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GDSDW� PHQDLNNDQ� NHNXDWDQ� WDQDK�� .RQGLVL� SHUNHUDVDQ� -DODQ� 5D\D� 0XQMXO�� 'HVD� 3DVLU� 7HQMR�� .DEXSDWHQ�
3DQGHJODQJ�PHUXSDNDQ� GDHUDK� \DQJ�PHQJDODPL� NHUXVDNDQ� SDGD� ODSLV� SHUNHUDVDQ\D� GLNDUHQDNDQ�PHPLOLNL� GD\D�
GXNXQJ� WDQDK� VDQJDW� UHQGDK�GHQJDQ�QLODL�&DOLIRUQLD�%HDULQJ�5DWLR� �&%5�� VHEHVDU������� � ROHK� NDUHQD� LWX�SHUOX��
GLODNXNDQ�VWDELOLVDVL�WDQDK��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHWDKXL�SHQJDUXK�SHQDPEDKDQ�VHPHQ�VODJ�WHUKDGDS��
QLODL�&%5�WHUHQGDP��VRDNHG��GHQJDQ�YDULDVL�SURVHQWDVH��]DW�DGLWLI�VHEHVDU�������������GDQ�������VHUWD�PHOLKDW�
SHQJDUXK� ODPD� SHPHUDPDQ� WHUKDGDS� NHQDLNDQ� &%5�� 6HEHOXP� SHQJXMLDQ� WDQDK� GLNODVLILNDVLNDQ� GDKXOX� GHQJDQ�
PHQJJXQDNDQ� V\VWHP� NODVLILNDVL� 8QLILHG� �86&6��� %HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� GLSHUROHK� EDKZD� VDPSHO� WDQDK� GDSDW�
GLNODVLILNDVLNDQ� VHEDJDL� NHODV� 2+�� \DLWX� WDQDK� OHPSXQJ� RUJDQLN� GHQJDQ� SODVWLVLWDV� WLQJJL�� +DVLO� SHQJXMLDQ�
PHQXQMXNNDQ�EDKZD�SHQDPEDKDQ�VHPHQ�VODJ�SDGD�WDQDK�OHPSXQJ�GDSDW�PHQXUXQNDQ�QLODL�LQGHNV�SODVWLVLWDV�GDUL�
��������PHQMDGL���������GDQ�GDSDW�PHQLQJNDWNDQ�QLODL�&%5�VRDNHG�PHQMDGL����������GHQJDQ�SHUVHQWDVH�RSWLPXP�
SDGD� � NDGDU� VHPHQ� VODJ� ������ 3HQDPEDKDQ� 6HPHQ� VODJ� MXJD�PDPSX�PHQXUXQNDQ� QLODL� VZHOOLQJ� GDUL� ��������
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.DWD�NXQFL��&%5��VHPHQ�VODJ��VWDELOLVDVL��VZHOOLQJ��WDQDK�OHPSXQJ� 

$EVWUDFW 
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VHH� WKH� HIIHFW� RI� FXULQJ� VDPSOH�� %HIRUH� &%5� WHVWLQJ�� VRLO� ZDV� FODVVLILHG� ILUVW� XVH� 8QLILHG� FODVVLILFDWLRQ� V\VWHP�
�86&6��� %DVHG� RQ� WHVW� UHVXOW�� WKH� VRLO� FDQ� EH� FODVVLILHG� DV� 2+� W\SH�� RUJDQLF� FOD\� VRLO� ZLWK� KLJK� SODVWLFLW\�� 7KH�
DGGLWLRQ�RI�FHPHQW�VODJ�FDQ�GHFUHDVH�SODVWLFLW\� LQGH[� IURP��������WR��������DQG� LQFUHDVH�&%5�VRDNHG�YDOXH� WR�
��������ZLWK� RSWLPXP� SURSRUWLRQ� DW� ���� � FHPHQW� VODJ� FRQWHQW�� 7KH� DGGLWLRQ� RI� FHPHQW� VODJ� ZDV� DOVR� DEOH� WR�
UHGXFH�WKH�VZHOOLQJ�YDOXH�IURP���������KLJK�VZHOOLQJ��WR���������ORZ�VZHOOLQJ���7KHUHIRUH�LW�FDQ�EH�FRQFOXGHG�WKDW�
FHPHQW�VODJ�FDQ�LQFUHDVH�EHDULQJ�FDSDFLW\�RI�FOD\�VRLO�DQG�UHGXFH��VRLO�VZHOOLQJ�SRWHQWLDO� 
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���3HQGDKXOXDQ 

����/DWDU�EHODNDQJ 

3HPEDQJXQDQ� NRQVWUXNVL� SHUNHUDVDQ� MDODQ� UD\D� SDGD�
XPXPQ\D� VHULQJ� GLWHPXL� WDQDK� GDVDU� GL� VHNLWDU� ORNDVL�
SUR\HN� \DQJ� WLGDN�PHPHQXKL� V\DUDW� VLIDW� WHNQLV� WDQDK�

ELOD� GLJXQDNDQ� XQWXN� SHPEDQJXQDQ� SHUNHUDVDQ� MDODQ��
6\DUDW�VLIDW� WHNQLV� WDQDK�\DQJ�GLPDNVXG�VDODK�VDWXQ\D�
DGDODK� GD\D� GXNXQJ� WDQDK� EHUXSD� QLODL� &DOLIRUQLD�
%HDULQJ�5DWLR��&%5��GHQJDQ�WLQJNDWDQ�YHU\�SRRU�DWDX�
QLODLQ\D� NXUDQJ� GDUL� �� �� �%RZOHV�� ������� DSDELOD�
NRQGLVL� LQL� GLWHPXNDQ� SHUOX� DGDQ\D� XSD\D� XQWXN�
PHODNXNDQ� SHUEDLNDQ� JXQD� PHQLQJNDWNDQ� VLIDW-VLIDW�


3HQXOLV�.RUHVSRQGHQVL 



��� Jurnal Teknik Sipil 

3HPDQIDDWDQ�6HPHQ�6ODJ�6HEDJDL�&DPSXUDQ�6WDELOLVDVL�7DQDK��� 

Diterima 5 November 2020, Direvisi  23 Oktober 2021, Diterima untuk dipublikasikan 7 Desember 2021 

Copyright      2021 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2021.28.3.3 

WHNQLV� WDQDK� WHUVHEXW�� &DUD� \DQJ� SDOLQJ� PXGDK�
GLODNXNDQ� XQWXN� PHODNXNDQ� SHUEDLNDQ� WDQDK� VDODK�
VDWXQ\D�GHQJDQ�SURVHV�VWDELOLVDVL�WDQDK� 

.RQGLVL� SHUNHUDVDQ� SDGD� UXDV� MDODQ� VWXGL� NDVXV�
PHUXSDNDQ� GDHUDK� \DQJ� PHQJDODPL� NHUXVDNDQ� SDGD�
VWUXNWXU�ODSLV�SHUPXNDDQ�MDODQ��3HQJXMLDQ�GD\D�GXNXQJ�
WDQDK� GHQJDQ� FDUD� XML� '\QDPLF� &RQH� 3HQHWURPHWHU�
�'&3��SDGD� ORNDVL� WHUVHEXW��GLGDSDWNDQ�EDKZD� WLQJNDW�
GD\D� GXNXQJ� WDQDK� PHUXSDNDQ� NDWHJRUL� YHU\� SRRU�
VHEHVDU����������������ROHK�NDUHQD�LWX�SHUOX�GLODNXNDQ�
VWDELOLVDVL� WDQDK� JXQD� PHQLQJNDWNDQ� GD\D� GXNXQJ�
WDQDK�SDGD�ORNDVL�WHUVHEXW� 

6WDELOLVDVL� WDQDK� \DQJ� GLODNXNDQ� \DLWX� GHQJDQ�
PHQFDPSXUNDQ� VHPHQ� VODJ� GHQJDQ� WDQDK� GDUL� ORNDVL�
SHQHOLWLDQ�� 6HPHQ� VODJ� \DQJ� GLJXQDNDQ� \DLWX� EHUDVDO�
GDUL�37��.UDNDWDX�6HPHQ�,QGRQHVLD��.6,���6HPHQ�VODJ�
GDSDW� PHQLQJNDWNDQ� GD\D� GXNXQJ� WDQDK� NDUHQD�
PHPLOLNL�VLIDW�FHPHQWLWLRXV�\DQJ�PDPSX�PHQJHUDV�GDQ�
PHQDPEDK� NHNXDWDQ� DSDELOD� EHUHDNVL� GHQJDQ� DLU��
3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHOLKDW� SHQJDUXK�
SHPDQIDDWDQ�VODJ�VHPHQ� WHUKD�GDS�GD\D�GXNXQJ� WDQDK�
PHODOXL� SDUDPHWHU� QLODL� &%5�� 9DULDVL� SURVHQWDVH� VODJ�
VHPHQ� GLDPELO� �� ��� ������ ������ GDQ� ����� GHQJDQ�
SHPHUDPDQ�������GDQ���KDUL� 

6WDELOLVDVL� GHQJDQ� PHQJJXQDNDQ� VODJ� VHPHQ� GDQ�
VHMHQLVQ\D� WHODK� GLODNXNDQ� ROHK� EHEHUDSD� SHQHOLWL�
VHEHOXPQ\D� GLDQWDUDQ\D� 'D\DODQ� �������� 3DGPDUDM�
�������� 5DVRRO� ������� GDQ�0LQD� �������� %HUGDVDUNDQ�
KDVLO� SHQHOLWLDQ� VHEHOXPQ\D�GDSDW� GLVLPSXONDQ�EDKZD�
VWDELOLVDVL� GHQJDQ� EDKDQ� WDPEDK� VHPHQ� VODJ� GDSDW�
PHQLQJNDWNDQ�QLODL�&%5�GDQ�MXJD�SHQJXUDQJDQ�LQGHNV�
SODVWLVLWDV� WDQDK� VDPSDL� NDGDU� RSWLPXPQ\D�� KDO�
WHUVHEXW� PHQMDGL� GDVDU� SHQHOLWWLDQ� XQWXN� PHOLKDW�
SHQJDUXK� VHPHQ� VODJ� SDGD� NDVXV� WDQDK� OHPSXQJ�
GHQJDQ�PHQJDPELO�VDPSHO�GDUL�ORNDVL�5XDV�MDODQ�3DVLU�
7HQMR�3DQGHJODQJ�%DQWHQ�� 

����/RNDVL�SHQHOLWLDQ� 

6DPSHO� GLDPELO� GDUL� ORNDVL� -DODQ� 5D\D�0XQMXO�� 'HVD�
3DVLU� 7HQMR�� .HFDPDWDQ� 6LQGDQJ� 5HVPL�� .DEXSDWHQ�
3DQGHJODQJ�� /RNDVL� EHUDGD� GL� SURYLQVL� %DQWHQ�
,QGRQHVLD��5XDV� MDODQ� LQL�PHUXSDNDQ� MDOXU� WUDQVSRUWDVL�
ORNDVO� \DQJ� VHULQJ� GLOHZDWL� NHQGDUDDQ� DQWDU� GHVD��
.RQGLVL�SHUNHUDVDQ�MDODQ�PHQJDODPL�NHUXVDNDQ�VHSHUWL�
EHUOXEDQJ�GDQ�UHWDN�UHWDN��*DPEDU����� 

���/DQGDVDQ�7HRUL 

����.ODVLILNDVL�WDQDK 

.ODVLILNDVL� WDQDK� DGDODK� VXDWX� V\VWHP� SHQJDWXUDQ�
EHEHUDSD� MHQLV� WDQDK� \DQJ� EHUEHGD-EHGD� WDSL�
PHPSXQ\DL�VLIDW�\DQJ�VHUXSD�NH�GDODP�NHORPSRN�GDQ�
VXE� NHORPSRN� EHUGDVDUNDQ� SHPDNDLDQQ\D��.ODVLILNDVL�
VLVWHP� 8QLILHG� 6RLO� &ODVVLILFDWLRQ� 6\VWHP� �86&6��
PHQJHORPSRNNDQ�WDQDK�NH�GDODP�GXD�NHORPSRN�EHVDU��
\DLWX�� WDQDK� EHUEXWLU� NDVDU� GDQ� WDQDK� EHUEXWLU� KDOXV�
�'DV� GDQ� 1RRU�� ������� %HEHUDSD� SDUDPHWHU� SHQWLQJ�
GDODP�SHQ\HOLGLNDQ� WDQDK�GLDQWDUDQ\D�NDGDU� DLU�� EHUDW�
MHQLV� WDQDK�� EHUDW� LVL� WDQDK�� GDQ� LQGHNV� SODVWLVLWDV��
8QWXN� WXMXDQ� NDVLILNDVL� 7DQDK� WDQDK� GLXML� DQDOLVD�
VDULQJDQ�XQWXN�GLEXDW�GLVWULEXVL�EHVDU�EXWLU�WDQDK�\DQJ�
GLNRPSLODVL� GHQJDQ�SDUDPHWHU� WDQDK� LQGHNV�SODVWLVLWDV�
GDQ�NDGDU�DLU�VHKLQJJD�GLKDVLONDQ�MHQLV�WDQDK�� 

����3HPDGDWDQ�WDQDK�GDQ�VWDELOLVDL��WDQDK� 

8ML� SURFWRU� VWDQGDU� GLJXQDNDQ� XQWXN� PHQHQWXNDQ�
KXEXQJDQ� DQWDUD� NDGDU� DLU� RSWLPXP� GDQ� NHUDSDWDQ�
NHULQJ� WDQDK�� .HUDSDWDQ� NHULQJ� ODERUDWRULXP�
VHODQMXWQ\D� GLJXQDNDQ� XQWXN� SHUEDQGLQJDQ� GHQJDQ�
NHUDSDWDQ� NHULQJ� ODSDQJDQ� GDODP� XML� VDQG� FRQH� WHVW�
XQWXN� PHQGDSDWNDQ� NHSDGDWDQ� WDQDK� GLODSDQJDQ��
�+DUGL\DWPR� GDQ� &KULVWDG\�� ������� 6WDELOLVDVL� WDQDK�
DGDODK� VXDWX� SURVHV� XQWXN� PHPSHUEDLNL� VLIDW-VLIDW�
WDQDK� GHQJDQ� PHQDPEDKNDQ� VHVXDWX� SDGD� WDQDK�
WHUVHEXW�� DJDU� GDSDW� PHQDLNNDQ� NHNXDWDQ� WDQDK� GDQ�
PHPSHUWDKDQNDQ�NHNXDWDQ�JHVHU��&DUD�\DQJ�GLJXQDNDQ�
XQWXN�PHQVWDELOLVDVL� WDQDK�SDGD�XPXPQ\D� WHUGLUL�GDUL�
VWDELOLVDVL� PHNDQLV� GDQ� VWDELOLVDVL� NLPLDZL��
�+DUGL\DWPR�GDQ�&KULVWDG\���������6HPHQ�VODJ�DGDODK�
VODJ� EDMD� KDVLO� UHVLGX� SHPEDNDUDQ� WDQXU� \DQJ� VXGDK�
GLKDOXVNDQ�� PHPLOLNL� VLIDW� FHPHQWLWLRXV� OD\DNQ\D�
VHPHQ� \DQJ� GDSDW� EHUIXQJVL� VHEDJDL� EDKDQ� SHUHNDW�
DJUHJDW���5DVRRO�������� 

����6HPHQ�VODJ 

6HPHQ� VODJ� DGDODK� VODJ� EDMD�KDVLO� UHVLGX�SHPEDNDUDQ�
WDQXU� \DQJ� VXGDK� GLKDOXVNDQ�� PHPLOLNL� VLIDW�
FHPHQWLWLRXV� OD\DNQ\D� VHPHQ� \DQJ� GDSDW� EHUIXQJVL�
VHEDJDL� EDKDQ� SHUHNDW� DJUHJDW�� 6HPHQ� VODJ� XWDPDQ\D�
PHQJDQGXQJ� NDOVLXP�� DOXPLQLXP�� GDQ� VLOLND� \DQJ�
PHPLOLNL�NRPSRVLVL�NLPLD�WLGDN�EHUEHGD�GHQJDQ�EDKDQ
-EDKDQ� PLQHUDO� DODPL� WHUPDVXN� EDKDQ� KLGUDVL� VHSHUWL�

*DPEDU����6HPHQ�VODJ�.6, 
6XPEHU��'RNXPHQWDVL�SHQXOLV������ 

*DPEDU����.HUXVDNDQ�MDODQ�GL�ORNDVL�VWXGL�NDVXV 
6XPEHU��'RNXPHQWDVL�SHQXOLV������ 
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VHPHQ� SRUWODQG�� 6HPHQ� LQL� VHULQJ� MXJD� GLSDNDL� VHEDJDL�
FDPSXUDQ� VHPHQ� SRUWODQG� GDODP� SHPEXDWDQ� EHWRQ��
PRUWDU�� GDQ� ODLQ-ODLQ�� &DPSXUDQ� SURGXN� LQL� GLVHEXW�
VHEDJDL�VHPHQ�EOHQGHG��9DULDVL�FDPSXUDQ�VHPHQ�VODJ�SDGD�
VHPHQ� SRUWODQG� PHPXQJNLQNDQ� XQWXN� PHQJRSWLPDONDQ�
VLIDW-VLIDW�NKXVXV�GDUL�EHWRQ�GDQ�PRUWDU��%HUGDVDUNDQ�GDUL�
EHEHUDSD� KDVLO� SHQHOLWLDQ� XPXPQ\D� GLSDNDL� DQWDUD� ���–�
������ .DQGXQJDQ� NLPLD� SDGD� VHPHQ� VODJ� GDSDW� GLOLKDW�
SDGD�7DEHO��� 

����&DOLIRUQLD�%HDULQJ�5DWLR��&%5��ODERUDWRULXP 

3HQJXMLDQ� &%5� GLJXQDNDQ� XQWXN� PHQJHYDOXDVL� SRWHQVL�
NHNXDWDQ�PDWHULDO� ODSLV� WDQDK� GDVDU�� IRQGDVL� EDZDK� GDQ�
IRQGDVL�� WHUPDNVXG� PDWHULDO� \DQJ� GLGDXU� XODQJ� XQWXN�
SHUNHUDVDQ�MDODQ�GDQ�ODSDQJDQ�WHUEDQJ��3ULQVLS�SHQJXMLDQ�
&%5� DGDODK� SHQJXMLDQ� SHQHWUDVL� GHQJDQ� PHQXVXNNDQ�
EHQGD�NH�GDODP�EHQGD�XML��'HQJDQ�FDUD�LQL�GDSDW�GLQLODL�
NHNXDWDQ�WDQDK�GDVDU�DWDX�EDKDQ�ODLQ�\DQJ�GLSHUJXQDNDQ�
XQWXN� PHPEXDW� SHUNHUDVDQ�� &%5� DGDODK� SHUEDQGLQJDQ�
DQWDUD� EDKDQ� SHQHWUDVL� VXDWX� EDKDQ� WHUKDGDS� EDKDQ�
VWDQGDU�GHQJDQ�NHGDODPDQ�GDQ�NHFHSDWDQ�SHQHWUDVL�\DQJ�
VDPD��7XMXDQ�GLODNXNDQ�SHQJXMLDQ�&%5�LQL�DGDODK�XQWXN�
PHQJHWDKXL�QLODL�&%5�SDGD�YDULDVL�NDGDU�DLU�SHPDGDWDQ�� 

3DGD� SHQJXMLDQ� &%5� ODERUDWRULXP� UHQGDPDQ� GDODP�
SHODNVDQDDQQ\D�SHUHQGDPDQ�EHQGD�XML�GLODNXNDQ�VHODPD�
���MDP�DWDX���KDUL�VHVXDL�WDWD�FDUD�XML�&%5�ODERUDWRULXP�
�61,� ������������ � +DVLO� SHQJXMLDQ� &%5� ODERUDWRULXP�
WDQSD� UHQGDPDQ� VHMDXK� LQL� VHODOX�PHQJKDVLONDQ�GD\D�GXNXQJ�
WDQDK� OHELK�EHVDU� GLEDQGLQJNDQ�GHQJDQ�&%5� ODERUDWRULXP�
UHQGDPDQ�� $SOLNDVL� NHGXD� XML� WHUVHEXW� XQWXN� PHQJHWDKXL�
NDUDNWHULVWLN� GDUL� SHPDGDWDQ� WDQDK� \DQJ� WHODK� GLODNXNDQ��
GHQJDQ� DGDQ\D� XML� SHUHQGDPDQ� GDSDW� GLNHWDKXL� NRQGLVL�
NULWLV� GD\D� GXNXQJ� WDQDK�� 8QWXN� XML� &%5� VRDNHG��
SHUHQGDPDQ�GLODNXNDQ�XQWXN�PHPRGHONDQ�NRQGLVL�KXMDQ�
DWDX� NRQGLVL� WHUEXUXN� GL� ODSDQJDQ� VHSHUWL� EDQMLU�� \DQJ�
DNDQ�PHPEHULNDQ�SHQJDUXK�SHQDPEDKDQ� DLU� SDGD� WDQDK�
VHKLQJJD�GDSDW�PHQJDNLEDWNDQ�WHUMDGLQ\D�SHQJHPEDQJDQ�
�VZHOOLQJ��GDQ�SHQXUXQDQ�GD\D�GXNXQJ�WDQDK� 

�����8ML�SHQJHPEDQJDQ��VZHOOLQJ� 

3HQJHPEDQJDQ� DWDX� VZHOOLQJ� DGDODK� EHUWDPEDKQ\D�
YROXPH� WDQDK� DNLEDW� SHQDPEDKDQ� DLU� SDGD� VDPSHO�
WDQDK�NDUHQD�SURVHV�SHUHQGDPDQ��1LODL�SHQJHPEDQJDQ�
MXJD� PHPSXQ\DL� SHUDQDQ� SHQWLQJ� GDODP� VWDELOLVDVL�
WDQDK�� .HPEDQJ� VXVXW� WDQDK� GDVDU� \DQJ� WHUODOX� EHVDU�
DNDQ�PHPEDZD�GDPSDN�\DQJ�NXUDQJ�EDLN�EDJL�ODSLVDQ�
SHUNHUDVDQ� GLDWDVQ\D�� 1LODL� SHQJHPEDQJDQ� �VZHOOLQJ��
GLKLWXQJ� EHUGDVDUNDQ� SHUVHQWDVH� WLQJJL� EHQGD� XML�
VHVXGDK� SURVHV� SHUHQGDPDQ� WHUKDGDS� WLQJJL� EHQGD� XML�
VHEHOXP�SURVHV�SHUHQGDPDQ� 

 

.HWHUDQJDQ�� 

ǻK   6ZHOOLQJ�DWDX�SHQJHPEDQJDQ��GLQ\DWDNDQ�GDODP�� 
K�  � 7LQJJL�EHQGD�XML�VHPXOD��GLQ\DWDNDQ�GDODP�PP 
K�  � 7LQJJL�EHQGD�XML�VHWHODK�SHUHQGDPDQ��GLQ\DWDNDQ�
  GDODP�PP 

���0HWRGH�3HQHOLWLDQ 

����6DPSHO�GDQ�PHWRGH�SHQHOLWLDQ� 

6DPSHO� WDQDK� GLDPELO� GDUL� ORNDVL� -DODQ�5D\D�0XQMXO��
'HVD� 3DVLU� 7HQMR�� .HFDPDWDQ� 6LQGDQJUHVPL��
.DEXSDWHQ� 3DQGHJODQJ�� 3UD� SHQHOLWLDQ� GLODNXNDQ�
GHQJDQ�SHQJXMLDQ�&%5�GL� ODSDQJDQ�GLPDQD�GLSHUROHK�
KDVLO� QLODL� &%5� NXUDQJ� GDUL� �� �� \DQJ� DUWLQ\D� WDQDK�
PHPLOLNL� GD\D� GXNXQJ� \DQJ� UHQGDK�� 6DPSHO� GLXML�
SURSHUWLV�GL� ODERUDWRULXP�VHSHUWL�EHUDW� MHQLV��NDGDU�DLU��
LQGHNV�SODVWLVLWDV��EHUDW�LVL�NHULQJ�GDQ�DQDOLVD�VDULQJDQ�
VHEDJDL� SDUDPHWHU-SDUDPHWHU� GDODP� PHPEXDW�
NODVLILNDVL�VDPSHO�WDQDK����� 

6HEHOXP�SHUVLDSDQ�SHPEXDWDQ� VDPSHO�XML�&%5�� WDQDK�
GLXML� SHPDGDWDQ� XQWXN� PHQGDSDWNDQ� QLODL� NDGDU� DLU�
RSWLPXP�GDQ�EHUDW�LVL�NHULQJQ\D��-XPODK�VDPSHO�\DQJ�
GLEXWXKNDQ�WRWDO����VDPSHO�GHQJDQ�XQWXN��YDULDVL�����
����� ���� GDQ� ���� ]DW� DGLWLI� VHPHQ� VODJ� GDQ� XQWXN�
PDVLQJ-PDVLQJ�ODPD�SHPHUDPDQ���KDUL����KDUL�GDQ���KDUL�� 

6HEHOXP� GLSHQHWUDVL� &%5� GLODNXNDQ� � SHUHQGDPDQ�
�VRDNHG�� EHQGD� XML� GDQ� SHQJXMLDQ� VZHOOLQJ��
SHUHQGDPDQ� GLODNXNDQ� VHODPD� �� KDUL� GDQ� GLFDWDW�
SHQJHPEDQJDQ�WDQDK�GL�GDODP�PROG���VZHOOLQJ��GLXNXU�
GHQJDQ�GLDO�SHQXUXQDQ�SDGD�SHUPXNDDQ� WDQDK��'DODP�
SURVHV� XML� &%5� ODERUDWRULXP� VRDNHG�� VHWLDS� YDULDVL�
FDPSXUDQ� PHPDNDL� �� PROG� \DQJ� PDVLQJ-PDVLQJ�
GLSDGDWNDQ� GHQJDQ� WXPEXNDQ� EHUEHGD-EHGD�� ���
WXPEXNDQ�� ��� WXPEXNDQ�� GDQ� ��� WXPEXNDQ� XQWXN�
VHWLDS� ODSLVDQQ\D�� +DVLO� XML� &%5� NHPXGDLQ� GLDQDOLVD�
XQWXN� GLOLKDW� SHQJDUXK� SHQDPEDKDQ� VHPHQ� VODJ�
WHUKDGDS�QLODL�&%5�� 

���+DVLO�3HQHOLWLDQ�GDQ�3HPEDKDVDQ 

����3URSHUWLV�WDQDK� 

+DVLO�XML�SURSHUWLV� WDQDK�\DQJ�VHSHUWL� �NDGDU�DLU��EHUDW�
-HQLV�� SDOVWLVLWDV� WDQDK� JUDGDVL� EXWLUDQ� � GDQ� EHUDW� LVL�
NHULQJ� WDQDK� GLVDMLNDQ� SDGD� 7DEHO� ��� +DVLO� DZDO�

7DEHO����.DQGXQJDQ�XQVXU�NLPLD�VHPHQ�VODJ 

.DOLXP�2NVLGD &D2 ����� 

6LOLNRQ�2NVLGD 6L2� ����� 

$OXPXQLXP�2NVLGD $O�2� ������ 

6XOIXU�2NVLGD 62� ����� 

)HUUL�2NVLGD )H�2� ����� 

0DJQHVLXP�2NVLGD 0J2 ����� 

7LWDQLXP�2NVLGD 7L2� ����� 

.DOLXP�2NVLGD .�2 ����� 

0DQJDQ�2NVLGD 0Q2 ����� 

1DWULXP�2NVLGD 1D�2 ����� 

%DULXP�2NVLGD %D2 ����� 

3KRVSRU�2NVLGD 3�2� ����� 

6WURQVLXP�2NVLGD 6U2 ����� 

=LUFRQLXP�2NVLGD =U2� ����� 

&KURPLXP�2NVLGD &U�2� ����� 

=LQF�2NVLGD =Q2 ��SSP 

� 

� 

� 

� 

� 

� 

� 

� 

� 

�� 

�� 

�� 

�� 

�� 

�� 

�� 

1R� 3DUDPHWHU 2NVLGD +DVLO�8ML ��� Δh =  
h1 - h0

h0
 x 100 % 
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SHQJXMLDQ� &%5� WDQDK� VHEHOXP� VWDELOLVDVL� MXJD�
GLEHULNDQ� SDGD�7DEHO� �� GLPDQD� QLODL� &%5� GLEHULNDQ�
XQWXN�PDVLQJ-PDVLQJ�ODPD�SHPHUDPDQ� 

*DPEDU���PHQXQMXNNDQ�JUDILN�KDVLO�SHQJXMLDQ�SHPDGDWDQ�
�3URFWRU� 7HVW�� GLPDQD� GLSHUROHK� QLODL� NDGDU� DLU�
RSWLPXP� WDQDK� DVOL� DGDODK� ���� GDQ� EHUDW� LVL� NHULQJ�
WDQDK�\DQJ�GLSHUOXNDQ�������JU�FP��� 

����.ODVLILNDVL�WDQDK 

%HUGDVDUNDQ� KDVLO� SHQJXMLDQ� DQDOLVD� EHVDU� EXWLU�
GLNRPSLODVL�GHQJDQ�EDWDV�FDLU��GDQ�EDWDV�SODVWLV�PDND�
GDSDW� GLVLPSXONDQ� EDKZD� VDPSHO� WDQDK� GDSDW�
GLNDVLILNDVLNDQ� VHEDJDL� NHORPSRN� 2+� VHSHUWL� SDGD�
*DPEDU� ��PHQXUXW� � VLVLWHP� XQLILHG� �86&6��� 7DQDK��
GLNODVLILNDVLNDQ� VHEDJDL� WDQDK� OHPSXQJ� RUJDQLN�
GHQJDQ�SODVWLVLWDV�WLQJJL�� 

����6WDELOLVDVL�WDQDK�GHQJDQ�PHQJJXQDNDQ�VHPHQ�VODJ 

������.HEXWXKDQ�WDQDK�GDQ�DLU� 

3HUVLDSDQ� VDPSHO� XQWXN� XML� &%5� �&DOLIRUQLD� %HDULQJ�
5DWLR�� GLDONXNDQ� GHQJDQ� PHQJKLWXQJ� NHEXWXKDQ� DLU�
GDQ� WDQDK�GDQ�YDULDVL�SURVHQWDVL�EDKDQ� WDPEDK�VHPHQ�
VODJ�� 9DULDVL� EDKDQ� WDPEDK� VHPHQ� VODJ� \DQJ� DNDQ�
GLFDPSXU�GHQJDQ� WDQDK�DGDODK������������������GDQ�

������.HEXWXKDQ�PDVLQJ-PDVLQJ�WDQDK��DLU��GDQ�EDKDQ�
DGLWLI�VHPHQ�VODJ�GLDQDOLVLV�VHEDJDL�EHULNXW� 

���.HEXWXKDQ�7DQDK 

9ROXPH�PROG   ó�[�ʌ�[�G��[�WLQJJL 
  � ó�[������[��������[�������  
  � ���������FP� 
ȖGU\�PDNVLPXP  � ������JUDP�FP� 
0DVVD�WDQDK  � 9ROXPH�PROG�[�ȖGU\�PDNVLPXP 
  � ���������[������ 
  � ���������JUDP��GLEXODWNDQ�PHQMDGL�
  �����JUDP 

���-XPODK�PDVVD�NHEXWXKDQ�DLU 

0DVVD�DLU�EHUGDVDUNDQ�EHUDW�LVL�NHULQJ�SHPDGDWDQ 
.DGDU�DLU�WDQDK�VSHHG\   �������� 
.DGDU�DLU�RSWLPXP   ������� 
0DVVD�DLU�� 
  0DVVD�WDQDK�[�NDGDU�DLU� 
 � �����JUDP�[��������� 
  �������JUDP�GLEXODWNDQ�PHQMDGL�����PO 

����� +DVLO�SHQJXMLDQ�&DOLIRUQLD�%HDULQJ�5DWLR��&%5��
 6RDNHG 

3HQJXMLDQ�&%5�VRDNHG�GLDZDOL�GHQJDQ�PHPSHUVLDSNDQ�
WDQDK� NHULQJ� RYHQ� \DQJ� WHODK� ORORV� VDULQJDQ� 1R�� ��
VHEDQ\DN������JUDP�XQWXN�VHWLDS�PROG��EDKDQ�WDPEDK�
VHPHQ�VODJ�VHEDQ\DN��������JUDP�������������JUDP���
��� �� ����� JUDP��� GDQ� ��� �� ������ JUDP��� VHUWD� DLU�
VXOLQJ� VHEDQ\DN� ���� PO�� &DPSXUNDQ� WDQDK�� DLU�� GDQ�
EDKDQ� WDPEDK� VHPHQ� VODJ� KLQJJD� PHUDWD� �KRPRJHQ���
NHPXGLDQ� GLPDVXNNDQ� NH� GDODP� SODVWLN� ODOX�
PHQJLNDWQ\D�KLQJJD�WLGDN�DGD�XGDUD�\DQJ�PDVXN�XQWXN�
GLSHUDP�VHODPD���KDUL����KDUL��GDQ���KDUL�� 

%HQGD� XML� XQWXN� VDWX�PROG� GLEDJL� PHQMDGL� �� ODSLVDQ�
\DQJ� WHEDOQ\D� NLUD-NLUD� VDPD�� 0DVXNNDQ� WDQDK�
FDPSXUDQ�NH�GDODP�PROG�GDQ�PHPDGDWNDQQ\D�GHQJDQ�
MXPODK� WXPEXNDQ� ���� ���� GDQ� ��� WXPEXNDQ� SHU� ODSLV�
XQWXN� PDVLQJ-PDVLQJ� NDGDU� SHUVHQWDVH� GDQ� ZDNWX�
SHPHUDPDQ�� /DQJNDK� WHUDNKLU� DGDODK� � PHUHQGDP�
EHQGD�XML�VHODPD���KDUL��+DVLO�XML�&%5�WHUHQGDP�GDSDW�
GLOLKDW� SDGD�7DEHO� �� VDPDSDL� GHQJDQ�7DEHO� �� XQWXN�
SURVHQWDVH�VHPHQ�VODJ���������������GDQ������ 

7DEHO����+DVLO�XML�SURSHUWLV�VDPSHO�WDQDK 

1R� -HQLV�3HQJXMLDQ 6DWXDQ +DVLO�
3HQJXMLDQ 

� .DGDU�DLU��Z� � ������ 

� %HUDW�-HQLV��*V� - ����� 

� 

%DWDV-EDWDV�$WWHUEHUJ 
%DWDV�&DLU��//� 
%DWDV�3ODVWLV��3/� 
,QGHNV�3ODVWLVLWDV��3,� 

  
� 
� 
� 

  
������ 
������ 
������ 

� 
*UDGDVL�%XWLUDQ 
7DQDK�EHUEXWLU�KDOXV 
7DQDK�EHUEXWLU�NDVDU 

  
� 
� 

  
������ 
������ 

� 
3HPDGDWDQ 
%HUDW�LVL�NHULQJ��ϮGU\� 
.DGDU�DLU�RSWLPXP��ZRSW� 

JU�FP� 
� 

����� 
������ 

� 

&DOLIRUQLD�%HDULQJ�5DWLR�7HUHQGDP 
3HPHUDPDQ���KDUL 
3HPHUDPDQ���KDUL 
3HPHUDPDQ���KDUL 

   
� 
� 
� 

 
����� 
����� 
����� 

*DPEDU����*UDILN�KXEXQJDQ�NDGDU�DLU�GHQJDQ�EHUDW�LVL�NHULQJ 
6XPEHU��+DVLO�DQDOLVLV������ 

*DPEDU����*UDILN�KXEXQJDQ�OLTXLG�OLPLW�GDQ�SODVWLFLW\�LQGH[�
EHUGDVDUNDQ�VLVWLP�8QLILHG� 

�6XPEHU��+DUU\�&ULVWDG\��0HNDQLND�7DQDK�,��+DODPDQ���� 

.DGDU�$LU�����GDQ�.HUDSDWDQ�.HULQJ 
�JUDP�FP�� 

.DGDU�$LU���� 

.
HU
DS
DW
DQ
�.
HU
LQ
J�
�J
UD
P
�F
P
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*DPEDU� �� PHQXQMXNNDQ� SRVLVL� QLODL� &%5� EHUGDVDUNDQ�
SHUVHQWDVH�EDKDQ�WDPEDK��%HUGDVDUNDQ�JUDILN�NHQDLNDQ�QLODL�
&%5� GDSDW� GLOLKDW� EDKZD� GHQJDQ� SHQDPEDKDQ� SHUVHQWDVH�
VHPHQ�VODJ�GDSDW�PHQLQJNDWNDQ�QLODL�&%5��QLODL�&%5�\DQJ�
RSWLPXP�GLGDSDW�SDGD�SHUVHQWDVH������VHPHQ�VODJ�\DNQL�
������� ��� 3DGD� YDULDVL� ��� �� WHUMDGL� SHQXUXQDQ� QLODL�
&%5�GDQ� VHPDNLQ�PHQXUXQ� SDGD� NDGDU� ������ 3HQJDXK�
SHPHUDPDQ�GDSDW�GLOLKDW�SDGD�7DEHO���GDQ�*DPEDU��� 

%HUGDVDUNDQ�*DPEDU� ���'DSDW� GLOLKDW� EDKZD� ODPDQ\D�
SHPHUDPDQ�GDSDW�PHQXUXQNDQ�QLODL�&%5�VRDNHG��3DGD�
NDGDU� VHPHQ� RSWLPXP� ���� QLODL� &%5� PHQJDODPL�
SHQXUXQDQ� GDUL� �������� PHQMDGL� �������� 3HQXUXQDQ�
SDGD� ZDNWX� SHPHUDPDQ� GDSDW� GLNDUHQDNDQ� DGDQ\D�
SHQJXDSDQ� DLU� \DQJ� WHUWDKDQ� ROHK� SHPEXQJNXV� DWDX�
SODVWLN� VHKLQJJD�PHPEDVDKL� ELGDQJ�SHUPXNDDQ� VDPSHO�
\DQJ�PHPEXDW�EHUNXUDQJQ\D�NDGDU�DLU�GL�GDODP�VDPSHO��
.HDGDDQ�LQL�PHQJDNLEDWNDQ�SURVHV�VHPHQWDVL�WHUJDQJJX�
VHKLQJJD� KDVLOQ\D� WLGDN� PDNVLPDO�� PHQ\HEDENDQ�
PHQXUXQQ\D�NHNXDWDQ�WDQDK� 

0HWRGH� LQWHUSRODVL� GDWD� GLJXQDNDQ� XQWXN�PHQGDSDWNDQ�
NRUHODVL� DQWDUD� QLODL� &%5� WHUHQGDP� GHQJDQ� ODPD�
SHPHUDPDQ�VHSHUWL� WHUOLKDW�SDGD�*DPEDU����'DWD�\DQJ�
GLJXQDNDQ�DGDODK�QLODL�&%5�XQWXN�YDULDVL�VHPHQ�VODJ�����
\DQJ�PHQJKDVLONDQ�QLODL�&%5�SDOLQJ� WLQJJL��%HUGDVDUNDQ�
PHWRGH� ILW� H[SRQHQWLDO� DQDO\VLV� NRUHODVL� DQWDUD� QLODL�
&%5� WHUHQGDP� �&%56� GHQJDQ� ODPD� SHPHUDPDQ� �73��
GDSDW�GLQ\DWDNDQ�GHQJDQ�IRUPXOD�EHULNXW� 

 

GHQJDQ�QLODL�NRHILVLHQ�NRUHODVL�5�� ������� 

'HQJDQ� PHQJJXQDNDQ� PHWRGH� SHQGHNDWDQ� ILW�
SRO\QRPLDO�� GLSHUROHK� SHQGHNDWDQ� NRUHODVL� DQWDUD� QLODL�
&%5� WHUHQGDP� �&%56�� GHQJDQ� SHUVHQWDVH� VHPHQ� VODJ�
�66�� \DQJ� GDSDW� GLOLKDW� SDGD�*DPEDU� ���'LPDQD� GDWD�

7DEHO��� 1LODL�&%5�VRDNHG�WDQSD�SHQDPEDKDQ�VHPHQ�VODJ��
 GDODP�� 

����6HPHQ�VODJ 

+DUL �� �� �� &%5�'HVDLQ 

� ����� ����� ����� ����� 

� ����� ����� ����� ����� 

� ����� ����� ����� ����� 
�6XPEHU��+DVLO�DQDOLVLV������� 

7DEHO��� 1LODL�&%5�VRDNHG�GHQJDQ�SHQDPEDKDQ������VHPHQ�
 VODJ��GDODP�� 

�����6HPHQ�6ODJ 

+DUL �� �� �� &%5�'HVDLQ 

� ����� ����� ������ ������ 

� ����� ����� ������ ����� 

� ����� ����� ����� ����� 
�6XPEHU��+DVLO�DQDOLVLV������� 

7DEHO��� 1LODL�&%5�VRDNHG�GHQJDQ�SHQDPEDKDQ������VHPHQ�
 VODJ��GDODP�� 

7DEHO��� 1LODL� &%5� VRDNHG� GHQJDQ� SHQDPEDKDQ� ��� VHPHQ�
 VODJ��GDODP�� 

�����6HPHQ�6ODJ 

+DUL �� �� �� &%5�'HVDLQ 

� ����� ����� ����� ����� 

� ����� ����� ����� ����� 

� ����� ����� ����� ����� 

�6XPEHU��+DVLO�DQDOLVLV������� 

�����6HPHQ�6ODJ 

+DUL �� �� �� &%5�'HVDLQ 

� ����� ����� ������ ����� 

� ����� ����� ����� ����� 

� ����� ����� ����� ����� 
�6XPEHU��+DVLO�DQDOLVLV������� 

*DPEDU����*UDILN�KXEXQJDQ�SHUVHQWDVH�EDKDQ�DGLWLI�VHPHQ�
VODJ�WHUKDGDS�QLODL�&%5�WHUHQGDP 

7DEHO��� 1LODL�&%5�GHQJDQ�SHUVHQWDVH�VHPHQ�VODJ�WHUKDGDS�
 ODPD�SHPHUDPDQ 

 ��+DUL ��+DUL ��+DUL 

��� ����� ����� ����� 

���� ������ ����� ����� 

���� ����� ����� ����� 

���� ����� ����� ����� 
�6XPEHU��+DVLO�DQDOLVLV������� 

*DPEDU����*UDILN�KXEXQJDQ�ZDNWX�SHPHUDPDQ�WHUKDGDS�
QLODL�&%5��6XPEHU��+DVLO�$QDOLVLV������� 

���  𝐶𝐵𝑅𝑆 = 5.88 + 5.06𝑒−𝑇𝑃/4.09 

*UDILN�+XEXQJDQ�3HUVHQWDVH�%DKDQ�7DPEDK�6HPHQ�6ODJ 
WHUKDGDS�1LODL�&%5 

.DGDU�6ODJ�6HPHQ���� 

1
LOD
L�&

%
5
��
�
� 

:DNWX�3HPHUDPDQ���+DUL :DNWX�3HPHUDPDQ���+DUL :DNWX�3HPHUDPDQ���+DUL 

:DNWX�3HPHUDPDQ��+DUL� 

*UDILN�+XEXQJDQ�:DNWX�3HPHUDPDQ�WHUKDGDS�1LODL�&%5 

1
LOD
L�&

%
5
��
�
� 
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LQWHUSRODVL� PHQJJXQDNDQ� GDWD� &%5� SDGD� VDDW�
SHPHUDPDQ� �� KDUL� \DQJ� PHPEHULNDQ� QLODL� WHUWLQJJL��
+DVLO� NRUHODVL� GDSDW� GLQ\DWDNDQ� GHQJDQ� IRUPXOD�
VHEDJDL�EHULNXW�� 

 
GHQJDQ�QLODL�NRHILVLHQ�NRUHODVL�5�� ������ 

������3HQJXMLDQ�VZHOOLQJ 

3HQJXMLDQ� VZHOOLQJ� GLOLKDW� GHQJDQ� PHPHULNVD�
SHQXUXQDQ� QLODL� NHUDSDWDQ� NHULQJ� VHWHODK� GLUHQGDP��
KDVLO� XML� VZHOOLQJ� EHUGDVDUNDQ� SURVHQWDVH� VHPHQ� VODJ�
GDQ� QLODL� &%5� WHUHQGDPQ\D� XQWXN�PDVLQJ-PDVLQJ� ODPD�
SHPHUDPDQ�GLVDMLNDQ�SDGD�7DEHO���VDPSDL�7DEHO���� 

%HUGDVDUNDQ� KDVLO� XML� VZHOOLQJ� GDSDW� GLVLPSXONDQ�
EDKDZD�ODPDQ\D�SHPHUDPDQ�GDSDW�PHQLQJNDWNDQ�QLODL�
VZHOOLQJ�� 6HPDNLQ� WLQJJL� QLODL� VZHOOLQJ�DNDQ�PHQXUXQNDQ�
QLODL�&%5��3HQLQJNDWDQ�WHUMDGL�DNLEDW�NDQGXQJDQ�DLU�GL�
GDODP� WDQDK� EHUNXUDQJ� NHWLND� GLSHUDP�� KDO� LQL� DNDQ�
PHQJDNLEDWNDQ� DLU� VHPDNLQ� PXGDK� PDVXN� NH� GDODP�
SRUL-SRUL� WDQDK� NHWLND� SURVHV� UHQGDPDQ� �VRDNHG��
GLODNXNDQ�� +DVLO� SHQJXMLDQ� PHQXQMXNNDQ� EDKZD�
VWDELOLVDVL� PHQJJXQDNDQ� VHPHQ� VODJ� PDPSX�

*DPEDU����+DVLO�LQWHUSRODVL�H[SRQHQVLDO�XQWXN�NRUHODVL� 
&%5�WHUHQGDP�WHUKDGDS�ODPD�SHPHUDPDQ 

PHQXUXQNDQ� QLODL� SHQJHPEDQJDQ� WDQDK� GDUL� VZHOOLQJ�
WLQJJL� VHEHVDU� ������ �� PHQMDGL� VZHOOLQJ� UHQGDK�
VHEHVDU���������SDGD�NRQGLVL�WDQSD�SHPHUDPDQ�� 

������+DVLO�XML�SURSHUWLV�VHWHODK�VWDELOLVDVL� 

*DPEDU����PHQXQMXNNDQ�JUDILN�SHUXEDKDQ�SURSHUWLV�WDQDK�
VHSHUWL� EDWDV� FDLU�� EDWDV� SODVWLV� GDQ� LQGHNV� SODVWLVLWDV�
+DVLO� SHQJXMLDQ�PHQXQMXNNDQ� EDKZD� VHPDNLQ� EDQ\DN�
FDPSXUDQ�VHPHQ�VODJ�QLODL�GDUL�EDWDV�FDLU��OLTXLG�OLPLW�
�//��� VHPDNLQ� PHQXUXQ�� 3HQXUXQDQ� WHUMDGL� NDUHQD�
WDQDK� PHQJDODPL� VHPHQWDVL� VHKLQJJD� EXWLUDQ� WDQDK�
PHQMDGL� OHELK� EHVDU� \DQJ� PHQJDNLEDWNDQ� JD\D� WDULN�
PHQDULN� DQWDU� SDUWLNHO� VHPDNLQ� PHQXUXQ�� 1LODL� EDWDV�
SODVWLV� �SODVWLF� OLPLW� �3/��� VHPDNLQ� WXUXQ� GHQJDQ�

*DPEDU����+DVLO�SHQGHNDWDQ�NRUHODVL�DQWDUD�&%5�GDQ�
SHUVHQWDVH�VHPHQ�VODJ�GHQJDQ��PHWRGH�ILW 

𝐶𝐵𝑅𝑆 = 3.16 − 0.02 ሺ𝑆𝑆ሻ + 0.9 ሺ𝑆𝑆ሻ2 ��� 
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EHUWDPEDKQ\D� FDPSXUDQ� VHPHQ� VODJ�� 3HQXUXQDQ� GDSDW�
WHUMDGL� NDUHQD� NHQDLNDQ� QLODL� NRKHVL� WDQDK� \DQJ�
PHQ\HEDENDQ� LNDWDQ� DQWDU� WDQDK� VHPDNLQ� PHOHNDW��
6HKLQJJD� WDQDK� PHQGHNDWL� VLIDW� VHPL� SDGDW� NDUHQD�
NDQGXQJDQ� DLU� SDGD� WDQDK� WHUVHEXW� NHFLO�� 1LODL� ,QGHNV�
3ODVWLVWLWDV� � �SODVWLFLW\� LQGH[� �3,��� PHQXUXQ� GHQJDQ�
EHUWDPEDKQ\D� NDGDU� VHPHQ� VODJ�� +DO� LQL� GDSDW�
GLVHEDENDQ�NDUHQD�NRQGLVL� WDQDK� �PHQMDGL�OHELK�EHUEXWLU�
GDQ�VHKLQJJD�PHQJXUDQJL�VLIDW�SODVWLV�WDQDK�� 

����� 3HUEDQGLQJDQ� SHQHOLWLDQ� GHQJDQ� SHQHOLWLDQ�
 &%5�XQVRDNHG 

3HQHOLWLDQ� SHQJDUXK� VHPHQ� VODJ� WHUKDGDS� QLODL� &%5�
XQVRDNHG�WHODK�GLWHOLWL�ROHK�)DWKRQDK�GNN���������3HQXOLV�
DNDQ�PHPEDQGLQJNDQ�QLODL�&%5�WHUQGDP�VRDNHG�GHQJDQ�
&%5�WDN�WHUHQGDP�XQVRDNHG��GLPDQD�VDPSHO�WDQDK�SDGD�
NHGXD� SHQHOLWLDQ� LQL� EHUDVDO� GDUL� ORNDVL� \DQJ� VDPD��
3HUEDQGLQJDQ� QLODL� &%5� WHUHQGDP� GDQ� WLGDN� WHUHQGDP�
GLVDMLNDQ�GDODP�7DEHO����GDQ�*DPEDU����� 

+DVLO� SHQHOLWLDQ� &%5� VRDNHG� PHPLOLNL� QLODL� \DQJ� OHELK�
NHFLO�GLEDQGLQJNDQ�&%5�XQVRDNHG��GLNDUHQDNDQ�NRQGLVL�
MHQXK�DLU�\DQJ�PHQJDNLEDWNDQ�YROXPH�WDQDK�PHQJHPEDQJ��
3HQHOLWLDQ� VWDELOLVDVL� LQL� GHQJDQ� PHQJJXQDNDQ� EDKDQ�
DGLWLI� VHPHQ� VODJ� EDLN� &%5� VRDNHG� PDXSXQ� XQVRDNHG�
VDPD-VDPD� PHQJKDVLONDQ� SHUVHQWDVH� NDGDU� RSWLPXP�
VHPHQ�VODJ�GL�YDULDVL�������� 

.RQGLVL�WDQDK�DVOL�PHPLOLNL�QLODL�&%5�UHQGDPDQ�VHEHVDU�
��������\DQJ�WHUPDVXN�NH�GDODP�NDWHJRUL�YHU\�SRRU����–�

�����VHSHUWL� WHUOLKDW�SDGD�*DPEDU�����VHGDQJNDQ�QLODL�
&%5� WDQSD� UHQGDPDQ�VHEHVDU�������\DQJ� WHUPDVXN�NH�
GDODP� NDWHJRUL� SRRU� WR� IDLU� ��� –� ������ .RQGLVL� WDQDK�
VHWHODK�SHQFDPSXUDQ�GHQJDQ�VHPHQ�VODJ������PHPLOLNL�
QLODL� &%5� UHQGDPDQ� VHEHVDU� ��������� GDQ� QLODL� &%5�
WDQSD�UHQGDPDQ�VHEHVDU���������NHGXDQ\D�WHUPDVXN�NH�
GDODP�NDWHJRUL�IDLU����–��������PDND�GDSDW�GLVLPSXONDQ�
EDKZD� SHQDPEDKDQ� FDPSXUDQ� VHPHQ� VODJ� SDGD�
SURVHQWDVH� ���� GDSDW� PHQLQJNDWNDQ� QLODL� &%5� EDLN�
NRQGLVL�WHUHQGDP�GDQ�WLGDN�WHUHQGDP�� 

%HUGDVDUNDQ�*DPEDU����ZDNWX�SHPHUDPDQ�PHPEHULNDQ�
SHQJDUXK� PHQXUXQNDQ� NHNXDWDQ� WDQDK�� ODPD� ZDNWX�
SHPHUDPDQ� GDSDW� PHQXUXQNDQ� QLODL� &%5� WHUHQGDP��
WHWDSL�EHUEDQGLQJ�WHUEDOLN�GHQJDQ�&%5�WDQSD�UHQGDPDQ�
GLPDQD� QLODL� &%5� VHPDNLQ� QDLN�� 3HQXUXQDQ� &%5�
NRQGLVL� VRDNHG� SDGD� ZDNWX� SHPHUDPDQ� GDSDW�
GLNDUHQDNDQ�DGDQ\D�SHXKQJXDSDQ�DLU�\DQJ�WHUWDKDQ�ROHK�
SHPEXQJNXV� DWDX� SODVWLN� VHKLQJJD� PHPEDVDKL� ELGDQJ�
SHUPXNDDQ� VDPSHO� \DQJ�PHPEXDW� EHUNXUDQJQ\D� NDGDU�
DLU� GL� GDODP� VDPSHO� \DQJ� GDSDW�PHPSHQJDUXKL� SURVHV�
VHPHQWDVL�VHKLQJJD�KDVLOQ\D�WLGDN�DNDQ�PDNVLPDO� 

���.HVLPSXODQ�GDQ�6DUDQ 

����.HVLPSXODQ 

%HUGDVDUNDQ�KDVLO�SHQJXMLDQ�&%5� ODERUDWRULXP� VRDNHG�
VHEHOXP� GDQ� VHWHODK� GLODNXNDQ� XVDKD� VWDELOLVDVL� WDQDK�
PHQJJXQDNDQ�YDULDVL�SHUVHQWDVH������������������GDQ�
�����VHPHQ�VODJ�GHQJDQ�ZDNWX�SHPHUDPDQ�VHODPD���KDUL��
��KDUL��GDQ���KDUL�GDSDW�GLVLPSXONDQ�VHEDJDL�EHULNXW��� 

�� %HUGDVDUNDQ� VLVWHP� 86&6�� MHQLV� WDQDK� SDGD� -DODQ�
5D\D�0XQMXO��'HVD�3DVLU�7HQMR��.HFDPDWDQ�6LQGDQJ�
5HVPL�� .DEXSDWHQ� 3DQGHJODQJ� WHUPDVXN� NH� GDODP�
NHORPSRN� 2+� DWDX� WDQDK� OHPSXQJ� RUJDQLN� \DQJ�
PHPLOLNL� VLIDW� SODVWLVLWDV� WLQJJL� GHQJDQ� QLODL� LQGHNV�
SODVWLVLWDV� �3,�� VHEHVDU� ���������1LODL�&%5� VRDNHG�
WDQDK�DVOL�VHEHOXP�GLVWDELOLVDVL�PHQJJXQDNDQ�VHPHQ�
VODJ� GHQJDQ� ZDNWX� SHPHUDPDQ� ��� ��� GDQ� �� KDUL�
WHUPDVXN�NDWHJRUL�YHU\�SRRU�GHQJDQ�PDVLQJ-PDVLQJ�
QLODL�VHEHVDU�������������������GDQ���������� 

�� 3HQDPEDKDQ� VHPHQ� VODJ� GDSDW� PHQLQJNDWNDQ� QLODL�
&%5� EDLN� NRQGLVL� WHUHQGDP� �VRDNHG�� PDXSXQ�
NRQGLV� WLGDN� WHUHQGDP� �XQVRDNHG��� 9DULDVL� NDGDU�
VHPHQ�VODJ�RSWLPXP�GLSHUROHK�SDGD�SDGD�SHUVHQWDVH�

7DEHO�����3HUEDQGLQJDQ�QLODL�&%5�VRDNHG�GDQ�XQVRDNHG 
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*DPEDU�����*UDILN�SHUEDQGLQJDQ�QLODL�&%5�VRDNHG�GHQJDQ�
&%5�XQVRDNHG�WDQSD�SHPHUDPDQ�EHUGDVDUNDQ� 

NDGDU�VHPHQ�VODJ 

*DPEDU�����*UDILN�SHUEDQGLQJDQ�QLODL�&%5�VRDNHG�GHQJDQ�
&%5�XQVRDNHG�SDGD�NDGDU�VHPHQ�VODJ������EHUGDVDUNDQ�

ZDNWX�SHPHUDPDQ��6XPEHU��+DVLO�$QDOLVLV������� 
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��� �� � GLPDQD� QLODL� &%5� PHQFDSDL� PDNVLPXP��
���������XQWXN�NRQGLVL�WHUHQGDP�GDQ�������XQWXN�
NRQGLVL�WLGDN�WHUHQGDP�� 

�� :DNWX� SHPHUDPDQ� PHPLOLNL� SHQJDUXK� VLJQLILNDQ�
WHUKDGDS� QLODL� &%5� VRDNHG�� � 3HPHUDPDQ� \DQJ�
VHPDNLQ� ODPD� GDSDW� PHQXUXQNDQ� � QLODL� &%5�
VRDNHG��3DGD�SHQDPEDKDQ� VHPHQ� VODJ������ WDQSD�
SHPHUDPDQ� GLGDSDWNDQ� QLODL� &%5� VRDNHG� VHEHVDU�
������� ��� QLODL� &%5� VRDNHG� � PHQXUXQ� � SDGD�
SHPHUDPDQ���KDUL�GDQ���KDUL�VHEHVDU���������GDQ�
��������VHFDUD�EHUXUXWDQ�� 

�� 3HQXUXQDQ� QLODL� &%5� DNLEDW� EHUWDPEDKQ\D� ZDNWX�
SHPHUDPDQ� GDSDW� GLNDUHQDNDQ� DGDQ\D� SHQJXDSDQ�
DLU� \DQJ� WHUWDKDQ� ROHK� SHPEXQJNXV� VHKLQJJD�
PHPEDVDKL� ELGDQJ� SHUPXNDDQ� VDPSHO� � \DQJ�
PHPEXDW� EHUNXUDQJQ\D� NDGDU� DLU� GL� GDODP� VDPSHO�
\DQJ�GDSDW�PHPSHQJDUXKL�SURVHV�VHPHQWDVL�WDQDK�� 

�� 3DGD� NDGDU� VHPHQ� VODJ� RSWLPXP� ����� VWDELOLVDVL�
WDQDK� PHPEHULNDQ� SHQJDUXK� \DQJ� NXUDQJ�
VLJQLILNDQ� SDGD� SHQXUXQDQ� LQGHNV� SODVWLVLWDV� �3,��
WDQDK�� DNDQ� WHWDSL� SDGD� NDGDU� VHPHQ� VODJ��
SHUVHQWDVH� ��� ��� PDPSX� PHQXUXQNDQ� QLODL� 3,�
PHQMDGL� ������� GHQJDQ� QLODL� &%5� VRDNHG� SDGD�
NDGDU�LQL�DGDODK��������� 

����6DUDQ 

6HWHODK� PHODNXNDQ� SHQHOLWLDQ� GDQ� PHQGDSDWNDQ�
NHVLPSXODQ�� SHQXOLV�PHQ\DUDQNDQ� EHEHUDSD� KDO� XQWXN�
SHQHOLWLDQ�VHODQMXWQ\D��\DLWX�VHEDJDL�EHULNXW� 

�� .DMLDQ� LQL�GDSDW�GLODQMXWNDQ�GHQJDQ�PHQDPEDKNDQ�
FDPSXUDQ� PDWHULDO� ODLQ� VHODLQ� VHPHQ� VODJ�� VHSHUWL�
JDUDP� GDSXU�� OLPEDK� EDKDQ� LQGXVWUL� NHUDPLN��
ODUXWDQ� NLPLD� �DVDP� VXOIDW�� VRGD� DSL�� DVDP� IRVIDW���
GDQ�ODLQ-ODLQ� 

�� +DVLO� SHQHOLWLDQ� LQL� ELVD� GLSDNDL� VHEDJDL� DFXDQ�
DSDELOD� LQJLQ� PHODQMXWNDQ� GDQ� PHQJHPEDQJNDQ�
SHQHOLWLDQ� LQL� GHQJDQ� PHPEHULNDQ� YDULDVL� NDGDU�
VHPHQ�VODJ�\DQJ�EHUEHGD�GHQJDQ�LQWHUYDO������XQWXN�
PHQJHWDKXL�NDGDU�VHPHQ�VODJ�\DQJ�OHELK�RSWLPXP� 

�� 6HEDJDL� EDKDQ� VWDELOLVDVL� WDQDK� OHPSXQJ� XQWXN�
VXEJUDGH� PDND� VHEDLNQ\D� SHPDNDLDQ� VHPHQ� VODJ�
SDGD�SHUVHQWDVH������ 

'DIWDU�3XVWDND 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
&DUD� 8ML� .HSDGDWDQ� 5LQJDQ� XQWXN� 7DQDK��
.HPHQWHULDQ�3HNHUMDDQ�8PXP� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
&DUD� 8ML� %HUDW� -HQLV� 7DQDK�� .HPHQWHULDQ�
3HNHUMDDQ�8PXP� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
&DUD� 8ML� 3HQHQWXDQ� .DGDU� $LU� XQWXN� 7DQDK�
GDQ� %DWXDQ� GL� /DERUDWRULXP�� .HPHQWHULDQ�
3HNHUMDDQ�8PXP� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
&DUD� 8ML� 3HQHQWXDQ� %DWDV� 3ODVWLV� GDQ� ,QGHNV�

3ODVWLVLWDV� 7DQDK�� .HPHQWHULDQ� 3HNHUMDDQ�
8PXP� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
&DUD� 8ML� 3HQHQWXDQ� %DWDV� &DLU� 7DQDK��
.HPHQWHULDQ�3HNHUMDDQ�8PXP� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
&DUD� 8ML� $QDOLVLV� 8NXUDQ� %XWLU� 7DQDK��
.HPHQWHULDQ�3HNHUMDDQ�8PXP� 

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,� ����-�����
0HWRGH� 8ML� &%5� /DERUDWRULXP�� .HPHQWHULDQ�
3HNHUMDDQ�8PXP� 

'DV��%UDMD�0���(QGDK�1RRU�� ��������0HNDQLND�7DQDK�
�3ULQVLS-SULQVLS� 5HND\DVD� *HRWHNQLV��� MLOLG� ���
-DNDUWD��3HQHUELW�(UODQJJD� 

)DWKRQDK�� :��� 0LQD�� (��� 	� ,KVDQ�� '�� <�� ��������
6WDELOLVDVL� 7DQDK� 0HQJJXQDNDQ� 6HPHQ� 6ODJ�
6HUWD� 3HQJDUXKQ\D� WHUKDGDS� 1LODL� &DOLIRUQLD�
%HDULQJ�5DWLR� �&%5�� �6WXGL�.DVXV��-O��0XQMXO��
.S�� &LKHUDQJ�� 'HVD� 3DVLU� 7HQMR�� .HFDPDWDQ�
6LQGDQJ�5HVPL��.DEXSDWHQ�3DQGHJODQJ�� 

+DUGL\DWPR��+DU\�&KULVWDG\����������0HNDQLND�7DQDK�
,��HGLVL����<RJ\DNDUWD��*DGMDK�0DGD�8QLYHUVLW\�
3UHVV� 

+DUGL\DWPR��+DU\�&KULVWDG\����������6WDELOLVDVL�7DQDK�
XQWXN� 3HUNHUDVDQ� -DODQ�� <RJ\DNDUWD�� *DGMDK�
0DGD�8QLYHUVLW\�3UHVV� 

-���'D\DODQ�� ��������&RPSDUDWLYH�6WXG\�RQ�6WDELOL]DWLRQ�
RI�6RLO�ZLWK�*URXQG�*UDQXODWHG�%ODVW�)XUQDFH�
6ODJ� �**%6�� DQG� )O\� $VK�� ,QWHUQDWLRQDO�
5HVHDUFK� -RXUQDO� RI� (QJLQHHULQJ� DQG�
7HFKQRORJ\��,5-(7���9RO�����,VVXH���� 

�0LQD��(���.XVXPD��5�� ,���	�6XERZR�� ,��6��/�� ��������
3HQJDUXK� )O\� $VK� 7HUKDGDS� 1LODL� &%5� GDQ�
6LIDW-6LIDW� 3URSHUWLV�7DQDK� �6WXGL�.DVXV�� -DODQ�
5D\D� %RMRQHJDUD� .0�� ��� 6HUDQJ��
%DQWHQ�� -XUQDO�)RQGDVL� ������ 

3DGPDUDM�� '�� �������� 6WDELOLVDWLRQ� RI� 6RIW� &OD\� XVLQJ�
*URXQG� *UDQXODWHG� %ODVWIXUQDFH� 6ODJ� DQG�
/LPH�� 6L[WK� ,QGLDQ� <RXQJ� *HRWHFKQLFDO�
(QJLQHHUV�&RQIHUHQFH���,<*(&�� 

37�� .UDNDWDX� 6HPHQ� ,QGRQHVLD�� ������� ��� 2NWREHU���
%ODVW�)XUQDFH�6ODJ� ��*URXQG�*UDQXODWHG�%ODVW�
)XUQDFH�6ODJ���ZZZ�NUDNDWDXVHPHQLQGRQHVLD�FRP 

5DVRRO��(��5����������&RPSDUDWLYH�6WXG\�RQ�6WDELOL]DWLRQ�
RI� *URXQG� *UDQXODWHG� %ODVW� )XUQDFH� 6ODJ�
�**%6���,QWHUQDWLRQDO�-RXUQDO�RI�/DWHVW�5HVHDUFK�
LQ�6FLHQFH�DQG�7HFKQRORJ\��9RO�����,VVXH���� 


