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[Assume 0.6in diameter CFRP Cable; Properties refer to FDOT Standard Specification Section
933 Table 1-2, 7-strand-15.2mm CFRP prestressing strand]
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�65������WK�6WUHHW��1%�EULGJH�ZEDUULHU�HDFK �����

NLS
IW

� 

)RU�SXUSRVH�RI�WKLV�GHVLJQ�H[DPSOH��DOO
EDUULHU�ORDGV�DUH�HTXDOO\�GLVWULEXWHG�WR�WKH
WRWDO�QXPEHU�RI�EHDPV

ZEDUULHU
� ZEDUULHU�HDFK�

1XPEHU2I%HDP
�����

NLS
IW

� � 

ZIRUPV ��SVI %HDP6SDFLQJ EEHDP�WRS�IODQJH�� �� �����
NLS
IW

� � 

6WD\�LQ�SODFH�IRUPV�����SVI
�65������WK�6WUHHW��1%�EULGJH�

ZIZV �
NLS
IW

� )XWXUH�ZHDULQJ�VXUIDFH

ZXWLOLW\ �
NLS
IW

� 8WLOLW\�GHDG�ORDG

 for interior beams �'&�'HDG�ORDG
�/5)'�������
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6HOI�ZHLJKW�RI�EHDP
�[�GLVWDQFH�IURP�VXSSRUW�0VI�EHDP [� �

ZEHDP 6SDQ�

�
[�

ZEHDP [��

�
�� 

9VI�EHDP [� �
ZEHDP 6SDQ�

�
ZEHDP [��� 

0VI�VODE [� �
ZVODE�EXLOGXS 6SDQ�

�
[�

ZVODE�EXLOGXS [
�

�

�
�� 6HOI�ZHLJKW�RI�GHFN�DQG�EXLOGXS

9VI�VODE [� �
ZVODE�EXLOGXS 6SDQ�

�
ZVODE�EXLOGXS [��� 

0IRUPV [� �
ZIRUPV 6SDQ�

�
[�

ZIRUPV [
�

�

�
�� 6WD\�LQ�SODFH�IRUPV

9IRUPV [� �
ZIRUPV 6SDQ�

�
ZIRUPV [��� 

0EDUULHU [� �
ZEDUULHU 6SDQ�

�
[�

ZEDUULHU [
�

�

�
�� %DUULHUV

9EDUULHU [� �
ZEDUULHU 6SDQ�

�
ZEDUULHU [��� 

7RWDO�'&�GHDG�ORDG

Z'& ZEHDP ZVODE�EXLOGXS� ZIRUPV� ZEDUULHU� �����
NLS
IW

� � 

0'& [� � 0VI�EHDP [� � 0VI�VODE [� �� 0IRUPV [� �� 0EDUULHU [� ��� 

9'& [� � 9VI�EHDP [� � 9VI�VODE [� �� 9IRUPV [� �� 9EDUULHU [� ��� 

For Training Purposes Only, NOT To Be Used For Construction ��



���������&)53��3&�75$,1,1*�&2856(�
���������'(6,*1�(;$03/(��),%���

�':�'HDG�ORDG

�/5)'�������

)XWXUH�ZHDULQJ�VXUIDFH
�[�GLVWDQFH�IURP�VXSSRUW�0IZV [� �

ZIZV 6SDQ�

�
[�

ZIZV [
�

�

�
�� 

9IZV [� �
ZIZV 6SDQ�

�
ZIZV [��� 

0XWLOLW\ [� �
ZXWLOLW\ 6SDQ�

�
[�

ZXWLOLW\ [
�

�

�
�� 8WLOLW\

9XWLOLW\ [� �
ZXWLOLW\ 6SDQ�

�
ZXWLOLW\ [��� 

Z': ZIZV ZXWLOLW\� �
NLS
IW

� � 7RWDO�':�GHDG�ORDG

0': [� � 0IZV [� � 0XWLOLW\ [� ��� 

9': [� � 9IZV [� � 9XWLOLW\ [� ��� 
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�����/LYH�/RDG

,PSDFW�IDFWRU��G\QDPLF�ORDG�HIIHFWV��IRU
IDWLJXH�OLPLW�VWDWHV,0IDWLJXH ����� 

�/5)'�7DEOH�����������

,PSDFW�IDFWRU��G\QDPLF�ORDG�HIIHFWV��IRU
OLPLW�VWDWHV�RWKHU�WKDQ�IDWLJXH�DQG�IUDFWXUH

,0 ����� 
�/5)'�7DEOH�����������

8QLIRUPO\�GLVWULEXWHG�GHVLJQ�ODQH�ORDG
ZODQH ����

NLS
IW

� 
�/5)'�����������

0ODQH [� �
ZODQH 6SDQ�

�
[�

ZODQH [
�

�

�
�� 0RPHQW�DQG�VKHDU�LQWURGXFHG�E\�GHVLJQ

ODQH�ORDG
[�GLVWDQFH�IURP�OHIW�VXSSRUW

9ODQH [� �
ZODQH 6SDQ�

�
ZODQH [��� 

0D[LPXP�/LYH�/RDG�0RPHQW

�)'27�GHVLJQ�H[DPSOHV�
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 ------------  Live Load (except for fatigue limit state) -------------

+/����7UXFN�ORDG��D[OH�ORDGV�DQG�VSDFLQJ
3

��

��

�

§
¨
¨
©

·
¸
¸
¹
NLS�� 

�/5)'�����������

;/

�

��

��

§
¨
¨
©

·
¸
¸
¹
IW�� 

[FJ
3� ;/�� 3� ;/� ;/��� ��� 3� ;/� ;/�� ;/��� ���

3� 3�� 3��
����� IW � 

&HQWHU�RI�JUDYLW\�IRU�D[OH�ORDGV

]
;/� [FJ�

�
����� IW� � 'LVWDQFH�IURP�F�J��RI�D[OH�ORDGV�WR

FHQWHUOLQH�RI�VSDQ

;OHIW
6SDQ
�

]� [FJ� ������ IW � 

;

;OHIW

;OHIW ;/��

;OHIW ;/�� ;/��

§
¨
¨
¨
©

·
¸
¸
¸
¹

������

������

������

§
¨
¨
©

·
¸
¸
¹
IW � 'LVWDQFH�IURP�OHIW�VXSSRUW�WR�D[OH�ORDGV

/LYH�ORDG�PRPHQWV�DQG�VKHDU���2QH�+/����WUXFN

�&DVH��

�)'27�GHVLJQ�H[DPSOHV�
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0WUXFN� [� � 3�
6SDQ [�� � [�

6SDQ
� 3�

6SDQ [� ;/��� � [�
6SDQ

�� 3�

6SDQ [� ;/�� ;/��� � [�
6SDQ

��� 

9WUXFN� [� � 3�
6SDQ [�� �
6SDQ

� 3�

6SDQ [� ;/��� �
6SDQ

�� 3�

6SDQ [� ;/�� ;/��� �
6SDQ

��� 

�&DVH��

�)'27�GHVLJQ�H[DPSOHV�

0WUXFN� [� � 3�

6SDQ [�� � [ ;/��� ��

6SDQ
� 3�

6SDQ [�� � [�
6SDQ

�� 3�

6SDQ [� ;/��� � [�
6SDQ

��� 

9WUXFN� [� � 3�

[ ;/��� ��

6SDQ
� 3�

6SDQ [�� �
6SDQ

�� 3�

6SDQ [� ;/��� �
6SDQ

��� 

0WUXFN [� � PD[ 0WUXFN� [� � 0WUXFN� [� ���� �� 0RPHQW�DQG�VKHDU�LQWURGXFHG�E\�7UXFN
+/���

9WUXFN [� � PD[ 9WUXFN� [� � 9WUXFN� [� ���� �� 

0//�,0 [� � 0WUXFN [� � ,0� 0ODQH [� ��� /LYH�ORDG��WUXFN�DQG�ODQH��PRPHQW�DQG
VKHDU��LQFOXGLQJ�LPSDFW��,0�LV�IRU�OLPLW
VWDWHV�RWKHU�WKDQ�IDWLJXH�

9//�,0 [� � 9WUXFN [� � ,0� 9ODQH [� ��� 
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0// [� � 0WUXFN [� � 0ODQH [� ��� /LYH�ORDG��WUXFN�DQG�ODQH��PRPHQW�DQG
VKHDU��H[FOXGLQJ�LPSDFW

9// [� � 9WUXFN [� � 9ODQH [� ��� 

 ------------  Live Load for fatigue limit state -------------

+/����7UXFN�ORDG��D[OH�ORDGV�DQG�VSDFLQJ
3I

��
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§
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¨
©
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¸
¸
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NLS�� ;/I

�

��

��

§
¨
¨
©

·
¸
¸
¹
IW�� 

�/5)'�����������

[FJ�I

3I �
;/I�
� 3I�

;/I�
;/I�

�§
©

·
¹

�� 3I�
;/I�

;/I�
� ;/I�

�§
©

·
¹

��

3I�
3I�

� 3I�
�

������ IW � 

&HQWHU�RI�JUDYLW\�IRU�D[OH�ORDGV

]I

;/I�
[FJ�I�

�
����� IW� � 'LVWDQFH�IURP�F�J��RI�D[OH�ORDGV�WR

FHQWHUOLQH�RI�VSDQ

;OHIW�I
6SDQ
�

]I� [FJ�I� ������ IW � 

;I

;OHIW�I

;OHIW�I ;/I�
�

;OHIW�I ;/I�
� ;/I�

�

§
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¹

������

������

������

§
¨
¨
©

·
¸
¸
¹
IW � 'LVWDQFH�IURP�OHIW�VXSSRUW�WR�D[OH�ORDGV

/LYH�ORDG�PRPHQWV�DQG�VKHDU���2QH�+/����WUXFN

�&DVH��

0WUXFN��I [� � 3I �
6SDQ [�� � [�

6SDQ
� 3I�

6SDQ [� ;/I�
�§

©
·
¹
[�

6SDQ
�� 3I�

6SDQ [� ;/I�
� ;/I�

�§
©

·
¹
[�

6SDQ
��� 

9WUXFN��I [� � 3I �
6SDQ [�� �
6SDQ

� 3I�

6SDQ [� ;/I�
�§

©
·
¹

6SDQ
�� 3I�

6SDQ [� ;/I�
� ;/I�

�§
©

·
¹

6SDQ
��� 
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�&DVH��

0WUXFN��I [� � 3I �

6SDQ [�� � [ ;/I�
�§

©
·
¹

�

6SDQ
� 3I�

6SDQ [�� � [�
6SDQ

�� 3I�

6SDQ [� ;/I�
�§

©
·
¹
[�

6SDQ
��� 

9WUXFN��I [� � 3I �

[ ;/I�
�§

©
·
¹

�

6SDQ
� 3I�

6SDQ [�� �
6SDQ

�� 3I�

6SDQ [� ;/I�
�§

©
·
¹

6SDQ
��� 

0WUXFN�I [� � PD[ 0WUXFN��I [� � 0WUXFN��I [� ���� �� 0RPHQW�DQG�VKHDU�LQWURGXFHG�E\�7UXFN
+/�����IRU�IDWLJXH�OLPLW�VWDWH

9WUXFN�I [� � PD[ 9WUXFN��I [� � 9WUXFN��I [� ���� �� 

0//�,0�I [� � 0WUXFN�I [� � ,0IDWLJXH�� )DWLJXH�/LYH�ORDG��WUXFN��PRPHQW�DQG
VKHDU

9//�,0�I [� � 9WUXFN�I [� � ,0IDWLJXH�� 

DW�PLGVSDQ

0//�,0�I
6SDQ
�

§̈
©

·̧
¹

���� NLS IW�� 

9//�,0�I
6SDQ
�

§̈
©

·̧
¹

�� NLS� 
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�����/LYH�/RDG�'LVWULEXWLRQ�)DFWRUV �/5)'���������

/LYH�ORDG�RQ�WKH�GHFN�PXVW�EH�GLVWULEXWHG�WR�WKH�SUHFDVW�SUHVWUHVVHG�EHDPV��$$6+72�SURYLGHV
IDFWRUV�IRU�WKH�GLVWULEXWLRQ�RI�OLYH�ORDG�LQWR�WKH�EHDPV��7KH�IDFWRUV�FDQ�EH�XVHG�LI�WKH�IROORZLQJ
FULWHULD�LV�PHW�
����:LGWK�RI�GHFN�LV�FRQVWDQW
����1XPEHU�RI�EHDPV�LV�QRW�OHVV�WKDQ�IRXU
����%HDPV�DUH�SDUDOOHO�DQG�KDYH�DSSUR[LPDWHO\�WKH�VDPH�VWLIIQHVV
����7KH�RYHUKDQJ�PLQXV�WKH�EDUULHU�ZLGWK�GRHV�QRW�H[FHHG�����IHHW
����&XUYDWXUH�LQ�SODQ�LV�OHVV�WKDQ�WKH�OLPLW�VSHFLILHG�LQ�/5)'����������
����&URVV�VHFWLRQ�LV�FRQVLVWHQW�ZLWK�RQH�RI�WKH�FURVV�VHFWLRQV�VKRZQ�LQ�7DEOH������������

,Q�WKLV�H[DPSOH��DOO�WKH�FRQGLWLRQV�DUH�VDWLVILHG

.J
(F�EHDP
(F�VODE

,J $J HJ
�

��§
©

·
¹� ����� ���u LQ�� � /RQJLWXGLQDO�VWLIIQHVV�SDUDPHWHU

�/5)'�����������

7\SH�N�FURVV�VHFWLRQ�LQ�/5)'�7DEOH����������

�0RPHQW�GLVWULEXWLRQ�IDFWRU IRU�LQWHULRU�EHDPV

:KHQ�RQH�GHVLJQ�ODQH�ORDGHG

JP�� ����
6
��

§̈
©

·̧
¹

��� 6
/

§̈
©

·̧
¹

���
�

.J

���� /� WV
�

�

§
¨
¨
©

·
¸
¸
¹

���

�� �/5)'�7DEOH����������E���

JP�� ����
%HDP6SDFLQJ

�� IW�
§̈
©

·̧
¹

��� %HDP6SDFLQJ
6SDQ

§̈
©

·̧
¹

���
�

.J

����
LQ
IW
� 6SDQ� WVODE

�
�

§
¨
¨
©

·
¸
¸
¹

���

�� ����� � 

'LVWULEXWLRQ�IDFWRU�IRU�PRPHQW�LQ�LQWHULRU
EHDPV�ZKHQ�RQH�ODQH�LV�ORDGHG

:KHQ�WZR�RU�PRUH�GHVLJQ�ODQH�ORDGHG

JP�� �����
6
���

§̈
©

·̧
¹

��� 6
/

§̈
©

·̧
¹

���
�

.J

���� /� WV
�

�

§
¨
¨
©

·
¸
¸
¹

���

�� �/5)'�7DEOH����������E���
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JP�� �����
%HDP6SDFLQJ

��� IW�
§̈
©

·̧
¹

��� %HDP6SDFLQJ
6SDQ

§̈
©

·̧
¹

���
�

.J

����
LQ
IW
� 6SDQ� WVODE

�
�

§
¨
¨
©

·
¸
¸
¹

���

�� ����� � 

'LVWULEXWLRQ�IDFWRU�IRU�PRPHQW�LQ�LQWHULRU
EHDPV�ZKHQ�WZR�RU�PRUH�ODQHV�DUH�ORDGHG

JP PD[ JP�� JP����� � ����� � 'LVWULEXWLRQ�IDFWRU�IRU�PRPHQW�LQ�LQWHULRU
EHDPV

9HULI\�LI�WKH�GLVWULEXWLRQ�IDFWRU�VDWLVILHV�/5)'�FULWHULD�IRU��5DQJH�RI�$SSOLFDELOLW\�

JP�FKHFN 6 ���IW %HDP6SDFLQJd ��IWdm

WV ���LQ WVODEd ��LQdm

/ ��IW 6SDQd ���IWdm

1E 1XPEHU2I%HDP �tm

.J �����LQ� .Jd �������LQ�dm

�2.� 6 WV� /� 1E� .J�� � � LI

�1*� RWKHUZLVH

�2.� � 

JP�FKHFN �2.� 

�6KHDU�GLVWULEXWLRQ�IDFWRU IRU�LQWHULRU�EHDPV

:KHQ�RQH�GHVLJQ�ODQH�ORDGHG

JY�� ����
6

����
� �/5)'�7DEOH����������D���

'LVWULEXWLRQ�IDFWRU�IRU�VKHDU�LQ�LQWHULRU
EHDPV�ZKHQ�RQH�ODQH�LV�ORDGHGJY�� ����

%HDP6SDFLQJ
���� IW�

� ���� � 

:KHQ�WZR�RU�PRUH�GHVLJQ�ODQH�ORDGHG

JP�� ���
6
��

�
6
��

§̈
©

·̧
¹

���
� �/5)'�7DEOH����������D���
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JY�� ���
%HDP6SDFLQJ

�� IW�
�

%HDP6SDFLQJ
�� IW�

§̈
©

·̧
¹

���
� ����� � 

'LVWULEXWLRQ�IDFWRU�IRU�VKHDU�LQ�LQWHULRU
EHDPV�ZKHQ�WZR�RU�PRUH�ODQHV�DUH�ORDGHG

JY PD[ JY�� JY����� � ����� � 'LVWULEXWLRQ�IDFWRU�IRU�VKHDU�LQ�LQWHULRU
EHDPV

9HULI\�LI�WKH�GLVWULEXWLRQ�IDFWRU�VDWLVILHV�/5)'�FULWHULD�IRU��5DQJH�RI�$SSOLFDELOLW\�

JY�FKHFN 6 ���IW %HDP6SDFLQJd ��IWdm

WV ���LQ WVODEd ��LQdm

/ ��IW 6SDQd ���IWdm

1E 1XPEHU2I%HDP �tm

�2.� 6 WV� /� 1E�� � � LI

�1*� RWKHUZLVH

�2.� � 

JY�FKHFN �2.� 

�6XPPDU\�RI�OLYH�ORDG�GLVWULEXWLRQ�IDFWRUV��LQWHULRU�EHDPV

JP ����� 'LVWULEXWLRQ�IDFWRU�IRU�PRPHQW�LQ�LQWHULRU
EHDPV

JY ����� 'LVWULEXWLRQ�IDFWRU�IRU�VKHDU�LQ�LQWHULRU
EHDPV

0//�,0 [� � JP 0//�,0 [� ��� 5H�GHILQH
/LYH�ORDG��WUXFN�DQG�ODQH��PRPHQW�DQG
VKHDU��LQFOXGLQJ�LPSDFW��,0�LV�IRU�OLPLW
VWDWHV�RWKHU�WKDQ�IDWLJXH�
&RQVLGHU�//�GLVWULEXWLRQ�IDFWRU

9//�,0 [� � JY 9//�,0 [� ��� 

0// [� � JP 0// [� ��� 5H�GHILQH
/LYH�ORDG��WUXFN�DQG�ODQH��PRPHQW�DQG
VKHDU��H[FOXGLQJ�LPSDFW
&RQVLGHU�//�GLVWULEXWLRQ�IDFWRU9// [� � JY 9// [� ��� 
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0//�,0�I [� �
JP
���

0//�,0�I [� ��� 5H�GHILQH
/LYH�ORDG��WUXFN��PRPHQW�DQG�VKHDU�
LQFOXGLQJ�LPSDFW��,0�LV�IRU�IDWLJXH�
&RQVLGHU�//�GLVWULEXWLRQ�IDFWRU9//�,0�I [� �

JY
���

9//�,0�I [� ��� 

Noted that the distribution factor calculated in LRFD 4.6.2.2 for a single lane loaded already
includes the 1.2 "multiple presence factor" for a single lane, therefore, this value may be used for
the service and strength limit states. However, multiple presence factors should not be used for
the fatigue limit state. Therefore, the multiple presence factor of 1.2 for the single lane is required
to be removed from the value calculated above to determine the factor used for the fatigue limit
state
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�����6XPPDU\�RI�0RPHQWV�DQG�6KHDU�)RUFHV

6WUHQJWK� ����'& ���':� ����//� 6WUHQJWK�,�OLPLW�VWDWH

6HUYLFH� ���'& ���':� ���//� 6HUYLFH�,�OLPLW�VWDWH

6HUYLFH� ���'& ���':� ���//� 6HUYLFH�,,,�OLPLW�VWDWH

)DWLJXH� ����//IDWLJXH )DWLJXH�,�OLPLW�VWDWH

06WU� [� � ���� 0'& [� �� ��� 0': [� ��� ���� 0//�,0 [� ���� 6WUHQJWK�,�OLPLW�VWDWH

06UY� [� � ��� 0'& [� �� ��� 0': [� ��� ��� 0//�,0 [� ���� 6HUYLFH�,�OLPLW�VWDWH

06UY� [� � ��� 0'& [� �� ��� 0': [� ��� ��� 0//�,0 [� ���� 6HUYLFH�,,,�OLPLW�VWDWH

0IDWLJXH [� � ���� 0//�,0�I [� ��� )DWLJXH�,�OLPLW�VWDWH

96WU� [� � ���� 9'& [� �� ��� 9': [� ��� ���� 9//�,0 [� ���� 6WUHQJWK�,�OLPLW�VWDWH

96UY� [� � ��� 9'& [� �� ��� 9': [� ��� ��� 9//�,0 [� ���� 6HUYLFH�,�OLPLW�VWDWH

96UY� [� � ��� 9'& [� �� ��� 9': [� ��� ��� 9//�,0 [� ���� 6HUYLFH�,,,�OLPLW�VWDWH

9IDWLJXH [� � ���� 9//�,0�I [� ��� )DWLJXH�,�OLPLW�VWDWH

DW�PLVSDQ

0'&�PLG 0'&
6SDQ
�

§̈
©

·̧
¹

���� NLS IW�� � 'XH�WR�'&

0':�PLG 0':
6SDQ
�

§̈
©

·̧
¹

� NLS IW�� � 'XH�WR�':
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0//�,0�PLG 0//�,0
6SDQ
�

§̈
©

·̧
¹

���� NLS IW�� � 'XH�WR�//

0//�,0�IDWLJXH�PLG 0//�,0�I
6SDQ
�

§̈
©

·̧
¹

��� NLS IW�� � 'XH�WR�//

06WU��PLG ���� 0'&�PLG� ��� 0':�PLG�� ���� 0//�,0�PLG�� ���� NLS IW�� � 

6WUHQJWK�,�OLPLW�VWDWH

06UY��PLG ��� 0'&�PLG� ��� 0':�PLG�� ��� 0//�,0�PLG�� ���� NLS IW�� � 

6HUYLFH�,�OLPLW�VWDWH

06UY��PLG ��� 0'&�PLG� ��� 0':�PLG�� ��� 0//�,0�PLG�� ���� NLS IW�� � 

6HUYLFH�,,,�OLPLW�VWDWH

0IDWLJXH�PLG ���� 0//�,0�IDWLJXH�PLG� ���� NLS IW�� � 

)DWLJXH�,�OLPLW�VWDWH
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����675$1'�3$77(51
7KH�SDWWHUQ�RI�VWUDQGV�QHHG�WR�EH�DGMXVWHG
DFFRUGLQJ�WR�OLPLW�VWDWHVIRU�),%����%HDP

VXSSRUW �IW� 'LVWDQFH�IURP�OHIW�VXSSRUW

GHERQG� ��IW� 'HERQG�SODFH�������LI�QR�QHHG�GHERQGLQJ

GHERQG� ��IW� 'HERQG�SODFH�������LI�QR�QHHG�GHERQGLQJ

PLGVSDQ
6SDQ
�

������ IW � 
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0D[�QXPEHU�RI
VWUDQGV�LQ�HDFK�URZ�
IURP�ERWWRP�XS

1XPEHU�RI�VWUDQGV�LQ�HDFK�URZ��IURP
ERWWRP�XS

 Adjust the numbers to satisfy Service
 III and Strength I limit states
 (Sections 9 and 11 in this example)

 Note: Service I can be satisfied by
 debonding (Section 8 in this
 example)

QPD[

��

��

��

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

� Q

��

��

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

� 

QWRWDO
�

URZV Q� � ��

L

QL¦
 

�� � 7RWDO�QXPEHU�RI�VWUDQGV

$S Q $SI�

�����

�����

�����

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

LQ�� � 7RWDO�DUHD�RI�VWUDQGV�LQ�HDFK�URZ

$S�WRWDO
�

URZV Q� � ��

L

$SL¦
 

����� LQ�� � 7RWDO�DUHD�RI�VWUDQGV

'LVWDQFH�IURP�WRS�EHDP
VHFWLRQ�WR�WKH�FHQWHU�RI
HDFK�VWUDQG�URZ

GS

KJ �LQ�

KJ �LQ�

KJ �LQ�

KJ �LQ�

KJ ��LQ�

KJ ��LQ�

KJ ��LQ�

KJ ��LQ�

§̈
¨
¨
¨
¨
¨
¨
¨
¨
¨
¨

©̈

·̧
¸
¸
¸
¸
¸
¸
¸
¸
¸
¸

¹̧

��

��

��

��

��

��

��

��

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

LQ� � 
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GS�VWUDQGV�F�J
�

URZV Q� � ��

L

$SL
GSL
�§

©
·
¹¦

 

$S�WRWDO
������ LQ� � 'LVWDQFH�IURP�WRS�EHDP�VHFWLRQ�WR�WKH

JUDYLW\�FHQWHU�RI�VWUDQG�JURXS

GS�VWUDQGV�F�J�ERW KJ GS�VWUDQGV�F�J� ����� LQ� � 'LVWDQFH�IURP�ERWWRP�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS
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����75$16)250('�6(&7,21�3523(57,(6

�����7UDQVIRUPHG�6HFWLRQ�3URSHUWLHV���1RQ�&RPSRVLWH�6HFWLRQ
��*LUGHU�6WUDQGV�

QS ����� (ODVWLF�PRGXOXV�UDWLR��(S�(F

$J�WU $J QS ��� �$S�WRWDO� ������� LQ�� � $UHD�

\J�WU�WRS

$J \J�WRS�

�

URZV Q� � ��

L

$SL
QS ��� �� GSL

�ª
¬

º
¼¦

 

�

$J�WU
������ LQ� � 

'LVWDQFH�IURP�WRS�ILEHU��EHDP��WR�1�$

\J�WU�ERW KJ \J�WU�WRS� ������ LQ� � 'LVWDQFH�IURP�ERWWRP�ILEHU��EHDP��WR�1�$

,J�WU ,J $J \J�WU�WRS \J�WRS�� ����

�

URZV Q� � ��

L

QS ��� � $SL� GSL
\J�WU�WRS�§

©
·
¹
�

�ª«
¬

º»
¼¦

 

� ���� ���u LQ�� � 

0RPHQW�LQHUWLD
6J�WU�WRS

,J�WU
\J�WU�WRS

����� ���u LQ�� � 

6J�WU�ERW
,J�WU

\J�WU�ERW
����� ���u LQ�� � 

HJ�WU�FJ�VWUDQGV \J�WU�ERW GS�VWUDQGV�F�J�ERW� ����� LQ� � 

HFFHQWULFLW\�RI�VWUDQG�JURXS
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�����7UDQVIRUPHG�6HFWLRQ�3URSHUWLHV���&RPSRVLWH�6HFWLRQ
��*LUGHU�'HFN�6WUDQGV�%DUV�

Assume #5 GFRP bar at 12'' spacing, longitudinal direction, in both top and bottom of the
deck slab

QE ����� (ODVWLF�PRGXOXV�UDWLR��(JIUS�(F

$GHFN�UHEDU
EH
��LQ

$*)53� �� ����� LQ�� � 

'LVWDQFH�IURP�F�J��RI�UHEDU�JURXS��LQ�GHFN
VODE��WR�ERWWRP�RI�JLUGHU�VHFWLRQ\UHEDU KJ KEXLOGXS�

WVODE
�

� ����� IW � 

$J�FRPS�WU $J�FRPS QS ��� �$S�WRWDO� QE ��� � $GHFN�UHEDU�� ����� ���u LQ�� � 

$UHD�

\J�FRPS�WU�WRS

$J�FRPS \J�FRPS�WRS�

�

URZV Q� � ��

L

$SL
QS ��� �� GSL

�ª
¬

º
¼¦

 

�

QE ��� � $GHFN�UHEDU�
WVODE
�

��

���

$J�FRPS�WU
������ LQ� � 

'LVWDQFH�IURP�WRS�ILEHU��GHFN��WR�1�$

\J�FRPS�WU�ERW KJ�FRPS \J�FRPS�WU�WRS� ������ LQ� � 'LVWDQFH�IURP�ERWWRP�ILEHU��EHDP��WR�1�$

\J�FRPS�WU�WRSEHDP \J�FRPS�WU�WRS WVODE� KEXLOGXS� ����� LQ� � 

'LVWDQFH�IURP�WRS�ILEHU�RI�WKH�EHDP�WR�1�$

,J�FRPS�WU ,J�FRPS $J�FRPS \J�FRPS�WU�WRS \J�FRPS�WRS�� ����

�

URZV Q� � ��

L

QS ��� � $SL� GSL
\J�FRPS�WU�WRS�§

©
·
¹
�

�ª«
¬

º»
¼¦

 

�

���

QE ��� � $GHFN�UHEDU�
WVODE
�

\J�FRPS�WU�WRS�
§
¨
©

·
¸
¹

�

��

���

����� ���u LQ�� � 

0RPHQW�LQHUWLD
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6J�FRPS�WU�WRS
,J�FRPS�WU

\J�FRPS�WU�WRS
����� ���u LQ�� � 

6J�FRPS�WU�ERW
,J�FRPS�WU

\J�FRPS�WU�ERW
����� ���u LQ�� � 

6J�FRPS�WU�WRSEHDP
,J�FRPS�WU

\J�FRPS�WU�WRSEHDP
����� ���u LQ�� � 

HJ�FRPS�WU�FJ�VWUDQGV \J�FRPS�WU�ERW GS�VWUDQGV�F�J�ERW� ������ LQ� � 

(FFHQWULFLW\�RI�VWUDQG�JURXS
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����35(675(66�/266(6

∆IS ∆IS(6 ∆IS/7� ∆IS7+� 7RWDO�SUHVWUHVV�ORVV
�$$6+72�&)53���������

∆IS(6��SUHVWUHVV�ORVV�GXH�WR�HODVWLF�VKRUWHQLQJ

∆IS/7��ORQJ�WHUP�WLPH�GHSHQGHQW�SUHVWUHVV�ORVVHV��GXH�WR�VKULQNDJH��FUHHS��DQG�UHOD[DWLRQ

∆IS7+��SUHVWUHVV�ORVVHV�GXH�WR�WHPSHUDWXUH�FKDQJH��1RW�FRQVLGHUHG�LQ�WKLV�H[DPSOH�

�����3UHVWUHVV�/RVV�GXH�WR�(ODVWLF�6KRUWHQLQJ�

3UHVWUHVV�ORVV�GXH�WR�HODVWLF�VKRUWHQLQJ∆IS(6
(I
(FW

IFJS 
�$$6+72�&)53�������

ISL ��� NVL� -DFNLQJ�VWUHVV

)SL $S�WRWDO ISL� ����� ���u NLS� � 7RWDO�MDFNLQJ�IRUFH

(FFHQWULFLW\�RI�VWUDQG�JURXS�WR�1�$��RI�WKH
WUDQVIRUPHG�QRQ�FRPSRVLWH�VHFWLRQHJ�WU�FJ�VWUDQGV ����� LQ� 

0VI�EHDP�PLGVSDQ 0VI�EHDP
6SDQ
�

§̈
©

·̧
¹

������� NLS IW�� � 0RPHQW�DW�PLGVSDQ�GXH�WR�VHOI�ZHLJKW�RI
EHDP

IFJS
)SL
$J�WU

)SL HJ�WU�FJ�VWUDQGV
�

�

,J�WU
�

0VI�EHDP�PLGVSDQ HJ�WU�FJ�VWUDQGV�

,J�WU
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�JUDYLW\�FHQWHU�RI�WKH
SUHVWUHVVLQJ�IRUFH�DW�WUDQVIHU

∆IS(6
(S

(FL�EHDP
IFJS ������ NVL� � 3UHVWUHVV�ORVV�GXH�WR�HODVWLF�VKRUWHQLQJ

�$$6+72�&)53�������

ISW ISL ∆IS(6� ������ NVL� � 3UHVWUHVV�VWUHVV�DW�WUDQVIHU
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�����/RQJ�7HUP�7LPH�'HSHQGHQW�3UHVWUHVV�/RVVHV��5HILQHG�(VWLPDWLRQ��

∆IS/7 ∆IS65 ∆IS&5� ∆IS5��� �
LG

∆IS6' ∆IS&'� ∆IS5�� ∆IS66�� �
GI

� 

7RWDO�ORQJ�WHUP�WLPH�GHSHQGHQW�ORVVHV
LG���WLPH�EHWZHHQ�WUDQVIHU�DQG�GHFN
SODFHPHQW
GI���WLPH�EHWZHHQ�GHFN�SODFHPHQW�DQG�WKH
ILQDO�WLPH�

�/5)'�������������

 --------Time-Dependent losses between transfer and deck placement--------

6KULQNDJH�RI�JLUGHU�FRQFUHWH��L�!G�

∆IS65 εELG (S� .LG� �/5)'���������

)DFWRU�IRU�WKH�HIIHFW�RI�WKH
YROXPH�WR�VXUIDFH�UDWLR�RI�WKH�FRPSRQHQW�NV PD[ ���� ����

$J
3HULPHWHUEHDP LQ�

� �����
§
¨
©

·
¸
¹

����� � 

�/5)'�����������

NKV ���� �����5+� ����� � +XPLGL\�IDFWRU�IRU�VKULQNDJH

�/5)'�����������

NKF ���� �����5+� ����� � +XPLGL\�IDFWRU�IRU�FUHHS

�/5)'�����������

NI
�

�
I
FL�EHDP

NVL
�

����� � )DFWRU�IRU�WKH�HIIHFW�RI�FRQFUHWH�VWUHQJWK

�/5)'�����������

NWG W� W���� �
W� W��

��
��� �

I
FL�EHDP
NVL

��

I
FL�EHDP
NVL

���

§
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¹

W� W��� ��

� 7LPH�GHYHORSPHQW�IDFWRU

�/5)'�����������

NWG WL WG��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�WUDQVIHU�WR�GHFN�SODFHPHQW

NWG WL WI��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�WUDQVIHU�WR�ILQDO�WLPH
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NWG WG WI��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�GHFN�SODFHPHQW�WR�ILQDO�WLPH

εELG NV NKV� NI� NWG WL WG��� �� ����� �� ��
� ����� �� ��

u � 6KULQNDJH�VWUDLQ�RI�JLUGHU

�/5)'�����������

ΨE W� W���� � ��� NV� NKF� NI� NWG W� W���� �� W�
������

�� &UHHS�FRHIILFLHQW�

�/5)'�����������

ΨE WG WL��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�WUDQVIHU�WR�GHFN�SODFHPHQW

ΨE WI WL��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�WUDQVIHU�WR�ILQDO�WLPH

ΨE WI WG��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�GHFN�SODFHPHQW�WR�ILQDO�WLPH

.LG
�

�
(S

(FL�EHDP

$S�WRWDO
$J�WU

� �
$J�WU HJ�WU�FJ�VWUDQGV

�
�

,J�WU
�

§
¨
¨
©

·
¸
¸
¹

� � ��� ΨE WI WL��� ���� ���

����� � 

7UDQVIRUPHG�VHFWLRQ�FRHIILFLHQW

�/5)'�����������

∆IS65 εELG (S� .LG� ����� NVL� � 3UHVWUHVV�ORVV�GXH�WR�
6KULQNDJH�RI�JLUGHU�FRQFUHWH
�/5)'���������

&UHHS�RI�JLUGHU�FRQFUHWH��L�!G�

∆IS&5
(S

(FL�EHDP
IFJS ΨE WG WL��� �� .LG� ������ NVL� � 3UHVWUHVV�ORVV�GXH�WR�

&UHHS�RI�JLUGHU�FRQFUHWH
�/5)'���������
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5HOD[DWLRQ�RI�SUHVWUHVVLQJ�&)53��L�!G�

ISX ��� NVL� 'HVLJQ�WHQVLOH�VWUHQJWK

ISW ��� NVL� 3UHVWUHVVLQJ�VWUHVV�DW�WUDQVIHU

∆IS5 W� W���� � �����
ISW
ISX

�������
§
¨
©

·
¸
¹
ORJ �� W� W��� ��ª¬ º¼� ISX�

ª
«
¬

º
»
¼

6WUDQG7\SH&)53 � LI

�����
ISW
ISX

������
§
¨
©

·
¸
¹
ORJ �� W� W��� ��ª¬ º¼� ISX�

ª
«
¬

º
»
¼

6WUDQG7\SH&)53 � LI

� 

3UHVWUHVV�ORVV�GXH�WR�UHOD[DWLRQ

�$$6+72�&)53�����������

∆IS5� ∆IS5 WL WG��� � ����� NVL� � 3UHVWUHVV�ORVV�GXH�WR�UHOD[DWLRQ

7LPH�IURP�WUDQVIHU�WR�GHFN�SODFHPHQW

7RWDO�WLPH�GHSHGHQW�SUHVWUHVV�ORVV�EHWZHHP�WUDQVIHU�DQG�GHFN�SODFHPHQW

∆IS/7�LG ∆IS65 ∆IS&5� ∆IS5�� ������ NVL� � 

 --------Time-Dependent losses between deck placement to final time--------

6KULQNDJH�RI�JLUGHU�FRQFUHWH��G�!I�

∆IS6' εEGI (S� .GI� �/5)'�����������

εEGI NV NKV� NI� NWG WG WI��� �� ����� �� ��
� ����� �� ��

u � 

6KULQNDJH�VWUDLQ�RI�JLUGHU

�/5)'�����������

(FFHQWULFLW\�RI�SUHVWUHVVLQJ�IRUFH�ZLWK
UHVSHFW�WR�FRPSRVLWH�VHFWLRQHJ�FRPS�WU�FJ�VWUDQGV ������ LQ� 

�/5)'�����������

,J�FRPS�WU ����� ���u LQ�� 0RPHQW�LQHUWLD�IRU�WUDQVIRUPHG�FRPSRVLWH
VHFWLRQ
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$J�FRPS�WU ����� ���u LQ�� $UHD�IRU�WUDQVIRUPHG�FRPSRVLWH�VHFWLRQ

.GI
�

�
(S

(FL�EHDP

$S�WRWDO
$J�FRPS�WU
� �

$J�FRPS�WU HJ�FRPS�WU�FJ�VWUDQGV
�

�

,J�FRPS�WU
�

§
¨
¨
©

·
¸
¸
¹

� � ��� ΨE WI WL��� ���� ���

����� � 

7UDQVIRUPHG�VHFWLRQ�FRHIILFLHQW

�/5)'�����������

∆IS6' εEGI (S� .GI� ����� NVL� � 3UHVWUHVV�ORVV�GXH�WR�
6KULQNDJH�RI�JLUGHU�FRQFUHWH

�/5)'�����������
&UHHS�RI�JLUGHU�FRQFUHWH��G�!I�

3S/7�LG ∆IS/7�LG $S�WRWDO� ������� NLS� � 3UHVWUHVV�IRUFH�ORVV�EHWZHHQ�WUDQVIHU�WR
GHFN�SODFHPHQW

0'/�QF 0VI�VODE
6SDQ
�

§̈
©

·̧
¹

0IRUPV
6SDQ
�

§̈
©

·̧
¹

� ����� ���u NLS IW�� � 

3HUPDQHQW�GHDG�ORDG�PRPHQW�DW�PLGVSDQ
�H[FOXGH�VHOI�ZHLJKW�RI�EHDP��DFWLQJ�RQ
QRQ�FRPSRVLWH�VHFWLRQ

0'/�FRPS 0EDUULHU
6SDQ
�

§̈
©

·̧
¹

0IZV
6SDQ
�

§̈
©

·̧
¹

� 0XWLOLW\
6SDQ
�

§̈
©

·̧
¹

� ������� NLS IW�� � 

3HUPDQHQW�GHDG�ORDG�PRPHQW�DW�PLGVSDQ
DFWLQJ�RQ�FRPSRVLWH�VHFWLRQ

∆IFG ��� �
3S/7�LG
$J�WU

3S/7�LG HJ�WU�FJ�VWUDQGV� ���

,J�WU
�

0'/�QF HJ�WU�FJ�VWUDQGV�

,J�WU

0'/�FRPS HJ�FRPS�WU�FJ�VWUDQGV�

,J�FRPS�WU
��

���
ª«
«
«
«
«
¬

º»
»
»
»
»
¼

������ NVL� � 

&KDQJH�LQ�FRQFUHWH�VWUHVV�DW�FHQWURLG�RI
SUHVWUHVVLQJ�VWUDQGV�GXH�WR�ORQJ�WHUP
ORVVHV�EHWZHHQ�WUDQVIHU�DQG�GHFN
SODFHPHQW��FRPELQHG�ZLWK�GHFN�ZHLJKW
DQG�VXSHULPSRVHG�ORDGV
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∆IS&'
(S

(FL�EHDP
IFJS ΨE WI WL��� � ΨE WG WL��� ��� �� .GI�

(S
(F�EHDP

∆IFG ΨE WI WG��� �� .GI�� ����� NVL� � 

3UHVWUHVV�ORVV�GXH�WR�
&UHHS�RI�JLUGHU�FRQFUHWH
�/5)'�����������

5HOD[DWLRQ�RI�SUHVWUHVVLQJ�&)53��G�!I�

ISX ��� NVL� 'HVLJQ�WHQVLOH�VWUHQJWK

ISW ��� NVL� 3UHVWUHVV�VWUHVV�DW�WUDQVIHU

∆IS5� ∆IS5 WG WI��� � ������ NVL� � 3UHVWUHVV�ORVV�GXH�WR�UHOD[DWLRQ

7LPH�IURP�WUDQVIHU�WR�GHFN�SODFHPHQW

6KULQNDJH�RI�GHFN�FRQFUHWH��G�!I�

)DFWRU�IRU�WKH�HIIHFW�RI�WKH
YROXPH�WR�VXUIDFH�UDWLR�RI�WKH�FRPSRQHQW�NV�GHFN PD[ ���� ����

$VODE
� EH� LQ�

� �����
§
¨
©

·
¸
¹

����� � 

�/5)'�����������

NKV ����� +XPLGL\�IDFWRU�IRU�VKULQNDJH
�/5)'�����������

NKF ����� +XPLGL\�IDFWRU�IRU�FUHHS

�/5)'�����������

NI�GHFN
�

�
I
F�VODE
NVL

�

����� � )DFWRU�IRU�WKH�HIIHFW�RI�FRQFUHWH�VWUHQJWK

�/5)'�����������

NWG�GHFN W� W���� �
W� W��

��
��� �

I
F�VODE
NVL

��

I
F�VODE
NVL

���

§
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¹

W� W��� ��

� 7LPH�GHYHORSPHQW�IDFWRU

�/5)'�����������
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NWG�GHFN WG WI��� � ����� 7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�GHFN�SODFHPHQW�WR�ILQDO�WLPH

εGGI NV�GHFN NKV� NI�GHFN� NWG�GHFN WG WI��� �� ����� �� ��
� ����� �� ��

u � 

6KULQNDJH�VWUDLQ�RI�GHFN

�/5)'�����������

ΨE�GHFN W� W���� � ��� NV�GHFN� NKF� NI�GHFN� NWG�GHFN W� W���� �� W�
������

�� 

&UHHS�FRHIILFLHQW�

�/5)'�����������

7LPH�GHYHORSPHQW�IDFWRU
7LPH�IURP�GHFN�SODFHPHQW�WR�ILQDO�WLPHΨE�GHFN WI WG��� � ����� 

HGHFN�FRPS \J�FRPS�WU�WRS
WVODE
�

� ������ LQ� � (FFHQWULFLW\�RI�GHFN�ZLWK�UHVSHFW�WR�1�$��RI
WUDQVIRUPHG�FRPSRVLWH�VHFWLRQ

∆IFGI
εGGI $VODE� (F�VODE�

� ��� ΨE�GHFN WI WG��� ���

�
$J�FRPS�WU

HJ�WU�FJ�VWUDQGV HGHFN�FRPS�

,J�FRPS�WU
�

§
¨
©

·
¸
¹

� ����� NVL� � 

&KDQJH�LQ�FRQFUHWH�VWUHVV�DW�FHQWURLG�RI
SUHVWUHVVLQJ�VWUDQGV�GXH�WR�VKULQNDJH�RI
GHFN�FRQFUHWH

∆IS66
(S

(F�EHDP
∆IFGI� .GI� � ��� ΨE WI WG��� ���� �� ���� NVL� � 

3UHVWUHVV�ORVV�GXH�WR�VKULQNDJH�RI�GHFN
FRQFUHWH
�/5)'�����������

7RWDO�WLPH�GHSHGHQW�SUHVWUHVV�ORVV�EHWZHHQ�GHFN�SODFHPHQW�DQG�ILQDO�WLPH

∆IS/7�GI ∆IS6' ∆IS&'� ∆IS5�� ∆IS66� ����� NVL� � 

7RWDO�WLPH�GHSHGHQW�SUHVWUHVV�ORVV�EHWZHHQ�GHFN�SODFHPHQW�DQG�ILQDO�WLPH

∆IS/7 ∆IS/7�LG ∆IS/7�GI� ������ NVL� � 
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�����6XPPDU\���3UHVWUHVV�/RVV��

∆IS ∆IS(6 ∆IS/7� ∆IS7+� ������ NVL� � 7RWDO�SUHVWUHVV�ORVV

�$$6+72�&)53���������

/RVV�
∆IS
ISL

���� �� � 7RWDO�SUHVWUHVV�ORVV�SHUFHQWDJH

∆IS(6 ������ NVL� 3UHVWUHVV�ORVV�GXH�WR�HODVWLF�VKRUWHQLQJ�

∆IS7+ � 3UHVWUHVV�ORVV�GXH�WR�WHPSHUDWXUH
FKDQJH��QRW�FRQVLGHUHG�

∆IS/7 ������ NVL� 7RWDO�ORQJ�WHUP�WLPH�GHSHQGHQW�SUHVWHVV
ORVV

∆IS/7�LG ������ NVL� /RQJ�WHUP�WLPH�GHSHQGHQW�SUHVWHVV�ORVV
EHWZHHQ�WUDQVIHU�DQG�GHFN�SODFHPHQW

∆IS/7�GI ����� NVL� /RQJ�WHUP�WLPH�GHSHQGHQW�SUHVWHVV�ORVV
EHWZHHQ�GHFN�SODFHPHQW�DQG�ILQDO�WLPH

ISL ��� NVL� -DFNLQJ�VWUHVV

ISW ��� NVL� 3UHVWUHVVLQJ�VWUHVV�DW�WUDQVIHU

ISH ISL ∆IS� ��� NVL� � (IIHFW�SUHVWUHVVLQJ�VWUHVV�DIWHU�DOO�ORVVHV

&KHFNSH�OLPLW �2.� ISH ISH�OLPLWdLI

�1*� ISH ISH�OLPLW!LI

� 

6HUYLFH�VWUHVV�OLPLW��DIWHU�DOO�ORVVHV�
&KHFNSH�OLPLW �2.� �$$6+72�&)53�7DEOH���������
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����675(66�/,0,76�)25�&21&5(7(
��7(0325$5<�675(66(6�%()25(�/266(6��/5)'�����������
IRU�WHPSRUDU\�VWUHVVHV�EHIRUH�ORVVHV��DW�UHOHDVH� �&RPSUHVVLRQ����7HQVLRQ���

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV ���� I
FL�EHDP� ����� NVL� � 

&RPSUHVVLYH�VWUHVV�OLPLW�IRU�FRQFUHWH
�/5)'����������D�

Note: assume minimum tension reinforcement satisfy SDG 4.3.1-1 and LRFD 5.9.2.3.1 

IWHQVLOH�DOORZ�����EHIRUH�ORVV �����
I
FL�EHDP

NVL

§
¨
©

·
¸
¹

���

NVL� ������ NVL� � 

7HQVLOH�VWUHVV�OLPLW�IRU�FRQFUHWH�LQ�RXWHU
����UHJLRQV
��)'27�6'*�������

IWHQVLOH�DOORZ�����ERQG�EHIRUH�ORVV �����
I
FL�EHDP

NVL

§
¨
©

·
¸
¹

���

NVL� ������ NVL� � 

7HQVLOH�VWUHVV�OLPLW�IRU�FRQFUHWH�LQ�PLGGOH
����UHJLRQV��IRU�ERQGHG�UHLQIRUFHPHQWV
��)'27�6'*��������/5)'����������E�

IWHQVLOH�DOORZ�����XQERQG�EHIRUH�ORVV PLQ ������
I
FL�EHDP

NVL

§
¨
©

·
¸
¹

���

� NVL ���NVL��
ª«
«¬

º»
»¼

� ���� NVL� � 

7HQVLOH�VWUHVV�OLPLW�IRU�FRQFUHWH�LQ�PLGGOH
����UHJLRQV��IRU�ERQGHG�UHLQIRUFHPHQWV
��)'27�6'*��������/5)'����������E�

$W�UHOHDVH��ORDGV�LQFOXGH�VHOI�ZHLJKW�RI�EHDP�DQG�WKH�SUHVWUHVVLQJ�IRUFH

3SL $S�WRWDO ISL� ����� ���u NLS� � 7RWDO�SUHVWUHVV�IRUFH�DW�UHOHDVH
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�����$W�0LG�6SDQ�6HFWLRQ

PLGVSDQ ������ IW 

IF�WRSEHDP�PLGVSDQ
3SL
$J�WU

0VI�EHDP PLGVSDQ� � 3SL HJ�WU�FJ�VWUDQGV��

6J�WU�WRS
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�WRS�ILEHU�RI�WKH�EHDP�DW
PLG�VSDQ

IF�ERWEHDP�PLGVSDQ
3SL
$J�WU

0VI�EHDP PLGVSDQ� � 3SL HJ�WU�FJ�VWUDQGV��

6J�WU�ERW
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�ERWWRP�ILEHU�RI�WKH
EHDP�DW�PLG�VSDQIFRPSUHVVLYH�DOORZ�EHIRUH�ORVV ����� NVL� 

IWHQVLOH�DOORZ�����ERQG�EHIRUH�ORVV ������ NVL� LQ�WKH�SUHWHQVLRQHG�EHDPV��DW�WKH
PLGVSDQ���ERQGHG�UHLQIRUFHPHQWV�

&KHFNWRS�PLGVSDQ

�2.� IF�WRSEHDP�PLGVSDQ IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�WRSEHDP�PLGVSDQ �NVLtLI

�2.� IF�WRSEHDP�PLGVSDQ� IWHQVLOH�DOORZ�����ERQG�EHIRUH�ORVV�dLI

�1*� RWKHUZLVH

IF�WRSEHDP�PLGVSDQ �NVL�LI

� 

&KHFNWRS�PLGVSDQ �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
PLGVSDQ��DW�UHOHDVH

&KHFNERW�PLGVSDQ

�2.� IF�ERWEHDP�PLGVSDQ IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�ERWEHDP�PLGVSDQ �NVLtLI

�2.� IF�ERWEHDP�PLGVSDQ� IWHQVLOH�DOORZ�����ERQG�EHIRUH�ORVV�dLI

�1*� RWKHUZLVH

IF�ERWEHDP�PLGVSDQ �NVL�LI

� 

&KHFNERW�PLGVSDQ �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
PLGVSDQ��DW�UHOHDVH
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�����$W�6XSSRUW��WUDQVIHU�OHQJWK��6HFWLRQ

$IWHU�WUDQVIHU�OHQJWK��WKH�SUHVWUHVVLQJ�IRUFHV�DUH�WUDQVIHUHG�WR�FRQFUHWH��VR�WKH�VHFWLRQ�WKDW
QHHGV�WR�FKHFN�LV�ORFDWHG�DW�WUDQVIHU�OHQJWK�GLVWDQFH�IURP�WKH�VXSSRUW

VXSSRUWFKHFN VXSSRUW /WUDQVIHU� ��� IW � 

IF�WRSEHDP�DW�UHOHDVH�
3SL
$J�WU

0VI�EHDP VXSSRUWFKHFN� � 3SL HJ�WU�FJ�VWUDQGV��

6J�WU�WRS
� ������ NVL� � 

&RQFUHWH�VWUHVV�DW�WRS�ILEHU�RI�WKH�EHDP�DW
VXSSRUW

IF�ERWEHDP�DW�UHOHDVH�
3SL
$J�WU

0VI�EHDP VXSSRUWFKHFN� � 3SL HJ�WU�FJ�VWUDQGV��

6J�WU�ERW
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�ERWWRP�ILEHU�RI�WKH
EHDP�DW�VXSSRUW

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV ��� NVL� 

IWHQVLOH�DOORZ�����EHIRUH�ORVV ������ NVL� 

&KHFNVS�WRS �2.� IF�WRSEHDP�DW�UHOHDVH� �NVLt
IF�WRSEHDP�DW�UHOHDVH�

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV
�d�LI

�2.� IF�WRSEHDP�DW�UHOHDVH� �NVL�
IF�WRSEHDP�DW�UHOHDVH��

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV�
�d�LI

�1*� RWKHUZLVH

� 

LQ�WKH�SUHWHQVLRQHG�EHDPV��DW�WKH
VXSSRUW���ERQGHG�UHLQIRUFHPHQWV�
FKHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WRS�ILEHU
RI�EHDP

&KHFNVS�WRS �2.� 

&KHFNVS�ERW �2.� IF�ERWEHDP�DW�UHOHDVH� �NVLt
IF�ERWEHDP�DW�UHOHDVH�

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV
�d�LI

�2.� IF�ERWEHDP�DW�UHOHDVH� �NVL�
IF�ERWEHDP�DW�UHOHDVH��

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV�
�d�LI

�1*� RWKHUZLVH

� 

LQ�WKH�SUHWHQVLRQHG�EHDPV��DW�WKH
VXSSRUW���ERQGHG�UHLQIRUFHPHQWV�
FKHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�ERW�ILEHU
RI�EHDP

&KHFNVS�ERW �1*� 
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&KHFNGE �1R�1HHG�WR�'HERQG�6WUDQGV� &KHFNVS�WRS �2.� &KHFNVS�ERW �2.� �LI

�1HHG�WR�'HERQG�6WUDQG� RWKHUZLVH

� 

&KHFNGE �1HHG�WR�'HERQG�6WUDQG� 1HHG�WR�GHERQG�VWUDQGV"
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'HERQG�VRPH�VWUDQGV�DW�VXSSRUW�WR�VDWLVI\�FRQFUHWH�VWUHVV�OLPLWHV�� if necessary�

$GMXVW

Q

��

��

�

�

�

�

�

�
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 QPD[�GHERQG Q ��� �

���

���

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©
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 � QGEV

�

�

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

� 

Note: the number of partially debonded strands should NOT exceed 30% of the total number of
strands (SDG 4.3.1); in any horizontal row, the number of debonded strands should NOT exceed
40% of the total strands in that row (LRFD 5.9.4.3.3.)

1XPEHU�RI�ERQGHG�VWUDQGV�LQ�HDFK�URZ
DIWHU�GHERQGLQJ�DW�VXSSRUW�GEV
ERWWRP�XS�������QDIWHU�GEV Q QGEV�

��

��

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

 � 

QDIWHU�GEV�WRWDO
�

URZV Q� � ��

L

QDIWHU�GEVL¦
 

�� � 5HPDLQLQJ�WRWDO�QXPEHU�RI�GHERQGHG
VWUDQGV�DIWHU�GHERQGLQJ�VXSSRUW

&KHFN��� �2.�
QWRWDO QDIWHU�GEV�WRWDO�

QWRWDO
���dLI

�1*� RWKHUZLVH

� 

&KHFN�LI�WRWDO�GHERQGHG�VWUDQGV�H[FHHG
����RI�WRWDO�VWUDQGV��6'*�������

&KHFN��� �2.� 

&KHFN��� �1*�

QGEVL
��� QL�!

EUHDN

L � URZV Q� � �����IRULI

�2.� RWKHUZLVH

� 

&KHFN�LI�GHERQGHG�VWUDQGV�LQ�HDFK�URZ
H[FHHG�����RI�WRWDO�VWUDQGV�LQ�WKDW�URZ
�/5)'�����������

&KHFN��� �2.� 
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3SL�GEV QDIWHU�GEV�WRWDO $SI� ISL� ����� ���u NLS� � 7RWDO�SUHVWUHVV�IRUFH�DW�UHOHDVH��DIWHU
GHERQGLQJ�VXSSRUW

$S�GEV QDIWHU�GEV $SI�

�����

�����

�����

�����

�����

�����

�����

�����

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

LQ�� � 7RWDO�DUHD�RI�VWUDQGV�LQ�HDFK�URZ��DIWHU
GHERQGLQJ�VXSSRUW

7RWDO�DUHD�RI�VWUDQGV��DIWHU�GHERQGLQJ
VXSSRUW$S�WRWDO�GEV

�

URZV Q� � ��

L

$S�GEVL¦
 

����� LQ�� � 

GS�VWUDQGV�F�J�GEV
�

URZV Q� � ��

L

$S�GEVL
GSL
�§

©
·
¹¦

 

$S�WRWDO�GEV
������ LQ� � 

'LVWDQFH�IURP�WRS�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS��DIWHU
GHERQGLQJ�VXSSRUW

GS�VWUDQGV�F�J�ERW�GEV KJ GS�VWUDQGV�F�J�GEV� ����� LQ� � 

'LVWDQFH�IURP�ERWWRP�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS�DIWHU
GHERQGLQJ�VXSSRUW

1HHG�WR�UHFDOFXODWH�WUDQVIRUPHG�VHFWLRQ�SURSHUWLHV���1RQ�&RPSRVLWH��*LUGHU�6WUDQGV���DW
VXSSRUW�VHFWLRQ��DIWHU�GHERQGLQJ�VXSSRUW

$J�WU�GEV $J QS ��� �$S�WRWDO�GEV� ������� LQ�� � $UHD�

\J�WU�WRS�GEV

$J \J�WRS�

�

URZV Q� � ��

L

$S�GEVL
QS ��� �� GSL

�ª
¬

º
¼¦

 

�

$J�WU�GEV
������ LQ� � 

'LVWDQFH�IURP�WRS�ILEHU��EHDP��WR�1�$
DIWHU�GHERQGLQJ�VXSSRUW

\J�WU�ERW�GEV KJ \J�WU�WRS�GEV� ������ LQ� � 'LVWDQFH�IURP�ERWWRP�ILEHU��EHDP��WR�1�$
DIWHU�GHERQGLQJ�VXSSRUW

For Training Purposes Only, NOT To Be Used For Construction ��



���������&)53��3&�75$,1,1*�&2856(�
���������'(6,*1�(;$03/(��),%���

,J�WU�GEV ,J $J \J�WU�WRS�GEV \J�WRS�� ����

�

URZV Q� � ��

L

QS ��� � $S�GEVL� GSL
\J�WU�WRS�GEV�§

©
·
¹
�

�ª«
¬

º»
¼¦

 

�

��� ��� ���u LQ�� � 

0RPHQW�LQHUWLD��DIWHU�GHERQGLQJ�VXSSRUW

6J�WU�WRS�GEV
,J�WU�GEV

\J�WU�WRS�GEV
����� ���u LQ�� � 

6J�WU�ERW�GEV
,J�WU�GEV

\J�WU�ERW�GEV
����� ���u LQ�� � 

HJ�WU�FJ�VWUDQGV�GEV \J�WU�ERW�GEV GS�VWUDQGV�F�J�ERW�GEV� ������ LQ� � 

HFFHQWULFLW\�RI�VWUDQG�JURXS
DIWHU�GHERQGLQJ�VXSSRUW

&KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�VXSSRUW�VHFWLRQ��DIWHU�GHERQGLQJ�VXSSRUW

IF�WRSEHDP�VXSSRUW
3SL�GEV
$J�WU�GEV

0VI�EHDP VXSSRUWFKHFN� � 3SL�GEV HJ�WU�FJ�VWUDQGV�GEV��

6J�WU�WRS�GEV
�� 

IF�WRSEHDP�VXSSRUW ������ NVL� &RQFUHWH�VWUHVV�DW�WRS�ILEHU�RI�WKH�EHDP�DW
VXSSRUW

IF�ERWEHDP�VXSSRUW
3SL�GEV
$J�WU�GEV

0VI�EHDP VXSSRUWFKHFN� � 3SL�GEV HJ�WU�FJ�VWUDQGV�GEV��

6J�WU�ERW�GEV
�� 

&RQFUHWH�VWUHVV�DW�ERWWRP�ILEHU�RI�WKH
EHDP�DW�VXSSRUWIF�ERWEHDP�VXSSRUW ���� NVL� 

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV ��� NVL� 

IWHQVLOH�DOORZ�����EHIRUH�ORVV ������ NVL� LQ�WKH�SUHWHQVLRQHG�EHDPV��DW�WKH
VXSSRUW���ERQGHG�UHLQIRUFHPHQWV�
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&KHFNWRS�GEV

�2.� IF�WRSEHDP�VXSSRUW IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�WRSEHDP�VXSSRUW �NVLtLI

�2.� IF�WRSEHDP�VXSSRUW� IWHQVLOH�DOORZ�����EHIRUH�ORVV�dLI

�1*� RWKHUZLVH

IF�WRSEHDP�VXSSRUW �NVL�LI

� 

&KHFNWRS�GEV �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
VXSSRUW��WRS�ILEHU��DW�UHOHDVH

&KHFNERW�GEV

�2.� IF�ERWEHDP�VXSSRUW IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�ERWEHDP�VXSSRUW �NVLtLI

�2.� IF�ERWEHDP�VXSSRUW� IWHQVLOH�DOORZ�����EHIRUH�ORVV�dLI

�1*� RWKHUZLVH

IF�ERWEHDP�VXSSRUW �NVL�LI

� 

&KHFNERW�GEV �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
VXSSRUW��ERWWRP�ILEHU��DW�UHOHDVH
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�����$W�'HERQG��6HFWLRQ

GHERQG� �� IW GHERQG�GLVWDQFH��GHILQHG�DW�VWUDQG�SDWWHUQ

GHERQG�
6SDQ

���� �� &KHFN�LI�WKH�GHERQG�GLVWDQFH�LV�ZLWKLQ����
VSDQ�UDQJH�WR�EHDP�HQGV$GMXVW

1XPEHU�RI�ERQGHG
VWUDQGV�LQ�HDFK�URZ
DIWHU�GHERQG����GE��
ERWWRP�XS�������
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Note: the number of partially debonded strands should NOT exceed 30% of the total number of
strands (SDG 4.3.1); in any horizontal row, the number of debonded strands should NOT exceed
40% of the total strands in that row (LRFD 5.9.4.3.3.)

QDIWHU�GE��WRWDO
�

URZV Q� � ��

L

QDIWHU�GE�L¦
 

�� � 1XPEHU�RI�ERQGHG�VWUDQGV�DIWHU�GHERQG��

3SL�GE� QDIWHU�GE��WRWDO $SI� ISL� ���� ���u NLS� � 7RWDO�SUHVWUHVV�IRUFH�DW�UHOHDVH��DIWHU
GHERQG�

$S�GE� QDIWHU�GE� $SI�
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LQ�� � 7RWDO�DUHD�RI�VWUDQGV�LQ�HDFK�URZ��DIWHU
GHERQG�

7RWDO�DUHD�RI�VWUDQGV��DIWHU�GHERQG�
$S�WRWDO�GE�

�

URZV Q� � ��

L

$S�GE�L¦
 

����� LQ�� � 

'LVWDQFH�IURP�WRS�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS��DIWHU
GHERQG�

GS�VWUDQGV�F�J�GE�
�

URZV Q� � ��

L

$S�GE�L
GSL
�§

©
·
¹¦

 

$S�WRWDO�GE�
������ LQ� � 
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GS�VWUDQGV�F�J�ERW�GE� KJ GS�VWUDQGV�F�J�GE�� ����� LQ� � 

'LVWDQFH�IURP�ERWWRP�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS�DIWHU�GHERQG�

1HHG�WR�UHFDOFXODWH�WUDQVIRUPHG�VHFWLRQ�SURSHUWLHV���1RQ�&RPSRVLWH��*LUGHU�6WUDQGV���LQ
GHERQG���UHJLRQ

$J�WU�GE� $J QS ��� �$S�WRWDO�GE�� ������� LQ�� � $UHD�

\J�WU�WRS�GE�

$J \J�WRS�

�

URZV Q� � ��

L

$S�GE�L
QS ��� �� GSL

�ª
¬

º
¼¦

 

�

$J�WU�GE�
����� IW � 

'LVWDQFH�IURP�WRS�ILEHU��EHDP��WR�1�$
DIWHU�GHERQG�

\J�WU�ERW�GE� KJ \J�WU�WRS�GE�� ����� IW � 'LVWDQFH�IURP�ERWWRP�ILEHU��EHDP��WR�1�$
DIWHU�GHERQG�

,J�WU�GE� ,J $J \J�WU�WRS�GE� \J�WRS�� ����

�

URZV Q� � ��

L

QS ��� � $S�GE�L� GSL
\J�WU�WRS�GE��§
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�ª«
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�

��� ����� ���u LQ�� � 

0RPHQW�LQHUWLD
DIWHU�GHERQG�

6J�WU�WRS�GE�
,J�WU�GE�

\J�WU�WRS�GE�
����� ���u LQ�� � 

6J�WU�ERW�GE�
,J�WU�GE�

\J�WU�ERW�GE�
���� ���u LQ�� � 

HJ�WU�FJ�VWUDQGV�GE� \J�WU�ERW�GE� GS�VWUDQGV�F�J�ERW�GE�� ������ LQ� � 

HFFHQWULFLW\�RI�VWUDQG�JURXS
DIWHU�GHERQG�
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&KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�GHERQG��VHFWLRQ��DIWHU�GHERQG�

IF�WRSEHDP�GHERQG�
3SL�GE�
$J�WU�GE�

0VI�EHDP GHERQG�� � 3SL�GE� HJ�WU�FJ�VWUDQGV�GE���

6J�WU�WRS�GE�
� ������ NVL� � 

&RQFUHWH�VWUHVV�DW�WRS�ILEHU�RI�WKH�EHDP�DW
GHERQG��VHFWLRQ

IF�ERWEHDP�GHERQG�
3SL�GE�
$J�WU�GE�

0VI�EHDP GHERQG�� � 3SL�GE� HJ�WU�FJ�VWUDQGV�GE���

6J�WU�ERW�GE�
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�ERWWRP�ILEHU�RI�WKH
EHDP�DW�GHERQG��VHFWLRQ

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV ��� NVL� 

IWHQVLOH�DOORZ�GHERQG� IWHQVLOH�DOORZ�����EHIRUH�ORVV
GHERQG�
6SDQ

���dLI

IWHQVLOH�DOORZ�����ERQG�EHIRUH�ORVV
GHERQG�
6SDQ

���!LI

������ NVL� � 

LQ�WKH�SUHWHQVLRQHG�EHDPV��DW�WKH
GHERQG��VHFWLRQ���ERQGHG
UHLQIRUFHPHQWV�

&KHFNWRS�GE�

�2.� IF�WRSEHDP�GHERQG� IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�WRSEHDP�GHERQG� �NVLtLI

�2.� IF�WRSEHDP�GHERQG�� IWHQVLOH�DOORZ�GHERQG��dLI

�1*� RWKHUZLVH

IF�WRSEHDP�GHERQG� �NVL�LI

� 

&KHFNWRS�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��WRS�ILEHU��DW�UHOHDVH
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&KHFNERW�GE�

�2.� IF�ERWEHDP�GHERQG� IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�ERWEHDP�GHERQG� �NVLtLI

�2.� IF�ERWEHDP�GHERQG�� IWHQVLOH�DOORZ�GHERQG��dLI

�1*� RWKHUZLVH

IF�ERWEHDP�GHERQG� �NVL�LI

� 

&KHFNERW�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��ERWWRP�ILEHU��DW�UHOHDVH
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�����$W�'HERQG��6HFWLRQ

GHERQG� �� IW GHERQG�GLVWDQFH��GHILQHG�DW�VWUDQG�SDWWHUQ

GHERQG�
6SDQ

���� �� 
$GMXVW

PDNH�DOO����
PHDQV�QR�GHERQGLQJ�DIWHU
GHERQG�
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Note: the number of partially debonded strands should NOT exceed 30% of the total number of
strands (SDG 4.3.1); in any horizontal row, the number of debonded strands should NOT exceed
40% of the total strands in that row (LRFD 5.9.4.3.3.)

1XPEHU�RI�ERQGHG�VWUDQGV�LQ�HDFK�URZ
DIWHU�GHERQG����GE��
ERWWRP�XS�������QDIWHU�GE� Q QGE��
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QDIWHU�GE��WRWDO
�

URZV Q� � ��

L

QDIWHU�GE�L¦
 

�� � 1XPEHU�RI�ERQGHG�VWUDQGV�DIWHU�GHERQG��

3SL�GE� QDIWHU�GE��WRWDO $SI� ISL� ����� ���u NLS� � 7RWDO�SUHVWUHVV�IRUFH�DW�UHOHDVH��DIWHU
GHERQG�

$S�GE� QDIWHU�GE� $SI�

�����
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LQ�� � 7RWDO�DUHD�RI�VWUDQGV�LQ�HDFK�URZ��DIWHU
GHERQG�
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7RWDO�DUHD�RI�VWUDQGV��DIWHU�GHERQG�
$S�WRWDO�GE�

�

URZV Q� � ��

L

$S�GE�L¦
 

����� LQ�� � 

GS�VWUDQGV�F�J�GE�
�

URZV Q� � ��

L

$S�GE�L
GSL
�§

©
·
¹¦

 

$S�WRWDO�GE�
������ LQ� � 

'LVWDQFH�IURP�WRS�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS��DIWHU
GHERQG�

GS�VWUDQGV�F�J�ERW�GE� KJ GS�VWUDQGV�F�J�GE�� ����� LQ� � 

'LVWDQFH�IURP�ERWWRP�EHDP�VHFWLRQ�WR�WKH
JUDYLW\�FHQWHU�RI�VWUDQG�JURXS�DIWHU�GHERQG�

1HHG�WR�UHFDOFXODWH�WUDQVIRUPHG�VHFWLRQ�SURSHUWLHV���1RQ�&RPSRVLWH��*LUGHU�6WUDQGV���LQ
GHERQG���UHJLRQ

$J�WU�GE� $J QS ��� �$S�WRWDO�GE�� ������� LQ�� � $UHD�

\J�WU�WRS�GE�

$J \J�WRS�

�

URZV Q� � ��

L

$S�GE�L
QS ��� �� GSL

�ª
¬

º
¼¦

 

�

$J�WU�GE�
������ LQ� � 

'LVWDQFH�IURP�WRS�ILEHU��EHDP��WR�1�$
DIWHU�GHERQG�

\J�WU�ERW�GE� KJ \J�WU�WRS�GE�� ������ LQ� � 'LVWDQFH�IURP�ERWWRP�ILEHU��EHDP��WR�1�$
DIWHU�GHERQG�

,J�WU�GE� ,J $J \J�WU�WRS�GE� \J�WRS�� ����

�

URZV Q� � ��

L

QS ��� � $S�GE�L� GSL
\J�WU�WRS�GE��§
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�

��� ���� ���u LQ�� � 

0RPHQW�LQHUWLD
DIWHU�GHERQG�
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6J�WU�WRS�GE�
,J�WU�GE�

\J�WU�WRS�GE�
����� ���u LQ�� � 

6J�WU�ERW�GE�
,J�WU�GE�

\J�WU�ERW�GE�
����� ���u LQ�� � 

HJ�WU�FJ�VWUDQGV�GE� \J�WU�ERW�GE� GS�VWUDQGV�F�J�ERW�GE�� ����� LQ� � 

HFFHQWULFLW\�RI�VWUDQG�JURXS
DIWHU�GHERQG�

&KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�GHERQG��VHFWLRQ��DIWHU�GHERQG�

IF�WRSEHDP�GHERQG�
3SL�GE�
$J�WU�GE�

0VI�EHDP GHERQG�� � 3SL�GE� HJ�WU�FJ�VWUDQGV�GE���

6J�WU�WRS�GE�
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�WRS�ILEHU�RI�WKH�EHDP�DW
GHERQG��VHFWLRQ

IF�ERWEHDP�GHERQG�
3SL�GE�
$J�WU�GE�

0VI�EHDP GHERQG�� � 3SL�GE� HJ�WU�FJ�VWUDQGV�GE���

6J�WU�ERW�GE�
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�ERWWRP�ILEHU�RI�WKH
EHDP�DW�GHERQG��VHFWLRQ

IFRPSUHVVLYH�DOORZ�EHIRUH�ORVV ��� NVL� 

IWHQVLOH�DOORZ�GHERQG� IWHQVLOH�DOORZ�����EHIRUH�ORVV
GHERQG�
6SDQ

���dLI

IWHQVLOH�DOORZ�����ERQG�EHIRUH�ORVV
GHERQG�
6SDQ

���!LI

������ NVL� � 

LQ�WKH�SUHWHQVLRQHG�EHDPV��DW�WKH
GHERQG��VHFWLRQ���ERQGHG
UHLQIRUFHPHQWV�
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&KHFNWRS�GE�

�2.� IF�WRSEHDP�GHERQG� IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�WRSEHDP�GHERQG� �NVLtLI

�2.� IF�WRSEHDP�GHERQG�� IWHQVLOH�DOORZ�GHERQG��dLI

�1*� RWKHUZLVH

IF�WRSEHDP�GHERQG� �NVL�LI

� 

&KHFNWRS�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��WRS�ILEHU��DW�UHOHDVH

&KHFNERW�GE�

�2.� IF�ERWEHDP�GHERQG� IFRPSUHVVLYH�DOORZ�EHIRUH�ORVVdLI

�1*� RWKHUZLVH

IF�ERWEHDP�GHERQG� �NVLtLI

�2.� IF�ERWEHDP�GHERQG�� IWHQVLOH�DOORZ�GHERQG��dLI

�1*� RWKHUZLVH

IF�ERWEHDP�GHERQG� �NVL�LI

� 

&KHFNERW�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��ERWWRP�ILEHU��DW�UHOHDVH
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�����6XPPDU\

DW�PLGVSDQ PLGVSDQ ������ IW 

&KHFNWRS�PLGVSDQ �2.� 

&KHFNERW�PLGVSDQ �2.� 

DW�VXSSRUW /WUDQVIHU ��� IW 

&KHFNVS�WRS �2.� 

&KHFNVS�ERW �1*� 

&KHFNGE �1HHG�WR�'HERQG�6WUDQG� 1HHG�WR�GHERQG�VWUDQGV"

&KHFNWRS�GEV �2.� 

&KHFNERW�GEV �2.� 

DW�GHERQG� GHERQG� �� IW 

&KHFNWRS�GE� �2.� 

&KHFNERW�GE� �2.� 

DW�GHERQG� GHERQG� �� IW 

&KHFNWRS�GE� �2.� 

&KHFNERW�GE� �2.� 

�6WUDQG�SDWWHUQ

ZLWKRXW�
GHERQG

GHERQG�QXPEHU
DW�VXSSRUW

GHERQG�QXPEHU
DW�GHERQG�

GHERQG�QXPEHU
DW�GHERQG�

Q

��

��

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

 QGEV

�

�

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

 QGE�

�

�

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

 QGE�

�

�

�

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

 

For Training Purposes Only, NOT To Be Used For Construction ��



���������&)53��3&�75$,1,1*�&2856(�
���������'(6,*1�(;$03/(��),%���

����675(66�/,0,76�)25�&21&5(7(
�675(66(6�$7�6(59,&(�/,0,7�67$7(��$)7(5�$//�/266(6�
��/5)'�����������

�&RPSUHVVLRQ����7HQVLRQ���

IRU�VWUHVVHV�DIWHU�DOO�ORVVHV

3SH $S�WRWDO ISH� ����� ���u NLS� � 7RWDO�SUHVWUHVV�IRUFH��DW�VHUYLFH��DIWHU�DOO
ORVVHV

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFN ���� I
F�VODE� ����� NVL� � 

&RPSUHVVLYH�VWUHVV�OLPLW�IRU�GHFN�FRQFUHWH
GXH�WR��6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV�DQG
SHUPDQHQW�ORDGV��/5)'����������D�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDP ���� I
F�EHDP� ����� NVL� � 

&RPSUHVVLYH�VWUHVV�OLPLW�IRU�EHDP
FRQFUHWH�GXH�WR���6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV�DQG
SHUPDQHQW�ORDGV��/5)'����������D�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFN ���� I
F�VODE� ��� NVL� � 

&RPSUHVVLYH�VWUHVV�OLPLW�IRU�GHFN�FRQFUHWH
GXH�WR���6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV��SHUPDQHQW
ORDGV��DQG�WUDQVLHQW�ORDGV��/5)'
���������D�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDP ���� I
F�EHDP� ��� NVL� � 

&RPSUHVVLYH�VWUHVV�OLPLW�IRU�EHDP
FRQFUHWH�GXH�WR���6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV��SHUPDQHQW
ORDGV��DQG�WUDQVLHQW�ORDGV��/5)'
���������D�

IWHQVLOH�DOORZ�DIWHU�ORVV�EHDP PLQ ����
I
FL�EHDP

NVL

§
¨
©

·
¸
¹

���

NVL� ���NVL��
ª«
«¬

º»
»¼

�
ª«
«¬

º»
»¼

(QYLURQPHQW �([WUHPHO\� LI

PLQ ������
I
FL�EHDP

NVL

§
¨
©

·
¸
¹

���

NVL� ���NVL��
ª«
«¬

º»
»¼

�
ª«
«¬

º»
»¼

RWKHUZLVH

� 
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IWHQVLOH�DOORZ�DIWHU�ORVV�EHDP ������ NVL� 7HQVLOH�VWUHVV�OLPLW�IRU�FRQFUHWH��DIWHU�DOO
ORVVHV��/5)'����������E����6HUYLFH�,,,�

�����6HUYLFH�,�/LPLW�6WDWH�XQGHU�(IIHFWLYH�3UHVWUHVV�DQG�3HUPDQHQW�/RDGV�

&ULWLFDO�VHFWLRQ��PLG�VSDQ

�IRU�GHFN��FKHFN�FRPSUHVVLRQ�OLPLW

1RWH���VODE�XQGHU�ORDG�RI�XWLOLW\��ZHDULQJ�VXUIDFH��DQG�EDUULHUV��GXH�WR�FRQVWUXFWLRQ�VWDJHV�

&RPSUHVVLYH�VWUHVV�OLPLW�IRU�GHFN�FRQFUHWH
GXH�WR��6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV�DQG
SHUPDQHQW�ORDGV��/5)'����������D�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFN ����� NVL� 

0SHUPDQHQW� 0XWLOLW\ PLGVSDQ� � 0IZV PLGVSDQ� �� 0EDUULHU PLGVSDQ� �� ������� NLS IW�� � 

IF�GHFN�WRS�
0SHUPDQHQW�
6J�FRPS�WU�WRS

����� NVL� � &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�GHFN

&KHFNWRSGHFN� �2.� IF�GHFN�WRS� IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFNdLI

�1*� RWKHUZLVH

� 

&KHFNWRSGHFN� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�GHFN

�IRU�EHDP��FKHFN�FRPSUHVVLRQ�OLPLW

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDP ����� NVL� &RPSUHVVLYH�VWUHVV�OLPLW�IRU�EHDP
FRQFUHWH�GXH�WR���6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV�DQG
SHUPDQHQW�ORDGV��/5)'����������D�

0SHUPDQHQW� 0VI�EHDP PLGVSDQ� � 0VI�VODE PLGVSDQ� �� 0IRUPV PLGVSDQ� �� ���� ���u NLS IW�� � 
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IF�EHDP�WRS�
3SH
$J�WU

3SH HJ�WU�FJ�VWUDQGV�

6J�WU�WRS
�

§
¨
©

·
¸
¹

0SHUPDQHQW�
6J�WU�WRS

�
0SHUPDQHQW�

6J�FRPS�WU�WRSEHDP
�� 

0�SHUPDQHQW���VHOI�ZHLJKW�RI�EHDP��VODE�
DQG�IRUPV��ZDV�DSSOLHG�WR�QRQ�FRPSRVLWH
VHFWLRQ��0�SHUPDQHQW���XWLOLW\��ZHDUGLQJ
VXUIDFH��DQG�EDUULHUV��ZDV�DSSOLHG�WR
FRPSRVLWH�VHFWLRQ

IF�EHDP�WRS� ����� NVL� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�EHDP

&KHFNWRSEHDP� �2.� IF�EHDP�WRS� IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDPdLI

�1*� RWKHUZLVH

� 

&KHFNWRSEHDP� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�EHDP

�����6HUYLFH�,�/LPLW�6WDWH�XQGHU�(IIHFWLYH�3UHVWUHVV��3HUPDQHQW�/RDGV��DQG
�7UDQVLHQW�/RDGV�

Note: loading during shipping and handling is not included in this example

&ULWLFDO�VHFWLRQ��PLG�VSDQ

�IRU�GHFN��FKHFN�FRPSUHVVLRQ�OLPLW

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFN ��� NVL� &RPSUHVVLYH�VWUHVV�OLPLW�IRU�GHFN�FRQFUHWH
GXH�WR��6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV��SHUPDQHQW
ORDGV��DQG�WUDQVLHQW�ORDGV��/5)'
���������D�

0//�,0�PLG ����� ���u NLS IW�� 0RPHQW�GXH�WR�/LYH�/RDGV��WUXFN�DQG�ODQH�

IF�GHFN�WRS� IF�GHFN�WRS�
0//�,0�PLG
6J�FRPS�WU�WRS

� ���� NVL� � &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�GHFN

&KHFNWRSGHFN� �2.� IF�GHFN�WRS� IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFNdLI

�1*� RWKHUZLVH

� 
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&KHFNWRSGHFN� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�GHFN

�IRU�EHDP��FKHFN�FRPSUHVVLRQ�OLPLW

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDP ��� NVL� &RPSUHVVLYH�VWUHVV�OLPLW�IRU�EHDP
FRQFUHWH�GXH�WR��6HUYLFH�,�
WKH�VXP�RI�HIIHFWLYH�SUHVWUHVV��SHUPDQHQW
ORDGV��DQG�WUDQVLHQW�ORDGV��/5)'
���������D�

IF�EHDP�WRS� IF�EHDP�WRS�
0//�,0�PLG

6J�FRPS�WU�WRSEHDP
� ����� NVL� � 

&RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�EHDP

&KHFNWRSEHDP� �2.� IF�EHDP�WRS� IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDPdLI

�1*� RWKHUZLVH

� 

&KHFNWRSEHDP� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�EHDP

�����6HUYLFH�,,,�/LPLW�6WDWH

Note: loading during shipping and handling is not included in this example

&ULWLFDO�VHFWLRQ��PLG�VSDQ

�IRU�EHDP��FKHFN�WHQVLOH�OLPLW�DW�WKH�ERWWRP�ILEHU

IWHQVLOH�DOORZ�DIWHU�ORVV�EHDP ������ NVL� 7HQVLOH�VWUHVV�OLPLW�IRU�FRQFUHWH��DIWHU�DOO
ORVVHV��/5)'����������E����6HUYLFH�,,,�

IF�EHDP�ERW
3SH
$J�WU

3SH HJ�WU�FJ�VWUDQGV�

6J�WU�ERW
�

0SHUPDQHQW��

6J�WU�ERW

0SHUPDQHQW��

6J�FRPS�WU�ERW
� ���� �

0//�,0�PLG�

6J�FRPS�WU�ERW
��

��� ������ NVL� � 

&RQFUHWH�VWUHVV�DW�WKH�ERWWRP�ILEHU�RI
EHDP
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&KHFNERWEHDP �2.� IF�EHDP�ERW� IWHQVLOH�DOORZ�DIWHU�ORVV�EHDP�dLI

�1*� RWKHUZLVH

� 

&KHFNERWEHDP �2.� &RQFUHWH�VWUHVV�DW�WKH�ERWWRP�ILEHU�RI
EHDP

�����6XPPDU\

&KHFNWRSGHFN� �2.� 
IF�GHFN�WRS�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFN
����� 

6HUYLFH�,

&KHFNWRSEHDP� �2.� 
IF�EHDP�WRS�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDP
����� 

6HUYLFH�,

&KHFNWRSGHFN� �2.� 
IF�GHFN�WRS�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��GHFN
����� 6HUYLFH�,

&KHFNWRSEHDP� �2.� 
IF�EHDP�WRS�

IFRPSUHVVLYH�DOORZ�DIWHU�ORVV��EHDP
����� 6HUYLFH�,

&KHFNERWEHDP �2.� IF�EHDP�ERW�

IWHQVLOH�DOORZ�DIWHU�ORVV�EHDP�
����� 6HUYLFH�,,,
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�����)$7,*8(�/,0,7�67$7(

$FRRUGLQJ�WR�$$6+72�&)53�������

,Q�UHJLRQV�RI�FRPSUHVVLYH�VWUHVV�GXH�WR�XQIDFWRUHG�ORDGV�DQG�SUHVWUHVV�LQ�UHLQIRUFHG�FRQFUHWH
FRPSRQHQWVV��IDWLJXH�VKDOO�EH�FKHFNHG�RQO\�LI�WKLV�VWUHVV�FRPSUHVVLYH�VWUHQJWK�LV�OHVV�WKDQ�WKH
PD[LPXP�WHQVLOH�OLYH�ORDG�VWUHVV�UHVXOWLQJ�IURP�WKH�)DWLJXH�,�ORDG�FRPELQDWLRQ�

)DWLJXH�RI�WKH�UHLQIRUFHPHQW�QHHG�QRW�EH�FKHFNHG�IRU�SUHVWUHVVHG�FRPSRQHQWV�GHVLJQHG�WR�KDYH
H[WUHPH�ILEHU�WHQVLOH�VWUHVV�GXH�WR�WKH�6HUYLFH�,,,�/LPLW�6WDWH�ZLWKLQ�WKH�VWUHVV�OLPLW�VSHFLILHG�LQ
/5)'�7DEOH����������E��

DW�PLGVSDQ

IF�WRSEHDP
3SH
$J�WU

3SH HJ�WU�FJ�VWUDQGV�

6J�WU�WRS
�

0SHUPDQHQW�
6J�WU�WRS

�
0SHUPDQHQW�

6J�FRPS�WU�WRSEHDP
� ����� NVL� � 

FRPSUHVVLYH�VWUHVV�DW�WRS�ILEHU�RI
WKH�EHDP�GXH�WR�XQIDFWRUHG�ORDGV
DQG�SUHVWUHVV

IW�ERW�IDWLJXH
0IDWLJXH PLGVSDQ� �

6J�FRPS�WU�ERW
����� NVL� � 

&KHFNIDWLJXH �1HHG�WR�&KHFN�)DWLJXH�
IF�WRSEHDP
IW�ERW�IDWLJXH

��LI

�1R�1HHG�WR�&KHFN�)DWLJXH� RWKHUZLVH

� 

&KHFNIDWLJXH �1R�1HHG�WR�&KHFN�)DWLJXH� 

)DWLJXH�RI�WKH�UHLQIRUFHPHQW�QHHG�QRW�EH�FKHFNHG�VLQFH�WKH�SUHVWUHVVHG�EHDP�LV�GHVLJQHG�WR
KDYH�H[WUHPH�ILEHU�WHQVLOH�VWUHVV�GXH�WR�WKH�6HUYLFH�,,,�/LPLW�6WDWH�ZLWKLQ�WKH�VWUHVV�OLPLW�VSHFLILHG
LQ�/5)'�7DEOH����������E����VKRZQ�LQ�VHFWLRQ�����RI�WKLV�H[DPSOH�
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�����675(1*7+�/,0,7�67$7(��020(17�&$3$&,7<

Note: for strength calculations, deck reinforcement is conservatively ignored

3SH ����� ���u NLS� 7RWDO�SUHVWUHVV�IRUFH��DW�VHUYLFH��DIWHU�DOO
ORVVHV

0X 06WU��PLG ����� ���u NLS IW�� � 6WUHQJWK�,�OLPLW�VWDWH�PRPHQW�DW�PLGVSDQ

ϕPRPHQW ���� 5HGXFWLRQ�IDFWRU�IRU�&)53�SUHVWUHVVHG
JLUGHU���0RPHQW

α��EHDP PLQ PD[ ���� ����
I
F�EHDP ��NVL�

NVL
�� ������

§
¨
©

·
¸
¹
������

§
¨
©

·
¸
¹

���� � 

β��EHDP PLQ PD[ ���� ����
I
F�EHDP �NVL�

NVL
�� ������

§
¨
©

·
¸
¹
������

§
¨
©

·
¸
¹

���� � 

β� β��EHDP ���� � 

α��VODE PLQ PD[ ���� ����
I
F�VODE ��NVL�

NVL
�� ������

§
¨
©

·
¸
¹
������

§
¨
©

·
¸
¹

���� � 

β��VODE PLQ PD[ ���� ����
I
F�VODE �NVL�

NVL
�� ������

§
¨
©

·
¸
¹
������

§
¨
©

·
¸
¹

����� � 

&RQFUHWH�VWUHVV�EORFN�IDFWRU

�/5)'���������

εSX ����� 5XSWXUH�VWUDLQ�RI�&)53�VWUDQG

εSH
ISH
(S

����� �� ��
u � (IIHFWLYH�SUHVWUHVV�VWUDLQ�RI�&)53
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εFX ������ &RQFUHWH�FUXVKLQJ�VWUDLQ

$S

�����

�����

�����

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

LQ�� $UHD�RI�VWUDQGV�LQ�HDFK�URZ
ERWWRP�XS�������

'LVWDQFH�IURP�WRS�VODE�VHFWLRQ
�FRPSRVLWH�VHFWLRQ��WR�WKH�FHQWHU�RI�HDFK
VWUDQG�URZ
ERWWRP�XS�������

GSI
GSI L

GSL
WVODE� KEXLOGXS�m

L � URZV Q� � �����IRU

GSI

����

����

����

����

����

����

����

����

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

LQ� � 

������&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ�

&RQFUHWH�FRPSUHVVLRQ�GHSWK
7KLV�QXPEHU�LV�GHILQHG�ODWHU�WR�VDWLVI\�& 7FF& ����� LQ� 

DD& β� FF&� ����� LQ� � 

εFF�& εFX ����� � 

εI�&
εI�&L εSH εFF�&

GSI L
FF&�

FF&

§̈

¨
©

·̧

¸
¹

��m

L � URZV Q� � �����IRU

εI�&

�����

�����

�����

�����

�����

�����

�����

�����

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

 � &)53�VWUDLQ�LQ�HDFK�URZ
ERWWRP�XS�������
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II�&
II�&L

εI�&L (S�m

L � URZV Q� � �����IRU

II�&

���

���

���

���

���

���

���

���

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

NVL� � &)53�VWUHVV�LQ�HDFK�URZ
ERWWRP�XS�������

&KHFNIS�& �&)53�5XSWXUH�%HIRUH�&RQFUHWH�&UXVKLQJ��$VVXPSWLRQ�1RW�6DWLVILHG� II�&�
ISX!LI

�&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ��$VVXPSWLRQ�6DWLVILHG� RWKHUZLVH

� 

&KHFNIS�& �&)53�5XSWXUH�%HIRUH�&RQFUHWH�&UXVKLQJ��$VVXPSWLRQ�1RW�6DWLVILHG� 

7I�&
7I�&L

II�&L
$SL
�m

L � URZV Q� � �����IRU

7I�&

����

����

���

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

NLS� � &)53�WHQVLRQ�IRUFH�LQ�HDFK�URZ
ERWWRP�XS�������

7&)53�&
�

URZV Q� � ��

L

7I�&L¦
 

����� ���u NLS� � 7RWDO�WHQVLRQ�IRUFH�LQ�DOO�&)53�VWUDQGV

'HILQH�GLIIHUQW�GHSWK�RI�FRPSUHVVLRQ�]RQH

WW� WVODE ��� LQ� � 

WW� WW� KEXLOGXS� ��� LQ� � 

WW� WW� KEHDP�WRS�IODQJH� �� LQ� � 

KWI KEHDP�WRS�IODQJH� %HDP��WRS�IODQJH�WKLFNQHVV

EWI EEHDP�WRS�IODQJH� %HDP��WRS�IODQJH�ZLGWK
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&FRQFUHWH�& α��VODE I
F�VODE� DD&� EH� DD& WW�dLI

α��VODE I
F�VODE� WVODE� EH�� �
α��VODE I
F�VODE� DD& WW��� �� EWI�ª¬ º¼�

��� WW� DD&� WW�dLI

α��VODE I
F�VODE� WVODE� EH�� �
α��VODE I
F�VODE� KEXLOGXS� EWI�� ��

���

α��EHDP I
F�EHDP� DD& WW��� �� EWI�ª¬ º¼�

���

WW� DD&� WW�dLI

α��VODE I
F�VODE� WVODE� EH�� �
α��VODE I
F�VODE� KEXLOGXS� EWI�� ��

���

α��EHDP I
F�EHDP� KWI� EWI�� ��

���

α��EHDP I
F�EHDP� DD& WW��� �� EZHE�ª¬ º¼�

���

DD& WW�!LI

� 

&RPSUHVVLRQ�IRUFH�IURP�FRQFUHWH

Note: here FIB 36 section dimensions are
simplified

&FRQFUHWH�& ����� ���u NLS� 
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0Q�&
�

URZV Q� � ��

L

7I�&L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� DD&� EH�� �
DD&
�

§
¨
©

·
¸
¹

�
ª
«
¬

º
»
¼

��

��� DD& WW�dLI

�

URZV Q� � ��

L

7I�&L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� WVODE� EH�� ��
WW�
�

§̈
©

·̧
¹

��

���

��� � α��VODE I
F�VODE� DD& WW��� �� EWI�ª¬ º¼� WW�
DD& WW��

�
�

§
¨
©

·
¸
¹

��

���

WW� DD&� WW�dLI

�

URZV Q� � ��

L

7I�&L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� WVODE� EH�� ��
WW�
�

§̈
©

·̧
¹

��

���

��� � α��VODE I
F�VODE� KEXLOGXS� EWI�� �� WW�
KEXLOGXS

�
�

§
¨
©

·
¸
¹

��

���

��� � α��EHDP I
F�EHDP� DD& WW��� �� EWI�ª¬ º¼� WW�
DD& WW��

�
�

§
¨
©

·
¸
¹

��

���

WW� DD&� WW�dLI

�

URZV Q� � ��

L

7I�&L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� WVODE� EH�� ��
WW�
�

§̈
©

·̧
¹

��

���

��� � α��VODE I
F�VODE� KEXLOGXS� EWI�� �� WW�
KEXLOGXS

�
�

§
¨
©

·
¸
¹

��

���

��� � α��EHDP I
F�EHDP� KWI� EWI�� �� WW�
KWI
�

�
§
¨
©

·
¸
¹

��

���

��� � α��EHDP I
F�EHDP� DD& WW��� �� EZHE�ª¬ º¼� WW�
DD& WW��

�
�

§
¨
©

·
¸
¹

��

���

DD& WW�!LI

� 

0Q�& ����� ���u NLS IW�� 0RPHQW�FDSDFLW\��ZLWK�UHVSHFW�WR�WRS�ILEHU
RI�WKH�FRPSRVLWH�VHFWLRQ�

&KHFN&7�& &FRQFUHWH�& 7&)53�&� � NLS� � 7HQVLRQ� �&RPSUHVVLRQ

&KHFNIS�& �&)53�5XSWXUH�%HIRUH�&RQFUHWH�&UXVKLQJ��$VVXPSWLRQ�1RW�6DWLVILHG� 

FF& �����LQ{ $GMXVW�FF�XQWLO�&�7a�
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6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� II�&�
ISX!LI

�&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ� RWKHUZLVH

� 

6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� 

������7HQVLRQ�&RQWUROOHG�6HFWLRQ�

&RQFUHWH�FRPSUHVVLRQ�GHSWK
7KLV�QXPEHU�LV�GHILQHG�ODWHU�WR�VDWLVI\�& 7FF7 ���� LQ� 

DD7 β� FF7� ����� LQ� � 

&)53�VWUDLQ�LQ�ERWWRP�URZ�LV�UXSWXUH
VWUDLQεSI�7 εSX ������ � 

εFF�7 εSX εSH�� �
FF7

GSI �
FF7�

§̈

¨
©

·̧

¸
¹

� ����� �� ��
u � &RQFUHWH�VWUDLQ�DW�WKH�WRS�ILEHU�RI�WKH

VHFWLRQ��GHFN�

&KHFNFF�7 �2.� εFF�7 εFXdLI

�1*��&RQFUHWH�6WUDLQ�([FHHGV�εFX��&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ� RWKHUZLVH

� 

&KHFNFF�7 �2.� 

&)53�VWUDLQ�LQ�HDFK�URZ
ERWWRP�XS�������εI�7

εI�7L εSH εFF�7
GSI L

FF7�

FF7

§̈

¨
©

·̧

¸
¹

��m

L � URZV Q� � �����IRU

εI�7

������

������

������

������

������

������

������

������

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
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II�7
II�7L

εI�7L (S�m

L � URZV Q� � �����IRU

II�7

���

���

���

���

���

���

���

���

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

NVL� � &)53�VWUHVV�LQ�HDFK�URZ
ERWWRP�XS�������

&KHFNIS�7 �&)53�5XSWXUH��$VVXPSWLRQ�1RW�6DWLVILHG� II�7�
ISX!LI

�2.� RWKHUZLVH

� 

&KHFNIS�7 �2.� &)53�QRW�UXSWXUH

7I�7
7I�7L

II�7L
$SL
�m

L � URZV Q� � �����IRU

7I�7

����

����

���

�

�

�

�

�

§
¨
¨
¨
¨
¨
¨
¨
¨
¨
©

·
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

NLS� � &)53�WHQVLRQ�IRUFH�LQ�HDFK�URZ
ERWWRP�XS�������

7&)53�7
�

URZV Q� � ��

L

7I�7L¦
 

����� ���u NLS� � 7RWDO�WHQVLRQ�IRUFH�LQ�DOO�&)53�VWUDQGV
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&FRQFUHWH�7 α��VODE I
F�VODE� DD7� EH� DD7 WW�dLI

α��VODE I
F�VODE� WVODE� EH�� �
α��VODE I
F�VODE� DD7 WVODE�� �� EEHDP�ERW��IODQJH�ª¬ º¼�

��� WW� DD7� WW�dLI

α��VODE I
F�VODE� WVODE� EH�� �
α��VODE I
F�VODE� KEXLOGXS� EEHDP�ERW��IODQJH�� ��

���

α��EHDP I
F�EHDP� DD7 WW��� �� EEHDP�ERW��IODQJH�ª¬ º¼�

���

WW� DD7� WW�dLI

α��VODE I
F�VODE� WVODE� EH�� �
α��VODE I
F�VODE� KEXLOGXS� EEHDP�ERW��IODQJH�� ��

���

α��EHDP I
F�EHDP� KEHDP�WRS�IODQJH� EEHDP�ERW��IODQJH�� ��

���

α��EHDP I
F�EHDP� DD7 WW��� �� EZHE�ª¬ º¼�

���

DD7 WW�!LI

� 

&RPSUHVVLRQ�IRUFH�IURP�FRQFUHWH

Note: here FIB 36 section dimensions are
simplified

&FRQFUHWH�7 ����� ���u NLS� 
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0Q�7
�

URZV Q� � ��

L

7I�7L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� DD7� EH�� �
DD7
�

§
¨
©

·
¸
¹

�
ª
«
¬

º
»
¼

��

��� DD7 WW�dLI

�

URZV Q� � ��

L

7I�7L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� WVODE� EH�� ��
WW�
�

§̈
©

·̧
¹

��

���

��� � α��VODE I
F�VODE� DD7 WW��� �� EWI�ª¬ º¼� WW�
DD7 WW��

�
�

§
¨
©

·
¸
¹

��

���

WW� DD7� WW�dLI

�

URZV Q� � ��

L

7I�7L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� WVODE� EH�� ��
WW�
�

§̈
©

·̧
¹

��

���

��� � α��VODE I
F�VODE� KEXLOGXS� EWI�� �� WW�
KEXLOGXS

�
�

§
¨
©

·
¸
¹

��

���

��� � α��EHDP I
F�EHDP� DD7 WW��� �� EWI�ª¬ º¼� WW�
DD7 WW��

�
�

§
¨
©

·
¸
¹

��

���

WW� DD7� WW�dLI

�

URZV Q� � ��

L

7I�7L
GSI L
�§

©
·
¹¦

 

��� � α��VODE I
F�VODE� WVODE� EH�� ��
WW�
�

§̈
©

·̧
¹

��

���

��� � α��VODE I
F�VODE� KEXLOGXS� EWI�� �� WW�
KEXLOGXS

�
�

§
¨
©

·
¸
¹

��

���

��� � α��EHDP I
F�EHDP� KWI� EWI�� �� WW�
KWI
�

�
§
¨
©

·
¸
¹

��

���

��� � α��EHDP I
F�EHDP� DD7 WW��� �� EZHE�ª¬ º¼� WW�
DD7 WW��

�
�

§
¨
©

·
¸
¹

��

���

DD7 WW�!LI

� 

0Q�7 ���� ���u NLS IW�� 0RPHQW�FDSDFLW\��ZLWK�UHVSHFW�WR�WRS�ILEHU
RI�WKH�FRPSRVLWH�VHFWLRQ�

&KHFN&7�7 &FRQFUHWH�7 7&)53�7� � NLS� � (TXLOLEULXP�FKHFN

&KHFNIS�7 �2.� &)53�VWUDLQ�OLPLWV�FKHFN

&KHFNFF�7 �2.� &RQFUHWH�VWUDLQ�OLPLWV�FKHFN

FF7 ����LQ{ $GMXVW�FF�XQWLO�&�7a�
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������6XPPDU\�

6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� 

FF FF7 6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� LI

FF& 6HFWLRQ&RQWURO �&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ� LI

���� LQ� � 

&RPSUHVVLRQ�'HSWK

0Q 0Q�7 6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� LI

0Q�& 6HFWLRQ&RQWURO �&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ� LI

���� ���u NLS IW�� � 

0RPHQW�FDSDFLW\

0U ϕPRPHQW 0Q� ���� NLS IW�� � 

0X ���� NLS IW�� 

&KHFN0 �2.� 0U 0XtLI

�1*� 0U 0X�LI

� 

&KHFN0 �2.� 6WUHQJWK�,��PRPHQW�FDSDFLW\

For Training Purposes Only, NOT To Be Used For Construction ��



���������&)53��3&�75$,1,1*�&2856(�
���������'(6,*1�(;$03/(��),%���

�����0,1,080�5(,1)25&(0(17��35(675(66,1*�&)53

)RU�WHQVLRQ�FRQWUROOHG�EHDPV�
WKH�PLQLPXP�UHLQIRUFHPHQW�UHTXLUHPHQWV�HQVXUH�WKH�IDFWRUHG�PRPHQW�FDSDFLW\�SURYLGHG�LV�DW
OHDVW�HTXDO�WR�WKH�OHVVHU�RI�WKH�FUDFNLQJ�PRPHQW�0FU�DQG������WLPHV�WKH�IDFWRUHG�PRPHQW
UHTXLUHG�E\�WKH�DSSOLFDEOH�VWUHQJWK�ORDG�FRPELQDWLRQV��0X��

�$$6+72�&)53�����������

0FU γ� γ� IU� γ� IFSH��� � 6F� 0GQF
6F
6QF

��§
¨
©

·
¸
¹

��ª
«
¬

º
»
¼

� &UDFNLQJ�PRPHQW

�$$6+72�&)53�������������

IU�EHDP ��� NVL� 0RGXOXV�RI�UXSWXUH�RI�EHDP�FRQFUHWH
�6'*������%�

γ� ���� IOH[XUDO�FUDFNLQJ�YDLDELOLW\�IDFWRU

3UHVWUHVV�YDULDELOLW\�IDFWRU
����IRU�ERQGHG�SUHVWUHVVLQJ�&)53
����IRU�XQERQGHG�SUHVWUHVVLQJ�&)53

γ� ���� 

�$$6+72�&)53�����������
γ� ���� 

&RPSUHVVLYH�VWUHVV�LQ�FRQFUHWH�GXH�WR
HIIHFWLYH�SUHVWUHVV�IRUFHV�RQO\��DIWHU�DOO
ORVVHV��DW�H[WUHPH�ILEHU�RI�VHFWLRQ�ZKHUH
WHQVLOH�VWUHVV�LV�FDXVHG�E\�H[WHUQDOO\
DSSOLHG�ORDGV

IFSH
3SH
$J�WU

3SH HJ�WU�FJ�VWUDQGV�

6J�WU�ERW
� ����� NVL� � 

0GQF 0VI�EHDP PLGVSDQ� � 0VI�VODE PLGVSDQ� ��

0IRUPV PLGVSDQ� ��

��� ���� ���u NLS IW�� � 

7RWDO�XQIDFWRUHG�GHDG�ORDG�PRPHQW�DFWLQJ
RQ�WKH�QRQFRPSRVLWH�VHFWLRQ

0FU γ� γ� IU�EHDP� γ� IFSH��� � 6J�FRPS�WU�ERW� 0GQF
6J�FRPS�WU�ERW

6J�WU�ERW
��

§
¨
©

·
¸
¹

��
ª
«
¬

º
»
¼

� ����� ���u NLS IW�� � 

&UDFNLQJ�PRPHQW

�$$6+72�&)53�������������
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0UHT PLQ 0FU ����0X��� � ����� ���u NLS IW�� � 5HTXLUHG�PLQLPXP�DPRXQW�RI�&)53�VKDOO
GHYHORS�WKH�PRPHQW�FDSDFLW\�0UHT

6HFWLRQ&7 �&� 6HFWLRQ&RQWURO �&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ� LI

�7� 6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� LI

� 

&KHFNPLQ&)53 �&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ��1RW�$SSOLFDEOH� 6HFWLRQ&7 �&� LI

�2.� 6HFWLRQ&7 �7� 0Q 0UHTt�LI

�1*� 6HFWLRQ&7 �7� 0Q 0UHT��LI

� 

&KHFNPLQ&)53 �2.� PLQLPXP�DPRXQW�RI�SUHVWUHVVLQJ�&)53
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�����75$169(56(�6+($5�'(6,*1

9X 9Ud ϕVKHDU 9Q� �$$6+72�&)53���������

ϕVKHDU ��� 5HGXFWLRQ�IDFWRU�IRU�&)53�SUHVWUHVVHG
JLUGHU���6KHDU
�$$6+72�&)53����������/5)'���������

9Q PLQ 9Q� 9Q���� � 

9F��9I��9S�DUH�VKHDU�UHVLVWDQFH
FRQWULEXWLRQ�E\�FRQFUHWH��)53�VWLUUXS��DQG
&)53�SUHVWUHVVLQJ�VWUDQGV

9Q� 9F 9I� 9S� 

9Q� ����I
F EY� GY� 9S� 

9X ��� ϕVKHDU� 9F 9S�� ��! 7UDQVYHUVH�UHLQIRUFHPHQW�VKRXOG�EH
SURYLGHG�LQ�WKLV�FDVH��/5)'�����������

������&ULWLFDO�6HFWLRQ�IRU�6KHDU

FULWLFDO�VHFWLRQ�IRU�VKHDU�VKDOO�EH�WDNHQ�DV�GY�IURP�WKH�LQWHUQDO�IDFH�RI�VXSSRUW

GH�VKHDU KJ�FRPS GS�VWUDQGV�F�J�ERW� ������ LQ� � (IIHFWLYH�GHSWK�IURP�WKH�H[WUHPH
FRPSUHVVLRQ�ILEHU�WR�WKH�FHQWURLG�RI�WKH
WHQVLOH�IRUFH�LQ�WKH�WHQVLOH�UHLQIRUFHPHQWV

GY PD[ GH�VKHDU
β� FF�
�

� ��� GH�VKHDU��� ���� KJ�FRPS���
§
¨
©

·
¸
¹

������ LQ� � 

(IIHFWLYH�VKHDU�GHSWK
�/5)'���������

VKHDUFKHFN GY
3DG:LGWK

�
� ���� IW � &ULWLFDO�VKHDU�VHFWLRQ��IURP�OHIW�VXSSRUW

EY EZHE � LQ� � :LGWK�RI�ZHE
�/5)'���������
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������&RQWULEXWLRQ�E\�3UHVWUHVVLQJ�&)53

9S �� 6WUDLJKW�VWUDQGV��QR�GUDSHG��9S �

������&RQWULEXWLRQ�E\�&RQFUHWH��9F

9F ������ β� I
F�EHDP� EY� GY� �/5)'�����������

'HWHUPLQH�SDUHPHWHUV�ȕ�DQG�ș�

Note: assume the section containing  at least the minimum amount of transverse reinforcement 

1HW�ORQJLWXGLQDO�WHQVLOH�VWUDLQ
�$$6+72�&)53���������εI�VKHDU

0X
GY

���1X� 9X 9S�� $SI IS���

(I $SI�
 

1X�VKHDU �� )DFWRUHG�D[LDO�IRUFH�DW�VKHDU�FULWLFDO
VHFWLRQ

9X�VKHDU 96WU� VKHDUFKHFN� � ������� NLS� � )DFWRUHG�VKHDU�DW�VKHDU�FULWLFDO�VHFWLRQ

06WU� VKHDUFKHFN� � ������� NLS IW�� 

0X�VKHDU PD[ 06WU� VKHDUFKHFN� � 9X�VKHDU 9S� GY���� � ������� NLS IW�� � 

)DFWRUHG�PRPHQW�DW�VKHDU�FULWLFDO�VHFWLRQ
�$$6+72�&)53���������

IS��VKHDU ��� ISX� ������� NVL� � �$$6+72�&)53���������
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$SI�VKHDU $S�WRWDO�GEV VKHDUFKHFN GHERQG��LI

$S�WRWDO�GE� GHERQG� VKHDUFKHFNd GHERQG��LI

$S�WRWDO�GE� VKHDUFKHFN GHERQG�tLI

� 

$SI�VKHDU ����� LQ�� $UHD�RI�SUHVWUHVVLQJ�&)53�RQ�WKH�IOH[WXDO
WHQVLRQ�VLGH�RI�WKH�PHPEHU��H[FOXGH
GHERQGHG�VWUDQGV

εI�VKHDU� PLQ εSX

0X�VKHDU
GY

���1X�VKHDU� 9X�VKHDU 9S�� $SI�VKHDU IS��VKHDU��

(S $SI�VKHDU�
��

§
¨
¨
¨
©

·
¸
¸
¸
¹

� 

εI�VKHDU� ������ �� ��
u 

$FW�VKHDU $J EWI KWI ���LQ�� ��� EZHE KJ ��� KZHE�� KWI�� ��� $S�WRWDO� ������� LQ�� � 

$UHD�RI�FRQFUHWH�RQ�WKH�IOH[XUDO�WHQVRQ
VLGH�RI�WKH�PHPEHU��/5)'�%����
$SSUR[LPDWH

εI�VKHDU� PLQ εSX

0X�VKHDU
GY

���1X�VKHDU� 9X�VKHDU 9S�� $SI�VKHDU IS��VKHDU��

$FW�VKHDU (F�EHDP� (S $SI�VKHDU��
��

§
¨
¨
¨
©

·
¸
¸
¸
¹

� 

εI�VKHDU� ������ �� ��
u 

εI�VKHDU εI�VKHDU� εI�VKHDU� �tLI

PD[ ������� εI�VKHDU���� � εI�VKHDU� ��LI

������ �� ��
u � 

β ��� GHJ�

� ��� εI�VKHDU��
��� GHJ� � �/5)'�������������

θ �� ���� εI�VKHDU��� � GHJ� ���� GHJ� � �/5)'�������������

9F ������
β
GHJ
�

I
F�EHDP
NVL

�
EY
LQ

�
GY
LQ

� NLS� ������� NLS� � �/5)'�����������
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������5HTXLUHG�6KHDU�5HLQIRUFHPHQW

&KHFN9I �1HHG�6KHDU�5HLQIRUFHPHQW� 9X�VKHDU ��� ϕVKHDU� 9F 9S�� ��tLI

�6KHDU�5HLQIRUFHPHQW�1RW�1HHGHG� 9X�VKHDU ��� ϕVKHDU� 9F 9S�� ���LI

� 

&KHFN9I �1HHG�6KHDU�5HLQIRUFHPHQW� 

GY�VKHDU G*)53 ����� LQ� � 'LDPHWHU�RI�*)53�VWLUUXS

$Y�VKHDU $*)53 ����� LQ�� � $UHD�RI�HDFK�*)53�EDU

(Y�VKHDU (*)53 ��� ���u NVL� � (ODVWLF�PRGXOXV�RI�*)53�VWLUUXS

IY�VKHDU IIX�*)53 ������ NVL� � 7HQVLOH�VWUHQJWK�RI�*)53�VWLUUXS

ϕEHQG�*)53 ��� WDNH�����LQ�WKLV�GHVLJQ�H[DPSOH

9Q PLQ
9X�VKHDU
ϕVKHDU

���� I
F�EHDP� EY� GY� 9S���
§
¨
©

·
¸
¹

������� NLS� � 

9)53�UHT PD[ � 9Q 9F� 9S���� � ������� NLS� � 5HTXLUHG�VKHDU�SURYLGHG�E\�)53�VWLUUXS

9)53�UHT
IIY $Y�VKHDU�WRWDO� GY�

VVKHDU
 �$$6+72�*)53������������

IIY PLQ ����� (Y�VKHDU� ϕEHQG�*)53 IY�VKHDU��� ��NVL��� � �� NVL� � 

0D[�EHQGHG�)53�WHQVLOH�VWUHVV
�$$6+72�*)53��������������PRGLIHG�ZLWK
)'27�0DWHULDO�6SHF��������ZKLFK�OLPLWV
WKH�VKHDU�VWUHQJWK�WR����NVL

OHJVWLUUXS �� 1XPEHU�RI�OHJV�RI�VWLUUXS

$Y�VKHDU�WRWDO OHJVWLUUXS $Y�VKHDU� ����� LQ�� � 
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VVKHDU�UHT ����LQ 9)53�UHT � LI

IIY $Y�VKHDU�WRWDO� GY�

9)53�UHT
RWKHUZLVH

���� LQ� � 

5HTXLUHG�)53�VWLUUXS�VSDFLQJ�IURP
FDOFXODWLRQ
�LI�QRW�QHHGHG��RXWSXW������LQFK�VSDFLQJ�

VVKHDU�PD[ PLQ ���� KJ� ��LQ��� � 9)53�UHT ���
I
F�EHDP
NVL

� EY� GY� NVL�dLI

PLQ ����� KJ� ��LQ��� � 9)53�UHT ���
I
F�EHDP
NVL

� EY� GY� NVL�!LI

�� LQ� � 

0D[LPXP�)53�VWLUUXS�VSDFLQJ
�$&,������5�����

0LQLPXP�*)53�WUDQVYHUVH�UHLQIRUFHPHQW
�$$6+72�*)53������������$Y�PLQ ����

V EZ�

IIY
� 

VVKHDU�PLQ$I

$Y�VKHDU�WRWDO
IIY
NVL
�

���� EZHE�
������ LQ� � 0D[�VSDFLQJ�FRUUHVSRQGLQJ�WR�PLQLPXP

*)53�WUDQVYHUVH�UHLQIRUFHPHQW

VVKHDU PLQ VVKHDU�UHT VVKHDU�PD[�� VVKHDU�PLQ$I��� � ���� LQ� � 

VVKHDU�SURYLGH IORRU
VVKHDU
LQ

§
¨
©

·
¸
¹
LQ� � LQ� � 3URYLGHG�WUDQVYHUVH�UHLQIRUFHPHQW�VSDFLQJ

9)53
IIY $Y�VKHDU�WRWDO� GY�

VVKHDU�SURYLGH
��� NLS� � 3URYLGHG�VKHDU�UHVLVWDQFH�IURP�)53

WUDQVYHUVH�UHLQIRUFHPHQW
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������6XPPDU\

9X�VKHDU ��� NLS� 

9F ��� NLS� 

9S � 

9)53 ��� NLS� 

GY�VKHDU ����� LQ� 'LDPHWHU�RI�*)53�VWLUUXS

OHJVWLUUXS � 1XPEHU�RI�OHJV�RI�*)53�VWLUUXS

VVKHDU�SURYLGH � LQ� 6SDFLQJ�RI�*)53�VWLUUXS

9Q�SURYLGH 9F 9)53� 9S� ��� NLS� � 

&KHFN6KHDU&DSDFLW\ �2.� 9Q�SURYLGH PLQ
9X�VKHDU
ϕVKHDU

���� I
F�EHDP� EY� GY� 9S���
§
¨
©

·
¸
¹

tLI

�1*� RWKHUZLVH

� 

&KHFN6KHDU&DSDFLW\ �2.� 7UDQVYHUVH�VKHDU�FDSDFLW\
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9X� 96WU� VKHDUFKHFN� � ������� NLS� � )DFWRUHG�LQWHUIDFH�VKHDU�IRUFH

9UL ϕVKHDU 9QL� 9XLt �/5)'���������

ϕVKHDU ��� 

$VVXPHG�QXPEHUV�

FYL ����NVL� &RKHVLRQ�IDFWRU

μYL �� )ULFWLRQ�IDFWRU

.��YL ���� )UDFWLRQ�RI�FRQFUHWH�VWUHQJWK�DYDLODEOH�WR
UHVLVW�LQWHUIDFH�VKHDU

.��YL ���NVL� /LPLWLQJ�LQWHUIDFH�VKHDU�UHLVWDQFH

�)DFWRUHG�LQWHUIDFH�VKHDU�IRUFH��SHU�IW

GYL KJ�FRPS GS�VWUDQGV�F�J�ERW�GEV�
WVODE
�

� VKHDUFKHFN GHERQG��LI

KJ�FRPS GS�VWUDQGV�F�J�ERW�GE��
WVODE
�

� GHERQG� VKHDUFKHFNd GHERQG��LI

KJ�FRPS GS�VWUDQGV�F�J�ERW�GE��
WVODE
�

� VKHDUFKHFN GHERQG�tLI

� 

'LVWDQFH�EHWZHHQ�WKH�FHQWULRG�RI�WKH
WHQVLRQ�VWUDQGV�DQG�WKH�PLG�WKLFNQHVV�RI
WKH�VODE

GYL ������ LQ� 

9KL
9X�
GYL

������
NLS
IW

� � )DFWRUHG�LQWHUIDFH�VKHDU�IRUFH��SHU�IW

�5HTXLUHG�QRPLQDO�LQWHUIDFH�VKHDU�UHVLVWDQFH��SHU�IW

9QL
9KL

ϕVKHDU
������

NLS
IW

� � �/5)'���������
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�5HTXLUHG�LQWHUIDFH�VKHDU�UHLQIRUFHPHQW��SHU�IW

9QL F $FY� μ $YI I\� 3F�� ��� 1RQLPDO�LQWHUIDFH�VKHDU�UHVLVWDQFH
�/5)'���������

EYL EWI �� LQ� � ,QWHUIDFH�ZLGWK�FRQVLGHUHG�WR�EH�HQJDJHG�LQ
VKHDU�WUDQVIHU

$FY EYL ���
LQ�

IW
� � $UHD�RI�FRQFUHWH�FRQVLGHUHG�WR�EH�HQJDJHG

LQ�VKHDU�WUDQVIHU��SHU���IW�OHQJWK

3F�YL �� 3HUPDQHQW�QHW�FRPSUHVVLRQ�IRUFH�QRUPDO
WR�WKH�VKHDU�SODQH

$YI�UHT

9QL FYL $FY��

μYL
3F�YL�

IIY
������

LQ�

IW
� � 5HTXLUHG�LQWHUIDFH�VKHDU�UHLQIRUFHPHQW

�0LQLPXP�LQWHUIDFH�VKHDU�UHLQIRUFHPHQW��SHU�IW

$YI�PLQ� ����
$FY
IIY

NVL

� �����
LQ�

IW
� � 

$YI�PLQ�

����9QL FYL $FY��

μYL
3F�YL�

IIY
������

LQ�

IW
� � 

0LQLPXP�LQWHUIDFH�VKHDU�UHLQIRUFHPHQ
�/5)'���������$YI�PLQ PLQ $YI�PLQ� $YI�PLQ���� � ������

�
IW
LQ�� � 
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�'HVLJQ�LQWHUIDFH�VKHDU�UHLQIRUFHPHQW��SHU�IW

$YI�GHVLJQ�QHHG PD[ $YI�UHT $YI�PLQ�� ���� � �
LQ�

IW
� � 'HVLJQ�LQWHUIDFH�UHLQIRUFHPHQW�QHHG�WR

SURYLGH

,QWHUIDFH�VKHDU�UHLQIRUFHPHQW�DOUHDG\
SURYLGHG�E\�*)53�VWLUUXS$YI�SURYLGH

$Y�VKHDU�WRWDO
VVKHDU�SURYLGH

�����
LQ�

IW
� � 

&KHFNLY� �2.� $YI�SURYLGH $YI�GHVLJQ�QHHGtLI

�1*� RWKHUZLVH

� 

,QWHUIDFH�VKHDU�UHLQIRUFHPHQW��
3URYLGHG�!�5HTXLUHG&KHFNLY� �2.� 

�0D[LPXP�LQWHUIDFH�VKHDU�UHVLVWDQFH��SHU�IW

9QL�SURYLGH FYL $FY� μYL $YI�SURYLGH IIY� 3F�YL�� ��� ���
NLS
IW

� � 

3URYLGHG�QRPLQDO�LQWHUIDFH�VKHDU
UHVLVWDQFH��/5)'���������

9QL�PD[ PLQ .��YL I
F�EHDP� $FY� .��YL $FY���� � ����
NLS
IW

� � 

'HVLJQ�LQWHUIDFH�VKHDU�UHVLVWDQFH
OLPLWDWLRQ��/5)'���������.��YL I
F�EHDP� $FY� ����� ���u

NLS
IW

� 

.��YL $FY� ����� ���u
NLS
IW

� 

&KHFNLY�PD[ �2.� 9QL�SURYLGH PLQ .��YL I
F�EHDP� $FY� .��YL $FY���� �dLI

�1*� RWKHUZLVH

� 

&KHFNLY�PD[ �2.� 0D[LPXP�LQWHUIDFH�VKHDU�UHVLVWDQFH
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�6XPPDU\

9QL�SURYLGH �������
NLS
IW

� 1RPLQDO�LQWHUIDFH�VKHDU�UHVLVWDQFH

9KL ������
NLS
IW

� )DFWRUHG�LQWHUIDFH�VKHDU�IRUFH��SHU�IW

&KHFNYL�FDSDFLW\ �2.� ϕVKHDU 9QL�SURYLGH� 9KLtLI

�1*� RWKHUZLVH

� 

&KHFNYL�FDSDFLW\ �2.� &KHFN�FDSDFLW\

&KHFNLY�PD[ �2.� &KHFN�PD[�QRPLQDO�UHVLVWDQFH
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$W�HDFK�VHFWLRQ��WKH�WHQVLOH�FDSDFLW\�RI�WKH�ORQJLWXGLQDO�UHLQIRUFHPHQW�RQ�WKH�IOH[XUDO�WHQVLRQ�VLGH
RI�WKH�PHPEHU�VKDOO�EH�SURSRUWLRQHG�WR�VDWLVI\
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[

$S[ IS[�� �¦
 

0X
GY ϕI�

���
1X
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��

9X
ϕY

9S� ��� 9I��
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©
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�
WDQ θ� �
��t

�$$6+72�&)53���������

1X �� $[LDO�ORDG

ϕPRPHQW ���� 5HVLVWDQFH�IDFWRU�IRU�EHQGLQJ

ϕVKHDU ��� 5HVLVWDQFH�IDFWRU�IRU�VKHDU

θ ������ GHJ� $QJOH�RI�LQFOLQDWLRQ�RI�GLDJRQDO
FRPSUHVVLYH�VWUHVVHV

GY ������ LQ� (IIHFWLYH�VKHDU�GHSWK

9S � 6KHDU�FDSDFLW\�FRQWULEXWLRQ�E\
SUHVWUHVVLQJ�&)53

ISH ��� NVL� (IIHFWLYH�SUHVWUHVVLQJ�VWUHVV

$W�WKH�VXSSRUW�ORFDWLRQ

VXSSRUW � 

9I�VXSSRUW PLQ 9)53
96WU� VXSSRUW� �

ϕVKHDU
��

§
¨
©

·
¸
¹

������� NLS� � �$$6+72�&)53���������

ULJKW
06WU� VXSSRUW� �

GY ϕPRPHQW�

96WU� VXSSRUW� �

ϕVKHDU
9S� ��� 9I�VXSSRUW��
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©
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WKH�FUDFN�SODQH�FURVVHV�WKH�F�J�RI�WKH�VWUDQG�JURXS�DW�D�GLVWDQFH

[FUDFNSODQH %HDULQJ'LVWDQFH GS�VWUDQGV�F�J�ERW�GEV
�

WDQ θ� �
�� ������ LQ� � 

7UDQVIHU�OHQJWK�RI�SUHVWUHVVLQJ�&)53
�$$6+72�&)53���������/WUDQVIHU �� LQ� 

IS[ ISH
[FUDFNSODQH
/WUDQVIHU

�� $SSUR[LPDWH�SUHVWUHVVLQJ�VWUHVV�DW�WKH
FUDFN�SODQH

OHIW

�

URZV Q� � ��

L

$S�GEVL
IS[�§

©
·
¹¦

 

��� NLS� � 

&KHFNORQJ�UHEDU �2.��1R�$GGLWLRQDO�/RQJLWXGLQDO�5HLQIRUFHPHQW�LV�5HTXLUHG� OHIW ULJKWtLI

�1*��$GGLWLRQDO�/RQJLWXGLQDO�5HLQIRUFHPHQW�LV�5HTXLUHG� RWKHUZLVH

� 

&KHFNORQJ�UHEDU �2.��1R�$GGLWLRQDO�/RQJLWXGLQDO�5HLQIRUFHPHQW�LV�5HTXLUHG� 
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�,PPHGLDWH�GHIOHFWLRQ��GXH�WR�SUHVWUHVVLQJ�IRUFH�DQG�'/ GRZQZDUG��!�SRVLWLYH

'HIOHFWLRQ�GXH�WR�SUHVWUHVVLQJ�IRUFH�DW�WUDQVIHU

∆ 0 /��

� (� ,�
 

∆S�
$S�WRWDO�GEV ISW�� �� HJ�WU�FJ�VWUDQGV� 6SDQ� ���

� (FL�EHDP� ,J�
������ LQ� � 

∆S�
$S�WRWDO�GE� $S�WRWDO�GEV�� � ISW�ª¬ º¼� HJ�WU�FJ�VWUDQGV� 6SDQ � GHERQG���� ���

� (FL�EHDP� ,J�
������ LQ� � 

∆S�
$S�WRWDO�GE� $S�WRWDO�GE��� � ISW�ª¬ º¼� HJ�WU�FJ�VWUDQGV� 6SDQ � GHERQG���� ���

� (FL�EHDP� ,J�
������ LQ� � 

∆S ∆S� ∆S�� ∆S�� ����� LQ� � 

'HIOHFWLRQ�GXH�WR�VHOI�ZHLJKW�RI�EHDP

∆ � Z� /��

��� (� ,�
 

∆VI�EHDP
� ZEHDP� 6SDQ��

��� (FL�EHDP� ,J�
����� LQ� � 

'HIOHFWLRQ�GXH�WR�VHOI�ZHLJKW�RI�VODE��EXLOGXS��DQG�SHUPDQHQW�IRUPV
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∆SHUPDQHQW�
� ZVODE ZEXLOGXS� ZIRUPV�� �� 6SDQ��

��� (F�EHDP� ,J�
����� LQ� � 

'HIOHFWLRQ�GXH�WR�EDUULHU��IXWXUH�ZHDULQJ�VXUIDFH��DQG�XWLOLW\

∆SHUPDQHQW�
� ZEDUULHU ZIZV� ZXWLOLW\�� �� 6SDQ��

��� (F�EHDP� ,J�FRPS�
����� LQ� � 
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�����6800$5<�2)�$//�&+(&.6
$OO��&KHFN�

����35(675(66�/266(6

�����6XPPDU\�

&KHFNSH�OLPLW �2.� 6HUYLFH�VWUHVV�OLPLW��DIWHU�DOO�ORVVHV�

����675(66�/,0,76�)25�&21&5(7(
��7(0325$5<�675(66(6�%()25(�/266(6

�����$W�0LG�6SDQ�6HFWLRQ

&KHFNWRS�PLGVSDQ �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
PLGVSDQ��DW�UHOHDVH

&KHFNERW�PLGVSDQ �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
PLGVSDQ��DW�UHOHDVH

�����$W�6XSSRUW�6HFWLRQ
&KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
VXSSRUW��WRS�ILEHU��DW�UHOHDVH&KHFNVS�WRS �2.� 

&KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
VXSSRUW��ERWWRP�ILEHU��DW�UHOHDVH&KHFNVS�ERW �1*� 

&KHFNGE �1HHG�WR�'HERQG�6WUDQG� 1HHG�WR�GHERQG�VWUDQGV"

7RWDO�GHERQGHG�VWUDQGV�VKDOO�QRW�H[FHHG
����RI�WRWDO�VWUDQGV��6'*�������&KHFN��� �2.� 

'HERQGHG�VWUDQGV�LQ�HDFK�URZ�VKDOO�QRW
H[FHHG�����RI�WRWDO�VWUDQGV�LQ�WKDW�URZ
�/5)'�����������

&KHFN��� �2.� 

&KHFNWRS�GEV �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
VXSSRUW�DIWHU�GHERQG��WRS�ILEHU��DW�UHOHDVH

&KHFNERW�GEV �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
VXSSRUW�DIWHU�GHERQG��ERWWRP�ILEHU��DW
UHOHDVH

�����$W�'HERQG��6HFWLRQ

&KHFNWRS�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��WRS�ILEHU��DW�UHOHDVH
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&KHFNERW�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��ERWWRP�ILEHU��DW�UHOHDVH

�����$W�'HERQG��6HFWLRQ

&KHFNWRS�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��WRS�ILEHU��DW�UHOHDVH

&KHFNERW�GE� �2.� &KHFN�FRQFUHWH�VWUHVV�OLPLWV�DW�WKH
GHERQG��VHFWLRQ��ERWWRP�ILEHU��DW�UHOHDVH

�����6XPPDU\

����675(66�/,0,76�)25�&21&5(7(
��675(66(6�$7�6(59,&(�/,0,7�67$7(

�����6HUYLFH�,�/LPLW�6WDWH�XQGHU�(IIHFWLYH�3UHVWUHVV�DQG�3HUPDQHQW�/RDGV�

&KHFNWRSGHFN� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�GHFN

&KHFNWRSEHDP� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�EHDP

�����6HUYLFH�,�/LPLW�6WDWH�XQGHU�(IIHFWLYH�3UHVWUHVV��3HUPDQHQW�ORDGV��DQG
�7UDQVLHQW�ORDGV�

&KHFNWRSGHFN� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�GHFN

&KHFNWRSEHDP� �2.� &RQFUHWH�VWUHVV�DW�WKH�WRS�ILEHU�RI�EHDP

�����6HUYLFH�,,,�/LPLW�6WDWH

&KHFNERWEHDP �2.� &RQFUHWH�VWUHVV�DW�WKH�ERWWRP�ILEHU�RI
EHDP

�����6XPPDU\

�����)$7,*8(�/,0,7�67$7(

&KHFNIDWLJXH �1R�1HHG�WR�&KHFN�)DWLJXH� 
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������&RPSUHVVLRQ�&RQWUROOHG�6HFWLRQ�

&KHFNIS�& �&)53�5XSWXUH�%HIRUH�&RQFUHWH�&UXVKLQJ��$VVXPSWLRQ�1RW�6DWLVILHG� 

&KHFN&7�& � NLS� (TXLOLEULXP

������7HQVLRQ�&RQWUROOHG�6HFWLRQ�

&KHFNIS�7 �2.� &)53�QRW�UXSWXUH

&KHFNFF�7 �2.� &RQFUHWH�VWUDLQ�OLPLWV

&KHFN&7�7 � NLS� (TXLOLEULXP

������6XPPDU\�

6HFWLRQ&RQWURO �7HQVLRQ�&RQWUROOHG�6HFWLRQ� 

&KHFN0 �2.� 6WUHQJWK�,��PRPHQW�FDSDFLW\

�����0,1,080�5(,1)25&(0(17��35(675(66,1*�&)53

&KHFNPLQ&)53 �2.� 0LQLPXP�DPRXQW�RI�SUHVWUHVVLQJ�&)53

�����75$169(56(�6+($5�'(6,*1

������6XPPDU\

&KHFN6KHDU&DSDFLW\ �2.� 7UDQVYHUVH�VKHDU�FDSDFLW\

�����,17(5)$&(�6+($5�'(6,*1
,QWHUIDFH�VKHDU�UHLQIRUFHPHQW��
3URYLGHG�!�5HTXLUHG&KHFNLY� �2.� 

&KHFNLY�PD[ �2.� 0D[LPXP�LQWHUIDFH�VKHDU�UHVLVWDQFH

&KHFNYL�FDSDFLW\ �2.� &KHFN�LQWHUIDFH�VKHDU�FDSDFLW\
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&KHFNORQJ�UHEDU �2.��1R�$GGLWLRQDO�/RQJLWXGLQDO�5HLQIRUFHPHQW�LV�5HTXLUHG� 
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