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$EVWUDN 

.LQHUMD� OLQN� SDGD� VWUXNWXU� FRUH� UDQJND� EDMD� GHQJDQ� EDORN� SHUDQJNDL� GDQ� OLQN� SDGD� EDQJXQDQ� EHUWLQJNDW� ���
GLEDKDV�PHODOXL�NDMLDQ�QXPHULN�GDQ�HNVSHULPHQWDO��.DMLDQ�QXPHULN�GLODNXNDQ�GHQJDQ�DQDOLVLV�QRQ-OLQLHU�VWDWLN�GDQ�
GLQDPLN� WHUKDGDS� VHMXPODK� OLQN� GHQJDQ� YDULDVL� SDQMDQJ�� WHEDO� SHODW� VD\DS�� GDQ� WHEDO� SHODW� EDGDQ�� GHQJDQ�
PHPSHUWDKDQNDQ� HOHPHQ� VWUXNWXU� FRUH� IUDPH� ODLQQ\D� WHWDS� HODVWLN�� +DVLO� NDMLDQ� WHUKDGDS� NHNDNXDQ�� NHNXDWDQ��
GDNWLOLWDV�� GLVLSDVL� HQHUJL�� GDQ� PHNDQLVPH� NHOHOHKDQ� VWUXNWXU� FRUH� PHQXQMXNNDQ� SHQJJXQDDQ� OLQN� JHVHU� SDGD�
VWUXNWXU� FRUH� GHQJDQ� SHQHEDODQ� ZHE� PHPEHULNDQ� NHOHELKDQ� GLEDQGLQJNDQ� GHQJDQ� SHQJJXQDDQ� OLQN� OHQWXU�� GDQ�
PHQXQMXNNDQ� NHPDPSXDQ�PHPLNXO� JD\D� JHVHU� JHPSD� \DQJ� WLGDN� EDQ\DN� EHUNXUDQJ� GLEDQGLQJNDQ� VWUXNWXU� FRUH�
WDQSD� OLQN�� .DMLDQ� HNVSHULPHQWDO� EHUXSD� SHPEHEDQDQ� VLNOLN� WHUKDGDS� VLVWHP� FRUH� UDQJND� EDMD� GHQJDQ� EDORN�
SHUDQJNDL�GDQ�OLQN�JHVHU�\DQJ�GDSDW�GLJDQWL��PHQXQMXNNDQ�OLQN�JHVHU�GHQJDQ�SHQHEDODQ�SHODW�EDGDQ�PHPEHULNDQ�
NLQHUMD�VHLVPLN�\DQJ�OHELK�EDLN�� 

.DWD�.XQFL���/LQN�\DQJ�GDSDW�GLJDQWL��OLQN�JHVHU��EDORN�SHUDQJNDL��VWUXNWXU�FRUH�UDQJND�EDMD��NLQHUMD�VHLVPLN 

$EVWUDFW 

1XPHULFDO�DQG�H[SHULPHQWDO�ZRUN�DUH�FRQGXFWHG�WR�VWXG\�WKH�SHUIRUPDQFH�RI�VWHHO�FRUH�IUDPH�ZLWK�FRXSOLQJ�EHDP�
DQG�OLQN�RI�D���WK�VWRU\�EXLOGLQJ��1RQ-OLQHDU�VWDWLF�DQG�G\QDPLF�DQDO\VHV�DUH�FDUULHG�RXW�WR�D�QXPEHU�RI�FRUH�IUDPHV�
ZLWK� OLQNV� RI� YDULRXV� OHQJWK�� IODQJH� WKLFNQHVV�� DQG� ZHE� WKLFNQHVV�� ZKLOH� PDLQWDLQLQJ� WKH� RWKHU� HOHPHQWV� UHPDLQ�
HODVWLF��7KH�DQDO\VLV�RI�VWLIIQHVV��VWUHQJWK��GXFWLOLW\��HQHUJ\�GLVVLSDWLRQ��DQG�\LHOGLQJ�PHFKDQLVP�RI�FRUH�VWUXFWXUH�
VKRZV�WKH�DGYDQWDJH�RI�VKHDU�OLQN�ZLWK�LQFUHDVLQJ�ZHE�WKLFNQHVV�FRPSDUHG�WR�IOH[XUDO�OLQN��DQG��VKRZV�VOLJKWO\�OHVV�
EDVH�VKHDU�FRPSDUHG�WR�FRUH�IUDPH�ZLWKRXW�OLQN��([SHULPHQWDO�ZRUN�ZLWK�F\FOLF�ORDGLQJ�WR�D�KDOI-VFDOHG�FRUH�IUDPH�
ZLWK�FRXSOLQJ�EHDP�DQG�UHSODFHDEOH�OLQN�VKRZV�D�EHWWHU�VHLVPLF�SHUIRUPDQFH�RI�D�VKHDU�OLQN�ZLWK�LQFUHDVLQJ�ZHE�
WKLFNQHVV�͘ 

�.H\ZRUGV��5HSODFHDEOH�OLQN��VKHDU�OLQN��FRXSOLQJ�EHDP��FRUH�IUDPHV��VHLVPLF�SHUIRUPDQFH� 

���3HQGDKXOXDQ 

6WUXNWXU� UDQJND� EDMD� GHQJDQ� SHQJDNX� HNVHQWULN�
�(FFHQWULFDOO\� %UDFHG� )UDPHV�� WHODK� GLNHQDO� VHEDJDL�
VWUXNWXU� EDMD� SHPLNXO� EHEDQ� JHPSD� \DQJ� EHUNLQHUMD�
EDLN�� GDODP� KDO� NHNDNXDQ�� NXDW� OHELK�� GDNWLOLWDV�� GDQ�
GLVLSDVL� HQHUJL� �.DVDL� GDQ� 3RSRY�� ������� (OHPHQ� OLQN�
\DQJ�GLUHQFDQDNDQ�OHOHK�GDQ�PHQGLVLSDVL�HQHUJL�DNLEDW�
EHEDQ� JHPSD�� VHODQMXWQ\D� GLJXQDNDQ� GDODP� VWUXNWXU�
FRUH� UDQJND� EDMD� SDGD� EDQJXQDQ� WLQJJL� �0RHVWRSR�� HW�
DO�� ������� \DLWX� GHQJDQ� PHQHPSDWNDQ� HOHPHQ� OLQN� GL�
WHQJDK� EHQWDQJ� EDORN� SHUDQJNDL� VWUXNWXU� FRUH� UDQJND�
EDMD�\DQJ�GLSHUNDNX�GHQJDQ�EUHVLQJ��3DGD�VWUXNWXU�LQL��
NHUXVDNDQ� DNLEDW� JHPSD� DNDQ� GLSXVDWNDQ� SDGD� OLQN�

\DQJ� OHOHK� GDQ� PHQGLVLSDVL� HQHUJL� DNLEDW� EHEDQ�
JHPSD�� \DQJ� GLKXEXQJNDQ� GHQJDQ� VDPEXQJDQ� EDXW�
NH�EDORN�SHUDQJNDL�SDGD�NHGXD�XMXQJQ\D��6HPHQWDUD�
LWX�� EDORN� SHUDQJNDL� GDQ� NRORP� SDGD� VWUXNWXU� FRUH�
GLKDUDSNDQ� WHWDS� HODVWLN� DNLEDW� EHEDQ� JHPSD��
VHKLQJJD�OLQN�\DQJ�WHODK�UXVDN�GDSDW�GLJDQWL�GHQJDQ�
PXGDK� GDQ� GHQJDQ� GHPLNLDQ� DNDQ� GDSDW�
PHQLQJNDWNDQ� QLODL� HNRQRPLV� EDQJXQDQ� GL� GDHUDK�
\DQJ�VHULQJ�PHQJDODPL�JHPSD��� 

8QWXN� PHPSHUROHK� VWUXNWXU� FRUH� GHQJDQ� NLQHUMD�
\DQJ� GLKDUDSNDQ� WHUVHEXW�� GLSHUOXNDQ� GLPHQVL� OLQN�
�XNXUDQ� SDQMDQJ� PDXSXQ� WHEDO� SHODW� SHQDPSDQJ�
OLQN�� \DQJ� PDPSX� VHFDUD� RSWLPDO� PHQJDNRPRGDVL�


�3HQXOLV�.RUHVSRQGHQVL 
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NHOHOHKDQ� OLQN� WDQSD� PHQ\HEDENDQ� NHOHOHKDQ� SDGD�
EDORN� SHUDQJNDL�� � 0DNDODK� LQL� EHULVL� KDVLO� NDMLDQ�
QXPHULN� GDQ� HNVSHULPHQWDO� WHUKDGDS� NLQHUMD� VWUXNWXU�
FRUH� GHQJDQ� EDORN� SHUDQJNDL� GDQ� OLQN�� GHQJDQ�
PHQJDPDWL�SROD�NHJDJDODQ�SDGD�VHMXPODK�VWUXNWXU�FRUH�
GHQJDQ�EHUEDJDL�XNXUDQ�GLPHQVL�OLQN�� 

���/LQN�<DQJ�'DSDW�'LJDQWL� 

6WUXNWXU� FRUH� UDQJND� EDMD� GHQJDQ� PHQDPEDKNDQ� OLQN�
SDGD� EDORN� SHUDQJNDL� EHOXP� GLDWXU� GDODP� 6WDQGDU�
SHUDQFDQJDQ� VWUXNWXU� WDKDQ� JHPSD�� GDQ� GDODP� NDMLDQ�
LQL� GLDQJJDS� EHUSHULODNX� VHSHUWL� VWUXNWXU� UDQJND� EDMD�
EHUSHQJDNX� HNVHQWULN� \DQJ� NLQHUMDQ\D� VDQJDW�
GLWHQWXNDQ�ROHK�NLQHUMD�VHLVPLN�GDUL�HOHPHQ�OLQN��� 

*DPEDU���PHQXQMXNNDQ�JD\D-JD\D�\DQJ�GLSHUKLWXQJNDQ�
EHNHUMD� SDGD� VHEXDK� OLQN� :)� VHSDQMDQJ� H�� DNLEDW�
SHPEHEDQDQ� ODWHUDO� SDGD� VWUXNWXU� EDQJXQDQ�� \DLWX�
PRPHQ� OHQWXU� GL� XMXQJ� OLQN�� 0� GDQ� JD\D� JHVHU�
VHSDQMDQJ�OLQN��9� 

 

 

 

 

1RWH � G � WLQJJL�SHQDPSDQJ 
  E � OHEDU�SHQDPSDQJ 
  WZ � WHEDO�ZHE 
  WI � WHEDO�IODQJH� 

+XEXQJDQ� JD\D� GDQ� SDQMDQJ� OLQN�� H� GDSDW�
GLIRUPXODVLNDQ�VHEDJDL�EHULNXW� 

 

 

$SDELOD�PRPHQ�XMXQJ��0D�GDQ�0E�PHQFDSDL�NDSDVLWDV�
OHQWXU� SODVWLV� OLQN� �0S�� PDND� DNDQ� WHUEHQWXN� VHQGL�
SODVWLV� OHQWXU� SDGD� OLQN�� VHPHQWDUD� LWX� VHQGL� SODVWLV�
JHVHU�DNDQ� WHUEHQWXN� MLND�JD\D�9� �PHQFDSDL�NDSDVLWDV�
JHVHU�SODVWLV�OLQN��9S��� 
0S   =���)\ 
9S   ������)\��$Z 

=   0RGXOXV�3ODVWLV�SHQDPSDQJ��PP�� 
$Z   /XDV�SHQDPSDQJ�ZHE��PP�� 
)\   7HJDQJDQ�OHOHK��03D� 

%HUEDJDL� SHQJXMLDQ� GLODNXNDQ� XQWXN� PHQJHWDKXL�
SDQMDQJ�OLQN�VHVXDL�GHQJDQ�PHNDQLVPH�NHOHOHKDQ�\DQJ�
WHUMDGL��%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ�.DVDL� GDQ�3RSRY�
�������� VDDW� LQL� WHODK� GLDGRSVL� NHWHQWXDQ� PHQJHQDL�
NODVLILNDVL� MHQLV� GDQ� SDQMDQJ� OLQN� \DQJ� PHQHQWXNDQ�
MHQLV�NHOHOHKDQQ\D��VHSHUWL�GLWXQMXNNDQ�GDODP�*DPEDU�
���VHEDJDL�EHULNXW��� 

�� /LQN�3HQGHN���/LQN�*HVHU 
.HOHOHKDQ�EHUXSD� WHUFDSDLQ\D�JD\D�JHVHU�9S� WDQSD�
NHOHOHKDQ� DNLEDW� PRPHQ� OHQWXU� \DQJ� EHOXP�
PHQFDSDL� 0S�� GDQ� GLWDQGDL� GHQJDQ� OHOHKQ\D� ZHE�
SDGD�OLQN� 

�� /LQN�3DQMDQJ���/LQN�/HQWXU 
 .HOHOHKDQ� EHUXSD� WHUFDSDLQ\D� PRPHQ� OHQWXU� 0S�

VHEHOXP� JD\D� JHVHU� PHQFDSDL� 9S�� GDQ� GLWDQGDL�
GHQJDQ�OHOHKQ\D�IODQJH�SDGD�OLQN��� 

�� /LQN�0HQHQJDK 
.HOHOHKDQ� WHUMDGL� KDPSLU� EHUVDPDDQ� GL� ZHE� GDQ�
IODQJH�OLQN� 

+DVLO� SHQHOLWLDQ� VHEHOXPQ\D� �0RHVWRSR�� HW� DO�� �����
GDQ� .XVXPDVWXWL�� HW� DO�� ������ PHQXQMXNNDQ� SRWHQVL�
SHQJJXQDDQ� OLQN� JHVHU� \DQJ� GDSDW� GLJDQWL� SDGD� EDORN�
SHUDQJNDL�VWUXNWXU�FRUH�VHEDJDL�VWUXNWXU�SHPLNXO�EHEDQ�
JHPSD�� � 6DPEXQJDQ� EDXW� WLSH� IULNVL� GLJXQDNDQ� XQWXN�
PHQJKXEXQJNDQ� OLQN� NH� EDORN� SHUDQJNDL�� \DQJ�
VHODQMXWQ\D� DNDQ� PHPXGDKNDQ� SHQJJDQWLDQ� OLQN� \DQJ�
UXVDN� DNLEDW� JHPSD�� WDQSD� WHUMDGLQ\D� NHOHOHKDQ� SDGD�
EDORN�SHUDQJNDL�PDXSXQ�SHODW�SHQ\DPEXQJ��� 

���.DMLDQ�1XPHULN 
6HMXPODK� VWUXNWXU� FRUH� UDQJND� EDMD� GHQJDQ� EDORN�
SHUDQJNDL� GDQ� GLSHUNDNX� ROHK� EUHVLQJ� �*DPEDU� ����
GLUDQFDQJ� XQWXN� JHGXQJ� SHUNDQWRUDQ� GL� DWDV� WDQDK�
OXQDN� GL� -DNDUWD� VHVXDL� NHWHQWXDQ� 61,� ������ ������
����� GHQJDQ� PHQJJXQDNDQ� SHQDPSDQJ� :)� GHQJDQ�
PXWX� ETMT� $���� 6HEXDK� VWUXNWXU� EHQFK-PDUN�
�VHODQMXWQ\D� GLVHEXW� VWUXNWXU� &%�� GLUDQFDQJ� WDQSD�
PHQJJXQDNDQ� OLQN�� GDQ� GHQJDQ� GLPHQVL� SHQDPSDQJ�
HOHPHQ-HOHPHQ�GLWXQMXNNDQ�GDODP�7DEHO��� 

.DMLDQ� QXPHULN� GLODNXNDQ� GHQJDQ� PHPYDULDVLNDQ�
GLPHQVL� OLQN� �SDQMDQJ�� WLQJJL�� OHEDU�� WHEDO� ZHE� GDQ�
WHEDO� IODQJH�� VHSHUWL� GLWXQMXNNDQ� GDODP� 7DEHO� ���
9DULDVL� SDQMDQJ� GDQ� WHEDO� IODQJH� GLODNXNDQ� WHUKDGDS�
OLQN� OHQWXU� �VWUXNWXU� //�� VHGDQJNDQ� YDULDVL� WLQJJL��
OHEDU�� GDQ� WHEDO� ZHE� GLODNXNDQ� WHUKDGDS� OLQN� JHVHU�
�VWUXNWXU�6+���� 

$QDOLVLV� QRQ-OLQLHU� VWDWLN� SXVK-RYHU� GDQ� DQDOLVLV�
GLQDPLN� �ULZD\DW� ZDNWX�� GLODNXNDQ� WHUKDGDS� VWUXNWXU�
PHQJJXQDNDQ� SURJUDP� 3(5)250� �'� GHQJDQ�
PHQGHILQLVLNDQ� SHULODNX� QRQ-OLQLHU� HOHPHQ� EHUXSD�
NXUYD� EDFN-ERQH� VHVXDL� GHQJDQ� )(0$� ����� XQWXN�
PHQGDSDWNDQ� NLQHUMD� VWUXNWXU� EHUXSD� NHNDNXDQ�� NXDW�
OHELK�� GDNWLOLWDV�� PHNDQLVPH� NHOHOHKDQ� GDQ� GLVLSDVL�

𝑉 =
𝑀𝑎 + 𝑀𝑏

𝑒
=

2𝑀𝑝

𝑒
  

𝑒 =
2𝑀𝑝

𝑉
 

*DPEDU����'LDJUDP�IUHH-ERG\�OLQN 

*DPEDU����.ODVLILNDVL�MHQLV�OLQN��%UXQHDX������ 
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HQHUJL��*DPEDU���GDQ���PHQXQMXNNDQ�KXEXQJDQ�PRPHQ�
GDQ�JHVHU�OLQN�WHUKDGDS�URWDVL�OLQN��� 

����.LQHUMD�VWUXNWXU�&%��EHQFK-PDUN� 

$QDOLVLV� SXVK-RYHU� GLODNXNDQ� WHUKDGDS� VWUXNWXU� FRUH�
UDQJND� EDMD� GHQJDQ� EDORN� SHUDQJNDL� \DQJ� GLUDQFDQJ�
VHVXDL�NHWHQWXDQ�61,��.LQHUMD�VWUXNWXU�\DQJ�GLWXQMXNNDQ�
SDGD� *DPEDU� �� GDQ� �� VHODQMXWQ\D� GLMDGLNDQ� DFXDQ�
�EHQFK-PDUN�� GDODP� PHQJDQDOLVLV� NLQHUMD� VWUXNWXU�
GHQJDQ�YDULDVL�GLPHQVL�OLQN�� 

.LQHUMD�VWUXNWXU�EHQFK-PDUN�GLKDVLONDQ�ROHK�PHNDQLVPH�
SHPEHQWXNDQ� VHQGL� SODVWLV� GL� XMXQJ� EDORN� SHUDQJNDL�
VHSHUWL� WHUOLKDW� SDGD�*DPEDU� �� VHPHQWDUD� HOHPHQ� FRUH�

ODLQQ\D� WHWDS� GDODP� NRQGLVL� HODVWLN� WDQSD� PHQJDODPL�
OHOHK�� 

����.LQHUMD�VWUXNWXU�PHQJJXQDNDQ�OLQN�OHQWXU�� 

.LQHUMD� VWUXNWXU� FRUH� GHQJDQ� SHPDVDQJDQ� OLQN� \DQJ�
EHUEHGD� WHEDO� IODQJH� �//�� GDQ� //��� GDQ� SDQMDQJ� OLQN�
�//���� GLDPDWL� GDQ� GLEDQGLQJNDQ� GHQJDQ� NLQHUMD�
VWUXNWXU�EHQFK-PDUN� GHQJDQ� XNXUDQ� NRORP�� EDORN�� GDQ�
EUHVLQJ�\DQJ�VDPD�� 

*DPEDU���PHQXQMXNNDQ�SHUEDQGLQJDQ�NXUYD�SXVK-RYHU�
DQWDUD�NHWLJD�VWUXNWXU��//���//���//���GHQJDQ�VWUXNWXU�
EHQFK-PDUN� �&%��� 3HPDVDQJDQ� OLQN� GHQJDQ� GLPHQVL�
\DQJ� OHELK� NHFLO� GDUL� GLPHQVL� EDORN� SHUDQJNDL��
PHPEHULNDQ�NHNDNXDQ�GDQ�NHNXDWDQ�VWUXNWXU�FRUH�\DQJ�
OHELK� UHQGDK�� GDQ� MXJD� NHFHQGHUXQJDQ� VWUXNWXU� XQWXN�
JDJDO�SDGD�VLPSDQJDQ�ODWHUDO�\DQJ�PDVLK�UHODWLI�UHQGDK� 

7DEHO� ��PHQXQMXNNDQ� EHEHUDSD� LQGLNDVL� EHUNXUDQJQ\D�
NLQHUMD� VWUXNWXU� FRUH� GHQJDQ� SHPDVDQJDQ� OLQN� OHQWXU��

*DPEDU����*HRPHWUL�VWUXNWXU 

7DEHO����'LPHQVL�HOHPHQ�NRPSRQHQ�VWUXNWXU 

(OHPHQ�.RPSRQHQ�
6WUXNWXU 

'LPHQVL�(OHPHQ��PP� 

7LQJJL��G� /HEDU��E� 7HEDO 
:HE��WZ� 

7HEDO�
)ODQJH��WI� 

%DORN�3HUDQJNDL ��� ��� �� �� 

%DORN�/ ���0
 ��� ��� �� �� 

%DORN�/ ���0
 ��� ��� �� �� 

.RORP�/W���-�� ��� ��� �� �� 

.RORP�/W���-� ��� ��� �� �� 

.RORP�/W���-� ��� ��� �� �� 

.RORP�/W��� ��� ��� �� �� 

%UHVVLQJ�/W���-�� ��� ��� �� �� 

%UHVVLQJ�/W���-� ��� ��� �� �� 

7DEHO����'LPHQVL�HOHPHQ�OLQN 

 

 

�� .RORP 
�� %DORN�3HUDQJNDL� 
�� /LQN 
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'LPHQVL�/LQN��PP� 
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�E� 
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:HE 
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)ODQJH 
�WI� 
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//�� ��� �� � �� ��� 

//�� ��� �� � �� ���� 

6+�� ��� �� � � ��� 

6+�� ��� �� � � ��� 

6+�� ��� �� �� � ��� 

6+�� ��� ��� � � ��� 

6+�� ��� ��� � � ��� 

*DPEDU�����.XUYD�EDFNERQH�JHVHU-URWDVL�OLQN 

*DPEDU�����.XUYD�EDFNERQH�PRPHQ-URWDVL�OLQN 
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WHUPDVXN� EHUNXUDQJQ\D� NHPDSXDQ�PHQGLVLSDVL� HQHUJL�
DNLEDW� NHOHOHKDQ� OLQN� OHQWXU�� 1DPXQ� GHPLNLDQ�� GDSDW�
GLDPDWL� EDKZD� � SDGD� VWUXNWXU� //��� SHQHEDODQ� IODQJH�
SDGD� OLQN� PHQMDGL� ��� PP� ������� PHQLQJNDWNDQ�
NHNDNXDQ��NHNXDWDQ�VWUXNWXU��GDNWLOLWDV�WLGDN�OHELK�GDUL�
���� GLEDQGLQJNDQ� GHQJDQ� VWUXNWXU� //�� GHQJDQ� WHEDO��
IODQJH�OLQN����PP�� 

3DGD� VWUXNWXU� FRUH� GHQJDQ� OLQN� OHQWXU� \DQJ� OHELK�
SDQMDQJ� �//��� PHQMDGL� ����� PP� �������� GLDPDWL�
SHQXUXQDQ� NHNDNXDQ� GDQ� JD\D� JHVHU� OHOHK�9\�� QDPXQ�
GLVHUWDL�GHQJDQ�SHQLQJNDWDQ�SDGD�QLODL�NHNXDWDQ�JHVHU�
VWUXNWXU� FRUH� 9PD[� ������� GDNWLOLWDV� �� ������� NXDW�
OHELK�����������GDQ�HQHUJL�GLVLSDVL�������� 

*DPEDU� ��� ���� GDQ� ��� PHQXQMXNNDQ� SHPEHQWXNDQ�
VHQGL� SODVWLV� GL� XMXQJ� OLQN� SDGD� DNKLU� SHPEHEDQDQ�

VWUXNWXU� //��� //�� GDQ� //��� GLPDQD� HOHPHQ-HOHPHQ�
VWUXNWXU�FRUH�ODLQQ\D�WHWDS�EHUSHULODNX�HODVWLN�� 

����.LQHUMD�VWUXNWXU�PHQJJXQDNDQ�OLQN�JHVHU�� 

.LQHUMD� VWUXNWXU� FRUH� GHQJDQ� SHPDVDQJDQ� OLQN� \DQJ�
EHUEHGD� WHEDO�ZHE� �6+���6+��GDQ�6+��� � � � � � � �GLDPDWL�
GDQ�GLEDQGLQJNDQ�GHQJDQ�NLQHUMD� VWUXNWXU�EHQFK-PDUN�
GHQJDQ�XNXUDQ�NRORP��EDORN��GDQ�EUHVLQJ�\DQJ�VDPD�� 

*DPEDU� ��� PHQXQMXNNDQ� SHUEDQGLQJDQ� NXUYD� SXVK-
RYHU� DQWDUD� NHWLJD� VWUXNWXU� �6+��� 6+��� 6+��� GHQJDQ�
VWUXNWXU� EHQFK-PDUN� �&%��� 3HPDVDQJDQ� OLQN� JHVHU�

*DPEDU����.XUYD�SXVK-RYHU�VWUXNWXU�EHQFK-PDUN�-�&% 

6WUXNWXU�&% 

*D\D�*HVHU�'DVDU��N1� 
9\ ���� 

9PD[ ���� 

6LPSDQJDQ��PP� 
¨\ ��� 

¨PD[ ��� 

.LQHUMD 

� ���� 

�� ���� 

(QHUJL�'LVLSDVL��N1P� ��� 

7DEHO����.LQHUMD�VWUXNWXU�EHQFK-PDUN�-�&% 

 
*DPEDU����6HQGL�SODVWLV�SDGD�VWUXNWXU�EHQFKPDUN�-�&% 

*DPEDU����.XUYD�SXVK-RYHU�VWUXNWXU�GHQJDQ�OLQN�OHQWXU 

7DEHO����.LQHUMD�VWUXNWXU�GHQJDQ�OLQN�OHQWXU 

6WUXNWXU &% //�� //�� //� 

7HEDO�)ODQJH�/LQN��PP� - � �� �� 

3DQMDQJ�/LQN��PP� - ��� ��� ���� 

*D\D�*HVHU�
'DVDU��N1� 

9\ ���� ��� ��� ��� 

9PD[ ���� ���� ���� ���� 

6LPSDQJDQ�
�PP� 

¨\ ��� �� �� �� 

¨PD[ ��� ��� ��� ��� 

.LQHUMD 

� ���� ���� ���� ���� 

�� ���� ���� ���� ���� 
(QHUJL� 

'LVLSDVL��N1P� ��� �� �� �� 

 
*DPEDU����6HQGL�SODVWLV�SDGD�VWUXNWXU�//�� 
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GHQJDQ� GLPHQVL� \DQJ� OHELK� NHFLO� GDUL� GLPHQVL� EDORN�
SHUDQJNDL� WLGDN� PHQXQMXNNDQ� SHQXUXQDQ� NHNDNXDQ��
QDPXQ� PHPEHULNDQ� NHNXDWDQ� \DQJ� OHELK� UHQGDK�
ZDODXSXQ� WLGDN� VHMDXK� SHQXUXQDQ� SDGD� OLQN� OHQWXU��
NDUHQD� XNXUDQ� SDQMDQJ� OLQN� JHVHU� \DQJ� OHELK� SHQGHN��
.XDW� JHVHU� 6+�� GHQJDQ� XNXUDQ� WHEDO�ZHE� ��� PP�� GDQ�
IODQJH� ��� PP�� \DQJ� VDPD� GHQJDQ� //��� GDQ� SDQMDQJ�
VHSHUWLJD�SDQMDQJ�OLQN�//���PHQXQMXNNDQ�QLODL�NHNXDWDQ�

VWUXNWXU�FRUH��9PD[� ������N1�DWDX������NDOL�OHELK�EHVDU�
GDULSDGD�NHNXDWDQ�FRUH�PHQJJXQDNDQ�OLQN�OHQWXU�//��� 

7DEHO���PHQXQMXNNDQ�SHQHEDODQ�ZHE�SDGD�OLQN�PHQMDGL�
�� PP� ����� ��� GDQ� ��� PP� ������� � � PHQLQJNDWNDQ�
NHNXDWDQ�JHVHU�VWUXNWXU�FRUH�PHQMDGL������GDQ������� 

*DPEDU� ���� ��� GDQ� ��� PHQXQMXNNDQ� SHPEHQWXNDQ�
VHQGL� SODVWLV� GL� XMXQJ� OLQN� SDGD� DNKLU� SHPEHEDQDQ�
VWUXNWXU�6+���6+���GDQ�6+��� 

 
*DPEDU�����6HQGL�SODVWLV�SDGD�VWUXNWXU�//�� 

 
*DPEDU�����6HQGL�3ODVWLV�SDGD�6WUXNWXU�//�� 

*DPEDU�����.XUYD�SXVK-RYHU�VWUXNWXU�GHQJDQ�OLQN�JHVHU�
:)��� 

7DEHO����.LQHUMD�VWUXNWXU�GHQJDQ�OLQN�JHVHU�:)��� 

6WUXNWXU &% 6+�� 6+�� 6+�� 

7HEDO�ZHE�/LQN��PP� - � � �� 

*D\D�*HVHU�
'DVDU��N1� 

9\ ���� ��� ���� ���� 

9PD[ ���� ���� ���� ���� 

6LPSDQJDQ�
�PP� 

¨\ ��� �� �� ��� 

¨PD[ ��� ��� ��� ��� 

.LQHUMD 
� ���� ���� ���� ���� 

�� ���� ���� ���� ���� 

  (QHUJL� 
'LVLSDVL��N1P� ������ ������ ������ ������ 

 
*DPEDU�����6HQGL�SODVWLV�SDGD�VWUXNWXU�6+�� 

 
*DPEDU�����6HQGL�SODVWLV�SDGD�VWUXNWXU�6+�� 
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3HUOX�GLSHUKDWLNDQ�EDKZD�NHNXDWDQ�PDNVLPXP�VWUXNWXU�
6+��GLWXQMXNNDQ�GHQJDQ� WHUMDGLQ\D� VHQGL� SODVWLV� SDGD�
XMXQJ� EDORN� SHUDQJNDL� ODQWDL� �� �*DPEDU� ����
VHPHQWDUD� OLQN� SDGD� ODQWDL� �� EHOXP�PHQJDODPL� OHOHK��
KDO� PDQD� WLGDN� WHUMDGL� SDGD� VWUXNWXU� 6+�� GDQ� 6+���
7DEHO���PHQXQMXNNDQ�EDKZD�SHQHEDODQ�ZHE�SDGD�OLQN�
JHVHU�GDSDW�PHQLQJNDWNDQ�NHNXDWDQ�GDQ�GLVLSDVL�HQHUJL�
VWUXNWXU�FRUH��QDPXQ�FHQGHUXQJ�PHQJXUDQJL�GDNWLOLWDV��
�� � GDQ� QLODL� NXDW� OHELK� VWUXNWXU������ 3HQHODDKDQ� OHELK�

ODQMXW�PHQXQMXNNDQ�SDGD�VDDW�EDORN�SHUDQJNDL�GL�ODQWDL�
��OHOHK��NRQGLVL�OHOHK�SDGD�OLQN�GL�EHUEDJDL�ODQWDL�PDVLK�
GDODP�WDUDI�DZDO�NHOHOHKDQ��*DPEDU����PHQXQMXNNDQ�
NHPLULQJDQ� NXUYD� SXVK-RYHU� VWUXNWXU� 6+�� PDVLK�
FHQGHUXQJ�PHQGHNDWL�NHPLULQJDQ�SDGD�NRQGLVL�HODVWLN� 

8QWXN� PHPSHUROHK� NHNXDWDQ� VWUXNWXU� FRUH� \DQJ�
PHQGHNDWL� NHNXDWDQ� VWUXNWXU�EHQFK-PDUN� �&%��� NDMLDQ�
GLODQMXWNDQ� GHQJDQ� PHPSHUEHVDU� XNXUDQ� OLQN� JHVHU�
GDUL� :)� ����������� PHQMDGL� :)� ������������ �6+����
GDQ�VHODQMXWQ\D�PHPSHUWHEDO�ZHE��6+����� 

*DPEDU����GDQ�7DEHO���PDVLQJ-PDVLQJ�PHQXQMXNNDQ�
SHUEDQGLQJDQ� NXUYD� SXVK-RYHU� GDQ� NLQHUMD� DQWDUD�
NHGXD� VWUXNWXU� �6+��� 6+��� GHQJDQ� VWUXNWXU� EHQFK-
PDUN��&%��GDQ�VWUXNWXU�GHQJDQ�XNXUDQ�OLQN�JHVHU�OHELK�
NHFLO��6+����7HUOLKDW�GHQJDQ� MHODV�DGDQ\D�SHQLQJNDWDQ�
NHNXDWDQ� JHVHU� � � 9PD[� ������� GDQ� GLVLSDVL� HQHUJL�
VWUXNWXU� FRUH� �6+��� DNLEDW� SHUEHVDUDQ� GLPHQVL� OLQN�
JHVHU� 6+��� *DPEDU� ��� GDQ� ��� PHQXQMXNNDQ�
SHPEHQWXNDQ� VHQGL� SODVWLV� SDGD� DNKLU� SHPEHEDQDQ�
VWUXNWXU�FRUH�GHQJDQ�GLPHQVL�OLQN�JHVHU�:)����� 

3HPEHQWXNDQ� VHQGL� SODVWLV� SDGD� VWUXNWXU� 6+�� WLGDN�
EHUEHGD� GHQJDQ� VWUXNWXU� 6+��� GLPDQD� VHQGL� SODVWLV�
WHUMDGL� SDGD� VHOXUXK� OLQN� SDGD� VWUXNWXU� FRUH�� 1DPXQ��

*DPEDU�����6HQGL�SODVWLV�SDGD�VWUXNWXU�6+�� 

*DPEDU������.XUYD�SXVK-RYHU�VWUXNWXU�GHQJDQ�OLQN�JHVHU�
:)����GDQ�:)��� 

7DEHO��� .LQHUMD�VWUXNWXU�GHQJDQ�OLQN�JHVHU��:)����GDQ�
 :)��� 

 

6WUXNWXU &% 6+�� 6+�� 6+�� 

7LQJJL�/LQN��PP� - ��� ��� ��� 

/HEDU�/LQN��PP� - �� ��� ��� 

7HEDO�:HE�/LQN��PP� - � � � 

7HEDO�)ODQJH�OLQN��PP� - � � � 

*D\D�*HVHU�
'DVDU��N1� 

9\ ���� ��� ���� ���� 

9PD[ ���� ���� ���� ���� 

6LPSDQJDQ�
�PP� 

¨\ ��� �� ��� ��� 

¨PD[ ��� ��� ��� ��� 

.LQHUMD 

� ���� ���� ���� ���� 

�� ���� ���� ���� ���� 

'LVLSDVL�
(QHUJL��N1P� 

������ ������ ������ ����� 

 
*DPEDU�����6HQGL�SODVWLV�SDGD�VWUXNWXU�6+�� 

 
*DPEDU�����6HQGL�SODVWLV�SDGD�VWUXNWXU�6+�� 
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SDGD� VWUXNWXU� 6+�� GHQJDQ� SHQHEDODQ�ZHE�� VHQGL� SODVWLV�
WHUEHQWXN� MXJD� SDGD� EDORN� SHUDQJNDL� GL� ODQWDL� �� GDQ� ���
VHPHQWDUD�OLQN�SDGD�ODQWDL���PDVLK�GDODP�NRQGLVL�HODVWLN��
7DEHO� �� PHQXQMXNNDQ� ZDODXSXQ� WHUMDGL� NHQDLNDQ� SDGD�
NHNXDWDQ� JHVHU� VWUXNWXU� 9PD[�� QDPXQ� WDPSDN� MHODV�
WHUMDGLQ\D�SHQXUXQDQ�GDNWLOLWDV� GDQ� HQHUJL� GLVLSDVL� \DQJ�
VLJQLILNDQ� SDGD� VWUXNWXU� 6+�� DNLEDW� WHUEHQWXNQ\D� VHQGL�
SODVWLV� SDGD� EDORN� SHUDQJNDL� \DQJ� PHQ\HEDENDQ�
NHJDJDODQ� VWUXNWXU� FRUH�� 3HQHODDKDQ� OHELK� ODQMXW�
PHQXQMXNNDQ�SDGD�VDDW�EDORN�SHUDQJNDL�GL�ODQWDL���GDQ���
OHOHK�� NRQGLVL� OHOHK� SDGD� OLQN� GL� EHUEDJDL� ODQWDL� PDVLK�
GDODP� WDUDI� DZDO� NHOHOHKDQ��*DPEDU� ��� PHQXQMXNNDQ�
NHPLULQJDQ� NXUYD� SXVK-RYHU� VWUXNWXU� 6+�� PDVLK�
FHQGHUXQJ�PHQGHNDWL�NHPLULQJDQ�SDGD�NRQGLVL�HODVWLN� 

���.LQHUMD�6HOXUXK�6WUXNWXU 

�����$QDOLVLV�QRQ-OLQHU�VWDWLN 

+DVLO�DQDOLVLV�QRQ-OLQLHU�VWDWLN�GDUL�VHOXUXK�VWUXNWXU�\DQJ�
GLNDML� GHQJDQ� DQDOLVLV� SXVK-RYHU� PHQXQMXNNDQ� SXOD�
NRQGLVL� VWUXNWXU�DNLEDW�JHPSD� UHQFDQD�� \DQJ�GLQ\DWDNDQ�
GDODP�SHUIRUPDQFH-SRLQW�XQWXN�PDVLQJ-PDVLQJ�VWUXNWXU��
*DPEDU� ��� PHQXQMXNNDQ� SHUIRUPDQFH� SRLQW� GDUL�
VWUXNWXU� EHQFK-PDUN�� VHGDQJNDQ� SHUIRUPDQFH-SRLQW�
XQWXN� VHOXUXK� VWUXNWXU� \DQJ� GLNDML� GDSDW� GLOLKDW� SDGD�
7DEHO� ��� � +DPSLU� VHOXUXK� VWUXNWXU� PHQXQMXNNDQ� OHYHO�
NLQHUMD�,2�–�,PPHGLDWH�2FFXSDQF\�� 

3HUOX� GLFDWDW� EDKZD� NDMLDQ� QXPHULN� GLODNXNDQ� WHUKDGDS�
VWUXNWXU-VWUXNWXU� GHQJDQ� GLPHQVL� SHQDPSDQJ� NRORP��
EDORN��EUHVLQJ�GDQ�EDORN�SHUDQJNDL�\DQJ�GLUDQFDQJ�XQWXN�
VWUXNWXU� FRUH� EHQFK-PDUN�� WDQSD� OLQN�� GHQJDQ�
PHQJJXQDNDQ� SDUDPHWHU� GHVDLQ� VHLVPLN� XQWXN� VWUXNWXU�

UDQJND� EDMD� EHUSHQJDNX� HNVHQWULN�� .HWHQWXDQ� ODLQ�
WHUNDLW� SHQJJXQDDQ� OLQN� SDGD� EDORN� SHUDQJNDL� GDQ�
SHUXEDKDQ� GLPHQVL� OLQN�� WLGDN� GLSHUKLWXQJNDQ� GDODP�
PHUDQFDQJ� XODQJ� VWUXNWXU� FRUH� PHQJLQJDW� EHOXP� DGD�
NHWHQWXDQ� XQWXN� PHUDQFDQJ� VWUXNWXU� FRUH� UDQJND� EDMD�
GHQJDQ�EDORN�SHUDQJNDL�GDQ�OLQN�� 

����$QDOLVLV�QRQ-OLQHU�GLQDPLN�� 

(YDOXDVL�NLQHUMD�VWUXNWXU�GLODNXNDQ�GHQJDQ�DQDOLVLV�QRQ
-OLQLHU�GLQDPLN�PHQJJXQDNDQ�GXD�UHNDPDQ�GDWD�JHPSD�
�,PSHULDO�9DOOH\�GDQ�.RFDHOL��\DQJ�GLVHVXDLNDQ�GHQJDQ�
UHVSRQ� VSHNWUD� NRWD� -DNDUWD�� � +DVLO� DQDOLVLV�
PHQJJXQDNDQ� 3(5)250-�'� VHSHUWL� GLWXQMXNNDQ�
GDODP�7DEHO� �� GDQ� �� PHQXQMXNNDQ� NRQVLVWHQVL� DQWDUD�
UHVSRQ� VWUXNWXU-VWUXNWXU� FRUH� \DQJ� GLNDML� WHUKDGDS�
NHGXD�JHPSD�WHUVHEXW�� 

6WUXNWXU� 6+�� GDQ� 6+�� PHQXQMXNNDQ� GLVLSDVL� HQHUJL�
\DQJ�VDQJDW� UHQGDK�DNLEDW�NHGXD�JHPSD��GLEDQGLQJNDQ�
GHQJDQ� VWUXNWXU� FRUH� ODLQQ\D�� +DO� LQL� VHMDODQ� GHQJDQ�
NRQGLVL� NHOHOHKDQ� \DQJ�GLDPDWL� SDGD� DQDOLVLV� QRQ-OLQHU�
VWDWLN�� GLPDQD� KDPSLU� VHOXUXK� OLQN� SDGD� VWUXNWXU� 6+��
GDQ�6+��PDVLK�GDODP��WDUDI�NHOHOHKDQ�DZDO���� 

���.DMLDQ�(NVSHULPHQWDO 

����6HW�XS�SHQJXMLDQ 

3HQJDUXK� SHQDPEDKDQ� WHEDO� ZHE� SDGD� OLQN� JHVHU�
WHUKDGDS� NDSDVLWDV� VLVWHP� FRUH� UDQJND� EDMD� GHQJDQ�
EDORN�SHUDQJNDL�GLYHULILNDVL�GHQJDQ�PHODNXNDQ�XML�KDOI-

*DPEDU�����3HUIRUPDQFH�SRLQW�VWUXNWXU�EHQFKPDUN 

7DEHO����5HNDSLWXODVL�GDWD�SHUIRUPDQFH�SRLQW 

6WU 

3HUIRUPDQFH�3RLQW 
/HYHO�
NLQHUMD VD 

�J� 
VG 

�PP� 
ǻSS 
�PP� 

9SS 
�N1� 

'ULIW��ǻSS� 
+���� 

&% ���� �� ��� ���� ���� ,2 

//�� - - - - - - 

//�� ���� �� ��� ���� ���� ,2 

//�� ���� �� ��� ���� ���� ,2 

6+�� ���� �� ��� ���� ���� ,2 

6+�� ���� �� ��� ���� ���� ,2 

6+�� ���� �� ��� ���� ���� ,2 

6+�� ���� �� ��� ���� ���� ,2 

6+�� ���� �� ��� ���� ���� ,2 

7DEHO��� 5HNDSLWXODVL�KDVLO�DQDOLVLV�ULZD\DW�ZDNWX��JHPSD�
 LPSHULDO�YDOOH\ 

6WU 
'ULIW (QHUJL 

7RWDO��N1P� ;��PP� � �N1P� � 

//�� - - - - - 

//�� ��� ���� ��� ����� ����� 

//�� ��� ���� ��� ������ ����� 

6+�� ��� ���� ��� ������ ����� 

6+�� ��� ���� ��� ����� ����� 

6+�� ��� ���� ��� ����� ���� 

6+�� ��� ���� ��� ����� ����� 

6+�� ��� ���� ��� ���� ���� 

'LVLSDVL�(QHUJL 

7DEHO��� 5HNDSLWXODVL�KDVLO�DQDOLVLV�ULZD\DW�ZDNWX�JHPSD�
 .RFDHOL 

6WU 
'ULIW (QHUJL 

7RWDO��N1P� ;��PP� � �N1P� � 

//�� - - - - - 

//�� - - - - - 

//�� ��� ���� ��� ����� ����� 

6+�� ��� ���� ��� ����� ����� 

6+�� ��� ���� ��� ����� ����� 

6+�� ��� ���� ��� ���� ���� 

6+�� ��� ���� ��� ����� ����� 

6+�� ��� ���� ��� ���� ���� 

'LVLSDVL�(QHUJL 



�� Jurnal Teknik Sipil 

.DMLDQ�1XPHULN�GDQ�(NVSHULPHQWDO�SDGD�6WUXNWXU���� 

Diterima 26 Agustus 2021, Direvisi 18 April  2021, Diterima untuk dipublikasikan 25 April 2022 

Copyright      2022 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2022.29.1.3 

VFDOH�SDGD�VLVWHP�FRUH�UDQJND�EDMD�VHSHUWL�GLWXQMXNNDQ�
SDGD�*DPEDU����� 

5HVSRQ� VWUXNWXU� GLDPDWL� PHODOXL� EHVDUQ\D� GHIRUPDVL�
GDQ�JD\D�GDODP�SDGD�HOHPHQ�OLQN��EDORN�SHUDQJNDL�GDQ�
NRORP��\DQJ�PHUHSUHVHQWDVLNDQ�FRUH�UDQJND�EDMD�\DQJ�
FXNXS� NDNX��� \DQJ� EHUXSD� SHQDPSDQJ� :)� VHSHUWL�
GLWXQMXNNDQ�SDGD�7DEHO����� 

'XD� EXDK� HOHPHQ� OLQN� \DQJ� GDSDW� GLJDQWL� WHUEXDW� GDUL�
EDMD�$��� GHQJDQ� NHWHEDODQ�ZHE� \DQJ� EHUEHGD� ���PP�
GDQ���PP��GLVDPEXQJ�NH�EDORN�SHUDQJNDL�PHODOXL�SHODW�
XMXQJ� GHQJDQ� ��� EXDK� EDXW� )��7� EHUGLDPHWHU� ��PP��
3HPEHEDQDQ� GLODNXNDQ� GHQJDQ� NRQWURO� SHUSLQGDKDQ�
VHVXDL� GHQJDQ� SURWRNRO� SHPEHEDQDQ� \DQJ� GLWHQWXNDQ�
61,�����-�����VHSHUWL�GLWXQMXNNDQ�GDODP�*DPEDU����� 

3HQJDPDWDQ�WHUKDGDS�UHVSRQ�VWUXNWXU�GLODNXNDQ�PHODOXL�
SHPEDFDDQ�/LQLHU�9DULDEOH�'LVSODFHPHQW�7UDQVGXFHUV�
�/9'7�� GDQ� VWUDLQ� JDXJH�URVVHWH� SDVND� OHOHK�
EHUXNXUDQ� �PP�� \DQJ� GLSDVDQJ� SDGD� HOHPHQ-HOHPHQ�
VWUXNWXU�FRUH�VHSHUWL�WHUOLKDW�SDGD�*DPEDU����� 

'HQJDQ� PHPSHUKDWLNDQ� NHVHLPEDQJDQ� PRPHQ� SDGD�
VWUXNWXU�XML�SDGD�*DPEDU�����GDSDW�GLWXQMXNNDQ�EDKZD�
EHVDUQ\D� JD\D� JHVHU� \DQJ� EHNHUMD� GL� WHQJDK� EHQWDQJ�
OLQN��9OLQN��VDPD�GHQJDQ�JD\D�DNWXDWRU��3�� 

+DVLO�XML�WDULN�HOHPHQ�OLQN�SDGD�7DEHO�����PHQXQMXNNDQ�
EDKZD� HOHPHQ� OLQN�PHPHQXKL� SHUV\DUDWDQ� 61,� ����-
�����GDQ�$,6&����-����� 

����+DVLO�SHQJXMLDQ�VLNOLN 

3HQJXMLDQ�SDGD�/LQN-��GLODNXNDQ�VDPSDL�VSHVLPHQ�OLQN�
PHQJDODPL� IUDNWXU� GHQJDQ� URWDVL� OLQN� WRWDO� PHQFDSDL�
�����UDG���GDQ�VLPSDQJDQ�NRQWURO���PHQFDSDL������DWDX�
VHQLODL� GHQJDQ� SHUSLQGDKDQ� VHEHVDU� ����� PP� SDGD�
/9'7��� \DQJ� GLWHPSDWNDQ� SDGD� NRORP� NLUL� �DWDV����
.XDW�JHVHU�PDNVLPXP�SDGD�/LQN-��XQWXN�EDJLDQ�WHNDQ�
WHUFDWDW�VHEHVDU�������N1�GDQ�VHEHVDU��������N1�XQWXN�
EDJLDQ�WDULN�� 

 
*DPEDU�����6HWXS�3HQJXMLDQ 

7DEHO�����(OHPHQ�SHQJXMLDQ 

(OHPHQ (OHPHQ�+DOI�6FDOH 

/LQN�-� :����������� 

/LQN�-� :����������� 

%DORN�3HUDQJNDL :������������� 

.RORP :�������������� 

*DPEDU�����3URWRNRO�SHPEHEDQDQ 

*DPEDU�����3RVLVL�/9'7�GDQ�VWUDLQ�JDXJH 

*DPEDU�����.HVHLPEDQJDQ�JD\D�SDGD�SHQJXMLDQ 

7DEHO�����+DVLO�XML�WDULN 

%HQGD 
8ML 

/RNDVL )\H 
)XH ڙX 5W 5X )\H�)XH 

�03D� �03D� 

/LQN-� 
  

:HE ��� ��� ���� ���� ���� ���� 

)ODQJH ��� ��� ���� ���� ���� ���� 

/LQN-� 
:HE ��� ��� ���� ���� ���� ���� 

)ODQJH ��� ��� ���� ���� ���� ���� 
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3DGD�VDDW� OLQN�PHQFDSDL�NXDW�JHVHU�PDNVLPXP� WHUVHEXW��
SHQFDWDWDQ� UHJDQJDQ� SDGD� VWUDLQ-JDXJH� GL� EDORN�
SHUDQJNDL� PDXSXQ� NRORP� PDVLK� PHQXQMXNNDQ� NRQGLVL�
HODVWLN� OLQLHU��+DO� LQL� GLWXQMXNNDQ�SXOD�GHQJDQ�EHVDUQ\D�
WHJDQJDQ�\DQJ�PDVLK� OLQLHU�DNLEDW�EHEDQ�VLNOLN�DNWXDWRU��
3� SDGD� EDORN� SHUDQJNDL� GDQ� NRORP� � �*DPEDU� ��� GDQ�
����� 

%HUEHGD�GHQJDQ�SHQJXMLDQ�/LQN-��\DQJ�EHUDNKLU� VDPSDL�
GHQJDQ�OLQN�PHQFDSDL�IUDNWXU��SHQJXMLDQ�/LQN-��WHUSDNVD�
GLKHQWLNDQ� NDUHQD� WHUMDGL� NHJDJDODQ� SDGD� VHW-XS�
SHQJXMLDQ� NHWLND� VHQGL� SDGD� VDODK� VDWX� XMXQJ� NRORP�
PHQJDODPL�IUDNWXU��\DLWX�SDGD�VDDW���URWDVL�WRWDO�PHQFDSDL�
����� UDG� PHQXMX� EHEDQ� SXQFDN� WHNDQ�� 3DGD� VDDW� LQL�
/9'7����GL�XMXQJ�NRORP�PHQFDWDW�SHUSLQGDKDQ�VHEHVDU�
������ PP� DWDX� UDVLR� VLPSDQJDQ� �GULIW�� VHEHVDU� ������
GDQ� JD\D� JHVHU� SDGD� /LQN-�� WHUFDWDW� VHEHVDU� ������� N1�
�WHNDQ��GDQ��������N1��WDULN��� 

 
*DPEDU�����*D\D�JHVHU�OLQN��YV�URWDVL�WRWDO�OLQN-� 

*DPEDU�����7HJDQJDQ�SDGD�NRORP���OLQN-�� 

*DPEDU�����7HJDQJDQ�SDGD�EDORN�SHUDQJNDL���OLQN-�� 

 
*DPEDU�����'HIRUPDVL�DNKLU�OLQN-� 

*DPEDU�����*D\D�JHVHU�YV�URWDVL�WRWDO�OLQN-� 

*DPEDU�����7HJDQJDQ�SDGD�NRORP��OLQN-�� 

*DPEDU�����7HJDQJDQ�SDGD�EDORN�SHUDQJNDL��OLQN-�� 
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3HQFDWDWDQ� VWDULQ-JDXJH� SDGD� NRORP� GDQ� EDORN�
SHUDQJNDL� PHQXQMXNNDQ� EHOXP� WHUMDGL� NHOHOHKDQ� EDLN�
SDGD� NRORP� PDXSXQ� EDORN� SHUDQJNDL�� VHSHUWL� WHUOLKDW�
SDGD�*DPEDU����GDQ����� 

����3HPEDKDVDQ 

*DPEDU����PHQXQMXNNDQ� UHVSRQ�NHGXD� OLQN� WHUKDGDS�
SHPEHEDQDQ� VLNOLN�� 6HSHUWL� GLWXQMXNNDQ� VHEHOXPQ\D��
JD\D�JHVHU�\DQJ�GLDODPL�/LQN-��SDGD�VDDW�SHPEHEDQDQ�
GLKHQWLNDQ� PDVLK� OHELK� EHVDU� GDULSDGD� JD\D� JHVHU�
PDNVLPXP�SDGD�VDDW�/LQN-��PHQJDODPL�NHJDJDODQ���� 

3HPEDKDVDQ�VHODQMXWQ\D�GLIRNXVNDQ�SDGD�NLQHUMD�/LQN-
��GDQ�/LQN-��VDPSDL�SHPEHEDQDQ�PHQFDSDL�URWDVL�OLQN�
VHEHVDU������UDG�VHSHUWL�WHUOLKDW�SDGD�*DPEDU����� 

*DPEDU� ��� PHQXQMXNNDQ� GHJUDGDVL� NHNDNXDQ� OLQN�
\DQJ� GLDODPL� VHODPD� SHPEHEDQDQ� VLNOLN� KLQJJD�
PHQFDSDL� URWDVL� OLQN� VHEHVDU� ����� UDG��7HUOLKDW� EDKZD�
NHGXD� OLQN� PHQJDODPL� NHFHQGHUXQJDQ� SHQXUXQDQ�
NHNDNXDQ� \DQJ� VHUXSD�� QDPXQ� GHQJDQ� QLODL� NHNDNXDQ�
\DQJ�OHELK�EHVDU�SDGD�/LQN-���EDLN�XQWXN�NRQGLVL�WDULN�
PDXSXQ�WHNDQ� 

3HQLQJNDWDQ� GLVLSDVL� HQHUJL� SDGD� NHGXD� OLQN� VHODPD�
SHPEHEDQDQ� VLNOLN� GLWXQMXNNDQ� GDODP� *DPEDU� ����
7HUOLKDW�EDKZD�XQWXN�VHWLDS�VLNOXV��GLVLSDVL�HQHUJL�SDGD�
/LQN-��VHODOX�OHELK�EHVDU�GDULSDGD�/LQN-����� 

7DEHO� ��� PHQXQMXNNDQ� SHUEDQGLQJDQ� EHVDUQ\D�
NHNDNXDQ�GDQ�HQHUJL�GLVLSDVL� \DQJ�GLDODPL�NHGXD� OLQN�
KLQJJD�SHPEHEDQDQ�VLNOLN�PHQFDSDL�URWDVL�OLQN�VHEHVDU�
�����UDG��/LQN-��GHQJDQ�ZHE� VHWHEDO���PP��DWDX�����
OHELK� WHEDO� GDULSDGD� /LQN-��� PHQGLVLSDVL� HQHUJL� ����
OHELK�EHVDU�GDULSDGD�/LQN-���'HQJDQ�PHPSHUKDWLNDQ�JD\D�
JHVHU� GDQ� NHNDNXDQ� \DQJ� OHELK� EHVDU� GLEDQGLQJNDQ�
GHQJDQ� /LQN-�� SDGD� URWDVL� ����� UDG�� SHQLQJNDWDQ�
GLVLSDVL�HQHUJL�SDGD�/LQN-��GLSHUNLUDNDQ�DNDQ�VHPDNLQ�
OHELK�EHVDU�SDGD�VDDW�/LQN-��PHQJDODPL�IUDNWXU� 

 
*DPEDU�����'HIRUPDVL�DNKLU�OLQN-� 

*DPEDU�����5HVSRQ��OLQN-��GDQ�OLQN-� 

��*DPEDU�����5HVSRQ�OLQN�PHQFDSDL�URWDVL������UDG 

*DPEDU�����'HJUDGDVL�NHNDNXDQ�OLQN 

*DPEDU�����(QHUJL�GLVLSDVL�OLQN 

7DEHO���� .HNDNXDQ�GDQ�GLVLSDVL�HQHUJL�SDGD�URWDVL�OLQN�
 �����UDG 

.RQGLVL 
.HNDNXDQ 'LVLSDVL�(QHUJL 

N1�UDG N1�PP 

/LQN-��7HNDQ� 
7DULN 

������ 
����� ������ 

/LQN-��7HNDQ 
7DULN 

������ 
����� ������� 
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���.HVLPSXODQ� 

'DUL� NDMLDQ� \DQJ� WHODK� GLODNXNDQ� WHUKDGDS� EHEHUDSD�
PRGHO�VWUXNWXU�FRUH�UDQJND�EDMD�GHQJDQ�EDORN�SHUDQJNDL�
GDQ� OLQN� \DQJ� GDSDW� GLJDQWL�� GDSDW� GLVDPSDLNDQ�
NHVLPSXODQ�VHEDJDL�EHULNXW� 

�� 3HQLQJNDWDQ�NLQHUMD�VWUXNWXU�FRUH�UDQJND�EDMD�GHQJDQ�
EDORN� SHUDQJNDL� GDQ� OLQN� \DQJ� GDSDW� GLJDQWL�� EHUXSD�
SHQLQJNDWDQ� NHNDNXDQ�� NHNXDWDQ�GDQ�GLVLSDVL� HQHUJL��
GDSDW�GLODNXNDQ�GHQJDQ�SHQHEDODQ�IODQJH��XQWXN�OLQN�
OHQWXU�� GDQ� SHQHEDODQ�ZHE� �XQWXN� OLQN� JHVHU��� WDQSD�
PHQ\HEDENDQ� NHOHOHKDQ� SDGD� HOHPHQ� VWUXNWXU� FRUH�
ODLQQ\D� 

�� 3HQJJXQDDQ� OLQN� JHVHU� GHQJDQ� WHEDO� ZHE� \DQJ�
EHUOHELKDQ� DWDX� OLQN� OHQWXU� GHQJDQ� SHQHEDODQ� IODQJH�
\DQJ� EHUOHELKDQ� GDSDW� PHQJXUDQJL� NLQHUMD� VWUXNWXU�
FRUH� NDUHQD� OHOHKQ\D� EDORN� SHUDQJNDL�� VHPHQWDUD�
VHEDJLDQ�EHVDU�OLQN�PDVLK�GDODP�WDUDI�DZDO�NHOHOHKDQ� 

�� .DMLDQ� HNVSHULPHQWDO� PHQXQMXNNDQ� OLQN� JHVHU� \DQJ�
WHODK�HIHNWLI�PHQGLVLSDVL�HQHUJL�KLQJJD�KDQFXU��GDSDW�
GHQJDQ�PXGDK�GLJDQWL�WDQSD�PHUXVDN�HOHPHQ�VWUXNWXU�
FRUH�ODLQQ\D�\DQJ�PDVLK�WHWDS�EHUSHULODNX�HODVWLN� 

�� 3HPDVDQJDQ�OLQN�JHVHU�SDGD�VWUXNWXU�FRUH�UDQJND�EDMD�
GHQJDQ� EDORN� SHUDQJNDL� DNDQ� PHQJXUDQJL� NHNXDWDQ�
JHVHU�VWUXNWXU�WHUKDGDS�EHEDQ�JHPSD��1DPXQ��GHQJDQ�
SHQHEDODQ� ZHE� SDGD� OLQN� \DQJ� GDSDW� GLJDQWL� DNDQ�
GDSDW� PHQLQJNDWNDQ� NLQHUMD� GDQ� QLODL� HNRQRPLV�
VWUXNWXU�WDKDQ�JHPSD�PHQJJXQDNDQ�VLVWHP�FRUH� 

'DIWDU�3XVWDND 

$PHULFDQ� ,QVWLWXWH� RI� 6WHHO� &RQVWUXFWLRQ� �������
³6SHFLILFDWLRQ� IRU� 6WUXFWXUDO� 6WHHO� %XLOGLQJV�
�$,6&����-���´��$,6&��,OOLQRLV� 

$PHULFDQ�,QVWLWXWH�RI�6WHHO�&RQVWUXFWLRQ��������³6HLVPLF�
3URYLVLRQV� IRU� 6WUXFWXUDO� 6WHHO� %XLOGLQJV� �$,6&�
���-���´��$,6&��,OOLQRLV� 

%DGDQ�6WDQGDUGLVDVL�1DVLRQDO� �������³6SHVLILNDVL� XQWXN�
%DQJXQDQ� *HGXQJ� %DMD� 6WUXNWXUDO� �61,� ����-
�����´��%61��-DNDUWD� 

%DGDQ� 6WDQGDUGLVDVL� 1DVLRQDO� ������� ³7DWD� &DUD�
3HUHQFDQDDQ� .HWDKDQDQ� *HPSD� XQWXN� 6WUXNWXU�
%DQJXQDQ� *HGXQJ� GDQ� 1RQJHGXQJ� �61,� ����-
�����´��%61��-DNDUWD� 

%DGDQ� 6WDQGDUGLVDVL� 1DVLRQDO� ������� ³.HWHQWXDQ�
6HLVPLN� 8QWXN� 6WUXNWXU� %DQJXQDQ� *HGXQJ� %DMD�
�61,�����-�����´��%61��-DNDUWD� 

%UXQHDX�� 0��� 8DQJ�� &��� 6DEHOOL�� 5�� ������� ³'XFWLOH�
'HVLJQ�RI�6WHHO�6WUXFWXUHV��QG�(GLWLRQ´��0F*UDZ
-+LOO��1HZ�<RUN� 

'HZREURWR��:�� �������� ³(YDOXDVL�.LQHUMD�6WUXNWXU�%DMD�
7DKDQ� *HPSD� GHQJDQ� $QDOLVD� 3XVKRYHU�� &LYLO�
(QJLQHHULQJ�1DWLRQDO�&RQIHUHQFH� ��6XVWDLQDELOLW\�
&RQVWUXFWLRQ�	� 6WUXFWXUDO� (QJLQHHULQJ�%DVHG� RQ�
3URIHVVLRQDOLVP� ´�� -XUQDO� 7HNQLN� 6LSLO�� 9RO�� ���
1R��� 

)HGHUDO� (PHUJHQF\� 0DQDJHPHQW� $JHQF\� �������
³3UHVWDQGDUG� DQG� &RPPHQWDU\� IRU� WKH� 6HLVPLF�
5HKDELOLWDWLRQ� RI� %XLOGLQJV� �)(0$� ����´��
)(0$��:DVKLQJWRQ���'��&� 

+MHOPVWDG�� .�'�� DQG� 3RSRY�� (�3�� �������� ³&\FOLF�
%HKDYLRU� DQG� 'HVLJQ� RI� /LQN� %HDPV�� ³$6&(�
-RXUQDO� RI� 6WUXFWXUDO� (QJLQHHULQJ�� ��������� SS��
����-����� 

.DVDL��.��DQG�3RSRY��(�3����������³*HQHUDO�%HKDYLRU�RI�
:)� 6WHHO� 6KHDU� /LQN� %HDPV�� -RXUQDO� RI�
6WUXFWXUDO�(QJLQHHULQJ´��$6&(��9RO�������1R��� 

.XVXPDVWXWL�'��� HW� DO�� ������� ³$QDO\WLFDO� ,QYHVWLJDWLRQ�
RI�WKH�$SSOLFDELOLW\�RI�6HLVPLF�'HYLFHV�IRU�&RUH�
)UDPHV� 6\VWHP� LQ� +LJK-5LVH� %XLOGLQJV´��
5HJLRQDO�&RQIHUHQFH�LQ�&LYLO�(QJLQHHULQJ��$81
-6(('�1HW��6XUDED\D� 

0RHVWRSR��0��HW�DO���������³([SHULPHQWDO�6WXG\�RQ�WKH�
6HLVPLF� %HKDYLRU� RI� 5HSODFHDEOH� 6KHDU� /LQNV�
&RQQHFWHG� WR� &RXSOLQJ� %HDP´�� ,QWHUQDWLRQDO�
-RXUQDO� RQ� $GYDQFHG� 6FLHQFH� (QJLQHHULQJ�
,QIRUPDWLRQ� 7HFKQRORJ\�� 9RO��� 1R���� SS����-
��� 
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