUP DUHD $V RI WKH VWLIIHQHU DERXW LWV D[LV SDUDOOHO WR WKH ZHE�

7KH GHVLJQ VWUHQJWK S\ VKRXOG EH WDNHQ DV WKH ORZHU YDOXH IRU WKH ZHE RU WKH VWLIIHQHUV� 7KH UHGXFWLRQ 
RI �� 1�PP� UHIHUUHG WR LQ ����� VKRXOG QRW EH DSSOLHG XQOHVV WKH VWLIIHQHUV WKHPVHOYHV DUH ZHOGHG VHFWLRQV�

3URYLGHG WKDW WKH IODQJH WKURXJK ZKLFK WKH ORDG RU UHDFWLRQ LV DSSOLHG LV HIIHFWLYHO\ UHVWUDLQHG DJDLQVW
ODWHUDO PRYHPHQW UHODWLYH WR WKH RWKHU IODQJH� WKH HIIHFWLYH OHQJWK /( VKRXOG EH WDNHQ DV IROORZV�

D� IODQJH UHVWUDLQHG DJDLQVW URWDWLRQ LQ WKH SODQH RI WKH VWLIIHQHU E\ RWKHU VWUXFWXUDO HOHPHQWV�

/(   ��� WLPHV WKH OHQJWK / RI WKH VWLIIHQHU FOHDU EHWZHHQ IODQJHV�

E� IODQJH QRW VR UHVWUDLQHG�

/(   ��� WLPHV WKH OHQJWK / RI WKH VWLIIHQHU FOHDU EHWZHHQ IODQJHV�

,I WKH ORDG RU UHDFWLRQ LV DSSOLHG WR WKH IODQJH E\ D FRPSUHVVLRQ PHPEHU� WKHQ XQOHVV HIIHFWLYH ODWHUDO
UHVWUDLQW LV SURYLGHG DW WKDW SRLQW� WKH VWLIIHQHU VKRXOG EH GHVLJQHG DV SDUW RI WKH FRPSUHVVLRQ PHPEHU
DSSO\LQJ WKH ORDG� DQG WKH FRQQHFWLRQ VKRXOG EH FKHFNHG IRU WKH HIIHFWV RI VWUXW DFWLRQ� VHH &���

,I WKH VWLIIHQHU DOVR DFWV DV DQ LQWHUPHGLDWH WUDQVYHUVH VWLIIHQHU WR UHVLVW VKHDU EXFNOLQJ� LW VKRXOG EH
FKHFNHG IRU WKH HIIHFW RI FRPELQHG ORDGV LQ DFFRUGDQFH ZLWK ��������

/RDG FDUU\LQJ VWLIIHQHUV VKRXOG DOVR EH FKHFNHG DV EHDULQJ VWLIIHQHUV� VHH ��������

SHG ���� �

D�G� �
�

������������������ (

G�W� �
�

���������������

SHG ��� �

D�G� �
�

������������������ (

G�W� �
�

���������������
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%6 ����������� 6HFWLRQ �

�����  7HQVLRQ VWLIIHQHUV

7HQVLRQ VWLIIHQHUV VKRXOG EH SURYLGHG ZKHUH WKH DSSOLHG ORDG RU UHDFWLRQ H[FHHGV HLWKHU�

D� WKH WHQVLRQ FDSDFLW\ RI WKH XQVWLIIHQHG ZHE DW LWV FRQQHFWLRQ WR WKH IODQJH�

E� WKH WHQVLRQ FDSDFLW\ RI WKH XQVWLIIHQHG IODQJH� VHH ����� DQG ������

7KH WHQVLRQ FDSDFLW\ 3WZ RI DQ XQVWLIIHQHG ZHE DW WKH ZHE�WR�IODQJH FRQQHFWLRQ VKRXOG EH REWDLQHG E\
GLVSHUVLRQ WKURXJK WKH IODQJH WR WKH ZHE�WR�IODQJH FRQQHFWLRQ DW D VORSH RI � LQ ��� WR WKH IODQJH�

,Q FDVH D�� D WHQVLRQ VWLIIHQHU UHTXLUHG WR VWUHQJWKHQ DQ XQVWLIIHQHG ZHE VKRXOG EH GHVLJQHG WR FDUU\ WKDW
SRUWLRQ RI WKH DSSOLHG ORDG RU UHDFWLRQ WKDW H[FHHGV WKH WHQVLRQ FDSDFLW\ 3WZ RI WKH XQVWLIIHQHG ZHE� ,I WKH 
ZHE DQG WKH VWLIIHQHU KDYH GLIIHUHQW GHVLJQ VWUHQJWKV� WKH VPDOOHU YDOXH VKRXOG EH XVHG IRU ERWK�

,Q FDVH E�� D WHQVLRQ VWLIIHQHU UHTXLUHG WR VWUHQJWKHQ DQ XQVWLIIHQHG IODQJH� WKH SURSRUWLRQ RI WKH DSSOLHG
ORDG RU UHDFWLRQ DVVXPHG WR EH FDUULHG E\ WKH VWLIIHQHU VKRXOG EH FRQVLVWHQW ZLWK WKH GHVLJQ RI WKH IODQJH�

�����  ,QWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHUV

7KH EXFNOLQJ UHVLVWDQFH 3T RI DQ LQWHUPHGLDWH WUDQVYHUVH ZHE VWLIIHQHU VKRXOG EH GHWHUPLQHG DV IRU WKH 
EXFNOLQJ UHVLVWDQFH 3[ RI D ORDG FDUU\LQJ VWLIIHQHU� VHH �������� H[FHSW WKDW�

¦ WKH HIIHFWLYH OHQJWK /( VKRXOG EH WDNHQ DV ��� WLPHV LWV OHQJWK / FOHDU EHWZHHQ IODQJHV�
¦ VWLIIHQHUV UHTXLUHG RQO\ WR UHVLVW VKHDU EXFNOLQJ QHHG QRW EH FKHFNHG DV EHDULQJ VWLIIHQHUV WR ��������

�����  'LDJRQDO VWLIIHQHUV

'LDJRQDO VWLIIHQHUV VKRXOG EH GHVLJQHG WR FDUU\ WKDW SRUWLRQ RI WKH WRWDO DSSOLHG VKHDU WKDW H[FHHGV WKH
VKHDU FDSDFLW\ 3Y RI WKH PHPEHU� VHH ������ ,I WKH ZHE DQG WKH VWLIIHQHU KDYH GLIIHUHQW GHVLJQ VWUHQJWKV� WKH
VPDOOHU YDOXH VKRXOG EH XVHG IRU ERWK�

�����  7RUVLRQ VWLIIHQHUV

6WLIIHQHUV WKDW DUH UHTXLUHG WR SURYLGH WRUVLRQDO UHVWUDLQW DW PHPEHU VXSSRUWV� VHH ������ VKRXOG KDYH D
VHFRQG PRPHQW RI DUHD ,V DERXW WKH FHQWUHOLQH RI WKH ZHE WKDW VDWLVILHV WKH FULWHULRQ�

,V � �����V'�7F

LQ ZKLFK WKH FRHIILFLHQW �V LV JLYHQ E\ WKH IROORZLQJ�

ZKHUH

�����  &RQQHFWLRQ RI VWLIIHQHUV WR ZHEV

:HE VWLIIHQHUV WKDW FRQWULEXWH WR UHVLVWLQJ ORDGV RU UHDFWLRQV DSSOLHG WKURXJK D IODQJH VKRXOG EH FRQQHFWHG
WR WKH ZHE E\ ZHOGV� ILWWHG EROWV RU SUHORDGHG EROWV GHVLJQHG WR EH QRQ�VOLS XQGHU IDFWRUHG ORDGV� VHH ������ 
7KLV FRQQHFWLRQ VKRXOG EH GHVLJQHG WR WUDQVPLW D IRUFH HTXDO WR WKH OHVVHU RI�

D� WKH ODUJHU RI WKH IRUFHV DSSOLHG DW HLWKHU HQG LI WKH\ DFW LQ RSSRVLWH GLUHFWLRQV� RU WKH VXP RI WKHVH IRUFHV 
LI ERWK DFW LQ WKH VDPH GLUHFWLRQ�

E� WKH FDSDFLW\ RI WKH VWLIIHQHU� VHH ��������

¦ LI 
 ���� �V  �����

¦ LI �� � 
����� �V  ����


¦ LI 
 ! ���� �V  ���
�


 LV WKH VOHQGHUQHVV /(�U\ RI WKH PHPEHU�

' LV WKH RYHUDOO GHSWK RI WKH PHPEHU DW WKH VXSSRUW�
/( LV WKH HIIHFWLYH OHQJWK RI WKH PHPEHU LQ WKH VSDQ XQGHU FRQVLGHUDWLRQ�

U\ LV WKH UDGLXV RI J\UDWLRQ DERXW WKH PLQRU D[LV�

7F LV WKH PD[LPXP WKLFNQHVV RI WKH FRPSUHVVLRQ IODQJH LQ WKH VSDQ XQGHU FRQVLGHUDWLRQ�
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%6 �����������6HFWLRQ �

�����  &RQQHFWLRQ RI ZHE VWLIIHQHUV WR IODQJHV

�������  6WLIIHQHUV LQ FRPSUHVVLRQ

:HE VWLIIHQHUV UHTXLUHG WR UHVLVW FRPSUHVVLRQ VKRXOG HLWKHU EH ILWWHG DJDLQVW WKH ORDGHG IODQJH RU FRQQHFWHG
WR LW E\ FRQWLQXRXV ZHOGV� ILWWHG EROWV RU SUHORDGHG EROWV GHVLJQHG WR EH QRQ�VOLS XQGHU IDFWRUHG ORDGV�
VHH ������

7KH VWLIIHQHU VKRXOG EH ILWWHG DJDLQVW� RU FRQQHFWHG WR� ERWK IODQJHV ZKHUH DQ\ RI WKH IROORZLQJ DSSO\�

D� D ORDG LV DSSOLHG GLUHFWO\ RYHU D VXSSRUW�

E� WKH VWLIIHQHU IRUPV WKH HQG VWLIIHQHU RI D VWLIIHQHG ZHE�

F� WKH VWLIIHQHU DFWV DV D WRUVLRQ VWLIIHQHU�

�������  6WLIIHQHUV LQ WHQVLRQ

:HE VWLIIHQHUV UHTXLUHG WR UHVLVW WHQVLRQ VKRXOG EH FRQQHFWHG WR WKH IODQJH WUDQVPLWWLQJ WKH ORDG RU UHDFWLRQ
E\ FRQWLQXRXV ZHOGV� ILWWHG EROWV RU SUHORDGHG EROWV GHVLJQHG WR EH QRQ�VOLS XQGHU IDFWRUHG ORDGV� VHH ������ 
7KLV FRQQHFWLRQ VKRXOG EH GHVLJQHG WR UHVLVW WKH OHVVHU RI WKH DSSOLHG ORDG RU UHDFWLRQ RU WKH FDSDFLW\ RI WKH
VWLIIHQHU� VHH ��������

������  /HQJWK RI ZHE VWLIIHQHUV

%HDULQJ VWLIIHQHUV RU WHQVLRQ VWLIIHQHUV WKDW GR QRW DOVR KDYH RWKHU IXQFWLRQV� VHH �������� PD\ EH FXUWDLOHG 
ZKHUH WKH FDSDFLW\ 3XV RI WKH XQVWLIIHQHG ZHE EH\RQG WKH HQG RI WKH VWLIIHQHU LV QRW OHVV WKDQ WKH SURSRUWLRQ
RI WKH DSSOLHG ORDG RU UHDFWLRQ FDUULHG E\ WKH VWLIIHQHU� 7KH FDSDFLW\ 3XV RI WKH XQVWLIIHQHG ZHE DW WKLV SRLQW 
VKRXOG EH REWDLQHG IURP�

3XV   �E� � Z�WS\Z

ZKHUH

7KH OHQJWK RI D VWLIIHQHU WKDW GRHV QRW H[WHQG ULJKW DFURVV WKH ZHE VKRXOG DOVR EH VXFK WKDW WKH ORFDO VKHDU 
VWUHVV LQ WKH ZHE GXH WR WKH IRUFH WUDQVPLWWHG E\ WKH VWLIIHQHU GRHV QRW H[FHHG ���S\Z�

���  7HQVLRQ PHPEHUV

�����  7HQVLRQ FDSDFLW\

7KH WHQVLRQ FDSDFLW\ 3W RI D PHPEHU VKRXOG JHQHUDOO\ EH REWDLQHG IURP�

3W  S\$H

LQ ZKLFK $H LV WKH VXP RI WKH HIIHFWLYH QHW DUHDV DH RI DOO WKH HOHPHQWV RI WKH FURVV�VHFWLRQ� GHWHUPLQHG
IURP ������ EXW QRW PRUH WKDQ ��� WLPHV WKH WRWDO QHW DUHD $Q�

�����  0HPEHUV ZLWK HFFHQWULF FRQQHFWLRQV

,I PHPEHUV DUH FRQQHFWHG HFFHQWULF WR WKHLU D[HV� WKH UHVXOWLQJ PRPHQWV VKRXOG JHQHUDOO\ EH DOORZHG IRU LQ 
DFFRUGDQFH ZLWK ������ +RZHYHU� DQJOHV� FKDQQHOV RU 7�VHFWLRQV ZLWK HFFHQWULF HQG FRQQHFWLRQV PD\ EH 
WUHDWHG DV D[LDOO\ ORDGHG E\ XVLQJ WKH UHGXFHG WHQVLRQ FDSDFLW\ JLYHQ LQ ������

�����  6LPSOH WHQVLRQ PHPEHUV

�������  6LQJOH DQJOH� FKDQQHO RU 7�VHFWLRQ PHPEHUV

)RU D VLPSOH WLH� GHVLJQHG DV D[LDOO\ ORDGHG� FRQVLVWLQJ RI D VLQJOH DQJOH FRQQHFWHG WKURXJK RQH OHJ RQO\� D
VLQJOH FKDQQHO FRQQHFWHG RQO\ WKURXJK WKH ZHE RU D 7�VHFWLRQ FRQQHFWHG RQO\ WKURXJK WKH IODQJH� WKH WHQVLRQ
FDSDFLW\ VKRXOG EH REWDLQHG DV IROORZV�

LQ ZKLFK�

D�  $J ¥ D�

E� LV WKH VWLII EHDULQJ OHQJWK� VHH ��������

Z LV WKH OHQJWK REWDLQHG E\ GLVSHUVLRQ DW ��� WR WKH OHYHO DW ZKLFK WKH VWLIIHQHU WHUPLQDWHV�

¦ IRU EROWHG FRQQHFWLRQV� 3W  S\�$H ¥ ���D��

¦ IRU ZHOGHG FRQQHFWLRQV� 3W  S\�$J ¥ ���D��
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%6 ����������� 6HFWLRQ �

ZKHUH

������� 'RXEOH DQJOH� FKDQQHO RU 7�VHFWLRQ PHPEHUV

)RU D VLPSOH WLH� GHVLJQHG DV D[LDOO\ ORDGHG� FRQVLVWLQJ RI WZR DQJOHV FRQQHFWHG WKURXJK RQH OHJ RQO\� WZR
FKDQQHOV FRQQHFWHG RQO\ WKURXJK WKH ZHE RU WZR 7�VHFWLRQV FRQQHFWHG RQO\ WKURXJK WKH IODQJH� WKH WHQVLRQ 
FDSDFLW\ VKRXOG EH REWDLQHG DV IROORZV�

D� LI WKH WLH LV FRQQHFWHG WR ERWK VLGHV RI D JXVVHW RU VHFWLRQ DQG WKH FRPSRQHQWV DUH LQWHUFRQQHFWHG E\
EROWV RU ZHOGV DQG KHOG DSDUW DQG ORQJLWXGLQDOO\ SDUDOOHO E\ EDWWHQV RU VROLG SDFNLQJ SLHFHV LQ DW OHDVW WZR
ORFDWLRQV ZLWKLQ WKHLU OHQJWK� WKH WHQVLRQ FDSDFLW\ SHU FRPSRQHQW VKRXOG EH REWDLQHG IURP�

¦ IRU EROWHG FRQQHFWLRQV� 3W  S\�$H ¥ ����D��
¦ IRU ZHOGHG FRQQHFWLRQV� 3W  S\�$J ¥ ����D��

E� LI WKH FRPSRQHQWV DUH ERWK FRQQHFWHG WR WKH VDPH VLGH RI D JXVVHW RU PHPEHU� RU QRW LQWHUFRQQHFWHG DV
JLYHQ LQ D�� WKH WHQVLRQ FDSDFLW\ SHU FRPSRQHQW VKRXOG EH WDNHQ DV JLYHQ LQ ��������

,Q FDVH D� WKH RXWHUPRVW LQWHUFRQQHFWLRQ VKRXOG EH ZLWKLQ D GLVWDQFH IURP HDFK HQG RI WHQ WLPHV WKH VPDOOHU
OHJ OHQJWK IRU DQJOH FRPSRQHQWV� RU WHQ WLPHV WKH VPDOOHU RYHUDOO GLPHQVLRQ IRU FKDQQHOV RU 7�VHFWLRQV�

������� 2WKHU VLPSOH WLHV

$ VLPSOH WLH FRQVLVWLQJ RI D VLQJOH DQJOH FRQQHFWHG WKURXJK ERWK OHJV E\ OXJ DQJOHV RU RWKHUZLVH� D VLQJOH
FKDQQHO FRQQHFWHG E\ ERWK IODQJHV RU D 7�VHFWLRQ FRQQHFWHG RQO\ WKURXJK WKH VWHP �RU ERWK WKH IODQJH DQG 
WKH VWHP�� VKRXOG EH GHVLJQHG DV D[LDOO\ ORDGHG� 7KH WHQVLRQ FDSDFLW\ VKRXOG EH EDVHG RQ WKH HIIHFWLYH QHW 
DUHD IURP ������

�������  &RQWLQXRXV WLHV

7KH LQWHUQDO ED\V RI FRQWLQXRXV WLHV VKRXOG EH GHVLJQHG DV D[LDOO\ ORDGHG� 7KH WHQVLRQ FDSDFLW\ VKRXOG EH
EDVHG RQ WKH HIIHFWLYH QHW DUHD IURP ������

�����  /DFHG RU EDWWHQHG WLHV

)RU ODFHG RU EDWWHQHG WLHV� WKH ODFLQJ RU EDWWHQLQJ V\VWHPV VKRXOG EH GHVLJQHG WR UHVLVW WKH JUHDWHU RI�

D� WKH D[LDO IRUFHV� PRPHQWV DQG VKHDU IRUFHV LQGXFHG E\ HFFHQWULF ORDGV� DSSOLHG PRPHQWV RU WUDQVYHUVH
IRUFHV� LQFOXGLQJ VHOI�ZHLJKW DQG ZLQG UHVLVWDQFH�

E� WKH D[LDO IRUFHV� PRPHQWV DQG VKHDU IRUFHV LQGXFHG E\ D WUDQVYHUVH VKHDU RQ WKH FRPSOHWH PHPEHU DW
DQ\ SRLQW LQ LWV OHQJWK HTXDO WR � � RI WKH D[LDO IRUFH LQ WKH PHPEHU� WDNHQ DV VKDUHG HTXDOO\ EHWZHHQ DOO 
WUDQVYHUVH ODFLQJ RU EDWWHQLQJ V\VWHPV LQ SDUDOOHO SODQHV�

���  &RPSUHVVLRQ PHPEHUV

�����  *HQHUDO

�������  6HJPHQW OHQJWK

7KH VHJPHQW OHQJWK / RI D FRPSUHVVLRQ PHPEHU LQ DQ\ SODQH VKRXOG EH WDNHQ DV WKH OHQJWK EHWZHHQ WKH
SRLQWV DW ZKLFK LW LV UHVWUDLQHG DJDLQVW EXFNOLQJ LQ WKDW SODQH�

�������  5HVWUDLQWV

$ UHVWUDLQW VKRXOG KDYH VXIILFLHQW VWUHQJWK DQG VWLIIQHVV WR LQKLELW PRYHPHQW RI WKH UHVWUDLQHG SRLQW LQ
SRVLWLRQ RU GLUHFWLRQ DV DSSURSULDWH� 3RVLWLRQDO UHVWUDLQWV VKRXOG EH FRQQHFWHG WR DQ DSSURSULDWH VKHDU 
GLDSKUDJP RU V\VWHP RI WULDQJXODWHG EUDFLQJ�

3RVLWLRQDO UHVWUDLQWV WR FRPSUHVVLRQ PHPEHUV IRUPLQJ WKH IODQJHV RI ODWWLFH JLUGHUV VKRXOG VDWLVI\ WKH
UHFRPPHQGDWLRQV IRU ODWHUDO UHVWUDLQW RI EHDPV VSHFLILHG LQ ������ $OO RWKHU SRVLWLRQDO UHVWUDLQWV WR
FRPSUHVVLRQ PHPEHUV VKRXOG EH FDSDEOH RI UHVLVWLQJ D IRUFH RI QRW OHVV WKDQ ��� � RI WKH D[LDO IRUFH LQ WKH 
PHPEHU DQG WUDQVIHUULQJ LW WR WKH DGMDFHQW SRLQWV RI SRVLWLRQDO UHVWUDLQW�

$J LV WKH JURVV FURVV�VHFWLRQDO DUHD� VHH ������

D� LV WKH JURVV DUHD RI WKH FRQQHFWHG HOHPHQW� WDNHQ DV WKH SURGXFW RI LWV WKLFNQHVV DQG WKH RYHUDOO
OHJ ZLGWK IRU DQ DQJOH� WKH RYHUDOO GHSWK IRU D FKDQQHO RU WKH IODQJH ZLGWK IRU D 7�VHFWLRQ�
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%6 �����������6HFWLRQ �

%UDFLQJ V\VWHPV WKDW VXSSO\ SRVLWLRQDO UHVWUDLQW WR PRUH WKDQ RQH PHPEHU VKRXOG EH GHVLJQHG WR UHVLVW WKH
VXP RI WKH UHVWUDLQW IRUFHV IURP HDFK PHPEHU WKDW WKH\ UHVWUDLQ� UHGXFHG E\ WKH IDFWRU NU REWDLQHG IURP�

NU   ���� � ��1U����

LQ ZKLFK 1U LV WKH QXPEHU RI SDUDOOHO PHPEHUV UHVWUDLQHG�

�����  6OHQGHUQHVV

7KH VOHQGHUQHVV 
 RI D FRPSUHVVLRQ PHPEHU VKRXOG JHQHUDOO\ EH WDNHQ DV LWV HIIHFWLYH OHQJWK /( GLYLGHG E\
LWV UDGLXV RI J\UDWLRQ U DERXW WKH UHOHYDQW D[LV� H[FHSW DV JLYHQ LQ ������ ������ RU �������

,Q WKH FDVH RI D VLQJOH�DQJOH VWUXW ZLWK ODWHUDO UHVWUDLQWV WR LWV WZR OHJV DOWHUQDWHO\� WKH VOHQGHUQHVV IRU 
EXFNOLQJ DERXW HYHU\ D[LV VKRXOG EH LQFUHDVHG E\ �� ��

�����  (IIHFWLYH OHQJWKV

([FHSW IRU DQJOHV� FKDQQHOV RU 7�VHFWLRQV GHVLJQHG LQ DFFRUGDQFH ZLWK ������ WKH HIIHFWLYH OHQJWK /( RI D 
FRPSUHVVLRQ PHPEHU VKRXOG EH GHWHUPLQHG IURP WKH VHJPHQW OHQJWK / FHQWUH�WR�FHQWUH RI UHVWUDLQWV RU 
LQWHUVHFWLRQV ZLWK UHVWUDLQLQJ PHPEHUV LQ WKH UHOHYDQW SODQH DV IROORZV�

D� *HQHUDOO\� LQ DFFRUGDQFH ZLWK 7DEOH ��� GHSHQGLQJ RQ WKH FRQGLWLRQV RI UHVWUDLQW LQ WKH UHOHYDQW SODQH�
PHPEHUV FDUU\LQJ PRUH WKDQ �� � RI WKHLU UHGXFHG SODVWLF PRPHQW FDSDFLW\ 0U LQ WKH SUHVHQFH RI D[LDO
IRUFH �VHH ,��� EHLQJ WDNHQ DV LQFDSDEOH RI SURYLGLQJ GLUHFWLRQDO UHVWUDLQW�

E� )RU FRQWLQXRXV FROXPQV LQ PXOWLVWRUH\ EXLOGLQJV RI VLPSOH GHVLJQ� LQ DFFRUGDQFH ZLWK 7DEOH ��� 
GHSHQGLQJ RQ WKH FRQGLWLRQV RI UHVWUDLQW LQ WKH UHOHYDQW SODQH� GLUHFWLRQDO UHVWUDLQW EHLQJ EDVHG RQ
FRQQHFWLRQ VWLIIQHVV DV ZHOO DV PHPEHU VWLIIQHVV�

F� )RU FRPSUHVVLRQ PHPEHUV LQ WUXVVHV� ODWWLFH JLUGHUV RU EUDFLQJ V\VWHPV� LQ DFFRUGDQFH ZLWK 7DEOH ��� 
GHSHQGLQJ RQ WKH FRQGLWLRQV RI UHVWUDLQW LQ WKH UHOHYDQW SODQH�

G� )RU FROXPQV LQ VLQJOH VWRUH\ EXLOGLQJV RI VLPSOH GHVLJQ� VHH '���

H� )RU FROXPQV VXSSRUWLQJ LQWHUQDO SODWIRUP IORRUV RI VLPSOH GHVLJQ� VHH '���

I� )RU FROXPQV IRUPLQJ SDUW RI D FRQWLQXRXV VWUXFWXUH� VHH $QQH[ (�

7DEOH �� ¦ 1RPLQDO HIIHFWLYH OHQJWK /( IRU D FRPSUHVVLRQ PHPEHUD

�����  &RPSUHVVLRQ UHVLVWDQFH

7KH FRPSUHVVLRQ UHVLVWDQFH 3F RI D PHPEHU VKRXOG EH REWDLQHG IURP WKH IROORZLQJ�

D� IRU FODVV � SODVWLF� FODVV � FRPSDFW RU FODVV � VHPL�FRPSDFW FURVV�VHFWLRQV�

3F  $JSF

E� IRU FODVV � VOHQGHU FURVV�VHFWLRQV�

3F  $HII SFV

D� QRQ�VZD\ PRGH

5HVWUDLQW �LQ WKH SODQH XQGHU FRQVLGHUDWLRQ� E\ RWKHU SDUWV RI WKH VWUXFWXUH /(

(IIHFWLYHO\ KHOG LQ SRVLWLRQ DW
ERWK HQGV

(IIHFWLYHO\ UHVWUDLQHG LQ GLUHFWLRQ DW ERWK HQGV ���/
3DUWLDOO\ UHVWUDLQHG LQ GLUHFWLRQ DW ERWK HQGV ����/
5HVWUDLQHG LQ GLUHFWLRQ DW RQH HQG ����/
1RW UHVWUDLQHG LQ GLUHFWLRQ DW HLWKHU HQG ���/

E� VZD\ PRGH

2QH HQG 2WKHU HQG /(

(IIHFWLYHO\ KHOG LQ SRVLWLRQ
DQG UHVWUDLQHG LQ GLUHFWLRQ

1RW KHOG LQ SRVLWLRQ (IIHFWLYHO\ UHVWUDLQHG LQ GLUHFWLRQ ���/
3DUWLDOO\ UHVWUDLQHG LQ GLUHFWLRQ ���/
1RW UHVWUDLQHG LQ GLUHFWLRQ ���/

D ([FOXGLQJ DQJOH� FKDQQHO RU 7�VHFWLRQ VWUXWV GHVLJQHG LQ DFFRUGDQFH ZLWK �������
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%6 ����������� 6HFWLRQ �

ZKHUH

�����  &RPSUHVVLYH VWUHQJWK

7KH FRPSUHVVLYH VWUHQJWK SF VKRXOG EH EDVHG RQ WKH DSSURSULDWH VWUXW FXUYH IRU EXFNOLQJ DERXW WKH UHOHYDQW
D[LV IURP 7DEOH �� DQG )LJXUH ��� GHSHQGLQJ RQ WKH W\SH RI FURVV�VHFWLRQ DQG WKH PD[LPXP WKLFNQHVV�

7KH YDOXH RI SF IRU WKH DSSURSULDWH VWUXW FXUYH VKRXOG EH REWDLQHG IURP 7DEOH ��� GHSHQGLQJ RQ WKH GHVLJQ
VWUHQJWK S\ DQG WKH VOHQGHUQHVV 
 IRU EXFNOLQJ DERXW WKH UHOHYDQW D[LV� RU IURP WKH IRUPXOD JLYHQ LQ &���

)RU ZHOGHG ,� + RU ER[ VHFWLRQV SF VKRXOG EH REWDLQHG IURP 7DEOH �� XVLQJ D S\ YDOXH �� 1�PP� EHORZ WKDW
REWDLQHG IURP ������ RU E\ XVLQJ WKLV UHGXFHG YDOXH RI S\ LQ WKH IRUPXOD JLYHQ LQ &���
127( 7KLV UHGXFHG S\ YDOXH DSSOLHV RQO\ ZKHQ XVLQJ 7DEOH �� RU WKH IRUPXOD JLYHQ LQ &���

$HII LV WKH HIIHFWLYH FURVV�VHFWLRQDO DUHD IURP ����

$J LV WKH JURVV FURVV�VHFWLRQDO DUHD� VHH ������

SF LV WKH FRPSUHVVLYH VWUHQJWK� VHH ������

SFV LV WKH YDOXH RI SF IURP ����� IRU D UHGXFHG VOHQGHUQHVV RI 
 �$HII �$J���� LQ ZKLFK 
 LV EDVHG RQ WKH 
UDGLXV RI J\UDWLRQ U RI WKH JURVV FURVV�VHFWLRQ�

D� ���� � 8�% � ��� E� 8�% � ��� F� 8�% � ����

)LJXUH �� ¦ 5ROOHG ,� RU +�VHFWLRQ ZLWK ZHOGHG IODQJH SODWHV

U

U

B

B

B

U

U

B

U

U

B

B
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%6 �����������6HFWLRQ �

7DEOH �� ¦ $OORFDWLRQ RI VWUXW FXUYH

7\SH RI VHFWLRQ 0D[LPXP
WKLFNQHVV 

�VHH QRWH ��

$[LV RI EXFNOLQJ

[�[ \�\

+RW�ILQLVKHG VWUXFWXUDO KROORZ VHFWLRQ D� D�

&ROG�IRUPHG VWUXFWXUDO KROORZ VHFWLRQ F� F�

5ROOHG ,�VHFWLRQ ��� PP D� E�

!�� PP E� F�

5ROOHG +�VHFWLRQ ��� PP E� F�

!�� PP F� G�

:HOGHG , RU +�VHFWLRQ �VHH QRWH � DQG ������ ��� PP E� F�

!�� PP E� G�

5ROOHG ,�VHFWLRQ ZLWK ZHOGHG IODQJH FRYHU SODWHV ZLWK
���� � 8�% � ��� DV VKRZQ LQ )LJXUH ��D�

��� PP 

!�� PP

D�

E�

E�

F�

5ROOHG +�VHFWLRQ ZLWK ZHOGHG IODQJH FRYHU SODWHV ZLWK
���� � 8�% � ��� DV VKRZQ LQ )LJXUH ��D�

��� PP 

!�� PP

E�

F�

F�

G�

5ROOHG , RU +�VHFWLRQ ZLWK ZHOGHG IODQJH FRYHU SODWHV ZLWK
8�% � ��� DV VKRZQ LQ )LJXUH ��E�

��� PP 

!�� PP

E�

F�

D�

E�

5ROOHG , RU +�VHFWLRQ ZLWK ZHOGHG IODQJH FRYHU SODWHV ZLWK
8�% � ���� DV VKRZQ LQ )LJXUH ��F�

��� PP

!�� PP

E�

E�

F�

G�

:HOGHG ER[ VHFWLRQ �VHH QRWH � DQG ������ ��� PP E� E�

!�� PP F� F�

5RXQG� VTXDUH RU IODW EDU ��� PP 

!�� PP

E� 

F�

E� 

F�

5ROOHG DQJOH� FKDQQHO RU 7�VHFWLRQ

7ZR UROOHG VHFWLRQV ODFHG� EDWWHQHG RU EDFN�WR�EDFN

&RPSRXQG UROOHG VHFWLRQV

$Q\ D[LV� F�

127( �    )RU WKLFNQHVVHV EHWZHHQ �� PP DQG �� PP WKH YDOXH RI SF PD\ EH WDNHQ DV WKH DYHUDJH RI WKH YDOXHV IRU WKLFNQHVVHV
XS WR �� PP DQG RYHU �� PP IRU WKH UHOHYDQW YDOXH RI S\�

127( � )RU ZHOGHG , RU +�VHFWLRQV ZLWK WKHLU IODQJHV WKHUPDOO\ FXW E\ PDFKLQH ZLWKRXW VXEVHTXHQW HGJH JULQGLQJ RU
PDFKLQLQJ� IRU EXFNOLQJ DERXW WKH \�\ D[LV� VWUXW FXUYH E� PD\ EH XVHG IRU IODQJHV XS WR �� PP WKLFN DQG VWUXW FXUYH F� IRU
IODQJHV RYHU �� PP WKLFN�

127( �  7KH FDWHJRU\ §ZHOGHG ER[ VHFWLRQ¨ LQFOXGHV DQ\ ER[ VHFWLRQ IDEULFDWHG IURP SODWHV RU UROOHG VHFWLRQV� SURYLGHG WKDW DOO
RI WKH ORQJLWXGLQDO ZHOGV DUH QHDU WKH FRUQHUV RI WKH FURVV�VHFWLRQ� %R[ VHFWLRQV ZLWK ORQJLWXGLQDO VWLIIHQHUV DUH 127 LQFOXGHG LQ
WKLV FDWHJRU\�
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ &RPSUHVVLYH VWUHQJWK SF �1�PP��

�� 9DOXHV RI SF LQ 1�PP� ZLWK � � ��� IRU VWUXW FXUYH D

� 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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%6 �����������6HFWLRQ �

7DEOH �� ¦ &RPSUHVVLYH VWUHQJWK SF �1�PP�� �FRQWLQXHG�

�� 9DOXHV RI SF �1�PP�� ZLWK � ���� ��� IRU VWUXW FXUYH D

� 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �LQ 1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

85© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 ����������� 6HFWLRQ �

7DEOH �� ¦  &RPSUHVVLYH VWUHQJWK SF �1�PP�� �FRQWLQXHG�

 �� 9DOXHV RI SF �1�PP�� ZLWK � � ��� IRU VWUXW FXUYH E

� 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

89© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 ����������� 6HFWLRQ �

7DEOH �� ¦ &RPSUHVVLYH VWUHQJWK SF �1�PP�� �FRQWLQXHG�

 �� 9DOXHV RI  SF �1�PP�� ZLWK � � ��� IRU VWUXW FXUYH G

� 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��� �� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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%6 �����������6HFWLRQ �

7DEOH �� ¦ &RPSUHVVLYH VWUHQJWK SF �1�PP�� �FRQWLQXHG�

 �� 9DOXHV RI  SF �1�PP�� ZLWK � ������� IRU VWUXW FXUYH G

� 6WHHO JUDGH DQG GHVLJQ VWUHQJWK S\ �1�PP��

6 ��� 6 ��� 6 ���

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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%6 ����������� 6HFWLRQ �

�����  (FFHQWULF FRQQHFWLRQV

0RPHQWV GXH WR HFFHQWULFLW\ RI FRQQHFWLRQV VKRXOG EH DOORZHG IRU LQ DFFRUGDQFH ZLWK ��� H[FHSW DV IROORZV�

D� &ROXPQV LQ VLPSOH VWUXFWXUHV� 7KHVH VKRXOG EH GHVLJQHG LQ DFFRUGDQFH ZLWK ������

E� /DFHG� EDWWHQHG VWUXWV DQG EDWWHQ�VWDUUHG DQJOH VWUXWV� 7KHVH PD\ EH WUHDWHG DV VLQJOH LQWHJUDO
PHPEHUV DQG GHVLJQHG DV D[LDOO\ ORDGHG VWUXWV LQ DFFRUGDQFH ZLWK ������ ����� RU ������ UHVSHFWLYHO\�

F� $QJOHV� FKDQQHOV DQG 7�VHFWLRQV� 7KH HIIHFW RI HFFHQWULF HQG FRQQHFWLRQV PD\ EH QHJOHFWHG LI WKHVH
PHPEHUV DUH GHVLJQHG LQ DFFRUGDQFH ZLWK �������

G� &RQWLQXRXV VWUXFWXUHV� 7KHVH VKRXOG EH LQ DFFRUGDQFH ZLWK 6HFWLRQ ��

�����  &ROXPQV LQ VLPSOH VWUXFWXUHV

,Q VWUXFWXUHV RI VLPSOH GHVLJQ� VHH �������� LW LV QRW QHFHVVDU\ WR FRQVLGHU WKH HIIHFW RQ FROXPQV RI SDWWHUQ 
ORDGLQJ� )RU WKH SXUSRVH RI FROXPQ GHVLJQ� DOO WKH EHDPV VXSSRUWHG E\ D FROXPQ DW DQ\ RQH OHYHO VKRXOG EH
DVVXPHG WR EH IXOO\ ORDGHG�

7KH QRPLQDO PRPHQWV DSSOLHG WR WKH FROXPQ E\ VLPSOH EHDPV RU RWKHU VLPSO\�VXSSRUWHG PHPEHUV VKRXOG
EH FDOFXODWHG IURP WKH HFFHQWULFLW\ RI WKHLU UHDFWLRQV� WDNHQ DV IROORZV�

�� )RU D EHDP VXSSRUWHG RQ WKH FDS SODWH� WKH UHDFWLRQ VKRXOG EH WDNHQ DV DFWLQJ DW WKH IDFH RI WKH FROXPQ�
RU HGJH RI SDFNLQJ LI XVHG� WRZDUGV WKH VSDQ RI WKH EHDP�

�� )RU D URRI WUXVV VXSSRUWHG RQ WKH FDS SODWH� WKH HFFHQWULFLW\ PD\ EH QHJOHFWHG SURYLGHG WKDW VLPSOH 
FRQQHFWLRQV DUH XVHG WKDW GR QRW GHYHORS VLJQLILFDQW PRPHQWV DGYHUVHO\ DIIHFWLQJ WKH VWUXFWXUH�

�� ,Q DOO RWKHU FDVHV WKH UHDFWLRQ VKRXOG EH WDNHQ DV DFWLQJ ��� PP IURP WKH IDFH RI WKH VWHHO FROXPQ� RU
DW WKH FHQWUH RI WKH OHQJWK RI VWLII EHDULQJ� ZKLFKHYHU JLYHV WKH JUHDWHU HFFHQWULFLW\�

,Q PXOWL�VWRUH\ FROXPQV WKDW DUH HIIHFWLYHO\ FRQWLQXRXV DW WKHLU VSOLFHV� WKH QHW PRPHQW DSSOLHG DW DQ\ RQH 
OHYHO VKRXOG EH GLYLGHG EHWZHHQ WKH FROXPQ OHQJWKV DERYH DQG EHORZ WKDW OHYHO LQ SURSRUWLRQ WR WKH VWLIIQHVV
FRHIILFLHQW ,�/ RI HDFK OHQJWK� H[FHSW WKDW ZKHQ WKH UDWLR RI WKH VWLIIQHVV FRHIILFLHQWV GRHV QRW H[FHHG ��� WKH 
PRPHQW PD\ RSWLRQDOO\ EH GLYLGHG HTXDOO\�

$OO HTXLYDOHQW XQLIRUP PRPHQW IDFWRUV P VKRXOG EH WDNHQ DV ���� 7KH QRPLQDO PRPHQWV DSSOLHG WR WKH
FROXPQ VKRXOG EH DVVXPHG WR KDYH QR HIIHFW DW WKH OHYHOV DERYH DQG EHORZ WKH OHYHO DW ZKLFK WKH\ DUH
DSSOLHG� :KHQ RQO\ WKHVH QRPLQDO PRPHQWV DUH DSSOLHG� WKH FROXPQ VKRXOG VDWLVI\ WKH UHODWLRQVKLS�

ZKHUH

)RU FLUFXODU RU VTXDUH KROORZ VHFWLRQV� DQG IRU UHFWDQJXODU KROORZ VHFWLRQV ZLWKLQ WKH OLPLWLQJ YDOXH RI 
/(�U\ JLYHQ LQ 7DEOH ��� WKH EXFNOLQJ UHVLVWDQFH PRPHQW IRU VLPSOH FROXPQV 0EV VKRXOG EH WDNHQ DV HTXDO 
WR WKH PRPHQW FDSDFLW\ 0F RI WKH FURVV�VHFWLRQ� VHH ������

)RU DOO RWKHU GRXEO\ V\PPHWULF FURVV�VHFWLRQV 0EV VKRXOG EH WDNHQ DV WKH YDOXH RI 0E GHWHUPLQHG DV
GHVFULEHG LQ ������� EXW �H[FHSW IRU UHFWDQJXODU KROORZ VHFWLRQV� XVLQJ WKH HTXLYDOHQW VOHQGHUQHVV 
/7 RI WKH 
FROXPQ JLYHQ E\�


/7   ���/�U\

)F LV WKH FRPSUHVVLYH IRUFH GXH WR D[LDO IRUFH�

0[ LV WKH QRPLQDO PRPHQW DERXW WKH PDMRU D[LV�

0\ LV WKH QRPLQDO PRPHQW DERXW WKH PLQRU D[LV�

0EV LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW IRU VLPSOH FROXPQV�

3F LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ������

S\ LV WKH GHVLJQ VWUHQJWK�

=\ LV WKH VHFWLRQ PRGXOXV DERXW WKH PLQRU D[LV�

)F
3F
������

0[
0EV
����������

0\
S\=\
������������� ��� �
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%6 �����������6HFWLRQ �

ZKHUH

�����  /DFHG VWUXWV

$ ODFHG VWUXW FRQVLVWLQJ RI WZR RU PRUH PDLQ FRPSRQHQWV PD\ EH GHVLJQHG DV D VLQJOH LQWHJUDO PHPEHU�
SURYLGHG WKDW WKH IROORZLQJ FRQGLWLRQV DUH PHW�

D� 7KH PDLQ FRPSRQHQWV VKRXOG EH HIIHFWLYHO\ UHVWUDLQHG DJDLQVW EXFNOLQJ E\ D ODFLQJ V\VWHP RI IODWV RU
VHFWLRQV�

E� 7KH ODFLQJ VKRXOG FRPSULVH DQ HIIHFWLYHO\ WULDQJXODWHG V\VWHP RQ HDFK IDFH DQG DV IDU DV SUDFWLFDEOH 
WKH ODFLQJ VKRXOG QRW YDU\ WKURXJKRXW WKH OHQJWK RI WKH PHPEHU�

F� ([FHSW IRU WKH SDQHOV UHIHUUHG WR LQ I�� GRXEOH LQWHUVHFWLRQ ODFLQJ V\VWHPV DQG VLQJOH LQWHUVHFWLRQ ODFLQJ
V\VWHPV PXWXDOO\ RSSRVHG LQ GLUHFWLRQ RQ RSSRVLWH VLGHV RI WZR PDLQ FRPSRQHQWV VKRXOG QRW EH FRPELQHG
ZLWK PHPEHUV RU GLDSKUDJPV SHUSHQGLFXODU WR WKH ORQJLWXGLQDO D[LV RI WKH VWUXW XQOHVV DOO IRUFHV
UHVXOWLQJ IURP WKH GHIRUPDWLRQ RI WKH VWUXW PHPEHUV DUH FDOFXODWHG DQG DOORZHG IRU LQ WKH GHVLJQ�

G� 6LQJOH ODFLQJ V\VWHPV PXWXDOO\ RSSRVHG LQ GLUHFWLRQ RQ RSSRVLWH VLGHV RI WZR PDLQ FRPSRQHQWV VKRXOG
QRW EH XVHG XQOHVV WKH UHVXOWLQJ WRUVLRQDO HIIHFWV DUH DOORZHG IRU�

H� $OO ODFLQJV� ZKHWKHU LQ GRXEOH RU VLQJOH LQWHUVHFWLRQ V\VWHPV� VKRXOG EH LQFOLQHG DW DQ DQJOH EHWZHHQ 
��� DQG ��� WR WKH D[LV RI WKH PHPEHU�

I� 7LH SDQHOV VKRXOG EH SURYLGHG DW WKH HQGV RI WKH ODFLQJ V\VWHPV� DW SRLQWV ZKHUH WKH ODFLQJ LV
LQWHUUXSWHG� DQG DW FRQQHFWLRQV ZLWK RWKHU PHPEHUV� 7LH SDQHOV PD\ WDNH WKH IRUP RI EDWWHQV FRQIRUPLQJ
WR ������ DOWHUQDWLYHO\� FURVV EUDFHG SDQHOV RI HTXLYDOHQW ULJLGLW\ PD\ EH XVHG� ,Q HLWKHU FDVH WKH WLH SDQHOV
VKRXOG EH GHVLJQHG WR FDUU\ WKH ORDGV IRU ZKLFK WKH ODFLQJ V\VWHP LV GHVLJQHG�

J� 7KH VOHQGHUQHVV 
F RI WKH PDLQ FRPSRQHQWV �EDVHG RQ WKHLU PLQLPXP UDGLXV RI J\UDWLRQ� EHWZHHQ 
FRQVHFXWLYH SRLQWV ZKHUH WKH ODFLQJ LV DWWDFKHG VKRXOG QRW H[FHHG ��� ,I WKH RYHUDOO VOHQGHUQHVV RI WKH 
PHPEHU LV OHVV WKDQ ���
F WKH GHVLJQ VKRXOG EH EDVHG RQ D VOHQGHUQHVV RI ���
F�

K� 7KH HIIHFWLYH OHQJWK RI D ODFLQJ VKRXOG EH WDNHQ DV WKH GLVWDQFH EHWZHHQ WKH LQQHU HQG ZHOGV RU EROWV 
IRU VLQJOH LQWHUVHFWLRQ ODFLQJ DQG DV ��� WLPHV WKLV GLVWDQFH IRU GRXEOH LQWHUVHFWLRQ ODFLQJ FRQQHFWHG E\ 
ZHOGV RU EROWV DW WKH LQWHUVHFWLRQ� 7KH VOHQGHUQHVV RI D ODFLQJ VKRXOG QRW H[FHHG ����

L� 7KH ODFLQJV DQG WKHLU FRQQHFWLRQV VKRXOG EH GHVLJQHG WR FDUU\ WKH IRUFHV LQGXFHG E\ D WUDQVYHUVH VKHDU 
DW DQ\ SRLQW LQ WKH OHQJWK RI WKH PHPEHU HTXDO WR ��� � RI WKH D[LDO IRUFH LQ WKH PHPEHU� GLYLGHG HTXDOO\
DPRQJVW DOO WUDQVYHUVH ODFLQJ V\VWHPV LQ SDUDOOHO SODQHV� )RU PHPEHUV FDUU\LQJ PRPHQWV GXH WR
HFFHQWULFLW\ RI ORDGLQJ� DSSOLHG HQG PRPHQWV RU ODWHUDO ORDGLQJ� WKH ODFLQJ VKRXOG EH SURSRUWLRQHG WR
UHVLVW WKH VKHDU GXH WR EHQGLQJ LQ DGGLWLRQ WR ��� � RI WKH D[LDO IRUFH�

�����  %DWWHQHG VWUXWV

$ EDWWHQHG VWUXW FRQVLVWLQJ RI WZR RU PRUH PDLQ FRPSRQHQWV PD\ EH GHVLJQHG DV D VLQJOH LQWHJUDO PHPEHU�
SURYLGHG WKDW WKH IROORZLQJ FRQGLWLRQV DUH PHW�

D� 7KH PDLQ FRPSRQHQWV VKRXOG EH HIIHFWLYHO\ UHVWUDLQHG DJDLQVW EXFNOLQJ E\ D V\VWHP RI EDWWHQV
FRQVLVWLQJ RI SODWHV RU VHFWLRQV� VR FRQQHFWHG WR WKH PDLQ FRPSRQHQWV DV WR IRUP ZLWK WKHP DQ HIIHFWLYHO\ 
ULJLG�MRLQWHG IUDPH�

E� %DWWHQV VKRXOG EH SRVLWLRQHG RSSRVLWH HDFK RWKHU LQ HDFK SODQH DW WKH HQGV RI WKH PHPEHU DQG DW SRLQWV 
ZKHUH LW LV ODWHUDOO\ UHVWUDLQHG� ,QWHUPHGLDWH EDWWHQV VKRXOG EH SRVLWLRQHG RSSRVLWH HDFK RWKHU DQG EH
VSDFHG DQG SURSRUWLRQHG XQLIRUPO\ WKURXJKRXW WKH OHQJWK RI D PHPEHU�

F� 7KH VOHQGHUQHVV 
F RI D PDLQ FRPSRQHQW �EDVHG RQ LWV PLQLPXP UDGLXV RI J\UDWLRQ� EHWZHHQ HQG ZHOGV 
RU HQG EROWV RI DGMDFHQW EDWWHQV VKRXOG QRW H[FHHG ��� 7KH VOHQGHUQHVV 
E RI WKH EDWWHQHG VWUXW DERXW WKH
D[LV SHUSHQGLFXODU WR WKH SODQH RI WKH EDWWHQV VKRXOG EH FDOFXODWHG IURP�


E   �
P
� � 
F

�����

ZKHUH


P LV  WKH UDWLR /(�U RI WKH ZKROH PHPEHU DERXW WKDW D[LV�

G� ,I 
E LV OHVV WKDQ ���
F WKH GHVLJQ VKRXOG EH EDVHG RQ 
E   ���
F�

/ LV WKH GLVWDQFH EHWZHHQ OHYHOV DW ZKLFK WKH FROXPQ LV ODWHUDOO\ UHVWUDLQHG LQ ERWK GLUHFWLRQV�
U\ LV WKH UDGLXV RI J\UDWLRQ DERXW WKH PLQRU D[LV�
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%6 ����������� 6HFWLRQ �

H� 7KH WKLFNQHVV RI SODWH EDWWHQV VKRXOG EH QRW OHVV WKDQ ���� RI WKH PLQLPXP GLVWDQFHV EHWZHHQ ZHOGV
RU EROWV� 7KH VOHQGHUQHVV RI VHFWLRQV XVHG DV EDWWHQV VKRXOG QRW H[FHHG ���� 7KH ZLGWK RI DQ HQG EDWWHQ
DORQJ WKH D[LV RI WKH PDLQ FRPSRQHQWV VKRXOG EH QRW OHVV WKDQ WKH GLVWDQFH EHWZHHQ FHQWURLGV RI WKH PDLQ
PHPEHUV DQG QRW OHVV WKDQ KDOI WKLV GLVWDQFH IRU LQWHUPHGLDWH EDWWHQV� )XUWKHU� WKH ZLGWK RI DQ\ EDWWHQ
VKRXOG EH QRW OHVV WKDQ WZLFH WKH ZLGWK RI WKH QDUURZHU PDLQ FRPSRQHQW�

I� 7KH EDWWHQV DQG WKH FRQQHFWLRQV EHWZHHQ WKHP DQG WKH PDLQ FRPSRQHQWV VKRXOG EH GHVLJQHG WR FDUU\ 
WKH IRUFHV DQG PRPHQWV LQGXFHG E\ D WUDQVYHUVH VKHDU DW DQ\ SRLQW LQ WKH OHQJWK RI D PHPEHU HTXDO
WR ��� � RI WKH D[LDO IRUFH LQ WKH PHPEHU� )RU PHPEHUV FDUU\LQJ PRPHQWV GXH WR HFFHQWULFLW\ RI ORDGLQJ�
DSSOLHG HQG PRPHQWV RU ODWHUDO ORDGV� WKH EDWWHQV VKRXOG EH SURSRUWLRQHG WR UHVLVW WKH VKHDU GXH WR
EHQGLQJ LQ DGGLWLRQ WR ��� � RI WKH D[LDO IRUFH�
127( )RU EDWWHQHG DQJOH PHPEHUV VHH ������ RU ������ DV DSSURSULDWH�

������  $QJOH� FKDQQHO RU 7�VHFWLRQ VWUXWV

��������  *HQHUDO

6WUXWV FRPSRVHG RI DQJOHV� FKDQQHOV RU 7�VHFWLRQV PD\ EH WUHDWHG DV D[LDOO\ ORDGHG� QHJOHFWLQJ WKH
HFFHQWULFLW\ RI QRUPDO HQG FRQQHFWLRQV� SURYLGHG WKDW WKH FULWHULD JLYHQ LQ ��������� ��������� ��������
DQG �������� DUH VDWLVILHG�

$OWHUQDWLYHO\� LQ WKH LQWHUQDO VHJPHQWV RI FRQWLQXRXV VWUXWV� VXFK DV WKRVH IRUPLQJ WKH OHJV RI WRZHUV RU WKH 
IODQJHV RI ODWWLFH JLUGHUV� WKH HIIHFWLYH OHQJWK PD\ EH GHWHUPLQHG IURP ����� DQG 7DEOH ���

7KH VHJPHQW OHQJWK / VKRXOG EH WDNHQ DV WKH GLVWDQFH EHWZHHQ WKH LQWHUVHFWLRQ RI FHQWURLGDO D[HV RU WKH
LQWHUVHFWLRQV RI WKH VHWWLQJ RXW OLQHV RI WKH EROWV� DQG U LV WKH UDGLXV RI J\UDWLRQ DERXW WKH UHOHYDQW D[LV� 7KH 
D[HV VKRXOG EH WDNHQ DV GHILQHG LQ 7DEOH ���

,QWHUPHGLDWH UHVWUDLQWV PD\ EH DOORZHG IRU LQ GHWHUPLQLQJ WKH VHJPHQW OHQJWKV / IRU EXFNOLQJ DERXW HDFK 
D[LV� SURYLGHG WKH\ OLH DW DQ DQJOH RI QRW PRUH WKDQ ��� WR WKH SODQH RI EXFNOLQJ FRQVLGHUHG�

,Q WKH FDVH RI D VLQJOH�DQJOH VWUXW ZLWK ODWHUDO UHVWUDLQWV WR LWV WZR OHJV DOWHUQDWHO\� WKH VOHQGHUQHVV IRU 
EXFNOLQJ DERXW HYHU\ D[LV VKRXOG EH LQFUHDVHG E\ �� ��

��������  6LQJOH DQJOHV

)RU D VLQJOH DQJOH FRQQHFWHG E\ RQH OHJ WR D JXVVHW� RU GLUHFWO\ WR DQRWKHU PHPEHU� DW HDFK HQG�

D� E\ WZR RU PRUH EROWV LQ VWDQGDUG FOHDUDQFH KROHV LQ OLQH DORQJ WKH DQJOH� RU E\ DQ HTXLYDOHQW ZHOGHG
FRQQHFWLRQ� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHVW RI�

�� ����/Y�UY EXW ����/Y�UY � ��

�� ���/D�UD EXW � ���/D�UD � ��

�� ����/E�UE EXW ����/E�UE � ��

E� E\ WZR EROWV LQ OLQH DORQJ WKH DQJOH� RQH LQ D VWDQGDUG FOHDUDQFH KROH DQG RQH LQ D NLGQH\�VKDSHG VORW�
WKH VOHQGHUQHVV 
    VKRXOG EH WDNHQ DV WKH JUHDWHVW RI�

�� ���/Y�UY EXW ����/Y�UY � ��

�� ���/D�UD EXW ����/D�UD � ��

�� ���/E�UE EXW ����/E�UE � ��

F� E\ D VLQJOH EROW� WKH FRPSUHVVLRQ UHVLVWDQFH VKRXOG EH WDNHQ DV �� � RI WKH FRPSUHVVLRQ UHVLVWDQFH RI 
DQ D[LDOO\ ORDGHG PHPEHU DQG WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHVW RI�

�� ���/Y�UY EXW ����/Y�UY � ��

�� ���/D�UD EXW ����/D�UD � ��

�� ���/E�UE EXW ����/E�UE � ��
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%6 �����������6HFWLRQ �

��������  'RXEOH DQJOHV

)RU GRXEOH DQJOHV LQWHUFRQQHFWHG EDFN�WR�EDFN DV UHFRPPHQGHG LQ ������ RU EDWWHQHG DV UHFRPPHQGHG
LQ ������ DQG FRQQHFWHG E\ RQH OHJ RI HDFK DQJOH WR D JXVVHW� RU GLUHFWO\ WR DQRWKHU PHPEHU� DW HDFK HQG�

D� WR RQH VLGH RI D JXVVHW RU PHPEHU E\ WZR RU PRUH EROWV LQ OLQH DORQJ HDFK DQJOH RU E\ DQ HTXLYDOHQW 
ZHOG� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ���/[�U[ EXW ����/[�U[ � ��

�� >�����/\�U\�� � 
F
�@��� EXW ����
F

E� WR RQH VLGH RI D JXVVHW RU PHPEHU E\ RQH EROW LQ HDFK DQJOH� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH
JUHDWHU RI�

�� ���/[�U[ EXW ����/[�U[ � ��

�� >����/\�U\�� � 
F
�@��� EXW ����
F

F� WR ERWK VLGHV RI D JXVVHW RU PHPEHU E\ WZR RU PRUH EROWV LQ VWDQGDUG FOHDUDQFH KROHV� LQ OLQH DORQJ WKH 
DQJOHV� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ����/[�U[ EXW ����/[�U[ � ��

�� >�/\�U\�� � 
F
�@��� EXW ����
F

G� WR ERWK VLGHV RI D JXVVHW RU PHPEHU E\ WZR EROWV LQ OLQH DORQJ HDFK DQJOH� RQH LQ D VWDQGDUG FOHDUDQFH 
KROH DQG RQH LQ D NLGQH\�VKDSHG VORW� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ���/[�U[ EXW ����/[�U[ � ��

�� >�/\�U\�� � 
F
�@��� EXW ����
F

H� WR ERWK VLGHV RI D JXVVHW RU PHPEHU E\ D VLQJOH EROW WKURXJK HDFK DQJOH� WKH FRPSUHVVLRQ UHVLVWDQFH 
VKRXOG EH WDNHQ DV �� � RI WKH FRPSUHVVLRQ UHVLVWDQFH RI DQ D[LDOO\ ORDGHG PHPEHU DQG WKH VOHQGHUQHVV

 VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ���/[�U[ EXW ����/[�U[ � ��

�� >�/\�U\�� � 
F
�@��� EXW ����
F

ZKHUH LQ D� WR H� 
F  /Y�UY LQ ZKLFK /Y LV PHDVXUHG EHWZHHQ LQWHUFRQQHFWLQJ EROWV IRU EDFN�WR�EDFN VWUXWV
RU EHWZHHQ HQG ZHOGV RU HQG EROWV RI DGMDFHQW EDWWHQV IRU EDWWHQHG DQJOH VWUXWV�

��������  6LQJOH FKDQQHOV

)RU D VLQJOH FKDQQHO FRQQHFWHG RQO\ E\ LWV ZHE WR D JXVVHW� RU GLUHFWO\ WR DQRWKHU PHPEHU DW HDFK HQG�

D� E\ WZR RU PRUH URZV RI EROWV DUUDQJHG V\PPHWULFDOO\ DFURVV WKH ZHE� RU E\ DQ HTXLYDOHQW ZHOGHG
FRQQHFWLRQ� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ����/[�U[

�� ���/\�U\ EXW ����/\�U\ � ��

E� E\ WZR RU PRUH EROWV DUUDQJHG V\PPHWULFDOO\ LQ D VLQJOH URZ DFURVV WKH ZHE� RU E\ DQ HTXLYDOHQW ZHOGHG
FRQQHFWLRQ� WKH VOHQGHUQHVV 
 VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ���/[�U[

�� ���/\�U\ EXW ����/\�U\ � ��
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%6 �����������6HFWLRQ �

��������  6LQJOH 7�VHFWLRQV

)RU D VLQJOH 7�VHFWLRQ FRQQHFWHG RQO\ E\ LWV IODQJH WR D JXVVHW� RU GLUHFWO\ WR DQRWKHU PHPEHU DW HDFK HQG�

D� E\ WZR RU PRUH URZV RI EROWV DUUDQJHG V\PPHWULFDOO\ DFURVV WKH IODQJH� RU E\ DQ HTXLYDOHQW ZHOGHG
FRQQHFWLRQ� WKH VOHQGHUQHVV � VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ���/[�U[ EXW ����/[�U[ � ��

�� ����/\�U\

E� E\ WZR RU PRUH EROWV DUUDQJHG V\PPHWULFDOO\ LQ D VLQJOH URZ DFURVV WKH IODQJH� RU E\ DQ HTXLYDOHQW
ZHOGHG FRQQHFWLRQ� WKH VOHQGHUQHVV � VKRXOG EH WDNHQ DV WKH JUHDWHU RI�

�� ���/[�U[ EXW ����/[�U[ � ��

�� ���/\�U\

������  6WDUUHG DQJOH VWUXWV

$ EDWWHQHG DQJOH PHPEHU RI FUXFLIRUP FURVV�VHFWLRQ PD\ EH GHVLJQHG DV D VLQJOH LQWHJUDO FRPSUHVVLRQ 
PHPEHU SURYLGHG WKDW LW PHHWV WKH FRQGLWLRQV JLYHQ LQ ����� ZLWK WKH IROORZLQJ PRGLILFDWLRQV�

D� 7KH EDWWHQV VKRXOG EH FRQQHFWHG WR WKH EDFNV RI DQJOHV SDUDOOHO WR ERWK WKH UHFWDQJXODU D[HV RI WKH
PHPEHU� 7KH\ VKRXOG DOWHUQDWH LQ HDFK SODQH DQG WKH HIIHFWLYH OHQJWK RI D PDLQ FRPSRQHQW VKRXOG EH
WDNHQ DV WKH VSDFLQJ FHQWUH�WR�FHQWUH RI WKH EDWWHQV LQ WKH VDPH SODQH�

E� 7KH WUDQVYHUVH VKHDU RI QRW OHVV WKDQ ��� � RI WKH D[LDO IRUFH VKRXOG EH WDNHQ DV DFWLQJ SHUSHQGLFXODU
WR WKH PLQRU D[LV RI WKH PHPEHU� 7KH EDWWHQV LQ HDFK SODQH VKRXOG EH GHVLJQHG IRU WKH FRPSRQHQWV RI WKLV
VKHDU UHVROYHG SHUSHQGLFXODU WR WKH UHFWDQJXODU D[HV SOXV DQ\ WUDQVYHUVH VKHDU GXH WR WKH ZHLJKW RU ZLQG 
UHVLVWDQFH RI WKH PHPEHU�

������  %DWWHQHG SDUDOOHO DQJOH VWUXWV 

$ EDWWHQHG SDUDOOHO DQJOH PHPEHU FRPSRVHG RI WZR VLPLODU DQJOHV DUUDQJHG V\PPHWULFDOO\ ZLWK WKHLU
FRUUHVSRQGLQJ UHFWDQJXODU D[HV DOLJQHG PD\ EH GHVLJQHG DV D VLQJOH LQWHJUDO FRPSUHVVLRQ PHPEHU 
SURYLGLQJ WKDW LQ DOO RWKHU UHVSHFWV LW PHHWV WKH FRQGLWLRQV JLYHQ LQ ������

7KH HFFHQWULFLW\ RI HQG FRQQHFWLRQV VKRXOG EH DOORZHG IRU DV JLYHQ LQ ���������

������  %DFN�WR�EDFN VWUXWV

��������  &RPSRQHQWV VHSDUDWHG

$ PHPEHU FRPSRVHG RI WZR DQJOHV� FKDQQHOV RU 7�VHFWLRQV� VHSDUDWHG EDFN�WR�EDFN E\ D GLVWDQFH QRW
H[FHHGLQJ WKDW UHTXLUHG IRU WKH HQG JXVVHW FRQQHFWLRQ� PD\ EH GHVLJQHG DV D VLQJOH LQWHJUDO FRPSUHVVLRQ 
PHPEHU SURYLGHG WKDW WKH IROORZLQJ FRQGLWLRQV DUH VDWLVILHG�

D� 7KH PDLQ FRPSRQHQWV VKRXOG EH RI VLPLODU FURVV�VHFWLRQ DQG WKHLU FRUUHVSRQGLQJ UHFWDQJXODU D[HV
VKRXOG EH DOLJQHG�

E� 7KH PDLQ FRPSRQHQWV VKRXOG EH LQWHUFRQQHFWHG E\ EROWV� :KHUH WKH FRPSRQHQWV DUH FRQQHFWHG
WRJHWKHU E\ ZHOGLQJ WKH PHPEHU VKRXOG EH GHVLJQHG DV D EDWWHQHG VWUXW DV JLYHQ LQ ������

F� 7KH PHPEHU VKRXOG QRW EH VXEMHFWHG WR WUDQVYHUVH ORDGV SHUSHQGLFXODU WR WKH FRQQHFWHG VXUIDFHV RWKHU 
WKDQ WKH ZHLJKW RU WKH ZLQG UHVLVWDQFH RI WKH PHPEHU�

G� 7KH VOHQGHUQHVV � RI WKH FRPSRXQG VWUXW DERXW WKH D[LV SDUDOOHO WR WKH FRQQHFWHG VXUIDFHV VKRXOG EH
FDOFXODWHG IURP �����F� IRU EDWWHQHG VWUXWV�

H� 7KH PDLQ FRPSRQHQWV VKRXOG EH FRQQHFWHG DW LQWHUYDOV VR WKDW WKH PHPEHU LV GLYLGHG LQWR DW OHDVW WKUHH
ED\V RI DSSUR[LPDWHO\ HTXDO OHQJWK� $W WKH HQGV RI WKH PHPEHU WKH PDLQ FRPSRQHQWV VKRXOG EH
LQWHUFRQQHFWHG E\ QRW OHVV WKDQ WZR EROWV DORQJ HDFK OLQH DORQJ WKH OHQJWK RI WKH PHPEHU�

I� 7KH LQWHUFRQQHFWLQJ EROWV VKRXOG EH GHVLJQHG WR WUDQVPLW WKH ORQJLWXGLQDO VKHDU EHWZHHQ WKH PDLQ
FRPSRQHQWV LQGXFHG E\ D WUDQVYHUVH VKHDU 4 DW DQ\ SRLQW LQ WKH PHPEHU� 4 VKRXOG EH WDNHQ DV QRW OHVV
WKDQ ��� � RI WKH IDFWRUHG D[LDO FRPSUHVVLRQ LQ WKH PHPEHU SOXV DQ\ ORDG GXH WR VHOI ZHLJKW RU ZLQG 
UHVLVWDQFH RI WKH PHPEHU� ,Q QR FDVH VKRXOG WKH EROWV EH OHVV WKDQ �� PP LQ GLDPHWHU� 7KH ORQJLWXGLQDO 
VKHDU SHU LQWHUFRQQHFWLRQ VKRXOG EH WDNHQ DV ����4�F LQ ZKLFK �F LV WKH VOHQGHUQHVV RI WKH PDLQ
FRPSRQHQW FHQWUH�WR�FHQWUH RI LQWHUFRQQHFWLRQV�

J� $W DOO LQWHUFRQQHFWLRQV WKH EROWV VKRXOG SDVV WKURXJK VROLG VWHHO SDFNLQJV� ZDVKHUV RU JXVVHWV� ,Q VWUXWV
DW OHDVW WZR EROWV VKRXOG EH SURYLGHG LQ OLQH DFURVV WKH ZLGWK RI DOO PHPEHUV WKDW DUH VXIILFLHQWO\ ZLGH WR
DFFRPPRGDWH WKHP�

99© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 ����������� 6HFWLRQ �

��������  &RPSRQHQWV LQ FRQWDFW

$ PHPEHU FRPSRVHG RI WZR DQJOHV� FKDQQHOV RU 7�VHFWLRQV LQ FRQWDFW EDFN�WR�EDFN RU VHSDUDWHG E\
FRQWLQXRXV VWHHO SDFNLQJ PD\ EH GHVLJQHG DV D VLQJOH LQWHJUDO FRPSUHVVLRQ PHPEHU SURYLGHG WKDW WKH
IROORZLQJ FRQGLWLRQV DUH PHW�

D� 7KH PDLQ FRPSRQHQWV VKRXOG EH VLPLODU VHFWLRQV DUUDQJHG V\PPHWULFDOO\ ZLWK WKHLU FRUUHVSRQGLQJ 
UHFWDQJXODU D[HV DOLJQHG�

E� ,QWHUFRQQHFWLRQ VKRXOG EH DV IROORZV�

�� :KHQ LQWHUFRQQHFWLRQ LV E\ PHDQV RI EROWV� DW OHDVW WZR EROWV VKRXOG EH XVHG LQ OLQH DFURVV WKH ZLGWK
RI WKH PHPEHU� SURYLGHG WKDW LW LV VXIILFLHQWO\ ZLGH� 7KH VSDFLQJ RI WKH EROWV VKRXOG QRW H[FHHG ��� PP 
RU ��W ZKHUH W LV WKH WKLFNQHVV RI WKH WKLQQHU SDUW MRLQHG�

�� :KHQ LQWHUFRQQHFWLRQ LV E\ PHDQV RI ZHOGV� ERWK SDLUV RI HGJHV RI WKH PDLQ FRPSRQHQWV VKRXOG EH
ZHOGHG� 7KH VSDFLQJ FHQWUH�WR�FHQWUH RI LQWHUFRQQHFWLRQV VKRXOG EH WDNHQ DV WKH VSDFLQJ 
FHQWUH�WR�FHQWUH RI FRQVHFXWLYH HIIHFWLYH OHQJWKV RI ZHOG RQ WKH VDPH HGJH� 7KH VSDFH EHWZHHQ 
FRQVHFXWLYH ZHOGV RQ WKH VDPH HGJH VKRXOG QRW H[FHHG ��� PP RU ��W ZKHUH W LV WKH PLQLPXP WKLFNQHVV
RI WKH SDUWV MRLQHG�

F� 7KH PHPEHU VKRXOG QRW EH VXEMHFW WR WUDQVYHUVH ORDG SHUSHQGLFXODU WR WKH FRQQHFWHG VXUIDFHV RWKHU 
WKDQ WKH ZHLJKW RU ZLQG UHVLVWDQFH RI WKH PHPEHU�

G� 7KH VOHQGHUQHVV � RI WKH FRPSRXQG VWUXW DERXW WKH D[LV SDUDOOHO WR WKH FRQQHFWHG VXUIDFHV VKRXOG EH
FDOFXODWHG IURP �����F��

H� 7KH PDLQ FRPSRQHQWV VKRXOG EH LQWHUFRQQHFWHG DW LQWHUYDOV VR WKDW WKH PHPEHU LV GLYLGHG LQWR DW OHDVW 
WKUHH ED\V RI DSSUR[LPDWHO\ HTXDO OHQJWK� $W WKH HQGV RI WKH PHPEHU WKH PDLQ FRPSRQHQWV VKRXOG EH
LQWHUFRQQHFWHG E\ QRW OHVV WKDQ WZR EROWV LQ HDFK OLQH DORQJ WKH OHQJWK RI WKH PHPEHU� RU E\ HTXLYDOHQW
ZHOGV�

I� 7KH LQWHUFRQQHFWLQJ ZHOGV RU EROWV VKRXOG EH GHVLJQHG WR WUDQVPLW WKH ORQJLWXGLQDO VKHDU EHWZHHQ WKH
FRPSRQHQWV DV JLYHQ LQ ��������I��

J� ,Q PHPEHUV H[SRVHG WR WKH ZHDWKHU RU RWKHU FRUURVLYH LQIOXHQFHV WKH FRPSRQHQWV VKRXOG EH FRQQHFWHG 
E\ FRQWLQXRXV ZHOGV� RU EROWV DV VSHFLILHG LQ ��������

���  0HPEHUV ZLWK FRPELQHG PRPHQW DQG D[LDO IRUFH 

�����  *HQHUDO

0HPEHUV VXEMHFW WR FRPELQHG PRPHQW DQG D[LDO WHQVLRQ VKRXOG VDWLVI\ ����� DQG PHPEHUV VXEMHFW WR
FRPELQHG PRPHQW DQG D[LDO FRPSUHVVLRQ VKRXOG VDWLVI\ ������

,Q GHWHUPLQLQJ ZKLFK LQWHUDFWLRQ H[SUHVVLRQV DSSO\� WKH FODVVLILFDWLRQ RI WKH FURVV�VHFWLRQ VKRXOG JHQHUDOO\
EH EDVHG RQ WKH FRPELQHG PRPHQW DQG D[LDO IRUFH DQG WKLV FODVVLILFDWLRQ VKRXOG EH XVHG LQ REWDLQLQJ WKH
PRPHQW FDSDFLW\ DQG EXFNOLQJ UHVLVWDQFH PRPHQW IURP ��� DQG ��� IRU XVH LQ WKH LQWHUDFWLRQ H[SUHVVLRQV�

&LUFXODU KROORZ VHFWLRQV VKRXOG EH FODVVLILHG VHSDUDWHO\ IRU D[LDO FRPSUHVVLRQ DQG IRU EHQGLQJ�

)RU FODVV � VOHQGHU FURVV�VHFWLRQV WKH HIIHFWLYH VHFWLRQ SURSHUWLHV VKRXOG EH GHWHUPLQHG DV GHWDLOHG LQ ����

3URYLGHG WKDW WKH VKHDU IRUFH )Y GRHV QRW H[FHHG �� � RI WKH VKHDU FDSDFLW\ 3Y �VHH ������ QRU �� � RI WKH
VLPSOH VKHDU EXFNOLQJ UHVLVWDQFH 9Z ZKHUH UHOHYDQW �VHH ������� WKH FURVV�VHFWLRQ FDSDFLW\ RI D PHPEHU
RI ,� +� FKDQQHO RU 5+6 VHFWLRQ PD\ EH DVVXPHG WR EH XQDIIHFWHG E\ VKHDU� +RZHYHU� ZKHUH )Y H[FHHGV
���3Y RU ���9Z WKH UHVLVWDQFH RI WKH ZHE WR WKH FRPELQHG HIIHFWV RI D[LDO IRUFH� PRPHQW DQG VKHDU VKRXOG EH
FKHFNHG XVLQJ +��� ,I QHFHVVDU\� VWUHVVHV GXH WR D[LDO IRUFH RU PRPHQW PD\ EH VKHG IURP WKH ZHE WR WKH
IODQJHV XVLQJ WKH PHWKRG IRU SODWH JLUGHUV JLYHQ LQ ������
127(  7KH UHGXFWLRQ IDFWRU � VWDUWV ZKHQ )Y H[FHHGV ���3Y RU ���9Z EXW WKH UHVXOWLQJ UHGXFWLRQ LQ PRPHQW FDSDFLW\ LV QHJOLJLEOH 
XQOHVV )Y H[FHHGV ���3Y RU ���9Z�

7KH EXFNOLQJ UHVLVWDQFH RI WKH PHPEHU PD\ EH DVVXPHG WR EH XQDIIHFWHG E\ VKHDU�

)RU PHPEHUV ZLWK DV\PPHWULF FURVV�VHFWLRQV UHIHUHQFH PD\ RSWLRQDOO\ EH PDGH WR ,���

0RPHQWV LQ DQJOH� FKDQQHO RU 7�VHFWLRQ PHPEHUV GXH WR HFFHQWULFLW\ RI FRQQHFWLRQV VKRXOG EH WUHDWHG DV
UHFRPPHQGHG LQ ����� IRU WHQVLRQ PHPEHUV RU ������ IRU FRPSUHVVLRQ PHPEHUV�
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%6 �����������6HFWLRQ �

�����  7HQVLRQ PHPEHUV ZLWK PRPHQWV

�������  *HQHUDO

7KH FURVV�VHFWLRQ FDSDFLW\ RI WHQVLRQ PHPEHUV ZLWK PRPHQWV VKRXOG EH FKHFNHG XVLQJ ������� RU ������� DW
WKRVH ORFDWLRQV ZKHUH WKH PRPHQWV DQG D[LDO IRUFH DUH ODUJHVW�

7HQVLRQ PHPEHUV ZLWK PRPHQWV VKRXOG DOVR EH FKHFNHG IRU UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ LQ 
DFFRUGDQFH ZLWK ��� XQGHU PRPHQW DORQH�

�������  6LPSOLILHG PHWKRG

*HQHUDOO\ WKH IROORZLQJ UHODWLRQVKLS VKRXOG EH VDWLVILHG�

ZKHUH

,Q WKH FDVH RI FURVV�VHFWLRQV WKDW DUH QRW GRXEO\�V\PPHWULF� UHIHUHQFH PD\ RSWLRQDOO\ EH PDGH WR ,���

�������  0RUH H[DFW PHWKRG

$OWHUQDWLYHO\� D PHPEHU RI FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQ� VXEMHFW WR D PRPHQW DERXW RQO\
RQH D[LV VKRXOG VDWLVI\ WKH UHOHYDQW FULWHULRQ DV IROORZV�

¦ PDMRU D[LV PRPHQW RQO\�
0[ �    0U[

¦ PLQRU D[LV PRPHQW RQO\�
0\ � 0U\

ZKHUH

,Q DGGLWLRQ� SURYLGHG WKDW WKH FURVV�VHFWLRQ LV DOVR GRXEO\�V\PPHWULF� D PHPEHU VXEMHFW WR PRPHQWV DERXW
ERWK D[HV PD\ EH FKHFNHG XVLQJ�

ZKHUH

)W LV WKH D[LDO WHQVLRQ DW WKH FULWLFDO ORFDWLRQ�

0F[ LV WKH PRPHQW FDSDFLW\ DERXW WKH PDMRU D[LV IURP ������

0F\ LV WKH PRPHQW FDSDFLW\ DERXW WKH PLQRU D[LV IURP ������

0[ LV WKH PRPHQW DERXW WKH PDMRU D[LV DW WKH FULWLFDO ORFDWLRQ�

0\ LV WKH PRPHQW DERXW WKH PLQRU D[LV DW WKH FULWLFDO ORFDWLRQ�

3W LV WKH WHQVLRQ FDSDFLW\ IURP ������

0U[ LV WKH PDMRU D[LV UHGXFHG SODVWLF PRPHQW FDSDFLW\ LQ WKH SUHVHQFH RI D[LDO IRUFH� VHH ,���

0U\ LV WKH PLQRU D[LV UHGXFHG SODVWLF PRPHQW FDSDFLW\ LQ WKH SUHVHQFH RI D[LDO IRUFH� VHH ,���

]� LV D FRQVWDQW WDNHQ DV IROORZV�

��� IRU ,� DQG +�VHFWLRQV ZLWK HTXDO IODQJHV�
��� IRU VROLG RU KROORZ FLUFXODU VHFWLRQV�
��� IRU VROLG RU KROORZ UHFWDQJXODU VHFWLRQV�
��� IRU DOO RWKHU FDVHV�

]� LV D FRQVWDQW WDNHQ DV IROORZV�

��� IRU ,� DQG +�VHFWLRQV�
��� IRU VROLG RU KROORZ FLUFXODU VHFWLRQV�
��� IRU VROLG RU KROORZ UHFWDQJXODU VHFWLRQV�
��� IRU DOO RWKHU FDVHV�

)W
3W
������

0[
0F[
����������

0\
0F\
���������� ��� �

0[
0U[
����������

 �
� �
� �

]� 0\
0U\
����������

 �
� �
� �

]�

���
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%6 ����������� 6HFWLRQ �

�����  &RPSUHVVLRQ PHPEHUV ZLWK PRPHQWV

�������  *HQHUDO

7KH FURVV�VHFWLRQDO FDSDFLW\ RI FRPSUHVVLRQ PHPEHUV ZLWK PRPHQWV VKRXOG EH FKHFNHG DW WKRVH ORFDWLRQV
ZKHUH WKH PRPHQWV DQG D[LDO IRUFH DUH ODUJHVW� XVLQJ ��������

7KH EXFNOLQJ UHVLVWDQFH RI WKH PHPEHU DV D ZKROH VKRXOG DOVR EH FKHFNHG� XVLQJ HLWKHU WKH VLPSOLILHG 
DSSURDFK JLYHQ LQ ��������� RU WKH PRUH H[DFW DSSURDFK IRU GRXEO\�V\PPHWULF VHFWLRQV JLYHQ LQ ���������
RU ���������� $V D IXUWKHU DOWHUQDWLYH� WKH EXFNOLQJ UHVLVWDQFH RI D PHPEHU RI GRXEO\�V\PPHWULF FODVV �
SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQ PD\ EH YHULILHG XVLQJ WKH PHWKRG IRU VWRFN\ PHPEHUV JLYHQ LQ ,���

)RU WKH DSSOLFDWLRQ RI ������� WR D VLQJOH DQJOH VHFWLRQ VHH ,���

�������  &URVV�VHFWLRQ FDSDFLW\

7KH FURVV�VHFWLRQ FDSDFLW\ PD\ EH FKHFNHG DV IROORZV�

D� *HQHUDOO\� H[FHSW IRU FODVV � VOHQGHU FURVV�VHFWLRQV�

,Q WKH FDVH RI FURVV�VHFWLRQV WKDW DUH QRW GRXEO\�V\PPHWULF� UHIHUHQFH PD\ RSWLRQDOO\ EH PDGH WR ,���

E� $OWHUQDWLYHO\� IRU FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQV� ������� PD\ EH DSSOLHG�

F� )RU FODVV � VOHQGHU FURVV�VHFWLRQV�

ZKHUH

DQG WKH RWKHU V\PEROV DUH DV GHWDLOHG LQ ��������

������� 0HPEHU EXFNOLQJ UHVLVWDQFH

���������  6LPSOLILHG PHWKRG

7KH EXFNOLQJ UHVLVWDQFH RI D PHPEHU PD\ EH YHULILHG E\ FKHFNLQJ WKDW WKH IROORZLQJ UHODWLRQVKLSV DUH ERWK
VDWLVILHG�

ZKHUH

$HII LV WKH HIIHFWLYH FURVV�VHFWLRQDO DUHD IURP ����

$J LV WKH JURVV FURVV�VHFWLRQDO DUHD�

)F LV WKH D[LDO FRPSUHVVLRQ DW WKH FULWLFDO ORFDWLRQ�

)F LV WKH D[LDO FRPSUHVVLRQ�

0E LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW� JHQHUDOO\ IURP ���� EXW IURP ,�� IRU VLQJOH DQJOH PHPEHUV�

0/7 LV WKH PD[LPXP PDMRU D[LV PRPHQW LQ WKH VHJPHQW OHQJWK / JRYHUQLQJ 0E�

0[ LV WKH PD[LPXP PDMRU D[LV PRPHQW LQ WKH VHJPHQW OHQJWK /[ JRYHUQLQJ 3F[�

0\ LV WKH PD[LPXP PLQRU D[LV PRPHQW LQ WKH VHJPHQW OHQJWK /\ JRYHUQLQJ 3F\�

3F LV WKH VPDOOHU RI 3F[ DQG 3F\� 

3F[ LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ������ FRQVLGHULQJ EXFNOLQJ DERXW WKH PDMRU D[LV RQO\�

)F
$JS\
�������������

0[
0F[
����������

0\
0F\
���������� ��� �

)F
$HIIS\
����������������

0[
0F[
����������

0\
0F\
���������� ��� �

)F
3F
������

P[0[
S\=[
����������������

P\0\
S\=\
���������������� ��� �

)F
3F\
��������

P/70/7
0E

������������������������
P\0\
S\=\
���������������� ��� �
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%6 �����������6HFWLRQ �

)RU D FODVV � VOHQGHU FURVV�VHFWLRQ WKH HIIHFWLYH VHFWLRQ PRGXOXV =HII VKRXOG EH XVHG� VHH ����

7KH HTXLYDOHQW XQLIRUP PRPHQW IDFWRUV P/7� P[ DQG P\ VKRXOG EH REWDLQHG IURP ����������

)RU FURVV�VHFWLRQV WKDW DUH QRW GRXEO\�V\PPHWULF� UHIHUHQFH PD\ RSWLRQDOO\ EH PDGH WR ,���

��������� 0RUH H[DFW PHWKRG IRU ,� RU +�VHFWLRQV ZLWK HTXDO IODQJHV

7KH EXFNOLQJ UHVLVWDQFH RI D PHPEHU RI ,� RU +�VHFWLRQ ZLWK HTXDO IODQJHV PD\ EH YHULILHG E\ FKHFNLQJ WKH 
IROORZLQJ�

D� IRU PHPEHUV ZLWK PRPHQWV DERXW WKH PDMRU D[LV RQO\�

¦ IRU PDMRU D[LV LQ�SODQH EXFNOLQJ�

¦ IRU RXW�RI�SODQH EXFNOLQJ�

E� IRU PHPEHUV ZLWK PRPHQWV DERXW WKH PLQRU D[LV RQO\�

¦ IRU PLQRU D[LV LQ�SODQH EXFNOLQJ�

¦ IRU RXW�RI�SODQH EXFNOLQJ�

F� IRU PHPEHUV ZLWK PRPHQWV DERXW ERWK D[HV�

¦ IRU PDMRU D[LV EXFNOLQJ�

¦ IRU ODWHUDO�WRUVLRQDO EXFNOLQJ�

¦ IRU LQWHUDFWLYH EXFNOLQJ�

ZKHUH

7KH HTXLYDOHQW XQLIRUP PRPHQW IDFWRUV P/7� P[� P\ DQG P\[ VKRXOG EH REWDLQHG IURP ��������� DQG WKH
RWKHU V\PEROV DUH DV GHILQHG LQ ����������

3F\ LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ������ FRQVLGHULQJ EXFNOLQJ DERXW WKH PLQRU D[LV RQO\�

=[ LV WKH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV�

=\ LV WKH VHFWLRQ PRGXOXV DERXW WKH PLQRU D[LV�

0F[ LV WKH PDMRU D[LV PRPHQW FDSDFLW\ IURP ������

0F\ LV WKH PLQRU D[LV PRPHQW FDSDFLW\ IURP ������

)F
3F[
��������

P[0[
0F[
���������������� � ����

)F
3F[
����������
 �

� � ���

)F
3F\
��������

P/70/7
0E

������������������������ ���

)F
3F\
��������

P\0\
0F\
���������������� �

)F
3F\ 
�����������
 �

� � ���

)F
3F[
�������� ���

P\[0\
0F\

������������������� ���

)F
3F[
��������

P[0[
0F[
����������������� � ���

)F
3F[
�����������
 �

� � ���
P\[0\

0F\
������������������� ���

)F
3F\
��������

P/70/7
0E

������������������������
P\0

\
0F\
���������������� �

)F
3F\
�����������
 �

� � ��� �

P[0[ � ��� )F�3F[� ��� �

0F[ � )F�3F[±� �
���������������������������������������������������������������

P\0\ � )F�3F\�� �

0F\ � )F�3F\±� �
������������������������������������������������� ���
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%6 ����������� 6HFWLRQ �

���������  0RUH H[DFW PHWKRG IRU &+6� 5+6 RU ER[ VHFWLRQV ZLWK HTXDO IODQJHV

7KH EXFNOLQJ UHVLVWDQFH RI D PHPEHU RI &+6� 5+6 RU ER[ VHFWLRQ ZLWK HTXDO IODQJHV PD\ EH YHULILHG E\
FKHFNLQJ WKH IROORZLQJ�

D� IRU PHPEHUV ZLWK PRPHQWV DERXW WKH PDMRU D[LV RQO\�

¦ IRU PDMRU D[LV LQ�SODQH EXFNOLQJ�

¦ IRU RXW�RI�SODQH EXFNOLQJ�
¦ SURYLGHG WKDW QR ODWHUDO�WRUVLRQDO EXFNOLQJ FKHFN LV QHHGHG �VHH ���������

¦ LI D ODWHUDO�WRUVLRQDO EXFNOLQJ FKHFN LV QHHGHG �VHH ���������

E� IRU PHPEHUV ZLWK PRPHQWV DERXW WKH PLQRU D[LV RQO\�

¦ IRU PLQRU D[LV LQ�SODQH EXFNOLQJ�

¦ IRU RXW�RI�SODQH EXFNOLQJ�

F� IRU PHPEHUV ZLWK PRPHQWV DERXW ERWK D[HV�
¦ IRU PDMRU D[LV EXFNOLQJ�

¦ IRU PLQRU D[LV EXFNOLQJ� SURYLGHG WKDW QR ODWHUDO�WRUVLRQDO EXFNOLQJ FKHFN LV QHHGHG �VHH ���������

¦ IRU PLQRU D[LV EXFNOLQJ� LI D ODWHUDO�WRUVLRQDO EXFNOLQJ FKHFN LV QHHGHG �VHH ���������

¦ IRU LQWHUDFWLYH EXFNOLQJ�

���������  (TXLYDOHQW XQLIRUP PRPHQW IDFWRUV

7KH HTXLYDOHQW XQLIRUP PRPHQW IDFWRUV IRU XVH LQ ������� VKRXOG EH EDVHG XSRQ WKH SDWWHUQ RI PRPHQWV 
RYHU WKH UHOHYDQW VHJPHQW OHQJWK DQG REWDLQHG DV IROORZV�

¦ WKH IDFWRU P/7 IRU ODWHUDO�WRUVLRQDO EXFNOLQJ�
IURP 7DEOH �� IRU WKH SDWWHUQ RI PDMRU D[LV PRPHQWV RYHU WKH VHJPHQW OHQJWK //7 JRYHUQLQJ 0E�

¦ WKH IDFWRU P[ IRU PDMRU D[LV IOH[XUDO EXFNOLQJ�
IURP 7DEOH �� IRU WKH SDWWHUQ RI PDMRU D[LV PRPHQWV RYHU WKH VHJPHQW OHQJWK /[ JRYHUQLQJ 3F[�

¦ WKH IDFWRU P\ IRU PLQRU D[LV IOH[XUDO EXFNOLQJ�
IURP 7DEOH �� IRU WKH SDWWHUQ RI PLQRU D[LV PRPHQWV RYHU WKH VHJPHQW OHQJWK /\ JRYHUQLQJ 3F\�

¦ WKH IDFWRU P\[ IRU ODWHUDO IOH[XUDO EXFNOLQJ�
IURP 7DEOH �� IRU WKH SDWWHUQ RI PLQRU D[LV PRPHQWV RYHU WKH VHJPHQW OHQJWK /[ JRYHUQLQJ 3F[�

)F
3F[
��������

P[0[
0F[
����������������� � ����

)F
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��������
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%6 �����������6HFWLRQ �

ZKHUH

)RU FDQWLOHYHU FROXPQV DQG IRU PHPEHUV LQ VZD\�VHQVLWLYH IUDPHV� VHH �������� WKH IROORZLQJ PRGLILFDWLRQV 
VKRXOG EH PDGH� GHSHQGLQJ XSRQ WKH PHWKRG XVHG WR DOORZ IRU WKH HIIHFWV RI VZD\�

¦ LI VZD\ PRGH LQ�SODQH HIIHFWLYH OHQJWKV DUH XVHG� WKH YDOXH RI P[� P\ RU P\[ IRU PRPHQWV LQ WKDW SODQH
VKRXOG QRW EH WDNHQ DV OHVV WKDQ �����
¦ LI DPSOLILHG VZD\ PRPHQWV DUH XVHG� VHH ������ WKH IDFWRU P[� P\ RU P\[ IRU PRPHQWV LQ WKDW SODQH
VKRXOG QRW EH DSSOLHG WR WKH DPSOLILHG VZD\ PRPHQW� WKXV WHUPV RI WKH IRUP P0 VKRXOG EH UHSODFHG E\
WHUPV RI WKH IRUP NDPS0V � P0Q LQ ZKLFK 0V LV WKH VZD\ PRPHQW� 0Q LV WKH QRQ�VZD\ PRPHQW DQG NDPS
LV WKH DPSOLILFDWLRQ IDFWRU IURP ������� IRU PRPHQWV LQ WKDW SODQH�

���  0HPEHUV ZLWK ELD[LDO PRPHQWV

0HPEHUV VXEMHFW WR PRPHQWV DERXW ERWK D[HV LQ WKH DEVHQFH RI WHQVLOH RU FRPSUHVVLYH D[LDO IRUFH VKRXOG EH
GHVLJQHG LQ DFFRUGDQFH ZLWK ������ WDNLQJ WKH YDOXH RI )F DV ]HUR� 

)RU WKH DSSOLFDWLRQ RI ��� WR D VLQJOH DQJOH VHFWLRQ VHH ,���

//7 LV WKH VHJPHQW OHQJWK EHWZHHQ UHVWUDLQWV DJDLQVW ODWHUDO�WRUVLRQDO EXFNOLQJ� VHH ����

/[ LV WKH VHJPHQW OHQJWK EHWZHHQ UHVWUDLQWV DJDLQVW IOH[XUDO EXFNOLQJ DERXW WKH PDMRU D[LV�

/\ LV WKH VHJPHQW OHQJWK EHWZHHQ UHVWUDLQWV DJDLQVW IOH[XUDO EXFNOLQJ DERXW WKH PLQRU D[LV�
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ (TXLYDOHQW XQLIRUP PRPHQW IDFWRU P IRU IOH[XUDO EXFNOLQJ

6HJPHQWV ZLWK HQG PRPHQWV RQO\ �YDOXHV RI P IURP WKH IRUPXOD IRU WKH JHQHUDO FDVH� � P

� SRVLWLYH � QHJDWLYH ��� ����
��� ����
��� ����
��� ����
��� ����
��� ����
��� ����
��� ����
��� ����
��� ����
��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����
¥ ��� ����

6HJPHQWV EHWZHHQ LQWHUPHGLDWH ODWHUDO UHVWUDLQWV
6SHFLILF FDVHV *HQHUDO FDVH

P   ����

P   ����

P   ��� � EXW P �   

7KH PRPHQWV 0� DQG 0� DUH WKH YDOXHV DW WKH TXDUWHU SRLQWV DQG WKH PRPHQW 0� LV WKH YDOXH
DW PLG�OHQJWK�

,I 0��  0� DQG 0� DOO OLH RQ WKH VDPH VLGH RI WKH D[LV� WKHLU YDOXHV DUH DOO WDNHQ DV SRVLWLYH� ,I 
WKH\ OLH ERWK VLGHV RI WKH D[LV� WKH VLGH OHDGLQJ WR WKH ODUJHU YDOXH RI P LV WDNHQ DV WKH SRVLWLYH 
VLGH�

7KH YDOXHV RI 0PD[ DQG 0�� DUH DOZD\V WDNHQ DV SRVLWLYH� 0PD[ LV WKH PD[LPXP PRPHQW LQ
WKH VHJPHQW DQG 0�� LV WKH PD[LPXP PRPHQW LQ WKH FHQWUDO KDOI RI WKH VHJPHQW�

P   ����

P   ����
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M
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%6 �����������6HFWLRQ �

����  0HPEHUV LQ ODWWLFH IUDPHV DQG WUXVVHV
,Q WKH GHVLJQ RI ODWWLFH IUDPHV DQG WUXVVHV� XQOHVV IDWLJXH LV D GHVLJQ FRQVLGHUDWLRQ� LW PD\ EH DVVXPHG WKDW�

D� WKH LQ�SODQH OHQJWKV RI FKRUG PHPEHUV �UDIWHUV RU ERWWRP FKRUGV� VKRXOG EH WDNHQ DV WKH GLVWDQFH
EHWZHHQ FRQQHFWLRQV WR LQWHUQDO PHPEHUV� DQG WKH RXW�RI�SODQH OHQJWKV DV WKH GLVWDQFH EHWZHHQ SXUOLQV
RU ORQJLWXGLQDO WLHV� SURYLGHG WKDW VXFK WLHV DUH SURSHUO\ FRQQHFWHG WR DQ DGHTXDWH UHVWUDLQW V\VWHP�

E� IRU WKH SXUSRVH RI FDOFXODWLQJ WKH HIIHFWLYH OHQJWK RI PHPEHUV� WKH IL[LW\ RI WKH FRQQHFWLRQV DQG WKH
ULJLGLW\ RI DGMDFHQW PHPEHUV PD\ EH WDNHQ LQWR DFFRXQW�

F� IRU WKH SXUSRVH RI FDOFXODWLQJ WKH IRUFHV LQ WKH PHPEHUV� WKH FRQQHFWLRQV PD\ EH WDNHQ DV SLQQHG�

G� LI WKH H[DFW ORFDWLRQV RI WKH SXUOLQV DUH QRW IL[HG UHODWLYH WR WKH SRLQWV ZKHUH WKH UDIWHU LV FRQQHFWHG WR
WKH LQWHUQDO PHPEHUV� WKH EHQGLQJ PRPHQW LQ WKH UDIWHU PD\ EH WDNHQ DV Z/���� LQ ZKLFK / LV WKH OHQJWK
RI WKH UDIWHU EHWZHHQ VXFK SRLQWV DQG Z LV WKH WRWDO ORDG SHU XQLW OHQJWK DSSOLHG SHUSHQGLFXODU WR WKH
UDIWHU�

,I WKH VKHHWLQJ VSDQV GLUHFWO\ IURP WUXVV WR WUXVV ZLWKRXW XVLQJ SXUOLQV� WKH VWDELOLW\ RI WKH UDIWHU VKRXOG EH 
LQYHVWLJDWHG DQG WKH VKHHWLQJ VKRXOG EH DGHTXDWHO\ IL[HG� 7KLV PHWKRG RI SURYLGLQJ UHVWUDLQW WR WKH UDIWHU
VKRXOG QRW EH XVHG XQOHVV WKH ORDGLQJ LV PDLQO\ URRI ORDGLQJ�

����  *DQWU\ JLUGHUV

������  *HQHUDO

*DQWU\ JLUGHUV UHVLVWLQJ ORDGV IURP RYHUKHDG WUDYHOOLQJ FUDQHV� VHH ����� DQG ������ VKRXOG VDWLVI\ WKH 
FRQGLWLRQV JLYHQ LQ ������� ������� ������ DQG ������� LQ DGGLWLRQ WR WKRVH JLYHQ LQ ���� ���� ���� ��� DQG ����

������  &UDEELQJ RI WUROOH\

*DQWU\ JLUGHUV LQWHQGHG WR FDUU\ FUDQHV RI ORDGLQJ FODVV 4� DQG 4� DV GHILQHG LQ %6 ������ QHHG QRW EH
GHVLJQHG IRU WKH HIIHFWV RI FUDEELQJ DFWLRQ�

*DQWU\ JLUGHUV LQWHQGHG WR FDUU\ FUDQHV RI FODVV 4� DQG 4� DV GHILQHG LQ %6 ������ VKRXOG EH GHVLJQHG IRU 
WKH IROORZLQJ FRXSOH GXH WR FUDEELQJ DFWLRQ� 7KLV FRXSOH QHHG QRW EH FRPELQHG ZLWK WKH KRUL]RQWDO ORDGV
REWDLQHG IURP ������ 7KH FRXSOH LV GXH WR WKH FUDEELQJ DFWLRQ RI WZR ZKHHOV RU ERJLHV FRPSULVLQJ WZR HTXDO 
DQG RSSRVLWH IRUFHV )5 DFWLQJ WUDQVYHUVH WR WKH UDLO� RQH DW HDFK HQG RI WKH ZKHHOEDVH�

ZKHUH

������  /DWHUDO�WRUVLRQDO EXFNOLQJ

'XH WR WKH LQWHUDFWLRQ EHWZHHQ FUDQH ZKHHOV DQG FUDQH UDLOV� FUDQH ORDGV QHHG QRW EH WUHDWHG DV
GHVWDELOL]LQJ� VHH ������ SURYLGHG WKDW WKH UDLOV DUH QRW PRXQWHG RQ UHVLOLHQW SDGV� ,Q HLWKHU FDVH� WKH
HTXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 LQ ������� VKRXOG EH WDNHQ DV ����

DZ LV WKH GLVWDQFH EHWZHHQ WKH FHQWUHV RI WKH WZR HQG ZKHHOV RU EHWZHHQ WKH SLYRWV RI WKH ERJLHV�
H[FHSW WKDW LI KRUL]RQWDO JXLGH UROOHUV DUH XVHG DZ LV WKH ZKHHOEDVH RI WKH JXLGH UROOHUV�

/F LV WKH VSDQ RI WKH FUDQH�

:Z LV WKH ODUJHVW ORDG �LQFOXGLQJ G\QDPLF HIIHFWV� RQ D ZKHHO RU ERJLH SLYRW�

)5

/F:Z
��DZ
���������������� EXW )5

:Z
��
���������	
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%6 ����������� 6HFWLRQ �

������  /RFDO FRPSUHVVLRQ XQGHU ZKHHOV

7KH ORFDO FRPSUHVVLYH VWUHVV LQ WKH ZHE GXH WR D FUDQH ZKHHO ORDG PD\ EH REWDLQHG E\ GLVWULEXWLQJ LW RYHU
D OHQJWK [5 JLYHQ E\�

[5   ��+5 � 7� EXW [5 � VZ

$OWHUQDWLYHO\� ZKHUH WKH SURSHUWLHV RI WKH UDLO DUH NQRZQ�

7KH FRQVWDQW .5 VKRXOG EH WDNHQ DV IROORZV�

D� ZKHQ WKH FUDQH UDLO LV PRXQWHG GLUHFWO\ RQ WKH EHDP IODQJH� .5   �����

E� ZKHUH D VXLWDEOH UHVLOLHQW SDG QRW OHVV WKDQ � PP WKLFN LV LQWHUSRVHG EHWZHHQ WKH FUDQH UDLO DQG WKH
EHDP IODQJH� .5   ����

7KH VWUHVV REWDLQHG E\ GLVSHUVLQJ WKH ZKHHO ORDG RYHU WKH OHQJWK [5 VKRXOG QRW EH JUHDWHU WKDQ S\Z�

������  :HOGHG JLUGHUV

:HE WR WRS IODQJH ZHOGV VKRXOG EH FRQWLQXRXV DQG VKRXOG SUHIHUDEO\ EH IXOO SHQHWUDWLRQ EXWW ZHOGV� 7KH\
VKRXOG EH FKHFNHG IRU WKH ORFDO HIIHFWV RI FUDQH ZKHHO ORDGV E\ DVVXPLQJ WKDW WKHVH DUH WUDQVPLWWHG WR WKH
ZHE E\ WKH ZHOGV DORQH� RYHU D OHQJWK [5 GHWHUPLQHG DV LQ ������� LQ DGGLWLRQ WR DOO RWKHU HIIHFWV�

����  3XUOLQV DQG VLGH UDLOV

������  *HQHUDO

3XUOLQV DQG VLGH UDLOV PD\ EH GHVLJQHG RQ WKH DVVXPSWLRQ WKDW WKH FODGGLQJ SURYLGHV ODWHUDO UHVWUDLQW WR DQ 
DQJOH VHFWLRQ� RU WR WKH IDFH DJDLQVW ZKLFK LW LV FRQQHFWHG LQ WKH FDVH RI PHPEHUV ZLWK RWKHU FURVV�VHFWLRQV� 
SURYLGHG WKDW WKH W\SH RI FODGGLQJ DQG LWV IL[LQJV DUH VXFK WKDW LW LV FDSDEOH RI DFWLQJ LQ WKLV PDQQHU�

������  'HIOHFWLRQV

7KH GHIOHFWLRQV RI SXUOLQV DQG VLGH UDLOV VKRXOG EH OLPLWHG WR VXLW WKH FKDUDFWHULVWLFV RI SDUWLFXODU FODGGLQJ�

������  :LQG ORDGLQJ

:LQG ORDGLQJ VKRXOG EH GHWHUPLQHG LQ DFFRUGDQFH ZLWK %6 ������ RU &3��&K 9�3DUW �� :KHUH MXVWLILHG E\
VXIILFLHQW JHQHUDO RU SDUWLFXODU HYLGHQFH� WKH HIIHFWV RI ORDG VKDULQJ ZLWK DGMDFHQW SXUOLQV DQG VLGH UDLOV� 
HQG IL[LW\ DQG HQG DQFKRUDJH XQGHU ZLQG ORDGLQJ� PD\ EH WDNHQ LQWR DFFRXQW LQ GHWHUPLQLQJ WKH PHPEHU 
FDSDFLW\�

������  (PSLULFDO GHVLJQ RI SXUOLQV DQG VLGH UDLOV

��������  *HQHUDO

$V DQ DOWHUQDWLYH WR RWKHU PHWKRGV� SXUOLQV DQG VLGH UDLOV FRPSULVLQJ VWUXFWXUDO KROORZ VHFWLRQV RU KRW
UROOHG DQJOHV PD\ EH GHVLJQHG XVLQJ WKH HPSLULFDO PHWKRG JLYHQ LQ �������� WR ���������

6XFK HPSLULFDOO\ GHVLJQHG SXUOLQV DQG VLGH UDLOV PD\ EH XVHG WR SURYLGH UHVWUDLQW WR WKH PHPEHUV WKDW
GLUHFWO\ VXSSRUW WKHP� ZLWKRXW QHHGLQJ WR EH FKHFNHG IRU UHVWUDLQW IRUFHV

ZKHUH
+5 LV WKH UDLO KHLJKW�

VZ LV WKH PLQLPXP GLVWDQFH EHWZHHQ FHQWUHV RI DGMDFHQW ZKHHOV�

7 LV WKH IODQJH WKLFNQHVV�

ZKHUH
,I LV WKH VHFRQG PRPHQW RI DUHD RI WKH IODQJH DERXW LWV KRUL]RQWDO FHQWURLGDO D[LV�

,5 LV WKH VHFRQG PRPHQW RI DUHD RI WKH FUDQH UDLO DERXW LWV KRUL]RQWDO FHQWURLGDO D[LV�

.5 LV D FRQVWDQW�

W LV WKH ZHE WKLFNQHVV�

[5 .5

,I ,5�
W

����������������
 �
� �

���
 EXW [5 VZ�
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%6 �����������6HFWLRQ �

3XUOLQV DQG VLGH UDLOV FRPSULVLQJ FROG IRUPHG VHFWLRQV VKRXOG EH GHVLJQHG LQ DFFRUGDQFH ZLWK %6 �������

��������  &RQGLWLRQV

)RU WKH HPSLULFDO GHVLJQ PHWKRG WKH IROORZLQJ FRQGLWLRQV VKRXOG EH PHW�

D� 7KH PHPEHUV VKRXOG EH RI VWHHO WR D PLQLPXP RI JUDGH 6 ����

E� 8QIDFWRUHG ORDGV VKRXOG EH XVHG IRU HPSLULFDO GHVLJQ�

F� 7KH VSDQ RI WKH PHPEHUV VKRXOG QRW H[FHHG ��� P FHQWUH�WR�FHQWUH RI PDLQ VXSSRUWV�

G� ,I WKH PHPEHUV JHQHUDOO\ VSDQ RQO\ RQH ED\� HDFK HQG VKRXOG EH FRQQHFWHG E\ DW OHDVW WZR EROWV�

H� ,I WKH PHPEHUV DUH JHQHUDOO\ FRQWLQXRXV RYHU WZR RU PRUH ED\V� ZLWK VWDJJHUHG MRLQWV LQ DGMDFHQW OLQHV
RI PHPEHUV� VLQJOH ED\ PHPEHUV VKRXOG KDYH DW OHDVW RQH HQG FRQQHFWHG E\ WZR RU PRUH EROWV�

��������  3XUOLQV

3XUOLQV VDWLVI\LQJ �������� PD\ EH GHVLJQHG XVLQJ WKH IROORZLQJ HPSLULFDO UXOHV�

D� 7KH VORSH RI WKH URRI VKRXOG QRW H[FHHG ��� IURP WKH KRUL]RQWDO�

E� 7KH ORDGLQJ RQ WKH SXUOLQ VKRXOG EH VXEVWDQWLDOO\ XQLIRUPO\ GLVWULEXWHG� 1RW PRUH WKDQ �� � RI WKH 
WRWDO URRI ORDG RQ WKH PHPEHU VKRXOG EH GXH WR RWKHU W\SHV RI ORDG�

F� 7KH VHFWLRQ PRGXOXV = RI D SXUOLQ DERXW LWV D[LV SDUDOOHO WR WKH SODQH RI WKH FODGGLQJ VKRXOG EH QRW OHVV
WKDQ WKH ODUJHU RI WKH WZR YDOXHV =S DQG =T JLYHQ LQ 7DEOH ���

G� 7KH PHPEHU GLPHQVLRQV ' SHUSHQGLFXODU WR WKH SODQH RI WKH FODGGLQJ� DQG �LI DSSOLFDEOH� % SDUDOOHO WR
WKH SODQH RI WKH FODGGLQJ� VKRXOG EH QRW OHVV WKDQ WKH UHVSHFWLYH YDOXHV JLYHQ LQ 7DEOH ���

7DEOH �� ¦ (PSLULFDO YDOXHV IRU SXUOLQV

��������  6LGH UDLOV

6LGH UDLOV VDWLVI\LQJ �������� PD\ EH GHVLJQHG XVLQJ WKH IROORZLQJ HPSLULFDO UXOHV�

D� 7KH VORSH RI WKH FODGGLQJ VKRXOG QRW H[FHHG ��� IURP WKH YHUWLFDO�

E� 6LGH UDLOV VKRXOG QRW JHQHUDOO\ EH VXEMHFWHG WR ORDGV RWKHU WKDQ ZLQG ORDG DQG WKH VHOI�ZHLJKW RI WKH 
FODGGLQJ� 1RW PRUH WKDQ �� � RI WKH WRWDO ORDG RQ WKH PHPEHU DERXW WKH D[LV XQGHU FRQVLGHUDWLRQ VKRXOG
EH GXH WR ORDGLQJ IURP RWKHU VRXUFHV RU GXH WR ORDGV WKDW DUH QRW XQLIRUPO\ GLVWULEXWHG�

F� 7KH HODVWLF VHFWLRQ PRGXOL =� DQG =� RI WKH VLGH UDLO DERXW LWV D[HV SDUDOOHO WR DQG SHUSHQGLFXODU WR WKH
SODQH RI WKH FODGGLQJ UHVSHFWLYHO\ VKRXOG EH QRW OHVV WKDQ WKH YDOXHV JLYHQ LQ 7DEOH ���

G� 7KH PHPEHU GLPHQVLRQV ' SHUSHQGLFXODU WR WKH SODQH RI WKH FODGGLQJ DQG % SDUDOOHO WR WKH SODQH RI
WKH FODGGLQJ VKRXOG EH QRW OHVV WKDQ WKH UHVSHFWLYH YDOXHV JLYHQ LQ 7DEOH ��� H[FHSW WKDW LI =� LV ODUJHU
WKDQ WKH WDEXODWHG PLQLPXP YDOXH� WKH WDEXODWHG PLQLPXP YDOXH RI ' PD\ EH UHGXFHG LQ WKH VDPH 
SURSRUWLRQ� +RZHYHU� LQ QR FDVH VKRXOG ' EH OHVV WKDQ WKH WDEXODWHG PLQLPXP YDOXH IRU %�

3XUOLQ VHFWLRQ =S �FP�� =T �FP�� ' �PP� % �PP�

:LQG ORDG IURP 
%6 ������

:LQG ORDG IURP
&3��&K 9�3DUW �

$QJOH :S/�� ��� :T/�� ��� :T/�� ��� /��� /���

&+6 :S/�� ��� :T/�� ��� :T/�� ��� /��� ¦

5+6 :S/�� ��� :T/�� ��� :T/�� ��� /��� /����
127( � :S DQG :T DUH WKH WRWDO XQIDFWRUHG ORDGV �LQ N1� RQ RQH VSDQ RI WKH SXUOLQ� DFWLQJ SHUSHQGLFXODU WR WKH SODQH RI WKH
FODGGLQJ� GXH WR �GHDG SOXV LPSRVHG� DQG �ZLQG PLQXV GHDG� ORDGLQJ UHVSHFWLYHO\�

127( � / LV WKH VSDQ RI WKH SXUOLQ �LQ PP� FHQWUH�WR�FHQWUH RI PDLQ YHUWLFDO VXSSRUWV� +RZHYHU� LI SURSHUO\ VXSSRUWHG VDJ URGV DUH
XVHG� / PD\ EH WDNHQ DV WKH VDJ URG VSDFLQJ LQ GHWHUPLQLQJ % RQO\�
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ (PSLULFDO YDOXHV IRU VLGH UDLOV

����  &ROXPQ EDVHV

������  *HQHUDO

&ROXPQ EDVHV VKRXOG EH RI VXIILFLHQW VL]H� VWLIIQHVV DQG VWUHQJWK WR WUDQVPLW WKH D[LDO IRUFH� EHQGLQJ
PRPHQWV DQG VKHDU IRUFHV LQ FROXPQV WR WKHLU IRXQGDWLRQV RU RWKHU VXSSRUWV ZLWKRXW H[FHHGLQJ WKH ORDG
FDUU\LQJ FDSDFLW\ RI WKHVH VXSSRUWV� +ROGLQJ�GRZQ EROWV VKRXOG EH SURYLGHG ZKHUH QHFHVVDU\�

7KH QRPLQDO EHDULQJ SUHVVXUH EHWZHHQ D EDVHSODWH DQG D VXSSRUW PD\ EH GHWHUPLQHG RQ WKH EDVLV RI D
XQLIRUP GLVWULEXWLRQ RI SUHVVXUH� )RU FRQFUHWH IRXQGDWLRQV WKH EHDULQJ VWUHQJWK PD\ EH WDNHQ DV ���IFX
ZKHUH IFX LV WKH FKDUDFWHULVWLF FXEH VWUHQJWK RI WKH FRQFUHWH EDVH RU WKH EHGGLQJ PDWHULDO� ZKLFKHYHU LV OHVV�

%DVHSODWHV PD\ EH GHVLJQHG HLWKHU E\ WKH HIIHFWLYH DUHD PHWKRG JLYHQ LQ ������ RU E\ RWKHU UDWLRQDO PHDQV�

������  (IIHFWLYH DUHD PHWKRG

�������� (IIHFWLYH DUHD

,I WKH VL]H RI D EDVHSODWH LV ODUJHU WKDQ UHTXLUHG WR OLPLW WKH QRPLQDO EHDULQJ SUHVVXUH WR ���IFX� VHH ������� 
D SRUWLRQ RI LWV DUHD VKRXOG EH WDNHQ DV LQHIIHFWLYH� VHH )LJXUH ���

6LGH UDLO VHFWLRQ =� �FP�� =� �FP�� ' �PP� % �PP�

:LQG ORDG IURP
%6 ������

:LQG ORDG IURP
&3��&K 9�3DUW �

$QJOH :O/�� ��� :�/�� ��� :�/�� ��� /��� /���

&+6 :O/�� ��� :�/�� ��� :�/�� ��� /��� ¦

5+6 :O/�� ��� :�/�� ��� :�/�� ��� /��� /����
127( � :� DQG :� DUH WKH WRWDO XQIDFWRUHG ORDGV �LQ N1� RQ RQH VSDQ RI WKH VLGH UDLO� DFWLQJ SHUSHQGLFXODU WR WKH SODQH RI WKH
FODGGLQJ DQG SDUDOOHO WR WKH SODQH RI WKH FODGGLQJ UHVSHFWLYHO\�

127( � / LV WKH VSDQ RI WKH VLGH UDLO �LQ PP�� WDNHQ DV IROORZV�

D� IRU =� DQG '� WKH VSDQ FHQWUH�WR�FHQWUH RI YHUWLFDO VXSSRUWV�

E� IRU =� DQG %� WKH VSDQ FHQWUH�WR�FHQWUH RI YHUWLFDO VXSSRUWV� H[FHSW WKDW ZKHUH SURSHUO\ VXSSRUWHG VDJ URGV DUH XVHG / PD\ EH
WDNHQ DV WKH VDJ URG VSDFLQJ�

)LJXUH �� ¦ (IIHFWLYH DUHD RI D EDVHSODWH

Effective portion

2c + T

2c + t

2c + t
Stiffener
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%6 �����������6HFWLRQ �

��������  $[LDO IRUFHV

)RU D[LDO IRUFHV DSSOLHG FRQFHQWULFDOO\ WR WKH EDVHSODWH� WKH WKLFNQHVV RI WKH EDVHSODWH VKRXOG EH QRW OHVV
WKDQ WS JLYHQ E\�

WS  F>�Z�S\S@���

ZKHUH

,I WKH EDVHSODWH LV QRW FRQFHQWULF ZLWK WKH FROXPQ� WKH PRPHQWV LQ WKH EDVHSODWH GXH WR D[LDO ORDG LQ WKH
FROXPQ VKRXOG QRW H[FHHG S\S=S� ZKHUH =S LV WKH VHFWLRQ PRGXOXV RI WKH EDVHSODWH�

,I VWLIIHQHUV DUH XVHG WR WUDQVPLW IRUFHV IURP WKH FROXPQ WR WKH EDVHSODWH� WKH SURMHFWLRQ F PD\ EH PHDVXUHG
IURP WKH IDFHV RI WKH VWLIIHQHUV� SURYLGHG WKDW WKH\ DUH GHVLJQHG IRU WKH UHVXOWLQJ IRUFHV� VHH ���������

��������  $SSOLHG PRPHQWV

,I PRPHQWV DUH DSSOLHG WR WKH EDVHSODWH E\ WKH FROXPQ� WKH PRPHQWV LQ WKH EDVHSODWH VKRXOG EH FDOFXODWHG
DVVXPLQJ D XQLIRUP SUHVVXUH Z����IFX XQGHU WKH HIIHFWLYH SRUWLRQ RI WKH FRPSUHVVLRQ ]RQH DQG VKRXOG QRW
H[FHHG S\S6S� ZKHUH 6S LV WKH SODVWLF PRGXOXV RI WKH EDVHSODWH�

,Q DGGLWLRQ� WKH WKLFNQHVV RI WKH EDVHSODWH VKRXOG EH QRW OHVV WKDQ WKDW UHTXLUHG IRU D[LDO ORDG� VHH ���������

��������  +ROGLQJ�GRZQ EROWV

+ROGLQJ�GRZQ EROWV VKRXOG EH FKHFNHG IRU WHQVLRQ GXH WR PRPHQWV DSSOLHG WR WKH EDVH E\ WKH FROXPQ� XVLQJ
WKH WHQVLRQ FDSDFLW\ 3W JLYHQ LQ ���� 

7R DYRLG XQGHUHVWLPDWLQJ WKH WHQVLRQ LQ WKH KROGLQJ�GRZQ EROWV E\ RYHUHVWLPDWLQJ WKH OHYHU DUP� WKH
HIIHFWLYH FHQWUH RI FRPSUHVVLRQ XQGHU WKH EDVHSODWH VKRXOG QRW EH DVVXPHG WR EH ORFDWHG XQGHU DQ RXWVWDQG 
RI WKH EDVHSODWH� XQOHVV WKH PRPHQW LQ WKDW RXWVWDQG LV OLPLWHG WR S\S=S�

��������  6WLIIHQHUV

,Q D VWLIIHQHG EDVH� WKH PRPHQW LQ D VWLIIHQHU GXH WR WKH EHDULQJ SUHVVXUH RQ WKH HIIHFWLYH DUHD XVHG LQ WKH 
GHVLJQ RI WKH EDVHSODWH VKRXOG QRW H[FHHG S\V=V� ZKHUH S\V LV WKH GHVLJQ VWUHQJWK RI WKH VWLIIHQHU DQG =V LV
LWV VHFWLRQ PRGXOXV�

:KHQ WKH HIIHFWLYH DUHD RI WKH EDVHSODWH LV OHVV WKDQ LWV JURVV DUHD� WKH FRQQHFWLRQV RI WKH VWLIIHQHUV VKRXOG
DOVR EH FKHFNHG VHSDUDWHO\ IRU WKH HIIHFWV RI D OLQHDU GLVWULEXWLRQ RI EHDULQJ SUHVVXUH RQ WKH JURVV DUHD DV
ZHOO DV IRU WKH HIIHFWV RI WKH GLVWULEXWLRQ XVHG LQ WKH GHVLJQ RI WKH EDVHSODWH DQG WKH VWLIIHQHUV�

������ &RQQHFWLRQ RI EDVHSODWHV

3URYLGHG WKDW WKH FRQWDFW DUHDV RQ WKH EDVHSODWH DQG WKH HQG RI WKH FROXPQ �LQFOXGLQJ� LQ VWLIIHQHG EDVHV�
WKH FRQWDFW DUHDV RI WKH VWLIIHQHUV� DUH LQ WLJKW EHDULQJ FRQWDFW� FRPSUHVVLRQ PD\ EH WUDQVPLWWHG WR WKH 
EDVHSODWH LQ GLUHFW EHDULQJ� :HOGV RU EROWV VKRXOG EH SURYLGHG WR WUDQVPLW DQ\ VKHDU RU WHQVLRQ GHYHORSHG
DW WKH FRQQHFWLRQ GXH WR DOO UHDOLVWLF FRPELQDWLRQV RI IDFWRUHG ORDGV� VHH ������ 

:KHUH WKH FRQWDFW VXUIDFHV DUH QRW VXLWDEOH WR WUDQVPLW FRPSUHVVLRQ LQ GLUHFW EHDULQJ� ZHOGV RU EROWV VKRXOG
EH SURYLGHG WR WUDQVPLW DOO IRUFHV DQG PRPHQWV�

F LV WKH ODUJHVW SHUSHQGLFXODU GLVWDQFH IURP WKH HGJH RI WKH HIIHFWLYH SRUWLRQ RI WKH EDVHSODWH WR WKH 
IDFH RI WKH FROXPQ FURVV�VHFWLRQ� VHH )LJXUH ���

S\S LV WKH GHVLJQ VWUHQJWK RI WKH EDVHSODWH�

7 LV WKH IODQJH WKLFNQHVV �RU PD[LPXP WKLFNQHVV� RI WKH FROXPQ�
Z LV WKH SUHVVXUH XQGHU WKH EDVHSODWH� EDVHG RQ DQ DVVXPHG XQLIRUP GLVWULEXWLRQ RI SUHVVXUH

WKURXJKRXW WKH HIIHFWLYH SRUWLRQ�
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%6 ����������� 6HFWLRQ �

����  &DVHG VHFWLRQV

������  *HQHUDO

$V DQ DOWHUQDWLYH WR RWKHU PHWKRGV� D VHFWLRQ HQFDVHG LQ FRQFUHWH PD\ EH GHVLJQHG E\ WKH HPSLULFDO PHWKRGV
JLYHQ LQ ������� ������ DQG ������ DV DSSURSULDWH� SURYLGHG WKDW LW PHHWV WKH IROORZLQJ FRQGLWLRQV�

D� 7KH VWHHO VHFWLRQ VKRXOG EH HLWKHU D VLQJOH UROOHG RU IDEULFDWHG , RU +�VHFWLRQ ZLWK HTXDO IODQJHV� RU D
SDLU RI UROOHG FKDQQHOV LQ FRQWDFW EDFN�WR�EDFN RU VHSDUDWHG EDFN�WR�EDFN E\ QRW OHVV WKDQ �� PP QRU 
PRUH WKDQ KDOI WKHLU GHSWK� 'RXEOH FKDQQHO VHFWLRQV VKRXOG VDWLVI\ WKH FULWHULD JLYHQ LQ �������� LI LQ
FRQWDFW� RWKHUZLVH WKH\ VKRXOG EH ODFHG RU EDWWHQHG WR VDWLVI\ WKH FULWHULD RI ����� RU ����� UHVSHFWLYHO\�

E� 7KH RYHUDOO GLPHQVLRQV RI WKH VWHHO VHFWLRQ VKRXOG QRW H[FHHG � ��� PP �   ��� PP� WKH GLPHQVLRQ RI
� ��� PP EHLQJ PHDVXUHG SDUDOOHO WR WKH ZHE RU ZHEV�

F� 3ULPDU\ VWUXFWXUDO FRQQHFWLRQV WR WKH PHPEHU VKRXOG SUHIHUDEO\ EH PDGH GLUHFWO\ WR WKH VWHHO VHFWLRQ�
,Q VXFK FDVHV WKH HFFHQWULFLW\ JLYHQ LQ �����D� VKRXOG EH WDNHQ IURP WKH IDFH RI WKH VWHHO VHFWLRQ�

G� 7KH VWHHO VHFWLRQ VKRXOG EH XQSDLQWHG DQG IUHH IURP RLO� JUHDVH� GLUW DQG ORRVH UXVW RU PLOOVFDOH�

H� 7KH VWHHO VHFWLRQ VKRXOG EH VROLGO\ HQFDVHG LQ RUGLQDU\ GHQVH VWUXFWXUDO FRQFUHWH ZLWK D �� GD\ FXEH 
VWUHQJWK RI DW OHDVW �� 1�PP��

I� 7KHUH VKRXOG EH D PLQLPXP UHFWDQJOH RI VROLG FDVLQJ �ZKLFK PD\ EH FKDPIHUHG DW WKH FRUQHUV� WKDW
JLYHV D FRYHU WR WKH RXWHU IDFH DQG HGJHV RI WKH VWHHO PHPEHU RI QRW OHVV WKDQ �� PP�

J� 7KH FRQFUHWH FDVLQJ VKRXOG H[WHQG WKH IXOO OHQJWK RI WKH PHPEHU DQG LWV FRQQHFWLRQV� 7KH FRQFUHWH
VKRXOG EH WKRURXJKO\ FRPSDFWHG� HVSHFLDOO\ EHORZ FOHDWV� FDS SODWHV DQG EHDP VRIILWV� 7KHUH VKRXOG EH
VXIILFLHQW FOHDUDQFH DW DOO SRLQWV VR WKDW WKH FRQFUHWH FDQ EH HIILFLHQWO\ ZRUNHG DURXQG WKH VWHHO HOHPHQWV�

K� 7KH FDVLQJ VKRXOG EH UHLQIRUFHG XVLQJ VWHHO IDEULF FRPSO\LQJ ZLWK %6 ����� UHIHUHQFH ' ��� 
$OWHUQDWLYHO\� VWHHO UHLQIRUFHPHQW RU ZLUH RI QRW OHVV WKDQ � PP GLDPHWHU RU WKHLU HTXLYDOHQW� FRPSO\LQJ
ZLWK %6 ���� RU %6 ���� PD\ EH XVHG DW D PD[LPXP VSDFLQJ RI ��� PP WR IRUP D FDJH RI FORVHG OLQNV
DQG ORQJLWXGLQDO EDUV� 7KH UHLQIRUFHPHQW VKRXOG EH DUUDQJHG WR SDVV WKURXJK WKH FHQWUH RI WKH FRQFUHWH
FRYHU WR WKH IODQJHV� 7KH PLQLPXP ODS RI WKH UHLQIRUFHPHQW� DQG WKH GHWDLOV RI WKH OLQNV� VKRXOG FRQIRUP
WR %6 �����

L� 7KH HIIHFWLYH OHQJWK /( RI WKH FDVHG VHFWLRQ VKRXOG EH OLPLWHG WR ��EF� ���EF
��GF RU ���U ZKLFKHYHU LV

OHDVW� ZKHUH�

������  &DVHG FROXPQV

&DVHG FROXPQV WKDW FRQIRUP WR WKH FRQGLWLRQV JLYHQ LQ ������ PD\ EH GHVLJQHG RQ WKH IROORZLQJ EDVLV�

D� 7KH UDGLXV RI J\UDWLRQ U\ RI WKH PHPEHU DERXW LWV D[LV LQ WKH SODQH RI LWV ZHE RU ZHEV VKRXOG EH WDNHQ 
DV ���EF EXW QRW PRUH WKDQ ����% � ���� PP DQG QRW OHVV WKDQ WKDW RI WKH VWHHO VHFWLRQ DORQH� ZKHUH EF LV 
WKH PLQLPXP ZLGWK RI VROLG FDVLQJ ZLWKLQ WKH GHSWK RI WKH VWHHO VHFWLRQ DQG % LV WKH RYHUDOO ZLGWK RI WKH 
VWHHO IODQJH RU IODQJHV�

E� 7KH UDGLXV RI J\UDWLRQ U[ RI WKH PHPEHU DERXW LWV D[LV SDUDOOHO WR WKH SODQHV RI WKH IODQJHV VKRXOG EH
WDNHQ DV WKDW RI WKH VWHHO VHFWLRQ DORQH�

F� 7KH FRPSUHVVLRQ UHVLVWDQFH 3F RI WKH FDVHG VHFWLRQ VKRXOG EH GHWHUPLQHG IURP�

3F   �$J � ����$FIFX�S\�SF EXW 3F � 3FV

LQ ZKLFK 3FV LV WKH VKRUW VWUXW FDSDFLW\ RI WKH FDVHG VHFWLRQ� JLYHQ E\�

3FV   �$J � ����$FIFX�S\�S\

EF LV WKH PLQLPXP ZLGWK RI VROLG FDVLQJ ZLWKLQ WKH GHSWK RI WKH VWHHO VHFWLRQ�

GF LV WKH PLQLPXP GHSWK RI VROLG FDVLQJ ZLWKLQ WKH ZLGWK RI WKH VWHHO VHFWLRQ�

U LV WKH PLQLPXP UDGLXV RI J\UDWLRQ RI WKH VWHHO VHFWLRQ DORQH�
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%6 �����������6HFWLRQ �

ZKHUH

������  &DVHG PHPEHUV VXEMHFW WR EHQGLQJ

&DVHG EHDPV WKDW VDWLVI\ WKH FRQGLWLRQV JLYHQ LQ ������ VKRXOG EH GHVLJQHG DV IRU DQ XQFDVHG VHFWLRQ
�VHH ��� DQG ���� H[FHSW WKDW WKH UDGLXV RI J\UDWLRQ U\ PD\ EH WDNHQ DV LQ ������� $OO RWKHU SURSHUWLHV VKRXOG
EH WDNHQ DV IRU WKH XQFDVHG VHFWLRQ� 7KH EXFNOLQJ UHVLVWDQFH PRPHQW 0E VKRXOG QRW H[FHHG WKH PRPHQW
FDSDFLW\ 0F RI WKH XQFDVHG VHFWLRQ QRU ��� WLPHV WKH YDOXH RI 0E IRU WKH XQFDVHG VHFWLRQ�

,Q WKH FDOFXODWLRQ RI GHIOHFWLRQV� WKH HIIHFWLYH VHFRQG PRPHQW RI DUHD RI WKH FDVHG VHFWLRQ ,FV PD\ EH WDNHQ
DV WKDW RI WKH VWHHO VHFWLRQ SOXV WKH WUDQVIRUPHG QHW DUHD RI WKH FRQFUHWH� L�H��

,FV  ,V � �,F ¥ ,V�(F�(

ZKHUH

������  &DVHG PHPEHUV VXEMHFW WR D[LDO IRUFH DQG PRPHQW

$ FDVHG VHFWLRQ FRQIRUPLQJ WR WKH FRQGLWLRQV JLYHQ LQ ������ DQG VXEMHFW WR FRPELQHG D[LDO FRPSUHVVLRQ DQG 
EHQGLQJ PRPHQW VKRXOG VDWLVI\ WKH IROORZLQJ UHODWLRQVKLSV�

D� &URVV�VHFWLRQ FDSDFLW\ DW ORFDWLRQV RI WKH ODUJHVW EHQGLQJ PRPHQWV DQG D[LDO IRUFH�

ZKHUH

E� 0HPEHU EXFNOLQJ UHVLVWDQFH�

ZKHUH

$F LV WKH JURVV VHFWLRQDO DUHD RI WKH FRQFUHWH� EXW QHJOHFWLQJ DQ\ FDVLQJ LQ H[FHVV RI �� PP IURP WKH 
RYHUDOO GLPHQVLRQV RI WKH VWHHO VHFWLRQ DQG QHJOHFWLQJ DQ\ DSSOLHG ILQLVK�

$J LV WKH JURVV VHFWLRQDO DUHD RI WKH VWHHO PHPEHU�

IFX LV WKH FKDUDFWHULVWLF �� GD\ FXEH VWUHQJWK RI WKH FRQFUHWH� EXW IFX � �� 1�PP��

SF LV WKH FRPSUHVVLYH VWUHQJWK RI WKH VWHHO VHFWLRQ� GHWHUPLQHG DV JLYHQ LQ ����� XVLQJ U\ DQG U[ DV
GHILQHG LQ D� DQG E� DQG WDNLQJ S\ � ��� 1�PP��

S\ LV WKH GHVLJQ VWUHQJWK RI WKH VWHHO� EXW S\ � ��� 1�PP��

( LV WKH PRGXOXV RI HODVWLFLW\ RI VWHHO�
(F LV WKH PRGXOXV RI HODVWLFLW\ IRU WKH UHOHYDQW JUDGH RI FRQFUHWH� VHH %6 �����

,F LV WKH VHFRQG PRPHQW RI DUHD RI WKH JURVV FRQFUHWH FURVV�VHFWLRQ�

,V LV WKH VHFRQG PRPHQW RI DUHD RI WKH VWHHO PHPEHU�

)F LV WKH FRPSUHVVLYH D[LDO IRUFH DW WKH FULWLFDO ORFDWLRQ�

0F[ LV WKH PDMRU D[LV PRPHQW FDSDFLW\ RI WKH VWHHO VHFWLRQ� VHH ������

0F\ LV WKH PLQRU D[LV PRPHQW FDSDFLW\ RI WKH VWHHO VHFWLRQ� VHH ������

0[ LV WKH PRPHQW DERXW WKH PDMRU D[LV DW WKH FULWLFDO ORFDWLRQ�

0\ LV WKH PRPHQW DERXW WKH PLQRU D[LV DW WKH FULWLFDO ORFDWLRQ�

3FV LV WKH VKRUW VWUXW FDSDFLW\ IURP ������F��

)F LV WKH PD[LPXP FRPSUHVVLYH D[LDO IRUFH�

0E LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW IURP ��� XVLQJ VHFWLRQ SURSHUWLHV DV JLYHQ LQ �������

0[ LV WKH PD[LPXP PRPHQW DERXW WKH PDMRU D[LV�

0\ LV WKH PD[LPXP PRPHQW DERXW WKH PLQRU D[LV�

)F
3FV
��������

0[
0F[
����������

0\
0F\
���������� ��� �

)F
3F
������

P[0[
S\=[
����������������

P\0\
S\=\
���������������� ��� �

)F
3F\
��������

P/70[
0E

��������������������
P\0\
S\=\
���������������� ��� �
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%6 ����������� 6HFWLRQ �

����  :HE RSHQLQJV

������  *HQHUDO

([FHSW DV VWLSXODWHG LQ ��� IRU EROW KROHV� WKH HIIHFWV RI RSHQLQJV VKRXOG EH WDNHQ LQWR DFFRXQW LQ GHVLJQ�
$SSURSULDWH UHLQIRUFHPHQW VKRXOG EH SURYLGHG DW DOO RSHQLQJV ZKHUH WKH DSSOLHG IRUFHV DQG PRPHQWV 
H[FHHG WKH FDSDFLW\ RI WKH QHW FURVV�VHFWLRQ� RU WKH DSSOLHG VKHDU H[FHHGV LWV VKHDU FDSDFLW\�

,Q DGGLWLRQ WR FRPSO\LQJ ZLWK ���� ���� ���� ���� ���� ���� ��� DQG ��� DV UHOHYDQW� PHPEHUV ZLWK ZHE RSHQLQJV 
VKRXOG FRPSO\ ZLWK ������� ������� ������ DQG ������ DV DSSURSULDWH�

������  ,VRODWHG FLUFXODU RSHQLQJV

��������  8QUHLQIRUFHG RSHQLQJV

,VRODWHG XQUHLQIRUFHG FLUFXODU RSHQLQJV PD\ EH ORFDWHG LQ WKH ZHE RI D EHDP ZLWKRXW FRQVLGHULQJ QHW VHFWLRQ
SURSHUWLHV SURYLGHG WKDW�

D� 7KH PHPEHU KDV D FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQ�

E� 7KH FURVV�VHFWLRQ KDV DQ D[LV RI V\PPHWU\ LQ WKH SODQH RI EHQGLQJ�

F� 7KH RSHQLQJV DUH ORFDWHG ZLWKLQ WKH PLGGOH WKLUG RI WKH GHSWK RI WKH FURVV�VHFWLRQ�

G� 7KH RSHQLQJV DUH ORFDWHG ZLWKLQ WKH PLGGOH KDOI RI WKH VSDQ RI WKH PHPEHU�

H� 7KH VSDFLQJ FHQWUH�WR�FHQWUH RI DGMDFHQW RSHQLQJV PHDVXUHG SDUDOOHO WR WKH D[LV RI WKH PHPEHU LV QRW
OHVV WKDQ ��� WLPHV WKH GLDPHWHU RI WKH ODUJHU RSHQLQJ�

I� 7KH GLVWDQFH IURP WKH FHQWUHOLQH RI HDFK RSHQLQJ WR WKH QHDUHVW SRLQW ORDG LV QRW OHVV WKDQ WKH GHSWK RI
WKH PHPEHU�

J� 7KH ORDG RQ WKH PHPEHU LV VXEVWDQWLDOO\ XQLIRUPO\ GLVWULEXWHG�

K� 7KH VKHDU GXH WR SRLQW ORDGV GRHV QRW H[FHHG �� � RI WKH VKHDU FDSDFLW\ RI WKH FURVV�VHFWLRQ�

L� 7KH PD[LPXP VKHDU LQ WKH PHPEHU GRHV QRW H[FHHG �� � RI WKH VKHDU FDSDFLW\ RI WKH FURVV�VHFWLRQ�

,I WKH GLPHQVLRQV� RSHQLQJV RU ORDGLQJ GR QRW VDWLVI\ D� WR L� WKH PHPEHU VKRXOG EH GHVLJQHG XVLQJ �������

��������  5HLQIRUFHG RSHQLQJV

:HE UHLQIRUFHPHQW PD\ EH SURYLGHG DGMDFHQW WR RSHQLQJV WR FRPSHQVDWH IRU WKH PDWHULDO UHPRYHG� ,W VKRXOG 
EH FDUULHG SDVW WKH RSHQLQJ IRU VXFK D GLVWDQFH WKDW WKH ORFDO VKHDU VWUHVV GXH WR IRUFH WUDQVIHU EHWZHHQ WKH
UHLQIRUFHPHQW DQG WKH ZHE GRHV QRW H[FHHG ���S\� 

0HPEHUV ZLWK LVRODWHG UHLQIRUFHG RSHQLQJV VKRXOG EH GHVLJQHG XVLQJ �������

������  0HPEHUV ZLWK LVRODWHG RSHQLQJV

��������  *HQHUDO

0HPEHUV ZLWK LVRODWHG RSHQLQJV VKRXOG VDWLVI\ ��������� ��������� ��������� �������� DQG ���������

��������  /RFDO EXFNOLQJ

$OO FRPSUHVVLRQ HOHPHQWV RI WKH FURVV�VHFWLRQ� LQFOXGLQJ WKRVH DGMDFHQW WR ZHE RSHQLQJV� VKRXOG EH FKHFNHG
IRU ORFDO EXFNOLQJ LQ DFFRUGDQFH ZLWK ����

P/7 LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU ODWHUDO�WRUVLRQDO EXFNOLQJ� VHH ����������

P[ LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU PDMRU D[LV EXFNOLQJ� VHH ����������

P\ LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU PLQRU D[LV EXFNOLQJ� VHH ����������

3F LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ������F�� FRQVLGHULQJ EXFNOLQJ DERXW ERWK D[HV�

3F\ LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ������F�� FRQVLGHULQJ EXFNOLQJ DERXW WKH PLQRU D[LV RQO\�
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%6 �����������6HFWLRQ �

��������  6KHDU

7KH VKHDU VWUHVV RQ WKH QHW VKHDU DUHD DW RSHQLQJV VKRXOG QRW H[FHHG ���S\� ,Q DGGLWLRQ� WKH VHFRQGDU\
9LHUHQGHHO PRPHQWV GXH WR VKHDU IRUFHV DW RSHQLQJV VKRXOG EH GHWHUPLQHG�

,I WKH UDWLR G�W RI WKH ZHE H[FHHGV ��� IRU D UROOHG VHFWLRQ� RU ��� IRU D ZHOGHG VHFWLRQ� DOORZDQFH VKRXOG EH
PDGH IRU WKH LQIOXHQFH RI WKH ZHE RSHQLQJ RQ WKH VKHDU EXFNOLQJ UHVLVWDQFH RI WKH ZHE�
127( 'HWDLOV RI D GHVLJQ SURFHGXUH DOORZLQJ IRU WKLV HIIHFW DUH JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

��������  0RPHQW FDSDFLW\

7KH PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ VKRXOG EH GHWHUPLQHG IURP WKH QHW VHFWLRQ SURSHUWLHV� DOORZLQJ
IRU WKH HIIHFWV RI VHFRQGDU\ 9LHUHQGHHO PRPHQWV GXH WR VKHDU DW ZHE RSHQLQJV�
127( 'HWDLOV RI D GHVLJQ SURFHGXUH DOORZLQJ IRU WKLV HIIHFW DUH JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

��������  3RLQW ORDGV

/RDG EHDULQJ VWLIIHQHUV VKRXOG EH SURYLGHG ZKHUH SRLQW ORDGV DUH DSSOLHG FORVHU WR DQ RSHQLQJ WKDQ WKH 
RYHUDOO GHSWK RI WKH PHPEHU� ,I D SRLQW ORDG LV DSSOLHG ZLWKLQ WKH OHQJWK RI DQ RSHQLQJ� WKH DGGLWLRQDO
VHFRQGDU\ PRPHQWV VKRXOG EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ�

��������  'HIOHFWLRQ

7KH DGGLWLRQDO GHIOHFWLRQ GXH WR RSHQLQJV VKRXOG EH DGGHG WR WKH SULPDU\ GHIOHFWLRQ�

������  0HPEHUV ZLWK PXOWLSOH RSHQLQJV

��������  *HQHUDO

0HPEHUV ZLWK PXOWLSOH RSHQLQJV VKRXOG VDWLVI\ ��������� ��������� ��������� ��������� ��������� ��������
DQG ���������

��������  /RFDO EXFNOLQJ

$OO FRPSUHVVLRQ HOHPHQWV RI WKH FURVV�VHFWLRQ� LQFOXGLQJ WKRVH DGMDFHQW WR ZHE RSHQLQJV� VKRXOG EH FKHFNHG 
IRU ORFDO EXFNOLQJ LQ DFFRUGDQFH ZLWK ����

��������  6KHDU

7KH VKHDU VWUHVV EDVHG RQ WKH QHW VKHDU DUHD DW RSHQLQJV LQ WKH FURVV�VHFWLRQ VKRXOG QRW H[FHHG ���S\� 7KH
VKHDU VWUHVV DFURVV D ZHE SRVW EHWZHHQ WZR RSHQLQJV� EDVHG RQ WKH VKHDU DUHD RI WKH ZHE SRVW DW LWV
QDUURZHVW SRLQW� VKRXOG QRW H[FHHG ���S\�

��������  0RPHQW FDSDFLW\

7KH PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ VKRXOG EH GHWHUPLQHG IURP WKH QHW VHFWLRQ SURSHUWLHV� DOORZLQJ
IRU WKH HIIHFWV RI VHFRQGDU\ 9LHUHQGHHO PRPHQWV GXH WR VKHDU DW ZHE RSHQLQJV�

��������  %XFNOLQJ UHVLVWDQFH PRPHQW

%HDPV ZLWK LQFRPSOHWH ODWHUDO UHVWUDLQW VKRXOG EH GHVLJQHG LQ DFFRUGDQFH ZLWK ��� XVLQJ WKH VHFWLRQ 
SURSHUWLHV RI WKH QHW FURVV�VHFWLRQ DQG DQ HTXLYDOHQW VOHQGHUQHVV �/7 FDOFXODWHG XVLQJ WKH VHFWLRQ 
SURSHUWLHV DSSOLFDEOH DW WKH FHQWUHOLQH RI DQ RSHQLQJ�

��������  'HIOHFWLRQ

7KH DGGLWLRQDO GHIOHFWLRQ GXH WR RSHQLQJV VKRXOG EH DGGHG WR WKH SULPDU\ GHIOHFWLRQ�

��������  5HVLVWDQFH WR FRQFHQWUDWHG ORDGV

$W SRLQWV RI FRQFHQWUDWHG ORDG RU UHDFWLRQ� WKH UHVLVWDQFH RI WKH ZHE VKRXOG EH FKHFNHG XVLQJ ���� :KHUH
QHFHVVDU\� RSHQLQJV VKRXOG EH ILOOHG DQG VWLIIHQHUV SURYLGHG�

��������  :HE SRVWV

7KH VWDELOLW\ RI WKH ZHE SRVWV EHWZHHQ WKH RSHQLQJV DQG DW WKH HQGV RI WKH PHPEHU VKRXOG EH YHULILHG�
:KHUH QHFHVVDU\ VWLIIHQHUV VKRXOG EH SURYLGHG�
127(  $ GHVLJQ PHWKRG IRU FKHFNLQJ WKH VWDELOLW\ RI ZHE SRVWV LV JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�
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%6 ����������� 6HFWLRQ �

������  &DVWHOODWHG EHDPV

,Q WKH FDVH RI FDVWHOODWHG EHDPV ZLWK WKH VWDQGDUG SURSRUWLRQV VKRZQ LQ )LJXUH ��� IDEULFDWHG IURP UROOHG 
, RU +�VHFWLRQV RU IURP FKDQQHOV� LW PD\ EH DVVXPHG WKDW WKH ZHE SRVWV DUH VWDEOH SURYLGHG WKDW WKH UDWLR
G�W IRU WKH ZHE RI WKH H[SDQGHG FURVV�VHFWLRQ GRHV QRW H[FHHG ����

7KLV VKRXOG QRW EH DVVXPHG WR DSSO\ WR PHPEHUV ZLWK RWKHU W\SHV RI PXOWLSOH RSHQLQJ� RU WR FDVWHOODWHG
EHDPV ZLWK RSHQLQJV RI GLIIHUHQW VKDSHV RU SURSRUWLRQV�

����  6HSDUDWRUV DQG GLDSKUDJPV
6HSDUDWRUV RU GLDSKUDJPV PD\ EH XVHG WR LQWHU�FRQQHFW ,�VHFWLRQ RU FKDQQHO EHDPV� SODFHG VLGH E\ VLGH� WR
HQDEOH WKHP WR DFW WRJHWKHU LQ UHVLVWLQJ DSSOLHG IRUFHV� RU WR OLPLW WKHLU UHODWLYH GHIOHFWLRQV� DV IROORZV�

D� 6HSDUDWRUV� 6HSDUDWRUV� FRQVLVWLQJ RI VSDFHUV DQG WKURXJK EROWV� PD\ EH XVHG WR WUDQVIHU ODWHUDO IRUFHV
EHWZHHQ WKH EHDPV� RU WR PDLQWDLQ WKHLU KRUL]RQWDO VSDFLQJ LQ VHUYLFH�

E� 'LDSKUDJPV� 'LDSKUDJPV VKRXOG EH XVHG ZKHUH LW LV UHTXLUHG WR WUDQVIHU YHUWLFDO IRUFHV EHWZHHQ WKH 
EHDPV RU WR PDLQWDLQ WKHLU UHODWLYH OHYHOV LQ VHUYLFH�

,I LW LV UHTXLUHG WR LQFUHDVH WKH UHVLVWDQFH WR ODWHUDO IRUFHV RU WKH ODWHUDO VWLIIQHVV� WKH LQGLYLGXDO EHDPV
VKRXOG EH EDWWHQHG RU ODFHG WR IRUP D EXLOW�XS PHPEHU� RU MRLQHG WR IRUP D FRPSRXQG PHPEHU� 6LPLODU 
PHDVXUHV VKRXOG EH XVHG LI LW LV UHTXLUHG WR LQFUHDVH WKH WRWDO UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ�

����  (FFHQWULF ORDGV RQ EHDPV

������  *HQHUDO

:KHUH D EHDP LV HFFHQWULFDOO\ ORDGHG LQ VXFK D ZD\ WKDW WKH WRUVLRQDO UHVLVWDQFH RI WKH EHDP LV QHFHVVDU\ 
WR PDLQWDLQ HTXLOLEULXP� WKH EHDP DQG LWV FRQQHFWLRQV VKRXOG EH GHVLJQHG IRU WKH UHVXOWLQJ WRUVLRQ�
127(  *XLGDQFH RQ GHVLJQ IRU WRUVLRQ LV JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

������  'LVWULEXWHG ORDGV

:KHUH D EHDP LV ORDGHG HFFHQWULFDOO\ E\ D ZDOO� D OHDI RI D ZDOO RU DQ\ RWKHU GLVWULEXWHG ORDG� WKH EHDP DQG
LWV FRQQHFWLRQV VKRXOG EH GHVLJQHG IRU WRUVLRQ� XQOHVV WRUVLRQDO GHIRUPDWLRQ RI WKH EHDP LV UHVWULFWHG E\ 
VXLWDEOH FRQQHFWLRQ WR D IORRU VODE RU DQRWKHU SDUW RI WKH VWUXFWXUH FDSDEOH RI UHVLVWLQJ WKH UHVXOWLQJ 
PRPHQW�

������  3RLQW ORDGV

:KHUH D EHDP LV HFFHQWULFDOO\ ORDGHG E\ SRLQW ORDGV IURP RWKHU VWUXFWXUDO PHPEHUV WKDW DOVR UHVWULFW LWV
WRUVLRQDO GHIRUPDWLRQ� WKH EHDP QHHG QRW EH GHVLJQHG IRU WRUVLRQ LI WKH UHVXOWLQJ PRPHQWV FDQ EH UHVLVWHG 
E\ WKH VXSSRUWHG PHPEHUV DQG WKHLU FRQQHFWLRQV�

' LV WKH VHULDO VL]H RI WKH RULJLQDO VHFWLRQ

)LJXUH �� ¦ 3URSRUWLRQV RI VWDQGDUG FDVWHOODWHG PHPEHUV

D 1.5 D

1.08 D

60º
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%6 �����������

6HFWLRQ �� &RQWLQXRXV VWUXFWXUHV �

���  *HQHUDO

�����  $SSOLFDWLRQ

6HFWLRQ � DSSOLHV WR VWUXFWXUHV RU HOHPHQWV RI VWUXFWXUHV WKDW DUH SK\VLFDOO\ FRQWLQXRXV RYHU VXSSRUWV� RU LQ
ZKLFK IXOO FRQWLQXLW\ LV SURYLGHG E\ PRPHQW�UHVLVWLQJ MRLQWV� VHH ������

7KH UHFRPPHQGDWLRQV IRU IUDPHV ZLWK ULJLG PRPHQW�UHVLVWLQJ MRLQWV DSSO\ WR §ILUVW RUGHU¨PHWKRGV RI JOREDO
DQDO\VLV �EDVHG RQ WKHLU LQLWLDO XQ�GHIRUPHG JHRPHWU\�� §VHFRQG RUGHU¨ HIIHFWV �VWDELOLW\ HIIHFWV GXH WR
GHIRUPDWLRQV XQGHU ORDG� EHLQJ FRYHUHG E\ UHFRPPHQGDWLRQV IRU PHPEHU EXFNOLQJ DQG IUDPH VWDELOLW\�

'HWDLOHG UHFRPPHQGDWLRQV IRU SUDFWLFDO GLUHFW DSSOLFDWLRQ RI §VHFRQG RUGHU¨ PHWKRGV RI JOREDO DQDO\VLV
�EDVHG RQ WKH ILQDO GHIRUPHG JHRPHWU\ RI WKH IUDPH�� LQFOXGLQJ DOORZDQFHV IRU JHRPHWULFDO LPSHUIHFWLRQV
DQG UHVLGXDO VWUHVVHV� VWUDLQ KDUGHQLQJ� WKH UHODWLRQVKLS EHWZHHQ PHPEHU VWDELOLW\ DQG IUDPH VWDELOLW\ DQG
DSSURSULDWH IDLOXUH FULWHULD� DUH EH\RQG WKH VFRSH RI WKLV GRFXPHQW� +RZHYHU� VXFK XVH LV QRW SUHFOXGHG
SURYLGHG WKDW DSSURSULDWH DOORZDQFHV DUH PDGH IRU WKHVH FRQVLGHUDWLRQV�

�����  3DWWHUQ ORDGLQJ

�������  'HDG ORDG

'HDG ORDG �I IDFWRUV VKRXOG EH YDULHG ZKHQ FRQVLGHULQJ RYHUWXUQLQJ� XSOLIW RU VOLGLQJ� VHH �������� 7KH\
VKRXOG QRW EH YDULHG ZKHQ FRQVLGHULQJ SDWWHUQ ORDGLQJ RI LPSRVHG ORDGV RU ZLQG ORDG�

�������  ,PSRVHG IORRU ORDG

)RU ORDG FRPELQDWLRQ � �JUDYLW\ ORDGV� VHH ��������� WKH LPSRVHG IORRU ORDG VKRXOG EH DUUDQJHG LQ WKH PRVW
XQIDYRXUDEOH EXW UHDOLVWLF SDWWHUQ IRU HDFK HOHPHQW�

�������  ,PSRVHG URRI ORDG

)RU ORDG FRPELQDWLRQ � �JUDYLW\ ORDGV� VHH ��������� WKH LPSRVHG URRI ORDGV VKRXOG QRW EH SDWWHUQHG H[FHSW
DV UHFRPPHQGHG LQ UHVSHFW RI SDUWLDO ORDGLQJ� DV\PPHWULF ORDGV DQG ORFDO GULIWLQJ RI VQRZ LQ ���� LQ ���� ���
DQG ��� DQG LQ ��� UHVSHFWLYHO\ RI %6 ������������
127(  ,Q WKH FDVH RI ORFDO GULIWLQJ D UHGXFHG YDOXH RI �I DSSOLHV� VHH 7DEOH ��

�������  :LQG ORDG

)RU ORDG FRPELQDWLRQ � �GHDG ORDG DQG ZLQG ORDG� VHH ��������� WKH ZLQG ORDG VKRXOG QRW EH SDWWHUQHG H[FHSW
IRU WKH DV\PPHWULF ORDGV UHFRPPHQGHG LQ ������� RI %6 ������������

�������  :LQG ORDG FRPELQHG ZLWK LPSRVHG ORDG

)RU ORDG FRPELQDWLRQ � �GHDG ORDG� LPSRVHG ORDG DQG ZLQG ORDG� VHH ��������� SDWWHUQ ORDGLQJ QHHG QRW EH
DSSOLHG�

�������  *HQHUDO

,Q GHWHUPLQLQJ WKH VWLIIQHVV RI D EDVH� DFFRXQW VKRXOG EH WDNHQ RI WKH EHKDYLRXU RI WKH JURXQG� WKH VWLIIQHVV 
RI WKH IRXQGDWLRQ LWVHOI DQG WKH FKDUDFWHULVWLFV RI WKH VWHHO EDVHSODWH RU RWKHU FRQQHFWLRQ� 7KH VWLIIQHVV RI D
EDVH ZLWK D SLQ RU D URFNHU VKRXOG EH WDNHQ DV ]HUR�

,Q WKH DEVHQFH RI GHWDLOHG NQRZOHGJH RI WKH VWLIIQHVV RI WKH EDVH� GHVLJQ PD\ EH EDVHG RQ WKH DVVXPSWLRQV
GHWDLOHG LQ �������� ������� DQG ��������

�������  1RPLQDOO\ ULJLG EDVH

,I D FROXPQ LV ULJLGO\ FRQQHFWHG WR D VXLWDEOH IRXQGDWLRQ� WKH IROORZLQJ UHFRPPHQGDWLRQV VKRXOG EH DGRSWHG�

D� ,Q HODVWLF JOREDO DQDO\VLV WKH VWLIIQHVV RI WKH EDVH VKRXOG EH WDNHQ DV HTXDO WR WKH VWLIIQHVV RI WKH FROXPQ 
IRU DOO XOWLPDWH OLPLW VWDWH FDOFXODWLRQV� +RZHYHU� LQ GHWHUPLQLQJ GHIOHFWLRQV XQGHU VHUYLFHDELOLW\ ORDGV�
WKH EDVH PD\ EH WUHDWHG DV ULJLG�

E� ,Q SODVWLF JOREDO DQDO\VLV DQ\ EDVH PRPHQW FDSDFLW\ EHWZHHQ ]HUR DQG WKH SODVWLF PRPHQW FDSDFLW\ RI
WKH FROXPQ PD\ EH DVVXPHG� SURYLGHG WKDW WKH IRXQGDWLRQ LV GHVLJQHG WR UHVLVW D PRPHQW HTXDO WR WKLV
DVVXPHG PRPHQW FDSDFLW\� WRJHWKHU ZLWK WKH IRUFHV REWDLQHG IURP WKH DQDO\VLV� ,Q HODVWLF�SODVWLF JOREDO
DQDO\VLV WKH DVVXPHG EDVH VWLIIQHVV VKRXOG EH FRQVLVWHQW ZLWK WKH DVVXPHG EDVH PRPHQW FDSDFLW\� EXW
VKRXOG QRW H[FHHG WKH VWLIIQHVV RI WKH FROXPQ�

5.1.3 Base stiffness !and capacity"
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%6 ����������� 6HFWLRQ �

������� 1RPLQDOO\ SLQQHG EDVH

,I D FROXPQ LV QRPLQDOO\ SLQ�FRQQHFWHG WR D IRXQGDWLRQ WKDW LV GHVLJQHG DVVXPLQJ WKDW WKH EDVH PRPHQW LV
]HUR� WKH EDVH VKRXOG EH DVVXPHG WR EH SLQQHG ZKHQ XVLQJ HODVWLF JOREDO DQDO\VLV WR FDOFXODWH WKH RWKHU 
PRPHQWV DQG IRUFHV LQ WKH IUDPH XQGHU XOWLPDWH OLPLW VWDWH ORDGLQJ�

7KH VWLIIQHVV RI WKH EDVH PD\ EH DVVXPHG WR EH HTXDO WR WKH IROORZLQJ SURSRUWLRQ RI WKH FROXPQ VWLIIQHVV�

D� �� � ZKHQ FKHFNLQJ IUDPH VWDELOLW\ RU GHWHUPLQLQJ LQ�SODQH HIIHFWLYH OHQJWKV�

E� �� � ZKHQ FDOFXODWLQJ GHIOHFWLRQV XQGHU VHUYLFHDELOLW\ ORDGV�

������� 1RPLQDO VHPL�ULJLG EDVH

$ QRPLQDO EDVH VWLIIQHVV RI XS WR �� � RI WKH VWLIIQHVV RI WKH FROXPQ PD\ EH DVVXPHG LQ HODVWLF JOREDO
DQDO\VLV� SURYLGHG WKDW WKH IRXQGDWLRQ LV GHVLJQHG IRU WKH PRPHQWV DQG IRUFHV REWDLQHG IURP WKLV DQDO\VLV�

�����  ,QGHSHQGHQWO\ EUDFHG IUDPHV

:KHUH VZD\ VWDELOLW\ �VHH �������� LV SURYLGHG WR D IUDPH ZLWK PRPHQW�UHVLVWLQJ MRLQWV E\ DQ LQGHSHQGHQW
V\VWHP RI UHVLVWDQFH WR KRUL]RQWDO IRUFHV �VHH �������� LW PD\ EH WUHDWHG DV §QRQ�VZD\¨ �VHH �������� LI�

D� WKH VWDELOL]LQJ V\VWHP KDV D VSULQJ VWLIIQHVV �KRUL]RQWDO UHDFWLRQ SHU XQLW GLVSODFHPHQW� DW OHDVW IRXU 
WLPHV ODUJHU WKDQ WKH WRWDO VSULQJ VWLIIQHVV RI DOO WKH IUDPHV WR ZKLFK LW JLYHV KRUL]RQWDO VXSSRUW �L�H� WKH 
VXSSRUWLQJ V\VWHP UHGXFHV WKH KRUL]RQWDO GLVSODFHPHQW RI WKH IUDPHV E\ DW OHDVW �� ���

E� WKH VWDELOL]LQJ V\VWHP LV GHVLJQHG WR UHVLVW DOO WKH KRUL]RQWDO ORDGV DSSOLHG WR WKH IUDPH� LQFOXGLQJ WKH
QRWLRQDO KRUL]RQWDO IRUFHV� VHH ��������

���  *OREDO DQDO\VLV

�����  0HWKRGV

(LWKHU HODVWLF RU SODVWLF JOREDO DQDO\VLV PD\ EH XVHG� (ODVWLF DQDO\VLV VKRXOG QRUPDOO\ EH ILUVW RUGHU OLQHDU 
HODVWLF� 3ODVWLF DQDO\VLV VKRXOG QRUPDOO\ EH ILUVW RUGHU ULJLG�SODVWLF RU ILUVW RUGHU HODVWLF�SODVWLF �HLWKHU 
OLQHDU HODVWLF�SODVWLF RU WKH HODVWR�SODVWLF §SODVWLF ]RQHV¨ PHWKRG�� 7KH XVH RI VHFRQG RUGHU HODVWLF RU VHFRQG
RUGHU HODVWLF�SODVWLF PHWKRGV LV QRW SUHFOXGHG� EXW QR GHWDLOHG UHFRPPHQGDWLRQV DUH JLYHQ IRU WKHLU XVH�
VHH ������

�����  (ODVWLF DQDO\VLV

:KHQ HODVWLF JOREDO DQDO\VLV LV XVHG IRU D FRQWLQXRXV EHDP RU D PRPHQW�UHVLVWLQJ IUDPH� WKH PRPHQWV LQ D
PHPEHU� FDOFXODWHG E\ HODVWLF IUDPH DQDO\VLV� PD\ EH PRGLILHG E\ UHGLVWULEXWLQJ XS WR �� � RI WKH SHDN
FDOFXODWHG PRPHQW LQ WKDW PHPEHU IRU WKH VDPH ORDG FRPELQDWLRQ� SURYLGHG WKDW�

D� WKH IRUFHV DQG PRPHQWV LQ WKH IUDPH UHPDLQ LQ HTXLOLEULXP ZLWK WKH DSSOLHG ORDGV�

E� WKH PHPEHUV LQ ZKLFK PRPHQWV DUH UHGXFHG KDYH FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQV�

F� PRPHQWV DUH QRW UHGXFHG DERXW WKH PLQRU D[LV RI DQ\ FROXPQ�

�����  3ODVWLF DQDO\VLV

�������  *HQHUDO

3ODVWLF JOREDO DQDO\VLV PD\ EH XVHG IRU VWUXFWXUHV RU HOHPHQWV RI VWUXFWXUHV WKDW PHHW WKH FRQGLWLRQV JLYHQ 
LQ �������� �������� �������� �������� �������� ������� DQG �������� 0HPEHUV FRQWDLQLQJ SODVWLF KLQJHV LQ RQH 
SODQH VKRXOG QRW DOVR EH XVHG WR UHVLVW PRPHQWV LQ DQRWKHU SODQH XQGHU WKH VDPH ORDG FDVH�

7KH LQ�SODQH VWDELOLW\ RI WKH PHPEHUV RI D FRQWLQXRXV IUDPH GHVLJQHG XVLQJ SODVWLF DQDO\VLV VKRXOG EH
HVWDEOLVKHG E\ FKHFNLQJ WKH LQ�SODQH VWDELOLW\ RI WKH IUDPH LWVHOI� VHH ������

7KH RXW�RI�SODQH VWDELOLW\ RI PHPEHUV GHVLJQHG XVLQJ SODVWLF DQDO\VLV VKRXOG EH HQVXUHG E\ SURYLGLQJ
ODWHUDO UHVWUDLQWV LQ DFFRUGDQFH ZLWK ����

������� 7\SH RI ORDGLQJ

3ODVWLF JOREDO DQDO\VLV PD\ EH XVHG ZKHUH WKH ORDGLQJ LV SUHGRPLQDQWO\ VWDWLF� ,W VKRXOG QRW EH XVHG ZKHUH 
IDWLJXH LV D GHVLJQ FULWHULRQ�

!NOTE   Where it is required to use nominally pinned bases in second order plastic analysis, a base moment capacity should  
be assumed such that the maximum moment that the base can attract is very small. Otherwise the base should be treated as  
nominally rigid, see 5.1.3.2b)." 
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%6 �����������6HFWLRQ �

�������  *UDGHV RI VWHHO

3ODVWLF JOREDO DQDO\VLV PD\ EH XVHG IRU DOO WKH JUDGHV RI VWHHO OLVWHG LQ %6 ������� ,W PD\ DOVR EH XVHG IRU 
RWKHU VWHHO JUDGHV WKDW VDWLVI\ WKH IROORZLQJ DGGLWLRQDO FULWHULD�

D� 7KH XOWLPDWH WHQVLOH VWUDLQ LV DW OHDVW �� WLPHV WKH \LHOG VWUDLQ�

E� 7KH XOWLPDWH WHQVLOH VWUHQJWK LV DW OHDVW ��� WLPHV WKH \LHOG VWUHQJWK�

F� 7KH HORQJDWLRQ RQ D JDXJH OHQJWK RI   LV DW OHDVW �� �� ZKHUH $R LV WKH RULJLQDO DUHD�

�������  )DEULFDWLRQ UHVWULFWLRQV

)RU D OHQJWK DORQJ WKH PHPEHU HDFK VLGH RI D SODVWLF KLQJH ORFDWLRQ HTXDO WR WKH RYHUDOO GHSWK ' DW WKDW
ORFDWLRQ� WKH IROORZLQJ UHVWULFWLRQV VKRXOG EH DSSOLHG WR WKH WHQVLRQ IODQJH DQG QRWHG LQ WKH GHVLJQ
GRFXPHQWV�

D� +ROHV VKRXOG HLWKHU EH GULOOHG IXOO VL]H� RU SXQFKHG DW OHDVW � PP XQGHUVL]H DQG WKHQ UHDPHG�

E� $OO VKHDUHG RU KDQG IODPH FXW HGJHV VKRXOG EH ILQLVKHG VPRRWK E\ JULQGLQJ� FKLSSLQJ RU SODQLQJ�

�������  &URVV�VHFWLRQ UHVWULFWLRQV

$OO PHPEHUV FRQWDLQLQJ SODVWLF KLQJH ORFDWLRQV VKRXOG KDYH FODVV � SODVWLF FURVV�VHFWLRQV� DW WKH SODVWLF
KLQJH ORFDWLRQ� ,Q DGGLWLRQ� WKH FURVV�VHFWLRQ VKRXOG EH V\PPHWULFDO DERXW LWV D[LV SHUSHQGLFXODU WR WKH D[LV
RI SODVWLF KLQJH URWDWLRQ�

0HPEHUV ZLWK FURVV�VHFWLRQV WKDW YDU\ DORQJ WKHLU OHQJWK VKRXOG DOVR VDWLVI\ WKH IROORZLQJ FULWHULD�

D� $GMDFHQW WR SODVWLF KLQJH ORFDWLRQV� WKH WKLFNQHVV RI WKH ZHE VKRXOG QRW EH UHGXFHG IRU D GLVWDQFH DORQJ 
WKH PHPEHU IURP WKH SODVWLF KLQJH ORFDWLRQ RI DW OHDVW �G� ZKHUH G LV WKH FOHDU GHSWK RI WKH ZHE DW WKH
SODVWLF KLQJH ORFDWLRQ�

E� $GMDFHQW WR SODVWLF KLQJH ORFDWLRQV� WKH FRPSUHVVLRQ IODQJH VKRXOG EH FODVV � SODVWLF IRU GLVWDQFHV HDFK
ZD\ DORQJ WKH PHPEHU IURP WKH SODVWLF KLQJH ORFDWLRQ RI QRW OHVV WKDQ WKH JUHDWHU RI�

¦ �G� ZKHUH G LV DV GHILQHG LQ D��
¦ WKH GLVWDQFH WR WKH DGMDFHQW SRLQW DW ZKLFK WKH PRPHQW LQ WKH PHPEHU KDV IDOOHQ WR ��� WLPHV WKH
UHGXFHG SODVWLF PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ DW WKH SRLQW FRQFHUQHG�

F� (OVHZKHUH� WKH FRPSUHVVLRQ IODQJH VKRXOG EH FODVV � SODVWLF RU FODVV � FRPSDFW DQG WKH ZHE VKRXOG EH
FODVV � SODVWLF� FODVV � FRPSDFW RU FODVV � VHPL�FRPSDFW�

�������  %ROW KROHV

7KH FRQGLWLRQV JLYHQ LQ ������� IRU EROW KROHV IRU ZKLFK QR DOORZDQFH QHHG EH PDGH� VKRXOG EH PHW DW SODVWLF
KLQJH ORFDWLRQV DQG XS WR WKH DGMDFHQW SRLQWV DW ZKLFK WKH PRPHQW LQ WKH PHPEHU KDV IDOOHQ WR �� � RI WKH 
UHGXFHG SODVWLF PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ DW WKH SRLQW FRQFHUQHG�

�������  6WLIIHQHUV DW SODVWLF KLQJH ORFDWLRQV

:HE VWLIIHQHUV VKRXOG EH SURYLGHG ZKHUH D IRUFH WKDW H[FHHGV �� � RI WKH VKHDU FDSDFLW\ RI WKH FURVV�VHFWLRQ
�VHH ������ LV DSSOLHG WR WKH ZHE ZLWKLQ D GLVWDQFH '�� RI D SODVWLF KLQJH ORFDWLRQ� PHDVXUHG DORQJ WKH 
PHPEHU� ZKHUH ' LV LWV RYHUDOO GHSWK DW WKDW ORFDWLRQ� 7KHVH VWLIIHQHUV VKRXOG EH GHVLJQHG LQ DFFRUGDQFH
ZLWK ������� DQG ������� DQG VKRXOG EH SURYLGHG QR IXUWKHU WKDQ '�� DORQJ WKH PHPEHU IURP WKH KLQJH 
ORFDWLRQ DQG IURP WKH SRLQW ZKHUH WKH IRUFH LV DSSOLHG�

,I WKH VWLIIHQHUV DUH IODW SODWHV� WKH RXWVWDQG WR WKLFNQHVV UDWLR EV�WV VKRXOG QRW H[FHHG �� :KHUH VHFWLRQV DUH 
XVHG� WKH\ VKRXOG VDWLVI\ WKH FRQGLWLRQ�

�,VR�-V���� � �

ZKHUH

�������  +DXQFKHV

+DXQFKHV VKRXOG EH SURSRUWLRQHG WR DYRLG SODVWLF KLQJHV IRUPLQJ ZLWKLQ WKHLU OHQJWK�

,VR LV WKH VHFRQG PRPHQW RI DUHD RI WKH VWLIIHQHU DERXW WKH IDFH RI WKH ZHE�

-V LV WKH WRUVLRQ FRQVWDQW RI WKH VWLIIHQHU�

���� $R
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%6 ����������� 6HFWLRQ �

���  6WDELOLW\ RXW�RI�SODQH IRU SODVWLF DQDO\VLV

�����  *HQHUDO

0HPEHUV DQG VHJPHQWV FRQWDLQLQJ SODVWLF KLQJHV VKRXOG VDWLVI\ WKH UHFRPPHQGDWLRQV JLYHQ LQ ������ ������ 
����� DQG ������ H[FHSW WKDW WKHVH UHFRPPHQGDWLRQV QHHG QRW EH DSSOLHG DW SODVWLF KLQJH ORFDWLRQV ZKHUH LW
FDQ EH GHPRQVWUDWHG WKDW� XQGHU DOO ORDG FRPELQDWLRQV� WKH SODVWLF KLQJH LV §QRQ�URWDWHG¨� EHFDXVH XQGHU
WKDW ORDG FRPELQDWLRQ LW LV WKH ODVW KLQJH WR IRUP RU LW LV QRW \HW IXOO\ IRUPHG�

2WKHU WKDQ ZKHUH ����� DSSOLHV� WKH VSDFLQJ RI ODWHUDO UHVWUDLQWV WR D PHPEHU RU VHJPHQW QRW FRQWDLQLQJ D
SODVWLF KLQJH VKRXOG EH VXFK WKDW ������� RU ,�� LV VDWLVILHG IRU EXFNOLQJ RXW�RI�SODQH� H[FHSW WKDW WKLV VSDFLQJ
QHHG QRW EH OHVV WKDQ /P GHWHUPLQHG IURP ������

,I IRU DQ\ UHDVRQ WKH SODVWLF ORDG IDFWRU �S LV PRUH WKDQ WKH UHTXLUHG ORDG IDFWRU       � U IRU WKH ORDG FDVH XQGHU
FRQVLGHUDWLRQ� WKH UHVLVWDQFH RI D PHPEHU RU VHJPHQW WR RXW�RI�SODQH EXFNOLQJ VKRXOG EH FKHFNHG XVLQJ
PRPHQWV DQG IRUFHV FRUUHVSRQGLQJ WR �U UDWKHU WKDQ �S� 7KLV PD\ EH GRQH E\ HLWKHU�

¦ PRGLI\LQJ WKH PRPHQWV DQG IRUFHV IURP D SODVWLF DQDO\VLV E\ PXOWLSO\LQJ WKHP E\ �U ��S�
¦ XVLQJ HODVWLF�SODVWLF DQDO\VLV WR GHWHUPLQH WKH PRPHQWV DQG IRUFHV DW D ORDG IDFWRU RI �U�

�����  5HVWUDLQWV DW SODVWLF KLQJHV

8QGHU DOO XOWLPDWH OLPLW VWDWH ORDG FRPELQDWLRQV� ERWK IODQJHV VKRXOG KDYH ODWHUDO UHVWUDLQW DW HDFK SODVWLF 
KLQJH ORFDWLRQ� GHVLJQHG WR UHVLVW D IRUFH HTXDO WR ��� � RI WKH IRUFH LQ WKH FRPSUHVVLRQ IODQJH� :KHUH LW LV
QRW SUDFWLFDEOH WR SURYLGH VXFK UHVWUDLQW GLUHFWO\ DW WKH KLQJH ORFDWLRQ� LW VKRXOG EH SURYLGHG ZLWKLQ D 
GLVWDQFH '�� DORQJ WKH OHQJWK RI WKH PHPEHU� ZKHUH ' LV LWV RYHUDOO GHSWK DW WKH SODVWLF KLQJH ORFDWLRQ�

)RU WKUHH�IODQJH KDXQFKHV UHIHUHQFH VKRXOG DOVR EH PDGH WR ��������

�����  6HJPHQW DGMDFHQW WR D SODVWLF KLQJH

([FHSW ZKHUH ����� DSSOLHV� WKH OHQJWK RI D VHJPHQW DGMDFHQW WR D SODVWLF KLQJH ORFDWLRQ� EHWZHHQ SRLQWV DW
ZKLFK WKH FRPSUHVVLRQ IODQJH LV ODWHUDOO\ UHVWUDLQHG� VKRXOG QRW H[FHHG /P FDOFXODWHG DV IROORZV�

D� &RQVHUYDWLYH PHWKRG� /P PD\ EH WDNHQ DV HTXDO WR /X REWDLQHG IURP�

ZKHUH

:KHUH WKH PHPEHU KDV XQHTXDO IODQJHV U\ VKRXOG EH WDNHQ DV WKH OHVVHU RI WKH YDOXHV IRU WKH FRPSUHVVLRQ
IODQJH RQO\ RU WKH ZKROH VHFWLRQ�

:KHUH WKH FURVV�VHFWLRQ RI WKH PHPEHU YDULHV ZLWKLQ WKH OHQJWK EHWZHHQ UHVWUDLQWV� WKH PLQLPXP YDOXH
RI U\ DQG WKH PD[LPXP YDOXH RI [ VKRXOG EH XVHG�

E� $SSUR[LPDWH PHWKRG DOORZLQJ IRU PRPHQW JUDGLHQW � )RU ,�VHFWLRQ PHPEHUV RI XQLIRUP FURVV�VHFWLRQ
ZLWK HTXDO IODQJHV DQG '�% � ���� ZKHUH ' LV WKH RYHUDOO GHSWK DQG % LV WKH IODQJH ZLGWK� LQ VWHHO JUDGH
6 ��� RU 6 ���� LQ ZKLFK IF GRHV QRW H[FHHG �� 1�PP��

/P  �/X

LQ ZKLFK /X LV JLYHQ LQ D� DQG � LV JLYHQ E\ WKH IROORZLQJ�

IF LV WKH FRPSUHVVLYH VWUHVV �LQ 1�PP�� GXH WR D[LDO IRUFH�

S\ LV WKH GHVLJQ VWUHQJWK �LQ 1�PP���

U\ LV WKH UDGLXV RI J\UDWLRQ DERXW WKH PLQRU D[LV�

[ LV WKH WRUVLRQDO LQGH[� VHH ��������

¦ IRU � � � � �X� �   �
¦ IRU �X ! � ! �� �   � ¥ �� ¥ ..R���X ¥ ����X

¦ IRU �  � � ! ¥����� �  .�.R ¥ ��� ¥ .R� ���
¦ IRU � � ¥����� �  .

/X

��U\

IF
���
���������� [

��
������
 �
� � � S\

���
����������
 �
� �

�
�

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

)  
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%6 �����������6HFWLRQ �

�����  0HPEHU RU VHJPHQW ZLWK RQH IODQJH UHVWUDLQHG

7KH IROORZLQJ DSSURDFK PD\ EH XVHG IRU D PHPEHU RU VHJPHQW WKDW KDV D ODWHUDOO\ XQUHVWUDLQHG
FRPSUHVVLRQ IODQJH� SURYLGHG WKDW WKH RWKHU IODQJH KDV LQWHUPHGLDWH ODWHUDO UHVWUDLQW DW LQWHUYDOV VXFK WKDW
WKH IROORZLQJ FRQGLWLRQV DUH VDWLVILHG�

D� DGMDFHQW WR SODVWLF KLQJH ORFDWLRQV� WKH VSDFLQJ RI WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV VKRXOG QRW H[FHHG
WKH YDOXH RI /P GHWHUPLQHG IURP ������

E� HOVHZKHUH ������� RU ,�� VKRXOG EH VDWLVILHG IRU RXW�RI�SODQH EXFNOLQJ ZKHQ FKHFNHG XVLQJ DQ HIIHFWLYH 
OHQJWK /( HTXDO WR WKH VSDFLQJ RI WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV� H[FHSW WKDW WKLV VSDFLQJ QHHG QRW
EH OHVV WKDQ /P GHWHUPLQHG IURP ������

:KHUH WKHVH FRQGLWLRQV DUH VDWLVILHG� WKH VSDFLQJ RI UHVWUDLQWV WR WKH FRPSUHVVLRQ IODQJH VKRXOG EH VXFK 
WKDW�

¦ DGMDFHQW WR SODVWLF KLQJH ORFDWLRQV WKH RXW�RI�SODQH EXFNOLQJ UHVLVWDQFH VDWLVILHV *�����
¦ HOVHZKHUH *�� LV VDWLVILHG IRU RXW�RI�SODQH EXFNOLQJ�

$V DQ DOWHUQDWLYH WR VDWLVI\LQJ *���� DQG *��� WKH VLPSOH PHWKRG JLYHQ EHORZ PD\ EH XVHG� SURYLGHG WKDW�

¦ FRQGLWLRQV D� DQG E� JLYHQ DERYH DUH VDWLVILHG�
¦ WKH PHPEHU LV DQ ,�VHFWLRQ ZLWK '�% ����� ZKHUH ' LV WKH GHSWK DQG % LV WKH IODQJH ZLGWK�
¦ IRU KDXQFKHG VHJPHQWV 'K LV QRW JUHDWHU WKDQ �'V� VHH )LJXUH ���
¦ IRU KDXQFKHG VHJPHQWV� WKH KDXQFK IODQJH LV QRW VPDOOHU WKDQ WKH PHPEHU IODQJH�
¦ WKH VWHHO LV JUDGH 6 ��� RU JUDGH 6 ����

,Q WKH VLPSOH PHWKRG� WKH VSDFLQJ /\ EHWZHHQ UHVWUDLQWV WR WKH FRPSUHVVLRQ IODQJH VKRXOG QRW H[FHHG WKH 
OLPLWLQJ VSDFLQJ /V JLYHQ FRQVHUYDWLYHO\ E\ WKH IROORZLQJ�

¦ IRU VWHHO JUDGH 6 ����

¦ IRU VWHHO JUDGH 6 ����

ZKHUH � LV WKH HQG PRPHQW UDWLR� XVLQJ WKH VDPH VLJQ FRQYHQWLRQ DV LQ 7DEOH ���

7KH OLPLWLQJ YDOXH �X VKRXOG EH GHWHUPLQHG IURP WKH IROORZLQJ�

¦ IRU VWHHO JUDGH 6 ����

¦ IRU VWHHO JUDGH 6 ����

7KH FRHIILFLHQWV .R DQG . VKRXOG EH REWDLQHG DV IROORZV�
.R   ���� � [�����
¦ IRU  �� � [ ���� .   ��� � ����[ ¥ [IF �� ���
¦ IRU  �� � [ ���� .   ��� � ����[ ¥ �[ ¥ ��� IF �� ���
LQ ZKLFK IF DQG [ DUH DV GHILQHG LQ D��

127( 7KLV DSSUR[LPDWLRQ LV EDVHG RQ WKH PHWKRG JLYHQ LQ UHIHUHQFH >�@� VHH %LEOLRJUDSK\�

�X ���� [
���
����������

IF
���
����������±� 

�X ���� [
���
����������

IF

���
����������±� 

/V

���U\

.� �� ��� [�� �
�±� �

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

/V
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%6 ����������� 6HFWLRQ �

ZKHUH

DQG .� KDV WKH IROORZLQJ YDOXHV� VHH )LJXUH ���

¦ IRU DQ XQ�KDXQFKHG VHJPHQW� .�    �����
¦ IRU D KDXQFK ZLWK 'K�'V   �� .�    �����
¦ IRU D KDXQFK ZLWK 'K�'V   �� .�    �����
¦ IRU D KDXQFK JHQHUDOO\� .�    � � �����'K�'V�����

�����  +DXQFKHV

�������  7KUHH�IODQJH KDXQFKHV

:KHUH D SODVWLF KLQJH ORFDWLRQ RFFXUV LPPHGLDWHO\ DGMDFHQW WR RQH HQG RI D WKUHH�IODQJH KDXQFK �VHH *������ 
WKH WDSHUHG VHJPHQW QHHG QRW EH WUHDWHG DV D VHJPHQW DGMDFHQW WR D SODVWLF KLQJH ORFDWLRQ LI ERWK RI WKH
IROORZLQJ FULWHULD DUH VDWLVILHG�

¦ ERWK IODQJHV KDYH ODWHUDO UHVWUDLQW LQ DFFRUGDQFH ZLWK ����� DW WKH SODVWLF KLQJH ORFDWLRQ LWVHOI RU ZLWKLQ 
D GLVWDQFH '�� DORQJ WKH OHQJWK RI WKH WDSHUHG VHJPHQW RQO\� QRW WKH XQLIRUP VHJPHQW�
¦ WKH GHSWK RI WKH KDXQFK LV VXIILFLHQW IRU WKH WDSHUHG VHJPHQW WR UHPDLQ HODVWLF WKURXJKRXW LWV OHQJWK�

�������  7ZR�IODQJH KDXQFKHV

:KHUH D SODVWLF KLQJH ORFDWLRQ RFFXUV LPPHGLDWHO\ DGMDFHQW WR RQH HQG RI D WZR�IODQJH KDXQFK �VHH *������ 
WKH WDSHUHG VHJPHQW VKRXOG VDWLVI\ RQH RI WKH IROORZLQJ FULWHULD�

¦ WKH PRPHQW DW WKH DGMDFHQW ODWHUDO UHVWUDLQW GRHV QRW H[FHHG �� � RI WKH UHGXFHG SODVWLF PRPHQW
FDSDFLW\� UHGXFHG WR DOORZ IRU D[LDO ORDG�
¦ WKH OHQJWK /\ WR WKH DGMDFHQW ODWHUDO UHVWUDLQW WR WKH FRPSUHVVLRQ IODQJH GRHV QRW H[FHHG �� � RI WKH
OLPLWLQJ OHQJWK /P IURP ����� RU /V IURP ����� RU *�� IRU D VHJPHQW ZLWK RQH IODQJH UHVWUDLQHG�

���  &RQWLQXRXV EHDPV

�����  (ODVWLF GHVLJQ

,I HODVWLF JOREDO DQDO\VLV LV XVHG IRU D FRQWLQXRXV EHDP� WKH PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ DQG WKH
EXFNOLQJ UHVLVWDQFH PRPHQW RI WKH EHDP VKRXOG EH REWDLQHG XVLQJ ��� DQG ��� RU� LQ DSSURSULDWH FDVHV� *���

�����  3ODVWLF GHVLJQ

3ODVWLF JOREDO DQDO\VLV PD\ EH XVHG IRU D FRQWLQXRXV EHDP� SURYLGHG WKDW WKH FRQGLWLRQV JLYHQ LQ ����� DUH
VDWLVILHG� ,Q DGGLWLRQ� WKH RXW�RI�SODQH VWDELOLW\ RI WKH EHDP VKRXOG VDWLVI\ ���� WDNLQJ �U DV ����

U\ LV WKH PLQRU D[LV UDGLXV RI J\UDWLRQ RI WKH XQ�KDXQFKHG UDIWHU�

[ LV WKH WRUVLRQDO LQGH[� VHH �������� RI WKH XQ�KDXQFKHG UDIWHU�

)LJXUH �� ¦ 'LPHQVLRQV RI D KDXQFK

Lh

Ds

Dh
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%6 �����������6HFWLRQ �

���  3RUWDO IUDPHV

�����  *HQHUDO

(LWKHU HODVWLF RU SODVWLF DQDO\VLV� VHH ���� PD\ EH XVHG IRU VLQJOH�VWRUH\ IUDPHV ZLWK ULJLG PRPHQW�UHVLVWLQJ 
MRLQWV� $OO ORDG FRPELQDWLRQV VKRXOG EH FRYHUHG� LQFOXGLQJ ERWK XQLIRUP DQG QRQ�XQLIRUP LPSRVHG URRI
ORDGV� 1RWLRQDO KRUL]RQWDO IRUFHV VKRXOG EH DSSOLHG ZKHQ FKHFNLQJ ORDG FRPELQDWLRQ � �JUDYLW\ ORDGV�
VHH ��������� ,Q DGGLWLRQ� WKH IUDPH VKRXOG EH VWDELOL]HG DJDLQVW VZD\ RXW�RI�SODQH� VHH ��������

2WKHU IUDPHV ZLWK VORSLQJ PHPEHUV DQG PRPHQW�UHVLVWLQJ MRLQWV PD\ DOVR EH WUHDWHG OLNH SRUWDO IUDPHV�

�����  (ODVWLF GHVLJQ

,I HODVWLF JOREDO DQDO\VLV LV XVHG IRU D SRUWDO IUDPH� WKH FURVV�VHFWLRQ FDSDFLW\ VKRXOG EH FKHFNHG XVLQJ �����
DQG ������� DQG WKH RXW�RI�SODQH EXFNOLQJ UHVLVWDQFH VKRXOG EH FKHFNHG XVLQJ ������� RU ,��� RU LQ
DSSURSULDWH FDVHV� *���

)RU LQGHSHQGHQWO\ EUDFHG IUDPHV� VHH ������ WKH LQ�SODQH PHPEHU EXFNOLQJ UHVLVWDQFHV VKRXOG DOVR EH
FKHFNHG XVLQJ �������� ZLWK LQ�SODQH HIIHFWLYH OHQJWKV REWDLQHG XVLQJ (�����

,Q DOO RWKHU FDVHV� WKH LQ�SODQH VWDELOLW\ RI WKH IUDPH VKRXOG EH YHULILHG E\ FKHFNLQJ WKH FURVV�VHFWLRQ
FDSDFLW\ DQG RXW�RI�SODQH EXFNOLQJ UHVLVWDQFH RI WKH PHPEHUV XVLQJ DPSOLILHG PRPHQWV DQG IRUFHV� WDNHQ 
DV WKH YDOXHV JLYHQ E\ OLQHDU HODVWLF DQDO\VLV PXOWLSOLHG E\ WKH UHTXLUHG ORDG IDFWRU �U IURP ������

�����  3ODVWLF GHVLJQ

3ODVWLF JOREDO DQDO\VLV PD\ EH XVHG IRU D SRUWDO IUDPH SURYLGHG WKDW WKH FRQGLWLRQV JLYHQ LQ ����� DUH
VDWLVILHG� 0XOWL�ED\ IUDPHV VKRXOG DOVR EH FKHFNHG IRU ORFDOL]HG IDLOXUH PHFKDQLVPV�

7KH LQ�SODQH VWDELOLW\ RI WKH IUDPH VKRXOG EH YHULILHG E\ FKHFNLQJ WKDW WKH SODVWLF ORDG IDFWRU �S VDWLVILHV�

� S � �U

ZKHUH �U LV WKH UHTXLUHG ORDG IDFWRU IURP ����� IRU WKH UHOHYDQW ORDG FRPELQDWLRQ�

7KH RXW�RI�SODQH VWDELOLW\ RI WKH PHPEHUV VKRXOG EH FKHFNHG DV GHWDLOHG LQ ������

�����  ,Q�SODQH VWDELOLW\

�������  *HQHUDO

7KH LQ�SODQH VWDELOLW\ RI D SRUWDO IUDPH VKRXOG EH FKHFNHG XQGHU HDFK ORDG FRPELQDWLRQ� ([FHSW IRU D WLHG
SRUWDO� RQH RI WKH IROORZLQJ VKRXOG EH XVHG�

D� WKH VZD\�FKHFN PHWKRG JLYHQ LQ �������� WRJHWKHU ZLWK WKH VQDS�WKURXJK FKHFN JLYHQ LQ ��������

E� WKH DPSOLILHG PRPHQWV PHWKRG JLYHQ LQ ��������

F� VHFRQG RUGHU DQDO\VLV� VHH ��������

$ WLHG SRUWDO VKRXOG EH FKHFNHG DV UHFRPPHQGHG LQ ��������

�������  6ZD\�FKHFN PHWKRG

���������  *HQHUDO

7KH VZD\�FKHFN PHWKRG PD\ EH XVHG WR YHULI\ WKH LQ�SODQH VWDELOLW\ RI SRUWDO IUDPHV LQ ZKLFK HDFK ED\
VDWLVILHV WKH IROORZLQJ FRQGLWLRQV�

D� WKH VSDQ / GRHV QRW H[FHHG � WLPHV WKH PHDQ KHLJKW K RI WKH FROXPQV�

E� WKH KHLJKW KU RI WKH DSH[ DERYH WKH WRSV RI WKH FROXPQV GRHV QRW H[FHHG ���� WLPHV WKH VSDQ /�

F� LI WKH UDIWHU LV DV\PPHWULF KU VDWLVILHV WKH FULWHULRQ�

LQ ZKLFK VD DQG VE DUH WKH KRUL]RQWDO GLVWDQFHV IURP WKH DSH[ WR WKH FROXPQV� VHH )LJXUH ��D��

3URYLGHG WKDW WKHVH FRQGLWLRQV DUH PHW� OLQHDU HODVWLF DQDO\VLV VKRXOG EH XVHG WR FDOFXODWH WKH QRWLRQDO
KRUL]RQWDO GHIOHFWLRQV DW WKH WRS RI HDFK FROXPQ GXH WR D VHW RI QRWLRQDO KRUL]RQWDO IRUFHV DSSOLHG LQ WKH VDPH 
GLUHFWLRQ WR HDFK FROXPQ DQG HTXDO WR ��� � RI WKH YHUWLFDO UHDFWLRQ DW WKH EDVH RI WKH UHVSHFWLYH FROXPQ IRU 
WKH UHOHYDQW ORDG FDVH�

KU�VD� �
� KU�VE� �

� �����
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%6 ����������� 6HFWLRQ �

*HQHUDOO\� WKHVH QRWLRQDO KRUL]RQWDO IRUFHV VKRXOG EH DSSOLHG DW WKH WRSV RI WKH UHVSHFWLYH FROXPQV�
+RZHYHU� LQ WKH FDVH RI FROXPQV VXSSRUWLQJ ORDGV IURP FUDQH JDQWULHV� RU RWKHU VLJQLILFDQW YHUWLFDO ORDGV
DSSOLHG ZLWKLQ WKHLU KHLJKW� WKH QRWLRQDO KRUL]RQWDO IRUFHV GHULYHG IURP VXFK ORDGV VKRXOG EH DSSOLHG WR WKH
FROXPQ DW WKH VDPH OHYHO DV WKH UHOHYDQW YHUWLFDO ORDG�

���������  *UDYLW\ ORDGV

)RU JUDYLW\ ORDGV �ORDG FRPELQDWLRQ �� VHH ��������� WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQV VKRXOG EH GHWHUPLQHG 
ZLWKRXW DQ\ DOORZDQFH IRU WKH VWLIIHQLQJ HIIHFWV RI FODGGLQJ� ,I WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQV 
L DW WKH 
WRSV RI WKH FROXPQV GR QRW H[FHHG KL�� ���� ZKHUH KL LV WKH KHLJKW RI WKDW FROXPQ� WKHQ IRU JUDYLW\ ORDGV WKH
UHTXLUHG ORDG IDFWRU �U IRU IUDPH VWDELOLW\ VKRXOG EH WDNHQ DV ����

3URYLGHG WKDW WKH IUDPH LV QRW VXEMHFW WR ORDGV IURP YDOOH\ EHDPV RU FUDQH JDQWULHV RU RWKHU FRQFHQWUDWHG 
ORDGV ODUJHU WKDQ WKRVH IURP SXUOLQV� WKH KL�� ��� VZD\ FULWHULRQ IRU JUDYLW\ ORDGV PD\ EH DVVXPHG WR EH
VDWLVILHG LI LQ HDFK ED\�

LQ ZKLFK

D� 'LPHQVLRQV E� $UFKLQJ UDWLR

)LJXUH �� ¦ 3RUWDO IUDPH GHILQLWLRQV

/E  

�  IRU D VLQJOH ED\ IUDPH�

�  IRU D PXOWL�ED\ IUDPH�

DQG � LV WKH DUFKLQJ UDWLR� JLYHQ E\�
�  :U�:R

hr

s a s b

rL

h

h1

hr

h
2

rW

L

Wo

L

/E
'
������ ��/

�K
����������� �

� �/U�/�
��������������������������

 �
� � ���

S\U
����������

 �
� ��

/
�'K

'V 'K�
���������������������

 �
� �
� �

/K±

�,F
,U
��������

 �
� �
� � /

K
����

 �
� �
� �

,F

,U
����

 �
� �
� � /

K
����

 �
� �
� �

124 © BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������6HFWLRQ �

,I WKH WZR FROXPQV RU WKH WZR UDIWHUV RI D ED\ GLIIHU� WKH PHDQ YDOXH RI ,F�,U VKRXOG EH XVHG�

,I WKH KDXQFKHV DW HDFK VLGH RI WKH ED\ DUH GLIIHUHQW� WKH PHDQ YDOXH RI /E VKRXOG EH XVHG�

���������  +RUL]RQWDO ORDGV

)RU ORDG FRPELQDWLRQV WKDW LQFOXGH ZLQG ORDGV RU RWKHU VLJQLILFDQW KRUL]RQWDO ORDGV� DOORZDQFH PD\ EH PDGH
IRU WKH VWLIIHQLQJ HIIHFWV RI FODGGLQJ LQ FDOFXODWLQJ WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQV 
L� VHH ����������

3URYLGHG WKDW WKH KL�� ��� VZD\ FULWHULRQ LV VDWLVILHG IRU JUDYLW\ ORDGV� WKHQ IRU ORDG FDVHV LQYROYLQJ
KRUL]RQWDO ORDGV WKH UHTXLUHG ORDG IDFWRU �U IRU IUDPH VWDELOLW\ VKRXOG EH GHWHUPLQHG XVLQJ�

LQ ZKLFK �VF LV WKH VPDOOHVW YDOXH� FRQVLGHULQJ HYHU\ FROXPQ� GHWHUPLQHG IURP�

XVLQJ WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQV 
L IRU WKH UHOHYDQW ORDG FDVH�

,I �VF � ��� VHFRQG RUGHU DQDO\VLV VKRXOG EH XVHG�

3URYLGHG WKDW WKH IUDPH LV QRW VXEMHFW WR ORDGV IURP YDOOH\ EHDPV RU FUDQH JDQWULHV RU RWKHU FRQFHQWUDWHG
ORDGV ODUJHU WKDQ WKRVH IURP SXUOLQV� WKHQ �VF PD\ EH DSSUR[LPDWHG XVLQJ�

,I WKH ZLQG ORDGV DUH VXFK WKDW WKH D[LDO IRUFHV DUH WHQVLOH LQ DOO UDIWHUV DQG FROXPQV� WKHQ WKH UHTXLUHG ORDG
IDFWRU �U VKRXOG EH WDNHQ DV ����

�������  6QDS�WKURXJK

,Q HDFK LQWHUQDO ED\ RI D VLQJOH�VWRUH\ IUDPH ZLWK WKUHH RU PRUH ED\V WKH UDIWHU VKRXOG VDWLVI\ WKH IROORZLQJ�

,I WKH DUFKLQJ UDWLR � LV OHVV WKDQ RQH� QR OLPLW QHHG EH SODFHG RQ /E�'�

)RU D V\PPHWULFDO ULGJHG ED\ � VKRXOG EH WDNHQ DV WKH VORSH RI WKH UDIWHUV� )RU RWKHU URRI VKDSHV WKH YDOXH 
RI � VKRXOG EH GHWHUPLQHG IURP�

�  WDQ¥���KU�/�

ZKHUH
' LV WKH FURVV�VHFWLRQ GHSWK RI WKH UDIWHU�
'K LV WKH DGGLWLRQDO GHSWK RI WKH KDXQFK� VHH )LJXUH ���
'V LV WKH GHSWK RI WKH UDIWHU� DOORZLQJ IRU LWV VORSH� VHH )LJXUH ���
K LV WKH PHDQ FROXPQ KHLJKW�
,F LV WKH LQ�SODQH VHFRQG PRPHQW RI DUHD RI WKH FROXPQ �WDNHQ DV ]HUR LI WKH FROXPQ LV QRW ULJLGO\

FRQQHFWHG WR WKH UDIWHU� RU LI WKH UDIWHU LV VXSSRUWHG RQ D YDOOH\ EHDP��
,U LV WKH LQ�SODQH VHFRQG PRPHQW RI DUHD RI WKH UDIWHU�
/ LV WKH VSDQ RI WKH ED\�
/E LV WKH HIIHFWLYH VSDQ RI WKH ED\�
/K LV WKH OHQJWK RI D KDXQFK� VHH )LJXUH ���
/U LV WKH WRWDO GHYHORSHG OHQJWK RI WKH UDIWHUV� VHH )LJXUH ��D��
S\U LV WKH GHVLJQ VWUHQJWK RI WKH UDIWHUV LQ 1�PP��
:R LV WKH YDOXH RI :U IRU SODVWLF IDLOXUH RI WKH UDIWHUV DV D IL[HG�HQGHG EHDP RI VSDQ /�
:U LV WKH WRWDO IDFWRUHG YHUWLFDO ORDG RQ WKH UDIWHUV RI WKH ED\� VHH )LJXUH ��E��

�U

�VF
�VF �±
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%6 ����������� 6HFWLRQ �

������� $PSOLILHG PRPHQWV PHWKRG

)RU HDFK ORDG FDVH WKH LQ�SODQH VWDELOLW\ RI D SRUWDO IUDPH PD\ EH FKHFNHG XVLQJ WKH ORZHVW HODVWLF FULWLFDO 
ORDG IDFWRU �FU IRU WKDW ORDG FDVH� 7KLV VKRXOG EH GHWHUPLQHG WDNLQJ DFFRXQW RI WKH HIIHFWV RI DOO WKH PHPEHUV 
RQ WKH LQ�SODQH HODVWLF VWDELOLW\ RI WKH IUDPH DV D ZKROH�
127(  ,QIRUPDWLRQ RQ GHWHUPLQLQJ �FU IRU D SRUWDO IUDPH LV JLYHQ LQ UHIHUHQFH >��@� VHH %LEOLRJUDSK\�

,Q WKLV PHWKRG� WKH UHTXLUHG ORDG IDFWRU �U IRU IUDPH VWDELOLW\ VKRXOG EH GHWHUPLQHG IURP WKH IROORZLQJ�

,I �FU � ��� WKH DPSOLILHG PRPHQWV PHWKRG VKRXOG QRW EH XVHG�

�������  6HFRQG�RUGHU DQDO\VLV

7KH LQ�SODQH VWDELOLW\ RI D SRUWDO IUDPH PD\ EH FKHFNHG XVLQJ HLWKHU HODVWLF RU HODVWLF�SODVWLF VHFRQG RUGHU
DQDO\VLV� :KHQ WKHVH PHWKRGV DUH XVHG WKH UHTXLUHG ORDG IDFWRU �U IRU IUDPH VWDELOLW\ VKRXOG EH WDNHQ
DV ����
127(  *XLGDQFH RQ DQ DSSURSULDWH PHWKRG LV JLYHQ LQ UHIHUHQFH >��@� VHH %LEOLRJUDSK\�

�������  7LHG SRUWDOV

7KH LQ�SODQH VWDELOLW\ RI D WLHG SRUWDO VKRXOG EH FKHFNHG XVLQJ HODVWLF RU HODVWLF�SODVWLF VHFRQG RUGHU
DQDO\VLV� 7KH UHTXLUHG ORDG IDFWRU �U IRU IUDPH VWDELOLW\ VKRXOG EH WDNHQ DV ����
127(  *XLGDQFH RQ DQ DSSURSULDWH PHWKRG LV JLYHQ LQ UHIHUHQFH >��@� VHH %LEOLRJUDSK\�

7KH PHWKRG XVHG VKRXOG DOORZ IRU WKH LQFUHDVH LQ WKH WLH IRUFH GXH WR WKH UHGXFWLRQ LQ WKH OHYHU DUP IURP
WKH DSH[ WR WKH WLH� FDXVHG E\ H[WHQVLRQ RI WKH WLH DQG GHIRUPDWLRQ RI WKH UDIWHU� XQOHVV WKH WLH LV VXSSRUWHG 
E\ D KDQJHU GHVLJQHG WR DYRLG UHGXFLQJ WKLV OHYHU DUP� 7R PDNH DOORZDQFH IRU WKH HIIHFWV RI SODVWLFLW\ ZKHQ
HODVWLF�SODVWLF DQDO\VLV LV XVHG� LQ WKH DEVHQFH RI D PRUH H[DFW DQDO\VLV WKH WRWDO UHGXFWLRQ RI WKH OHYHU DUP 
PD\ EH WDNHQ DV WZLFH WKDW SUHGLFWHG E\ OLQHDU HODVWLF DQDO\VLV�

�����  2XW�RI�SODQH VWDELOLW\

7KH RXW�RI�SODQH VWDELOLW\ RI DOO IUDPH PHPEHUV VKRXOG EH HQVXUHG XQGHU DOO ORDG FDVHV� QRW MXVW WKH FULWLFDO 
ORDG FDVH IRU WKH SODVWLF UHVLVWDQFH RI WKH IUDPH PHPEHUV� :KHUH GLIIHUHQWLDO VHWWOHPHQW RI IRXQGDWLRQV LV
D GHVLJQ FULWHULRQ� WKLV VKRXOG EH WDNHQ LQWR DFFRXQW LQ FKHFNLQJ RXW�RI�SODQH VWDELOLW\�

/DWHUDO UHVWUDLQWV VKRXOG EH SURYLGHG LQ DFFRUGDQFH ZLWK ���� 7KH UHVWUDLQWV RU YLUWXDO UHVWUDLQWV WR WKH 
ERWWRP IODQJH RI WKH UDIWHU VKRZQ LQ )LJXUH �� VKRXOG H[WHQG XS WR RU EH\RQG WKH SRLQW RI FRQWUDIOH[XUH�

,I WKH SXUOLQV DQG WKHLU FRQQHFWLRQV WR WKH UDIWHU DUH FDSDEOH RI SURYLGLQJ WRUVLRQDO UHVWUDLQW WR WKH WRS 
IODQJH RI WKH UDIWHU� DQ DOORZDQFH IRU WKLV WRUVLRQDO UHVWUDLQW PD\ EH PDGH E\ DVVXPLQJ D YLUWXDO ODWHUDO 
UHVWUDLQW WR WKH ERWWRP IODQJH DW WKH SRLQW RI FRQWUDIOH[XUH� ZKHWKHU RU QRW WKH WRS IODQJH LV UHVWUDLQHG DW
WKLV SRLQW�

7KLV YLUWXDO UHVWUDLQW VKRXOG QRW EH DVVXPHG LI DQRWKHU IRUP RI DOORZDQFH LV PDGH IRU WKH WRUVLRQDO UHVWUDLQW
RI WKH WRS IODQJH E\ WKH SXUOLQV�

7RUVLRQDO UHVWUDLQW RI WKH WRS IODQJH E\ WKH SXUOLQV PD\ EH DVVXPHG LI WKH IROORZLQJ FULWHULD DUH DOO VDWLVILHG�

D� 7KH UDIWHU LV DQ ,�VHFWLRQ ZLWK '�% � ���� ZKHUH ' LV WKH GHSWK DQG % LV WKH IODQJH ZLGWK�

E� )RU KDXQFKHG UDIWHUV 'K LV QRW JUHDWHU WKDQ �'V� VHH )LJXUH ���

F� (YHU\ OHQJWK RI SXUOLQ KDV DW OHDVW WZR EROWV LQ HDFK SXUOLQ�WR�UDIWHU FRQQHFWLRQ�

G� 7KH GHSWK RI WKH SXUOLQ VHFWLRQ LV QRW OHVV WKDQ ���� WLPHV WKH GHSWK ' RI WKH UDIWHU�

/DWHUDO UHVWUDLQW RI WKH ERWWRP IODQJH VKRXOG QRW EH DVVXPHG DW WKH SRLQW RI FRQWUDIOH[XUH XQGHU RWKHU
UHVWUDLQW FRQGLWLRQV� XQOHVV D ODWHUDO UHVWUDLQW LV DFWXDOO\ SURYLGHG DW WKDW SRLQW�

¦ LI �FU � ���

¦ LI �� ! �FU � ����

�U ��� 

�U

����FU
�FU �±
����������������� 
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%6 �����������6HFWLRQ �

���  (ODVWLF GHVLJQ RI PXOWL�VWRUH\ ULJLG IUDPHV

�����  *HQHUDO

,I HODVWLF JOREDO DQDO\VLV LV XVHG IRU D PXOWL�VWRUH\ IUDPH ZLWK ULJLG PRPHQW�UHVLVWLQJ MRLQWV� WKH
FURVV�VHFWLRQ FDSDFLW\ VKRXOG EH FKHFNHG XVLQJ ����� DQG ������� DQG WKH EXFNOLQJ UHVLVWDQFH VKRXOG EH
FKHFNHG XVLQJ ������� RU ,�� RU� LQ DSSURSULDWH FDVHV� *���

7KH ORDG FDVHV WR EH FKHFNHG DQG WKH LQ�SODQH HIIHFWLYH OHQJWKV WR EH WDNHQ IRU WKH FROXPQV VKRXOG EH
GHWHUPLQHG IURP ������ ����� RU ����� DV UHOHYDQW�

�����  ,QGHSHQGHQWO\ EUDFHG IUDPHV

,QGHSHQGHQWO\ EUDFHG IUDPHV� VHH ������ VKRXOG EH GHVLJQHG WR UHVLVW JUDYLW\ ORDGV �ORDG FRPELQDWLRQ ��
VHH ��������� 7KH QRQ�VZD\ PRGH LQ�SODQH HIIHFWLYH OHQJWKV RI WKH FROXPQV VKRXOG EH XVHG� VHH $QQH[ (�

7KH PD[LPXP PRPHQWV LQ WKH EHDPV DQG WKH FRPELQDWLRQV RI D[LDO IRUFH DQG PRPHQWV LQ WKH FROXPQV WKDW
JLYH WKH ZRUVW FDVHV IRU FURVV�VHFWLRQ FDSDFLW\ �VHH �������� DQG IRU PHPEHU EXFNOLQJ UHVLVWDQFH
�VHH ��������� VKRXOG EH GHWHUPLQHG E\ DSSO\LQJ ERWK IXOO DQG SDWWHUQ ORDGLQJ RI LPSRVHG ORDG�

,Q RUGHU WR UHGXFH WKH QXPEHU RI ORDG FDVHV� VXLWDEOH VXE�IUDPHV PD\ EH XVHG IRU SDWWHUQ ORDGLQJ�
127( ,QIRUPDWLRQ RQ VXE�IUDPHV LV JLYHQ LQ UHIHUHQFH >��@� VHH %LEOLRJUDSK\�

�����  1RQ�VZD\ IUDPHV

1RQ�VZD\ IUDPHV� VHH �������� VKRXOG EH GHVLJQHG WR UHVLVW JUDYLW\ ORDGV �ORDG FRPELQDWLRQ �� VHH ���������
DV IRU LQGHSHQGHQWO\ EUDFHG IUDPHV� VHH ������ 7KH\ VKRXOG DOVR EH FKHFNHG IRU FRPELQHG YHUWLFDO DQG 
KRUL]RQWDO ORDGV �ORDG FRPELQDWLRQV � DQG �� VHH �������� ZLWKRXW SDWWHUQ ORDGLQJ� 7KH QRQ�VZD\ PRGH
LQ�SODQH HIIHFWLYH OHQJWKV RI WKH FROXPQV VKRXOG EH XVHG� VHH $QQH[ (�

�����  6ZD\�VHQVLWLYH IUDPHV

6ZD\�VHQVLWLYH IUDPHV� VHH �������� VKRXOG LQLWLDOO\ EH GHVLJQHG WR UHVLVW JUDYLW\ ORDGV �ORDG FRPELQDWLRQ �� 
VHH ��������� DV IRU LQGHSHQGHQWO\ EUDFHG IUDPHV� VHH ������ ZLWKRXW WDNLQJ DFFRXQW RI VZD\�

6ZD\�VHQVLWLYH IUDPHV VKRXOG WKHQ EH FKHFNHG LQ WKH VZD\ PRGH E\ DSSO\LQJ WKH QRWLRQDO KRUL]RQWDO IRUFHV�
VHH �������� WRJHWKHU ZLWK WKH IXOO JUDYLW\ ORDG �ORDG FRPELQDWLRQ �� VHH �������� ZLWKRXW DQ\ SDWWHUQ
ORDGLQJ� 7KH\ VKRXOG DOVR EH FKHFNHG LQ WKH VZD\ PRGH IRU FRPELQHG YHUWLFDO DQG KRUL]RQWDO ORDGV �ORDG
FRPELQDWLRQV � DQG �� VHH �������� ZLWKRXW SDWWHUQ ORDGLQJ�

)LJXUH �� ¦ +DXQFK UHVWUDLQWV

*

*

*

* * * * *

_

*

*

*

* * * * *

*

*

*

*

* * * * *

*

Key:

* Restraint
X Restraint or virtual restraint

< Ls _< Ls

_< Ls

_< Ls

_< Ls

X

X

X

NOTE   Recommendations for the necessary stiffness of the moment-resisting joints are given in 6.1.5.! "
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%6 ����������� 6HFWLRQ �

E� $PSOLILHG VZD\ PHWKRG� 7KH VZD\ PRPHQWV� VHH �������� VKRXOG EH PXOWLSOLHG E\ WKH DPSOLILFDWLRQ
IDFWRU NDPS IURP ������� DQG WKH LQWHUQDO IRUFHV DGMXVWHG WR PDLQWDLQ HTXLOLEULXP ZLWK WKH DSSOLHG ORDGV� 

���  3ODVWLF GHVLJQ RI PXOWL�VWRUH\ ULJLG 
�����  *HQHUDO

,I SODVWLF JOREDO DQDO\VLV LV XVHG IRU D PXOWL�VWRUH\ IUDPH ZLWK ULJLG PRPHQW�UHVLVWLQJ MRLQWV� WKH FRQGLWLRQV
IRU SODVWLF DQDO\VLV JLYHQ LQ ����� VKRXOG EH VDWLVILHG� ,Q DGGLWLRQ� WKH IUDPH VKRXOG EH VWDELOL]HG DJDLQVW
VZD\ RXW�RI�SODQH� VHH ��������

0HPEHUV VKRXOG EH FKHFNHG IRU WKH IRUFHV DQG PRPHQWV GHWHUPLQHG DV JLYHQ LQ ����� RU ����� DV UHOHYDQW�
7KH FURVV�VHFWLRQ FDSDFLW\ VKRXOG EH GHWHUPLQHG XVLQJ ����� DQG �������� 2XW�RI�SODQH EXFNOLQJ RI PHPEHUV
FRQWDLQLQJ SODVWLF KLQJHV VKRXOG EH SUHYHQWHG E\ SURYLGLQJ UHVWUDLQWV DV UHFRPPHQGHG LQ ���� 2XW�RI�SODQH
EXFNOLQJ RI RWKHU PHPEHUV VKRXOG EH FKHFNHG DV GHWDLOHG LQ ������� RU ,�� RU� LQ DSSURSULDWH FDVHV� *��� 7KH
UHVLVWDQFH RI WKH FROXPQV WR LQ�SODQH EXFNOLQJ VKRXOG EH FKHFNHG DV JLYHQ LQ ����� RU ������ DV DSSURSULDWH�

�����  ,QGHSHQGHQWO\ EUDFHG IUDPHV

,QGHSHQGHQWO\ EUDFHG IUDPHV� VHH ������ VKRXOG EH GHVLJQHG WR UHVLVW JUDYLW\ ORDGV �ORDG FRPELQDWLRQ ��
VHH ��������� ,Q FKHFNLQJ WKH FROXPQV IRU UHVLVWDQFH WR LQ�SODQH PHPEHU EXFNOLQJ� WKH HIIHFWLYH OHQJWK /( LQ
WKH SODQH RI WKH IUDPH VKRXOG JHQHUDOO\ EH WDNHQ DV HTXDO WR WKH VWRUH\ KHLJKW /� +RZHYHU� LI VRPH RI WKH
EHDPV LQ WKDW SODQH KDYH EHHQ GHVLJQHG WR UHPDLQ HODVWLF� WKH LQ�SODQH HIIHFWLYH OHQJWK /( IRU WKH QRQ�VZD\
PRGH PD\ EH GHWHUPLQHG IURP $QQH[ (�

&ROXPQV VKRXOG DOVR EH FKHFNHG XQGHU WKH FRPELQDWLRQ RI D[LDO IRUFH DQG PRPHQWV WKDW JLYHV WKH ZRUVW 
FDVH IRU PHPEHU EXFNOLQJ� GHWHUPLQHG E\ DSSO\LQJ SDWWHUQ ORDGLQJ WR WKH LPSRVHG ORDG� ,Q WKLV FKHFN WKH
LQ�SODQH HIIHFWLYH OHQJWK IRU WKH QRQ�VZD\ PRGH VKRXOG EH GHWHUPLQHG IURP $QQH[ (� $Q DSSURSULDWH
VXE�IUDPH PD\ EH XVHG WR WDNH DFFRXQW RI SDWWHUQ ORDGLQJ�
127(  ,QIRUPDWLRQ RQ WKLV DSSOLFDWLRQ RI VXE�IUDPHV LV JLYHQ LQ UHIHUHQFH >��@� VHH %LEOLRJUDSK\�

�����  8QEUDFHG IUDPHV

�������  *HQHUDO

([FHSW IRU IUDPHV WKDW VDWLVI\ WKH IUDPH VWDELOLW\ FKHFN JLYHQ LQ �������� DOO SODVWLFDOO\ GHVLJQHG
PXOWL�VWRUH\ IUDPHV WKDW DUH QRW LQGHSHQGHQWO\ EUDFHG DJDLQVW VZD\ VKRXOG EH GHVLJQHG WR UHVLVW VZD\
PRGH IDLOXUH XVLQJ HLWKHU HODVWLF DQDO\VLV �VHH ���� RU VHFRQG RUGHU HODVWLF�SODVWLF DQDO\VLV �VHH �������

0XOWL�VWRUH\ IUDPHV WKDW DUH QRW LQGHSHQGHQWO\ EUDFHG VKRXOG DOVR EH FKHFNHG IRU SRVVLEOH QRQ�VZD\ PRGHV 
RI IDLOXUH DV UHFRPPHQGHG IRU LQGHSHQGHQWO\ EUDFHG IUDPHV LQ ������

������� )UDPH VWDELOLW\ FKHFN

7KH XVH RI WKLV VLPSOLILHG FKHFN IRU IUDPH VWDELOLW\ VKRXOG EH OLPLWHG WR IUDPHV WKDW DOVR VDWLVI\ WKH IROORZLQJ
FRQGLWLRQV�

D� 7KH EDVHV RI WKH FROXPQV VKRXOG EH IL[HG �EXW VHH DOVR �������

E� 7KH SODVWLF KLQJH PHFKDQLVP VKRXOG EH D VZD\ PRGH� ZLWK SODVWLF KLQJHV DVVXPHG LQ DOO WKH EHDPV
DQG DW WKH EDVH RI HDFK FROXPQ� EXW QR RWKHU KLQJHV LQ WKH FROXPQV�

F� ,W VKRXOG EH HQVXUHG WKDW QR ORFDOL]HG EHDP RU VWRUH\�KHLJKW SODVWLF KLQJH PHFKDQLVPV FDQ IRUP DW D 
ORZHU ORDG IDFWRU WKDQ WKH RYHUDOO IUDPH PHFKDQLVP�

G� 7KH VWRUH\ KHLJKW RI WKH IUDPH VKRXOG QRZKHUH H[FHHG WKH PHDQ VSDFLQJ RI LWV FROXPQV LQ WKDW VWRUH\�

H� 7KH ORZHU OHQJWKV RI WKH FROXPQV VKRXOG EH GHVLJQHG WR UHPDLQ HODVWLF XQGHU WKH WKHRUHWLFDO SODVWLF 
KLQJH PRPHQWV DW WKH EDVHV DVVXPHG LQ D��

Provided that 2cr !is not less than" 4.0 !the secondary forces and moments due to" sway should be 
allowed for by using one of the following methods.

a) Effective length method: In this method, sway mode in-plane effective lengths, see !E.2" should be 
used for the columns. The beams shoule be designed to remain elastic under the factored loads.

In this method, non-sway mode in-plane effective lengths, see !E.2", should be used for the columns. 
c) !Analytical method: A rigorous form of second order elastic analysis should be used."
!If 2cr is less than 4.0, method c) should always be used. 
NOTE   Recommendations for the necessary stiffness of the moment-resisting joints are given in 6.1.5." 
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%6 �����������6HFWLRQ �

7KH HODVWLF FULWLFDO ORDG IDFWRU �FU VKRXOG EH GHWHUPLQHG IURP )��� WDNLQJ LQWR DFFRXQW WKH EDVH VWLIIQHVV� 
GHWHUPLQHG DV GHWDLOHG LQ ������

7KH SODVWLF ORDG IDFWRU �S VKRXOG QRW EH OHVV WKDQ WKH UHTXLUHG ORDG IDFWRU �U IRU IUDPH VWDELOLW\ JLYHQ E\ WKH
IROORZLQJ�

D� IRU FODG VWUXFWXUHV� SURYLGHG WKDW WKH VWLIIHQLQJ HIIHFW RI PDVRQU\ LQILOO ZDOO SDQHOV RU GLDSKUDJPV RI
SURILOHG VWHHO VKHHWLQJ �VHH �������� LV QRW WDNHQ LQWR DFFRXQW�

E� IRU XQFODG IUDPHV� RU IRU FODG VWUXFWXUHV LQ ZKLFK WKH VWLIIHQLQJ HIIHFW RI PDVRQU\ LQILOO ZDOO SDQHOV RU
GLDSKUDJPV RI SURILOHG VWHHO VKHHWLQJ �VHH �������� LV WDNHQ LQWR DFFRXQW�

,I �FU LV OHVV WKDQ ��� IRU FDVH D� RU ���� IRU FDVH E�� HLWKHU HODVWLF DQDO\VLV RU VHFRQG RUGHU HODVWLF�SODVWLF 
DQDO\VLV �VHH ������ VKRXOG EH XVHG�

¦ LI �FU � ���

¦ LI �� ! �FU �����

¦ LI �FU � ���

¦ LI �� ! �FU ������

�U ��� 

�U

����FU
�FU �±
����������������� 

�U ��� 

�U  
0.95λcr

λcr 1–
----------------! "
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%6 �����������

6HFWLRQ ��  &RQQHFWLRQV �

���  *HQHUDO UHFRPPHQGDWLRQV

�����  *HQHUDO

-RLQWV VKRXOG EH GHVLJQHG RQ WKH EDVLV RI UHDOLVWLF DVVXPSWLRQV RI WKH GLVWULEXWLRQ RI LQWHUQDO IRUFHV� 7KHVH
DVVXPSWLRQV VKRXOG FRUUHVSRQG ZLWK GLUHFW ORDG SDWKV WKURXJK WKH MRLQW� WDNLQJ DFFRXQW RI WKH UHODWLYH 
VWLIIQHVVHV RI WKH YDULRXV FRPSRQHQWV RI WKH MRLQW� ,Q DOO FDVHV� HTXLOLEULXP VKRXOG EH PDLQWDLQHG EHWZHHQ 
WKH LQWHUQDO IRUFHV DQG WKH H[WHUQDO DSSOLHG ORDGV�

:KHUH RWKHU PHPEHUV DUH FRQQHFWHG WR WKH VXUIDFH RI D ZHE RU IODQJH RI D PHPEHU� WKH DELOLW\ RI WKH ZHE
RU IODQJH WR WUDQVIHU WKH DSSOLHG IRUFHV VKRXOG EH FKHFNHG�

(DVH RI IDEULFDWLRQ DQG HUHFWLRQ VKRXOG DOVR EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ RI FRQQHFWLRQV DQG VSOLFHV� 
$WWHQWLRQ VKRXOG EH SDLG WR FOHDUDQFHV QHFHVVDU\ IRU WLJKWHQLQJ EROWV �SDUWLFXODUO\ IRU SUHORDGHG EROWV��
ZHOGLQJ SURFHGXUHV� VXEVHTXHQW LQVSHFWLRQ� VXUIDFH WUHDWPHQW DQG PDLQWHQDQFH�

%HFDXVH WKH GXFWLOLW\ RI VWUXFWXUDO VWHHO DVVLVWV WKH GLVWULEXWLRQ RI IRUFHV JHQHUDWHG ZLWKLQ D MRLQW� UHVLGXDO
VWUHVVHV DQG VWUHVVHV GXH WR WLJKWHQLQJ RI EROWV DQG LPSHUIHFW ILW�XS QHHG QRW QRUPDOO\ EH FDOFXODWHG�

$V QRQ�SUHORDGHG EROWV LQ FOHDUDQFH KROHV JHQHUDOO\ VOLS EHIRUH VWDUWLQJ WR WUDQVIHU ORDG LQ VKHDU� WKH\
VKRXOG QRW EH DVVXPHG WR VKDUH ORDG ZLWK ZHOGV RU SUHORDGHG EROWV DQG RQH IRUP RI FRQQHFWLRQ VKRXOG
QRUPDOO\ EH GHVLJQHG WR FDUU\ WKH WRWDO ORDG� +RZHYHU� SUHORDGHG EROWV GHVLJQHG WR EH QRQ�VOLS XQGHU
IDFWRUHG ORDGV PD\ EH GHVLJQHG WR VKDUH ORDG ZLWK ZHOGV� SURYLGHG WKDW WKH ILQDO WLJKWHQLQJ LV GRQH DIWHU
ZHOGLQJ�

�����  'HWDLOLQJ

7KH FRQQHFWLRQV EHWZHHQ PHPEHUV VKRXOG EH FDSDEOH RI ZLWKVWDQGLQJ WKH IRUFHV DQG PRPHQWV WR ZKLFK
WKH\ DUH VXEMHFWHG� ZLWKLQ DFFHSWDEOH GHIRUPDWLRQ OLPLWV DQG ZLWKRXW LQYDOLGDWLQJ WKH GHVLJQ DVVXPSWLRQV�

7KH GHWDLOLQJ RI FRQQHFWLRQV VKRXOG WDNH DFFRXQW RI SRVVLEOH GLPHQVLRQDO YDULDWLRQV GXH WR UROOLQJ PDUJLQV
DQG IDEULFDWLRQ YDULDWLRQV� OHDGLQJ WR VRPH GHJUHH RI ODFN RI ILW�

�����  ,QWHUVHFWLRQV

:KHUH WKHUH LV HFFHQWULFLW\ DW LQWHUVHFWLRQV� WKH PHPEHUV DQG FRQQHFWLRQV VKRXOG EH GHVLJQHG WR
DFFRPPRGDWH WKH UHVXOWLQJ PRPHQWV� IRUFHV� GHIOHFWLRQV DQG URWDWLRQV� ,Q WKH FDVH RI EROWHG IUDPLQJ
FRQVLVWLQJ RI DQJOHV DQG 7�VHFWLRQV� WKH LQWHUVHFWLRQV RI WKH VHWWLQJ�RXW OLQHV RI WKH EROWV PD\ EH DGRSWHG
LQVWHDG RI WKH LQWHUVHFWLRQV RI WKH FHQWURLGDO D[HV�

,Q MRLQWV LQYROYLQJ VWUXFWXUDO KROORZ VHFWLRQV� OLPLWHG HFFHQWULFLW\ EHWZHHQ PHPEHU LQWHUVHFWLRQV VKRXOG EH
LQWURGXFHG ZKHUH QHFHVVDU\ WR VXLW RWKHU IHDWXUHV RI FRQQHFWLRQ GHVLJQ� VHH ��������

�����  -RLQWV LQ VLPSOH GHVLJQ

,Q VLPSOH GHVLJQ� MRLQWV EHWZHHQ PHPEHUV VKRXOG EH FDSDEOH RI WUDQVPLWWLQJ WKH FDOFXODWHG IRUFHV DQG
VKRXOG DOVR EH FDSDEOH RI DFFHSWLQJ WKH UHVXOWLQJ URWDWLRQ� VHH �������� 7KH\ VKRXOG QRW GHYHORS VLJQLILFDQW
PRPHQWV WKDW DGYHUVHO\ DIIHFW PHPEHUV RI WKH VWUXFWXUH�

�����  -RLQWV LQ FRQWLQXRXV GHVLJQ

,Q FRQWLQXRXV GHVLJQ� MRLQWV EHWZHHQ PHPEHUV VKRXOG EH FDSDEOH RI WUDQVPLWWLQJ WKH IRUFHV DQG PRPHQWV 
FDOFXODWHG LQ WKH JOREDO DQDO\VLV� ,Q WKH FDVH RI HODVWLF DQDO\VLV� WKH ULJLGLW\ RI WKH MRLQWV VKRXOG EH VXFK WKDW
WKH VWLIIQHVV RI WKH IUDPH LV QRW OHVV WKDQ WKDW DVVXPHG LQ WKH DQDO\VLV WR DQ H[WHQW WKDW ZRXOG UHGXFH LWV 
ORDG FDUU\LQJ FDSDFLW\� ,Q WKH FDVH RI SODVWLF DQDO\VLV� D MRLQW DW D SODVWLF KLQJH ORFDWLRQ VKRXOG KDYH D 
PRPHQW FDSDFLW\ DW OHDVW HTXDO WR WKDW RI WKH PHPEHU� DQG VKRXOG DOVR KDYH VXIILFLHQW SODVWLF URWDWLRQ
FDSDFLW\�

7KH IDEULFDWLRQ UHVWULFWLRQV JLYHQ LQ ������� VKRXOG DOVR EH DSSOLHG ZKHUH ORFDO \LHOG OLQHV DUH DVVXPHG LQ
WKH GHVLJQ RI FRPSRQHQWV RI PRPHQW�UHVLVWLQJ FRQQHFWLRQV� 7KLV DSSOLHV LUUHVSHFWLYH RI ZKHWKHU HODVWLF RU
SODVWLF JOREDO DQDO\VLV LV XVHG IRU WKH VWUXFWXUH�

�����  -RLQWV LQ VHPL�FRQWLQXRXV GHVLJQ

,Q VHPL�FRQWLQXRXV GHVLJQ� MRLQWV VKRXOG SURYLGH D SUHGLFWDEOH GHJUHH RI LQWHUDFWLRQ EHWZHHQ PHPEHUV DV
GHVFULEHG LQ �������� 7KH\ VKRXOG EH FDSDEOH RI WUDQVPLWWLQJ WKH LQ�SODQH UHVWUDLQW PRPHQWV LQ DGGLWLRQ WR
WKH RWKHU IRUFHV DQG PRPHQWV DW WKH MRLQWV� ,W VKRXOG EH HQVXUHG WKDW WKH MRLQWV DUH QHLWKHU WRR ULJLG QRU WRR
IOH[LEOH WR IXOILO DFFXUDWHO\ WKH DVVXPSWLRQV PDGH LQ GHVLJQ�
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%6 ����������� 6HFWLRQ �

�����  &RQQHFWLRQV VXEMHFW WR YLEUDWLRQ� ORDG UHYHUVDO RU IDWLJXH

�������  9LEUDWLRQ

,Q FRQQHFWLRQV VXEMHFW WR LPSDFW RU YLEUDWLRQ� SUHORDGHG EROWV� ORFNLQJ GHYLFHV RU ZHOGV VKRXOG EH XVHG�

�������  /RDG UHYHUVDO

,Q FRQQHFWLRQV WUDQVIHUULQJ ORDG LQ VKHDU� WKDW DUH VXEMHFW WR ORDG UHYHUVDO �XQOHVV WKH UHYHUVDO LV GXH VROHO\
WR ZLQG� RU LQ ZKLFK VOLSSLQJ RI EROWV LV XQDFFHSWDEOH IRU VRPH RWKHU UHDVRQ� ILWWHG EROWV� SUHORDGHG EROWV RU
ZHOGLQJ VKRXOG EH XVHG�

�������  )DWLJXH

,I IDWLJXH LV D GHVLJQ FULWHULRQ� VHH ������ WKH IDEULFDWLRQ UHVWULFWLRQV JLYHQ LQ ������� VKRXOG EH DSSOLHG�

�����  6SOLFHV

�������  *HQHUDO

6SOLFHV VKRXOG EH GHVLJQHG WR KROG WKH FRQQHFWHG PHPEHUV LQ SODFH� :KHUHYHU SUDFWLFDEOH� WKH PHPEHUV
VKRXOG EH DUUDQJHG VR WKDW WKH FHQWURLGDO D[LV RI WKH VSOLFH FRLQFLGHV ZLWK WKH FHQWURLGDO D[HV RI WKH 
PHPEHUV MRLQHG� ,I HFFHQWULFLW\ RFFXUV� WKH UHVXOWLQJ PRPHQWV� IRUFHV� GHIOHFWLRQV DQG URWDWLRQV VKRXOG EH 
DOORZHG IRU�

������� 6SOLFHV LQ FRPSUHVVLRQ PHPEHUV

,I WKH VSOLFH LV QRW LQWHQGHG WR WUDQVPLW FRPSUHVVLRQ E\ GLUHFW FRQWDFW RI FURVV�VHFWLRQV LQ EHDULQJ� LW VKRXOG
EH GHVLJQHG WR WUDQVPLW DOO WKH PRPHQWV DQG IRUFHV LQ WKH PHPEHU DW WKDW SRLQW�

,I WKH VSOLFH LV LQWHQGHG WR WUDQVPLW FRPSUHVVLRQ E\ GLUHFW FRQWDFW RI FURVV�VHFWLRQV LQ EHDULQJ� LW VKRXOG EH
GHVLJQHG WR UHVLVW DQ\ PRPHQWV LQ WKH PHPEHU DW WKDW SRLQW DQG WR PDLQWDLQ WKH LQWHQGHG PHPEHU VWLIIQHVV 
DERXW HDFK D[LV�

6SOLFHV VKRXOG EH DV FORVH DV SUDFWLFDEOH WR WKH SRLQWV RI LQIOH[LRQ RI WKHLU EXFNOHG VKDSH� :KHUH WKLV LV QRW
DFKLHYHG WKHLU FDSDFLW\ VKRXOG EH LQFUHDVHG WR WDNH DFFRXQW RI WKH PRPHQWV LQGXFHG E\ VWUXW DFWLRQ� 
VHH &��� DQG RI WKH DGGLWLRQDO PRPHQWV GXH WR PRPHQW DPSOLILFDWLRQ� VHH ,��� $OORZDQFH VKRXOG EH PDGH
IRU PRPHQWV GXH WR VWUXW DFWLRQ DERXW HDFK D[LV� EXW RQO\ DERXW RQH D[LV DW D WLPH�

������� 6SOLFHV LQ WHQVLRQ PHPEHUV

7KH VSOLFH VKRXOG EH GHVLJQHG WR WUDQVPLW DOO WKH PRPHQWV DQG IRUFHV WR ZKLFK WKH PHPEHU LV VXEMHFWHG DW
WKDW SRLQW�

������� 6SOLFHV LQ EHDPV

%HDP VSOLFHV VKRXOG EH GHVLJQHG WR WUDQVPLW DOO WKH IRUFHV DQG PRPHQWV LQ WKH PHPEHU DW WKDW SRLQW DQG
WR PDLQWDLQ WKH UHTXLUHG PHPEHU VWLIIQHVV DERXW ERWK D[HV�

6SOLFHV LQ ODWHUDOO\ XQUHVWUDLQHG EHDPV VKRXOG EH DV FORVH DV SUDFWLFDEOH WR WKH SRLQWV RI LQIOH[LRQ RI WKHLU
EXFNOHG VKDSH� :KHUH WKLV LV QRW DFKLHYHG� WKHLU FDSDFLW\ VKRXOG EH LQFUHDVHG WR WDNH DFFRXQW RI WKH
DGGLWLRQDO LQWHUQDO PRPHQW� VHH %��� DQG RI WKH DGGLWLRQDO PRPHQWV GXH WR PRPHQW DPSOLILFDWLRQ� VHH ,���

�����  &ROXPQ ZHE SDQHO ]RQH

,Q D PRPHQW�UHVLVWLQJ MRLQW EHWZHHQ D EHDP DQG D FROXPQ �RU D UDIWHU DQG D FROXPQ� WKH ZHE RI WKH FROXPQ
ZLWKLQ WKH GHSWK RI WKH EHDP VKRXOG EH WUHDWHG DV D ZHE SDQHO ]RQH� LUUHVSHFWLYH RI ZKHWKHU WKH FROXPQ 
ZHE LV VWLIIHQHG RU XQVWLIIHQHG� VHH )LJXUH ��� ,Q WKH FROXPQ ZHE SDQHO ]RQH WKH ORFDO VKHDU IRUFH )YS GXH
WR PRPHQW WUDQVIHU VKRXOG EH WDNHQ LQWR DFFRXQW�

,Q D ZHOGHG MRLQW ZLWK D VLQJOH EHDP� WKH SDQHO ]RQH VKHDU )YS VKRXOG EH REWDLQHG IURP�

)YS  0WUD��'E � 7E�

ZKHUH

'E LV WKH EHDP GHSWK�
0WUD LV WKH PRPHQW WUDQVIHUUHG IURP WKH EHDP WR WKH FROXPQ DW WKH MRLQW�
7E LV WKH EHDP IODQJH WKLFNQHVV�
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%6 �����������6HFWLRQ �

,Q D EROWHG HQG�SODWH MRLQW ZLWK D VLQJOH EHDP� WKH SDQHO ]RQH VKHDU )YS VKRXOG EH REWDLQHG IURP WKH VXP 
RI WKH EROW IRUFHV GXH WR WKH PRPHQW 0WUD WUDQVIHUUHG IURP WKH EHDP WR WKH FROXPQ� WDNLQJ HDFK EROW IRUFH 
DV WKH WHQVLRQ LW WUDQVIHUV IURP WKH HQG�SODWH WR WKH FROXPQ�

,Q D MRLQW ZLWK WZR EHDPV FRQQHFWHG RQ RSSRVLWH VLGHV� WKH SDQHO ]RQH VKHDU )YS VKRXOG EH GHWHUPLQHG 
WDNLQJ DFFRXQW RI WKH QHW HIIHFW RI WKH PRPHQWV LQ ERWK EHDPV�

$W D EROWHG MRLQW� WKH VKHDU FDSDFLW\ 3Y JLYHQ LQ ��� PD\ EH GHYHORSHG LQ WKH FROXPQ ZHE SDQHO ]RQH� 1R 
UHGXFWLRQ LQ PRPHQW FDSDFLW\ QHHG EH PDGH LQ WKH PHPEHUV FRQQHFWHG E\ WKH MRLQW WR DOORZ IRU WKH HIIHFW
RI VKHDU ZLWKLQ WKH ZHE SDQHO ]RQH�

$W D ZHOGHG MRLQW� WKH PRPHQW FDSDFLWLHV RI WKH PHPEHUV FRQQHFWHG E\ WKH MRLQW QHHG QRW EH UHGXFHG WR DOORZ
IRU WKH VKHDU )Y LQ WKH ZHE SDQHO ]RQH� SURYLGHG WKDW )Y�3Y � ���� 7KH IXOO VKHDU FDSDFLW\ 3Y PD\ EH 
GHYHORSHG LQ WKH ZHE SDQHO ]RQH� SURYLGHG WKDW WKH HQG PRPHQW LQ HDFK PHPEHU GRHV QRW H[FHHG LWV HODVWLF 
PRPHQW FDSDFLW\ S\=[� 2WKHUZLVH )Y VKRXOG VDWLVI\ )Y�3Y � � � �� LQ ZKLFK �� LV WKH VXP RI WKH YDOXHV
RI � IRU HDFK RI WKH PHPEHUV FRQQHFWHG DW WKH MRLQW� DQG � LV JLYHQ E\�

,I WKH ZHE RI WKH FROXPQ LV XQVWLIIHQHG� WKH ZHE WKLFNQHVV VKRXOG QRW EH UHGXFHG EHORZ WKDW QHHGHG ZLWKLQ
WKH ZHE SDQHO ]RQH IRU GLVWDQFHV DERYH DQG EHORZ WKLV ]RQH HTXDO WR WKH FROXPQ GHSWK�

���  &RQQHFWLRQV XVLQJ EROWV

�����  %ROW VSDFLQJ

�������  0LQLPXP VSDFLQJ

)RU VWDQGDUG FOHDUDQFH KROHV RU KROHV IRU ILWWHG EROWV WKH VSDFLQJ EHWZHHQ FHQWUHV RI EROWV VKRXOG QRW EH OHVV
WKDQ ���G� ZKHUH G LV WKH QRPLQDO GLDPHWHU RI WKH EROWV� )RU RYHUVL]H KROHV RU VORWWHG KROHV WKH KROH VSDFLQJ
VKRXOG EH LQFUHDVHG WR OHDYH DW OHDVW WKH VDPH ZLGWK RI VWHHO FOHDU EHWZHHQ WKH KROHV DV IRU VWDQGDUG
FOHDUDQFH KROHV�

)LJXUH �� ¦ &ROXPQ ZHE SDQHO ]RQH

ZKHUH
0 LV WKH HQG PRPHQW LQ WKDW PHPEHU�
0HO LV WKH HODVWLF PRPHQW FDSDFLW\ S\=[ RI WKH PHPEHU�

0S LV WKH SODVWLF PRPHQW FDSDFLW\ S\6[ RI WKH PHPEHU�

� ����
0 0HO±� �

0S 0HO±� �
����������������������������� EXW ���� � �	 	
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%6 ����������� 6HFWLRQ �

������� 0D[LPXP VSDFLQJ LQ XQVWLIIHQHG SODWHV

:KHUH D SODWH LV QRW VWLIIHQHG E\ D ZHE RU RXWVWDQG� WKH VSDFLQJ EHWZHHQ FHQWUHV RI DGMDFHQW EROWV LQ D OLQH
O\LQJ LQ WKH GLUHFWLRQ RI VWUHVV VKRXOG QRW H[FHHG ��W� ZKHUH W LV WKH WKLFNQHVV RI WKH WKLQQHU HOHPHQW� ,I LW
LV H[SRVHG WR FRUURVLYH LQIOXHQFHV� WKH PD[LPXP VSDFLQJ RI EROWV LQ HDFK RI WZR GLUHFWLRQV DW ULJKW DQJOHV
VKRXOG QRW H[FHHG WKH OHVVHU RI ��W RU ��� PP� ZKHUH W LV WKH WKLFNQHVV RI WKH WKLQQHU RXWVLGH SO\�

�����  (GJH DQG HQG GLVWDQFHV

�������  *HQHUDO

)RU VWDQGDUG FOHDUDQFH KROHV� DQG IRU KROHV IRU ILWWHG EROWV� WKH HGJH GLVWDQFH VKRXOG EH WDNHQ DV WKH
GLVWDQFH IURP WKH FHQWUH RI WKH KROH WR WKH DGMDFHQW HGJH� PHDVXUHG SHUSHQGLFXODU WR WKH GLUHFWLRQ RI VWUHVV�
7KH HQG GLVWDQFH VKRXOG EH WDNHQ DV WKH GLVWDQFH IURP WKH FHQWUH RI WKH KROH WR WKH DGMDFHQW HGJH� PHDVXUHG
LQ WKH GLUHFWLRQ LQ ZKLFK WKH EROW EHDUV� 7KH HQG GLVWDQFH VKRXOG DOVR EH VXIILFLHQW WR SURYLGH DGHTXDWH
EHDULQJ FDSDFLW\� VHH ������� DQG ������

�������  6ORWWHG KROHV

)RU VORWWHG KROHV� HGJH DQG HQG GLVWDQFHV VKRXOG EH PHDVXUHG IURP WKH HGJH RU HQG RI WKH PDWHULDO WR WKH 
FHQWUH RI LWV HQG UDGLXV RU WR WKH FHQWUHOLQH RI WKH VORW� VHH )LJXUH ���

�������  2YHUVL]H KROHV

)RU RYHUVL]H KROHV� WKH HGJH DQG HQG GLVWDQFHV VKRXOG EH WDNHQ DV WKH GLVWDQFH IURP WKH UHOHYDQW HGJH�
VHH �������� OHVV KDOI WKH QRPLQDO GLDPHWHU RI WKH RYHUVL]H KROH� SOXV KDOI WKH GLDPHWHU ' RI D VWDQGDUG 
FOHDUDQFH KROH�

������� 0LQLPXP HGJH RU HQG GLVWDQFH

7KH GLVWDQFH IURP WKH FHQWUH RI D EROW KROH WR WKH HGJH RU HQG RI DQ\ SDUW VKRXOG EH QRW OHVV WKDQ WKH YDOXH
JLYHQ LQ 7DEOH ���

������� 0D[LPXP HGJH RU HQG GLVWDQFH

:KHUH SDUWV DUH FRQQHFWHG E\ EROWV� WKH GLVWDQFH IURP DQ XQVWLIIHQHG HGJH WR WKH QHDUHVW OLQH RI EROWV VKRXOG
QRW H[FHHG ��W�� 7KLV GRHV QRW DSSO\ WR EROWV LQWHUFRQQHFWLQJ WKH FRPSRQHQWV RI EDFN�WR�EDFN WHQVLRQ
PHPEHUV� VHH ������ :KHUH WKH SDUWV DUH H[SRVHG WR FRUURVLYH LQIOXHQFHV� WKH HGJH GLVWDQFH VKRXOG QRW
H[FHHG �� PP � �W�

)LJXUH �� ¦ 0LQLPXP HGJH DQG HQG GLVWDQFHV

e = end or edge distance
e = end or edge distance

e

e

e

D D

e

e
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%6 �����������6HFWLRQ �

7DEOH �� ¦ 0LQLPXP HGJH DQG HQG GLVWDQFHV RI EROWV

�����  (IIHFW RI EROW KROHV RQ VKHDU FDSDFLW\

%ROW KROHV QHHG QRW EH DOORZHG IRU LQ WKH VKHDU DUHD SURYLGHG WKDW�

$Y�QHW � ����$Y�.H

,I $Y�QHW LV OHVV WKDQ ����$Y�.H WKH QHW VKHDU FDSDFLW\ VKRXOG EH WDNHQ DV ���S\.H$Y�QHW�

�����  %ORFN VKHDU

%ORFN VKHDU IDLOXUH WKURXJK D JURXS RI EROW KROHV DW D IUHH HGJH� VHH )LJXUH ��� �FRQVLVWLQJ RI IDLOXUH LQ VKHDU 
DW WKH URZ RI EROW KROHV DORQJ WKH VKHDU IDFH RI WKH KROH JURXS� DFFRPSDQLHG E\ WHQVLOH UXSWXUH DORQJ WKH
OLQH RI EROW KROHV RQ WKH WHQVLRQ IDFH RI WKH KROH JURXS� VHH )LJXUH ��� VKRXOG EH SUHYHQWHG E\ FKHFNLQJ WKDW
WKH UHDFWLRQ )U GRHV QRW H[FHHG WKH EORFN VKHDU FDSDFLW\ 3U GHWHUPLQHG IURP�

3U   ���S\W>/Y � .H�/W ¥ N'W�@

4XDOLW\ RI FXW (GJH DQG HQG GLVWDQFHV

)RU D UROOHG� PDFKLQH IODPH FXW� VDZQ RU SODQHG HGJH RU HQG ����'
)RU D VKHDUHG RU KDQG IODPH FXW HGJH RU HQG ����'
127( ' LV WKH GLDPHWHU RI D VWDQGDUG FOHDUDQFH KROH IRU D EROW RI WKH UHOHYDQW QRPLQDO GLDPHWHU� VHH 7DEOH ���

ZKHUH
$Y�QHW LV WKH QHW VKHDU DUHD DIWHU GHGXFWLQJ EROW KROHV�

.H LV WKH HIIHFWLYH QHW DUHD FRHIILFLHQW IURP ������

ZKHUH
'W LV WKH KROH VL]H IRU WKH WHQVLRQ IDFH� JHQHUDOO\ WKH KROH GLDPHWHU� EXW IRU VORWWHG KROHV WKH

GLPHQVLRQ SHUSHQGLFXODU WR WKH GLUHFWLRQ RI ORDG WUDQVIHU VKRXOG EH XVHG�
N LV D FRHIILFLHQW ZLWK YDOXHV DV IROORZV�

¦ IRU D VLQJOH OLQH RI EROWV� N   ����
¦ IRU WZR OLQHV RI EROWV� N   ����

/W LV WKH OHQJWK RI WKH WHQVLRQ IDFH� VHH )LJXUH ���

/Y LV WKH OHQJWK RI WKH VKHDU IDFH� VHH )LJXUH ���

W LV WKH WKLFNQHVV�
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%6 ����������� 6HFWLRQ �

���  1RQ�SUHORDGHG EROWV

�����  (IIHFWLYH DUHDV RI EROWV

%ROWV PD\ KDYH VKRUW� VWDQGDUG RU ORQJ WKUHDG OHQJWKV� RU KDYH IXOO\ WKUHDGHG VKDQNV� 7KH VKHDU DUHD $V
RI D EROW VKRXOG QRUPDOO\ EH WDNHQ DV WKH WHQVLOH VWUHVV DUHD $W DV VSHFLILHG LQ WKH DSSURSULDWH EROW VWDQGDUG� 
)RU EROWV ZLWKRXW D GHILQHG WHQVLOH VWUHVV DUHD� $W VKRXOG EH WDNHQ DV WKH DUHD DW WKH ERWWRP RI WKH WKUHDGV�

:KHUH LW FDQ EH VKRZQ WKDW WKUHDGV GR QRW RFFXU LQ WKH VKHDU SODQH� $V PD\ EH WDNHQ DV WKH VKDQN DUHD $�
,Q WKH FDOFXODWLRQ RI WKUHDG OHQJWK� DOORZDQFH VKRXOG EH PDGH IRU WROHUDQFHV DQG WKH WKUHDG UXQ RII�

�����  6KHDU FDSDFLW\

�������  *HQHUDO

3URYLGHG WKDW QR UHGXFWLRQ LV UHTXLUHG IRU WKH HIIHFW RI SDFNLQJ �VHH ��������� ODUJH JULSV �VHH ��������� 
NLGQH\�VKDSHG VORWV �VHH ��������� RU ORQJ MRLQWV �VHH ��������� WKH VKHDU FDSDFLW\ 3V RI D EROW VKRXOG EH WDNHQ
DV�

3V   SV$V

)LJXUH �� ¦ %ORFN VKHDU ¦ (IIHFWLYH VKHDU DUHD

ZKHUH
$V LV WKH VKHDU DUHD �$ RU $W� DV GHILQHG LQ ������

SV LV WKH VKHDU VWUHQJWK REWDLQHG IURP 7DEOH ���

Lt

r

v

F

L
t

Lv

L v

rF

rF

v

L

L

rF

Lt

Lt
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%6 �����������6HFWLRQ �

7DEOH �� ¦ 6KHDU VWUHQJWK RI EROWV

�������  3DFNLQJ

7KH WRWDO WKLFNQHVV RI VWHHO SDFNLQJ WSD DW D VKHDU SODQH VKRXOG QRW H[FHHG �G��� ZKHUH G LV WKH QRPLQDO
GLDPHWHU RI WKH EROWV� )RU PXOWLSOH SDFNV� WKH QXPEHU RI SOLHV VKRXOG SUHIHUDEO\ QRW H[FHHG IRXU� 
:KHUH WSD H[FHHGV G�� WKH VKHDU FDSDFLW\ 3V VKRXOG EH WDNHQ DV�

EXW QRW PRUH WKDQ JLYHQ LQ ������� IRU ODUJH JULS OHQJWKV RU �������� IRU ORQJ MRLQWV�

�������  /DUJH JULS OHQJWKV

:KHUH WKH JULS OHQJWK 7J �L�H� WKH WRWDO WKLFNQHVV RI WKH FRQQHFWHG SOLHV� H[FHHGV �G� ZKHUH G LV WKH QRPLQDO
GLDPHWHU RI WKH EROWV� WKH VKHDU FDSDFLW\ 3V VKRXOG EH WDNHQ DV�

EXW QRW PRUH WKDQ JLYHQ LQ ������� IRU WKH HIIHFW RI SDFNLQJ RU �������� IRU ORQJ MRLQWV�

�������  .LGQH\�VKDSHG VORWV

:KHUH D FRQQHFWLRQ KDV WZR EROWV� RQH LQ D VWDQGDUG FOHDUDQFH KROH DQG RQH LQ D NLGQH\�VKDSHG VORW�
VHH �������� WKH VKHDU FDSDFLW\ RI HDFK EROW VKRXOG EH WDNHQ DV ���3V�

�������  /RQJ MRLQWV

:KHUH WKH ODS OHQJWK /M RI D VSOLFH RU FRQQHFWLRQ WUDQVIHUULQJ WHQVLRQ RU FRPSUHVVLRQ ZLWK PRUH WKDQ WZR 
URZV RI EROWV �L�H� WKH GLVWDQFH EHWZHHQ WKH ILUVW DQG ODVW URZV RI EROWV� PHDVXUHG LQ WKH GLUHFWLRQ RI ORDG
WUDQVIHU� VHH )LJXUH ��� H[FHHGV ��� PP� WKH VKHDU FDSDFLW\ 3V VKRXOG EH WDNHQ DV�

EXW QRW PRUH WKDQ JLYHQ LQ ������� IRU WKH HIIHFW RI SDFNLQJ RU ������� IRU ODUJH JULS OHQJWKV�

%ROW JUDGH 6KHDU VWUHQJWK SV �1�PP��

��� ���
��� ���

���� ���
*HQHUDO JUDGH +6)* �0�� ���
WR %6 ������ �0�� ���
+LJKHU JUDGH +6)* WR %6 ������ ���
2WKHU JUDGHV �8E � ���� 1�PP�� ���8E

8E LV WKH VSHFLILHG PLQLPXP WHQVLOH VWUHQJWK RI WKH EROW�

)LJXUH �� ¦ /DS OHQJWK RI D VSOLFH

3V SV$V
�G

�G �WSD�
�������������������������

 �
� � 

3V SV$V
�G

�G 7J �
����������������������
 �
� � 

3V SV$V

� ��� /M±
� ���

���������������������������
 �
� � 

Lj
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%6 ����������� 6HFWLRQ �

�����  %HDULQJ FDSDFLW\

�������  *HQHUDO

7KH EHDULQJ FDSDFLW\ RI D EROW RQ DQ\ FRQQHFWHG SDUW VKRXOG EH WDNHQ DV WKH OHVVHU RI WKH EHDULQJ FDSDFLW\
3EE RI WKH EROW �VHH �������� DQG WKH EHDULQJ FDSDFLW\ 3EV RI WKH SDUW �VHH ���������

������� %HDULQJ FDSDFLW\ RI EROW

7KH EHDULQJ FDSDFLW\ RI WKH EROW LWVHOI VKRXOG EH WDNHQ DV�

3EE  GWSSEE

ZKHUH

7DEOH �� ¦ %HDULQJ VWUHQJWK RI EROWV

������� %HDULQJ FDSDFLW\ RI FRQQHFWHG SDUW

7KH EHDULQJ FDSDFLW\ 3EV RI WKH FRQQHFWHG SDUW VKRXOG EH WDNHQ DV IROORZV�

ZKHUH

7DEOH �� ¦ %HDULQJ VWUHQJWK SEV RI FRQQHFWHG SDUWV

3URYLGHG WKDW WKH VL]HV RI WKH KROHV IRU QRQ�SUHORDGHG EROWV GR QRW H[FHHG WKH VWDQGDUG GLPHQVLRQV JLYHQ LQ
7DEOH ��� WKH FRHIILFLHQW NEV DOORZLQJ IRU WKH W\SH RI KROH VKRXOG EH WDNHQ DV IROORZV�

G LV WKH QRPLQDO GLDPHWHU RI WKH EROW�
SEE LV WKH EHDULQJ VWUHQJWK RI WKH EROW� REWDLQHG IURP 7DEOH ���

WS LV WKH WKLFNQHVV RI WKH FRQQHFWHG SDUW� RU� LI WKH EROWV DUH FRXQWHUVXQN� WKH WKLFNQHVV RI WKH SDUW
PLQXV KDOI WKH GHSWK RI FRXQWHUVLQNLQJ�

%ROW JUDGH %HDULQJ VWUHQJWK SEE �1�PP��

��� ���
��� ����

���� ����
*HQHUDO JUDGH +6)* �0�� ����
WR %6 ������ �0�� ���
+LJKHU JUDGH +6)* WR %6 ������ ����
2WKHU JUDGHV �8E � ���� 1�PP�� ����8E � <E�

127( � 8E LV WKH VSHFLILHG PLQLPXP WHQVLOH VWUHQJWK RI WKH EROW�

127( � <E  LV WKH VSHFLILHG PLQLPXP \LHOG VWUHQJWK RI WKH EROW�

H LV WKH HQG GLVWDQFH� DV GHILQHG LQ ��������
SEV LV WKH EHDULQJ VWUHQJWK RI WKH FRQQHFWHG SDUW� VHH 7DEOH ���

6WHHO JUDGH 6 ��� 6 ��� 6 ��� 2WKHU JUDGHV
%HDULQJ VWUHQJWK SEV �1�PP�� ��� ��� ��� �����86 � <6�

127( � 8V LV WKH VSHFLILHG PLQLPXP WHQVLOH VWUHQJWK RI WKH VWHHO�

127( � <V  LV WKH VSHFLILHG PLQLPXP \LHOG VWUHQJWK RI WKH VWHHO�

¦ IRU EROWV LQ VWDQGDUG FOHDUDQFH KROHV� NEV     ���

¦ IRU EROWV LQ RYHUVL]HG KROHV� NEV     ���

¦ IRU EROWV LQ VKRUW VORWWHG KROHV� NEV     ���

¦ IRU EROWV LQ ORQJ VORWWHG KROHV� NEV     ���

¦ IRU EROWV LQ NLGQH\�VKDSHG VORWV� NEV     ���

3EV NEVGWSSEV EXW 3EV ���NEVHWSSEV�

138 © BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������6HFWLRQ �

7DEOH �� ¦ 6WDQGDUG GLPHQVLRQV RI KROHV IRU QRQ�SUHORDGHG EROWV

�����  %ROWV VXEMHFW WR WHQVLRQ

������� *HQHUDO

7KH WHQVLRQ FDSDFLW\ RI D FRQQHFWLRQ XVLQJ EROWV �LQFOXGLQJ ��� FRXQWHUVXQN KHDG EROWV� VKRXOG EH FKHFNHG
XVLQJ RQH RI WKH IROORZLQJ PHWKRGV�

¦ WKH VLPSOH PHWKRG JLYHQ LQ ��������
¦ WKH PRUH H[DFW PHWKRG JLYHQ LQ ��������

�������  6LPSOH PHWKRG

7KH VLPSOH PHWKRG PD\ EH XVHG LI WKH FRQQHFWLRQ VDWLVILHV ERWK RI WKH IROORZLQJ�

¦ WKH FURVV�FHQWUH VSDFLQJ RI WKH EROW OLQHV VKRXOG QRW H[FHHG �� � RI WKH IODQJH ZLGWK RU HQG�SODWH ZLGWK�
VHH )LJXUH ���
¦ LI D FRQQHFWHG SDUW LV GHVLJQHG DVVXPLQJ GRXEOH FXUYDWXUH EHQGLQJ� VHH )LJXUH ��E�� LWV PRPHQW
FDSDFLW\ SHU XQLW ZLGWK VKRXOG EH WDNHQ DV S\WS

���� ZKHUH WS LV WKH WKLFNQHVV RI WKH FRQQHFWHG SDUW�
,Q WKH VLPSOH PHWKRG WKH SU\LQJ IRUFH QHHG QRW EH FDOFXODWHG� 7KH WHQVLOH IRUFH SHU EROW )W WUDQVPLWWHG E\
WKH FRQQHFWLRQ VKRXOG QRW H[FHHG WKH QRPLQDO WHQVLRQ FDSDFLW\ 3QRP RI WKH EROW� REWDLQHG IURP�

3QRP     ���SW$W

ZKHUH

1RPLQDO
GLDPHWHU RI

EROW

6WDQGDUG
FOHDUDQFH

KROH

2YHUVL]H KROHD 6KRUW VORWWHG KROH /RQJ VORWWHG KROHE .LGQH\�VKDSHG VORW

'LDPHWHU 'LDPHWHU :LGWK /HQJWK :LGWK /HQJWK :LGWK /HQJWK

PP PP PP PP PP PP PP PP PP

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

��� G � � G � � G � � G � �� G � � ���G G � � ���G
127( G LV WKH QRPLQDO GLDPHWHU RI WKH EROW �LQ PP��
D /DUJHU GLDPHWHU KROHV PD\ EH XVHG IRU KROGLQJ�GRZQ EROWV�
E /RQJHU VORWV PD\ EH XVHG IRU H[SDQVLRQ MRLQWV�

$W LV WKH WHQVLOH VWUHVV DUHD DV VSHFLILHG LQ WKH DSSURSULDWH EROW VWDQGDUG� )RU EROWV ZKHUH WKH WHQVLOH
VWUHVV DUHD LV QRW GHILQHG� $W VKRXOG EH WDNHQ DV WKH DUHD DW WKH ERWWRP RI WKH WKUHDGV�

SW LV WKH WHQVLRQ VWUHQJWK RI WKH EROW REWDLQHG IURP 7DEOH ���
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ 7HQVLRQ VWUHQJWK RI EROWV

�������  0RUH H[DFW PHWKRG

7KH PRUH H[DFW PHWKRG PD\ EH XVHG IRU D FRQQHFWLRQ LQ ZKLFK ERWK RI WKH FRQQHFWHG SDUWV VDWLVI\ RQH RU
PRUH RI WKH IROORZLQJ�

D� WKH FRQQHFWHG SDUW VSDQV EHWZHHQ WZR RU PRUH VXSSRUWLQJ SDUWV�

E� WKH RXWVWDQG RI WKH FRQQHFWHG SDUW LV GHVLJQHG DVVXPLQJ VLQJOH FXUYDWXUH EHQGLQJ� VHH )LJXUH ��D��

F� WKH RXWVWDQG RI WKH FRQQHFWHG SDUW LV GHVLJQHG DVVXPLQJ GRXEOH FXUYDWXUH EHQGLQJ� VHH )LJXUH ��E��
DQG WKH UHVXOWLQJ SU\LQJ IRUFH 4 LV FDOFXODWHG DQG LQFOXGHG LQ WKH WRWDO DSSOLHG WHQVLRQ )WRW LQ WKH EROW�

G� WKH FRQQHFWHG SDUW VSDQV EHWZHHQ WZR RU PRUH VXSSRUWLQJ SDUWV LQ RQH GLUHFWLRQ� EXW DFWV DV DQ 
RXWVWDQG LQ WKH RWKHU GLUHFWLRQ� DQG WKH UHVXOWLQJ SU\LQJ IRUFH 4 LV FDOFXODWHG DQG LQFOXGHG LQ WKH WRWDO
DSSOLHG WHQVLRQ )WRW LQ WKH EROW�
127( ,Q FDVHV D� DQG E� QR SU\LQJ IRUFH LV QHFHVVDU\ IRU HTXLOLEULXP�

,Q WKH PRUH H[DFW PHWKRG WKH PRPHQW FDSDFLW\ SHU XQLW ZLGWK RI WKH FRQQHFWHG SDUW VKRXOG EH WDNHQ DV
S\WS

��� DQG WKH WRWDO DSSOLHG WHQVLRQ )WRW LQ WKH EROW� LQFOXGLQJ WKH FDOFXODWHG SU\LQJ IRUFH� VKRXOG QRW H[FHHG 
WKH WHQVLRQ FDSDFLW\ 3W REWDLQHG IURP�

3W   SW $W

)LJXUH �� ¦ 0D[LPXP FURVV�FHQWUHV RI EROW OLQHV IRU WKH VLPSOH PHWKRG

%ROW JUDGH 7HQVLRQ VWUHQJWK SW �1�PP��

��� ���
��� ���

���� ���
*HQHUDO JUDGH +6)* �0�� ���
WR %6 ������ �0�� ���
+LJKHU JUDGH +6)* WR %6 ������ ���
2WKHU JUDGHV �8E � ���� 1�PP�� ���8E EXW � <E

127( � 8E LV WKH VSHFLILHG PLQLPXP WHQVLOH VWUHQJWK RI WKH EROW�

127( � <E  LV WKH VSHFLILHG PLQLPXP \LHOG VWUHQJWK RI WKH EROW�

s

B

s < 0,55B_
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%6 �����������6HFWLRQ �

�������  &RPELQHG VKHDU DQG WHQVLRQ

%ROWV WKDW DUH VXEMHFW WR VKHDU )V DV ZHOO DV WHQVLRQ VKRXOG� LQ DGGLWLRQ WR WKH FRQGLWLRQV JLYHQ LQ �����
WR �������� VDWLVI\ WKH IROORZLQJ�

ZKHUH

���  3UHORDGHG EROWV

�����  *HQHUDO

'HSHQGLQJ RQ WKH UHDVRQ IRU DGRSWLQJ SUHORDGLQJ� D FRQQHFWLRQ XVLQJ SUHORDGHG +6)* EROWV VKRXOG EH
GHVLJQHG DV RQH RI WKH IROORZLQJ�

D� D QRUPDO §EHDULQJ W\SH¨ FRQQHFWLRQ�

E� QRQ�VOLS LQ VHUYLFH�

F� QRQ�VOLS XQGHU IDFWRUHG ORDGV�

,Q FDVH D� WKH SUHORDGHG EROWV VKRXOG EH GHVLJQHG LQ WKH VDPH ZD\ DV QRQ�SUHORDGHG EROWV� VHH ����

)RU FDVHV E� DQG F� WKH VOLS UHVLVWDQFH VKRXOG EH FKHFNHG DV UHFRPPHQGHG LQ ����� DQG ������

,Q FDVH E� WKH VKHDU FDSDFLW\ DQG EHDULQJ FDSDFLW\ DIWHU VOLSSLQJ VKRXOG DOVR EH FKHFNHG� VHH ������
127(   7KH UHVLVWDQFH RI D IULFWLRQ JULS FRQQHFWLRQ WR VOLS LQ VHUYLFH LV D VHUYLFHDELOLW\ FULWHULRQ� EXW IRU HDVH RI XVH LW LV SUHVHQWHG LQ
D PRGLILHG IRUP� VXLWDEOH IRU FKHFNLQJ XQGHU IDFWRUHG ORDGV�

D� 6LQJOH FXUYDWXUH EHQGLQJ E� 'RXEOH FXUYDWXUH EHQGLQJ

)LJXUH �� ¦ 'HVLJQ RI RXWVWDQGV

¦ IRU WKH VLPSOH PHWKRG�

¦ IRU WKH PRUH H[DFW PHWKRG�

3V LV WKH VKHDU FDSDFLW\� VHH ������

2Ft

M MQ Q

tF + Q tF + Q

M2

1 1

M2

Ft

2Ft

Ft

M M1 1

)V
3V
������

)W
3QRP
������������� �����

)V
3V
������

)WRW
3W
���������� �����
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%6 ����������� 6HFWLRQ �

�����  6OLS UHVLVWDQFH

7KH VOLS UHVLVWDQFH 3V/ RI D SUHORDGHG EROW VKRXOG EH GHWHUPLQHG DV IROORZV�

¦ IRU FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS LQ VHUYLFH�
3V/   ���.V�3R

¦ IRU FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS XQGHU IDFWRUHG ORDGV�
3V/   ��� .V�3R

ZKHUH

7KH FRHIILFLHQW .V DOORZLQJ IRU WKH W\SH RI KROH VKRXOG EH WDNHQ DV IROORZV�

&RQQHFWLRQV ZLWK SUHORDGHG EROWV LQ ORQJ VORWWHG KROHV� ORDGHG SDUDOOHO WR WKH VORW� VKRXOG DOZD\V EH
GHVLJQHG WR EH FDVH F� QRQ�VOLS XQGHU IDFWRUHG ORDGV� L�H� XVLQJ 3V/   ���.V�3R QRW ��� .V�3R�

,I ZDLVWHG�VKDQN +6)* EROWV DUH XVHG� WKH FRQQHFWLRQ VKRXOG DOZD\V EH GHVLJQHG WR EH FDVH F� QRQ�VOLS 
XQGHU IDFWRUHG ORDGV� L�H� XVLQJ 3V/   ���.V�3R QRW ���.V�3R�

�����  6OLS IDFWRU

7KH VOLS IDFWRU � VKRXOG EH REWDLQHG IURP 7DEOH ��� $OWHUQDWLYHO\� LW PD\ EH GHWHUPLQHG IURP WKH UHVXOWV RI 
WHVWV DV VSHFLILHG LQ %6 �����

7DEOH �� ¦ 6OLS IDFWRUV IRU SUHORDGHG EROWV

�����  &DSDFLW\ DIWHU VOLSSLQJ

)RU IULFWLRQ JULS FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS LQ VHUYLFH� FDVH E� RI ������ WKH VOLS UHVLVWDQFH 3V/
VKRXOG QRW EH WDNHQ DV PRUH WKDQ WKH VKHDU FDSDFLW\ 3V GHWHUPLQHG IURP ������ QRU PRUH WKDQ WKH IULFWLRQ
JULS EHDULQJ FDSDFLW\ 3EJ JLYHQ E\�

ZKHUH SEV LV WKH EHDULQJ VWUHQJWK RI FRQQHFWHG SDUWV IURP 7DEOH �� DQG G� H DQG WS DUH DV JLYHQ LQ ������
127(  7KLV EHDULQJ FDSDFLW\ DSSOLHV RQO\ WR SUHORDGHG EROWV GHVLJQHG WR EH QRQ�VOLS LQ VHUYLFH� FDVH E� RI ������ )RU WKH EHDULQJ
FDSDFLW\ RI SUHORDGHG EROWV LQ EHDULQJ W\SH FRQQHFWLRQV VHH ������

3R

� LV WKH VOLS IDFWRU�

¦ IRU SUHORDGHG EROWV LQ VWDQGDUG FOHDUDQFH KROHV� .V     ����

¦ IRU SUHORDGHG EROWV LQ RYHUVL]HG KROHV RU VKRUW VORWWHG KROHV� .V   �����

¦ IRU SUHORDGHG EROWV LQ ORQJ VORWWHG KROHV� ORDGHG SHUSHQGLFXODU WR WKH VORW� .V    �����

¦ IRU SUHORDGHG EROWV LQ ORQJ VORWWHG KROHV� ORDGHG SDUDOOHO WR WKH VORW� .V     ����

&ODVV &RQGLWLRQ RI ID\LQJ VXUIDFHV 6OLS IDFWRU
�3UHSDUDWLRQ 7UHDWPHQW

$ %ODVWHG ZLWK VKRW RU JULW /RRVH UXVW UHPRYHG� QR SLWWLQJ ���
6SUD\ PHWDOOL]HG ZLWK DOXPLQLXP
6SUD\ PHWDOOL]HG ZLWK D ]LQF EDVHG FRDWLQJ WKDW KDV 
EHHQ GHPRQVWUDWHG WR SURYLGH D VOLS IDFWRU RI DW
OHDVW ���

% %ODVWHG ZLWK VKRW RU JULW 6SUD\ PHWDOOL]HG ZLWK ]LQF ���
& :LUH EUXVKHG /RRVH UXVW UHPRYHG� WLJKW PLOO VFDOH ���

)ODPH FOHDQHG
' 8QWUHDWHG 8QWUHDWHG ���

*DOYDQL]HG

3EJ ���GWSSEV EXW 3EJ ���HWSSEV�

is the !specified minimum preload, see"
 
 BS 4604;
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%6 �����������6HFWLRQ �

�����  &RPELQHG VKHDU DQG WHQVLRQ

3UHORDGHG EROWV LQ IULFWLRQ JULS FRQQHFWLRQV WKDW DUH DOVR VXEMHFW WR H[WHUQDOO\ DSSOLHG WHQVLRQ VKRXOG
VDWLVI\�

ZKHUH

3UHORDGHG EROWV LQ EHDULQJ W\SH FRQQHFWLRQV VKRXOG EH GHVLJQHG LQ WKH VDPH ZD\ DV QRQ�SUHORDGHG EROWV� 
VHH ����

�����  +ROHV IRU SUHORDGHG EROWV

�������  6L]HV RI KROHV

6L]HV RI KROHV IRU SUHORDGHG EROWV VKRXOG QRW H[FHHG WKH VWDQGDUG GLPHQVLRQV JLYHQ LQ 7DEOH ��� 6WDQGDUG
FOHDUDQFH KROHV VKRXOG EH XVHG XQOHVV RYHUVL]H RU VORWWHG KROHV DUH UHTXLUHG�

�������  2YHUVL]H DQG VKRUW VORWWHG KROHV

2YHUVL]H DQG VKRUW VORWWHG KROHV PD\ EH XVHG LQ DOO SOLHV RI D IULFWLRQ JULS FRQQHFWLRQ� SURYLGHG WKDW
VWDQGDUG KDUGHQHG ZDVKHUV DUH SODFHG RYHU WKH KROHV LQ WKH RXWHU SOLHV�

�������  /RQJ VORWWHG KROHV

/RQJ VORWWHG KROHV VKRXOG QRW EH XVHG LQ PRUH WKDQ RQH RI WKH FRQQHFWHG SOLHV DW DQ\ LQGLYLGXDO ID\LQJ
VXUIDFH RI D IULFWLRQ JULS FRQQHFWLRQ�

:KHUH ORQJ VORWWHG KROHV DUH XVHG LQ DQ RXWHU SO\ RI D SUHORDGHG FRQQHFWLRQ� DQ H[WHUQDO FRYHU SODWH RI 
VXIILFLHQW VL]H WR FRPSOHWHO\ FRYHU WKH VORW VKRXOG EH SURYLGHG� 7KH FRYHU SODWH VKRXOG EH DW OHDVW � PP WKLFN
DQG RI VWUXFWXUDO PDWHULDO� $ KDUGHQHG ZDVKHU VKRXOG DOVR EH SODFHG XQGHU WKH KHDG RU QXW� ZKLFKHYHU LV
WR EH WXUQHG�

�������  6SDFLQJ DQG HGJH GLVWDQFH

:KHUH RYHUVL]H RU VORWWHG KROHV DUH XVHG WKH KROH VSDFLQJ DQG HGJH GLVWDQFH VKRXOG EH FKHFNHG WR HQVXUH
WKDW� LQ DGGLWLRQ WR VDWLVI\LQJ ����� DQG ������ WKH\ SURYLGH WKH UHTXLUHG FDSDFLW\ LQ WKH FRQQHFWHG SDUWV�

¦ IRU FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS LQ VHUYLFH �3V/   ���.V�3R��

¦ IRU FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS XQGHU IDFWRUHG ORDGV �3V/   ���.V�3R��

$W LV WKH WHQVLOH VWUHVV DUHD� VHH ��������

)V LV WKH DSSOLHG VKHDU�

)WRW LV WKH WRWDO DSSOLHG WHQVLRQ LQ WKH EROW� LQFOXGLQJ WKH FDOFXODWHG SU\LQJ IRUFH� VHH ��������

3R LV WKH VSHFLILHG PLQLPXP SUHORDG� VHH %6 �����

SW LV WKH WHQVLRQ VWUHQJWK RI WKH EROW JLYHQ LQ 7DEOH ���

)V
3V/
���������

)WRW
���3R
��������������� ��� EXW )WRW $WSW�

)V
3V/
���������

)WRW
���3R
��������������� ���
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%6 ����������� 6HFWLRQ �

7DEOH �� ¦ 6WDQGDUG GLPHQVLRQV RI KROHV IRU SUHORDGHG EROWV

���  3LQ FRQQHFWLRQV

�����  3LQ FRQQHFWHG WHQVLRQ PHPEHUV

,Q SLQ FRQQHFWHG WHQVLRQ PHPEHUV DQG WKHLU FRQQHFWLQJ SDUWV� WKH WKLFNQHVV RI DQ XQVWLIIHQHG HOHPHQW WKDW
FRQWDLQV D KROH IRU D SLQ VKRXOG EH QRW OHVV WKDQ �� � RI WKH GLVWDQFH IURP WKH HGJH RI WKH KROH WR WKH HGJH
RI WKH HOHPHQW� PHDVXUHG SHUSHQGLFXODU WR WKH D[LV RI WKH PHPEHU� VHH )LJXUH ��� :KHUH WKH FRQQHFWHG
HOHPHQWV DUH FODPSHG WRJHWKHU E\ H[WHUQDO QXWV� WKLV OLPLW RQ WKLFNQHVV QHHG QRW EH DSSOLHG WR LQWHUQDO
SOLHV�

7KH QHW FURVV�VHFWLRQDO DUHD EH\RQG D KROH IRU D SLQ� LQ DOO GLUHFWLRQV ZLWKLQ ��� RI WKH PHPEHU D[LV�
VHH )LJXUH ��� VKRXOG EH QRW OHVV WKDQ WKH QHW FURVV�VHFWLRQDO DUHD $U UHTXLUHG IRU WKH PHPEHU�
3HUSHQGLFXODU WR WKH PHPEHU D[LV� WKH QHW FURVV�VHFWLRQDO DUHD HDFK VLGH RI WKH KROH VKRXOG EH QRW OHVV
WKDQ �$U���

$OO SLQV VKRXOG EH SURYLGHG ZLWK ORFNLQJ GHYLFHV WR HQVXUH WKDW WKH SLQ FDQQRW FRPH RXW LQ VHUYLFH�

�����  3LQ SODWHV

3LQ SODWHV WKDW DUH SURYLGHG WR LQFUHDVH WKH QHW FURVV�VHFWLRQDO DUHD RI D PHPEHU� RU WR LQFUHDVH WKH EHDULQJ
FDSDFLW\ RI D SLQ� VKRXOG EH DUUDQJHG WR DYRLG HFFHQWULFLW\ DQG VKRXOG EH RI VXIILFLHQW VL]H WR GLVWULEXWH WKH 
ORDG IURP WKH SLQ LQWR WKH PHPEHU�

1RPLQDO
GLDPHWHU RI

EROW

6WDQGDUG
FOHDUDQFH KROH

2YHUVL]H KROH 6KRUW VORWWHG KROH /RQJ VORWWHG KROH

'LDPHWHU 'LDPHWHU :LGWK /HQJWK :LGWK /HQJWK

PP PP PP PP PP PP PP

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

��� G � � G � � G � � G � �� G � � ���G
127( G LV WKH QRPLQDO GLDPHWHU RI WKH EROW �LQ PP��

$U  )W�S\
'� � $U�W
'� � $U�W
'� � $U�W
'� � ����$U�W
W � ����'�

)LJXUH �� ¦ 3LQ�HQGHG WHQVLRQ PHPEHUV

D2

t

D
D2

4

D
4

D3

1D

45º

45º
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%6 �����������6HFWLRQ �

�����  'HVLJQ RI SLQV

�������  *HQHUDO

7KH FDSDFLW\ RI D SLQ FRQQHFWLRQ VKRXOG EH GHWHUPLQHG IURP WKH VKHDU FDSDFLW\ RI WKH SLQ� VHH �������� DQG
WKH EHDULQJ FDSDFLW\ RQ HDFK FRQQHFWHG SDUW� VHH �������� WDNLQJ GXH DFFRXQW RI WKH GLVWULEXWLRQ RI ORDG
EHWZHHQ WKH YDULRXV SDUWV� 7KH PRPHQW LQ WKH SLQ VKRXOG DOVR EH FKHFNHG� VHH ��������

�������  6KHDU FDSDFLW\

7KH VKHDU FDSDFLW\ RI D SLQ VKRXOG EH WDNHQ DV IROORZV�

ZKHUH

�������  %HDULQJ FDSDFLW\

7KH EHDULQJ FDSDFLW\ RI D SLQ VKRXOG EH WDNHQ DV IROORZV�

ZKHUH

�������  %HQGLQJ

7KH PRPHQWV LQ D SLQ VKRXOG EH FDOFXODWHG RQ WKH EDVLV WKDW WKH FRQQHFWHG SDUWV IRUP VLPSOH VXSSRUWV� ,W
VKRXOG JHQHUDOO\ EH DVVXPHG WKDW WKH UHDFWLRQV EHWZHHQ WKH SLQ DQG WKH FRQQHFWHG SDUWV DUH XQLIRUPO\
GLVWULEXWHG DORQJ WKH OHQJWK LQ FRQWDFW RQ HDFK SDUW� $OWHUQDWLYHO\� LI WKH WKLFNQHVV RI RQH RU PRUH FRQQHFWHG 
SDUWV H[FHHGV WKDW QHHGHG WR SURYLGH VXIILFLHQW EHDULQJ FDSDFLW\ DFFRUGLQJ WR �������� WKH PRPHQWV PD\ EH
FDOFXODWHG DVVXPLQJ WKDW WKH UHDFWLRQV DUH GLVWULEXWHG RYHU UHGXFHG FRQWDFW OHQJWKV DGMDFHQW WR WKH
LQWHUIDFHV� EDVHG XSRQ WKH PLQLPXP WKLFNQHVVHV QHHGHG WR SURYLGH VXIILFLHQW EHDULQJ FDSDFLW\�

7KH PRPHQW FDSDFLW\ RI WKH SLQ VKRXOG EH WDNHQ DV IROORZV�

ZKHUH

���  +ROGLQJ�GRZQ EROWV
+ROGLQJ�GRZQ EROWV VKRXOG EH SURYLGHG ZKHUH QHFHVVDU\ WR UHVLVW WKH HIIHFWV RI WKH IDFWRUHG ORDGV 
GHWHUPLQHG LQ DFFRUGDQFH ZLWK ���� 7KH\ VKRXOG EH GHVLJQHG WR UHVLVW WHQVLRQ GXH WR XSOLIW IRUFHV DQG
WHQVLRQ GXH WR EHQGLQJ PRPHQWV DV DSSURSULDWH�

+ROGLQJ�GRZQ EROWV UHTXLUHG WR UHVLVW WHQVLRQ VKRXOG EH DQFKRUHG E\ D ZDVKHU SODWH RU RWKHU ORDG
GLVWULEXWLQJ PHPEHU HPEHGGHG LQ WKH IRXQGDWLRQ� 7KLV SODWH RU PHPEHU VKRXOG EH GHVLJQHG WR VSDQ DQ\ 
JURXW WXEH RU DGMXVWPHQW WXEH SURYLGHG IRU WKH KROGLQJ�GRZQ EROW� $OWHUQDWLYHO\� D EHQG RU KRRN LQ
DFFRUGDQFH ZLWK WKH PLQLPXP EHQG UDGLXV UHFRPPHQGHG LQ %6 ���� PD\ EH XVHG�

D� LI URWDWLRQ LV QRW UHTXLUHG DQG WKH SLQ LV QRW LQWHQGHG WR EH UHPRYDEOH� ���S\S $

E� LI URWDWLRQ LV UHTXLUHG RU LI WKH SLQ LV LQWHQGHG WR EH UHPRYDEOH� ���S\S $

$ LV WKH FURVV�VHFWLRQDO DUHD RI WKH SLQ�
S\S LV WKH GHVLJQ VWUHQJWK RI WKH SLQ�

D� LI URWDWLRQ LV QRW UHTXLUHG DQG WKH SLQ LV QRW LQWHQGHG WR EH UHPRYDEOH� ���S\GW

E� LI URWDWLRQ LV UHTXLUHG RU LI WKH SLQ LV LQWHQGHG WR EH UHPRYDEOH� ���S\GW

G LV WKH GLDPHWHU RI WKH SLQ�
S\ LV WKH ORZHU RI WKH GHVLJQ VWUHQJWKV RI WKH SLQ DQG WKH FRQQHFWHG SDUW�

W LV WKH WKLFNQHVV RI WKH FRQQHFWHG SDUW�

D� LI URWDWLRQ LV QRW UHTXLUHG DQG WKH SLQ LV QRW LQWHQGHG WR EH UHPRYDEOH� ���S\S=

E� LI URWDWLRQ LV UHTXLUHG RU LI WKH SLQ LV LQWHQGHG WR EH UHPRYDEOH� ���S\S=

S\S LV WKH GHVLJQ VWUHQJWK RI WKH SLQ�

= LV WKH VHFWLRQ PRGXOXV RI WKH SLQ�
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%6 ����������� 6HFWLRQ �

7KH WHQVLRQ FDSDFLW\ 3W RI D KROGLQJ�GRZQ EROW VKRXOG EH REWDLQHG IURP�

3W     ���SW$W
ZKHUH

7KH HPEHGGHG OHQJWK� DQG WKH DUUDQJHPHQW RI WKH ORDG GLVWULEXWLQJ DVVHPEO\� VKRXOG EH VXFK WKDW
WKH DQFKRUDJH IRUFH FDQ EH WUDQVPLWWHG WR WKH IRXQGDWLRQ ZLWKRXW H[FHHGLQJ WKH ORDG FDSDFLW\ RI WKH 
IRXQGDWLRQ�
,I H[SDQGLQJ DQFKRUV RU UHVLQ�JURXWHG DQFKRUV DUH XVHG� LW VKRXOG EH GHPRQVWUDWHG WKDW WKH UHTXLUHG
FDSDFLW\ FDQ UHOLDEO\ EH DFKLHYHG� ERWK E\ WKH DQFKRU DQG E\ WKH IRXQGDWLRQ� 5DJ EROWV RU LQGHQWHG
IRXQGDWLRQ EROWV WKDW DUH FHPHQW�JURXWHG LQWR SRFNHWV FDVW LQ D FRQFUHWH IRXQGDWLRQ VKRXOG QRW EH XVHG WR
UHVLVW WHQVLRQ�

,W VKRXOG EH GHPRQVWUDWHG WKDW WKHUH LV VXIILFLHQW FDSDFLW\ DYDLODEOH WR WUDQVPLW WKH KRUL]RQWDO VKHDU IRUFH
EHWZHHQ D FROXPQ DQG D IRXQGDWLRQ E\ RQH RI WKH IROORZLQJ�

¦ WKH IULFWLRQDO UHVLVWDQFH DW WKH LQWHUIDFH EHWZHHQ WKH EDVH SODWH DQG WKH IRXQGDWLRQ�
¦ WKH VKHDU UHVLVWDQFH RI WKH KROGLQJ�GRZQ EROWV� DOORZLQJ IRU WKH UHVLVWDQFH RI WKH FRQFUHWH DURXQG WKHP�
¦ WKH VKHDU UHVLVWDQFH RI WKDW SDUW RI WKH IRXQGDWLRQ VXUURXQGLQJ WKH EDVH SODWH�
¦ VSHFLDO HOHPHQWV IRU UHVLVWLQJ VKHDU IRUFH� VXFK DV EORFN RU EDU VKHDU FRQQHFWRUV�

���  :HOGHG FRQQHFWLRQV

�����  7KURXJK WKLFNQHVV WHQVLRQ

:KHUH D ZHOGHG FRQQHFWLRQ WUDQVPLWV WHQVLRQ WKURXJK WKH WKLFNQHVV RI WKH FRQQHFWHG SDUW� WKH FRPELQDWLRQ
RI WKH FRQQHFWLRQ GHWDLOV� WKH ZHOGLQJ SURFHGXUH DQG WKH WKURXJK�WKLFNQHVV SURSHUWLHV RI WKH SDUW VKRXOG EH
VXFK DV WR DYRLG ODPHOODU WHDULQJ�

�����  'HWDLOV IRU ILOOHW ZHOGV

�������  *HQHUDO

:KHUH WKH XVH RI LQWHUPLWWHQW ILOOHW ZHOGV FRXOG OHDG WR FRUURVLRQ� DOO ILOOHW ZHOGV VKRXOG EH PDGH FRQWLQXRXV�

�������  (QG UHWXUQV

)LOOHW ZHOGV ILQLVKLQJ DW WKH HQGV RU VLGHV RI SDUWV VKRXOG EH UHWXUQHG FRQWLQXRXVO\ DURXQG WKH FRUQHUV IRU
D GLVWDQFH RI DW OHDVW WZLFH WKH OHJ OHQJWK V RI WKH ZHOG� VHH )LJXUH ��� XQOHVV DFFHVV RU WKH FRQILJXUDWLRQ
UHQGHUV WKLV LPSUDFWLFDEOH� ,Q WKH FDVH RI ILOOHW ZHOGV RQ WKH WHQVLRQ VLGH RI D FRQQHFWLRQ WKDW LV VXEMHFW WR
VLJQLILFDQW PRPHQWV� WKH FRQQHFWLRQ VKRXOG EH GHWDLOHG VXFK WKDW HQG UHWXUQV DUH SUDFWLFDEOH�

�������  /DS MRLQWV

,Q ODS MRLQWV� WKH PLQLPXP ODS VKRXOG EH QRW OHVV WKDQ �W ZKHUH W LV WKH WKLFNQHVV RI WKH WKLQQHU SDUW MRLQHG�
6LQJOH ILOOHW ZHOGV VKRXOG QRW EH XVHG H[FHSW ZKHUH WKH SDUWV DUH UHVWUDLQHG WR SUHYHQW RSHQLQJ RI WKH MRLQW�

$W LV WKH WHQVLOH VWUHVV DUHD DV VSHFLILHG LQ WKH DSSURSULDWH EROW VWDQGDUG� )RU KROGLQJ�GRZQ EROWV
ZKHUH WKH WHQVLOH VWUHVV DUHD LV QRW GHILQHG� $W VKRXOG EH WDNHQ DV WKH DUHD DW WKH ERWWRP RI WKH
WKUHDGV�

SW LV WKH WHQVLRQ VWUHQJWK RI WKH EROW REWDLQHG IURP 7DEOH ���
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%6 �����������6HFWLRQ �

�������  (QG FRQQHFWLRQV

:KHUH WKH HQG RI DQ HOHPHQW LV FRQQHFWHG RQO\ E\ ORQJLWXGLQDO ILOOHW ZHOGV� WKH OHQJWK / RI HDFK ZHOG VKRXOG
EH QRW OHVV WKDQ WKH WUDQVYHUVH VSDFLQJ 7Z� VHH )LJXUH ���

�������  6LQJOH ILOOHW ZHOGV

$ VLQJOH ILOOHW ZHOG VKRXOG QRW EH VXEMHFW WR D EHQGLQJ PRPHQW DERXW LWV ORQJLWXGLQDO D[LV WKDW ZRXOG RSHQ
WKH URRW RI WKH ZHOG�

�������  ,QWHUPLWWHQW ILOOHW ZHOGV

7KH ORQJLWXGLQDO VSDFLQJ DORQJ DQ\ RQH HGJH RI WKH HOHPHQW EHWZHHQ HIIHFWLYH OHQJWKV RI ZHOG� DV JLYHQ 
LQ ������ VKRXOG QRW H[FHHG WKH OHVVHU RI ��� PP RU ��W IRU FRPSUHVVLRQ HOHPHQWV RU ��W IRU WHQVLRQ HOHPHQWV�
ZKHUH W LV WKH WKLFNQHVV RI WKH WKLQQHU SDUW MRLQHG� 7KH VSDFLQJ RI ZHOGV LQ EDFN�WR�EDFN WHQVLRQ PHPEHUV
DQG FRPSUHVVLRQ PHPEHUV VKRXOG EH DV JLYHQ LQ ����� DQG ������ UHVSHFWLYHO\�

(QG UXQV RI LQWHUPLWWHQW ILOOHW ZHOGV VKRXOG H[WHQG WR WKH HQG RI WKH SDUW WKH\ FRQQHFW�

�����  'HWDLOV IRU VWUXFWXUDO KROORZ VHFWLRQV �6+6�

�������  %XWW MRLQWV

$ ZHOG FRQQHFWLQJ WZR VWUXFWXUDO KROORZ VHFWLRQV GLUHFWO\ HQG�WR�HQG VKRXOG EH D IXOO SHQHWUDWLRQ EXWW ZHOG�

�������  (QG FRQQHFWLRQV

$ ZHOG FRQQHFWLQJ WKH HQG RI DQ 6+6 WR WKH VXUIDFH RI DQRWKHU PHPEHU VKRXOG EH FRQWLQXRXV� DQG PD\ EH
HLWKHU�

¦ D EXWW ZHOG WKURXJKRXW�
¦ D ILOOHW ZHOG WKURXJKRXW�
¦ D ILOOHW ZHOG LQ RQH SDUW DQG D EXWW ZHOG LQ DQRWKHU� ZLWK D FRQWLQXRXV WUDQVLWLRQ IURP RQH WR WKH RWKHU�

�������  -RLQW OD\RXW

-RLQWV DW ZKLFK WZR RU PRUH 6+6 DUH FRQQHFWHG WR D ODUJHU PHPEHU �HLWKHU DQ 6+6 RU DQRWKHU W\SH� VKRXOG 
EH VHW RXW VR WKDW WKH FRQQHFWHG PHPEHUV HLWKHU IRUP DQ RYHUODS MRLQW ZLWK VXIILFLHQW RYHUODS WR WUDQVIHU
WKH IRUFHV EHWZHHQ WKH PHPEHUV� RU D JDS MRLQW ZLWK VXIILFLHQW FOHDUDQFH EHWZHHQ WKH ZHOGV FRQQHFWLQJ HDFK 
PHPEHU� :KHUH QHFHVVDU\� HFFHQWULFLW\ VKRXOG EH LQWURGXFHG EHWZHHQ WKH LQWHUVHFWLRQV RI WKH PHPEHUV LQ
RUGHU WR DFKLHYH WKLV�
127( ,QIRUPDWLRQ RQ WKH GHVLJQ RI RYHUODS DQG JDS MRLQWV IRU 6+6 PHPEHUV� LQFOXGLQJ WKH HIIHFWV RI HFFHQWULFLW\ LV JLYHQ
LQ '' (19 ���������$�� VHH %LEOLRJUDSK\�

127(  6HH DOVR ��������

)LJXUH �� ¦ :HOGHG HQG FRQQHFWLRQV

L

wT

Weld stopped
short

L >Tws

2s min.

_
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%6 ����������� 6HFWLRQ �

�������  -RLQW GHVLJQ

$OO ZHOGHG FRQQHFWLRQV RI 6+6 WR WKH VXUIDFH RI DQRWKHU PHPEHU VKRXOG EH LQYHVWLJDWHG WR HQVXUH WKDW WKH
VWLIIQHVV DQG VWUHQJWK RI WKH FRQQHFWLRQ DUH VXIILFLHQW WR WUDQVPLW WKH IRUFHV LQ WKH FRQQHFWHG PHPEHUV�
ZLWKRXW FDXVLQJ ZHOG IDLOXUH GXH WR VLJQLILFDQW QRQ�XQLIRUP GLVWULEXWLRQ RI VWUHVVHV LQ WKH FRQQHFWLRQ�
IRUPLQJ ORFDO \LHOG�OLQH PHFKDQLVPV RU GHYHORSLQJ H[FHVVLYH SXQFKLQJ VKHDU LQ WKH PHPEHU WR ZKLFK WKH\
DUH FRQQHFWHG�
127( ,QIRUPDWLRQ RQ MRLQW GHVLJQ IRU 6+6 LV JLYHQ LQ '' (19 ���������$�� VHH %LEOLRJUDSK\�

�����  3DUWLDO SHQHWUDWLRQ EXWW ZHOGV

,QWHUPLWWHQW SDUWLDO SHQHWUDWLRQ EXWW ZHOGV VKRXOG QRW EH XVHG�

�����  :HOGHG FRQQHFWLRQV WR XQVWLIIHQHG IODQJHV

:KHUH D SODWH �RU EHDP IODQJH� LV ZHOGHG WR DQ XQVWLIIHQHG IODQJH RI DQ ,� RU +�VHFWLRQ FROXPQ �RU RWKHU 
PHPEHU�� VHH )LJXUH ��� WKH DSSOLHG IRUFH )[ SHUSHQGLFXODU WR WKH IODQJH VKRXOG QRW H[FHHG 3[ FDOFXODWHG
IURP WKH IROORZLQJ�

ZKHUH

7KH ZHOGV FRQQHFWLQJ D SODWH �RU EHDP IODQJH� WR DQ XQVWLIIHQHG IODQJH RI DQ ,� RU +�VHFWLRQ FROXPQ VKRXOG
EH RI XQLIRUP VL]H WKURXJKRXW� EXW VKRXOG EH GHVLJQHG WR UHVLVW WKH DSSOLHG IRUFH )[ DVVXPLQJ WKLV WR EH
FRQFHQWUDWHG RYHU DQ HIIHFWLYH EUHDGWK EH RI WKH IODQJH� DV VKRZQ LQ )LJXUH ��� JLYHQ E\�

,I EH LV OHVV WKDQ ����)[ �3[�ES� ZKHUH ES LV WKH RYHUDOO ZLGWK RI WKH SODWH �RU EHDP IODQJH�� WKH IODQJH RI WKH
FROXPQ �RU RWKHU PHPEHU� VKRXOG EH VWLIIHQHG HYHQ LI )[ GRHV QRW H[FHHG 3[�

¦ IRU D UROOHG ,� RU +�VHFWLRQ FROXPQ�

3[   >� 7F
� � �WF � ���UF�WS@S\F  EXW 3[ � ��7F � WF � ���UF�WSS\S

¦ IRU D ZHOGHG , RU +�VHFWLRQ FROXPQ�

3[   >� 7F
� � �WF � ���VF�WS@S\F  EXW 3[ � ��7F � WF � ���VF�WSS\S

S\F LV WKH GHVLJQ VWUHQJWK RI WKH IODQJH RI WKH FROXPQ�

S\S LV WKH GHVLJQ VWUHQJWK RI WKH FRQQHFWHG SODWH�

UF LV WKH URRW UDGLXV RI D UROOHG ,� RU +�VHFWLRQ FROXPQ�

VF LV WKH OHJ VL]H RI WKH ZHE�WR�IODQJH ZHOGV RI D ZHOGHG ,� RU +� FROXPQ�

7F LV WKH IODQJH WKLFNQHVV RI WKH FROXPQ�

WF LV WKH ZHE WKLFNQHVV RI WKH FROXPQ�

WS LV WKH WKLFNQHVV RI WKH FRQQHFWHG SODWH �RU EHDP IODQJH��

�

�

EH

3[
WSS\S
�������������� 
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%6 �����������6HFWLRQ �

���  'HVLJQ RI ILOOHW ZHOGV

�����  $QJOH RI LQWHUVHFWLRQ

7KH DQJOH RI LQWHUVHFWLRQ RI PHPEHUV FRQQHFWHG E\ ILOOHW ZHOGV VKRXOG EH VXFK WKDW WKH DQJOH EHWZHHQ WKH 
IXVLRQ IDFHV RI D ZHOG LV QRW OHVV WKDQ ��� DQG QRW PRUH WKDQ ����� 2XWVLGH WKHVH OLPLWV WKH DGHTXDF\ RI WKH
FRQQHFWLRQ VKRXOG EH GHWHUPLQHG RQ WKH EDVLV RI WHVWV LQ DFFRUGDQFH ZLWK 6HFWLRQ ��

�����  (IIHFWLYH OHQJWK

7KH HIIHFWLYH OHQJWK RI D ILOOHW ZHOG VKRXOG EH WDNHQ DV WKH OHQJWK RYHU ZKLFK WKH ILOOHW LV IXOO VL]H� ,Q WKH
DEVHQFH RI EHWWHU LQIRUPDWLRQ WKLV PD\ EH WDNHQ DV HTXDO WR WKH RYHUDOO OHQJWK� OHVV RQH OHJ OHQJWK V IRU HDFK 
HQG WKDW GRHV QRW FRQWLQXH DURXQG D FRUQHU� $ ILOOHW ZHOG ZLWK DQ HIIHFWLYH OHQJWK OHVV WKDQ �V RU OHVV WKDQ
�� PP VKRXOG QRW EH XVHG WR FDUU\ ORDG�

�����  7KURDW VL]H

7KH HIIHFWLYH WKURDW VL]H D RI D ILOOHW ZHOG VKRXOG EH WDNHQ DV WKH SHUSHQGLFXODU GLVWDQFH IURP WKH URRW RI WKH
ZHOG WR D VWUDLJKW OLQH MRLQLQJ WKH IXVLRQ IDFHV WKDW OLHV MXVW ZLWKLQ WKH FURVV�VHFWLRQ RI WKH ZHOG�
VHH )LJXUH ���

)LJXUH �� ¦ :HOGHG FRQQHFWLRQ WR DQ XQVWLIIHQHG IODQJH

tp

bb
be e

p

149© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 ����������� 6HFWLRQ �

�����  'HHS SHQHWUDWLRQ ILOOHW ZHOGV

:KHUH GHHS SHQHWUDWLRQ ILOOHW ZHOGV DUH SURGXFHG E\ VXEPHUJHG DUF ZHOGLQJ RU VLPLODU PHWKRGV� ZLWK D 
GHSWK RI SHQHWUDWLRQ S WR WKH PLQLPXP GHSWK RI IXVLRQ �VHH )LJXUH ��� RI DW OHDVW � PP� SURYLGHG WKDW LW FDQ
EH VKRZQ WKDW WKH UHTXLUHG SHQHWUDWLRQ FDQ FRQVLVWHQWO\ EH DFKLHYHG� WKH HIIHFWLYH WKURDW VL]H D VKRXOG EH
PHDVXUHG WR WKH PLQLPXP GHSWK RI IXVLRQ DV VKRZQ LQ )LJXUH ���

�����  'HVLJQ VWUHQJWK

)LOOHW ZHOGV VKRXOG EH PDGH XVLQJ HOHFWURGHV RU RWKHU ZHOGLQJ FRQVXPDEOHV ZLWK D VSHFLILHG &KDUS\ LPSDFW
YDOXH HTXLYDOHQW WR� RU EHWWHU WKDQ� WKDW VSHFLILHG IRU WKH SDUHQW PHWDO� 7KH GHVLJQ VWUHQJWK SZ RI D ILOOHW
ZHOG VKRXOG EH GHWHUPLQHG IURP 7DEOH ��� FRUUHVSRQGLQJ WR WKH HOHFWURGH FODVVLILFDWLRQ DQG WKH VWHHO JUDGH�
RU WKH ORZHU JUDGH IRU FRQQHFWLRQV EHWZHHQ GLIIHUHQW VWHHO JUDGHV�

D� (TXDO OHJ ILOOHW E� 8QHTXDO OHJ ILOOHW F� $FXWH DQJOHG ILOOHW G� 2EWXVH DQJOHG ILOOHW

)LJXUH �� ¦ (IIHFWLYH WKURDW VL]H D RI D ILOOHW ZHOG

)LJXUH �� ¦ 'HHS SHQHWUDWLRQ ILOOHW ZHOG

a a
1
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%6 �����������6HFWLRQ �

7DEOH �� ¦ 'HVLJQ VWUHQJWK RI ILOOHW ZHOGV SZ

�����  'HVLJQ VWUHVV
7KH IRUFH SHU XQLW OHQJWK WUDQVPLWWHG E\ D ILOOHW ZHOG DW D JLYHQ SRLQW LQ LWV OHQJWK VKRXOG EH GHWHUPLQHG
IURP WKH DSSOLHG IRUFHV DQG PRPHQWV� XVLQJ WKH HODVWLF VHFWLRQ SURSHUWLHV RI WKH ZHOG RU ZHOG JURXS� EDVHG
RQ HIIHFWLYH WKURDW VL]HV� VHH ������ 7KH GHVLJQ VWUHVV LQ D ILOOHW ZHOG VKRXOG EH FDOFXODWHG DV WKH IRUFH SHU 
XQLW OHQJWK WUDQVPLWWHG E\ WKH ZHOG� GLYLGHG E\ WKH HIIHFWLYH WKURDW VL]H D�

�����  &DSDFLW\ RI D ILOOHW ZHOG

�������  *HQHUDO
3URYLGHG WKDW WKH HIIHFWLYH WKURDW VL]H D RI D ILOOHW ZHOG GRHV QRW H[FHHG ���V� ZKHUH V LV WKH OHQJWK RI WKH
VPDOOHU OHJ IRU D SODLQ ILOOHW ZHOG RU WKH VPDOOHU IXVLRQ IDFH IRU DQ\ RWKHU FDVH� LWV FDSDFLW\ VKRXOG EH FKHFNHG 
XVLQJ HLWKHU ������� RU �������� ,I D ! ���V LWV FDSDFLW\ VKRXOG HLWKHU EH FKHFNHG WDNLQJ D DV HTXDO WR ���V RU 
DOWHUQDWLYHO\ DV D EXWW ZHOG� VHH ������

�������  6LPSOH PHWKRG
7KH FDSDFLW\ VKRXOG EH WDNHQ DV VXIILFLHQW LI WKURXJKRXW WKH OHQJWK RI WKH ZHOG WKH YHFWRU VXP RI WKH GHVLJQ
VWUHVVHV GXH WR DOO IRUFHV DQG PRPHQWV WUDQVPLWWHG E\ WKH ZHOG GRHV QRW H[FHHG LWV GHVLJQ VWUHQJWK SZ� 
VHH ������

������� 'LUHFWLRQDO PHWKRG

$OWHUQDWLYHO\ WR �������� WKH IRUFHV SHU XQLW OHQJWK WUDQVPLWWHG E\ WKH ZHOG PD\ EH UHVROYHG LQWR D
ORQJLWXGLQDO VKHDU )/ SDUDOOHO WR WKH D[LV RI WKH ZHOG� VHH )LJXUH ��D�� DQG D UHVXOWDQW WUDQVYHUVH IRUFH )7
SHUSHQGLFXODU WR WKLV D[LV� VHH )LJXUH ��E��

7KH ORQJLWXGLQDO VKHDU FDSDFLW\ 3/ SHU XQLW OHQJWK RI ZHOG VKRXOG EH WDNHQ DV�
3/   SZD

7KH WUDQVYHUVH FDSDFLW\ 37 SHU XQLW OHQJWK RI ZHOG� LQ D GLUHFWLRQ DW DQ DQJOH � WR WKH ZHOG WKURDW� VKRXOG 
EH WDNHQ DV�

37   .3/

7KURXJKRXW LWV OHQJWK� WKH ZHOG VKRXOG VDWLVI\ WKH IROORZLQJ UHODWLRQVKLS�

�)/�3/�� � �)7 �37�� � � 

7KH FRHIILFLHQW . VKRXOG EH REWDLQHG IURP�

LQ ZKLFK � LV WKH DQJOH EHWZHHQ WKH IRUFH )7 DQG WKH WKURDW RI WKH ZHOG� VHH )LJXUH ��F��
127( )RU D WUDQVYHUVH IRUFH SDUDOOHO WR RQH OHJ RI DQ HTXDO OHJ ILOOHW ZHOG WKDW FRQQHFWV WZR HOHPHQWV WKDW DUH DW ULJKW 
DQJOHV WR HDFK RWKHU� �   ��� DQG .   �����

6WHHO JUDGH (OHFWURGH FODVVLILFDWLRQ
�VHH 7DEOH ���

)RU RWKHU W\SHV RI HOHFWURGH DQG�RU RWKHU VWHHO JUDGHV�

�� �� �� SZ   ���8H EXW SZ ���� ����8V

1�PP� 1�PP� 1�PP� ZKHUH
6 ��� ��� �����D �����D 8H LV WKH PLQLPXP WHQVLOH VWUHQJWK RI WKH HOHFWURGH�

DV VSHFLILHG LQ WKH UHOHYDQW SURGXFW VWDQGDUG�
6 ��� �����E ��� �����D 8V LV WKH VSHFLILHG PLQLPXP WHQVLOH VWUHQJWK RI WKH

SDUHQW PHWDO�6 ��� �����E �����E ���
D 2YHU�PDWFKLQJ HOHFWURGHV�
E 8QGHU�PDWFKLQJ HOHFWURGHV� 1RW WR EH XVHG IRU SDUWLDO SHQHWUDWLRQ EXWW ZHOGV�

. ���� ���

� �
�FRV�

������������������������� 

!Where the fillet welds are symmetrically disposed the total capacity of the two welds may be taken as 
equal to the capacity of the parent metal provided that: 

a) the weld is made with a matching or over-matching electrode from Table 37;
b) the sum of the throat sizes is not less than the connected plate thickness; 
c) the connected elements are grade S 355 or lower." 
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%6 ����������� 6HFWLRQ �

��� 'HVLJQ RI EXWW ZHOGV

�����  'HVLJQ VWUHQJWK

$OO IXOO SHQHWUDWLRQ EXWW ZHOGV DQG SDUWLDO SHQHWUDWLRQ EXWW ZHOGV VKRXOG EH PDGH XVLQJ PDWFKLQJ
HOHFWURGHV RU RWKHU ZHOGLQJ FRQVXPDEOHV� $ PDWFKLQJ HOHFWURGH VKRXOG KDYH D VSHFLILHG PLQLPXP WHQVLOH 
VWUHQJWK� \LHOG VWUHQJWK� HORQJDWLRQ DW IDLOXUH DQG &KDUS\ LPSDFW YDOXH HDFK HTXLYDOHQW WR� RU EHWWHU WKDQ�
WKRVH VSHFLILHG IRU WKH SDUHQW PHWDO� 3URYLGHG WKDW D PDWFKLQJ HOHFWURGH LV XVHG� WKH GHVLJQ VWUHQJWK RI D
EXWW ZHOG VKRXOG EH WDNHQ DV HTXDO WR WKDW RI WKH SDUHQW PHWDO�

�����  7KURDW VL]H RI SDUWLDO SHQHWUDWLRQ EXWW ZHOGV

7KH WKURDW VL]H RI D VLQJOH�VLGHG SDUWLDO SHQHWUDWLRQ EXWW ZHOG� VHH )LJXUH ��D� DQG )LJXUH ��F�� RU WKH VL]H
RI HDFK WKURDW RI D GRXEOH�VLGHG SDUWLDO SHQHWUDWLRQ EXWW ZHOG� VHH )LJXUH ��E� DQG )LJXUH ��G�� VKRXOG EH
WDNHQ DV HTXDO WR WKH PLQLPXP GHSWK RI SHQHWUDWLRQ IURP WKDW VLGH RI WKH ZHOG�

7KH PLQLPXP WKURDW VL]H RI D ORQJLWXGLQDO SDUWLDO SHQHWUDWLRQ EXWW ZHOG VKRXOG EH ZKHUH W LV WKH
WKLFNQHVV �LQ PP� RI WKH WKLQQHU SDUW MRLQHG� XQOHVV D ODUJHU WKURDW VL]H LV QHHGHG WR UHVLVW WKH DSSOLHG
IRUFHV�

�����  &DSDFLW\ RI SDUWLDO SHQHWUDWLRQ EXWW ZHOGV

6LQJOH�VLGHG SDUWLDO SHQHWUDWLRQ EXWW ZHOGV WKDW DUH DV\PPHWULF UHODWLYH WR WKH SDUWV MRLQHG VKRXOG QRW EH
XVHG WR UHVLVW WHQVLRQ RU FRPSUHVVLRQ� XQOHVV WKH FRQQHFWLRQ LV VXLWDEO\ UHVWUDLQHG DJDLQVW URWDWLRQ� ,Q
FDOFXODWLQJ WKH VWUHVV LQ WKH ZHOG� WKH UHVXOWLQJ HFFHQWULFLW\ VKRXOG EH WDNHQ LQWR DFFRXQW�

D� :HOGV VXEMHFW WR ORQJLWXGLQDO VKHDU E� :HOGV VXEMHFW WR WUDQVYHUVH IRUFHV

F� 5HVXOWDQW WUDQVYHUVH IRUFH RQ ZHOG

)LJXUH �� ¦ )LOOHW ZHOGV ¦  'LUHFWLRQDO PHWKRG

LF

LF

2FT

FT

FT

FT

FT

θ
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%6 �����������6HFWLRQ �

7KH FDSDFLW\ RI D SDUWLDO SHQHWUDWLRQ EXWW ZHOG LQ D EXWW MRLQW� VHH )LJXUH ��D� DQG )LJXUH ��E�� RU D FRUQHU
MRLQW� VHH )LJXUH ��F�� VKRXOG EH WDNHQ DV VXIILFLHQW LI WKURXJKRXW WKH ZHOG WKH VWUHVV GRHV QRW H[FHHG WKH
UHOHYDQW VWUHQJWK RI WKH SDUHQW PDWHULDO�

7KH FDSDFLW\ RI D WHH�EXWW MRLQW ZLWK D SDLU RI SDUWLDO SHQHWUDWLRQ EXWW ZHOGV ZLWK DGGLWLRQDO ILOOHWV� 
VHH )LJXUH ��G�� VKRXOG EH GHWHUPLQHG E\ WUHDWLQJ LW�

¦ DV D EXWW ZHOG� LI D ! ���V�
¦ DV D ILOOHW ZHOG� VHH ������ LI D � ���V�

LQ ZKLFK D LV WKH HIIHFWLYH WKURDW VL]H DQG V LV WKH OHQJWK RI WKH VPDOOHU IXVLRQ IDFH� VHH )LJXUH ��G��

D� %XWW MRLQW ZLWK
VLQJOH�VLGHG SDUWLDO 
SHQHWUDWLRQ EXWW ZHOG

E� %XWW MRLQW ZLWK
GRXEOH�VLGHG SDUWLDO 
SHQHWUDWLRQ EXWW ZHOG

F� &RUQHU MRLQW ZLWK
VLQJOH�VLGHG SDUWLDO 
SHQHWUDWLRQ EXWW ZHOG

G� 7HH�EXWW MRLQW ZLWK D SDLU RI SDUWLDO 
SHQHWUDWLRQ EXWW ZHOGV ZLWK H[WHUQDO ILOOHWV

)LJXUH �� ¦ 3DUWLDO SHQHWUDWLRQ EXWW ZHOGV

1

s   
2

s  

a
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%6 �����������

6HFWLRQ �� /RDGLQJ WHVWV �

��� *HQHUDO

����� 3XUSRVH RI WHVWLQJ

7HVWLQJ LV QRW UHTXLUHG IRU VWUXFWXUHV DQG SDUWV RI VWUXFWXUHV GHVLJQHG DV UHFRPPHQGHG LQ 6HFWLRQ � WR
6HFWLRQ � RI WKLV SDUW RI %6 �����

([SHULPHQWDO YHULILFDWLRQ E\ ORDGLQJ WHVWV DV VWLSXODWHG LQ ������� PD\ EH XQGHUWDNHQ LQ SODFH RI GHVLJQ E\
FDOFXODWLRQ� RU WR SURYLGH GDWD QHHGHG IRU GHVLJQ E\ FDOFXODWLRQ� LI�

D� WKH GHVLJQ RU FRQVWUXFWLRQ LV QRW HQWLUHO\ LQ DFFRUGDQFH ZLWK 6HFWLRQ � WR 6HFWLRQ � RI WKLV SDUW RI 
%6 �����

E� WKH FDSDFLW\ RI DQ H[LVWLQJ VWUXFWXUH RU FRPSRQHQW LV LQ GRXEW�

F� DSSURSULDWH DQDO\WLFDO RU GHVLJQ SURFHGXUHV DUH QRW DYDLODEOH IRU GHVLJQLQJ WKH SDUWLFXODU FRPSRQHQW
RU VWUXFWXUH E\ FDOFXODWLRQ DORQH�

G� WKH GHVLJQ ORDG FDUU\LQJ FDSDFLW\ RI D FRPSRQHQW RU VWUXFWXUH LV WR EH HVWDEOLVKHG IURP D NQRZOHGJH RI
LWV XOWLPDWH FDSDFLW\�

H� LW LV LQWHQGHG WR FRQVWUXFW D QXPEHU RI VLPLODU VWUXFWXUHV RQ WKH EDVLV RI SURWRW\SH WHVWLQJ�

7R TXDOLI\ IRU DFFHSWDQFH RQ WKH EDVLV RI ORDGLQJ WHVWV� VWUXFWXUHV DQG FRPSRQHQWV VKRXOG EH RI UREXVW DQG 
SUDFWLFDO FRQVWUXFWLRQ DQG UHDVRQDEO\ LQVHQVLWLYH WR LQFLGHQWDO ORDGV�

7KLV VHFWLRQ GRHV QRW DSSO\ WR WKH WHVWLQJ RI VFDOH PRGHOV RU RI LWHPV VXEMHFW WR IOXFWXDWLQJ ORDGV WKDW FRXOG
FDXVH IDWLJXH WR EHFRPH WKH GHVLJQ FULWHULRQ�

����� 7\SHV RI ORDGLQJ WHVWV

7KH IROORZLQJ W\SHV RI ORDGLQJ WHVW PD\ EH FDUULHG RXW DV DSSURSULDWH�

D� D SURRI WHVW IRU FRQILUPLQJ JHQHUDO VWUXFWXUDO EHKDYLRXU� VHH ����

E� D VWUHQJWK WHVW DJDLQVW WKH UHTXLUHG IDFWRUHG ORDGV� VHH ����

F� D IDLOXUH WHVW WR GHWHUPLQH WKH XOWLPDWH FDSDFLW\ DQG PRGH RI IDLOXUH� VHH ����
127(  7KHVH WHVW SURFHGXUHV DUH LQWHQGHG RQO\ IRU VWHHO VWUXFWXUHV ZLWKLQ WKH VFRSH RI WKLV SDUW RI %6 ����� ,Q RWKHU FDVHV 
UHIHUHQFH VKRXOG EH PDGH WR 6HFWLRQ ��� RU 3DUWV �� �� � RU � RI %6 ���� DV DSSURSULDWH�

����� 4XDOLW\ FRQWURO

,I D VWUXFWXUH RU FRPSRQHQW KDV EHHQ GHVLJQHG RQ WKH EDVLV RI WKH VWUHQJWK WHVWV RU IDLOXUH WHVWV GHWDLOHG
LQ ��� RU ���� TXDOLW\ FRQWURO VKRXOG EH FDUULHG RXW GXULQJ SURGXFWLRQ LQ RUGHU WR FRQILUP FRQVLVWHQF\�

$Q DSSURSULDWH QXPEHU RI VDPSOHV �QRW OHVV WKDQ WZR� VKRXOG EH VHOHFWHG DW UDQGRP IURP HDFK SURGXFWLRQ
EDWFK� 7KHVH VDPSOHV VKRXOG EH FDUHIXOO\ H[DPLQHG WR HVWDEOLVK ZKHWKHU WKH\ DUH VLPLODU LQ DOO UHOHYDQW
UHVSHFWV WR WKH SURWRW\SH WHVWHG� 3DUWLFXODU DWWHQWLRQ VKRXOG EH JLYHQ WR WKH IROORZLQJ�

¦ GLPHQVLRQV RI FRPSRQHQWV DQG FRQQHFWLRQV�
¦ WROHUDQFHV DQG ZRUNPDQVKLS�
¦ TXDOLW\ RI VWHHO XVHG �FKHFNHG E\ UHIHUHQFH WR PLOO FHUWLILFDWHV��

,I� IURP WKLV H[DPLQDWLRQ� LW LV QRW SRVVLEOH WR GHWHUPLQH HLWKHU WKH YDULDWLRQV RU WKH HIIHFW RI YDULDWLRQV
FRPSDUHG WR WKH SURWRW\SH� D SURRI WHVW DV GHWDLOHG LQ ��� VKRXOG EH FDUULHG RXW� ,Q WKLV WHVW� WKH GHIOHFWLRQV
VKRXOG EH PHDVXUHG DW WKH VDPH SRVLWLRQV DV LQ WKH LQLWLDO SURRI WHVW RQ WKH SURWRW\SH� 7KH PD[LPXP 
PHDVXUHG GHIOHFWLRQ VKRXOG QRW H[FHHG ��� � RI WKH GHIOHFWLRQ UHFRUGHG GXULQJ WKH SURRI WHVW RQ WKH
SURWRW\SH DQG WKH UHVLGXDO GHIOHFWLRQ VKRXOG QRW EH PRUH WKDQ ��� � RI WKDW UHFRUGHG IRU WKH SURWRW\SH�

��� 7HVW FRQGLWLRQV

����� *HQHUDO

7KH WHVWV VKRXOG VLPXODWH WKH EHKDYLRXU RI WKH VWUXFWXUH RU FRPSRQHQW LQ VHUYLFH� 7KH WHVW ULJ VKRXOG KDYH
VXIILFLHQW VWUHQJWK DQG VWLIIQHVV IRU WKH H[SHFWHG ORDGV DQG VKRXOG SURYLGH VXIILFLHQW FOHDUDQFH IRU WKH 
H[SHFWHG GHIOHFWLRQV� ,W VKRXOG IROORZ WKH PRYHPHQWV RI WKH WHVW VSHFLPHQ ZLWKRXW LQWHUUXSWLRQ DQG VKRXOG
QRW RIIHU PRUH UHVWUDLQW WR GHIRUPDWLRQ RI WKH WHVW VSHFLPHQ WKDQ ZRXOG EH DYDLODEOH LQ VHUYLFH�
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%6 ����������� 6HFWLRQ �

(DFK WHVW VSHFLPHQ VKRXOG EH VLPLODU LQ DOO UHVSHFWV WR WKH VWUXFWXUH RU FRPSRQHQW WKDW LW UHSUHVHQWV� ,W
VKRXOG EH IUHH WR GHIOHFW XQGHU ORDG� 8QLQWHQGHG HFFHQWULFLWLHV DW SRLQWV RI ORDG DSSOLFDWLRQ RU VXSSRUWV
VKRXOG EH DYRLGHG� /DWHUDO DQG WRUVLRQDO UHVWUDLQWV VKRXOG UHSUHVHQW WKH DFWXDO FRQGLWLRQV H[SHFWHG LQ
VHUYLFH DQG VKRXOG EH DSSOLHG ZLWK WKH VDPH HFFHQWULFLWLHV DV LQ VHUYLFH�

7KH ORDGLQJ GHYLFHV VKRXOG UHSURGXFH WKH PDJQLWXGH DQG GLVWULEXWLRQ RI WKH ORDGV DQG UHDFWLRQV� DQG
VLPXODWH WKH ZD\ WKH\ DUH DSSOLHG LQ VHUYLFH� ZLWKRXW ORFDOL]LQJ WKH DSSOLHG IRUFHV DW WKH SRLQWV RI JUHDWHVW
UHVLVWDQFH� 7KH VXSSRUWLQJ GHYLFHV VKRXOG UHSURGXFH WKH VXSSRUW FRQGLWLRQV WR EH XVHG LQ VHUYLFH�

'XH DWWHQWLRQ VKRXOG EH SDLG WR WKH VDIHW\ RI WKH WHVW DUUDQJHPHQWV� SDUWLFXODUO\ LQ IDLOXUH WHVWV� )DLOXUH RI
D WHVW VSHFLPHQ VKRXOG QRW OHDG WR JHQHUDO LQVWDELOLW\ RI WKH WHVW ULJ�

����� 0HDVXUHPHQWV

/RDG DQG GHIOHFWLRQ PHDVXUHPHQWV VKRXOG EH PRQLWRUHG DV FORVHO\ DV SUDFWLFDEOH�

7KH GHIOHFWLRQV VKRXOG EH PHDVXUHG DW VXIILFLHQW SRLQWV ZKHUH WKH PRYHPHQW LV H[SHFWHG WR EH KLJK WR
HQDEOH WKH PD[LPXP GHIOHFWLRQV RI WKH WHVW VSHFLPHQ WR EH GHWHUPLQHG� 7KH DQWLFLSDWHG PDJQLWXGHV RI WKH 
GHIOHFWLRQV VKRXOG EH HVWLPDWHG LQ DGYDQFH� ZLWK JHQHURXV DOORZDQFHV IRU PRYHPHQW EH\RQG WKH HODVWLF 
UDQJH�

,Q VRPH VLWXDWLRQV LW PD\ EH GHVLUDEOH WR GHWHUPLQH WKH PDJQLWXGH RI VWUHVVHV LQ D VSHFLPHQ� 7KLV PD\ EH
GHPRQVWUDWHG TXDOLWDWLYHO\ E\ PHDQV RI EULWWOH FRDWLQJV RU TXDQWLWDWLYHO\ E\ PHDVXUHPHQWV RI VWUDLQ� 6XFK
LQIRUPDWLRQ VKRXOG EH WUHDWHG DV VXSSOHPHQWDU\ WR WKH ORDG�GHIOHFWLRQ EHKDYLRXU�

����� /RDGLQJ

7KH UDWH RI ORDG DSSOLFDWLRQ VKRXOG EH VXFK WKDW WKH EHKDYLRXU FDQ EH FRQVLGHUHG WR EH TXDVL�VWDWLF�

7KH GLIIHUHQFH EHWZHHQ WKH VHOI�ZHLJKW RI D WHVW VSHFLPHQ DQG WKH DFWXDO GHDG ORDG LQ VHUYLFH VKRXOG EH
WDNHQ LQWR DFFRXQW LQ FDOFXODWLQJ WKH WHVW ORDGV�

,I D ORDG FRPELQDWLRQ LQFOXGHV IRUFHV RQ PRUH WKDQ RQH OLQH RI DFWLRQ� HDFK LQFUHPHQW RI WKH WHVW ORDGLQJ
VKRXOG EH DSSOLHG SURSRUWLRQDWHO\ WR HDFK RI WKHVH IRUFHV�

��� 7HVW SURFHGXUHV

����� 3UHOLPLQDU\ ORDGLQJ

3ULRU WR DQ\ WHVW� LQ RUGHU WR EHG GRZQ WKH WHVW VSHFLPHQ RQWR WKH WHVW ULJ� SUHOLPLQDU\ ORDGLQJ QRW H[FHHGLQJ
WKH XQIDFWRUHG YDOXHV RI WKH UHOHYDQW ORDGV PD\ EH DSSOLHG DQG WKHQ UHPRYHG�

����� /RDG LQFUHPHQWV

7KH WHVW ORDGLQJ VKRXOG EH DSSOLHG LQ DW OHDVW ILYH UHJXODU LQFUHPHQWV DQG WKH ORDG�GHIRUPDWLRQ EHKDYLRXU 
RI WKH WHVW VSHFLPHQ VKRXOG EH UHFRUGHG� 7KH LQFUHPHQWV VKRXOG EH EDVHG RQ WKH H[SHFWHG ORDG�GHIRUPDWLRQ
EHKDYLRXU� 7KHLU QXPEHU VKRXOG EH VXIILFLHQW WR JLYH D IXOO UHFRUG RI WKH EHKDYLRXU RI WKH WHVW VSHFLPHQ�

6XIILFLHQW WLPH VKRXOG EH DOORZHG DIWHU HDFK LQFUHPHQW IRU WKH WHVW VSHFLPHQ WR UHDFK VWDWLRQDU\
HTXLOLEULXP� $IWHU HDFK LQFUHPHQW WKH WHVW VSHFLPHQ VKRXOG EH FDUHIXOO\ H[DPLQHG IRU VLJQV RI UXSWXUH� 
\LHOGLQJ RU ORFDO RU RYHUDOO EXFNOLQJ� 8QORDGLQJ VKRXOG EH FRPSOHWHG LQ UHJXODU GHFUHPHQWV ZLWK GHIOHFWLRQ
UHDGLQJV WDNHQ DW HDFK VWDJH DQG DIWHU XQORDGLQJ LV FRPSOHWH�

$W HDFK LQFUHPHQW RU GHFUHPHQW RI WKH ORDGLQJ� WKH GHIOHFWLRQV RU VWUDLQV VKRXOG EH PHDVXUHG DW RQH RU PRUH 
SULQFLSDO ORFDWLRQV RQ WKH VWUXFWXUH� 5HDGLQJV RI GHIOHFWLRQV RU VWUDLQV VKRXOG QRW EH WDNHQ XQWLO WKH 
VWUXFWXUH KDV FRPSOHWHO\ VWDELOL]HG DIWHU D ORDG LQFUHPHQW�

$ UXQQLQJ SORW VKRXOG EH PDLQWDLQHG RI WKH SULQFLSDO GHIOHFWLRQ DJDLQVW ORDGLQJ� :KHQ WKLV LQGLFDWHV
VLJQLILFDQW QRQ�OLQHDULW\ WKH ORDG LQFUHPHQWV VKRXOG EH UHGXFHG�

����� &RXSRQ WHVWV

7R YDOLGDWH FRPSDULVRQV EHWZHHQ ORDGLQJ WHVWV FDUULHG RXW RQ GLIIHUHQW VSHFLPHQV RU DW GLIIHUHQW WLPHV� WKH
SURSHUWLHV RI WKH VWHHO XVHG LQ WKH WHVW VSHFLPHQV VKRXOG EH HVWDEOLVKHG E\ PHDQV RI FRXSRQ WHVWV�

*HQHUDOO\ WKH FRXSRQV VKRXOG EH FXW IURP WKH VDPH VHFWLRQV RU SODWHV DV WKH WHVW VSHFLPHQV� :KHUH
DSSURSULDWH WKH\ PD\ EH UHFRYHUHG IURP XQ\LHOGHG DUHDV RI WKH WHVW VSHFLPHQV DIWHU WKH FRPSOHWLRQ RI 
WHVWLQJ�

7KH \LHOG VWUHQJWK DQG WHQVLOH VWUHQJWK RI WKH VWHHO VKRXOG EH GHWHUPLQHG E\ WHQVLOH WHVWLQJ LQ DFFRUGDQFH 
ZLWK %6 (1 ��������
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%6 �����������6HFWLRQ �

7KH SURSHUWLHV RI WKH VSHFLPHQV XVHG LQ D SDUWLFXODU ORDGLQJ WHVW PD\ EH WDNHQ DV WKH PHDQ RI D VHW RI
FRXSRQ WHVWV� RQH IRU HDFK UHOHYDQW FRPSRQHQW WHVWHG�

,I WKH PDWHULDO SURSHUWLHV DUH UHTXLUHG LQ DGYDQFH RI ORDG WHVWLQJ �DV ZKHQ GHWHUPLQLQJ WKH WHVW ORDG IRU D
VWUHQJWK WHVW� VHH ������� D VLQJOH FRXSRQ WHVW IURP HDFK ORW RI PDWHULDO IRU WKH FRPSRQHQWV RI DQ LQGLYLGXDO
WHVW VSHFLPHQ PD\ EH XVHG WR REWDLQ D ZHLJKWHG PHDQ \LHOG VWUHQJWK IRU WKH ZKROH DVVHPEO\�

����� 7HVW UHSRUW

7KH IROORZLQJ LQIRUPDWLRQ VKRXOG EH LQFOXGHG LQ WKH WHVW UHSRUW�

¦ GHWDLOV RI WKH DFWXDO WHVWV FDUULHG RXW�
¦ WKH DFWXDO GLPHQVLRQDO PHDVXUHPHQWV RI WKH WHVW VSHFLPHQ�
¦ GHWDLOV RI WKH ORDGLQJ PHWKRG DQG WHVWLQJ SURFHGXUH�
¦ D GLDJUDP VKRZLQJ WKH SRVLWLRQV RI WKH ORDGLQJ SRLQWV DQG WKH PHDVXULQJ GHYLFHV�
¦ DOO WHVW UHVXOWV QHFHVVDU\ IRU WKH WHVW HYDOXDWLRQ�
¦ D UHFRUG RI DOO RWKHU REVHUYDWLRQV IURP WKH WHVW�

��� 5HODWLYH VWUHQJWK FRHIILFLHQW

����� *HQHUDO

,Q VWUHQJWK WHVWV DQG IDLOXUH WHVWV WKH HIIHFW RI YDULDWLRQV RI JHRPHWU\ RU PDWHULDO SURSHUWLHV RI WHVW
VSHFLPHQV� FRPSDUHG WR WKHLU QRPLQDO YDOXHV� VKRXOG EH WDNHQ LQWR DFFRXQW E\ PHDQV RI UHODWLYH VWUHQJWK
FRHIILFLHQWV�

����� )RU D VWUHQJWK WHVW

)RU D VWUHQJWK WHVW� WKH UHODWLYH VWUHQJWK FRHIILFLHQW VKRXOG EH DSSOLHG LQ GHWHUPLQLQJ WKH WHVW ORDG�
VHH ������

7KH UHODWLYH VWUHQJWK FRHIILFLHQW VKRXOG WDNH LQWR DFFRXQW WKH DFWXDO FURVV�VHFWLRQDO GLPHQVLRQV RI WKH
VSHFLPHQ DQG WKH DFWXDO \LHOG VWUHQJWK RI WKH VWHHO LQ WKH VSHFLPHQ� GHWHUPLQHG IURP FRXSRQ WHVWV�
VHH ������

:KHQ WKH WHVW LV WR EH FDUULHG RXW RQ DQ DVVHPEO\ RI VWUXFWXUDO FRPSRQHQWV� WKH UHODWLYH VWUHQJWK FRHIILFLHQW
VKRXOG EH EDVHG RQ D ZHLJKWHG PHDQ YDOXH RI WKH DFWXDO \LHOG VWUHQJWK RI HDFK FRPSRQHQW� LQ ZKLFK WKH 
ZHLJKWLQJ LV DSSOLHG WR PDNH DSSURSULDWH DOORZDQFH IRU WKH LQIOXHQFH RI HDFK SDUW RI WKH WHVW VSHFLPHQ RQ 
WKH H[SHFWHG SHUIRUPDQFH� 3URYLGHG WKDW WKH DFWXDO FURVV�VHFWLRQDO GLPHQVLRQV RI WKH FRPSRQHQWV GR QRW 
H[FHHG WKHLU QRPLQDO GLPHQVLRQV� WKH UHODWLYH VWUHQJWK FRHIILFLHQW 5V PD\ EH REWDLQHG IURP�

,I WKH DFWXDO FURVV�VHFWLRQDO GLPHQVLRQV H[FHHG WKH QRPLQDO GLPHQVLRQV� WKH UHODWLYH VWUHQJWK FRHIILFLHQW 5V
VKRXOG EH REWDLQHG E\ PDNLQJ DSSURSULDWH DGMXVWPHQWV WR WKH ZHLJKWHG PHDQ \LHOG VWUHQJWK� WR DOORZ IRU 
WKH LQIOXHQFH RI HDFK FURVV�VHFWLRQDO GLPHQVLRQ RI WKH WHVW VSHFLPHQ RQ LWV H[SHFWHG SHUIRUPDQFH�

,Q WKH DEVHQFH RI RWKHU LQIRUPDWLRQ� WKH UHODWLYH LPSRUWDQFH RI HDFK FRPSRQHQW RI DQ DVVHPEO\ WR LWV RYHUDOO 
SHUIRUPDQFH PD\ EH EDVHG RQ DSSURSULDWH PRQLWRULQJ GXULQJ WKH SUHOLPLQDU\ SURRI WHVW VWLSXODWHG LQ ������

$OWHUQDWLYHO\� LI UHOLDEOH LQIRUPDWLRQ DERXW WKH H[SHFWHG IDLOXUH PRGH LV DYDLODEOH IURP RWKHU VLPLODU WHVWV� 
WKH UHODWLYH VWUHQJWK FRHIILFLHQW 5V PD\ EH GHWHUPLQHG DV IRU D IDLOXUH WHVW� VHH ������

�����  )RU D IDLOXUH WHVW

)RU D IDLOXUH WHVW� WKH UHODWLYH VWUHQJWK FRHIILFLHQW VKRXOG EH DSSOLHG LQ GHWHUPLQLQJ WKH GHVLJQ FDSDFLW\
IURP WKH WHVW UHVXOWV� VHH ������

,I UHDOLVWLF DVVHVVPHQWV RI WKH FDSDFLW\ FDQ EH PDGH XVLQJ WKH SURYLVLRQV RI 6HFWLRQ � WR 6HFWLRQ �� RU E\ 
RWKHU SURYHQ PHWKRGV RI GHVLJQ E\ FDOFXODWLRQ WKDW WDNH DFFRXQW RI DOO EXFNOLQJ HIIHFWV� WKH UHODWLYH VWUHQJWK
FRHIILFLHQW 5V PD\ EH REWDLQHG IURP�

5V  

5V  

:HLJKWHG PHDQ \LHOG VWUHQJWK
1RPLQDO \LHOG VWUHQJWK

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

&DSDFLW\ DVVHVVHG XVLQJ DFWXDO \LHOG VWUHQJWK DQG DFWXDO GLPHQVLRQV
&DSDFLW\ DVVHVVHG XVLQJ QRPLQDO \LHOG VWUHQJWK DQG QRPLQDO GLPHQVLRQV
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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%6 ����������� 6HFWLRQ �

2WKHUZLVH WKH UHODWLYH VWUHQJWK FRHIILFLHQW 5V VKRXOG EH GHWHUPLQHG DFFRUGLQJ WR WKH REVHUYHG IDLOXUH PRGH� 
DV IROORZV�

D� IRU D GXFWLOH \LHOGLQJ IDLOXUH�

LQ ZKLFK WKH PHDQ \LHOG VWUHQJWK UHODWHV WR WKH FURVV�VHFWLRQ DW ZKLFK IDLOXUH LV REVHUYHG�
E� IRU D VXGGHQ IDLOXUH GXH WR UXSWXUH LQ WHQVLRQ RU VKHDU�

LQ ZKLFK WKH PHDQ WHQVLOH VWUHQJWK UHODWHV WR WKH FURVV�VHFWLRQ DW ZKLFK IDLOXUH LV REVHUYHG�
F� IRU D VXGGHQ IDLOXUH GXH WR EXFNOLQJ�

LQ ZKLFK WKH PHDQ \LHOG VWUHQJWK UHODWHV WR WKH FURVV�VHFWLRQ DW ZKLFK IDLOXUH LV REVHUYHG�
G� IRU D GXFWLOH IDLOXUH GXH WR RYHUDOO PHPEHU EXFNOLQJ�

LQ ZKLFK WKH EXFNOLQJ VWUHQJWK UHODWHV WR WKH UHOHYDQW VOHQGHUQHVV � IURP WKH DSSURSULDWH EXFNOLQJ 
FXUYH DQG WKH PHDQ \LHOG VWUHQJWK UHODWHV WR WKH FURVV�VHFWLRQ DW ZKLFK IDLOXUH LV REVHUYHG�
DOWHUQDWLYHO\� 5V PD\ EH REWDLQHG DV LQ D� LI WKH UHOHYDQW VOHQGHUQHVV RU WKH DSSURSULDWH EXFNOLQJ FXUYH 
DUH LQ GRXEW�

H� IRU D GXFWLOH IDLOXUH GXH WR ORFDO EXFNOLQJ RI D IODW HOHPHQW�

ZKHUH

LQ ZKLFK WKH VHFWLRQ SURSHUW\ LV WKDW UHOHYDQW WR UHVLVWLQJ WKH REVHUYHG IDLOXUH PRGH� DQG WKH YDOXHV UHODWH
WR WKH FURVV�VHFWLRQ DW ZKLFK IDLOXUH LV REVHUYHG�

��� 3URRI WHVW

����� *HQHUDO

$ SURRI WHVW PD\ EH XVHG DV D QRQ�GHVWUXFWLYH WHVW WR FRQILUP WKH JHQHUDO VWUXFWXUDO EHKDYLRXU RI D
VWUXFWXUH� VWUXFWXUDO DVVHPEO\ RU FRPSRQHQW� $Q\ LUUHJXODULWLHV RFFXUULQJ GXULQJ WKH WHVW VKRXOG EH FORVHO\ 
VFUXWLQL]HG DQG WKH UHDVRQV IRU WKHLU RFFXUUHQFH UHFRUGHG�

,W VKRXOG EH UHFRJQL]HG WKDW WKH ORDGLQJ DSSOLHG LQ D SURRI WHVW PD\ FDXVH SHUPDQHQW ORFDO GLVWRUWLRQV� 6XFK
HIIHFWV GR QRW QHFHVVDULO\ LQGLFDWH VWUXFWXUDO IDLOXUH� EXW WKH UHOHYDQFH RI WKHLU RFFXUUHQFH WR WKH FRQWLQXHG 
XVH RI WKH FRPSRQHQWV FRQFHUQHG VKRXOG EH GHFLGHG EHIRUH WHVWLQJ�

5V  

5V  

5V  

5V  

5V  

EXW

DQG

5S  

0HDQ \LHOG VWUHQJWK
1RPLQDO \LHOG VWUHQJWK
���������������������������������������������������������������� 5S


0HDQ XOWLPDWH WHQVLOH VWUHQJWK
1RPLQDO \LHOG VWUHQJWK

�������������������������������������������������������������������������������������� 5S


��� PHDQ \LHOG VWUHQJWK

1RPLQDO \LHOG VWUHQJWK
���������������������������������������������������������������������� 5S


%XFNOLQJ VWUHQJWK IRU PHDQ \LHOG VWUHQJWK
%XFNOLQJ VWUHQJWK IRU QRPLQDO \LHOG VWUHQJWK
���������������������������������������������������������������������������������������������������������������������������� 5S


$FWXDO \LHOG VWUHQJWK
1RPLQDO \LHOG VWUHQJWK
���������������������������������������������������������������� $FWXDO WKLFNQHVV

1RPLQDO WKLFNQHVV
����������������������������������������������������
 5S


5V
$FWXDO \LHOG VWUHQJWK

1RPLQDO \LHOG VWUHQJWK
����������������������������������������������������������������

��� $FWXDO WKLFNQHVV
1RPLQDO WKLFNQHVV
����������������������������������������������������

�

 5S
	

5V �	

$FWXDO YDOXH RI VHFWLRQ SURSHUW\
1RPLQDO YDOXH RI VHFWLRQ SURSHUW\
���������������������������������������������������������������������������������������������   EXW 5S �	

158 © BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������6HFWLRQ �

'XULQJ D SURRI WHVW� WKH ORDGV VKRXOG EH DSSOLHG LQ D QXPEHU RI UHJXODU LQFUHPHQWV DW UHJXODU WLPH LQWHUYDOV
DQG WKH SULQFLSDO GHIOHFWLRQV VKRXOG EH PHDVXUHG DW HDFK VWDJH� ,I WKH GHIOHFWLRQV VKRZ VLJQLILFDQW
QRQ�OLQHDULW\� WKH ORDG LQFUHPHQWV VKRXOG EH UHGXFHG� 8QORDGLQJ VKRXOG EH FRPSOHWHG LQ UHJXODU
GHFUHPHQWV� ZLWK GHIOHFWLRQ UHDGLQJV WDNHQ DW HDFK VWDJH�

2Q WKH DWWDLQPHQW RI WKH SURRI WHVW ORDG� LW VKRXOG EH PDLQWDLQHG DW D QHDU FRQVWDQW YDOXH WR DOORZ UHSHDW
PHDVXUHPHQWV IRU GHWHFWLQJ SRVVLEOH FUHHS� 7KH ORDGV DQG GHIOHFWLRQV VKRXOG EH PHDVXUHG DW UHJXODU
FKHFNLQJ LQWHUYDOV RI DW OHDVW � PLQXWHV� 7KH ORDGLQJ VKRXOG EH DGMXVWHG WR UHPDLQ FRQVWDQW XQWLO WKHUH LV
QR VLJQLILFDQW LQFUHDVH LQ GHIOHFWLRQ GXULQJ DW OHDVW WKUHH FKHFNLQJ LQWHUYDOV DIWHU WKH DWWDLQPHQW RI WKH
SURRI WHVW ORDG�

����� 3URRI WHVW ORDG

7KH WHVW ORDG IRU D SURRI WHVW VKRXOG EH WDNHQ DV HTXDO WR WKH VXP RI�

�� ��� � �DFWXDO GHDG ORDG SUHVHQW GXULQJ WKH WHVW��

�� RQH RI WKH IROORZLQJ DV DSSURSULDWH�

D� ���� � �LPSRVHG ORDG� SOXV ���� � �UHPDLQGHU RI GHDG ORDG��

E� ���� � �UHPDLQGHU RI GHDG ORDG� SOXV ��� � �ZLQG ORDG��

F� ��� � �ZLQG XSOLIW� PLQXV ��� � �UHPDLQGHU RI GHDG ORDG��

G� ���� � �UHPDLQGHU RI GHDG ORDG� SOXV ��� � �LPSRVHG ORDG DQG ZLQG ORDG��

����� 3URRI WHVW FULWHULD

7KH VWUXFWXUH RU FRPSRQHQW VKRXOG GHPRQVWUDWH VXEVWDQWLDOO\ OLQHDU EHKDYLRXU XQGHU WKH SURRI WHVW ORDG� 
2Q UHPRYDO RI WKH WHVW ORDG WKH UHVLGXDO GHIOHFWLRQ VKRXOG QRW H[FHHG �� � RI WKH PD[LPXP GHIOHFWLRQ
UHFRUGHG GXULQJ WKLV WHVW� ,I WKHVH FULWHULD DUH QRW VDWLVILHG WKH SURRI WHVW PD\ EH UHSHDWHG RQFH RQO\� 8QGHU 
WKLV UHSHDW DSSOLFDWLRQ RI WKH SURRI WHVW ORDGLQJ WKH VWUXFWXUH VKRXOG GHPRQVWUDWH VXEVWDQWLDOO\ OLQHDU 
EHKDYLRXU DQG WKH UHVLGXDO GHIOHFWLRQ VKRXOG QRW H[FHHG �� � RI WKH PD[LPXP UHFRUGHG GXULQJ WKH UHSHDW
WHVW�

2Q DWWDLQPHQW RI WKH SURRI WHVW ORDG� WKH ORDGLQJ VKRXOG EH VXVWDLQHG IRU DW OHDVW �� PLQXWHV ZLWKRXW DQ\
LQFUHDVH LQ WKH GHIOHFWLRQV�

��� 6WUHQJWK WHVW 

����� *HQHUDO

$ VWUHQJWK WHVW PD\ EH XVHG WR FRQILUP WKH FDOFXODWHG ORDG FDUU\LQJ FDSDFLW\ RI D VWUXFWXUDO DVVHPEO\ RU
FRPSRQHQW� 3ULRU WR D VWUHQJWK WHVW� WKH WHVW VSHFLPHQ VKRXOG SDVV WKH SURRI WHVW GHWDLOHG LQ ����

:KHUH VHYHUDO VLPLODU LWHPV DUH WR EH FRQVWUXFWHG WR D FRPPRQ GHVLJQ� DQG RQH RU PRUH SURWRW\SHV VDWLVI\
DOO WKH FULWHULD RI WKLV VWUHQJWK WHVW� WKH RWKHUV PD\ EH DFFHSWHG ZLWKRXW ORDG WHVWLQJ SURYLGHG WKDW TXDOLW\ 
FRQWURO DV VWLSXODWHG LQ ����� FRQILUPV WKDW WKH\ DUH VLPLODU LQ DOO UHOHYDQW UHVSHFWV WR WKH SURWRW\SHV�

2Q WKH DWWDLQPHQW RI WKH VWUHQJWK WHVW ORDG� LW VKRXOG EH PDLQWDLQHG DW D QHDU FRQVWDQW YDOXH WR DOORZ
UHSHDW PHDVXUHPHQWV IRU GHWHFWLQJ SRVVLEOH FUHHS� 7KH ORDGV DQG GHIOHFWLRQV VKRXOG EH PHDVXUHG DW UHJXODU
FKHFNLQJ LQWHUYDOV RI DW OHDVW � PLQXWHV� 7KH ORDGLQJ VKRXOG EH DGMXVWHG WR UHPDLQ FRQVWDQW XQWLO WKHUH LV
QR VLJQLILFDQW LQFUHDVH LQ GHIOHFWLRQ GXULQJ DW OHDVW WKUHH FKHFNLQJ LQWHUYDOV DIWHU WKH DWWDLQPHQW RI WKH
VWUHQJWK WHVW ORDG�

����� 6WUHQJWK WHVW ORDG

7KH WHVW ORDG IRU D VWUHQJWK WHVW VKRXOG EH EDVHG RQ WKH IDFWRUHG ORDG IRU GHVLJQ E\ FDOFXODWLRQ REWDLQHG IURP 
6HFWLRQ � XVLQJ WKH DSSURSULDWH �I IDFWRUV IRU WKH UHOHYDQW FRPELQDWLRQ RI GHDG� LPSRVHG DQG ZLQG ORDGV�

7KH WRWDO WHVW ORDG �LQFOXGLQJ WKH VHOI�ZHLJKW RI WKH WHVW VSHFLPHQ� VKRXOG EH GHWHUPLQHG XVLQJ�

LQ ZKLFK 5V LV WKH UHODWLYH VWUHQJWK FRHIILFLHQW GHWHUPLQHG IURP ������

�6WUHQJWK WHVW ORDG�   5V � �IDFWRUHG ORDG�
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%6 ����������� 6HFWLRQ �

����� 6WUHQJWK WHVW FULWHULD

8QGHU WKH VWUHQJWK WHVW ORDG QRQH RI WKH IROORZLQJ HYHQWV VKRXOG RFFXU LQ DQ\ SDUW RI WKH WHVW VSHFLPHQ�

¦ FROODSVH RU IUDFWXUH�
¦ D FUDFN EHJLQV WR VSUHDG LQ D YLWDO SDUW RI WKH VSHFLPHQ�
¦ WKH GLVSODFHPHQW EHFRPHV JURVVO\ H[FHVVLYH�

2Q UHPRYDO RI WKH VWUHQJWK WHVW ORDG WKH UHVLGXDO GHIOHFWLRQ VKRXOG QRW H[FHHG �� � RI WKH PD[LPXP
GHIOHFWLRQ UHFRUGHG GXULQJ WKLV WHVW�

��� )DLOXUH WHVW

����� *HQHUDO

$ IDLOXUH WHVW PD\ EH XVHG WR GHWHUPLQH WKH UHDO PRGH RI IDLOXUH DQG WKH XOWLPDWH ORDG FDUU\LQJ FDSDFLW\ RI
D VWUXFWXUH RU FRPSRQHQW� %HFDXVH LW LV RQO\ IURP D WHVW WR IDLOXUH WKDW WKLV LQIRUPDWLRQ FDQ EH REWDLQHG� 
ZKHQ WKH VSHFLPHQ IRU D VWUHQJWK WHVW LV QRW UHTXLUHG IRU XVH LQ VHUYLFH� LW PD\ EH DGYDQWDJHRXV WR REWDLQ
WKLV DGGLWLRQDO LQIRUPDWLRQ DIWHU FRPSOHWLQJ WKH VWUHQJWK WHVW�

(YHQ LI GHWHUPLQLQJ WKH XOWLPDWH ORDG FDUU\LQJ FDSDFLW\ LV WKH SULPH REMHFWLYH� LW LV VWLOO GHVLUDEOH WR FDUU\
RXW D SURRI WHVW DQG D VWUHQJWK WHVW ILUVW� EHIRUH VWDUWLQJ WR GHWHUPLQH WKH IDLOXUH ORDG� ,Q VXFK FDVHV� DQ
HVWLPDWH VKRXOG EH PDGH RI WKH DQWLFLSDWHG GHVLJQ FDSDFLW\ DV D EDVLV IRU WKH SURRI WHVW DQG VWUHQJWK WHVW
ORDGV� ,W PD\ WKHQ EH GHVLUDEOH WR DGMXVW WKLV HVWLPDWHG YDOXH RQ WKH EDVLV RI WKH VWUHQJWK WHVW�

'XULQJ D WHVW WR IDLOXUH� WKH ORDGLQJ VKRXOG ILUVW EH DSSOLHG LQ LQFUHPHQWV XS WR WKH VWUHQJWK WHVW ORDG� 
6XEVHTXHQW ORDG LQFUHPHQWV VKRXOG WKHQ EH EDVHG RQ DQ H[DPLQDWLRQ RI D SORW RI WKH SULQFLSDO GHIOHFWLRQV�

����� )DLOXUH FULWHULRQ

7KH XOWLPDWH ORDG FDUU\LQJ FDSDFLW\ VKRXOG EH WDNHQ DV WKH YDOXH RI WKH WHVW ORDG EH\RQG ZKLFK WKH
VWUXFWXUH RU FRPSRQHQW LV XQDEOH WR VXVWDLQ DQ\ IXUWKHU LQFUHDVH LQ ORDG� $W WKLV ORDG� JURVV SHUPDQHQW
GLVWRUWLRQ LV OLNHO\ WR KDYH RFFXUUHG� ,Q VRPH FDVHV H[FHVVLYH GHIRUPDWLRQ PD\ GHILQH WKH XOWLPDWH FDSDFLW\�

)DLOXUH RI D WHVW VSHFLPHQ VKRXOG EH FRQVLGHUHG WR KDYH RFFXUUHG LQ DQ\ RI WKH IROORZLQJ HYHQWV�

¦ FROODSVH RU IUDFWXUH�
¦ D FUDFN EHJLQV WR VSUHDG LQ D YLWDO SDUW RI WKH VSHFLPHQ�
¦ WKH GLVSODFHPHQW EHFRPHV JURVVO\ H[FHVVLYH�

7KH WHVW UHVXOW VKRXOG EH WDNHQ DV WKH PD[LPXP YDOXH RI WKH ORDGLQJ DSSOLHG WR WKH WHVW VSHFLPHQ HLWKHU 
FRLQFLGHQW ZLWK IDLOXUH RU LPPHGLDWHO\ SULRU WR IDLOXUH� DV DSSURSULDWH�

����� 'HWHUPLQDWLRQ RI GHVLJQ FDSDFLW\

7KH GHVLJQ FDSDFLW\ IRU DQ LWHP VLPLODU WR WKDW WHVWHG PD\ EH GHWHUPLQHG IURP�

LQ ZKLFK 5V LV WKH UHODWLYH VWUHQJWK FRHIILFLHQW GHWHUPLQHG IURP ������

,I WKH UHVXOWLQJ GHVLJQ FDSDFLW\ IDOOV EHORZ WKDW REWDLQHG IURP WKH VWUHQJWK WHVW� WKH ODWWHU VKRXOG EH WDNHQ�

)RU D VLQJOH WHVW .W VKRXOG EH WDNHQ DV ���� )RU D VHW RI WZR RU WKUHH UHODWHG WHVWV� LQ ZKLFK DOO WKH UHVXOWV
DUH ZLWKLQ ��� � RI WKH PHDQ YDOXH� .W VKRXOG EH WDNHQ DV ���� SURYLGHG WKDW LQ WKH FDVH RI WZR UHODWHG WHVWV
WKH ORZHU RI WKH WZR WHVW UHVXOWV LV XVHG LQ SODFH RI WKH PHDQ WHVW UHVXOW�

'HVLJQ FDSDFLW\  .W
PHDQ WHVW UHVXOW

5V
���������������������������������������������
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%6 �����������6HFWLRQ �

)RU IRXU RU PRUH UHODWHG WHVWV .W VKRXOG EH GHWHUPLQHG IURP�

LQ ZKLFK V LV WKH VWDQGDUG GHYLDWLRQ RI WKH WHVW UHVXOWV� REWDLQHG IURP�

ZKHUH

7DEOH �� ¦ 6WDWLVWLFDO IDFWRU N

.W  

V  

N LV D VWDWLVWLFDO IDFWRU REWDLQHG IURP 7DEOH �� IRU WKH DSSURSULDWH QXPEHU RI WHVWV�
Q LV WKH QXPEHU RI WHVWV�
YL LV WKH UHVXOW RI WHVW L�

1XPEHU RI WHVWV Q � � � � �� �� �� �

9DOXH RI N ���� ���� ���� ���� ���� ���� ���� ����

��� � N V

PHDQ WHVW UHVXOW� �
��������������������������������������������������±
 �

� �


YL� �
� �

Q
��� YL

L � 

Q

�
 �
� ��

±
L � 

Q

�

Q �±
����������������������������������������������������������
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%6 �����������

$QQH[ $ �LQIRUPDWLYH� 
6DIHW\ IRUPDW LQ %6 ������ DQG UHIHUHQFHV WR %6 ������

$�� ,QWURGXFWLRQ

7KH VDIHW\ IRUPDWV LQ %6 ������ DQG %6 ������ DUH ERWK SDUWLDO IDFWRU IRUPDWV UHODWHG WR WKH YHUVLRQ RI
,62 ���� FXUUHQW ZKHQ WKH\ ZHUH GUDIWHG �VHH %LEOLRJUDSK\�� +RZHYHU� WKHUH DUH GLIIHUHQFHV LQ
LPSOHPHQWDWLRQ� DQG WKHVH QHHG WR EH WDNHQ LQWR DFFRXQW ZKHUH %6 ������ PDNHV UHIHUHQFH WR %6 �������

$�� 'HVLJQ ORDGV

'HVLJQ �RU IDFWRUHG� ORDGV )G DUH GHWHUPLQHG IURP FKDUDFWHULVWLF �RU VSHFLILHG� ORDGV )N XVLQJ�

ZKHUH

$�� 'HVLJQ ORDG HIIHFWV

'HVLJQ ORDG HIIHFWV 6G DUH GHWHUPLQHG IURP GHVLJQ ORDGV )G XVLQJ�

ZKHUH

$�� 'HVLJQ UHVLVWDQFH

'HVLJQ UHVLVWDQFH 5G LV GHWHUPLQHG IURP FKDUDFWHULVWLF �RU VSHFLILHG� PDWHULDO VWUHQJWKV IN XVLQJ�

ZKHUH

$�� 9HULILFDWLRQ RI VWUXFWXUDO DGHTXDF\

)RU D VDWLVIDFWRU\ GHVLJQ �LQ DGGLWLRQ WR RWKHU FULWHULD�� DW ERWK XOWLPDWH DQG VHUYLFHDELOLW\ OLPLW VWDWHV�

$�� ,PSOHPHQWDWLRQ LQ %6 ������

,Q %6 ������ WKH UHVLVWDQFH 5G LV JHQHUDOO\ GHWHUPLQHG IURP WDEXODWHG GHVLJQ VWUHQJWKV S\ EDVHG RQ�

ZKHUH

)G  ��    � ���)N

��� LV D SDUWLDO IDFWRU WR DOORZ IRU YDULDWLRQ RI ORDGV IURP WKHLU FKDUDFWHULVWLF YDOXHV�

��� LV D SDUWLDO IDFWRU WR DOORZ IRU WKH UHGXFHG SUREDELOLW\ WKDW YDULRXV ORDGV DFWLQJ WRJHWKHU ZLOO 
VLPXOWDQHRXVO\ UHDFK WKHLU FKDUDFWHULVWLF YDOXHV�

6G  (IIHFWV RI �S)G

�S LV D SDUWLDO IDFWRU WR DOORZ IRU YDULDWLRQV RI WKH VWUXFWXUDO EHKDYLRXU IURP WKDW H[SHFWHG�

5G  )XQFWLRQ RI IN��P

�P LV D SDUWLDO IDFWRU WR DOORZ IRU PDQXIDFWXULQJ WROHUDQFHV DQG YDULDWLRQV RI PDWHULDO VWUHQJWKV
IURP WKHLU FKDUDFWHULVWLF YDOXHV�

5G � 6G

L�H� )XQFWLRQ RI �IN��P� � (IIHFWV RI ��S��� ���)N�

S\  <V ��P� EXW S\ � 8V ��P�

8V LV WKH VSHFLILHG PLQLPXP XOWLPDWH WHQVLOH VWUHQJWK�

<V LV WKH VSHFLILHG PLQLPXP \LHOG VWUHQJWK�

�P� LV D SDUWLDO IDFWRU IRU UHVLVWDQFH EDVHG RQ \LHOG VWUHQJWK RI PDWHULDO�

�P� LV D SDUWLDO IDFWRU IRU UHVLVWDQFH EDVHG RQ XOWLPDWH WHQVLOH VWUHQJWK RI PDWHULDO�
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%6 �����������

)RU XOWLPDWH OLPLW VWDWHV WKH IDFWRUHG ORDGV )G DUH GHWHUPLQHG XVLQJ�

LQ ZKLFK�

5HVLVWDQFH DW VHUYLFHDELOLW\ OLPLW VWDWHV LV FRYHUHG LQGLUHFWO\� E\ PRGLI\LQJ XOWLPDWH OLPLW VWDWH 
YHULILFDWLRQV� LQ WKH IROORZLQJ FDVHV RQO\�

¦ LUUHYHUVLEOH GHIRUPDWLRQ GXH WR EHQGLQJ PRPHQWV� VHH ��������
¦ \LHOGLQJ RI QHW FURVV�VHFWLRQ LQ WHQVLRQ DW KROHV IRU EROWV� VHH ������
¦ VOLS RI SUHORDGHG EROWV� VHH ����� DQG ������

6HUYLFHDELOLW\ ORDGV DUH GHILQHG LQ ������ 7KH UDWLR �IDFWRUHG ORDG���VHUYLFHDELOLW\ ORDG� LV JHQHUDOO\ DERXW ���
ZLWK D PLQLPXP RI ���� 7KXV� D SDUWLDO IDFWRU RI DSSUR[LPDWHO\ ��� �JHQHUDOO\ DERXW ����� ZLWK D PLQLPXP 
RI ����� IRU UHVLVWDQFH XQGHU VHUYLFHDELOLW\ ORDGV LV DFKLHYHG E\�

¦ WKH OLPLW RI ���S\= LQ ������� IRU VLPSO\ VXSSRUWHG EHDPV DQG FDQWLOHYHUV �IRU RWKHU PHPEHUV� WKH
GHIRUPDWLRQ LV UHVWULFWHG E\ FRQWLQXLW\ DQG WKH OLPLW EHFRPHV ���S\=��
¦ WKH OLPLWLQJ YDOXH RI ���$Q IRU 3W LQ ������
¦ WKH FRHIILFLHQW ��� LQ ����� DQG ����� IRU FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS LQ VHUYLFH� FRPSDUHG WR WKH
FRHIILFLHQW RI ��� IRU FRQQHFWLRQV GHVLJQHG WR EH QRQ�VOLS XQGHU IDFWRUHG ORDGV�

$�� ,PSOHPHQWDWLRQ LQ %6 ������

,Q %6 ������ WKH UHVLVWDQFH 5G LV JHQHUDOO\ GHWHUPLQHG IURP WKH QRPLQDO \LHOG VWUHQJWK �\ XVLQJ�

LQ ZKLFK�

ZKHUH

)RU XOWLPDWH OLPLW VWDWHV �I� KDV D FRQVWDQW YDOXH RI ���� EXW WKH YDOXH RI �P YDULHV DFFRUGLQJ WR WKH
UHVLVWDQFH XQGHU FRQVLGHUDWLRQ�

,W VKRXOG EH QRWHG WKDW WKH GHILQLWLRQ RI �\ LQ %6 ������ GLIIHUV IURP WKDW RI S\ LQ %6 ������� $V D UHVXOW 
WKHLU YDOXHV DUH QRW QHFHVVDULO\ WKH VDPH� HYHQ WKRXJK LQ PDQ\ FDVHV WKH\ DUH�

7KH GHVLJQ ORDGV )G IRU XOWLPDWH OLPLW VWDWHV DUH GHWHUPLQHG XVLQJ�

LQ ZKLFK�

5HVLVWDQFH DW VHUYLFHDELOLW\ OLPLW VWDWHV LV FRYHUHG H[SOLFLWO\� EXW RQO\ IRU D VPDOO QXPEHU RI SDUWLFXODU
FDVHV� 7KH YDOXHV RI �I/ DUH GLIIHUHQW IURP WKRVH IRU XOWLPDWH OLPLW VWDWHV DQG �I� LV WDNHQ DV XQLW\� 7KH YDOXH 
RI �P LV JHQHUDOO\ XQLW\� EXW LV WDNHQ DV ��� IRU WKH VOLS UHVLVWDQFH RI SUHORDGHG EROWV�

$�� &RPSDULVRQ RI SDUWLDO IDFWRUV

7KH PHWKRGV RI DSSO\LQJ SDUWLDO IDFWRUV LQ %6 ������ DQG %6 ������ DUH FRPSDUHG LQ 7DEOH $���

)G  �I )N

�I  �� �S �VHH ������

DQG ��  ��� ���

5G  

�P   �P��P�

DQG �I�  �S

�P� LV D SDUWLDO IDFWRU WR DOORZ IRU UHGXFWLRQ RI VWUHQJWK FRPSDUHG ZLWK WKH FKDUDFWHULVWLF YDOXH�

�P� LV D SDUWLDO IDFWRU WR DOORZ IRU RWKHU SRVVLEOH FDXVHV RI ZHDNQHVV� LQFOXGLQJ WROHUDQFHV�

)G  �I/)N

�I/  �I��I�

IXQFWLRQ RI �\ DQG JHRPHWULF YDULDEOHV� �

�P�I�
���������������������������������������������������������������������������������������������������������������
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%6 �����������

7DEOH $�� ¦ &RPSDULVRQ RI SDUWLDO IDFWRUV

$QQH[ % �QRUPDWLYH�
/DWHUDO�WRUVLRQDO EXFNOLQJ RI PHPEHUV VXEMHFW WR EHQGLQJ

%�� %DVLF FDVH

7KH EDVLF FDVH IRU ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG EH WDNHQ DV WKDW RI D VLPSO\ VXSSRUWHG EHDP RI XQLIRUP 
FURVV�VHFWLRQ ZLWK HTXDO IODQJHV� UHVWUDLQHG DW LWV VXSSRUWV DJDLQVW ODWHUDO GHIOHFWLRQ DQG DJDLQVW URWDWLRQ 
DERXW LWV ORQJLWXGLQDO D[LV� EXW RWKHUZLVH XQUHVWUDLQHG� DQG VXEMHFW WR D XQLIRUP PRPHQW DERXW LWV PDMRU 
D[LV�

0RGLILFDWLRQV VKRXOG EH PDGH WR WKH EDVLF FDVH IRU�

¦ QRQ�XQLIRUP PHPEHUV� XVLQJ WKH HTXLYDOHQW VOHQGHUQHVV IDFWRU Q�
¦ XQHTXDO IODQJHV� XVLQJ WKH PRQRV\PPHWU\ LQGH[ ��
¦ GLIIHULQJ FRQGLWLRQV RI UHVWUDLQW RU VXSSRUW� XVLQJ WKH HIIHFWLYH OHQJWK IDFWRU /(�/�
¦ GLIIHULQJ FRQGLWLRQV RI ORDGLQJ� XVLQJ WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7�

%�� %XFNOLQJ UHVLVWDQFH

%���� %HQGLQJ VWUHQJWK

7KH EHQGLQJ VWUHQJWK SE IRU UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ VKRXOG EH WDNHQ DV WKH VPDOOHU URRW RI�

IURP ZKLFK WKH YDOXH RI SE PD\ EH REWDLQHG XVLQJ�

LQ ZKLFK�

ZKHUH

%���� 3HUU\ IDFWRU DQG 5REHUWVRQ FRQVWDQW

7KH 3HUU\ IDFWRU �/7 VKRXOG EH WDNHQ DV IROORZV�

D� IRU UROOHG VHFWLRQV�

3DUWLDO IDFWRU ��� ��� �S �P� �P�

%6 ������
�I� �I�

�I�
�P� �P�

�I/  �I� � �I� �P  �P� � �P�

��� ��� �P� �P�

%6 ������ ��    ��� � ��� �S �P  �P� RU �P�

�I  �� � �S �LQFOXGHG LQ GHVLJQ VWUHQJWK�

SE  

S(  

�/7  

S\ LV WKH GHVLJQ VWUHQJWK�

�/7 LV WKH HTXLYDOHQW VOHQGHUQHVV�

�/7  D/7��/7 ¥ �/���� ��� EXW �/7 � �

S( SE±� � S\ SE±� � �/7S(SE 

S(S\

�/7 �/7
� S(S\±� �

���
�

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

�
�( �/7

�
�� �

S\ �/7 ��� �S(�
�

��������������������������������������������
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%6 �����������

E� IRU ZHOGHG VHFWLRQV�

7KH 5REHUWVRQ FRQVWDQW D/7 VKRXOG EH WDNHQ DV ��� DQG WKH OLPLWLQJ HTXLYDOHQW VOHQGHUQHVV �/� VKRXOG EH

WDNHQ DV �

%���� 8QLIRUP ,� + DQG FKDQQHO VHFWLRQV ZLWK HTXDO IODQJHV

)RU VHJPHQWV RI XQLIRUP FURVV�VHFWLRQ WKH HTXLYDOHQW VOHQGHUQHVV �/7 VKRXOG EH WDNHQ DV�

LQ ZKLFK�

ZKHUH X DQG [ DUH GHILQHG DV IROORZV� � LV GHILQHG LQ ������� DQG �: LV GHILQHG LQ ��������

7KH EXFNOLQJ SDUDPHWHU X DQG [ WKH WRUVLRQDO LQGH[ DUH JLYHQ E\�

¦ IRU , RU +�VHFWLRQV�

¦ IRU FKDQQHOV ZLWK HTXDO IODQJHV�

LQ ZKLFK�

ZKHUH

$OWHUQDWLYHO\� IRU ZHOGHG , DQG +�VHFWLRQV ZLWK HTXDO IODQJHV� WKH WRUVLRQDO LQGH[ [ PD\ EH REWDLQHG IURP�

¦ LI �/7 � �/�� �/7  �

¦ LI �/� � �/7 � ��/�� �/7  �D/7��/7 ¥ �/���� ���

¦ LI ��/� � �/7 � ��/�� �/7  �D/7�/��� ���

¦ LI �/7 ! ��/�� �/7  D/7��/7 ¥ �/���� ���

�/7  

�  

X  

[  �����KV�$�-����

X   

[  

�  �� ¥ ,\�,[�

$ LV WKH FURVV�VHFWLRQDO DUHD�
+ LV WKH ZDUSLQJ FRQVWDQW�
KV LV WKH GLVWDQFH EHWZHHQ WKH VKHDU FHQWUHV RI WKH IODQJHV�

,[ LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH PDMRU D[LV�

,\ LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH PLQRU D[LV�

- LV WKH WRUVLRQ FRQVWDQW�
6[ LV WKH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV�

[  

��� �
�( S\�� �

���

X�� �:

�

� ���� ��[� �
��� �

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

�6[
�
�

$�KV
�

����������������

 �
� �
� �

����

,\6[ �
�

$�+
������������������

 �
� �
� �

����

����� $+
,\-
���������
 �
� ����

' 7±� �
�%7 GW�

�%7� GW��
������������������������������

���
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%6 �����������

%���� 8QLIRUP , DQG +�VHFWLRQV ZLWK XQHTXDO IODQJHV

%������ (TXLYDOHQW VOHQGHUQHVV

)RU VHJPHQWV RI XQLIRUP FURVV�VHFWLRQ WKH HTXLYDOHQW VOHQGHUQHVV �/7 VKRXOG EH WDNHQ DV�

LQ ZKLFK�

ZKHUH WKH WRUVLRQDO LQGH[ [� WKH IODQJH UDWLR � DQG WKH PRQRV\PPHWU\ LQGH[ � DUH DV GHILQHG EHORZ� X LV DV
GHILQHG IRU DQ , RU +�VHFWLRQ LQ %���� DQG WKH RWKHU SDUDPHWHUV DUH DV GHWDLOHG LQ ��������

7KH WRUVLRQDO LQGH[ [ IRU DQ , RU +�VHFWLRQ LV JLYHQ E\�

LQ ZKLFK�

ZKHUH

$OWHUQDWLYHO\� IRU ZHOGHG , DQG +�VHFWLRQV ZLWK XQHTXDO IODQJHV� WKH WRUVLRQDO LQGH[ PD\ EH REWDLQHG IURP�

ZKHUH

7KH IODQJH UDWLR � LV JLYHQ E\�

ZKHUH

7KH PRQRV\PPHWU\ LQGH[ � PD\ EH HYDOXDWHG XVLQJ�

�/7  

�  

[  �����KV�$�-����

KV  

7F LV WKH WKLFNQHVV RI WKH FRPSUHVVLRQ IODQJH�

7W LV WKH WKLFNQHVV RI WKH WHQVLRQ IODQJH�

[  

%F LV WKH ZLGWK RI WKH FRPSUHVVLRQ IODQJH�

%W LV WKH ZLGWK RI WKH WHQVLRQ IODQJH�

�  

,\F LV WKH VHFRQG PRPHQW RI DUHD RI WKH FRPSUHVVLRQ IODQJH DERXW WKH PLQRU D[LV RI WKH VHFWLRQ�

,\W LV WKH VHFRQG PRPHQW RI DUHD RI WKH WHQVLRQ IODQJH DERXW WKH PLQRU D[LV RI WKH VHFWLRQ�

X�� �:

�

�� � �±� � ���� � [�� �
�

�
�� �� �

���
��� �

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

'
7F 7W�� �

�
������������������������±
 �

� �

KV

%F7F %W7W GW� �

%F7F
� %W7W

� GW�� �
������������������������������������������������������

���

,\F
,\F ,\W�
���������������������

�
�
KV
������

� ,\FKF ,\WKW±� �

,\F ,\W�� �
�����������������������������������������

,\FKF ,\WKW±� � %F7FKF
� %W7WKW

�±� � W
�
��� GF

� GW
�±� �� �

,[
�������������������������������������������������������������������������������������������������������������������������������������������±
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%6 �����������

LQ ZKLFK�

ZKHUH KF DQG KW DUH WKH GLVWDQFHV IURP WKH FHQWUHV RI WKH IODQJHV WR WKH FHQWURLG RI WKH VHFWLRQ�

$OWHUQDWLYHO\� WKH PRQRV\PPHWU\ LQGH[ � PD\ EH DSSUR[LPDWHG DV GHWDLOHG LQ ��������

%������ 'RXEOH�FXUYDWXUH EHQGLQJ

,Q VHJPHQWV VXEMHFW WR GRXEOH�FXUYDWXUH EHQGLQJ� VHFWLRQV ZLWK XQHTXDO IODQJHV VKRXOG VDWLVI\ ERWK RI WKH
IROORZLQJ FULWHULD�

ZKHUH

%���� 7DSHUHG RU KDXQFKHG ,� + RU FKDQQHO VHFWLRQ PHPEHUV

)RU D PHPEHU RU VHJPHQW LQ ZKLFK WKH FURVV�VHFWLRQ YDULHV DORQJ LWV OHQJWK� WKH HTXLYDOHQW XQLIRUP PRPHQW 
IDFWRU P/7 VKRXOG EH WDNHQ DV ���� 7KURXJKRXW WKH OHQJWK RI WKH VHJPHQW WKH PDMRU D[LV PRPHQW 0[ VKRXOG 
QRW H[FHHG WKH FRUUHVSRQGLQJ YDOXH RI 0E GHWHUPLQHG XVLQJ�

¦ WKH SURSHUWLHV RI WKH FURVV�VHFWLRQ DW WKDW SRLQW�
¦ D FRQVWDQW YDOXH RI WKH EHQGLQJ VWUHQJWK SE EDVHG RQ WKH SURSHUWLHV RI WKH FURVV�VHFWLRQ DW WKH SRLQW RI 
PD[LPXP PRPHQW ZLWKLQ WKDW VHJPHQW� GHWHUPLQHG XVLQJ D PRGLILHG HTXLYDOHQW VOHQGHUQHVV �/7 WDNHQ
DV Q WLPHV WKH YDOXH RI �/7 REWDLQHG IURP %���� RU %�����

3URYLGHG WKDW 5I LV QRW OHVV WKDQ ��� WKH HTXLYDOHQW VOHQGHUQHVV IDFWRU Q VKRXOG EH GHWHUPLQHG IURP�

ZKHUH 5I LV WKH UDWLR RI WKH IODQJH DUHD DW WKH SRLQW RI PLQLPXP PRPHQW ZLWKLQ WKH VHJPHQW WR WKDW DW WKH
SRLQW RI PD[LPXP PRPHQW� 7KH YDOXH RI WKH UDWLR 5I VKRXOG EH WDNHQ DV WKH VPDOOHU RI WKH YDOXHV EDVHG 
HLWKHU RQ WKH UDWLR RI WKH WRWDO DUHD RI ERWK IODQJHV RU RQ WKH UDWLR RI WKH DUHD RI WKH FRPSUHVVLRQ IODQJH RQO\�

%���� %R[ VHFWLRQV �LQFOXGLQJ 5+6�

%������ (TXLYDOHQW VOHQGHUQHVV

)RU D FORVHG ER[ VHFWLRQ� LQFOXGLQJ DQ 5+6� WKH HTXLYDOHQW VOHQGHUQHVV �/7 VKRXOG EH WDNHQ DV�

LQ ZKLFK�

GF  KF ¥ 7F ���

GW  KW ¥ 7W ���

,\F  %F
�7F ����

,\W  %W
�7W ����

0[�� � 0E��

0[�� � 0E��

0E�� LV WKH ODWHUDO�WRUVLRQDO EXFNOLQJ UHVLVWDQFH PRPHQW IRU FRPSUHVVLRQ LQ WKH WRS IODQJH�

0E�� LV WKH ODWHUDO�WRUVLRQDO EXFNOLQJ UHVLVWDQFH PRPHQW IRU FRPSUHVVLRQ LQ WKH ERWWRP IODQJH�

0[�� LV WKH PD[LPXP PDMRU D[LV PRPHQW SURGXFLQJ FRPSUHVVLRQ LQ WKH WRS IODQJH�

0[�� LV WKH PD[LPXP PDMRU D[LV PRPHQW SURGXFLQJ FRPSUHVVLRQ LQ WKH ERWWRP IODQJH�

Q  ���� ¥ ���5I� EXW Q � ���

�/7  

�E  

�E  

�  /( �U\

���� �E��:� �
���

6[
�
�E

$-
����������������
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%6 �����������

ZKHUH

%������ 7RUVLRQ FRQVWDQW IRU D ER[ VHFWLRQ

)RU D FORVHG ER[ VHFWLRQ WKH WRUVLRQ FRQVWDQW - PD\ EH REWDLQHG IURP WKH DSSUR[LPDWH IRUPXOD�

ZKHUH

%������ 7RUVLRQ FRQVWDQW IRU DQ 5+6

)RU DQ 5+6� DV DQ DOWHUQDWLYH WR WKH DSSUR[LPDWH IRUPXOD JLYHQ LQ %������ WKH IROORZLQJ PRUH DFFXUDWH
IRUPXOD PD\ EH XVHG�

ZKHUH

%���� 3ODWHV DQG IODWV

)RU DQ LQGLYLGXDO SODWH� IODW� RU RWKHU VROLG UHFWDQJXODU FURVV�VHFWLRQ VXEMHFW WR D PRPHQW DERXW LWV PDMRU 
D[LV� WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 VKRXOG EH WDNHQ DV ��� DQG WKH EXFNOLQJ UHVLVWDQFH
PRPHQW 0E VKRXOG EH GHWHUPLQHG DV GHILQHG LQ ������� XVLQJ WKH HTXLYDOHQW VOHQGHUQHVV �/7 JLYHQ E\�

ZKHUH

$ LV WKH FURVV�VHFWLRQDO DUHD�
,[ LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH PDMRU D[LV�

,\ LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH PLQRU D[LV�

- LV WKH WRUVLRQ FRQVWDQW� VHH %������ DQG %�������
/( LV WKH HIIHFWLYH OHQJWK IRU ODWHUDO�WRUVLRQDO EXFNOLQJ IURP ������

U\ LV WKH PLQRU D[LV UDGLXV RI J\UDWLRQ�

6[ LV WKH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV�

�: LV WKH UDWLR GHILQHG LQ ��������

-  

$K LV WKH DUHD HQFORVHG E\ WKH PHDQ SHULPHWHU�

VL LV WKH EUHDGWK RI DQ LQGLYLGXDO HQFORVLQJ HOHPHQW L�

WL LV WKH WKLFNQHVV RI HOHPHQW L�

-  

K LV WKH PHDQ SHULPHWHU�
W LV WKH WKLFNQHVV RI WKH 5+6�

�/7  

G LV WKH GHSWK�
/( LV WKH HIIHFWLYH OHQJWK IRU ODWHUDO�WRUVLRQDO EXFNOLQJ IURP ������

W LV WKH WKLFNQHVV�
�: LV WKH UDWLR GHILQHG LQ ��������

�$K
�

�� VL WL�� �

�$K
�W

K
���������������� KW�

�
����������

���
�:/(G

W�
��������������������
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%6 �����������

%���� 7�VHFWLRQV

%������ $[HV

)RU V\PPHWULFDO 7�VHFWLRQV WKH D[LV SHUSHQGLFXODU WR WKH FHQWUHOLQH RI WKH ZHE VKRXOG DOZD\V EH WDNHQ DV
WKH [�[ D[LV DQG WKH D[LV RQ WKH FHQWUHOLQH RI WKH ZHE VKRXOG DOZD\V EH WDNHQ DV WKH \�\ D[LV� LUUHVSHFWLYH
WR ZKLFK LV WKH PDMRU D[LV DQG ZKLFK WKH PLQRU D[LV�

%������ (TXLYDOHQW VOHQGHUQHVV

)RU D 7�VHFWLRQ WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 VKRXOG EH WDNHQ DV ��� DQG WKH EXFNOLQJ
UHVLVWDQFH 0E VKRXOG EH GHWHUPLQHG DV GHILQHG LQ ������� XVLQJ WKH HTXLYDOHQW VOHQGHUQHVV �/7 REWDLQHG
IURP WKH IROORZLQJ�

D� LI ,[[  ,\\� ODWHUDO�WRUVLRQDO EXFNOLQJ GRHV QRW RFFXU DQG �/7 LV ]HUR�

E� LI ,\\ ! ,[[� ODWHUDO�WRUVLRQDO EXFNOLQJ RFFXUV DERXW WKH [�[ D[LV DQG �/7 LV JLYHQ E\�

F� LI ,[[ ! ,\\� ODWHUDO�WRUVLRQDO EXFNOLQJ RFFXUV DERXW WKH \�\ D[LV DQG �/7 LV JLYHQ E\�

LQ ZKLFK�

ZKHUH

�/7  

�/7  

X  

�  

Z  

[  

�  

�  /( �U\

% LV WKH IODQJH ZLGWK�
' LV WKH RYHUDOO GHSWK RI WKH 7�VHFWLRQ�
+ LV WKH ZDUSLQJ FRQVWDQW� VHH %�������
,[ LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH [�[ D[LV�
,\ LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH \�\ D[LV�
/( LV WKH HIIHFWLYH OHQJWK IRU ODWHUDO�WRUVLRQDO EXFNOLQJ IURP ������
U\ LV WKH PLQRU D[LV UDGLXV RI J\UDWLRQ�
6[ LV WKH SODVWLF PRGXOXV DERXW WKH [�[ D[LV�
7 LV WKH IODQJH WKLFNQHVV�
W LV WKH ZHE RU VWHP WKLFNQHVV�
�: LV WKH UDWLR GHILQHG LQ ��������

���
�:/(%

7�
��������������������
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%6 �����������

7KH PRQRV\PPHWU\ LQGH[ � VKRXOG EH WDNHQ DV SRVLWLYH ZKHQ WKH IODQJH RI WKH 7�VHFWLRQ LV LQ FRPSUHVVLRQ
DQG QHJDWLYH ZKHQ WKH IODQJH LV LQ WHQVLRQ� ,W PD\ EH HYDOXDWHG XVLQJ�

LQ ZKLFK�

ZKHUH F LV WKH GLVWDQFH IURP WKH RXWVLGH RI WKH IODQJH WR WKH FHQWURLG RI WKH VHFWLRQ�

:KHQ WKH IODQJH LV LQ WHQVLRQ WKH PRQRV\PPHWU\ LQGH[ � PD\ FRQVHUYDWLYHO\ EH WDNHQ DV ¥����

%������ :DUSLQJ FRQVWDQW

)RU D 7�VHFWLRQ WKH ZDUSLQJ FRQVWDQW + VKRXOG EH REWDLQHG IURP�

%���� $QJOH VHFWLRQV

%������ $[HV

([FHSW ZKHQ XVLQJ WKH DSSUR[LPDWH PHWKRG JLYHQ LQ ������ PRPHQWV DSSOLHG WR XQUHVWUDLQHG DQJOHV VKRXOG 
EH UHODWHG WR WKHLU SULQFLSDO D[HV X�X DQG Y�Y� QRW WKHLU JHRPHWULF D[HV [�[ DQG \�\�

%������ (TXDO DQJOHV

)RU D VLQJOH HTXDO OHJ DQJOH� VXEMHFW WR PRPHQWV DERXW LWV PDMRU D[LV X�X� WKH HTXLYDOHQW VOHQGHUQHVV �/7
VKRXOG EH WDNHQ DV�

LQ ZKLFK�

ZKHUH

�  

\R  F ¥ 7��

+  

�/7  ������D�Y����

�D  

�D  �� ¥ ,Y�,X�

�Y  /Y�UY

$ LV WKH FURVV�VHFWLRQDO DUHD�
,X LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH PDMRU D[LV�

,Y LV WKH VHFRQG PRPHQW RI DUHD DERXW WKH PLQRU D[LV�

- LV WKH WRUVLRQ FRQVWDQW�
/Y LV WKH OHQJWK EHWZHHQ SRLQWV ZKHUH WKH PHPEHU LV UHVWUDLQHG LQ ERWK WKH [�[ DQG \�\

GLUHFWLRQV�
UY LV WKH UDGLXV RI J\UDWLRQ DERXW WKH PLQRU D[LV Y�Y�

=X LV WKH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV X�X�

�\R

\R%�7 ��� %7\R
� W

�
��� F 7±� �

� ' F±� �
�±� �� �

,[
��������������������������������������������������������������������������������������������������������������������±
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%6 �����������

%������ 8QHTXDO DQJOHV

)RU D VLQJOH XQHTXDO OHJ DQJOH� VXEMHFW WR PRPHQWV DERXW LWV PDMRU D[LV X�X� WKH HTXLYDOHQW VOHQGHUQHVV �/7
VKRXOG EH WDNHQ DV�

LQ ZKLFK�

7KH PRQRV\PPHWU\ LQGH[ �D IRU DQ XQHTXDO DQJOH VKRXOG EH WDNHQ DV SRVLWLYH ZKHQ WKH VKRUW OHJ LV LQ
FRPSUHVVLRQ DQG QHJDWLYH ZKHQ WKH ORQJ OHJ LV LQ FRPSUHVVLRQ� ,I WKH ORQJ OHJ LV LQ FRPSUHVVLRQ DQ\ZKHUH 
ZLWKLQ WKH VHJPHQW OHQJWK /Y WKHQ �D VKRXOG EH WDNHQ DV QHJDWLYH� ,W PD\ EH HYDOXDWHG IURP�

LQ ZKLFK XL DQG �L DUH WKH FRRUGLQDWHV RI DQ HOHPHQW RI WKH FURVV�VHFWLRQ DQG �R LV WKH FRRUGLQDWH RI WKH VKHDU 
FHQWUH DORQJ WKH Y�Y D[LV� UHODWLYH WR WKH FHQWURLG RI WKH FURVV�VHFWLRQ�

%�� ,QWHUQDO PRPHQWV

%���� *HQHUDO

7KH DGGLWLRQDO LQWHUQDO §VHFRQG�RUGHU¨ PLQRU�D[LV PRPHQW �HTXLYDOHQW WR WKH VWUXW DFWLRQ PRPHQW LQ D
FRPSUHVVLRQ PHPEHU� LQ D PHPEHU VXEMHFW WR H[WHUQDO DSSOLHG PDMRU D[LV PRPHQW� VKRXOG EH WDNHQ DV 
KDYLQJ D PD[LPXP YDOXH 0\�PD[ PLGZD\ EHWZHHQ SRLQWV RI LQIOH[LRQ RI WKH EXFNOHG VKDSH �WKH SRLQWV
EHWZHHQ ZKLFK WKH HIIHFWLYH OHQJWK /( LV PHDVXUHG� JLYHQ E\�

ZKHUH

7KH DGGLWLRQDO LQWHUQDO PLQRU D[LV PRPHQW 0\V DW D GLVWDQFH /] DORQJ WKH PHPEHU IURP D SRLQW RI LQIOH[LRQ 
VKRXOG EH REWDLQHG IURP�

%���� 7�VHFWLRQV

,Q DSSO\LQJ %���� WR D 7�VHFWLRQ� WKH VXEVFULSWV [ DQG \ VKRXOG DOZD\V EH WDNHQ DV UHIHUULQJ WR WKH PDMRU
D[LV DQG WKH PLQRU D[LV UHVSHFWLYHO\� HYHQ ZKHUH WKH RSSRVLWH VXEVFULSW LV XVHG LQ %������E��

%���� $QJOHV

,Q DSSO\LQJ %���� WR DQ DQJOH� WKH VXEVFULSWV [ DQG \ VKRXOG EH WDNHQ DV UHIHUULQJ WR WKH PDMRU D[LV X¥X DQG
PLQRU D[LV Y¥Y UHVSHFWLYHO\�

�/7  �����D��D�Y����

�D  

�D  

0\�PD[  �S\�SE ¥ ���0F\�0F[�P/70[

0F[ LV WKH PDMRU D[LV PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ� DVVXPLQJ ]HUR VKHDU� VHH ������

0F\ LV WKH PLQRU D[LV PRPHQW FDSDFLW\ RI WKH FURVV�VHFWLRQ� DVVXPLQJ ]HUR VKHDU� VHH ������

0[ LV WKH PD[LPXP PDMRU D[LV PRPHQW LQ WKH OHQJWK / RI WKH VHJPHQW�

P/7 LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU ODWHUDO�WRUVLRQDO EXFNOLQJ� VHH ��������

SE LV WKH EHQGLQJ VWUHQJWK IRU UHVLVWDQFH WR ODWHUDO�WRUVLRQDO EXFNOLQJ� VHH ������� �RU %������

0\V  0\�PD[ VLQ����/]�/(�

�

�
����D
�Y

���������������
 �
� �

�
�
 �

� �
��� ����D

�Y
����������������

���
��������������������������������������������������������������������������������
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%6 �����������

$QQH[ & �QRUPDWLYH�
&RPSUHVVLYH VWUHQJWK

&�� 6WUXW IRUPXOD

7KH FRPSUHVVLYH VWUHQJWK SF VKRXOG EH WDNHQ DV WKH VPDOOHU URRW RI�

IURP ZKLFK WKH YDOXH RI SF PD\ EH REWDLQHG XVLQJ�

LQ ZKLFK�

ZKHUH

&�� 3HUU\ IDFWRU DQG 5REHUWVRQ FRQVWDQW

7KH 3HUU\ IDFWRU � IRU IOH[XUDO EXFNOLQJ XQGHU D[LDO IRUFH VKRXOG EH WDNHQ DV�

LQ ZKLFK WKH OLPLWLQJ VOHQGHUQHVV �� VKRXOG EH WDNHQ DV �

7KH 5REHUWVRQ FRQVWDQW D VKRXOG EH WDNHQ DV IROORZV�

&�� 6WUXW DFWLRQ

7KH DGGLWLRQDO LQWHUQDO §VHFRQG�RUGHU¨ EHQGLQJ PRPHQW GXH WR VWUXW DFWLRQ LQ D PHPEHU QRW VXEMHFW WR
H[WHUQDO DSSOLHG PRPHQW� VKRXOG EH WDNHQ DV KDYLQJ D PD[LPXP YDOXH 0PD[ PLGZD\ EHWZHHQ SRLQWV RI 
LQIOH[LRQ RI WKH EXFNOHG VKDSH �WKH SRLQWV EHWZHHQ ZKLFK WKH HIIHFWLYH OHQJWK /( LV PHDVXUHG� JLYHQ E\�

ZKHUH

7KH VWUXW DFWLRQ PRPHQW 0V DW D GLVWDQFH /] DORQJ WKH PHPEHU IURP D SRLQW RI LQIOH[LRQ VKRXOG EH REWDLQHG 
IURP�

SF  

�  

S(  ���(����

S\ LV WKH GHVLJQ VWUHQJWK�

� LV WKH VOHQGHUQHVV� VHH ������

�  D�� ¥ ����� ��� EXW � � �

¦ IRU VWUXW FXUYH �D�� D  ����
¦ IRU VWUXW FXUYH �E�� D  ����
¦ IRU VWUXW FXUYH �F�� D  ����
¦ IRU VWUXW FXUYH �G�� D  ����

0PD[  

IF LV WKH FRPSUHVVLYH VWUHVV GXH WR D[LDO IRUFH�

SF LV WKH FRPSUHVVLYH VWUHQJWK� VHH ����� �RU &����

6 LV WKH SODVWLF PRGXOXV RI WKH VWUXW IRU EHQGLQJ DERXW WKH D[LV RI EXFNOLQJ�

0V  0PD[ VLQ����/]�/(�

S( SF±� � S\ SF±� � �S(SF 

S(S\

� �
� S(S\±� ��

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

S\ � ��� �S(�
�

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

��� �
�( S\�� �

���

S\ SF �±�� �IF6
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$QQH[ ' �QRUPDWLYH�
(IIHFWLYH OHQJWKV RI FROXPQV LQ VLPSOH VWUXFWXUHV

'�� &ROXPQV IRU VLQJOH VWRUH\ EXLOGLQJV

'���� 7\SLFDO FDVHV

7KH HIIHFWLYH OHQJWKV RI FROXPQV IRU VLQJOH VWRUH\ EXLOGLQJV RI VLPSOH GHVLJQ� VHH �������� VKRXOG EH
GHWHUPLQHG E\ UHIHUHQFH WR WKH W\SLFDO FDVHV LOOXVWUDWHG LQ )LJXUH '�� WR )LJXUH '��� SURYLGHG WKDW WKH
IROORZLQJ FRQGLWLRQV DSSO\�

D� ,Q WKH SODQH RI WKH GLDJUDP WKH FROXPQV DFW DV FDQWLOHYHUV WLHG WRJHWKHU E\ WKH URRI WUXVVHV� EXW LQ WKLV
SODQH WKH WRSV RI WKH FROXPQV DUH QRW RWKHUZLVH KHOG LQ SRVLWLRQ RU UHVWUDLQHG LQ GLUHFWLRQ�

E� 3HUSHQGLFXODU WR WKH SODQH RI WKH GLDJUDP� WKH WRSV RI WKH FROXPQV DUH HIIHFWLYHO\ KHOG LQ SRVLWLRQ E\
PHPEHUV FRQQHFWLQJ WKHP WR D EUDFHG ED\� RU E\ RWKHU VXLWDEOH PHDQV� ,Q WKH FDVH RI )LJXUH '�� WR
)LJXUH '�� WKH EUDFHG ED\ DOVR KROGV WKH FROXPQV LQ SRVLWLRQ DW FUDQH JLUGHU OHYHO�

F� 7KH EDVHV RI WKH FROXPQV DUH HIIHFWLYHO\ KHOG LQ SRVLWLRQ DQG UHVWUDLQHG LQ GLUHFWLRQ LQ ERWK SODQHV�

G� 7KH IRXQGDWLRQV DUH FDSDEOH RI SURYLGLQJ UHVWUDLQW FRPPHQVXUDWH ZLWK WKDW SURYLGHG E\ WKH EDVH�

'���� 9DULDWLRQV

:KHUH WKH FRQGLWLRQV GLIIHU IURP WKRVH GHWDLOHG LQ '����� WKH IROORZLQJ PRGLILFDWLRQV VKRXOG EH PDGH WR WKH
HIIHFWLYH OHQJWKV VKRZQ LQ )LJXUH '�� WR )LJXUH '���

D� ,I� LQ WKH SODQH RI WKH GLDJUDP� WKH WRSV RI WKH FROXPQV DUH HIIHFWLYHO\ KHOG LQ SRVLWLRQ E\ KRUL]RQWDO
EUDFLQJ RU RWKHU VXLWDEOH PHDQV� WKH HIIHFWLYH OHQJWKV LQ WKLV SODQH VKRXOG EH REWDLQHG IURP 7DEOH ��D��

E� ,I� LQ WKH SODQH RI WKH GLDJUDP� WKH URRI WUXVV RU RWKHU URRI PHPEHU LV FRQQHFWHG WR WKH FROXPQV E\ D 
FRQQHFWLRQ FDSDEOH RI WUDQVPLWWLQJ DSSUHFLDEOH PRPHQW� WKH HIIHFWLYH OHQJWK RI WKH VWDQFKLRQ LQ WKLV
SODQH VKRXOG EH GHWHUPLQHG LQ DFFRUGDQFH ZLWK $QQH[ (�

F� ,I� SHUSHQGLFXODU WR WKH SODQH RI WKH GLDJUDP� RQH IODQJH RQO\ RI WKH VWDQFKLRQ LV UHVWUDLQHG DW LQWHUYDOV
E\ VKHHWLQJ UDLOV� WKHQ IRU EXFNOLQJ RXW�RI�SODQH WKH PHWKRG JLYHQ LQ $QQH[ * VKRXOG EH XVHG�

G� ,I� SHUSHQGLFXODU WR WKH SODQH RI WKH GLDJUDP� WKH EDVH RI WKH FROXPQ LV QRW HIIHFWLYHO\ UHVWUDLQHG LQ 
GLUHFWLRQ� WKH HIIHFWLYH OHQJWKV ����/ RU ����/� LQ )LJXUH '�� WR )LJXUH '�� VKRXOG EH LQFUHDVHG WR ���/ RU 
���/� UHVSHFWLYHO\�
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)LJXUH '�� ¦ 6LGH FROXPQ ZLWKRXW LQWHUPHGLDWH ODWHUDO UHVWUDLQW

L

See D.1.1. (b)

Effective length of column:
Axis X - X = 1.5L
Axis Y - Y = 0.85L

X

X

Y Y
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)LJXUH '�� ¦ 6LGH FROXPQ ZLWK LQWHUPHGLDWH ODWHUDO UHVWUDLQW WR ERWK IODQJHV

X

Y Y

L

L
3

L

L

2

1

X

X

X

Y Y

Alternative methods
of restraint

Effective length of column:
Axis X - X = 1.5L
Axis Y - Y = 0.85L1,1.0L2 or 1.0L3
                       whichever is the greatest
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)LJXUH '�� ¦ 6LPSOH VLGH FROXPQ ZLWK FUDQH JDQWU\ EHDPV
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)LJXUH '�� ¦ &RPSRXQG VLGH FROXPQ ZLWK FUDQH JDQWU\ EHDPV

Upper roof column

L1

C.G. Y1

Y1

Y

Y

A

A

B B

L

L

L

2

3

L
4

L 5

L
9

L
8

L

L
7

6

Lower roof column

Crane column

X

X

Y2Y2

Effective lengths of columns:
Upper roof column
Axis X - X = 1.5L1
Axis Y - Y = Y2 - Y2 = L1

Lower roof column
Axis B - B = 0.85L
Axis Y - Y = L2, L3, L4 or L5
whichever is the greatest

Crane column
Axis B - B = 0.85L
Axis Y1 - Y1 = L6, L7, L8 or L9
whichever is the greatest

Combined roof and crane column
Axis A - A = 1.5L
Axis B - B = 0.85L
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)LJXUH '�� ¦ &RPSRXQG YDOOH\ FROXPQ ZLWK FUDQH JDQWU\ EHDPV

Roof column

Crane column

A

A

A

B B

B1 B1

Effective lengths of columns:
Roof column
Axis B1 - B1 = L1
Axis  A - A = 1.5L1

Crane column
Axis B - B = 0.85L
Axis Y - Y = L2, L3, L4 or L5
whichever is the greatest

Combined crane column
Axis A - A = 1.5L
Axis B - B = 0.85L

Y Y

Y Y

C.G.

L1

L5

L4

L

L3

L2
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'�� &ROXPQV VXSSRUWLQJ LQWHUQDO SODWIRUP IORRUV

7KH HIIHFWLYH OHQJWKV RI FROXPQV VXSSRUWLQJ LQWHUQDO SODWIRUP IORRUV RI VLPSOH GHVLJQ� VHH �������� VKRXOG EH
GHWHUPLQHG IURP 7DEOH '��� GHSHQGLQJ RQ WKH FRQGLWLRQV RI GLUHFWLRQDO UHVWUDLQW DW WKH KHDG DQG WKH EDVH
RI WKH FROXPQ LQ WKH UHOHYDQW SODQH� DQG RQ ZKHWKHU WKH SODWIRUP LV EUDFHG DJDLQVW VZD\ LQ WKDW SODQH E\
VRPH DSSURSULDWH PHDQV RWKHU WKDQ WKH VWUHQJWK DQG VWLIIQHVV RI WKH FROXPQV WKHPVHOYHV�

)RU FROXPQV WKDW DUH XQEUDFHG LQ WKH UHOHYDQW SODQH� ZKHUH DW OHDVW ILYH FROXPQV DFW WRJHWKHU WR UHVLVW
VZD\� WKH UHGXFHG HIIHFWLYH OHQJWKV JLYHQ LQ FDVH F� RI 7DEOH '�� PD\ EH XVHG� H[FHSW IRU FROXPQV VXSSRUWLQJ 
VWRUDJH ORDGV�

,Q DVVHVVLQJ WKH FRQGLWLRQV RI IL[LW\� QR JUHDWHU GLUHFWLRQDO UHVWUDLQW VKRXOG EH DVVXPHG WKDQ FDQ UHOLDEO\ 
EH SURYLGHG DW WKH KHDG RI D FROXPQ E\ WKH FDS�SODWH� WKH EHDPV DQG WKH FRQQHFWLRQ GHWDLOV� RU DW WKH EDVH
RI D FROXPQ E\ WKH EDVHSODWH� WKH EDVH VODE DQG WKH FRQQHFWLRQ EHWZHHQ WKHP�

7DEOH '�� ¦ (IIHFWLYH OHQJWKV RI FROXPQV IRU LQWHUQDO SODWIRUP IORRUV

$QQH[ ( �QRUPDWLYH�
(IIHFWLYH OHQJWKV RI FRPSUHVVLRQ PHPEHUV LQ FRQWLQXRXV VWUXFWXUHV

(�� *HQHUDO

7KH HIIHFWLYH OHQJWK /( IRU LQ�SODQH EXFNOLQJ RI D FROXPQ RU RWKHU FRPSUHVVLRQ PHPEHU LQ D FRQWLQXRXV
VWUXFWXUH ZLWK PRPHQW�UHVLVWLQJ MRLQWV� VKRXOG EH GHWHUPLQHG XVLQJ WKH PHWKRGV JLYHQ LQ WKLV DQQH[�

*HQHUDOO\� WKH HIIHFWLYH OHQJWK UDWLR /(�/ VKRXOG EH REWDLQHG IURP )LJXUH (�� IRU WKH QRQ�VZD\ PRGH RU
)LJXUH (�� IRU WKH VZD\ PRGH� DV DSSURSULDWH�

'LVWULEXWLRQ IDFWRUV IRU FROXPQV LQ PXOWL�VWRUH\ EXLOGLQJV PD\ EH GHWHUPLQHG XVLQJ WKH OLPLWHG IUDPH
PHWKRG JLYHQ LQ (��� 7KH VWLIIHQLQJ HIIHFW RI LQILOO ZDOO SDQHOV PD\ EH WDNHQ LQWR DFFRXQW DV JLYHQ LQ (���

'LVWULEXWLRQ IDFWRUV IRU RWKHU FRPSUHVVLRQ PHPEHUV VKRXOG EH GHWHUPLQHG E\ UHIHUHQFH WR (���

,Q VWUXFWXUHV LQ ZKLFK IUDPHV ZLWK PRPHQW�UHVLVWLQJ MRLQWV SURYLGH VZD\ UHVLVWDQFH WR VLPSOH FROXPQV �RU
RWKHU FROXPQV WKDW GR QRW FRQWULEXWH WR WKH VZD\ UHVLVWDQFH LQ WKDW SODQH�� WKH LQ�SODQH HIIHFWLYH OHQJWKV RI
WKH FROXPQV FRQWULEXWLQJ WR WKH VZD\ UHVLVWDQFH VKRXOG EH LQFUHDVHG DV GHWDLOHG LQ (���

$OWHUQDWLYHO\� WKH HIIHFWLYH OHQJWK PD\ EH GHULYHG IURP WKH HODVWLF FULWLFDO ORDG IDFWRU� WDNLQJ DFFRXQW RI WKH 
YHUWLFDO ORDGV VXSSRUWHG E\ WKH ZKROH VWUXFWXUH� VHH (���

&DVH 'LUHFWLRQDO UHVWUDLQW DW
EDVH RI FROXPQ

'LUHFWLRQDO UHVWUDLQW DW KHDG RI FROXPQ

(IIHFWLYHO\
UHVWUDLQHG

3DUWLDOO\ 
UHVWUDLQHG

1RPLQDOO\
SLQQHG

7UXO\
SLQQHG

D� %UDFHG FROXPQ (IIHFWLYHO\ UHVWUDLQHG ����/ ����/ ����/ ����/
3DUWLDOO\ UHVWUDLQHG ����/ ����/ ����/ ����/
1RPLQDOO\ SLQQHG ����/ ����/ ����/ ����/
7UXO\ SLQQHG ����/ ����/ ����/ $YRLG

E� 8QEUDFHG FROXPQ
([FHSW DV LQ FDVH F�

(IIHFWLYHO\ UHVWUDLQHG ����/ ����/ ����/ ����/
3DUWLDOO\ UHVWUDLQHG ����/ ����/ ����/ ����/D

1RPLQDOO\ SLQQHG ����/ ����/ $YRLG $YRLG
7UXO\ SLQQHG ����/ $YRLG $YRLG $YRLG

F� 8QEUDFHG FROXPQ (IIHFWLYHO\ UHVWUDLQHG ����/ ����/ ����/ ����/
)LYH RU PRUH FROXPQV
WLHG WRJHWKHU

3DUWLDOO\ UHVWUDLQHG ����/ ����/ ����/ ����/D

1RPLQDOO\ SLQQHG ����/ ����/ $YRLG $YRLG
1R VWRUDJH ORDGV 7UXO\ SLQQHG ����/ $YRLG $YRLG $YRLG
D )RU EXFNOLQJ DERXW PDMRU D[LV RQO\� 7R EH DYRLGHG IRU EXFNOLQJ DERXW PLQRU D[LV�

!NOTE   Recommendations for the necessary stiffness of the moment-resisting joints are given in 6.1.5."
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(�� &ROXPQV LQ PXOWL�VWRUH\ EXLOGLQJV

(���� /LPLWHG IUDPH PHWKRG

)RU FROXPQV LQ PXOWL�VWRUH\ EHDP�DQG�FROXPQ IUDPHG EXLOGLQJV ZLWK IXOO FRQWLQXLW\ DW PRPHQW�UHVLVWLQJ 
MRLQWV DQG FRQFUHWH RU FRPSRVLWH IORRU DQG URRI VODEV� WKH HIIHFWLYH OHQJWK /( IRU LQ�SODQH EXFNOLQJ RI D 
FROXPQ�OHQJWK PD\ EH GHWHUPLQHG RQ WKH EDVLV RI WKH OLPLWHG IUDPH VKRZQ LQ )LJXUH (��� 7KH GLVWULEXWLRQ 
IDFWRUV N� DQG N� IRU WKH HQGV RI WKH FROXPQ�OHQJWK VKRXOG EH REWDLQHG IURP�

,I DQ\ PHPEHU VKRZQ LQ )LJXUH (�� LV QRW SUHVHQW LQ WKH DFWXDO VWUXFWXUH� RU LV QRW ULJLGO\ FRQQHFWHG WR WKH
FROXPQ�OHQJWK EHLQJ GHVLJQHG� LWV VWLIIQHVV VKRXOG EH WDNHQ DV ]HUR LQ GHWHUPLQLQJ GLVWULEXWLRQ IDFWRUV�

,I WKH PRPHQW DW RQH HQG RI WKH FROXPQ�OHQJWK EHLQJ GHVLJQHG H[FHHGV �� � RI LWV UHGXFHG SODVWLF PRPHQW 
FDSDFLW\ 0U LQ WKH SUHVHQFH RI D[LDO IRUFH� WKH GLVWULEXWLRQ IDFWRU N IRU WKDW HQG RI WKH FROXPQ�OHQJWK VKRXOG
EH WDNHQ DV XQLW\�

(���� %HDP VWLIIQHVV

7KH VWLIIQHVV FRHIILFLHQW .E IRU D EHDP GLUHFWO\ VXSSRUWLQJ D FRQFUHWH RU FRPSRVLWH IORRU VODE VKRXOG 
QRUPDOO\ EH WDNHQ DV ,�/ IRU ERWK WKH VZD\ PRGH DQG WKH QRQ�VZD\ PRGH� SURYLGHG WKDW WKH EHDP GRHV QRW
FDUU\ D[LDO IRUFH� RWKHU WKDQ WKDW GXH WR VKDULQJ ZLQG ORDGV RU QRWLRQDO KRUL]RQWDO ORDGV EHWZHHQ FROXPQV�

7KH VWLIIQHVV FRHIILFLHQW .E IRU DQ\ RWKHU EHDP VKRXOG EH REWDLQHG�

¦ IURP 7DEOH (�� IRU RWKHU EHDPV LQ EXLOGLQJV ZLWK FRQFUHWH RU FRPSRVLWH IORRU VODEV�
¦ E\ UHIHUHQFH WR (���� IRU EHDPV LQ RWKHU UHFWLOLQHDU IUDPHV�

)RU EHDPV ZLWK D[LDO IRUFHV� UHIHUHQFH VKRXOG EH PDGH WR (����� ,I D EHDP KDV VHPL�ULJLG FRQQHFWLRQV� LWV 
HIIHFWLYH VWLIIQHVV FRHIILFLHQW VKRXOG EH UHGXFHG DFFRUGLQJO\�

N  7RWDO VWLIIQHVV RI WKH FROXPQV DW WKH MRLQW
7RWDO VWLIIQHVV RI DOO WKH PHPEHUV DW WKH MRLQW
�����������������������������������������������������������������������������������������������������������������������������
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127( 7KLV ILJXUH VKRZV YDOXHV RI /(�/ WKDW VDWLVI\�

LQ ZKLFK�

$ FRQVHUYDWLYH YDOXH RI /(�/ IRU JLYHQ YDOXHV RI N� DQG N� PD\ EH REWDLQHG IURP�

)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ IRU WKH QRQ�VZD\ EXFNOLQJ PRGH

1.0

0.95

0.75

0.7

0.0
Fixed

0.1 0.2 0.3 0.4 1.00.90.80.70.60.5

0.8

0.7

0.9

0.0

1.0

0.6

0.5

0.4

0.3

0.2

0.1

k2 Pinned

k1

Pinned

Fixed
0.5

0.65

0.525

0.55

0.575

0.6

0.625

0.8

0.85

0.9

0.675

N�

� $N�±
$ %N�±
��������������������� 

$ � �
�
���± �

�

� �± �FRW
�������������������������� � �FRW� 

% $� �
��
������± �

�

� � �FRW±
�������������������������� � �FRW±

�

 

�
� ��

/( /�
��������������� UDGLDQV� � 

/( /� ��� ����� N� N��� � ����� N� N��� �
���
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127( 7KLV ILJXUH VKRZV YDOXHV RI /(�/ WKDW VDWLVI\�

LQ ZKLFK�

$ FRQVHUYDWLYH YDOXH RI /(�/ IRU JLYHQ YDOXHV RI N� DQG N� PD\ EH REWDLQHG IURP�

)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ IRU WKH VZD\ EXFNOLQJ PRGH

N�

� $N�±
$ %N�±
��������������������� 

$ � ����± � �FRW �WDQ±� � 

% $� ����� �FRW �WDQ�� �� �
�± 

�
� ��

/( /�
��������������� UDGLDQV� � 

/( /�
� ���± N� N��� � ����N�N�±
� ���± N� N��� � ���N�N

�Â
�

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

�
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7DEOH (�� ¦ 6WLIIQHVV FRHIILFLHQWV .E RI EHDPV LQ EXLOGLQJV ZLWK IORRU VODEV

:KHUHYHU D SHDN PRPHQW LQ D EHDP H[FHHGV �� � RI LWV UHGXFHG SODVWLF PRPHQW FDSDFLW\ 0U LQ WKH SUHVHQFH
RI D[LDO IRUFH� LW VKRXOG EH WUHDWHG DV SLQQHG DW WKDW SRLQW� ,I VXFK D SRLQW RFFXUV RQO\ DW WKH IDU HQG RI WKH 
EHDP WKH YDOXH RI .E VKRXOG EH WDNHQ DV ����,�/ �RU WKH YDOXH IURP 7DEOH (��� LI OHVV�� RWKHUZLVH .E VKRXOG
EH WDNHQ DV ]HUR�

,Q D VWUXFWXUH GHVLJQHG XVLQJ SODVWLF DQDO\VLV� D EHDP VKRXOG EH WDNHQ DV KDYLQJ D VWLIIQHVV FRHIILFLHQW .E
RI ]HUR XQOHVV LW KDV EHHQ GHVLJQHG WR UHPDLQ HODVWLF�

(���� %DVH VWLIIQHVV

7KH EDVH VWLIIQHVV VKRXOG EH GHWHUPLQHG E\ UHIHUHQFH WR ������ ,Q GHWHUPLQLQJ WKH GLVWULEXWLRQ IDFWRU N DW
WKH IRRW RI D FROXPQ� WKH EDVH VWLIIQHVV VKRXOG EH WUHDWHG DV D EHDP VWLIIQHVV� QRW D FROXPQ VWLIIQHVV�

(���� &ROXPQ VWLIIQHVV

7KH VWLIIQHVV FRHIILFLHQW .F RI DQ DGMDFHQW FROXPQ�OHQJWK DERYH RU EHORZ WKH FROXPQ�OHQJWK EHLQJ GHVLJQHG

'LVWULEXWLRQ IDFWRUV�

ZKHUH

.� DQG .� DUH WKH YDOXHV RI .F IRU WKH DGMDFHQW FROXPQ�OHQJWKV�

.��� .��� .�� DQG .�� DUH WKH YDOXHV RI .E IRU WKH DGMDFHQW EHDPV�

)LJXUH (�� ¦ 'LVWULEXWLRQ IDFWRUV IRU FRQWLQXRXV FROXPQV

/RDGLQJ FRQGLWLRQV IRU WKH EHDP 1RQ�VZD\ PRGH 6ZD\ PRGH

%HDPV GLUHFWO\ VXSSRUWLQJ FRQFUHWH RU 
FRPSRVLWH IORRU RU URRI VODEV

���,�/ ���,�/

2WKHU EHDPV ZLWK GLUHFW ORDGV ����,�/ ���,�/
%HDPV ZLWK HQG PRPHQWV RQO\ ���,�/ ���,�/

K
1

k
1

K
c

k
2

K
2

K
21

K
22

K
11

K
12

Column-length being designed

N�

.F .��
.F .� .�� .��� � �
���������������������������������������������������� 

N�

.F .��
.F .� .�� .��� � �
���������������������������������������������������� 

should be taken as I/L. !Text deleted"

should be taken as I/L. !Text deleted"
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(�� 3DUWLDO VZD\ EUDFLQJ

(���� *HQHUDO

7KH VWLIIHQLQJ HIIHFW RI LQILOO ZDOO SDQHOV LQ EXLOGLQJV ZLWK XQEUDFHG IUDPHV �VHH ������ WKDW GR QRW VDWLVI\ 
WKH FRQGLWLRQV IRU QRQ�VZD\ IUDPHV JLYHQ LQ �������� PD\ EH WDNHQ LQWR DFFRXQW� 3URYLGHG WKDW WKH SDQHOV
FRQIRUP WR (����� WKH PHWKRG IRU FROXPQV LQ PXOWL�VWRUH\ EXLOGLQJV JLYHQ LQ (�� PD\ EH XVHG LQ DVVRFLDWLRQ
ZLWK )LJXUH (�� DQG )LJXUH (�� DQG WKH DSSURSULDWH YDOXH RI WKH UHODWLYH VWLIIQHVV NS�

7KH YDOXH RI NS IRU WKH LQILOO ZDOO SDQHOV VKRXOG EH REWDLQHG IURP (����� )RU LQWHUPHGLDWH YDOXHV RI NS
EHWZHHQ � DQG � RU � DQG � LQWHUSRODWLRQ PD\ EH FDUULHG RXW� XVLQJ )LJXUH (�� IRU NS   ��

(���� :DOO SDQHOV

7R EH WDNHQ DV HIIHFWLYH� D ZDOO SDQHO VKRXOG EH ORFDWHG LQ WKH SODQH RI WKH IUDPH DQG H[WHQG WKH IXOO FOHDU 
KHLJKW RI WKH VWRUH\� ,W PD\ EH FRPSRVHG RI DQ\ PDWHULDO FDSDEOH RI UHVLVWLQJ D GLDJRQDO FRPSUHVVLYH IRUFH�

(���� 5HODWLYH VWLIIQHVV

7KH UHODWLYH VWLIIQHVV NS RI WKH HIIHFWLYH EUDFLQJ LQ DQ\ VWRUH\ VKRXOG EH REWDLQHG XVLQJ�

ZKHUH

(����  6WLIIQHVV RI SDQHOV

7KH VSULQJ VWLIIQHVV 6S RI DQ LQILOO ZDOO SDQHO PD\ EH GHWHUPLQHG IURP�

ZKHUH

NS  EXW NS � �

( LV WKH PRGXOXV RI HODVWLFLW\ RI VWHHO�
K LV WKH VWRUH\ KHLJKW�

.F
LV WKH VXP RI WKH VWLIIQHVV FRHIILFLHQWV .F RI WKH FROXPQV LQ WKDW VWRUH\ RI WKH IUDPH�
VHH (�����

6S
LV WKH VXP RI WKH VSULQJ VWLIIQHVVHV �KRUL]RQWDO IRUFH SHU XQLW KRUL]RQWDO GHIOHFWLRQ� RI WKH 
SDQHOV LQ WKDW VWRUH\ RI WKH IUDPH� VHH (�����

6S  

E LV WKH ZLGWK RI WKH SDQHO�
(S LV WKH PRGXOXV RI HODVWLFLW\ IRU WKH SDQHO PDWHULDO�

K LV WKH VWRUH\ KHLJKW�
W LV WKH WKLFNQHVV RI WKH SDQHO�

K�
�6S

��(�.F
����������������������

�

�

��� K E�� �W(S

� K E�� �
��� �

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

!Text deleted"
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)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ ZLWK SDUWLDO VZD\ EUDFLQJ RI UHODWLYH VWLIIQHVV NS   �

0.0
Fixed
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(�� 2WKHU FRPSUHVVLRQ PHPEHUV

(���� 2WKHU UHFWLOLQHDU IUDPHV

)RU UHFWLOLQHDU �EHDP�DQG�FROXPQ W\SH� IUDPHV ZLWK IXOO FRQWLQXLW\ DW PRPHQW�UHVLVWLQJ MRLQWV� LQ ZKLFK
WKH EHDPV GR QRW KDYH WKH EHQHILW RI VXSSRUWLQJ FRQFUHWH RU FRPSRVLWH VODEV� WKH LQ�SODQH HIIHFWLYH OHQJWKV
RI WKH FRPSUHVVLRQ PHPEHUV PD\ EH GHWHUPLQHG XVLQJ WKH OLPLWHG IUDPH PHWKRG JLYHQ LQ (���� DV IROORZV�

3URYLGHG WKDW WKH EHDPV� RU RWKHU UHVWUDLQLQJ PHPEHUV� DUH QRW VXEMHFW WR D[LDO IRUFHV� DQG DUH GHVLJQHG WR
UHPDLQ HODVWLF� WKHLU VWLIIQHVV FRHIILFLHQWV VKRXOG EH REWDLQHG IURP 7DEOH (��� 7KH JHQHUDO FDVH JLYHQ LQ WKH
WDEOH VKRXOG EH XVHG WR DOORZ IRU WKH HIIHFWV RI ORDGV RQ EHDPV RQ WKHLU VWLIIQHVV FRHIILFLHQWV� ,I D EHDP KDV
VHPL�ULJLG FRQQHFWLRQV� LWV HIIHFWLYH VWLIIQHVV FRHIILFLHQW VKRXOG EH UHGXFHG DFFRUGLQJO\�

)LJXUH (�� ¦ (IIHFWLYH OHQJWK UDWLR /(�/ ZLWK SDUWLDO VZD\ EUDFLQJ RI UHODWLYH VWLIIQHVV NS   �
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7DEOH (�� ¦ *HQHUDO VWLIIQHVV FRHIILFLHQWV .E IRU EHDPV

:KHUH D SHDN PRPHQW LQ D EHDP H[FHHGV �� � RI LWV UHGXFHG SODVWLF PRPHQW FDSDFLW\ 0U LQ WKH SUHVHQFH
RI D[LDO IRUFH� LW VKRXOG EH WUHDWHG DV SLQQHG DW WKDW SRLQW� ,Q D VWUXFWXUH GHVLJQHG XVLQJ SODVWLF DQDO\VLV� D 
EHDP VKRXOG EH WDNHQ DV KDYLQJ D VWLIIQHVV FRHIILFLHQW .E RI ]HUR� XQOHVV LW KDV EHHQ GHVLJQHG WR UHPDLQ
HODVWLF�

3URYLGHG WKDW WKH IUDPH LV UHJXODU LQ OD\RXW� XQOHVV D GLIIHUHQW IL[LW\ FRQGLWLRQ RFFXUV DW LWV IDU HQG WKH
VWLIIQHVV FRHIILFLHQWV .E IRU WKH EHDPV VKRXOG EH WDNHQ DV ���,�/ �VLQJOH FXUYDWXUH� IRU WKH QRQ�VZD\ PRGH 
DQG ���,�/ �GRXEOH FXUYDWXUH� IRU WKH VZD\ PRGH�

(���� (IIHFW RI D[LDO IRUFHV LQ UHVWUDLQLQJ PHPEHUV

)LJXUH (�� DQG )LJXUH (�� PD\ DOVR EH XVHG IRU FRPSUHVVLRQ PHPEHUV LQ FRQWLQXRXV IUDPHV ZLWK 
PRPHQW�UHVLVWLQJ MRLQWV LQ ZKLFK WKH UHVWUDLQLQJ PHPEHUV DUH VXEMHFW WR D[LDO IRUFHV� SURYLGHG WKDW WKH
HIIHFW RI D[LDO IRUFH RQ WKH VWLIIQHVV RI WKH UHVWUDLQLQJ PHPEHUV LV WDNHQ LQWR DFFRXQW�

)RU WKH QRQ�VZD\ PRGH� WKH VWLIIQHVV FRHIILFLHQWV PD\ EH DGMXVWHG XVLQJ DSSURSULDWH VWDELOLW\ IXQFWLRQV�
$OWHUQDWLYHO\� WKH LQFUHDVHG VWLIIQHVV GXH WR D[LDO WHQVLRQ VKRXOG EH QHJOHFWHG DQG WKH HIIHFWV RI D[LDO
FRPSUHVVLRQ VKRXOG EH DOORZHG IRU E\ XVLQJ WKH FRQVHUYDWLYH DSSUR[LPDWLRQV JLYHQ LQ 7DEOH (���

)RU WKH VZD\ PRGH� WKH LQ�SODQH HIIHFWLYH OHQJWK VKRXOG EH REWDLQHG IURP WKH HODVWLF FULWLFDO ORDG IDFWRU �FU
RI WKH IUDPH� VHH (���

7DEOH (�� ¦ $SSUR[LPDWH YDOXHV RI .E IRU EHDPV VXEMHFW WR D[LDO FRPSUHVVLRQ

(�� 0L[HG IUDPHV

,Q PRPHQW�UHVLVWLQJ RU WULDQJXODWHG IUDPHV WKDW SURYLGH VZD\ UHVLVWDQFH WR VLPSOH FROXPQV RU WR RWKHU 
FROXPQV WKDW GR QRW FRQWULEXWH WR WKH VZD\ UHVLVWDQFH LQ WKDW SODQH� WKH LQ�SODQH HIIHFWLYH OHQJWKV RI WKH
FROXPQV LQ HDFK VWRUH\ FRQWULEXWLQJ WR WKH VZD\ UHVLVWDQFH VKRXOG EH LQFUHDVHG E\ WKH UDWLR �) JLYHQ E\�

ZKHUH

$OWHUQDWLYHO\� WKH HIIHFWLYH OHQJWKV PD\ EH GHULYHG IURP WKH HODVWLF FULWLFDO ORDG IDFWRU� VHH (��� WDNLQJ
DFFRXQW RI WKH YHUWLFDO ORDGV VXSSRUWHG E\ WKH ZKROH VWUXFWXUH�

5RWDWLRQDO UHVWUDLQW DW IDU HQG RI EHDP %HDP VWLIIQHVV FRHIILFLHQW .E

)L[HG DW IDU HQG ���,�/
3LQQHG DW IDU HQG ����,�/
5RWDWLRQ DW QHDU HQG �GRXEOH FXUYDWXUH� ���,�/
5RWDWLRQ HTXDO DQG RSSRVLWH WR WKDW DW QHDU HQG �VLQJOH FXUYDWXUH� ���,�/
*HQHUDO FDVH� 5RWDWLRQ �D DW QHDU HQG DQG �E DW IDU HQG �� � ����E��D�,�/

5RWDWLRQDO UHVWUDLQW DW IDU HQG RI EHDP %HDP VWLIIQHVV FRHIILFLHQW .E

)L[HG DW IDU HQG ���,�/�� ¥ ���3F�3(�

3LQQHG DW IDU HQG ����,�/�� ¥ ���3F�3(�

5RWDWLRQ DV DW QHDU HQG �GRXEOH FXUYDWXUH� ���,�/�� ¥ ���3F�3(�

5RWDWLRQ HTXDO DQG RSSRVLWH WR WKDW DW QHDU HQG �VLQJOH FXUYDWXUH� ���,�/�� ¥ ���3F�3(�

127( 3(  ��(,�/��

�)  

�9VU LV WKH WRWDO YHUWLFDO ORDG LQ WKDW VWRUH\ LQ WKH FROXPQV WKDW UHVLVW VZD\ LQ WKDW SODQH�

�9VX LV WKH WRWDO YHUWLFDO ORDG LQ WKDW VWRUH\ LQ WKH FROXPQV QRW UHVLVWLQJ VZD\ LQ WKDW SODQH�

�9VU �9VX�
�9VU

���������������������������������
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(�� 8VLQJ WKH HODVWLF FULWLFDO ORDG IDFWRU

7KH QRQ�VZD\ PRGH DQG VZD\ PRGH HIIHFWLYH OHQJWKV /( RI DOO WKH FROXPQV LQ D VWUXFWXUH PD\ EH EDVHG RQ
WKH UHOHYDQW QRQ�VZD\ RU VZD\ PRGH HODVWLF FULWLFDO ORDG IDFWRU �FU RI WKH ZKROH VWUXFWXUH LQ WKH UHOHYDQW
SODQH� SURYLGHG WKDW WKLV LV GHWHUPLQHG WDNLQJ DFFRXQW RI DOO WKH YHUWLFDO ORDGV RQ WKH VWUXFWXUH� LQFOXGLQJ
WKRVH VXSSRUWHG E\ VLPSOH FROXPQV DQG E\ IUDPHV WKDW GR QRW FRQWULEXWH WR WKH VZD\ UHVLVWDQFH LQ WKDW
SODQH�

7KH LQ�SODQH HIIHFWLYH OHQJWK /( RI HDFK FROXPQ WKDW FRQWULEXWHV WR WKH VZD\ UHVLVWDQFH RI WKH VWUXFWXUH LQ 
WKH UHOHYDQW SODQH VKRXOG EH REWDLQHG XVLQJ�

ZKHUH

7KH XVH RI WKHVH HIIHFWLYH OHQJWKV VKRXOG EH VWULFWO\ OLPLWHG WR FKHFNLQJ WKH UHVLVWDQFHV RI WKH FROXPQV WR
WKH YHUWLFDO ORDGV XVHG WR GHWHUPLQH �FU IRU WKH VWUXFWXUH DQDO\VHG� %HFDXVH WKH YDOLGLW\ RI WKLV PHWKRG LV
OLPLWHG WR SUHGLFWLQJ WKH LQ�SODQH EXFNOLQJ UHVLVWDQFH 3F RI WKH FROXPQ OHQJWK ZLWK WKH KLJKHVW XWLOL]DWLRQ
UDWLR )F�3F D FRPSOHWH UH�DQDO\VLV VKRXOG EH FDUULHG RXW LI DQ\ DGGLWLRQDO ORDGV RU UHYLVHG PHPEHU VL]HV DUH
LQWURGXFHG� HYHQ ZKHUH RWKHU PHPEHUV DSSHDU IURP WKH FXUUHQW DQDO\VLV WR KDYH VSDUH FDSDFLW\�

7KH HODVWLF FULWLFDO ORDG IDFWRU �FU PD\ EH REWDLQHG E\ VHFRQG�RUGHU HODVWLF DQDO\VLV� $OWHUQDWLYHO\� WKH VZD\
PRGH HODVWLF FULWLFDO ORDG IDFWRU PD\ EH GHWHUPLQHG XVLQJ $QQH[ )�

$QQH[ ) �QRUPDWLYH�
)UDPH VWDELOLW\

)�� *HQHUDO

7KH PHWKRG JLYHQ LQ WKLV DQQH[ PD\ EH XVHG WR GHWHUPLQH WKH VZD\ PRGH HODVWLF FULWLFDO ORDG IDFWRU �FU RI
D PXOWL�VWRUH\ IUDPH LQ ZKLFK DOO IORRU DQG URRI EHDPV DUH KRUL]RQWDO� $OWHUQDWLYHO\� VHFRQG�RUGHU HODVWLF
DQDO\VLV PD\ EH XVHG� RU RWKHU UHFRJQL]HG PHWKRGV WKDW FDQ EH VKRZQ WR SUHGLFW YDOXHV RI �FU WKDW ZLOO 
SURYLGH DW OHDVW WKH VDPH VWUXFWXUDO UHOLDELOLW\ DV WKH PHWKRG JLYHQ KHUH�

7KLV PHWKRG VKRXOG QRW EH XVHG IRU VLQJOH VWRUH\ IUDPHV�

7KH HODVWLF FULWLFDO ORDG IDFWRU �FU RI D IUDPH VKRXOG EH WDNHQ DV WKH UDWLR E\ ZKLFK HDFK RI WKH IDFWRUHG ORDGV 
ZRXOG KDYH WR EH LQFUHDVHG WR FDXVH HODVWLF LQVWDELOLW\ RI WKH IUDPH LQ D VZD\ PRGH� 7KH SRVVLELOLW\ RI
ORFDOL]HG �VWRUH\�KHLJKW� VZD\ PRGHV VKRXOG DOVR EH WDNHQ LQWR DFFRXQW�

)�� 'HIOHFWLRQ PHWKRG

/LQHDU HODVWLF DQDO\VLV VKRXOG EH XVHG WR GHWHUPLQH WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQV RI WKH IUDPH GXH WR
QRWLRQDO KRUL]RQWDO IRUFHV DSSOLHG DW HDFK IORRU RU URRI OHYHO HTXDO WR ��� � RI WKH WRWDO IDFWRUHG GHDG DQG 
LPSRVHG YHUWLFDO ORDG DSSOLHG DW WKDW OHYHO�

$OORZDQFH VKRXOG EH PDGH IRU WKH HIIHFWV RI DQ\ VHPL�ULJLG FRQQHFWLRQV DQG IRU WKH HIIHFWV RI WKH EDVH
VWLIIQHVV� GHWHUPLQHG DV UHFRPPHQGHG LQ ����� IRU XVH LQ XOWLPDWH OLPLW VWDWH FDOFXODWLRQV�

$Q\ FROXPQV WKDW DUH WDNHQ DV SLQ�HQGHG LQ UHVLVWLQJ WKH VZD\ PRPHQWV LQ WKH SODQH XQGHU FRQVLGHUDWLRQ�
VHH ������ VKRXOG DOVR EH WUHDWHG DV SLQ�HQGHG LQ WKLV GHIOHFWLRQ FDOFXODWLRQ�

7KH YDOXH RI WKH VZD\ PRGH HODVWLF FULWLFDO ORDG IDFWRU �FU VKRXOG EH GHWHUPLQHG XVLQJ�

/(  

( LV WKH PRGXOXV RI HODVWLFLW\ RI VWHHO�
)F LV WKH D[LDO FRPSUHVVLRQ LQ WKH FROXPQ�

, LV WKH LQ�SODQH VHFRQG PRPHQW RI DUHD RI WKH FROXPQ�
�FU LV WKH UHOHYDQW HODVWLF FULWLFDO ORDG IDFWRU RI WKH ZKROH VWUXFWXUH LQ WKDW SODQH�

�FU  

�
�(,

�FU)F
��������������

�
����PD[
�����������������������
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LQ ZKLFK LV WKH ODUJHVW YDOXH IRU DQ\ VWRUH\ RI WKH VZD\ LQGH[ � IRU HDFK VWRUH\� JLYHQ E\�

ZKHUH

)�� 3DUWLDO VZD\ EUDFLQJ

,Q DQ\ VWRUH\ RI KHLJKW K WKH VWLIIHQLQJ HIIHFW RI LQILOO ZDOO SDQHOV� FKDUDFWHUL]HG E\ WKH UHODWLYH VWLIIQHVV NS
JLYHQ LQ (���� �XS WR D PD[LPXP YDOXH RI NS   ��� PD\ EH DOORZHG IRU E\ LQWURGXFLQJ D GLDJRQDO EUDFLQJ
PHPEHU LQ WKDW VWRUH\� ZLWK DQ DUHD $ JLYHQ E\�

ZKHUH

$QQH[ * �QRUPDWLYH�
0HPEHUV ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG

*�� *HQHUDO

*���� $SSOLFDWLRQ

7KLV DQQH[ PD\ EH XVHG IRU FKHFNLQJ WKH RXW�RI�SODQH VWDELOLW\ RI ,�VHFWLRQ PHPEHUV RU VHJPHQWV LQ ZKLFK
RQH IODQJH KDV FRQWLQXRXV ODWHUDO UHVWUDLQW �RU DW OHDVW RQH LQWHUPHGLDWH ODWHUDO UHVWUDLQW DW DSSURSULDWH 
VSDFLQJ� VHH *����� DQG WKH QRQ�UHVWUDLQHG IODQJH LV LQ FRPSUHVVLRQ IRU DW OHDVW SDUW RI LWV OHQJWK� 7KH
VHJPHQW OHQJWK /\ VKRXOG EH WDNHQ EHWZHHQ WKH SRLQWV DW ZKLFK WKH QRQ�UHVWUDLQHG IODQJH LV ODWHUDOO\
UHVWUDLQHG�

7KH PHPEHU PD\ EH XQLIRUP� WDSHUHG RU KDXQFKHG� 7KH PRPHQWV DQG IRUFHV DSSOLHG WR KDXQFKHG RU 
WDSHUHG PHPEHUV VKRXOG EH UHODWHG WR WKH D[LV RI WKH PLQLPXP GHSWK FURVV�VHFWLRQ DV D UHIHUHQFH D[LV�
VHH )LJXUH *���

�  

K LV WKH VWRUH\ KHLJKW�

X LV WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQ RI WKH WRS RI WKH VWRUH\�


/ LV WKH QRWLRQDO KRUL]RQWDO GHIOHFWLRQ RI WKH ERWWRP RI WKH VWRUH\�

$  

E LV WKH ZLGWK RI WKH EUDFHG ED\�

.F
LV WKH VXP RI WKH VWLIIQHVV FRHIILFLHQWV .F RI WKH FROXPQV LQ WKDW VWRUH\� VHH (�����

�PD[


X 
/±
K

�������������������

NS�.F
K K�E� �
������������������ � K�E� �

��� �
���

�

190 © BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������

*���� 7\SHV RI KDXQFKLQJ

7KH UHFRPPHQGDWLRQV LQ WKLV DQQH[ PD\ EH XVHG IRU KDXQFKHG RU WDSHUHG PHPEHUV ZLWK WZR W\SHV RI
KDXQFKLQJ� VHH )LJXUH *��� DV IROORZV�

¦ WZR�IODQJH KDXQFK� RI YDU\LQJ GHSWK EXW ZLWK XQLIRUP IODQJHV RI HTXDO VL]H�
¦ WKUHH�IODQJH KDXQFK PDGH E\ ZHOGLQJ D 7�VHFWLRQ RI YDU\LQJ GHSWK WR D XQLIRUP GRXEO\ V\PPHWULF
,�VHFWLRQ� 7KH DGGLWLRQDO 7�VHFWLRQ VKRXOG EH REWDLQHG IURP D VLPLODU RU ODUJHU ,�VHFWLRQ�

*���� 6HFWLRQ SURSHUWLHV

,Q KDXQFKHG RU WDSHUHG PHPEHUV RU VHJPHQWV ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG� WKH VHFWLRQ SURSHUWLHV
VKRXOG EH EDVHG RQ FURVV�VHFWLRQV SHUSHQGLFXODU WR WKH UHIHUHQFH D[LV� EXW ZLWK WKH WKLFNQHVV RI WKH VORSLQJ
IODQJH PHDVXUHG SHUSHQGLFXODU WR LWV RXWHU VXUIDFH�

*���� 3URFHGXUH

*HQHUDOO\ WKH RYHUDOO RXW�RI�SODQH EXFNOLQJ RI PHPEHUV RU VHJPHQWV ZLWK RQH IODQJH UHVWUDLQHG VKRXOG EH
FKHFNHG XVLQJ *��� 0HPEHUV RU VHJPHQWV WKDW FRQWDLQ SODVWLF KLQJH ORFDWLRQV VKRXOG EH FKHFNHG XVLQJ *���

)LJXUH *�� ¦ 0HPEHUV ZLWK RQH IODQJH UHVWUDLQHG

FF

M1 M2
Uniform member

FF

M2

Tapered member
M1

FF

M2M1
Haunched member

Reference axis

a

Reference
axis

Axis of restraint

Key :
Both flanges laterally restrained
One flange laterally restrained

Non-restrained flange

Non-restrained flange

Non-restrained flange

Intermediate restraints Axis of restraint

Axis of restraint

Axis of restraintReference axis

*
*

*
*

*

*

*

*

*

*

*
*

*x

x

x x x x

x

x x x

x x x x x x

x x x x x x
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,Q DGGLWLRQ WR WKH FKHFNV JLYHQ LQ *�� DQG *���

¦ WKH FURVV�VHFWLRQ FDSDFLW\ VKRXOG EH FKHFNHG LQ DFFRUGDQFH ZLWK ��������
¦ WKH UHVLVWDQFH WR RXW�RI�SODQH EXFNOLQJ EHWZHHQ LQWHUPHGLDWH ODWHUDO UHVWUDLQWV WR WKH UHVWUDLQHG
IODQJH VKRXOG EH FKHFNHG XVLQJ DQ HIIHFWLYH OHQJWK /( HTXDO WR WKH VSDFLQJ RI WKHVH LQWHUPHGLDWH
UHVWUDLQWV �JHQHUDOO\ LQ DFFRUGDQFH ZLWK ������� RU ,��� ZLWK 0E DQG 3F\ EDVHG RQ /(� RU LQ DFFRUGDQFH 
ZLWK ��� LQ WKH FDVH RI SODVWLF GHVLJQ��
¦ WKH LQ�SODQH EXFNOLQJ UHVLVWDQFH VKRXOG EH FKHFNHG� JHQHUDOO\ LQ DFFRUGDQFH ZLWK ������� RU ,��� EXW LQ 
DFFRUGDQFH ZLWK 6HFWLRQ � LQ WKH FDVH RI FRQWLQXRXV VWUXFWXUHV�

*�� /DWHUDO EXFNOLQJ UHVLVWDQFH

*���� 8QLIRUP PHPEHUV

)RU D XQLIRUP PHPEHU RU VHJPHQW ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG DQG D QRQ�UHVWUDLQHG FRPSUHVVLRQ 
IODQJH� LQ SODFH RI WKH PHWKRGV JLYHQ LQ ���� ��� DQG ���� LWV UHVLVWDQFH WR RYHUDOO RXW�RI�SODQH EXFNOLQJ DERXW
WKH D[LV RI UHVWUDLQW VKRXOG EH FKHFNHG E\ VKRZLQJ WKDW WKH IROORZLQJ FULWHULRQ LV VDWLVILHG�

ZKHUH

)LJXUH *�� ¦ 7\SHV RI KDXQFKHV

)F LV WKH D[LDO FRPSUHVVLRQ�

0E LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW IURP ����� IRU DQ HTXLYDOHQW VOHQGHUQHVV �7%� VHH *�����

0[ LV WKH PD[LPXP PRPHQW DERXW WKH PDMRU D[LV�

PW LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU UHVWUDLQHG EXFNOLQJ� VHH *�����

3F LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ����� IRU D VOHQGHUQHVV �7&� VHH *�����

hL

hL

Ly

Ly

Key:
Both flanges laterally restrained

One flange laterally restrained

Two-flange haunch

Three-flange haunch

*

*

*

*
*

*

*

*

*x x x x x x

x x

x

x x x x x x

x x

)F
3F
������

PW0[
0E

���������������� ���
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*���� 7DSHUHG RU KDXQFKHG PHPEHUV

)RU D WDSHUHG RU KDXQFKHG PHPEHU RU VHJPHQW ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG DQG D QRQ�UHVWUDLQHG
FRPSUHVVLRQ IODQJH� LWV UHVLVWDQFH WR RYHUDOO RXW�RI�SODQH EXFNOLQJ DERXW WKH D[LV RI UHVWUDLQW VKRXOG EH 
FKHFNHG DV IROORZV LQ SODFH RI WKH PHWKRGV JLYHQ LQ ���� ���� ��� DQG %����� )RU WKLV FKHFN LW VKRXOG EH VKRZQ
WKDW WKH IROORZLQJ FULWHULRQ LV VDWLVILHG DW DOO SRLQWV LQ WKH OHQJWK RI WKH PHPEHU RU VHJPHQW DW ZKLFK WKH
QRQ�UHVWUDLQHG IODQJH LV LQ FRPSUHVVLRQ�

ZKHUH

*���� 6OHQGHUQHVV ����7&

7KH VOHQGHUQHVV �7& XVHG WR REWDLQ WKH FRPSUHVVLRQ UHVLVWDQFH 3F VKRXOG EH WDNHQ DV�

LQ ZKLFK�

ZKHUH

*���� (TXLYDOHQW VOHQGHUQHVV ����7%

*������ 8QLIRUP PHPEHUV

)RU D XQLIRUP PHPEHU RU VHJPHQW� WKH HTXLYDOHQW VOHQGHUQHVV �7% XVHG WR REWDLQ WKH EXFNOLQJ UHVLVWDQFH
PRPHQW 0E VKRXOG EH REWDLQHG IURP�

LQ ZKLFK�

ZKHUH

0[L �

)F LV WKH ORQJLWXGLQDO FRPSUHVVLRQ RQ WKH UHIHUHQFH D[LV�

0EL LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW 0E IURP ����� IRU DQ HTXLYDOHQW VOHQGHUQHVV �7%� 
VHH *������� EDVHG RQ WKH DSSURSULDWH PRGXOXV 6� 6HII� = RU =HII RI WKH FURVV�VHFWLRQ DW WKH
SRLQW L FRQVLGHUHG�

0[L LV WKH PRPHQW DERXW WKH PDMRU D[LV DFWLQJ DW WKH SRLQW L FRQVLGHUHG�

3F LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ����� IRU D VOHQGHUQHVV �7&� VHH *����� EDVHG RQ WKH 
SURSHUWLHV RI WKH PLQLPXP GHSWK RI FURVV�VHFWLRQ ZLWKLQ WKH VHJPHQW OHQJWK /\�

\  

�  /\�U\

D LV WKH GLVWDQFH EHWZHHQ WKH UHIHUHQFH D[LV DQG WKH D[LV RI UHVWUDLQW� VHH )LJXUH *���
KV LV WKH GLVWDQFH EHWZHHQ WKH VKHDU FHQWUHV RI WKH IODQJHV�

/\ LV WKH OHQJWK RI WKH VHJPHQW�

U\ LV WKH UDGLXV RI J\UDWLRQ IRU EXFNOLQJ DERXW WKH PLQRU D[LV�

[ LV DV GHILQHG LQ ��������

�7%  QWX�W�

�W  

QW LV WKH VOHQGHUQHVV FRUUHFWLRQ IDFWRU� VHH *�����

X LV WKH EXFNOLQJ SDUDPHWHU GHILQHG LQ ��������
DQG D� KV� [ DQG � DUH DV GHILQHG LQ *�����

0EL � )F± �3F� �

�7& \� 

� �D�KV� �
��

� �D�KV� �
� ���� ��[� �

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

���

�D�KV

� �D�KV� �
� ���� ��[� �

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

���
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*������ +DXQFKHG DQG WDSHUHG PHPEHUV

)RU D KDXQFKHG RU WDSHUHG PHPEHU RU VHJPHQW� WKH HTXLYDOHQW VOHQGHUQHVV �7% XVHG WR REWDLQ WKH EXFNOLQJ
UHVLVWDQFH PRPHQW 0E VKRXOG EH REWDLQHG IURP�

LQ ZKLFK�

¦ IRU D WZR�IODQJH KDXQFK�

¦ IRU D WKUHH�IODQJH KDXQFK�

ZKHUH

DQG WKH RWKHU WHUPV DUH DV LQ *������� H[FHSW WKDW KV� U\ DQG [ DSSO\ WR WKH PLQLPXP GHSWK RI FURVV�VHFWLRQ
ZLWKLQ WKH VHJPHQW OHQJWK /\�

*���� 7DSHU IDFWRU

)RU DQ ,�VHFWLRQ ZLWK ' � ���% DQG [ � �� WKH WDSHU IDFWRU F VKRXOG EH REWDLQHG DV IROORZV�

¦ IRU WDSHUHG PHPEHUV RU VHJPHQWV�

¦ IRU KDXQFKHG PHPEHUV RU VHJPHQWV�

ZKHUH

�7%  FQW�W�

�W  

�W  

F LV WKH WDSHU IDFWRU� VHH *�����
[K LV WKH YDOXH RI WKH WRUVLRQDO LQGH[ [ �VHH �������� IRU WKH ,�VHFWLRQ IURP ZKLFK WKH DGGLWLRQDO

7�VHFWLRQ IRUPLQJ WKH KDXQFK LV PDGH�

F  

F  

% LV WKH EUHDGWK RI WKH PLQLPXP GHSWK FURVV�VHFWLRQ�
'K LV WKH DGGLWLRQDO GHSWK RI WKH KDXQFK RU WDSHU� VHH )LJXUH *���

'PD[ LV WKH PD[LPXP GHSWK RI FURVV�VHFWLRQ ZLWKLQ WKH OHQJWK /\� VHH )LJXUH *���

'PLQ LV WKH PLQLPXP GHSWK RI FURVV�VHFWLRQ ZLWKLQ WKH OHQJWK /\� VHH )LJXUH *���

'V LV WKH YHUWLFDO GHSWK RI WKH XQ�KDXQFKHG VHFWLRQ� VHH )LJXUH *���

/K LV WKH OHQJWK RI KDXQFK ZLWKLQ WKH VHJPHQW OHQJWK /\� VHH )LJXUH *���

[ LV WKH WRUVLRQDO LQGH[ RI WKH PLQLPXP GHSWK FURVV�VHFWLRQ� VHH ��������

�D�KV

� �D�KV� �
� ���� ��[� �

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

���

�D�KV

� �D�KV� �
� ���� ��[� �

� ���� ��[K� �
�� � �

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

� �
[ �±
�������������

'PD[
'PLQ
�������������� �±
 �
� �

� ��

� �
[ �±
������������ 'K 'V�� �

� �� /K /\�� �
����
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*�� /DWHUDO UHVWUDLQW DGMDFHQW WR SODVWLF KLQJHV

*���� *HQHUDO

:KHUH D SODVWLF KLQJH ORFDWLRQ RFFXUV LQ D PHPEHU RU VHJPHQW ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG DQG
FRPSUHVVLRQ LQ WKH QRQ�UHVWUDLQHG IODQJH� WKH SURYLVLRQ RI ODWHUDO UHVWUDLQWV DW� DQG DGMDFHQW WR� WKH SODVWLF 
KLQJH ORFDWLRQ VKRXOG VDWLVI\ WKH UHFRPPHQGDWLRQV JLYHQ LQ *���� DQG *���� UHVSHFWLYHO\� H[FHSW WKDW WKHVH 
UHFRPPHQGDWLRQV QHHG QRW EH DSSOLHG DW SODVWLF KLQJH ORFDWLRQV ZKHUH LW FDQ EH GHPRQVWUDWHG WKDW� XQGHU
DOO XOWLPDWH VWDWH ORDG FRPELQDWLRQV� WKH SODVWLF KLQJH LV §QRQ�URWDWHG¨� EHFDXVH XQGHU WKDW ORDG
FRPELQDWLRQ LW LV WKH ODVW KLQJH WR IRUP RU LW LV QRW \HW IXOO\ IRUPHG�

7KH VSDFLQJ RI ODWHUDO UHVWUDLQWV WR WKH QRQ�UHVWUDLQHG IODQJH RI D PHPEHU RU VHJPHQW QRW FRQWDLQLQJ D 
SODVWLF KLQJH VKRXOG EH VXFK WKDW *�� LV VDWLVILHG IRU EXFNOLQJ RXW�RI�SODQH�

,Q DGGLWLRQ� WKH VSDFLQJ RI LQWHUPHGLDWH ODWHUDO UHVWUDLQWV WR WKH UHVWUDLQHG IODQJH VKRXOG EH VXFK WKDW ERWK
RI WKH IROORZLQJ FRQGLWLRQV DUH VDWLVILHG�

D� DGMDFHQW WR SODVWLF KLQJH ORFDWLRQV� WKH VSDFLQJ RI WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV VKRXOG QRW H[FHHG
WKH YDOXH RI /P GHWHUPLQHG IURP ������

E� HOVHZKHUH ������� RU ,�� VKRXOG EH VDWLVILHG IRU RXW�RI�SODQH EXFNOLQJ ZKHQ FKHFNHG XVLQJ DQ HIIHFWLYH
OHQJWK /( HTXDO WR WKH VSDFLQJ RI WKH LQWHUPHGLDWH ODWHUDO UHVWUDLQWV� H[FHSW WKDW WKLV VSDFLQJ QHHG EH QRW
OHVV WKDQ /P GHWHUPLQHG IURP ������

*���� 5HVWUDLQWV DW SODVWLF KLQJHV

8QGHU DOO XOWLPDWH OLPLW VWDWH ORDG FRPELQDWLRQV� ERWK IODQJHV VKRXOG KDYH ODWHUDO UHVWUDLQW DW HDFK SODVWLF
KLQJH ORFDWLRQ� GHVLJQHG WR UHVLVW D IRUFH HTXDO WR ��� � RI WKH IRUFH LQ WKH FRPSUHVVLRQ IODQJH� :KHUH LW LV
QRW SUDFWLFDEOH WR SURYLGH VXFK UHVWUDLQW GLUHFWO\ DW WKH KLQJH ORFDWLRQ� LW VKRXOG EH SURYLGHG ZLWKLQ D 
GLVWDQFH '�� DORQJ WKH OHQJWK RI WKH PHPEHU� ZKHUH ' LV LWV RYHUDOO GHSWK DW WKH SODVWLF KLQJH ORFDWLRQ�

D� 7DSHUHG VHJPHQW  E� +DXQFKHG VHJPHQW F� +DXQFKHG VHJPHQW

)LJXUH *�� ¦ 'LPHQVLRQV GHILQLQJ WDSHU IDFWRU

h
s

= Restraint

L
hL

Ly

Ly

D

hD

sD

h
D

max
D

min
D

Ly

x

x

x

x

x

x

x

x

x

xx

x

x
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*���� 6HJPHQW DGMDFHQW WR D SODVWLF KLQJH

*������ 8QLIRUP PHPEHUV

)RU XQLIRUP PHPEHUV RU VHJPHQWV XQGHU OLQHDU PRPHQW JUDGLHQW� WKH OHQJWK /\ EHWZHHQ SRLQWV DW ZKLFK
WKH QRQ�UHVWUDLQHG IODQJH LV ODWHUDOO\ UHVWUDLQHG VKRXOG QRW H[FHHG WKH OLPLWLQJ VSDFLQJ /V JLYHQ E\�

ZKHUH

)RU XQLIRUP PHPEHUV RU VHJPHQWV ZLWK LQWHUPHGLDWH ORDGV� WKH OHQJWK /\ EHWZHHQ SRLQWV DW ZKLFK WKH
QRQ�UHVWUDLQHG IODQJH LV ODWHUDOO\ UHVWUDLQHG VKRXOG QRW H[FHHG WKH OLPLWLQJ VSDFLQJ /V JLYHQ E\�

ZKHUH

*������ +DXQFKHG RU WDSHUHG PHPEHUV

)RU KDXQFKHG RU WDSHUHG PHPEHUV RU VHJPHQWV WKH OHQJWK /\ EHWZHHQ SRLQWV DW ZKLFK WKH QRQ�UHVWUDLQHG 
IODQJH LV ODWHUDOO\ UHVWUDLQHG VKRXOG QRW H[FHHG WKH OLPLWLQJ VSDFLQJ /V JLYHQ E\�

ZKHUH

*������ /LPLWLQJ OHQJWK /N

7KH OLPLWLQJ OHQJWK /N IRU D XQLIRUP PHPEHU RU VHJPHQW VXEMHFW WR XQLIRUP PRPHQW� IRU DQ ,�VHFWLRQ
PHPEHU ZLWK [ � �� DQG GHSWK ' � ��� WLPHV LWV EUHDGWK % VKRXOG EH REWDLQHG IURP�

ZKHUH

)RU KDXQFKHG RU WDSHUHG PHPEHUV RU VHJPHQWV WKH YDOXHV RI U\ DQG [ VKRXOG EH WDNHQ DV HTXDO WR WKRVH IRU
WKH PLQLPXP GHSWK RI FURVV�VHFWLRQ ZLWKLQ WKH OHQJWK /\ EHWZHHQ SRLQWV DW ZKLFK WKH QRQ�UHVWUDLQHG IODQJH
LV ODWHUDOO\ UHVWUDLQHG�

/V  

D LV WKH GLVWDQFH EHWZHHQ WKH UHIHUHQFH D[LV DQG WKH D[LV RI UHVWUDLQW� VHH )LJXUH *���
)F LV WKH D[LDO FRPSUHVVLRQ�

/N LV WKH OLPLWLQJ OHQJWK IRU D XQLIRUP PHPEHU VXEMHFW WR XQLIRUP PRPHQW� VHH *�������

0S[ LV WKH SODVWLF PRPHQW FDSDFLW\ DERXW WKH PDMRU D[LV�

0U[ LV WKH UHGXFHG SODVWLF PRPHQW FDSDFLW\ DERXW WKH PDMRU D[LV LQ WKH SUHVHQFH RI D[LDO IRUFH�

PW LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU UHVWUDLQHG EXFNOLQJ� VHH *�����

/V  

QW LV WKH VOHQGHUQHVV FRUUHFWLRQ IDFWRU� VHH *�����

/V  

F LV WKH WDSHU IDFWRU� VHH *�����
/N LV WKH OLPLWLQJ OHQJWK IRU D XQLIRUP PHPEHU VXEMHFW WR XQLIRUP PRPHQW� VHH *�������

/N  

U\ LV WKH PLQRU D[LV UDGLXV RI J\UDWLRQ�

[ LV WKH WRUVLRQDO LQGH[� VHH ��������

/N

PW

�����������
0S[

0U[ D)F�
���������������������������
 �

� �
���

/N
QW
�������

/N
FQW
��������

��� ���S\�(�� �U\[

���[�S\�( �±� �
���

����������������������������������������������������
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*��  1RQ�XQLIRUP PRPHQWV

*���� 0HWKRGV

,Q D PHPEHU RU VHJPHQW ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG DQG FRPSUHVVLRQ LQ WKH QRQ�UHVWUDLQHG IODQJH�
D QRQ�XQLIRUP SDWWHUQ RI PDMRU D[LV PRPHQWV RYHU WKH OHQJWK /\ EHWZHHQ SRLQWV DW ZKLFK WKH
QRQ�UHVWUDLQHG IODQJH LV ODWHUDOO\ UHVWUDLQHG PD\ EH DOORZHG IRU WKURXJK HLWKHU�

¦ DQ HTXLYDOHQW XQLIRUP PRPHQW IDFWRU PW IURP *�����
¦ D VOHQGHUQHVV FRUUHFWLRQ IDFWRU QW IURP *�����

2QO\ RQH RI WKHVH DOORZDQFHV VKRXOG EH LQFOXGHG LQ WKH VDPH FKHFN� $OORZLQJ IRU D QRQ�XQLIRUP PRPHQW E\
XVLQJ YDOXHV RI PW RU QW OHVV WKDQ ��� VKRXOG EH WUHDWHG DV WZR PXWXDOO\ H[FOXVLYH DOWHUQDWLYHV�

)RU D XQLIRUP PHPEHU ZLWK RQH IODQJH UHVWUDLQHG� LI D YDOXH RI PW OHVV WKDQ ��� LV XVHG LQ *����� WKHQ WKH
YDOXH RI QW VKRXOG EH WDNHQ DV ��� LQ *������� $OWHUQDWLYHO\� D YDOXH RI QW OHVV WKDQ ��� PD\ EH XVHG LQ *������
SURYLGHG WKDW WKH YDOXH RI PW LV WDNHQ DV ��� LQ *�����

*���� (TXLYDOHQW XQLIRUP PRPHQW IDFWRU PW

$Q HTXLYDOHQW XQLIRUP PRPHQW IDFWRU PW OHVV WKDQ ��� PD\ EH XVHG WR DOORZ IRU QRQ�XQLIRUP PRPHQWV LQ D 
XQLIRUP PHPEHU ZLWK RQH IODQJH UHVWUDLQHG DQG FRPSUHVVLRQ LQ WKH QRQ�UHVWUDLQHG IODQJH�

7KH YDOXHV RI PW VSHFLILHG LQ 7DEOH *�� PD\ EH XVHG IRU D OLQHDU PRPHQW JUDGLHQW� GHSHQGLQJ RQ WKH YDOXH
RI WKH HQG PRPHQW UDWLR �W DQG WKH YDOXH RI \� VHH *����� 7KH HQG PRPHQW UDWLR �W VKRXOG EH WDNHQ DV WKH
UDWLR RI WKH DOJHEUDLFDOO\ VPDOOHU HQG PRPHQW WR WKH ODUJHU HQG PRPHQW� 0RPHQWV WKDW SURGXFH
FRPSUHVVLRQ LQ WKH QRQ�UHVWUDLQHG IODQJH VKRXOG EH WDNHQ DV SRVLWLYH� ,I WKLV UDWLR LV OHVV WKDQ ¥��� WKH YDOXH
RI �W VKRXOG EH WDNHQ DV ¥���� VHH )LJXUH *���
127( 7KLV GHILQLWLRQ RI �W LV GLIIHUHQW IURP WKH GHILQLWLRQ RI � LQ 7DEOH �� DQG 7DEOH ���

'HYLDWLRQV RI WKH SDWWHUQ RI PDMRU D[LV PRPHQWV IURP D OLQHDU PRPHQW JUDGLHQW RYHU WKH PHPEHU RU 
VHJPHQW OHQJWK /\ VKRXOG EH DOORZHG IRU E\ HLWKHU�

¦ WDNLQJ PW DV ��� DQG DOORZLQJ IRU WKH QRQ�XQLIRUP PRPHQWV E\ WUHDWLQJ WKH PHPEHU RU VHJPHQW DV D
KDXQFKHG RU WDSHUHG VHJPHQW ZLWK D YDOXH RI QW OHVV WKDQ ����
¦ VXEVWLWXWLQJ D FRQVHUYDWLYH OLQHDU PRPHQW JUDGLHQW� ZLWK D QXPHULFDO YDOXH DW DOO SRLQWV QRW OHVV WKDQ
WKH DSSOLHG PRPHQW DQG WKH VDPH QXPHULFDO YDOXH RI PD[LPXP PRPHQW� VHH )LJXUH *���

)LJXUH *�� ¦ 9DOXH RI �W

100

100

200

200

– –

+ +

�W
���±
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7DEOH *�� ¦ (TXLYDOHQW XQLIRUP PRPHQW IDFWRU PW

(QG 
PRPHQW
UDWLR �W

3DUDPHWHU \

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

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

¥��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

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

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

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

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

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

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

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

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

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

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

��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
127(  7KH YDOXHV RI PW VSHFLILHG LQ WKLV WDEOH DUH FDOFXODWHG IURP�

PW  %� � %��W � %��W
�

LQ ZKLFK�

%�
� ��\��
� ��\��
����������������������  � %�

�\
� ��\�
��������������������  � %�

���
� �\�
����������������� ���

� ��\��
����������������������± 
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%6 �����������

*���� 6OHQGHUQHVV FRUUHFWLRQ IDFWRU QW

$ VOHQGHUQHVV FRUUHFWLRQ IDFWRU QW PD\ EH XVHG WR DOORZ IRU QRQ�XQLIRUP PRPHQWV LQ D PHPEHU RU VHJPHQW
ZLWK RQH IODQJH ODWHUDOO\ UHVWUDLQHG DQG FRPSUHVVLRQ LQ WKH QRQ�UHVWUDLQHG IODQJH� SURYLGHG WKDW WKH
HTXLYDOHQW XQLIRUP PRPHQW IDFWRU PW LV WDNHQ DV ����

7KH YDOXH RI QW VKRXOG EH GHWHUPLQHG IURP�

LQ ZKLFK 5� WR 5� DUH WKH YDOXHV RI 5 DW WKH HQGV� TXDUWHU SRLQWV DQG PLG�OHQJWK� VHH )LJXUH *��� DQG RQO\
SRVLWLYH YDOXHV RI 5 VKRXOG EH LQFOXGHG�

,Q DGGLWLRQ� RQO\ SRVLWLYH YDOXHV RI �56 ¥ 5(� VKRXOG EH LQFOXGHG� ZKHUH�

¦ 5( LV WKH JUHDWHU RI 5� RU 5��
¦ 56 LV WKH PD[LPXP YDOXH RI 5 DQ\ZKHUH LQ WKH OHQJWK /

)LJXUH *�� ¦ &RQVHUYDWLYH PRPHQW JUDGLHQWV

Conservative
moment gradient

Applied moment
diagram

Conservative
moment gradientApplied moment

diagram

! "nt
1

12Rmax
-------------------- R1 3R2 4R3 3R4 R5 2 RS( RE ) }

0.5
–+ + + + +{=

— !Rmax is the maximum of the absolute values of R anywhere in the length Ly." 
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%6 �����������

:KHQ FKHFNLQJ WKH ODWHUDO EXFNOLQJ UHVLVWDQFH� VHH *����� WKH YDOXH RI 5 VKRXOG EH REWDLQHG IURP�

ZKHUH

:KHQ FRQVLGHULQJ WKH VSDFLQJ RI ODWHUDO UHVWUDLQWV WR WKH QRQ�UHVWUDLQHG IODQJH DGMDFHQW WR D SODVWLF KLQJH
ORFDWLRQ� VHH *����� WKH YDOXH RI 5 VKRXOG EH REWDLQHG IURP�

ZKHUH

)LJXUH *�� ¦ 0RPHQW UDWLRV

5  

0[ LV WKH PDMRU D[LV PRPHQW� WDNHQ DV SRVLWLYH ZKHQ LW SURGXFHV FRPSUHVVLRQ LQ WKH
QRQ�UHVWUDLQHG IODQJH�

=[F LV WKH VHFWLRQ PRGXOXV DERXW WKH PDMRU D[LV� IRU FDOFXODWLQJ WKH PD[LPXP FRPSUHVVLYH
VWUHVV�

5  

D LV WKH GLVWDQFH EHWZHHQ WKH UHIHUHQFH D[LV DQG WKH D[LV RI UHVWUDLQW� VHH )LJXUH *���
)F LV WKH D[LDO FRPSUHVVLRQ�

6[ LV WKH PDMRU D[LV SODVWLF PRGXOXV�

RS

RE

R1 R R R R2 3 4 5

(R ) (R ) (R )1 2 3

R R4 5

RS = RE

0[
S\=[F
���������������

0[ D)F�
S\6[

�������������������������
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$QQH[ + �QRUPDWLYH�
:HE EXFNOLQJ UHVLVWDQFH

+�� 6KHDU EXFNOLQJ VWUHQJWK

7KH VKHDU EXFNOLQJ VWUHQJWK TZ RI WKH ZHE RI DQ ,�VHFWLRQ PD\ EH GHWHUPLQHG DV IROORZV�

¦ IRU D ZHOGHG ,�VHFWLRQ�

¦ IRU D UROOHG ,�VHFWLRQ�

LQ ZKLFK�

ZKHUH

+�� &ULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH

7KH FULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH 9FU RI WKH ZHE RI DQ ,�VHFWLRQ PD\ EH GHWHUPLQHG XVLQJ�

LQ ZKLFK TFU LV WKH FULWLFDO VKHDU VWUHQJWK GHWHUPLQHG DV IROORZV�

¦ IRU D ZHOGHG ,�VHFWLRQ�

¦ IRU D UROOHG ,�VHFWLRQ�

LQ ZKLFK SY DQG �Z DUH DV GHILQHG LQ +���

¦ LI �Z � ���� TZ  SY

¦ LI ��� � �Z � ����� TZ  >������ ¥ ����Z���@SY

¦ LI �Z � ����� TZ  ���SY��Z

¦ LI �Z � ���� TZ  SY

¦ LI �Z ! ���� TZ  ���SY��Z

SY  ���S\Z

�Z  >SY�TH@���

¦ LI D�G � �� TH  >LQ 1�PP�@

¦ LI D�G ! �� TH  >LQ 1�PP�@

D LV WKH VWLIIHQHU VSDFLQJ� WDNHQ DV LQILQLW\ IRU ZHEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV�
G LV WKH GHSWK RI WKH ZHE�
S\Z LV WKH GHVLJQ VWUHQJWK RI WKH ZHE�

W LV WKH ZHE WKLFNQHVV�

9FU  GWTFU

¦ LI �Z � ���� TFU  SY

¦ LI ��� � �Z � ����� TFU  ����� ¥ ����Z�SY

¦ LI �Z � ����� TFU  SY��Z
�

¦ LI �Z � ���� TFU  SY

¦ LI ��� � �Z � ����� TFU  >������Z ¥ ����@SY

¦ LI �Z � ����� TFU  SY��Z
�

���� �

D�G� �
�

������������������ � ���
G�W

���������������
�

� ����

D�G� �
�

������������������ � ���
G�W

���������������
�
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+�� 5HVLVWDQFH RI D ZHE WR FRPELQHG HIIHFWV

+���� *HQHUDO

,Q WKH FDVH RI PHPEHUV ZLWK XQHTXDO IODQJHV� RU VXEMHFW WR DSSOLHG D[LDO IRUFH� WKH ORQJLWXGLQDO HIIHFWV WR EH
UHVLVWHG E\ WKH ZHE VKRXOG EH DUUDQJHG LQ WKH IRUP RI�

¦ DQ D[LDO IRUFH )FZ IRU FRPSUHVVLRQ� RU )WZ IRU WHQVLRQ� DFWLQJ DW WKH PLG�GHSWK RI WKH ZHE�
¦ D EHQGLQJ PRPHQW 0Z DERXW WKH PLG�GHSWK RI WKH ZHE�

)RU DQ 5+6 RU ZHOGHG ER[ VHFWLRQ� DFFRXQW VKRXOG EH WDNHQ RI WKH DGGLWLRQDO LQWHUQDO PRPHQWV LQ WKH
PHPEHU GXH WR §VWUXW�DFWLRQ¨ �VHH &��� DQG PRPHQW DPSOLILFDWLRQ �VHH ,������ ,Q WKH FDVH RI DQ 5+6 RU 
ZHOGHG ER[ VHFWLRQ VXEMHFW WR PRPHQWV DERXW ERWK D[HV� WKH PD[LPXP D[LDO IRUFH LQ HDFK IDFH VKRXOG EH
GHWHUPLQHG WDNLQJ DFFRXQW RI WKH PRPHQW DERXW WKH D[LV SDUDOOHO WR WKDW IDFH�

,Q DOO FDVHV� WKH FDSDFLW\ RI WKH FURVV�VHFWLRQ DV D ZKROH VKRXOG DOVR EH FKHFNHG� VHH ���� ��� DQG ����

+���� 5HGXFWLRQ IDFWRU IRU VKHDU EXFNOLQJ

7KH UHGXFWLRQ IDFWRU � IRU VKHDU EXFNOLQJ VKRXOG EH GHWHUPLQHG DV IROORZV�

ZKHUH

127(  7KH UHGXFWLRQ IDFWRU � VWDUWV ZKHQ )Y H[FHHGV ���9Z EXW WKH UHVXOWLQJ UHGXFWLRQ LQ PRPHQW FDSDFLW\ LV QHJOLJLEOH XQOHVV )Y
H[FHHGV ���9Z�

+���� 6HFWLRQV RWKHU WKDQ 5+6

+������ &RPELQHG VKHDU� PRPHQW DQG D[LDO FRPSUHVVLRQ

$ ZHE VXEMHFW WR FRPELQHG VKHDU� PRPHQW DQG D[LDO FRPSUHVVLRQ VKRXOG VDWLVI\ WKH IROORZLQJ�

¦ &ODVV � SODVWLF� FODVV � FRPSDFW RU FODVV � VHPL�FRPSDFW ZHE�

LQ ZKLFK�

¦ LI )Y � ���9Z� �  �

¦ LI )Y ! ���9Z� �  >��)Y�9Z� ¥ �@�

)Y

0FZ  

0SZ  ����WG�S\

3FZ  

3Z  WGS\

0Z � �±� �

0SZ
���������������������������

)FZ
3Z
����������

 �
� �

�
� � �±� �

�
�

0Z
0FZ
�����������

 �
� �

� )FZ
3FZ
����������� � �±� �

�
�

.
G�W
��������
 �
� �

�
WG�S\

.
G�W
��������

 �
� ��

WGS\

!A web required to resist moment or axial force combined with shear should be checked using the 
reduction factor @. If the web depth-to-thickness ratio d/t > 70¼ for a rolled section, or 62¼ for a welded 
section, and if the simple shear buckling resistance Vw (see 4.4.5.2) is less than the shear capacity Pv  
(see 4.2.3), @ should be taken as specified in H.3.2. Otherwise the reduction factor @ should be obtained 
from 4.2.5.3." 

is the shear force;
!Vw  is the simple shear buckling resistance from 4.4.5.2." 
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%6 �����������

DQG WKH FRHIILFLHQW . VKRXOG EH GHWHUPLQHG IURP WKH IROORZLQJ�

LQ ZKLFK�

+������ &RPELQHG VKHDU� PRPHQW DQG D[LDO WHQVLRQ

$ ZHE VXEMHFW WR FRPELQHG VKHDU� PRPHQW DQG D[LDO WHQVLRQ VKRXOG VDWLVI\ WKH IROORZLQJ�

¦ &ODVV � SODVWLF RU FODVV � FRPSDFW ZHE�

LQ ZKLFK�

DQG WKH FRHIILFLHQW . LV GHWHUPLQHG IURP WKH IROORZLQJ�

¦ &ODVV � VHPL�FRPSDFW RU FODVV � VOHQGHU ZHE�

LQ ZKLFK�

¦ IRU D FODVV � SODVWLF ZHE� .  ���

¦ IRU D FODVV � FRPSDFW ZHE� .  

¦ IRU D FODVV � VHPL�FRPSDFW ZHE� .  ���
¦ &ODVV � VOHQGHU ZHE�

0FZ  

3FZ  

0WZ  

3WZ  

¦ IRU D FODVV � SODVWLF ZHE� .  ���
¦ IRU D FODVV � FRPSDFW ZHE� .  ���

0WZ  

3WZ  

����
�

������������� � G�W
����
��������������
 �

� �

0Z � �±� �

0FZ
���������������������������

)FZ
3FZ
���������� � �±� �

�
��

����
G�W
�������������

 �
� � WG�

�
���������S\

���
G�W
���������

 �
� � WGS\

0Z � �±� �

0SZ
���������������������������

)WZ
3Z
���������
 �
� �

�
� �±� �

�
��

0Z
0WZ
�����������
 �
� �

� )WZ
3WZ
���������± � �±� �

�
�

.
G�W
��������

 �
� � �

WG�S\

.
G�W
��������

 �
� � �

WGS\

0Z
0WZ
�����������

)WZ
3WZ
��������� � �±� ��±

����
G�W
�������������

 �
� � WG�

�
���������S\

����
G�W
�������������
 �
� � WGS\

203© BSI 2008

Li
ce

ns
ed

 c
op

y:
 A

th
en

s 
A

cc
es

s,
 U

ni
ve

rs
ity

 o
f E

as
t L

on
do

n,
 V

er
si

on
 c

or
re

ct
 a

s 
of

 0
3/

09
/2

01
0 

08
:5

9,
 (

c)
 B

S
I



%6 �����������

+������ &RPELQHG VKHDU� PRPHQW DQG HGJH ORDGLQJ

,I D ORDG LV DSSOLHG WR RQH HGJH RI WKH ZHE DQG UHVLVWHG E\ VKHDU LQ WKH PHPEHU� WKH SURYLVLRQV RI +������
VKRXOG EH DSSOLHG XVLQJ WKH PD[LPXP VKHDU DQG WKH PD[LPXP PRPHQW RFFXUULQJ ZLWKLQ WKH VDPH ZHE 
SDQHO EHWZHHQ WUDQVYHUVH VWLIIHQHUV� EXW QRW IXUWKHU WKDQ �G DSDUW� ZKHUH G LV WKH ZHE GHSWK�

,I D FRPSUHVVLYH ORDG )[ LV DSSOLHG WR RQH HGJH RI WKH ZHE DQG UHVLVWHG DW WKH RSSRVLWH HGJH� EXW WKHUH LV QR 
D[LDO IRUFH LQ WKH ZHE �GXH WR DSSOLHG D[LDO IRUFH RU GXH WR XQHTXDO IODQJHV�� WKH ZHE VKRXOG VDWLVI\ WKH
IROORZLQJ�

¦ IRU D FODVV � SODVWLF� FODVV � FRPSDFW RU FODVV � VHPL�FRPSDFW ZHE�

LQ ZKLFK�

¦ IRU D FODVV � VOHQGHU ZHE�

LQ ZKLFK�

,I D ORDG LV DSSOLHG WR RQH HGJH RI WKH ZHE DQG UHVLVWHG DW WKH RSSRVLWH HGJH� DQG WKH ZHE LV DOVR VXEMHFW WR
D[LDO IRUFH �GXH WR DSSOLHG D[LDO IRUFH RU GXH WR XQHTXDO IODQJHV�� UHIHUHQFH VKRXOG EH PDGH WR %6 �������

+���� 5+6 VHFWLRQV

+������ &RPELQHG VKHDU� PRPHQW DQG D[LDO FRPSUHVVLRQ

$Q 5+6 ZHE VXEMHFW WR FRPELQHG VKHDU� PRPHQW DQG D[LDO FRPSUHVVLRQ VKRXOG VDWLVI\ WKH IROORZLQJ�

¦ &ODVV � SODVWLF RU FODVV � FRPSDFW ZHE�

LQ ZKLFK�

0FZ 

ZKHUH . LV DV GHILQHG LQ +�������

0FZ 

ZKHUH

3[ LV WKH EXFNOLQJ UHVLVWDQFH DV GHILQHG LQ ��������

0FZ  

3FZ  

0Z
0FZ
�����������

 �
� �

� )[
3[
������ � �±� �

�
��

.
G�W
��������

 �
� � �

WG�S\

0Z � �±� �

0FZ
���������������������������

)[
3[
������ � �±� �

�
��

����
G�W
�������������
 �
� � WG�

�
���������S\

0Z � �±� �

0SZ
���������������������������

)FZ
3Z
����������
 �
� �

�
� �±� �

�
��

0Z
0FZ
�����������
 �
� �

� )FZ
3FZ
���������� � �±� �

�
��

.
G�W
��������

 �
� � �

WG�S\

.
G�W
��������

 �
� ��

WGS\
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%6 �����������

DQG 0SZ DQG 3Z DUH DV GHILQHG LQ +������ EXW WKH FRHIILFLHQW . VKRXOG EH GHWHUPLQHG IURP WKH IROORZLQJ�

¦ &ODVV � VHPL�FRPSDFW RU FODVV � VOHQGHU ZHE�

LQ ZKLFK�

DQG WKH FRHIILFLHQWV .E DQG .F DUH GHWHUPLQHG IURP WKH IROORZLQJ�

+������ &RPELQHG VKHDU� PRPHQW DQG D[LDO WHQVLRQ

$Q 5+6 ZHE VXEMHFW WR FRPELQHG VKHDU� PRPHQW DQG D[LDO WHQVLRQ VKRXOG VDWLVI\ WKH IROORZLQJ�

¦ &ODVV � SODVWLF RU FODVV � FRPSDFW ZHE�

LQ ZKLFK�

DQG WKH FRHIILFLHQW . LV GHWHUPLQHG IURP WKH IROORZLQJ�

DQG WKH RWKHU V\PEROV DUH DV LQ +�������

¦ &ODVV � VHPL�FRPSDFW RU FODVV � VOHQGHU ZHE�

¦ IRU D KRW ILQLVKHG 5+6� .  ���
¦ IRU D FROG IRUPHG 5+6� .  ���

0FZ  

3FZ  

¦ IRU D KRW ILQLVKHG 5+6� .E  ���� DQG .F  ���

¦ IRU D FROG IRUPHG 5+6� .E  ���� DQG .F  ���

0WZ  

3WZ  

¦ IRU D KRW ILQLVKHG 5+6� .  ���
¦ IRU D FROG IRUPHG 5+6� .  ���

0Z � �±� �

0FZ
���������������������������

)FZ
3FZ
���������� � �±� �

�
��

.E
G�W
��������

 �
� � WG�

�
���������S\

.F
G�W
��������

 �
� � WGS\

0Z � �±� �

0SZ
���������������������������

)WZ
3Z
���������

 �
� �

�
� �±� �

�
��

0Z
0WZ
�����������

 �
� �

� )WZ
3WZ
��������� � �±� �

�
�±

.
G�W
��������

 �
� � �

WG�S\

.
G�W
��������

 �
� ��

WGS\

0Z
0WZ
�����������

)WZ
3WZ
��������� � �±� ��±
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LQ ZKLFK�

DQG WKH FRHIILFLHQW . LV GHWHUPLQHG IURP WKH IROORZLQJ�

+�� (QG DQFKRUDJH

+���� *HQHUDO

([FHSW DV SURYLGHG LQ �������� HQG DQFKRUDJH VKRXOG EH SURYLGHG IRU D ORQJLWXGLQDO DQFKRU IRUFH +T
UHSUHVHQWLQJ WKH ORQJLWXGLQDO FRPSRQHQW RI WKH WHQVLRQ ILHOG� VHH )LJXUH +��� DW�

¦ WKH HQGV RI ZHEV ZLWKRXW LQWHUPHGLDWH VWLIIHQHUV�
¦ WKH HQG SDQHOV RI ZHEV ZLWK LQWHUPHGLDWH WUDQVYHUVH VWLIIHQHUV�

7KH ORQJLWXGLQDO DQFKRU IRUFH +T VKRXOG EH REWDLQHG IURP WKH IROORZLQJ�

¦ LI WKH ZHE LV IXOO\ ORDGHG LQ VKHDU �)Y � 9Z ��

¦ LI WKH ZHE LV QRW IXOO\ ORDGHG LQ VKHDU �)Y � 9Z� WKHQ RSWLRQDOO\�

ZKHUH

0WZ  

3WZ  

¦ IRU D KRW ILQLVKHG 5+6� .  ����
¦ IRU D FROG IRUPHG 5+6� .  ����

)LJXUH +�� ¦ $QFKRU IRUFH +T

+T  

+T  

G LV WKH GHSWK RI WKH ZHE�
)Y LV WKH PD[LPXP VKHDU IRUFH�

3Y LV WKH VKHDU FDSDFLW\ IURP ������

W LV WKH ZHE WKLFNQHVV�

.
G�W
��������

 �
� �
� � WG�

�
���������S\

.
G�W
��������

 �
� �
� �

WGS\

Hq

Tension
field

���GWS\ � 9FU�3Y±� �
���

���GWS\

)Y 9FU±
9Z 9FU±
�����������������������

 �
� �
� �

� 9FU�3Y±� �
���
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%6 �����������

(QG DQFKRUDJH VKRXOG EH SURYLGHG E\ RQH RI WKH IROORZLQJ�

¦ D VLQJOH VWLIIHQHU HQG SRVW� VHH +�����
¦ D WZLQ VWLIIHQHU HQG SRVW� VHH +�����
¦ DQ DQFKRU SDQHO� VHH +�����

+���� 6LQJOH VWLIIHQHU HQG SRVW

$ VLQJOH VWLIIHQHU HQG SRVW� VHH )LJXUH +��� VKRXOG EH GHVLJQHG WR UHVLVW WKH JLUGHU UHDFWLRQ SOXV WKH LQ�SODQH 
EHQGLQJ PRPHQW 0WI GXH WR WKH DQFKRU IRUFH +T� *HQHUDOO\ WKLV PRPHQW VKRXOG EH WDNHQ DV ����+TG� EXW 
LI WKH WRS RI WKH HQG SRVW LV FRQQHFWHG WR WKH JLUGHU IODQJH E\ PHDQV RI IXOO VWUHQJWK ZHOGV DQG ERWK WKH ZLGWK
DQG WKH WKLFNQHVV RI WKH JLUGHU IODQJH DUH QRW OHVV WKDQ WKRVH RI WKH HQG SRVW� WKHQ D PRPHQW RI ����+TG
PD\ EH DGRSWHG�

+���� 7ZLQ VWLIIHQHU HQG SRVW

,Q D WZLQ VWLIIHQHU HQG SRVW� VHH )LJXUH +��� WKH ZHE VKRXOG VDWLVI\�

LQ ZKLFK WKH VKHDU IRUFH 5WI LQ WKH HQG SRVW� GXH WR WKH DQFKRU IRUFH +T LQ WKH HQG SDQHO LV JLYHQ E\�

ZKHUH

7KH HQG VWLIIHQHU VKRXOG EH GHVLJQHG WR UHVLVW WKH UHOHYDQW FRPSUHVVLYH IRUFH )H GXH WR WKH VXSSRUW UHDFWLRQ
RI WKH JLUGHU� SOXV D FRPSUHVVLYH IRUFH )WI GXH WR WKH DQFKRU IRUFH JLYHQ E\�

ZKHUH

7KH RWKHU VWLIIHQHU IRUPLQJ SDUW RI WKH HQG SRVW VKRXOG EH GHVLJQHG WR UHVLVW WKH UHOHYDQW FRPSUHVVLYH IRUFH 
)V GXH WR WKH VXSSRUW UHDFWLRQ RI WKH JLUGHU� QHJOHFWLQJ WKH WHQVLOH IRUFH )WI GXH WR WKH DQFKRU IRUFH� +RZHYHU� 
LI )WI ! )V LW VKRXOG DOVR EH FKHFNHG IRU D WHQVLOH IRUFH HTXDO WR �)WI ¥ )V��
127(  'HSHQGLQJ RQ WKH ORFDWLRQV RI WKH VWLIIHQHUV DQG WKH VXSSRUW� HLWKHU )H RU )V FDQ EH ]HUR�

9FU LV WKH FULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH IURP ������� RU +���

9Z LV WKH VLPSOH VKHDU EXFNOLQJ UHVLVWDQFH IURP ��������

)LJXUH +�� ¦ 6LQJOH VWLIIHQHU HQG SRVWV

5WI �  9FU�HS

5WI  ����+T

9FU�HS LV WKH FULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH �VHH �������� RI WKH ZHE RI WKH HQG SRVW� WUHDWHG DV D
EHDP VSDQQLQJ EHWZHHQ WKH IODQJHV RI WKH JLUGHU�

)WI  

DH LV WKH VSDFLQJ FHQWUH�WR�FHQWUH RI WKH WZR HQG VWLIIHQHUV�

Hq

End post

Hq Hq

End post End post

����+T G�DH� �
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%6 �����������

+���� $QFKRU SDQHO

$Q DQFKRU SDQHO� VHH )LJXUH +��� VKRXOG VDWLVI\�

,Q DGGLWLRQ� WKH ZHE RI DQ DQFKRU SDQHO VKRXOG VDWLVI\�

LQ ZKLFK WKH VKHDU IRUFH 5WI LQ WKH DQFKRU SDQHO� GXH WR WKH DQFKRU IRUFH +T LQ WKH QH[W SDQHO LV JLYHQ E\�

ZKHUH

7KH HQG VWLIIHQHU VKRXOG EH GHVLJQHG WR UHVLVW WKH UHOHYDQW FRPSUHVVLYH IRUFH )V GXH WR WKH VXSSRUW UHDFWLRQ 
RI WKH JLUGHU� SOXV D FRPSUHVVLYH IRUFH )WI GXH WR WKH DQFKRU IRUFH JLYHQ E\�

ZKHUH

7KH RWKHU VWLIIHQHU ERXQGLQJ WKH DQFKRU SDQHO VKRXOG EH GHVLJQHG WR UHVLVW WKH UHOHYDQW FRPSUHVVLYH IRUFH 
)V GXH WR WKH VXSSRUW UHDFWLRQ RI WKH JLUGHU� QHJOHFWLQJ WKH WHQVLOH IRUFH )WI GXH WR WKH DQFKRU IRUFH� +RZHYHU� 
LI )WI ! )V LW VKRXOG DOVR EH FKHFNHG IRU D WHQVLOH IRUFH HTXDO WR �)WI ¥ )V��
127(  'HSHQGLQJ RQ WKH ORFDWLRQV RI WKH VWLIIHQHUV DQG WKH VXSSRUW� HLWKHU )H RU )V FDQ EH ]HUR�

)LJXUH +�� ¦ 7ZLQ VWLIIHQHU HQG SRVWV

)Y � 9FU

5WI � 9FU�HS

5WI  ����+T

9FU�HS LV WKH FULWLFDO VKHDU EXFNOLQJ UHVLVWDQFH 9FU �VHH ������� RU +��� RI WKH ZHE RI WKH DQFKRU
SDQHO� WUHDWHG DV D EHDP VSDQQLQJ EHWZHHQ WKH IODQJHV RI WKH JLUGHU�

)WI  

DH LV WKH VSDFLQJ FHQWUH�WR�FHQWUH RI WKH WZR VWLIIHQHUV ERXQGLQJ WKH DQFKRU SDQHO�

)LJXUH +�� ¦ $QFKRU SDQHOV

Fe Fs Hq Fe Fs Hq Fe Fs Hq

ae ae ae

End post End post End post

����+TG�DH

Fe Fe FeFs Fs Fs

ae

Hq Hq Hq

Anchor
panel

ae

Anchor
panel

ae

Anchor
panel
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%6 �����������

$QQH[ , �QRUPDWLYH�
&RPELQHG D[LDO FRPSUHVVLRQ DQG EHQGLQJ

,�� 6WRFN\ PHPEHUV

$V D IXUWKHU DOWHUQDWLYH WR WKH PHWKRGV JLYHQ LQ ������� WKH IROORZLQJ DSSURDFK PD\ EH XVHG IRU VWRFN\
PHPEHUV RI GRXEO\�V\PPHWULF FODVV � SODVWLF RU FODVV � FRPSDFW FURVV�VHFWLRQ�

D� IRU PHPEHUV ZLWK PRPHQWV DERXW WKH PDMRU D[LV RQO\�

¦ IRU PDMRU D[LV LQ�SODQH EXFNOLQJ�

¦ IRU RXW�RI�SODQH EXFNOLQJ�

E� IRU PHPEHUV ZLWK PRPHQWV DERXW WKH PLQRU D[LV RQO\�

¦ IRU PLQRU D[LV LQ�SODQH EXFNOLQJ�

¦ IRU RXW�RI�SODQH EXFNOLQJ�

F� IRU PHPEHUV ZLWK PRPHQWV DERXW ERWK D[HV�

¦ IRU PDMRU D[LV EXFNOLQJ�

¦ IRU ODWHUDO�WRUVLRQDO EXFNOLQJ�

¦ IRU LQWHUDFWLYH EXFNOLQJ�

0DE LV JLYHQ E\ WKH IROORZLQJ�

¦ LI �U � �U��

¦ LI �U� � �U � ������

¦ LI �U � ������

P[0[ � 0D[

P/70/7 � 0DE

P\0\ � 0D\

P\[0\ � �0F\�� ¥ )F �3F[�

0DE  0U[ EXW 0DE � 0[\

0DE   EXW 0DE � 0[\

0DE  0RE

P[0[
0D[
����������������

���P\[0\
0F\ � )F�3F[±� �
������������������������������������������� ���

P/70/7
0DE

������������������������
P\0\
0D\
���������������� ���

P[0[
0D[
����������������

P\0\
0D\
���������������� ���

0RE

����� �U±� �

����� �U�±� �
����������������������������������� 0U[ 0RE±� �
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LQ ZKLFK�

0D[ LV JLYHQ E\ WKH IROORZLQJ�

¦ LI �[ � �������

¦ LI ������  � �[ � ������

¦ LI �[ � ������

LQ ZKLFK�

0D\ LV JLYHQ E\ WKH IROORZLQJ�

¦ LI �\ � �������

¦  LI ������ � �\ � ������

¦ LI �\ � ������

LQ ZKLFK�

DQG WKH FRHIILFLHQW N\ VKRXOG EH WDNHQ DV ��� IRU ,� RU +�VHFWLRQV� EXW ��� IRU &+6� 5+6 RU ER[ VHFWLRQV�

0RE  

�U  

�U�  

UE  P/70/7�0E

UF  )F�3F\

0D[  0U[

0D[  

0D[  0R[

0R[  

0D\  0U\

0D\  

0D\  0R\

0R\  

0E � )F± �3F\� �

UE�/7 UF�\�� �

UE UF�� �
��������������������������������������

������ �UE UF�� �

UE UF�� �
��������������������������������������������

0R[

����� �[±� �

������
�������������������������������� 0U[ 0R[±� ��

0F[ � )F�3F[±� �

� ���)F�3F[�� �
�������������������������������������������

0R\

����� �\±� �

������
�������������������������������� 0U\ 0R\±� ��

0F\ � )F�3F\±� �

� N\ )F�3F\� ��� �
�������������������������������������������
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0[\ LV JLYHQ E\ WKH IROORZLQJ�

¦ IRU ,� RU +�VHFWLRQV�

¦ IRU &+6� 5+6 RU ER[ VHFWLRQV�

ZKHUH

DQG WKH RWKHU V\PEROV DUH DV GHILQHG LQ ��������

,�� 5HGXFHG SODVWLF PRPHQW FDSDFLW\

,���� ,� RU +�VHFWLRQ ZLWK HTXDO IODQJHV

7KH UHGXFHG SODVWLF PRPHQW FDSDFLWLHV 0U[ DQG 0U\ RI D FODVV � SODVWLF RU FODVV � FRPSDFW ,� RU +�VHFWLRQ
ZLWK HTXDO IODQJHV LQ WKH SUHVHQFH RI DQ D[LDO IRUFH VKRXOG EH REWDLQHG XVLQJ�

LQ ZKLFK 6U[ DQG 6U\ DUH WKH YDOXHV RI WKH UHGXFHG SODVWLF PRGXOXV DERXW WKH PDMRU DQG PLQRU D[HV�

7KH YDOXHV RI 6U[ DQG 6U\ VKRXOG EH EDVHG RQ WKH YDOXH RI WKH D[LDO IRUFH UDWLR Q JLYHQ E\�

)RU DQ ,� RU +�VHFWLRQ ZLWK HTXDO SDUDOOHO IODQJHV� WKH UHGXFHG SODVWLF PRGXOXV 6U[ DERXW WKH PDMRU D[LV
VKRXOG EH REWDLQHG IURP WKH IROORZLQJ�

DQG WKH UHGXFHG SODVWLF PRGXOXV 6U\ DERXW WKH PLQRU D[LV VKRXOG EH REWDLQHG IURP WKH IROORZLQJ�

127( 7DEXODWHG FRHIILFLHQWV FDQ EH IRXQG LQ SXEOLVKHG WDEOHV�

0[\  

0[\  

0U[ LV WKH PDMRU D[LV UHGXFHG SODVWLF PRPHQW FDSDFLW\ LQ WKH SUHVHQFH RI D[LDO IRUFH� VHH ,���
0U\ LV WKH PLQRU D[LV UHGXFHG SODVWLF PRPHQW FDSDFLW\ LQ WKH SUHVHQFH RI D[LDO IRUFH� VHH ,���
�[ LV WKH PDMRU D[LV VOHQGHUQHVV IRU EXFNOLQJ DV D FRPSUHVVLRQ PHPEHU� VHH ������
�\ LV WKH PLQRU D[LV VOHQGHUQHVV IRU EXFNOLQJ DV D FRPSUHVVLRQ PHPEHU� VHH ������

0U[  S\6U[

0U\  S\6U\

Q  

¦ LI Q � � 6U[  

¦ LI Q ! � 6U[  

¦ LI Q � W'�$� 6U\  

¦ LI Q ! W'�$� 6U\  

ZKHUH
$ LV WKH FURVV�VHFWLRQ DUHD�
% LV WKH IODQJH ZLGWK�
' LV WKH RYHUDOO GHSWK�
) LV WKH D[LDO IRUFH �WHQVLRQ RU FRPSUHVVLRQ��
6[ LV WKH SODVWLF PRGXOXV DERXW WKH PDMRU D[LV�
6\ LV WKH SODVWLF PRGXOXV DERXW WKH PLQRU D[LV�
7 LV WKH IODQJH WKLFNQHVV�
W LV WKH ZHE WKLFNQHVV�

0F[ � )F�3F\±� �
���

�0F[ � )F�3F\±� �

)
$S\
����������

W ' �7±� ��$ 6[
$�

�W
�������

 �
� �Q�±

W ' �7±� ��$ $�

�%
��������

 �
� � �%'

$
������������� �±
 �
� � Q� � Q±� �

6\
$�

�'
��������

 �
� �Q�±

$�

�7
�������
 �
� � �%7

$
������������ �±
 �
� � Q� � Q±� �
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%6 �����������

,���� 2WKHU FDVHV

,Q RWKHU FDVHV WKH UHGXFHG SODVWLF PRGXOXV PD\ EH GHWHUPLQHG RQ WKH EDVLV RI WKH SULQFLSOHV RI VWDWLFV�
127( )RUPXODH DQG WDEXODWHG FRHIILFLHQWV FDQ EH IRXQG LQ SXEOLVKHG WDEOHV�

,�� $V\PPHWULF PHPEHUV

,Q HYDOXDWLQJ DQ\ RI WKH OLQHDU LQWHUDFWLRQ UHODWLRQVKLSV JLYHQ LQ �������� �������D� DQG ���������� LI WKH
FURVV�VHFWLRQ LV QRW V\PPHWULFDO DERXW WKH UHOHYDQW D[LV� ZKHQ WKH VHFWLRQ PRGXOXV LV XVHG IRU WKH PRPHQW
FDSDFLW\ DQG UHVLVWDQFH PRPHQW WHUPV� DFFRXQW PD\ EH WDNHQ RI WKH VHQVH RI WKH PRPHQWV�

7R GR WKLV� WKH H[SUHVVLRQV VKRXOG ILUVW EH UH�DUUDQJHG WR IRUP D VXPPDWLRQ RI VWUHVVHV� DV IROORZV�

¦ UH�DUUDQJHG IURP ��������

¦ UH�DUUDQJHG IURP �������D��

¦ UH�DUUDQJHG IURP ����������

7KHQ� DV DQ DOWHUQDWLYH WR XVLQJ WKH ORZHU YDOXH RI WKH VHFWLRQ PRGXOXV LQ HDFK FDVH� WKH UHVXOWLQJ VWUHVVHV
DW WKH FULWLFDO SRLQWV RQ WKH FURVV�VHFWLRQ� DFFRUGLQJ WR WKH UHOHYDQW H[SUHVVLRQ� PD\ EH GHWHUPLQHG IRU HDFK 
PRPHQW XVLQJ WKH DSSURSULDWH VHFWLRQ PRGXOXV DQG DGGHG DOJHEUDLFDOO\ WR WKH VWUHVV UHVXOWLQJ IURP WKH
D[LDO IRUFH WR GHWHUPLQH WKH SHDN VWUHVV�

,�� 6LQJOH DQJOH PHPEHUV

,���� *HQHUDO

7KH GHVLJQ RI VLQJOH DQJOH PHPEHUV WR UHVLVW FRPELQHG D[LDO FRPSUHVVLRQ DQG EHQGLQJ VKRXOG WDNH DFFRXQW
RI WKH IDFW WKDW WKH UHFWDQJXODU D[HV RI WKH FURVV�VHFWLRQ �[�[ DQG \�\� DUH QRW WKH SULQFLSDO D[HV� HLWKHU E\
XVLQJ WKH EDVLF PHWKRG JLYHQ LQ ,���� RU WKH VLPSOLILHG PHWKRG JLYHQ LQ ,�����

,���� %DVLF PHWKRG

)RU WKLV PHWKRG WKH DSSOLHG PRPHQWV VKRXOG EH UHVROYHG LQWR PRPHQWV DERXW WKH SULQFLSDO D[HV X�X DQG 
Y�Y� 7KH EXFNOLQJ UHVLVWDQFH PRPHQW 0E IRU EHQGLQJ DERXW WKH X�X D[LV VKRXOG EH EDVHG RQ WKH YDOXH RI �/7
REWDLQHG IURP %����� 7KH PHWKRG JLYHQ LQ ��������� VKRXOG WKHQ EH XVHG� E\ DSSO\LQJ WKRVH WHUPV WKDW UHIHU 
WR WKH PDMRU D[LV WR WKH X�X D[LV DQG WKRVH WKDW UHIHU WR WKH PLQRU D[LV WR WKH Y�Y D[LV� 7KH PHWKRG IRU
DV\PPHWULF VHFWLRQV JLYHQ LQ ,�� PD\ EH XVHG LQ HYDOXDWLQJ WKH UHOHYDQW LQWHUDFWLRQ H[SUHVVLRQ�

,���� 6LPSOLILHG PHWKRG

$OWHUQDWLYHO\ WR ,����� IRU HTXDO DQJOHV WKH DSSOLHG PRPHQWV PD\ EH UHVROYHG LQWR PRPHQWV DERXW WKH [�[ 
DQG \�\ D[HV� 7KH IROORZLQJ PRGLILFDWLRQ RI WKH UHODWLRQVKLS VSHFLILHG LQ ��������� VKRXOG WKHQ EH VDWLVILHG�

LQ ZKLFK�

P/7[ � ��� DQG P/7\ � ���

)W
$H
������

0[
=[
��������

0\
=\
�������� S\�� �

)F
$J
�������

0[
=[
��������

0\
=\
�������� S\�� �

)F
$SF�S\
�������������������

P[0[
=[

����������������
P\0\

=\
���������������� S\�� �

)F
$SF\�S\
���������������������

P/70/7
=[ SE�S\� �
���������������������������

P\0\
=\

���������������� S\�� �

)F
3F
������

P/7[0[
0E[

�����������������������
P/7\0\

0E\
����������������������� ��� �
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%6 �����������

ZKHUH

,�� ,QWHUQDO PRPHQWV

,���� *HQHUDO

7KH LQWHUQDO §VHFRQG�RUGHU¨ PRPHQWV LQ D PHPEHU VXEMHFW WR FRPELQHG D[LDO FRPSUHVVLRQ DQG EHQGLQJ
VKRXOG EH WDNHQ DV LQFOXGLQJ WKRVH RI WKH IROORZLQJ WKDW DUH UHOHYDQW�

D� D §VWUXW DFWLRQ¨ PRPHQW SURGXFHG E\ UHVLVWLQJ IOH[XUDO EXFNOLQJ GXH WR WKH D[LDO IRUFH� VHH &���

E� DQ DGGLWLRQDO PLQRU�D[LV PRPHQW SURGXFHG E\ UHVLVWLQJ ODWHUDO�WRUVLRQDO EXFNOLQJ GXH WR PDMRU D[LV
PRPHQWV� VHH %���

F� DQ DGGLWLRQDO PDMRU D[LV PRPHQW GXH WR DPSOLILFDWLRQ RI WKH DSSOLHG PDMRU D[LV PRPHQWV�

G� DQ DGGLWLRQDO PLQRU D[LV PRPHQW GXH WR DPSOLILFDWLRQ RI WKH DSSOLHG PLQRU D[LV PRPHQWV�

,WHP D� VKRXOG EH FRQVLGHUHG DERXW HDFK D[LV� EXW RQO\ DERXW RQH D[LV DW D WLPH�

,WHPV E� DQG F� VKRXOG EH WUHDWHG DV DOWHUQDWLYHV� GHSHQGLQJ RQ ZKLFK KDV WKH PRUH VHYHUH HIIHFW�

7KH DGGLWLRQDO PRPHQWV GXH WR DPSOLILFDWLRQ RI WKH DSSOLHG PDMRU DQG PLQRU D[LV PRPHQWV VKRXOG HDFK EH
WDNHQ DV KDYLQJ D PD[LPXP YDOXH PLGZD\ EHWZHHQ SRLQWV RI LQIOH[LRQ RI WKH EXFNOHG VKDSH �WKH SRLQWV
EHWZHHQ ZKLFK WKH HIIHFWLYH OHQJWK IRU EXFNOLQJ DERXW WKH UHOHYDQW D[LV LV PHDVXUHG� JLYHQ E\�

ZKHUH

)F LV WKH D[LDO FRPSUHVVLRQ�

/([ LV WKH OHQJWK EHWZHHQ SRLQWV UHVWUDLQHG DJDLQVW EXFNOLQJ DERXW WKH [�[ D[LV�

/(\ LV WKH OHQJWK EHWZHHQ SRLQWV UHVWUDLQHG DJDLQVW EXFNOLQJ DERXW WKH \�\ D[LV�

0E[ LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW 0E IURP ������� XVLQJ /(\ DQG =[�

0E\ LV WKH EXFNOLQJ UHVLVWDQFH PRPHQW 0E IURP ������� XVLQJ /([ DQG =\�

0[ LV WKH PD[LPXP PRPHQW DERXW WKH [�[ D[LV�

0\ LV WKH PD[LPXP PRPHQW DERXW WKH \�\ D[LV�

P/7[ LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 REWDLQHG IURP 7DEOH ��� EDVHG RQ WKH SDWWHUQ 
RI PRPHQWV DERXW WKH [�[ D[LV RYHU WKH OHQJWK /(\�

P/7\ LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU P/7 REWDLQHG IURP 7DEOH ��� EDVHG RQ WKH SDWWHUQ 
RI PRPHQWV DERXW WKH \�\ D[LV RYHU WKH OHQJWK /([�

3F LV WKH FRPSUHVVLRQ UHVLVWDQFH IURP ����� FRQVLGHULQJ EXFNOLQJ DERXW DQ\ D[LV� LQFOXGLQJ Y�Y�

=[ LV WKH VHFWLRQ PRGXOXV IRU EHQGLQJ DERXW WKH [�[ D[LV�

=\ LV WKH VHFWLRQ PRGXOXV IRU EHQGLQJ DERXW WKH \�\ D[LV�

0DGG�[�PD[  LQ ZKLFK S([  

0DGG�\�PD[  LQ ZKLFK S(\  

IF LV WKH FRPSUHVVLYH VWUHVV GXH WR D[LDO IRUFH�

0[ LV WKH PD[LPXP PRPHQW DERXW WKH PDMRU D[LV�

0\ LV WKH PD[LPXP PRPHQW DERXW WKH PLQRU D[LV�

P[ LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU EXFNOLQJ DERXW WKH PDMRU D[LV IURP ����������

P\ LV WKH HTXLYDOHQW XQLIRUP PRPHQW IDFWRU IRU EXFNOLQJ DERXW WKH PLQRU D[LV IURP ����������

P[0[
S([�IF �±� �
������������������������������ �

�(

�[
�

�����������

P\0\
S(\�IF �±� �
������������������������������ �

�(

�\
�

�����������
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%6 �����������

7KH DGGLWLRQDO LQWHUQDO PRPHQWV 0DGG�[V DQG 0DGG�\V DW D GLVWDQFH /] DORQJ WKH PHPEHU IURP D SRLQW RI
LQIOH[LRQ VKRXOG EH REWDLQHG IURP�

ZKHUH

,���� 7�VHFWLRQV

,Q DSSO\LQJ ,���� WR D 7�VHFWLRQ� WKH VXEVFULSWV [ DQG \ VKRXOG DOZD\V EH WDNHQ DV UHIHUULQJ WR WKH PDMRU D[LV
DQG WKH PLQRU D[LV UHVSHFWLYHO\� HYHQ ZKHUH WKH RSSRVLWH VXEVFULSW LV XVHG LQ %������E��

,���� $QJOHV

,Q DSSO\LQJ ,���� WR DQ DQJOH� WKH VXEVFULSWV [ DQG \ VKRXOG EH WDNHQ DV UHIHUULQJ WR WKH PDMRU D[LV X�X DQG
PLQRU D[LV Y�Y UHVSHFWLYHO\�

0DGG�[V  

0DGG�\V  

/([ LV WKH HIIHFWLYH OHQJWK IRU IOH[XUDO EXFNOLQJ DERXW WKH PDMRU D[LV�

/(\ LV WKH HIIHFWLYH OHQJWK IRU IOH[XUDO EXFNOLQJ DERXW WKH PLQRU D[LV�

0DGG�[�PD[ ��� /]�/([� �� �VLQ

0DGG�\�PD[ ��� /]�/(\� �� �VLQ
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%6 �����������

%LEOLRJUDSK\ 

6WDQGDUGV SXEOLFDWLRQV

%6 ������ 6SHFLILFDWLRQ IRU WKH XVH RI VWUXFWXUDO VWHHO LQ EXLOGLQJ ¦ 0HWULF XQLWV�

%6 ����� &RGH RI SUDFWLFH IRU VDIHW\ LQ HUHFWLQJ VWUXFWXUDO IUDPHV�

'' (19 ���������$�� (XURFRGH � 'HVLJQ RI VWHHO VWUXFWXUHV 3DUW �� *HQHUDO UXOHV� *HQHUDO UXOHV DQG UXOHV 
IRU EXLOGLQJV� $PHQGPHQW $� �WRJHWKHU ZLWK 8QLWHG .LQJGRP 1DWLRQDO $SSOLFDWLRQ 'RFXPHQW��

,62 ����� *HQHUDO SULQFLSOHV RQ UHOLDELOLW\ IRU VWUXFWXUHV�
,62 ��������� YHUVLRQ� *HQHUDO SULQFLSOHV IRU WKH YHULILFDWLRQ RI WKH VDIHW\ RI VWUXFWXUHV� 
�VXSHUVHGHG LQ ����� ZLWK UHYLVHG WLWOH��

,62 �������� 6WHHO VWUXFWXUHV ¦ 3DUW �� )DEULFDWLRQ DQG HUHFWLRQ�

2WKHU SXEOLFDWLRQV

>�@ :LQG�PRPHQW GHVLJQ RI XQEUDFHG IUDPHV� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO &RQVWUXFWLRQ ,QVWLWXWH� 
6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ 'HVLJQ RI VHPL�FRQWLQXRXV EUDFHG IUDPHV� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO &RQVWUXFWLRQ ,QVWLWXWH� 
6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ 'HVLJQ JXLGH RQ WKH YLEUDWLRQ RI IORRUV� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO &RQVWUXFWLRQ ,QVWLWXWH� 
6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ &DVWLQJV LQ FRQVWUXFWLRQ� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO &RQVWUXFWLRQ ,QVWLWXWH� 6LOZRRG 3DUN�
$VFRW� %HUNVKLUH 6/� �41�

>�@ 6WHHOZRUN 'HVLJQ *XLGH WR %6 ������������ 9ROXPH �� 6HFWLRQ 3URSHUWLHV� 0HPEHU &DSDFLWLHV�   
�WK (GLWLRQ� 6HFWLRQ $ ([SODQDWRU\ 1RWHV� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO &RQVWUXFWLRQ ,QVWLWXWH�
6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ 'HVLJQ IRU RSHQLQJV LQ WKH ZHEV RI FRPSRVLWH EHDPV� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO &RQVWUXFWLRQ
,QVWLWXWH� 6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ 'HVLJQ RI FRPSRVLWH DQG QRQ�FRPSRVLWH FHOOXODU EHDPV� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO 
&RQVWUXFWLRQ ,QVWLWXWH� 6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ 'HVLJQ RI PHPEHUV VXEMHFW WR FRPELQHG EHQGLQJ DQG WRUVLRQ� 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO 
&RQVWUXFWLRQ ,QVWLWXWH� 6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>�@ 6DIH ORDGV RQ ,�VHFWLRQ FROXPQV LQ VWUXFWXUHV GHVLJQHG E\ SODVWLF WKHRU\� 0� 5� +RUQH� SDSHU
1R ����� 3URFHHGLQJV RI WKH ,QVWLWXWLRQ RI &LYLO (QJLQHHUV� 9ROXPH ��� ����� SS� ��������

>��@ ,Q�SODQH VWDELOLW\ RI SRUWDO IUDPHV WR %6 ������������ 6&, SXEOLFDWLRQ 3����� 7KH 6WHHO
&RQVWUXFWLRQ ,QVWLWXWH� 6LOZRRG 3DUN� $VFRW� %HUNVKLUH 6/� �41�

>��@ )XOO\�ULJLG PXOWL�VWRUH\ ZHOGHG VWHHO IUDPHV� -RLQW &RPPLWWHH
V 6HFRQG 5HSRUW� 7KH ,QVWLWXWLRQ RI
6WUXFWXUDO (QJLQHHUV DQG 7KH :HOGLQJ ,QVWLWXWH� 0D\ �����

>��@ 3ODVWLF GHVLJQ WR %6 ����� -� 0� 'DYLHV DQG %� $� %URZQ �&KDSWHU � 3ODVWLF GHVLJQ RI PXOWL�VWRUH\ 
EXLOGLQJV� %ODFNZHOO 6FLHQFH� �����

!BS 5268 (all parts), Structural use of timber." 

!BS 5628 (all parts), Code of practice for the use of masonry." 
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