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$EVWUDN 

'DODP�LQWHUDNVL�GLQDPLN�WDQDK-WLDQJ�IXQGDVL-VWUXNWXU�EDVHPHQW�DNLEDW�EHEDQ�JHPSD��JD\D�ODWHUDO�WLDQJ�IXQGDVL��

JHVHNDQ� WDQDK� SDGD� GLQGLQJ� VLVL� EDVHPHQW� GDQ� JD\D� ODWHUDO� SDGD� GLQGLQJ� EDVHPHQW� DNDQ� WLPEXO� VHFDUD����������

EHUVDPDDQ�� 'DODP� SHQHOLWLDQ� LQL�� GLVWULEXVL� GDQ� SHULODNX� JD\D-JD\D� WHUVHEXW� GLDQDOLVLV� GHQJDQ� PHWRGH� DOLK�����

EHEDQ�GDQ�D]DV�WHJDQJDQ�ODWHUDO�WDQDK��'DWD�\DQJ�GLJXQDNDQ�GDODP�DQDOLVLV�GLDPELO�GDUL�EHEHUDSD�EDQJXQDQ�

JHGXQJ� GL� -DNDUWD�� +DVLO� DQDOLVLV� PHQXQMXNNDQ� EDKZD� IXQGDVL� WLDQJ� DNDQ� PHPLNXO� VHEDJLDQ� EHVDU� EHEDQ���������

LQWHUDNVL��VHGDQJNDQ�WHNDQDQ�ODWHUDO�GDQ�WHJDQJDQ�JHVHU�SDGD�GLQGLQJ�EDVHPHQW�VDQJDW�GLSHQJDUXKL�ROHK�NRQGL�

VL�WDQDK��GDQ�NRQILJXUDVL�WLDQJ�GDQ�EDVHPHQW� 

.DWD-NDWD�NXQFL�� EDVHPHQW�� EHEDQ� JHPSD�� GLVWULEXVL� EHEDQ�� JD\D� JHVHN� GLQGLQJ�� JD\D� ODWHUDO� WLDQJ�� JD\D���

QRUPDO�GLQGLQJ��LQWHUDNVL�GLQDPLN�� 

$EVWUDFW 

8QGHU� HDUWKTXDNH� LQGXFHG� G\QDPLF� VRLO-SLOH-EDVHPHQW� VWUXFWXUH� LQWHUDFWLRQV�� VLPXOWDQHRXV� SLOH� ODWHUDO�� ZDOO�

IULFWLRQDO��DQG�ZDOO�QRUPDO� IRUFHV�ZLOO�RFFXU��7KLV� UHVHDUFK� LQYHVWLJDWHG� WKH�GLVWULEXWLRQ�DQG�EHKDYLRU�RI� VXFK�

IRUFHV�XVLQJ�WKH�ORDG�WUDQVIHU�PHWKRG�DV�ZHOO�DV�WKH�FODVVLFDO�ODWHUDO�HDUWK�SUHVVXUH�SULQFLSOHV��'DWD�IURP�W\SLFDO�

EXLOGLQJV�LQ�-DNDUWD�ZDV�XVHG�LQ�WKH�DQDO\VLV��7KH�UHVXOWV�VKRZ�WKDW�WKH�SLOH�IRXQGDWLRQV�V\VWHP�FDUULHV�D�PDMRU�

SDUW�RI�WKH�LQWHUDFWLRQ�IRUFHV��ZKLOH�UHDFWLRQV�IRU�ZDOO�IULFWLRQDO�DQG�QRUPDO�IRUFHV�DUH�ODUJHO\�GHSHQGHQW�RQ�WKH�

VRLO�FRQGLWLRQV��SLOH�V\VWHP�DQG�EDVHPHQW�FRQILJXUDWLRQV� 

.H\ZRUGV�� EDVHPHQW��G\QDPLF�LQWHUDFWLRQ��HDUWKTXDNH�ORDG��ORDG�GLVWULEXWLRQ��SLOH�ODWHUDO�IRUFH��ZDOO�QRUPDO�

IRUFH��ZDOO�IULFWLRQDO�IRUFH� 

���3HQGDKXOXDQ 

,QWHUDNVL� WDQDK-IXQGDVL-VWUXNWXU� VDDW� WHUMDGLQ\D� JHPSD�

SDGD�VXDWX�VWUXNWXU�EDQJXQDQ�JHGXQJ�PHUXSDNDQ�VDODK�

VDWX�IDNWRU�\DQJ�DPDW�SHQWLQJ�GDODP�DQDOLVLV�UHND\DVD�

JHPSD�� 'DODP� SHQJHWDKXDQ� VWDWH� RI� WKH� DUW�� DQDOLVLV�

GLODNXNDQ� GHQJDQ� PHWRGH� ODQJVXQJ� �GLUHFW� PHWKRG���

DWDX�GHQJDQ�PHWRGH�PXOWLODQJNDK� �PXOWLVWHS�PHWKRG���

6HFDUD� UDVLRQDO�� EHEDQ� JHPSD� SDGD� VLVWHP� IXQGDVL�

DNDQ� VHFDUD� SDUWLDO� GLSLNXO� ROHK� VLVWHP� IXQGDVL� WLDQJ��

ROHK� WHNDQDQ� QRUPDO� SDGD� GLQGLQJ� \DQJ� WHJDN� OXUXV�

DUDK� EHEDQ�� GDQ� VHEDJLDQ� ODJL� ROHK� JHVHNDQ� SDGD�

ELGDQJ� VLQJJXQJ� VHMDMDU� JD\D� JHPSD�� 8PXPQ\D��

GDODP� SUDNWHN� UHND\DVD� IXQGDVL� EDQJXQDQ� JHGXQJ��

GHPL� NHDPDQDQ�� VHOXUXK� EHEDQ� ODWHUDO� DNLEDW� EHEDQ�

JHPSD� LQL� GLSLNXONDQ� DWDX� SDGD� VLVWHP� IXQGDVL� WLDQJ�

VDMD�� DWDX� SDGD� WDKDQDQ� UHDNVL� QRUPDO� SDGD� GLQGLQJ�

EDVHPHQW�VDMD��'XNXQJDQ�GDUL�JHVHNDQ�WDQDK�SDGD�VLVL�

GLQGLQJ�EDVHPHQW�OD]LPQ\D�WLGDN�GLVHUWDNDQ��%LDVDQ\D��

WLQMDXDQ� LQL� FXNXS�PHPDGDL� GDUL� VXGXW� SDQGDQJ� GD\D�

GXNXQJ�IXQGDVL�WLDQJ�GDQ�GLQGLQJ�EDVHPHQW� 

%LODPDQD�VWUXNWXU�EDQJXQDQ�\DQJ�GLWLQMDX�PHPSXQ\DL�

EDVHPHQW�\DQJ�UHODWLI�EHVDU�VHUWD�MXPODK�WLDQJ� IXQGDVL�

\DQJ�EDQ\DN��DVXPVL�GL�DWDV�DNDQ�PHQJDNLEDWNDQ�VXDWX�

SHPERURVDQ� \DQJ�PXQJNLQ� GDSDW� GLFHJDK��'DODP� KDO�

LQL��GLSHUOXNDQ�VXDWX�ULQFLDQ�\DQJ�OHELK�WHOLWL�PHQJHQDL�

GLVWULEXVL� EHEDQ� LQWHUDNVL� WHUVHEXW� NH� PDVLQJ-PDVLQJ�

IXQGDVL� WLDQJ��JD\D� WHNDQDQ�QRUPDO�GLQGLQJ��GDQ�JD\D�

JHVHNDQ�GLQGLQJ�VDPSLQJ��5LQFLDQ� LQL�GLSHUOXNDQ�EDLN�

GDODP� DQDOLVLV� PHWRGH� ODQJVXQJ�� VHUWD� GDODP� DQDOLVLV�

PXOWLODQJNDK�� EDLN� GDODP� DQDOLVLV� LQWHUDNVL� LQHUVLDO�

PDXSXQ�GDODP�DQDOLVLV�LQWHUDNVL�NLQHPDWLN� 

6HMDN�DZDO�SHUNHPEDQJDQ�ULVHW�DQDOLVLV�LQWHUDNVL�WDQDK�

VWUXNWXU� VHNLWDU� ��� WDKXQ� \DQJ� ODOX� �-HQQLQJV� GDQ�

%LHODN��������9HOHWVRV�GDQ�0HHN��������%LHODN��������

5RHVVHW��������/XFR��������:ROI��������&LDPSROL�GDQ�
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Jurnal Teknik Sipil 

3LQWR�� ������ *D]HWDV� GDQ� 0\ORQDNLV�� ������ 6WHZDUW��

6HHG�GDQ�)HQYHV��������VHUWD�0\ORQDNLV�GDQ�*D]HWDV��

������� FXNXS� EDQ\DN� PHWRGH� DQDOLVLV� \DQJ�

GLNHPEDQJNDQ��6HPXD�PHWRGH�\DQJ�DGD�EHUODQGDVNDQ�

PHWRGH� HOHPHQ� KLQJJD� GDQ�DWDX� EDWDV�� DWDX� SHJDV�

HNLYDOHQ� \DQJ�PHZDNLOL�PHGLD� WDQDK�\DQJ�DGD��3HJDV�

HNLYDOHQ� \DQJ�GLJXQDNDQ�VHEDJDL�PRGHO� IXQGDVL� WLDQJ�

GDODP� DQDOLVLV� VH\RJLDQ\D� KDUXV� PHPSXQ\DL�

NDUDNWHULVLWLN�\DQJ�NRQVLVWHQ�GHQJDQ�DSD�\DQJ�GL\DNLQL�

GDODP�SUDNWHN�UHND\DVD�IXQGDVL��PLVDOQ\D��PHWRGH�DOLK�

EHEDQ�� ORDG� WUDQVIHU� PHWKRG��� VHGDQJNDQ� WHNDQDQ�

ODWHUDO� QRUPDO� SDGD� GLQGLQJ� EDVHPHQW� KDUXV� WXQGXN�

SDGD� NDLGDK� NODVLN� XQWXN� WHNDQDQ� ODWHUDO� GL� GDODP�

PHNDQLND� WDQDK�� 7RKD� ������� PHQGDSDWNDQ� EDKZD�

PRGHO�GDVDU�HOHPHQ�KLQJJD�XPXPQ\D�NXUDQJ�PDPSX�

PHPEHULNDQ� SHULODNX� EHEDQ-GHIRUPDVL� �ORDG-

GHIRUPDWLRQ�� \DQJ� NRQVLVWHQ� WHUKDGDS� SHQJDPDWDQ�

\DQJ�PHQGDVDUL�PHWRGH�DOLK�EHEDQ�SDGD�IXQGDVL�WLDQJ��

'DODP� NRQWHNV� UDNLW-EHUWLDQJ� �SLOHG-UDIW���

NHWLGDNVHPSXUQDDQ� LQL� GLDWDVL� ROHK� 6HQJDUD� �������

GHQJDQ� PHQJDGDNDQ� HOHPHQ� DQWDUD� �LQWHUIDFH�

HOHPHQW�� 

'DODP� SHQHOLWLDQ� \DQJ� GLSDSDUNDQ� GL� � VLQL�� VLVWHP�

IXQGDVL� \DQJ� WHUGLUL� GDUL� GLQGLQJ� EDVHPHQW�� IXQGDVL�

WLDQJ� GDQ� WDQDK� GL� VHNLWDUQ\D� GLPRGHO� GHQJDQ�

PHQJJXQDNDQ� D]DV� \DQJ� XPXP� EHUODNX� SDGD�PHWRGH�

DOLK� EHEDQ� XQWXN� WHJDQJDQ� WDQDK� ODWHUDO�� GDQ� DGDSWDVL�

NKXVXV� SDGD� DOLK� EHEDQ� XQWXN� VLVL� EDVHPHQW� \DQJ�

VHMDMDU�DUDK�JD\D�LQWHUDNVL��0RGHO�LQL�VH\RJLDQ\D�OHELK�

NRQVLVWHQ� WHUKDGDS� SHULODNX� WDQDK�� GLEDQGLQJNDQ�

PRGHO� QXPHULN� ODLQQ\D� \DQJ� GLNHPEDQJNDQ� GDUL�

NRQVHS� HOHPHQ� SDGDW� �VROLG� HOHPHQW��� .HPXGLDQ��

PRGHO� \DQJ�GLJXQDNDQ�GLWHUDSNDQ�SDGD�EHEHUDSD�GDWD�

WLSLNDO� \DQJ� GLMXPSDL� GL� -DNDUWD� XQWXN� PHQGDSDWNDQ�

JDPEDUDQ� XPXP� PHQJHQDL� GLVWULEXVL� EHEDQ� LQWHUDNVL�

ODWHUDO�SDGD�VLVWHP�IXQGDVL�VHSHUWL�LQL� 

�� 'HVNULSVL�0RGHO 

%LODPDQD� VXDWX� VLVWHP� IXQGDVL� EDQJXQDQ� JHGXQJ�

EHULQWHUDNVL�GLQDPLN�GHQJDQ�VWUXNWXU�DWDV�GDQ�WDQDK�GL�

VHNHOLOLQJQ\D�� EHEDQ� LQWHUDNVL� \DQJ� WLPEXO�� EDLN� \DQJ�

GLGDSDW� GDUL� VXDWX� DQDOLVLV� ODQJVXQJ� PDXSXQ� DQDOLVLV�

PXOWLODQJNDK�� DNDQ� EHNHUMD� SDGD� VHPXD� HOHPHQ�

IXQGDVL��6HSHUWL�WHUOLKDW�SDGD�LOXVWUDVL�GDODP�*DPEDU����

SHQJDUXK� WHUVHEXW� DNDQ� GLGLVWULEXVLNDQ� VHEDJDL� JD\D�

ODWHUDO� SDGD� VLVWHP� IXQGDVL� WLDQJ�� JD\D� QRUPDO� DNLEDW�

WHNDQDQ�WDQDK�SDGD�GLQGLQJ�EDVHPHQW�\DQJ�WHJDN�OXUXV�

DUDK� JD\D�� GDQ� JD\D� DNLEDW� WDKDQDQ� JHVHU� GDUL� WDQDK�

\DQJ� DGD� SDGD� GLQGLQJ� VLVL� VDPSLQJ� GDQ� EDZDK�

EDVHPHQW��.DUHQD�VXOLW�PHQMDPLQ�VHPSXUQDQ\D�ELGDQJ�

NRQWDN� DQWDUD� SODW� GDVDU� EDVHPHQW� GDQ� WDQDK� GL�

EDZDKQ\D�� NRPSRQHQ� WDKDQDQ� JHVHU� SDGD� SODW� GDVDU�

EDVHPHQW�XPXPQ\D�GLDEDLNDQ�� 

0DVLQJ-PDVLQJ� NRPSRQHQ� SHQJDUXK� EHEDQ� LQWHUDNVL�

LQL� GLPRGHONDQ� PHQJJXQDNDQ� D]DV� \DQJ� XPXPQ\D�

VXGDK� GLNHQDO� GDODP� UHND\DVD� JHRWHNQLN�� NKXVXVQ\D�

\DQJ� EHUKXEXQJDQ� GHQJDQ� WHRUL� WHNDQDQ� WDQDK� ODWHUDO�

NODVLN�GDQ�PHWRGH�DOLK�EHEDQ��8UDLDQQ\D�GLVDPSDLNDQ�

EHULNXW�LQL� 

 

H tanah lateral 

H fundasi tiang 

H interaksi 

H gesekan dinding 

*DPEDU����,QWHUDNVL�WDQDK-WLDQJ-EDVHPHQW 
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��� 7HNDQDQ�WDQDK�ODWHUDO 

&XNXS� EDQ\DN� PRGHO� WHNDQDQ� WDQDK� ODWHUDO� GLQDPLN�

\DQJ� VHULQJ� GLJXQDNDQ� GDODP� DQDOLVLV� UHND\DVD�

JHRWHNQLN� JHPSD��0RGHO� GDVDU� \DQJ� GLNHQDONDQ� ROHK�

:RRGV� �������� VHUWD� \DQJ� OHELK� PXWDNKLU� GDUL� :X�

��������GDQ�:X�GDQ�)LQQ��������VXGDK�FXNXS�EDQ\DN�

GLWHUDSNDQ� GDODP� NDVXV� SUDNWHN� UHND\DVD� IXQGDVL� GL�

,QGRQHVLD� �7RKD�� ������ GDQ� 6HQJDUD�� ������� 0RGHO-

PRGHO� LQL� PHQJJXQDNDQ� HOHPHQ� SDGDW� GDQ� NRQVHS�

HODVWLN� OLQLHU�� 'DODP� PHQGDSDWNDQ� EHVDUQ\D� GDQ�

GLVWLEXVL� JD\D� ODWHUDO� QRUPDO� SDGD� GLQGLQJ� EDVHPHQW�

WDQSD� DGD� LQWHUDNVL� GHQJDQ� IXQGDVL� WLDQJ� GDQ� JHVHNDQ�

VLVL� GLQGLQJ��PRGHO-PRGHO� LQL�PHPEHULNDQ� KDVLO� \DQJ�

PHPDGDL� VHSHUWL� \DQJ� WHODK� GLWXQMXNNDQ� GDODP�

EHEHUDSD� GDWD� SHQJXNXUDQ�� 1DPXQ�� GDODP� VXDWX�

LQWHUDNVL� \DQJ� PHQ\HUWDNDQ� IXQGDVL� WLDQJ�� GDQ� MXJD�

JHVHNDQ�SDGD�GLQGLQJ�EDVHPHQW��PRGHO-PRGHO�WHUVHEXW�

WLGDN�DNDQ�PHPDGDL��GDQ�DNDQ�VDQJDW� VXOLW�GLNDOLEUDVL�

PHODOXL�SHQJXNXUDQ�ILVLN�� 

$WDV�GDVDU�SHUWLPEDQJDQ�GL�DWDV��GDODP�SHQHOLWLDQ� LQL��

GLJXQDNDQ� KXEXQJDQ� WHJDQJDQ-UHJDQJDQ� WDQDK� ODWHUDO�

\DQJ� PHQJLNXWL� NRQVHS� \DQJ� VXGDK� GLNHQDO� GDODP�

PHNDQLND� WDQDK� NODVLN� �7HU]DJKL�� ������ VHSHUWL�

WHUJDPEDU� SDGD�*DPEDU� ��� .RQVHS� LQL� EHUODNX� XQWXN�

GLQGLQJ� NDQWLOHYHU�� GDQ� EDWDVDQ� SHQFDSDLDQ� NRQGLVL�

EDWDV� DNWLI� GDQ� SDVLI� GDSDW� GLWHPXNDQ� GDODP� EDQ\DN�

UXMXNDQ�� VDODK� VDWX� PLVDOQ\D�� &*6� �������� \DQJ�

GLVDPSDLNDQ�GDODP�7DEHO����%LODPDQD�WHUMDGL�WUDQVODVL�

GLQGLQJ�WDQSD�URWDVL��:X��������PHQJXVXONDQ�EDWDVDQ�

\DQJ� VHGLNLW� EHUEHGD�� \DQJ� MXJD� GLVDPSDLNDQ� GDODP�

7DEHO� ��� 8QWXN� PHQHWDSNDQ� NRHILVLHQ� WHNDQDQ� WDQDK�

ODWHUDO� DW� UHVW��.R�� GLJXQDNDQ� KDVLO� VWXGL� GDUL� 0D\QH�

GDQ� .XOKDZ\� ������� DWDV� ���� SHQJXMLDQ� WDQDK� SDVLU�

GDQ�OHPSXQJ�GL�ODERUDWRULXP�VHEDJDL�EHULNXW� 
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6HVHXDL�XUDLDQ�GL�DWDV��GDWD�SHQJXNXUDQ�XQWXN�WHNDQDQ�

ODWHUDO� SDGD� GLQGLQJ� DNLEDW� LQWHUDNVL� GLQDPLN� PDVLK�

ODQJND�� $WDV� SHUWLPEDQJDQ� WHUVHEXW�� GDODP� SHQHOLWLDQ�

LQL� GLSLOLK� SHQJJXQDDQ� EDVLV� GDWD� �GDWD� EDVH�� GDUL����

PHWRGH�DOLK�EHEDQ�\DQJ�MXPODKQ\D�MDXK�OHELK�EDQ\DN��

.XUYD� WHJDQJDQ-UHJDQJDQ� \DQJ� GLSDNDL� GLVHVXDLNDQ�

GHQJDQ�PHQJDGDSWDVL�EDWDVDQ-EDWDVDQ�\DQJ�GLGDSDWNDQ�

SDGD� NXUYD� S-\� �&R[�� HW� DO�� ������ 0DWORFN�� ������

5HHVH�� &R[� GDQ� .RRS�� ������ VHUWD� 5HHVH�� &R[� GDQ�

.RRS�� ������ XQWXN� IXQGDVL� WLDQJ�� VHSHUWL� \DQJ���������

GLFDQWXPNDQ� GDODP� 7DEHO� �� GDQ� *DPEDU� ��� 'DODP�

SHQJJXQDDQ� SHQHOLWLDQ� LQL�� GLDPHWHU� DWDX� OHEDU� WLDQJ�

IXQGDVL�GLJDQWL�GHQJDQ�WLQJJL�GLQGLQJ�EDVHPHQW��+�� 

�����7DKDQDQ�JHVHN�WDQDK�VDPSLQJ 

3DGD� VLVL� GLQGLQJ� WHSL� EDVHPHQW� \DQJ� EHUVLQJJXQJDQ�

GHQJDQ�WDQDK��DNDQ�WLPEXO�WHJDQJDQ�JHVHU�GDUL�WDKDQDQ�

JHVHN� WDQDK� DNLEDW� DGDQ\D� LQWHUDNVL� DQWDUD� WDQDK�����

GHQJDQ�GLQGLQJ�WHSL�EDVHPHQW�WHUVHEXW��6DPSDL�GHQJDQ�

VDDW� SHQXOLVDQ� PDNDODK� LQL�� EHOXP� DGD� GDWD�������������

SHQJXNXUDQ� DWDXSXQ� PRGHO� HPSLULN� \DQJ� GDSDW�����

ODQJVXQJ� GLWHUDSNDQ� SDGD� NRQILJXUDVL� GLQGLQJ� WHSL-

WDQDK�VHSHUWL� LQL��'DODP�SHQHOLWLDQ� LQL��NXUYD� W-]� \DQJ�

XPXP� GLJXQDNDQ� GDODP� DQDOLVLV� PHWRGH� DOLK� EHEDQ�

GLDGDSWDVL� GHQJDQ� PHQJDQJJDS� GLQGLQJ� EDVHPHQW���

VHEDJDL� VHEXDK� WLDQJ� \DQJ� WHUOHWDN� KRUL]RQWDO� GDODP�

WDQDK�� 7HQWXQ\D�� SHQGHNDWDQ� PDVLK� SHUOX� GLGXNXQJ�

GHQJDQ� SHQJXMLDQ� ODSDQJDQ� DWDX� ODERUDWRULXP� \DQJ�

OHELK�ODQMXW�� 

'DODP� SHQHOLWLDQ� LQL�� XQWXN� WDQDK� OHPSXQJ�� GLSLOLK�

GDWD� W-]� GDUL� 5HHVH� GDQ� 2¶1HLOO� ������� 6HGDQJNDQ���

XQWXN�WDQDK�SDVLU��GDSDW�GLJXQDNDQ�GDWD�GDUL�&R\OH�GDQ�

6XODLPDQ� �������� GHQJDQ� PHQJJXQDNDQ� EHEHUDSD���

SHQ\HVXDLDQ�� NDUHQD� GDWD� WHUVHEXW� GLSHUROHK� XQWXN�

WLDQJ� \DQJ�GLSDQFDQJ�NH�GDODP�SDVLU��%LODPDQD� WDQDK�

GL�VDPSLQJ�GLQGLQJ�EDVHPHQW�GLSDGDWNDQ�GHQJDQ�EDLN��

PDND�NXUYD�W-]�GDSDW�GLVHVXDLNDQ�VHKLQJJD�OHELK���PH�

Q\HUXSDL� UHNRPHQGDVL� $3,� 53�$� �������� 'HQJDQ�

PHQJDGDSWDVL�GDWD�W-]�\DQJ�DGD��VHUWD�PHQJDPELO�WLQJ�

JL� GLQGLQJ� EDVHPHQW�� +�� VHEDJDL� SHQJJDQWL� GLDPHWHU�

WLDQJ�� NXUYD� WDKDQDQ� JHVHN� WDQDK±GHIRUPDVL� \DQJ�

GLGDSDW�DGDODK�VHSHUWL�\DQJ�WHUOLKDW�SDGD�*DPEDU��� 
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��� 7DKDQDQ�ODWHUDO�IXQGDVL�WLDQJ 

0RGHO� EHEDQ-GHIRUPDVL� XQWXN� VLVWHP� IXQGDVL� WLDQJ�

GDODP� SHQHOLWLDQ� LQL� GLDPELO� GDUL� PHWRGH� S-\� \DQJ���

VXGDK� VDQJDW� GLNHQDO��8QWXN� LQL� GLJXQDNDQ� NXUYD� S-\�

GDUL� &R[�� HW� DO� �������� 0DWORFN� �������� 5HHVH�� &R[�

GDQ�.RRS���������5HHVH��&R[�GDQ�.RRS���������5HHVH�

GDQ�:HOFK� ��������:HOFK�GDQ�5HHVH� ��������5HGXNVL�

DWDV� S� GDQ� \� �S-\� PXOWLSOLHUV�� GDODP� NXUYD� S-\� \DQJ�

DNDQ� GLJXQDNDQ� GDSDW� GLWHWDSNDQ� VHVXDL� 'XQQDYDQW�

GDQ� 2¶1HLOO� �������� 3RXORV� GDQ� 'DYLV� �������� VHUWD�

5HHVH��:DQJ��$ZRVKLND��GDQ�/DP���������'DODP�DQD�

OLVLV� \DQJ�GLODNXNDQ�� NXUYD�S-\� \DQJ�GLSDNDL� � � � � � WHU�

OHELK� GDKXOX� GLNDOLEUDVL� GHQJDQ� EHEHUDSD� KDVLO� XML�

EHEDQ�� ODOX� VHFDUD� VHUHQWDN�GLVHVXDLNDQ� WHUKDGDS�NRQ�

'HVNULSVL� 

*HGXQJ�   

3OD]D� 

0DQJJD�'XD� 

-O��*��6DKDUL 

:7&� 

0DQJJD�'XD� 

-O��*��6DKDUL 

.DY��(���� 

0HJD�.XQLQJDQ� 

*UDKD�1LDJD-��

-O��6XGLUPDQ 

  

,7&�.XQLQJDQ� 

-O��'U��6DWULR 

  

  

  

         

 'DWD�%DVHPHQW        

� .ODVLILNDVL�WDQDK��86&6� &+ &+ &+ &/�0/ 0+   

 .RQVLVWHQVL OXQDN OXQDN VHGDQJ VHGDQJ VHGDQJ   

� I�~}�    ��R�-���R ��R�-���R   

� FX���N3D� �� �-� �� �� ��-���   

� F
���N3D�     ��-��   

� .XUYD�JHVHNDQ�GLQGLQJ �� �� �� �� ��   

 .XUYD�WHNDQDQ�ODWHUDO �� �� �� �� ��   

� 3DQMDQJ�EDVHPHQW��P� ��� ��� ��� �� ���   

 /HEDU�EDVHPHQW��P� ��� �� �� �� ����   

 7LQJJL�EDVHPHQW��P� ��� ���� ��� ���� �����   

� *D\D�ODWHUDO�JHPSD��N1�  ����� �����WRZHU ����� �����   

    �����SRGLXP     

         

 )XQGDVL�7LDQJ�        

� .ODVLILNDVL�WDQDK��86&6� &/ &/ 0+�0/ 0/ 0+   

 .RQVLVWHQVL OXQDN OXQDN VHGDQJ�WHJXK WHJXK WHJXK   

� I�~}�    ��R-��R    

� FX���N3D� �� �� ��� ��� ���   

� -XPODK�7LDQJ ���� ���� ����������� ������� ����   

 .RQILJXUDVL WHUGLVWULEXVL WHUGLVWULEXVL WHUGLVWULEXVL WHUGLVWULEXVL WHUGLVWULEXVL   

� -HQLV�7LDQJ 3DQFDQJ�3& 3DQFDQJ�3& 3DQFDQJ�3& %RU 3DQFDQJ�3&   

 
'LDPHWHU�OHEDU�WLDQJ�

�FP� 
�� �� ���������� ������� ��   

 3DQMDQJ�WLDQJ��P�  ���� ���-�� ��-�� �����-���   

� .XUYD�S-\ �� �� ������� �� ��   

 5HGXNVL�NHORPSRN ��� ����-���� ��� ��� ���   

         

�� 5HHVH�GDQ�2
1HLOO�������        

�� 
0DWORFN����������7HU�

]DJKL������� 
       

�� 0DWORFN�������        

�� 
5HHVH��&R[�DQG�.RRS�

������ 
       

7DEHO����'DWD�JHGXQJ 

GLVL� SHQMHSLWDQ�PDVLQJ-PDVLQJ� WLDQJ� SDGD� GDVDU� EDVH�

PHQW�� GDQ� GLSHUKLWXQJNDQ� WHUKDGDS� LQWHUDNVL� NH�

ORPSRN� 

���'DWD�%DQJXQDQ 

'DWD�EDQJXQDQ�JHGXQJ�\DQJ�GLSDNDL�GDODP�SHQHOLWLDQ�

LQL� GLDPELO� GDUL� GDWD� SHUHQFDQDDQ� EHEHUDSD� JHGXQJ�

WLQJJL�GHQJDQ�EDVHPHQW�� \DQJ�GLNXPSXONDQ�GDUL� DUVLS�

73.%�'.,������-�������'DWD�\DQJ�GLJXQDNDQ�WHUFDQ�

WXP� SDGD� 7DEHO� ���'DSDW� GLOLKDW� EDKZD� JHGXQJ� \DQJ�

GLSLOLK�PHPSXQ\DL�FDNXSDQ� OXDV�GDQ�NHGDODPDQ�EDVH�

PHQW� \DQJ� FXNXS� EHUYDULDVL�� 'DODP� DQDOLVLV�� EHQWXN�

EDVHPHQW� GLVHGHUKDQDNDQ� PHQMDGL� SHUVHJL� SDQMDQJ�

HNLYDOHQ� GHQJDQ� SDQMDQJ� GDQ� OHEDU� NRQVWDQ�� -HQLV��



� 

,QWHUDNVL�7DQDK-7LDQJ-%DVHPHQW�$NLEDW�%HEDQ�/DWHUDO�*HPSD� 

Jurnal Teknik Sipil 

MXPODK� GDQ� SDQMDQJ� WLDQJ� EHUNLVDU� GDUL� WLDQJ� ERU� NH�

WLDQJ� SDQFDQJ�� EHUMXPODK� UDWXVDQ� VDPSDL� ULEXDQ�� GDQ�

SDQMDQJ� WLDQJ� GDUL� KDQ\D� EHEHUDSD� VDPSDL� SXOXKDQ��

PHWHU�� 7DQDK� SDGD� EDJLDQ� EDVHPHQW� XPXPQ\D�������

OHPSXQJ� NHODQDXDQ�� GHQJDQ� NRQVLVWHQVL� OXQDN� VDPSDL�

VHGDQJ��3DGD�EDJLDQ�WLDQJ��WDQDK�XPXPQ\D�MXJD�EHUX�

SD� OHPSXQJ� NHODQDXDQ�� GHQJDQ� NRQVLVWHQVL� VHGDQJ�

VDPSDL� WHJXK�� 2&5� WDQDK� OHPSXQJ� GL� -DNDUWD�

XPXPQ\D�EHUNLVDU� GDUL� ���� VDPSDL� VHGLNLW� GL� DWDVQ\D��

'DWD�WDQDK�ODLQQ\D��VHSHUWL�FX��F¶�GDQ�I¶��NRKHVL�QLUDOLU��
NRKHVL� HIHNWLI� GDQ� VXGXW� JHVHU� GDODP� HIHNWLI�� VHGDSDW�

PXQJNLQ�PHQJLNXWL�\DQJ�GLDPELO�ROHK�SHUHQFDQD�\DQJ�

EHUVDQJNXWDQ� 

���5LQFLDQ�0HWRGH�$QDOLVLV�'DWD 

'DUL�GDWD�\DQJ�WHUNXPSXO��GDSDW�GLOLKDW�EDKZD�ODSLVDQ�

WDQDK�\DQJ�DGD�XPXPQ\D�DGDODK� ODSLVDQ� OHPSXQJ�NH�

ODQDXDQ� �&+�� &/�� 0+� GDQ� 0/�� GHQJDQ� NRQVLVWHQVL�

OXQDN� VDPSDL� WHJXK�� .DUHQD� LWX�� \DQJ� GLWDPSLONDQ� GL�

VLQL� KDQ\DODK� NRUHODVL� W-\� GDQ� S-\� XQWXN� WDQDK�����

NHOHPSXQJDQ�� GDQ� NDUHQD� SHQLQMDXDQ� GLEDWDVL� SDGD�

EHEDQ� JHPSD�� \DQJ� GLDPELO� KDQ\D� NRUHODVL� XQWXN����

EHEDQ� VLNOLN�� 3ULQVLS� VHGHUKDQD� LQL� GDSDW� GHQJDQ�����

PXGDK� GLWHUDSNDQ� ELODPDQD� KDUXV� GLJXQDNDQ� MHQLV�

WDQDK�GDQ�SHPEHEDQDQ�\DQJ�ODLQ� 

��� *D\D�ODWHUDO�SDGD�GLQGLQJ 

7HNDQDQ� ODWHUDO� DNWLI� \DQJ� WHUMDGL� SDGD� GLQGLQJ� DNDQ�

PHQJLNXWL� WHRUL� WHNDQDQ�WDQDK� ODWHUDO�7HU]DJKL���������

%LOD� GLJXQDNDQ� EDWDVDQ� PHQXUXW� &*6� ������� XQWXN�

WDQDK� OHPSXQJ� OXQDN�VDPSDL� WHJXK��NRHILVLHQ� WHNDQDQ�

WDQDK�ODWHUDO��.+$��GDSDW�GLVHGHUKDQDNDQ�PHQMDGL� 

 

 

GL�PDQD�.$�DGDODK�NRHILVLHQ�WHNDQDQ�WDQDK�ODWHUDO�DNWLI�

PHQXUXW� WHRUL� 5DQNLQH� �������� .2� DGDODK� NRHILVLHQ�

WHNDQDQ� ODWHUDO� DW� UHVW�� \DQJ� GDSDW� GLSHUROHK� GDUL�����

3HUVDPDDQ� �� �0D\QH� GDQ� .XOKDZ\�� ������� GDQ� H\D�
DGDODK� UHJDQJDQ� VDDW� PDQD� .$� WHUMDGL�� GDQ� H� DGDODK�
UHJDQJDQ�WHUNDLW� 

7HNDQDQ� ODWHUDO�SDVLI� \DQJ� WHUMDGL�SDGD�GLQGLQJ�GLDP�

ELO� GDUL� QLODL� WHUNHFLO� GL� DQWDUD� WHNDQDQ� WDQDK� ODWHUDO�

VHVXDL� PHWRGH� S-\�� GD\D� GXNXQJ� IXQGDVL� GDODP�� DWDX�

WHNDQDQ�ODWHUDO�SDVLI�GDUL�WHRUL�NODVLN�5DQNLQH�������� 

8QWXN�MHQLV�WDQDK�OHPSXQJ�NHODQDXDQ�GDODP�SHQHOLWLDQ�

LQL�� NXUYD� \DQJ� WHUFDQWXP� GDODP� *DPEDU� �� GDSDW�

GLJDEXQJNDQ� GHQJDQ� 3HUVDPDDQ� �� VHKLQJJD� GLGDSDW�

NXUYD� OHQJNDS� XQWXN� DQDOLVLV�� 3DUDPHWHU-SDUDPHWHU�

GDODP�*DPEDU� ��� NKVXVQ\D� \DQJ� GLJXQDNDQ� SDGD� SH�

QHLOLWLDQ�LQL��GDSDW�GLULQFL�VHEDJDL�EHULNXW� 

� �
2

2

AOA

Ya

Ya

0

)00(
KKK

�
��HAK  �� ��� 

������/HPSXQJ�OXQDN��0DWORFN�������������������������������������������������������������� 

\��� �����H���+    �������������� 

GL�PDQD� H���  � ������XQWXN� OHPSXQJ� OXQDN�� GDQ� ������
XQWXN�OHPSXQJ�VHGDQJ��GDQ�+�DGDODK�WLQJJL�EDVHPHQW� 

7HNDQDQ�ODWHUDO�EDWDV�SX��GLDPELO�\DQJ�WHUNHFLO�GDUL�  

SX� �>�����[�����[�@�FX�+ ����������������������������������������D� 

DWDX 

SX� ����FX�+    �����������E� 

DWDX 

SX� ��J¶�[�+�WDQ
�����R���I¶��������F¶�+�WDQ����R���I¶��� 

     �����������F� 

GL� PDQD� J¶� DGDODK� WHJDQJDQ� HIHNWLI� UDWD-UDWD� GDUL������

SHUPXNDDQ� WDQDK� VDPSDL� NHGDODPDQ� \DQJ� GLWLQMDX�� FX�

DGDODK�NRKHVL�QLUDOLU�SDGD�WLWLN�\DQJ�GLWLQMDX��[�DGDODK�

MDUDN�WLWLN�\DQJ�GLWLQMDX�GDUL�SHUPXNDDQ�WDQDK��-�DGDODK�

SDUDPHWHU� HPSLULN� VHEHVDU� ���� XQWXN� OHPSXQJ� OXQDN�

GDQ������XQWXN�OHPSXQJ�VHGDQJ��I¶�DGDODK�VXGXW�JHVHU�
HIHNWLI�GDODP�OHPSXQJ��GDQ�F¶�DGDODK�NRKHVL�HIHNWLI� 

.HGDODPDQ� GL� PDQD� WHUMDGL� WUDQVLVL� NXUYD�� [U�� GLGDSDW�

GDUL� 

[U� ����FX�+����J¶�+�����-�FX� ��� 

������/HPSXQJ�WHJXK��5HHVH��&R[�GDQ�.RRS�������� 

\��� �H���+    �����������D� 

\S� �����$F�\��    ����������������E� 

GL�PDQD�H��� �������XQWXN�FX� ��-����N3D��H��� �������
XQWXN� FX�  � ���-���� N3D�� GDQ� H���  � ������ XQWXN� FX�  �
���-����N3D��$F�DGDODK�NRHILVLHQ�\DQJ�EHUNLVDU�VHFDUD�

SDUDEROLN� DQWDUD� ���� GDQ� ���� XQWXN� [�+� d� ������ GDQ�
EHUQLODL�NRQVWDQ�VHEHVDU�����XQWXN�[�+�!������� 

8QWXN�PHQGDSDWNDQ�NHPLULQJDQ�EDJLDQ�DZDO�NXUYD����S

-\�� EHVDUQ\D� N[� DGDODK� �������� ��������� GDQ� ��������

N1�P���XQWXN�NRKHVL� QLUDOLU� UDWD-UDWD��FX��\DQJ�GLGDSDW�

GDUL�XML�WULD[LDO�88��EHUWXUXW-WXUXW�VHEHVDU���-��������

-����GDQ����-����N3D� 

7HNDQDQ�ODWHUDO�EDWDV��SF��GLDPELO�\DQJ�WHUNHFLO�GDUL� 

SF� ���X�+���J¶�+�[��������X�[  �����������D� 

DWDX 

SF� �����FX�+    �����������E� 
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DWDX 

SF� �J¶�[�+�WDQ
�����R���I¶��������F¶�+�WDQ����R���I¶��� 

    ����� �����������F� 

GL�PDQD� X�DGDODK�NRKHVL�QLUDOLU�UDWD-UDWD�XQWXN�VHOXUXK�

ODSLVDQ�GDUL�SHUPXNDDQ�WDQDK�VDPSDL�NHGDODPDQ�\DQJ�

GLWLQMDX�� 

��� *D\D�JHVHN�SDGD�GLQGLQJ 

*D\D� JHVHN� SDGD� GLQGLQJ� GLSHUNLUDNDQ� GHQJDQ�

PHQJJXQDNDQ� GDWD� � NXUYD� W-]� PHQXUXW� 5HHVH� GDQ�

2¶1HLOO� �������� VHSHUWL� \DQJ� GLVDPSDLNDQ� SDGD�*DP�

EDU� ��� 0HVNLSXQ� GDWD� LQL� GLSHUXQWXNNDQ� XQWXN� WLDQJ�

ERU� GDODP� ODSLVDQ� OHPSXQJ�� NRQVHS� GDVDUQ\D� WHWDS�

VDPD�� 3HUEHGDDQ� EHVDUQ\D� GLDPHWHU� WLDQJ� ERU� GHQJDQ�

WLQJJL� GLQGLQJ� EDVHPHQW�� VHUWD� RULHQWDVL� WHJDQJDQ-

WHJDQJDQ� \DQJ� DGD� PHPDQJ� GLSHUNLUDNDQ� DNDQ�PHP�

EDZD� GDPSDN� WHUKDGDS� NRHILVLHQ� GDODP� NXUYD� \DQJ�

GLJXQDNDQ�� 'DPSDN� LQL� EHOXP� GLSHUKLWXQJNDQ� GDODP�

SHQHOLWLDQ�LQL�� 

'DWD�5HHVH�GDQ�2¶1HLOO��������GLJXQDNDQ�GDODP�EHQ�

WXN�SRO\QRPLDO�EHULNXW�GDODP�SHQHOLWLDQ�LQL� 

XQWXN������G�+��d����� 

XQWXN������G�+��!����� 

 

 

GL� PDQD��  �GDQ�G�DGDODK�GHIRUPDVL�KRUL]RQWDO�\DQJ�
WHUMDGL�SDGD�WLWLN�\DQJ�GLWLQMDX� 

$WDV� SHUWLPEDQJDQ� NXUDQJ� DNXUDWQ\D� PRGHO� GHQJDQ�

GDWD�GDUL�NXUYD�W-]�WLDQJ�ERU�GDODP�OHPSXQJ��VHUWD�SHU�

WLPEDQJDQ� EDKZD� EHEDQ� \DQJ� EHNHUMD� DGDODK� VLNOLN��

GLODNXNDQ�DQDOLVLV� WHUSLVDK�GDODP�SHQHOLWLDQ� LQL�� \DNQL�

PHQJJXQDNDQ� NXUYD� \DQJ� GLEXDW� OHELK� OXQDN� GHQJDQ�

PHQJDOLNDQ� � ����� G�%�� GHQJDQ� VXDWX� IDNWRU� SHQJDOL��
%DWDV� DWDV� NXUYD� SDOLQJ� NDNX� GDODP� SHQHOLWLDQ� LQL� GL�

SHUNLUDNDQ�GDUL�NXUYD� W-]� �&R\OH�GDQ�6XODLPDQ��������

XQWXN� WLDQJ� SDQFDQJ� EDMD� GDODP� SDVLU�� VHEDJDL� \DQJ�

WHUOLKDW�GDODP�*DPEDU����GDQ�SHUVDPDDQ�EHULNXW� 

XQWXN��G�+��d������ 
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��� �*D\D�ODWHUDO�SDGD�VLVWHP�WLDQJ�IXQGDVL 

*D\D� ODWHUDO� SDGD� VLVWHP� WLDQJ� IXQGDVL� GLSHUROHK� GDUL�

SHQJJXQDDQ� NXUYD� S-\� XQWXN� WDQDK� OHPSXQJ� OXQDN�

VDPSDL� VHGDQJ� �0DWORFN�� ������ GDQ� 5HHVH�� &R[�� GDQ�

.RRS��������GHQJDQ�SHPEHEDQDQ�VLNOLN��.DUHQD�KDVLO�

XML� EHEDQ� ODWHUDO� VWDWLN� GL� ODSDQJDQ� XPXPQ\D��������

PHPEHULNDQ� GHIRUPDVL� \DQJ� EHUEHGD�� NXUYD�S-\� \DQJ�

GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� GLNDOLEUDVL� WHUOHELK��

GDKXOX�WHUKDGDS�KDVLO�XML�WHUVHEXW��3URVHV�LWX�GLODNXNDQ�

GHQJDQ� PHQ\HVXDLNDQ� SDUDPHWHU-SDUDPHWHU� WDQDK� GL�

GDODP�DQDOLVLV�GHIRUPDVL� ODWHUDO� WLDQJ�EHUNHSDOD�EHEDV�

�IUHH�KHDG���6HODQMXWQ\D�IDNWRU�UHGXNVL�DNLEDW�LQWHUDNVL�

NHORPSRN�GDQ�SHQMHSLWDQ�SDGD�SODW�EDVHPHQW�GLPDVXN�

NDQ�GDODP�DQDOLVLV�GHQJDQ�SURJUDP�/3,/(��5HHVH�GDQ�

:DQJ�� ������� XQWXN� PHQGDSDWNDQ� NXUYD� EHEDQ-

GHIRUPDVL� XQWXN� VHWLDS� WLDQJ� \DQJ� GLWLQMDX��'DUL� GDWD�

\DQJ� DGD�� IDNWRU� UHGXNVL� DNLEDW� LQWHUDNVL� NHORPSRN�

SDOLQJ� WHOLWL�GLDQDOLVLV�SDGD�NDVXV�:7&�0DQJJD�'XD��

\DNQL� PHQJJXQDNDQ� FDUD� 3RXORV� GDQ� 'DYLV� ��������

8QWXN� :7&� 0DQJJD� 'XD� IDNWRU� UHGXNVL� NHORPSRN�

\DQJ� WHUHQGDK�DGDODK�������.DUHQD� MXPODK� WLDQJ� \DQJ�

GLWLQMDX� GDODP� SHQHOLWLDQ� LQL� VDQJDW� EDQ\DN�� IDNWRU�

UHGXNVL� \DQJ�GLJXQDNDQ�XQWXN� VHOXUXK� DQDOLVLV� DGDODK�

�����KDPSLU�VDPD�GHQJDQ�\DQJ�GLSDNDL�GL�:7&�0DQJ�

JD�'XD�� 

� +DVLO�$QDOLVLV 

'HQJDQ�GDWD�GDUL�EHEHUDSD�NDVXV�\DQJ�GLDQJJDS�FXNXS�

PHZDNLOL�NRQGLVL� \DQJ�XPXPQ\D�GLMXPSDL�GL� -DNDUWD��

GLODNXNDQ� DQDOLVLV� SDUDPHWULN�� 3DUDPHWHU� \DQJ�

GLJXQDNDQ� GDODP� DQDOLVLV� VXGDK� GLVDPSDLNDQ� GDODP�

7DEHO����+DVLO�DQDOLVLV�GLXODV�EHULNXW�LQL� 

��� *D\D�ODWHUDO�GLQGLQJ 

*D\D� ODWHUDO� \DQJ� WHUMDGL� SDGD� GLQGLQJ� EDVHPHQW����

GLVHEDENDQ�ROHK�WHNDQDQ� ODWHUDO�DNLEDW� LQWHUDNVL�DQWDUD�

EDVHPHQW� GHQJDQ� WDQDK� VDDW� WHUMDGL� JHPSD�� ,NKWLVDU�

JD\D� ODWHUDO� XQWXN� NDVXV� \DQJ� GLWLQMDX�� GLVDPSDLNDQ�

SDGD� *DPEDU� ��� 'DODP� SURVHV� DQDOLVLV�� FDNXSDQ������

GHIRUPDVL�GLQGLQJ�\DQJ�GLJXQDNDQ�GLVHVXDLNDQ�GHQJDQ�

SUDNLUDDQ� GHIRUPDVL� ODWHUDO� \DQJ� DNDQ� WHUMDGL� SDGD��

NHVHOXUXKDQ�VLVWHP�IXQGDVL��*D\D-JD\D�\DQJ�GLWDPSLO�

NDQ� SDGD� *DPEDU� �� EHNHUMD� SDGD� ELGDQJ� \DQJ� WHJDN�

OXUXV�DUDK�JD\D�LQWHUDNVL� 
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1LODL� \DQJ� GLFDSDL� XQWXN� JD\D� ODWHUDO� GLQGLQJ� LQL�����

VDQJDW� EHUYDULDVL�� +DO� LQL� VDQJDW� EHVDU� GLSHQJDUXKL�

ROHK� OHEDU� GDQ� NHGDODPDQ� EDVHPHQW� \DQJ� VDQJDW�����

EHUYDULDVL�� VHUWD� NHNDNXDQ� VLVWHP� IXQGDVL� WLDQJ� \DQJ�

DGD�� 6HSHUWL� DNDQ� GLVDPSDLNDQ� QDQWL�� KDO� LQL� EHUDUWL�

EDKZD� EHVDUQ\D� NRQWULEXVL� NRPSRQHQ� LQL� GL� GDODP��

LQWHUDNVL� KDUXV�GLWHWDSNDQ�GHQJDQ�PHPSHUWLPEDQJNDQ�

VHFDUD� OHQJNDS� GLPHQVL� EDVHPHQW� \DQJ� DGD�� UHODWLI��

WHUKDGDS�VLVWHP�IXQGDVL�WLDQJ� 

7HNDQDQ� ODWHUDO� \DQJ� WLPEXO�� OD]LPQ\D� GLWHQWXNDQ���

VHVXDL� GHQJDQ� NDLGDK� NXUYD� S-\� DWDX� WHNDQDQ� ODWHUDO�

EDWDV� SDVLI� GDUL�5DQNLQH� ��������7LGDN� VDWXSXQ�NDVXV�

\DQJ� GLWLQMDX� PHQFDSDL� WHNDQDQ� EDWDV� EHUGDVDUNDQ�����������

3HUVDPDDQ� �E� DWDX� �E�� +DO� LQL� GLSHQJDUXKL� ROHK�������

EHVDUQ\D� OHEDU� EDVHPHQW� UHODWLI� WHUKDGDS� WLQJJL�����

GLQGLQJQ\D�� 'DODP� EDWDVDQ� GHIRUPDVL� ODWHUDO� VLVWHP�

IXQGDVL�WLDQJ��WHNDQDQ�ODWHUDO�EDWDV�GLFDSDL�GDUL�NXUYD�S

-\�SDGD�NDVXV�:7&�0DQJJD�'XD�GDQ� ,7&�.XQLQJDQ��

VHGDQJNDQ� SDGD� NDVXV� 3OD]D� 0DQJJD� 'XD�� *HGXQJ�

(��� 0HJD� .XQLQJDQ� GDQ� *UDKD� 1LDJD� ,,�� WHNDQDQ���

ODWHUDO� EDWDV� GLNRQWURO� ROHK� WHNDQDQ� SDVLI� 5DQNLQH�

�������� 'L� VLQL� MXJD� WLGDN� GDSDW� GLSDVWLNDQ� DSDNDK��

SHQJDUXKQ\D� MHQLV� WDQDK� FXNXS� GRPLQDQ�� NDUHQD� EDLN�

SDGD� NHORPSRN� SHUWDPD� PDXSXQ� SDGD� NHORPSRN�

NHGXD��WHUGDSDW�MHQLV�WDQDK�OHPSXQJ�GHQJDQ�NRQVLVWHQ�

VL� OHPSXQJ� OXQDN� VDPSDL� VHGDQJ�� 3DGD� NDVXV� *UDKD�

1LDJD�,,��NDUHQD�GDWD�WDQDK�\DQJ�DGD�PHQJLQGLNDVLNDQ�

EDKZD� OHPSXQJ� \DQJ� DGD� DGDODK� OHPSXQJ� OXQDN����

VDPSDL� VHGDQJ�� GLODNXNDQ� DQDOLVLV� GHQJDQ� SHPDNDLDQ�

NXUYD� S-\� XQWXN� OHPSXQJ� WHJXK�� +DVLO� \DQJ� GLGDSDW�

PHQXQMXNNDQ�EDKZD�SHPLOLKDQ�QLODL�N[��\DNQL�PRGXOXV�

XQWXN� EDJLDQ� DZDO� NXUYD� S-\� XQWXN� OHPSXQJ� WHJXK��

DNDQ� VDQJDW� PHPSHQJDUXKL� NDUDNWHULVWLN� NXUYD� \DQJ�

GLGDSDW�� 8QWXN� NDVXV� \DQJ� GLWLQMDX�� SDGD� GHIRUPDVL�

\DQJ� VDQJDW� UHQGDK�� WHNDQDQ� \DQJ� GLGDSDW� GHQJDQ��������

PHQJJXQDNDQ�N[�\DQJ�GLDQMXUNDQ�DNDQ�OHELK�NHFLO�GDUL�

DSD� \DQJ� GLGDSDW� GDUL� NDVXV� OHPSXQJ� OXQDN�� .DUHQD�

LWX��SHPLOLKDQ�N[�KDUXV�GLODNXNDQ�GHQJDQ�FHUPDW� 

6HOXUXK� GHIRUPDVL� ODWHUDO� \DQJ� GLWLQMDX� GDODP� NDVXV�

\DQJ� DGD�� PDVLK� MDXK� GL� EDZDK� EDWDV� �� \��� XQWXN����

OHPSXQJ� OXQDN� DWDX� $F\��� XQWXN� OHPSXQJ� WHJXK�����

'HQJDQ�GHPLNLDQ�NXUYD�S-\�\DQJ�WHUSDNDL�GDODP���DQD�

OLVLV� DGDODK� VXDWX� NXUYD� VHGHUKDQD�� \DNQL� EHUEHQWXN�

IXQJVL� D[E� GDQ�DWDX� OLQLHU�� 'DSDW� GLKDUDSNDQ� EDKZD�

SHQJXNXUDQ� ODSDQJDQ� XQWXN� PHQGDSDWNDQ� SDUDPHWHU�

NXUYD� S-\� XQWXN� GLQGLQJ� EDVHPHQW� PHQMDGL� OHELK�����

VHGHUKDQD� 

����*D\D�JHVHNDQ�GLQGLQJ 

+DVLO�DQDOLVLV�XQWXN�JD\D�JHVHNDQ�GLQGLQJ�\DQJ�WLPEXO�

VDDW� DGD� LQWHUDNVL� DQWDUD� EDVHPHQW� GDQ� WDQDK� GL�����

VHNHOLOLQJQ\D�GLVDPSDLNDQ�GL�*DPEDU����6HUXSD�KDOQ\D����

GHQJDQ� EHEDQ� ODWHUDO�� EHVDUQ\D� JD\D� LQL� VDQJDW������

GLWHQWXNDQ� ROHK� NRQILJXUDVL� GLQGLQJ� EDVHPHQW� VHUWD�

VLVWHP� IXQGDVL� WLDQJ� \DQJ� DGD�� 6DPD� KDOQ\D� GHQJDQ�

NHDGDDQ� XQWXN� JD\D� ODWHUDO� GLQGLQJ�� WHJDQJDQ� \DQJ�

WHUMDGL�XQWXN�FDNXSDQ�GHIRUPDVL�ODWHUDO�WLDQJ�\DQJ�DGD��

PDVLK�MDXK�GDUL�NXDW�EDWDV� 

�*DPEDU����*HVHNDQ�SDGD�GLQGLQJ 
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'DODP� SHQHOLWLDQ� LQL�� GDWD� \DQJ� GLPLOLNL� XQWXN���������

PHODNXNDQ� DQDOLVLV� JD\D-GHIRUPDVL� JHVHNDQ� SDGD��

GLQGLQJ� � UHODWLI� VDQJDW� PLQLP� GLEDQGLQJNDQ� GHQJDQ�

\DQJ� WHUVHGLD� XQWXN� JD\D� DNLEDW� WHNDQDQ� QRUPDO����

GLQGLQJ� GDQ� GHIRUPDVL� ODWHUDO� VLVWHP� IXQGDVL� WLDQJ��

2OHK� NDUHQD� LWX�� WLQJNDW� NHWLGDNSDVWLDQ� GL� VLQL� FXNXS�

WLQJJL�� $WDV� SHUWLPEDQJDQ� LWX�� XQWXN� *UDKD� 1LDJD� ,,�

GLODNXNDQ� DQDOLVLV� JD\D� JHVHN� GHQJDQ� PHQJDGDSWDVL�

NXUYD� W-]�XQWXN�SDVLU� VHEDJDL�SHPEDQGLQJ��+DVLO�\DQJ�

GLGDSDW�� VHSHUWL� GLVDPSDLNDQ� GDODP� *DPEDU� ����

PHQXQMXNNDQ� EDKZD� WHJDQJDQ� JHVHU� \DQJ� WLPEXO�

XPXPQ\D� UHODWLI� NRQVWDQ� WHUKDGDS� GHIRUPDVL�� GDQ� WH�

JDQJDQ�WHUVHEXW�KDQ\D�PHQFDSDL����VDPSDL������GDUL�

NXDW�JHVHU�WHRULWLN��%HVDUQ\D�JD\D�\DQJ�GLSHUROHK�WLGDN�

EHUEHGD� MDXK�GHQJDQ�JD\D�PDNVLPXP� \DQJ�GLSHUROHK�

GHQJDQ�PRGHO�XQWXN�WDQDK�OHPSXQJ���������3HUEHGDDQQ�

\D�� JD\D�PD[LPXP� SDGD�PRGHO� SDVLU� MDXK� OHEK� FHSDW�

WHUFDSDL� GLEDQGLQJNDQ� SDGD� PRGHO� OHPSXQJ�� ,P�

SOLNDVLQ\D��ELODPDQD�NHDGDDQ�VHEHQDUQ\D�PHPEHULNDQ�

SHULODNX� EHEDQ�JHVHNDQ�GLQGLQJ-GHIRUPDVL� \DQJ� OHELK�

NDNX��PDND� SDGD� GHIRUPDVL� UHQGDK�� JD\D� JHVHN� \DQJ�

WHUMDGL�DNDQ�MDXK�OHELK�EHVDU��.HFHQGHUXQJDQ�LQL�PDVLK�

SHUOX� GLEXNWLNDQ� PHODOXL� SHUFREDDQ� VNDOD� EHVDU� GL�

ODSDQJDQ� 

����*D\D�ODWHUDO�VLVWHP�IXQGDVL�WLDQJ 

+DVLO� DQDOLVLV� GHIRUPDVL� ODWHUDO� VLVWHP� IXQGDVL� WLDQJ�

VXGDK� GDSDW� GLSHUNLUDNDQ� VHEHOXPQ\D�� NDUHQD� EDLN��

PHWRGH�PDSXQ�GDWD�SHQGXNXQJ�\DQJ�DGD�VXGDK�SDOLQJ�

OHQJNDS� GDQ� XPXP� GLNHWDKXL�� 8QWXN� NDVXV� \DQJ���

GLWLQMDX� GL� VLQL�� NRUHODVL� DQWDUD� JD\D� ODWHUDO� GDQ��������

GHIRUPDVL� VLVWHP� IXQGDVL� WLDQJ� GHQJDQ� NRQILJXUDVL�

NHORPSRN� �DUWLQ\D� UHGXNVL� LQWHUDNVL� NHORPSRN���������

GLVHUWDNDQ�� VHUWD� VDPEXQJDQ� WLDQJ� GHQJDQ� VWUXNWXU�

EDVHPHQW� GDODP� NRQGLVL� WHUMHSLW�� GLVDPSDLNDQ� GDODP�

*DPEDU��� 

*DPEDU����7HJDQJDQ�JHVHU�VLVL�GLQGLQJ�XQWXN�SDVLU�
GDQ�OHPSXQJ�GL�1LDJD�,, 
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'DODP�SURVHV�NDOLEUDVL�NXUYD�S-\�XQWXN� IXQGDVL� WLDQJ��

GLGDSDW� EHEHUDSD� SURGXN� VDPSLQJDQ�GL� OXDU� LQIRUPDVL�

\DQJ� GLFDUL� GDODP� SHQHOLWLDQ� LQL�� +DVLO� XML� EHEDQ������

EHEUDSD�ORNDVL�GL�-DNDUWD�XPXPQ\D�PHQXQMXNNDQ�EDK�

ZD�QLODL� H��� XQWXN� NDVXV� \DQJ�GLWLQMDX� �ELVD� � � � � � � � GL�
KDUDSNDQ� PHZDNLOL� -DNDUWD�� OHELK� NHFLO� GDUL� \DQJ� GL�

DQMXUNDQ�0DWORFN� ������� GDQ� 5HHVH� HW� DO� �������� ,QL�

EHUDUWL� EDKZD� FXUYD� S-\� GL� -DNDUWD� FHQGHUXQJ� OHELK�

NDNX� GDUL� DSD� \DQJ� XPXPQ\D� GLWHWDSNDQ� GDODP�������

OLWHUDWXU�� 6HODQMXWQ\D�� MXJD� GDODP� SURVHV� DQDOLVLV�����

WHUOLKDW�EDKZD�XQWXN�FDNXSDQ�MHQLV�WDQDK��EHEDQ�ODWHUDO�

GDQ� IXQGDVL� WLDQJ� \DQJ� DGD�� KDVLO� EDFN� DQDO\VLV� \DQJ�

NHPXGLDQ�GLNRPELQDVL�GHQJDQ�SHQJDUXK�MHSLWDQ�NHSDOD�

WLDQJ� SDGD� VWUXNWXU� EDVHPHQW� GDQ� SHQJDUXK� EHEDQ���

VLNOLN��DNDQ�PHQJKDVLONDQ�GHIRUPDVL� \DQJ� OHELK�NHFLO��

\DNQL�VHNLWDU����±�������GDUL�DSD�\DQJ�GLEDFD�VDDW�XML�

EHEDQ�VWDWLN�GHQJDQ�XMXQJ�WLDQJ�\DQJ�EHEDV��� 

�����'LVWULEXVL�JD\D�LQWHUDNVL 

7XMXDQ� XWDPD� GDUL� SHQHOLWLDQ� LQL� DGDODK� XQWXN��������

PHQGDSDWNDQ�JDPEDUDQ�WHQWDQJ�GLVWULEXVL�EHEDQ�ODWHUDO�

SDGD� LQWHUDNVL� WDQDK-IXQGDVL-EDVHPHQW� DNLEDW� JHPSD��

8QWXN� LWX� WHODK� GLODNXNDQ� DQDOLVLV� DWDV� EHEHUDSD� GDWD�

WLSLNDO� EDQJXQDQ� JHGXQJ� \DQJ� DGD� GL� -DNDUWD�� +DVLO�

DQDOLVLV� GLVDULNDQ� GDODP� *DPEDU� ��� +DVLO-KDVLO� \DQJ�

GLVDPSDLNDQ�GDODP�*DPEDU���DGDODK�XQWXN�NDVXV�JD\D�

LQWHUDNVL� \DQJ� VHMDMDU� GHQJDQ� DUDK� SDQMDQJ� WDSDN���

EDVHPHQW�� 6HPXD� KDVLO� DQDOLVLV� PHQXQMXNNDQ� EDKZD�

LQWHUDNVL� \DQJ� HUDW� WHUMDGL� SDGD� WLQJNDW� EHEDQ� \DQJ��

UHQGDK��3DGD�WLQJNDW�EHEDQ�\DQJ�OHELK�WLQJJL��VHPDNLQ�

EHVDU� EDJLDQ� GDUL� JD\D� LQWHUDNVL� DNDQ� GLOLPSDKNDQ�

NHSDGD�VLVWHP�IXQGDVL�WLDQJ� 



�� 
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6HFDUD� XPXP�� SDGD� EHEDQ� LQWHUDNVL� VHEHVDU� JD\D�����

LQHUVLD� VWDWLN�HNLYDOHQ�GDUL� VWUXNWXU�DWDV�� OHELK�GDUL����

�� DNDQ� GLSLNXO� ROHK� VLVWHP� IXQGDVL� WLDQJ� PHODOXL��

NHNDNXDQ� ODWHUDOQ\D�� 'LVWULEXVL� LQL� MXJD� VDQJDW� � � � GL�

SHQJDUXKL�ROHK� EDQ\DN�SDUDPHWHU�� DQWDUD� ODLQ� � � � � � �GL�

PHQVL�EDVHPHQW��MXPODK�GDQ�NRQILJXUDVL�IXQGDVL�WLDQJ��

VHUWD� NXDW� JHVHU� WDQDK� SDGD� NHGDODPDQ� EDVHPHQW� GDQ�

EDJLDQ�DWDV� IXQGDVL� WLDQJ��'HQJDQ�GHPLNLDQ�� WLGDN�GL�

DQMXUNDQ� XQWXN� PHODNXNDQ� UHGXNVL� EHEDQ� ODWHUDO��

UHQFDQD� SDGD� VLVWHP� IXQGDVL� WLDQJ�� ELODPDQD� WLGDN���

GLVHUWDL�GHQJDQ�VXDWX�DQDOLVLV�LQWHUDNVL�OHQJNDS��'DODP�

KDVLO� DQDOLVLV�� GL� :7&� 0DQJJD� 'XD�� VLVWHP� IXQGDVL�

WLDQJ� PHQ\HUDS� ��� �� GDUL� EHEDQ� LQWHUDNVL�� VHKLQJJD�

UHGXNVL� EHEDQ� UHQFDQD� ODWHUDO� GDUL� EHEDQ� JHVHU� GDVDU�

KDQ\D� VHNLWDU� �� ��� 8QWXN� NDVXV� EDQJXQDQ� ODLQQ\D��

SDGD� WLQJNDW� EHEDQ� LMLQ� GHQJDQ� GHIRUPDVL� VHEHVDU�

������FP������LQFK���NLWD�GDSDW�PHQJKDUDSNDQ�UHGXNVL�

\DQJ�OHELK�EHVDU�GDUL������ 

*D\D� JHVHU� DQWDUD� WDQDK� GDQ� GLQGLQJ� EDVHPHQW� \DQJ�

VHMDMDU�DUDK�JD\D�LQWHUDNVL�VDQJDW�GLSHQJDUXKL�ROHK�OXDV�

ELGDQJ� JHVHU� LQL�� 8QWXN� NDVXV-NDVXV� \DQJ� GLWLQMDX���

UDVLR� JD\D� LQL� WHUKDGDS� JD\D� WRWDO� FXNXS� EHVDU� XQWXN�

NDVXV� 3OD]D� 0DQJJD� 'XD� GDQ� ,7&� .XQLQJDQ�� 3DGD�

NHGXD�NDVXV� LQL�� OXDV�ELGDQJ�JHVHU�UHODWLI�EHVDU�NDUHQD�

GDODPQ\D�EDVHPHQW��GDQ�NHNDXDQ�UHODWLI�VLVWHP�IXQGDVL�

WLDQJ�DJDN�OHELK�UHQGDK��VHKLQJJD�JD\D�JHVHU�PHQFDSDL�

GL� DWDV� ��� �� GDUL� WRWDO�� 8QWXN� NDVXV� \DQJ� ODLQ��

XPXPQ\D� SURSRUVL� JD\D� JHVHU� LQL� NXUDQJ� GDUL� �� ���

3DGD� � � NDVXV� *UDKD� 1LDJD� ,,�� 0HVNLSXQ� NXDW� JHVHU�

WDQDK�GL�VHNLWDU�EDVHPHQW�FXNXS�WLQJJL��JD\D�LQWHUUDNVL�

ODWHUDO� OHELK� EDQ\DN� GLVHUDS� PHODOXL� WHNDQDQ� ODWHUDO�

GLQGLQJ��1DPXQ�� XQWXN� WLGDN�PHQJHQHUDOLVDVLNDQ� GDQ�

PHQFHJDK� WHUMDGLQ\D�VDODK�SHQJHUWLDQ��SHUOX�GLNHWDKXL�

EDKZD�GDWD�NXUYD�W-]�\DQJ�GLSDNDL��PDVLK�KDUXV�GLYHU�

LILNDVL�GHQJDQ�XML�EHEDQ�VNDOD�SHQXK�GL�ODSDQJDQ� 

*D\D�QRUPDO�DNLEDW�WHNDQDQ�WDQDK�ODWHUDO�SDGD�GLQGLQJ�

EDVHPHQW� \DQJ� WHJDN� OXUXV� WHUKDGDS� JD\D� LQWHUDNVL��

PHUXSDNDQ� NRPSRQHQ� EHVDU� GDUL� NHVHOXUXKDQ� JD\D�

ELODPDQD�WLQJNDW�GHIRUPDVL�PDVLK�UHQGDK��3DGD�EHEDQ-

EHEDQ�DZDO��JD\D�QRUPDO�LQL�GDSDW�PHQFDSDL�OHELK�GDUL�

��� �� EHEDQ� ODWHUDO� WRWDO�� QDPXQ� SDGD� JD\D� LQWHUDNVL�

VHEHVDU�GXD�NDOL�EHEDQ�UHQFDQD��SURSRUVL�JD\D�LQWHUDNVL�

GDODP�EHQWXN�JD\D�QRUPDO�SDGD�GLQGLQJ�VHODOX�NXUDQJ�

GDUL� ������ 3URSRUVL� JD\D� LQL� MXJD� VDQJDW� GLSHQJDUXKL�

ROHK� SHUEDQGLQJDQ� SDQMDQJ� GDQ� OHEDU� WHODSDN���������

EDVHPHQW�� 

'DUL� XUDLDQ� GL� DWDV�� GDSDW� GLOLKDW� EDKZD� WLGDNODK� EHU�

OHELKDQ� ELODPDQD� VXDWX� VLVWHP� IXQGDVL� WLDQJ� SDGD������

EDQJXQDQ� JHGXQJ� GLEHEDQL� GHQJDQ� VHOXUXK� EHEDQ����

ODWHUDO� JHPSD�� 1DPXQ� VHEDOLNQ\D�� ELODPDQD� GLQGLQJ��������

EDVHPHQW� \DQJ� WHJDN� OXUXV� DUDK� EHEDQ� PHQHULPD� VH�

OXUXK� EHEDQ� LQWHUDNVL�� UHDNVL� \DQJ� WLPEXO� VDQJDW� EHU�

OHELKDQ��*D\D�JHVHU�SDGD�GLQGLQJ�VLVL�EDVHPHQW�KDQ\D�
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PXQJNLQ� PHQMDGL� EHVDU�� ELODPDQD� EDVHPHQW� \DQJ���

SDQMDQJ� LQL� WHUOHWDN� GDODP� VXDWX� ODSLVDQ� WDQDK� \DQJ�

PHPSXQ\DL� NXDW� JHVHU� \DQJ� OHELK� WLQJJL� GDUL� ODSLVDQ�

WDQDK�GL�VHNLWDU�EDJLDQ�DWDV�WLDQJ�IXQGDVL��+DO�LQL�GDSDW�

GLMXPSDL� SDGD� ORNDVL� \DQJ� GLXUXJ� GHQJDQ� SDVLU� GDQ�

GLSDGDWNDQ�GHQJDQ�EDLN��� 

����.HVLPSXODQ 

'DUL� KDVLO� SHQHOLWLDQ� \DQJ� GLSHUROHK�� XQWXN� VXDWX�����

LQWHUDNVL� GLQDPLN� WDQDK-WLDQJ-EDVHPHQW� SDGD����������

EDQJXQDQ� WLQJJL�� EHEHUDSD� NHVLPSXODQ� GDSDW� GLVDP�

SDLNDQ�VHEDJDL�EHULNXW� 

�� 6HEDJLDQ� EHVDU� JD\D� LQWHUDNVL� DNDQ� GLWHULPD� ROHK�

V\VWHP� IXQGDVL� WLDQJ�� .DUHQD� EHVDUQ\D� JD\D� \DQJ�

GLVHUDS�NRPSRQHQ� ODLQQ\D� VDQJDW� VHQVLWLI� WHUKDGDS�

EDQ\DN� SDUDPHWHU� ODLQ�� WLGDN� GLDQMXUNDQ� XQWXN���

PHODNXNDQ� UHGXNVL� EHEDQ� ODWHUDO� UHQFDQD� SDGD���

V\VWHP� IXQGDVL� WLDQJ�� WDQSD� PHODNXNDQ� DQDOLVLV��

LQWHUDNVL�OHQJNDS� 

�� %HVDUQ\D� JD\D� LQWHUDNVL� GDUL� WHJDQJDQ� JHVHU� VLVL�

GLQGLQJ� EDVHPHQW� GDQ� \DQJ� GDUL� WHJDQJDQ� QRUPDO�

GLQGLQJ� \DQJ� WHJDN� OXUXV� DUDK� JD\D� LQWHUDNVL������

VDQJDW� EHVDU� GLSHQJDUXKL� EHEHUDSD� IDNWRU� VHSHUWL�

NXDW� JHVHU� WDQDK� GDQ� PRGXOXV� GHIRUPDVL� WDQDK���

GLPHQVL�� MXPODK�� GDQ� NHNDNXDQ� VLVWHP� IXQGDVL�

WLDQJ��VHUWD�GLPHQVL�EDVHPHQW��0DVLQJ-PDVLQJ�JD\D�

LQL� WLGDN� GDSDW� GLWHWDSNDQ� WDQSD� PHPSHUKDWLNDQ�

NRPSRQHQ�JD\D�ODLQQ\D� 

�� 3DGD� QLODL� EHEDQ� LQWHUDNVL� \DQJ� UHQGDK�� SURSRUVL�

\DQJ� GLSLNXO� ROHK� JHVHNDQ� GDQ� WHJDQJDQ� QRUPDO�

GLQGLQJ�FHQGHUXQJ� OHELK� EHVDU��GDQ�VHFDUD� EHUDQJ�

VXU� DNDQ� EHUNXUDQJ� GHQJDQ� PHQLQJNDWQ\D� EHEDQ�

LQWHUDNVL� 

�� 8QWXN�NDVXV�\DQJ�GLWLQMDX��XPXPQ\D�EHEDQ�ODWHUDO�

DNLEDW� WHJDQJDQ� QRUPDO� SDGD� GLQGLQJ� EDVHPHQW��

OHELK�NHFLO�GDUL������GDUL�EHEDQ�LQWHUDNVL�WRWDO��,QL�

EHUDUWL� EDKZD� SUDNWLN� SHPEHEDQDQ� VHOXUXK� EHEDQ�

LQWHUDNVL�SDGD�GLQGLQJ�EDVHPHQW�VDQJDWODK�EHUOHEL�

KDQ�� -XJD�� XVDKD� SHQLQJNDWDQ� NHNDNXDQ� ODWHUDO���

V\VWHP�PHODOXL�UHDNVL�QRUPDO�GLQGLQJ�KDPSLU�GDSDW�

GLSDVWLNDQ�DNDQ�NXUDQJ�HIHNWLI��� 

�� .DUHQD� KDVLO� \DQJ� GLGDSDW� VHODPD� SHQHOLWLDQ� LQL�

FXNXS� VHQVLWLI� WHUDKDGDS� SHULODNX� WHJDQJDQ� JHVHU�

VLVL� GLQGLQJ� GDQ� WHJDQJDQ� QRUPDO� SDGD� GLQGLQJ��

GLDQMXUNDQ� DJDU� SHQHOLWLDQ� LQL� GLODQMXWNDQ� GHQJDQ�

SHQJXPSXODQ� GDWD� SHQJXNXUDQ� ILVLN� SHULODNX� � WH�

JDQJDQ�WHUVHEXW�GDODP�VNDOD�NRQILJXUDVL�EDVHPHQW� 

����8FDSDQ�7HULPD�.DVLK 

3HQXOLV�PDNDODK�LQL�PHQJXFDSNDQ�WHULPD�NDVLK�VHEHVDU

-EHVDUQ\D� NHSDGD� 7LP� 3HQDVHKDW� .RQVWUXNVL�����

%DQJXQDQ�� %DGDQ� 3HQDVHKDW� 7HNQLV� 3HUNRWDDQ� GDQ�

%DQJXQDQ�� 3HPGD� '.,�� NKXVXVQ\D� UHNDQ-UHNDQ� GDUL�

6HNUHWDULDW��DWDV�WHUVHGLDQ\D�GDWD-GDWD�\DQJ�GLSHUOXNDQ�

XQWXN� DQDOLVLV� SHQHOLWLDQ� LQL�� 3HQXOLV� MXJD� EHUWHULPD�

NDVLK� DWDV� EDQWXDQ� ,U��$GLO�1DLEDKR�\DQJ� WHODK� � � EHU�

MXDQJ� NHUDV� GDODP� PHQ\HOHVDLNDQ� VHEDJLDQ� JDPEDU-

JDPEDU� GDODP� WXOLVDQ� LQL� GDODP� ZDNWX� \DQJ� DPDW��

VLQJNDW� 

'DIWDU�3XVWDND 

$3,� 53�$�� ������ ³5HFRPPHQGHG� 3UDFWLFH� IRU� 3ODQ�

QLQJ´�� 'HVLJQLQJ� DQG� &RQVWUXFWLQJ� )L[HG�

2IIVKRUH�3ODWIRUPV�±�:RUNLQJ�6WUHVV�'HVLJQ��

$PHULFDQ�3HWUROHXP�,QVWLWXWH� 

%LHODN�� -��� ������ � ³'\QDPLF� %HKDYLRXU� RI� 6WUXFWXUHV�

ZLWK� (PEHGGHG� )RXQGDWLRQV´�� (DUWKTXDNH�

(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV��9RO���� 

&*6�� ������ ³&DQDGLDQ� )RXQGDWLRQ� (QJLQHHULQJ��

0DQXDO´��(GLVL�NH����&DQDGLDQ�*HRWHFKQLFDO�

6RFLHW\� 

&LDPSROL��0��GDQ�3LQWR��3��(���������³(IIHFWV�RI�6RLO-

6WUXFWXUH� ,QWHUDFWLRQ� RQ� ,QHODVWLF� 6HLVPLF��

5HVSRQVH� RI� %ULGJH� 3LHUV�´� -RXUQDO� RI����

6WUXFWXUDO�(QJLQHHULQJ��$6&(��9RO�������1R��

�� 

&R[��:�� 5��� 5HHVH�� /�� &��� DQG� *UXEEV�� %�� 5��� ������

³)LHOG� 7HVWLQJ� DQG� $QDO\VLV� RI� /DWHUDOO\�

/RDGHG�3LOHV�LQ�6DQG�´�3URFHHGLQJV�RI�WKH��WK�

$QQXDO�2IIVKRUH�7HFKQRORJ\�&RQIHUHQFH� 

&R\OH��+��0��GDQ�6XODLPDQ��,��+���������³6NLQ�)ULFWLRQ�

IRU� 6WHHO� 3LOHV� LQ� 6DQG´�� -RXUQDO� RI� WKH� 6RLO�

0HFKDQLFV� DQG� )RXQGDWLRQ� (QJLQHHULQJ��

$6&(��9RO������1R��60�� 

'XQQDYDQW�� 7�� :�� GDQ� 2¶1HLOO�� 0�� :��� ������

³(YDOXDWLRQ� RI�'HVLJQ�2ULHQWHG�0HWKRGV� IRU�

$QDO\VLV� IRU� 9HUWLFDO� 3LOH� *URXSV� 6XEMHFWHG�

WR� /DWHUDO� /RDG�´� 1XPHULFDO� 0HWKRGV� LQ���

2IIVKRUH� 3LOLQJ�� ,QVWLWXW� )UDQFDLV� GX� 3HWUROH��

/DERUWRLUH�&HQWUDO�GHV�3RQWV�HW�&KDXVVHV�� 

*D]HWDV�� *�� GDQ�0\ORQDNLV�� *��� ������ ³6HLVPLF� 6RLO-

6WUXFWXUH� ,QWHUDFWLRQ�� 1HZ� (YLGHQFH� DQG�

(PHUJLQJ� ,VVXHV�´� *HRWHFKQLFDO� (DUWKTXDNH�
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(QJLQHHULQJ�DQG�6RLO�'\QDPLFV�,,,��$6&(��3��

'DNRXODV�� 0�� .�� <HJLDQ�� GDQ� 5�� '�� +ROW]�

�(GLWRU���9RO��,,� 

-HQQLQJV�� 3�� &�� GDQ� %LHODN�� -��� ������ ³'\QDPLFV� RI�

%XLOGLQJ-6RLO� ,QWHUDFWLRQ�´� %XOOHWLQ� RI� WKH�

6HLVPRORJLFDO� 6RFLHW\� RI� $PHULFD�� 9RO�� ����

1R���� 

/XFR�� (��� ������ ³/LQHDU� 6RLO-6WUXFWXUH� ,QWHUDFWLRQ�� $�

5HYLHZ�´� (DUWKTXDNH� *URXQG� 0RWLRQ� DQG��

(IIHFWV�RQ�6WUXFWXUHV��$60(��$0'�9RO���� 

0DWORFN�� +��� ������ ³&RUUHODWLRQV� IRU� 'HVLJQ� RI�������

/DWHUDOO\� /RDGHG� 3LOHV� LQ� 6RIW� &OD\�´��������

3URFHHGLQJV� RI� WKH� �QG� $QQXDO� 2IIVKRUH��

7HFKQRORJ\�&RQIHUHQFH� 

0D\QH�� 3�� :�� GDQ� .XOKDZ\�� )�� +��� ������ ³.R-2&5�

5HODWLRQVKLSV� LQ� 6RLO�´� -RXUQDO� RI� *HRWHFK�

QLFDO� (QJLQHHULQJ�� $6&(�� 9RO�� ����� 1R��

*7�� 

0\ORQDNLV�� *�� GDQ� *D]HWDV�� *��� ������ ³6HLVPLF� 6RLO-

6WUXFWXUH� ,QWHUDFWLRQ�� %HQHILFLDO� RU� 'HWUL�

PHQWDO´�� -RXUQDO� RI� (DUWKTXDNH� (QJLQHHULQJ��

9RO�����1R���� 

3RXORV��+��*�� GDQ�'DYLV�� (��+��� ������ µ3LOH� )RXQGD�

WLRQ� $QDO\VLV� DQG� 'HVLJQ´�� -RKQ� :LOH\� 	�

6RQV� 

5DQNLQH�� :�� -�� 0��� ������ ³2Q� 6WDELOLW\� RI� /RRVH�

(DUWK�´� 3KLORVRSKLFDO� 7UDQVDFWLRQV� RI� WKH�

5R\DO�6RFLHW\��9RO������ 

5HHVH�� /�� &��� &R[�� :�� 5�� GDQ� .RRS�� )�� '��� ������

³)LHOG� 7HVWLQJ� DQG� $QDO\VLV� RI� /DWHUDOO\�

/RDGHG� 3LOHV� LQ� 6WLII� &OD\�´� 3URFHHGLQJV� RI�

WKH��WK� �$QQXDO�2IIVKRUH�7HFKQRORJ\�&RQIHU�

HQFH� 

5HHVH�� /�� &��� &R[�� :�� 5�� GDQ� .RRS�� )�� '��� ������

³$QDO\VLV�RI�/DWHUDOO\�/RDGHG�3LOHV�LQ�6DQG´��

3URFHHGLQJV� RI� WKH� �WK� � $QQXDO� 2IIVKRUH�

7HFKQRORJ\�&RQIHUHQFH� 

5HHVH��/�&��GDQ�2¶1HLOO��0��:���������³'ULOOHG�VKDIWV��

&RQVWUXFWLRQ� 3URFHGXUHV� DQG� 'HVLJQ�����

0HWKRGV´�� 5HSRUW� 1R�� )+:$-+,-��-�����

8�6�� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ�� )HGHUDO�

+LJKZD\�$GPLQLVWUDWLRQ� 

5HHVH�� /�� &���:DQJ�� 6�� 7��� ������ ³'RFXPHQWDWLRQ� RI�

&RPSXWHU�3URJUDP�/3,/(�´�(162)7� 

5HHVH��/��&���:DQJ��6��7���$ZRVKLND��.���/DP��3��+��

)��� ������ ³'RFXPHQWDWLRQ� RI� &RPSXWHU����

3URJUDP�*5283�9HUVLRQ������$QDO\VLV�RI�$�

*URXS�RI�3LOHV�6XEMHFWHG�WR�$[LDO�DQG�/DWHUDO�

/RDGLQJ�´�(162)7� 

5HHVH��/��&��GDQ�:HOFK��5��&���������³/DWHUDO�/RDGLQJ�

RI�'HHS�)RXQGDWLRQV�LQ�6WLII�&OD\�´�-RXUQDO�RI�

*HRWHFKQLFDO� (QJLQHHULQJ�� $6&(�� 9RO�� �����

1R����� 

5RHVVHW�� -�� 0��� ������ ³$� 5HYLHZ� RI� 6RLO-6WUXFWXUH����

,QWHUDFWLRQ�´� 6RLO-VWUXFWXUH� LQWHUDFWLRQ�� 7KH�

VWDWXV� RI� FXUUHQW� DQDO\VLV� PHWKRG� DQG���������

UHVHDUFK�� -�-�� -RKQVRQ� �(GLWRU��� 5HSRUW� 1RV��

185(*�&5-����� GDQ� 8&5/-������� 86��

1XFOHDU� 5HJXODWRU\� &RPPLVVLRQ� DQG� /DZ�

UHQFH�/LYHUPRUH�/DERUDWRU\� 

6HQJDUD�� ,�� :��� 6XNDPWD�� '�� GDQ� 3XUED�� $��� ������

³$QDOLVLV� 7HJDQJDQ-'HIRUPDVL� 1RQ-/LQLHU�

3RQGDVL�*HGXQJ�$PDUWDSXUD�6HEDJDL�6\VWHP�

3LOHG� 5DIW´�� 3URVLGLQJ� 6HPLQDU� 3HUWHPXDQ�

,OPLDK�7DKXQDQ�*HRWHNQLN�9��3UREOHPD��*H�

RWHNQLN��3HUNHPEDQJDQ�GDQ�3HQDQJJXODQJDQ�

\D��+$77,� 

6HQJDUD�� ,�� :�� GDQ� 6XPLDUWKD�� 3��� ������ ³6RLO-

6WUXFWXUH� ,QWHUDFWLRQ� )(� $QDO\VLV� WR� 'HULYH�

6HLVPLF�'HVLJQ�/DWHUDO�/RDG�'LVWULEXWLRQ�IRU�

%DVHPHQW�:DOO�LQ�&OD\�´�3URFHHGLQJ�RI�,QWHU�

QDWLRQDO� &RQIHUHQFH� RQ� $GYDQFHPHQW� LQ����

'HVLJQ�� &RQVWUXFWLRQ�� &RQVWUXFWLRQ� 0DQDJH�

PHQW� DQG� 0DLQWHQDQFH� RI� %XLOGLQJ���������

6WUXFWXUHV��%DOL� 

6WHZDUW�� -�� 3��� 6HHG�� 5�� %�� GDQ� )HQYHV�� *�� /��� ������

³6HLVPLF� 6RLO-6WUXFWXUH� ,QWHUDFWLRQ� LQ� %XLOG�

LQJV��,,��(PSLULFDO�)LQGLQJV�´�-RXUQDO�RI��*H�

RWHFKQLFDO�(QJLQHHULQJ��$6&(��9RO�������1R��

�� 

7HU]DJKL�� .��� ������ ³$QFKRUHG� %XONKHDGV�´� 7UDQVDF�

WLRQV�$6&(��9RO������ 

73.%� '.,�� ����-������ ³$UVLS� 'RNXPHQ�

3HUHQFDQDDQ� )XQGDVL�6WUXNWXU� %DZDK�� 7LP�

3HQDVHKDW� .RQVWUXNVL� %DQJXQDQ´�� %DGDQ�

3HQDVHKDW� 7HNQLV� 3HUNRWDDQ� GDQ� %DQJXQDQ��

3HPGD�'.,� 

7RKD�� )�� ;��� ������ ³$VSHN� 3HUHQFDQDDQ� )XQGDVL�

7LDQJ�%RU�%HUGLDPHWHU�%HVDU�SDGD�-HPEDWDQ�

%HQWDQJ� 3DQMDQJ´�� 6HPLQDU� 1DVLRQDO�

3HUDQFDQJDQ�GDQ�3HODNVDQDDQ�SDGD�-HPEDWDQ���

%HQWDQJ�3DQMDQJ��+06�,7%� 

7RKD�� )�� ;��� ������ ³%HEDQ� *HPSD� SDGD� .RQVWUXNVL�

%DVHPHQW�´� 3URVLGLQJ� 6HPLQDU� *HRWHNQLN� GL�
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,QGRQHVLD�0HQMHODQJ�0LOHQLXP�NH-���+$77,-

,7%� 

9HOHWVRV�� $�� 6�� GDQ� 0HHN�� -�� :��� ������ ³'\QDPLF���

%HKDYLRU� RI� %XLOGLQJ-)RXQGDWLRQ� 6\VWHPV�´�

(DUWKTXDNH� (QJLQHHULQJ� DQG� 6WUXFWXUDO������

'\QDPLFV��9RO�����1R���� 

:HOFK��5��&��GDQ�5HHVH��/��&���������³/DWHUDOO\�/RDG�

HG� %HKDYLRU� RI� 'ULOOHG� 6KDIWV� ³�� � � � � � � � � 5H�

VHDUFK� 5HSRUW� 1R�� �-�-��-���� FRQGXFWHG� IRU�

7H[DV� +LJKZD\� 'HSDUWPHQW� DQG� 8�6�� � � 'H�

SDUWPHQW�RI�7UDQVSRUWDWLRQ��)+:$�� 

:ROI��-��3���������³6HLVPLF�6RLO-6WUXFWXUH�,QWHUDFWLRQ�´�

3UHQWLFH�+DOO� 

:RRG�� -�+��� ������ ³(DUWKTXDNH-,QGXFHG� 6RLO��������

3UHVVXUHV�RQ�6WUXFWXUHV�´�3K�'��7KHVLV��&DOL�

IRUQLD�,QVWLWXWH�RI�7HFKQRORJ\��&DOLIRUQLD� 

:X�� *��� ������ ³'\QDPLF� 6RLO-6WUXFWXUH� ,QWHUDFWLRQ��

3LOH� )RXQGDWLRQV� DQG� 5HWDLQLQJ� 6WUXFWXUHV�´�

3K�'�� 7KHVLV�� 8QLY�� RI� %ULWLVK� &ROXPELD��

&DQDGD� 

:X��*��GDQ�)LQQ��:��'��/���������³6HLVPLF�3UHVVXUHV�

$JDLQVW�5LJLG�:DOOV´��$QDO\VLV�DQG�GHVLJQ�RI�

UHWDLQLQJ�6WUXFWXUHV�DJDLQVW�(DUWKTXDNHV��*H�

RWHFKQLFDO�673�1R������$6&(� 

:X��7��+���������³6RLO�0HFKDQLFV´��(GLVL�NH����$O\Q�

DQG�%DFRQ� 
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