
��� Vol. 28 No. 1, April 2021 

3UDVHW\DQWR��GNN� 

Diterima 10 Maret 2020, Direvisi 16 Maret 2021, Diterima untuk dipublikasikan 5 April 2021 

Copyright      2021 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2020.28.1.11 

.DMLDQ�)DNWRU-)DNWRU�\DQJ�0HPSHQJDUXKL�.HSXDVDQ�.RQVXPHQ�%XV����
7UDQV�0HWUR�%DQGXQJ�0HQJJXQDNDQ�0HWRGH�6WUXFWXUDO�(TXDWLRQ������

0RGHOLQJ�-�3DUWLDO�/HDVW�6TXDUH�����������������������������������������������������������������������
�6WXGL�.DVXV�SDGD�70%�NRULGRU���&LFDKHXP�&LEHXUHXP� 

'ZL�3UDVHW\DQWR 
3URJUDP�6WXGL�7HNQLN�6LSLO��)DNXOWDV�7HNQLN�6LSLO�GDQ�3HUHQFDQDDQ��,QVWLWXW�7HNQRORJL�1DVLRQDO�%DQGXQJ 

-O��3�+�+��0XVWDSD�1R�����%DQGXQJ��������(-PDLO��GZLSUDVHW\DQWR����#JPDLO�FRP 

$QGUHDQ�0DXODQD 
3URJUDP�6WXGL�7HNQLN�6LSLO��)DNXOWDV�7HNQLN�6LSLO�GDQ�3HUHQFDQDDQ��,QVWLWXW�7HNQRORJL�1DVLRQDO�%DQGXQJ 

-O��3�+�+��0XVWDSD�QR�����%DQGXQJ���������-ŵĂŝů͗�ĂŶĚƌĞĂŶ͘ŵϵϮΛŐŵĂŝů͘ĐŽŵ� 

0XKDPPDG�5L]NL 
3URJUDP�6WXGL�7HNQLN�6LSLO��)DNXOWDV�7HNQLN�6LSLO�GDQ�3HUHQFDQDDQ��,QVWLWXW�7HNQRORJL�1DVLRQDO�%DQGXQJ 

-O��3�+�+��0XVWDSD�QR�����%DQGXQJ��������(-PDLO��PXKDPDGUL]NL����#JPDLO�FRP� 

0DGH�'HYLQD�3DUDQWLQD 
3URJUDP�6WXGL�7HNQLN�6LSLO��)DNXOWDV�7HNQLN�6LSLO�GDQ�3HUHQFDQDDQ��,QVWLWXW�7HNQRORJL�1DVLRQDO�%DQGXQJ 

-O��3�+�+��0XVWDSD�QR�����%DQGXQJ��������(-PDLO��GHYLQD�SDUDQWLQD#JPDLO�FRP 

ISSN 0853-2982 eISSN 2549-2659 

$EVWUDN 

6DUDQD�DQJNXWDQ�XPXP�PDVVDO�\DQJ�EHURSHUDVL�GL�.RWD�%DQGXQJ�VDODK�VDWXQ\D�DGDODK�%XV�7UDQV�0HWUR�%DQGXQJ�
�70%��NRULGRU����UXWH�&LFDKHXP-6DULMDGL��3HOD\DQDQ�%XV�70%�WHUVHEXW�KDUXV�PHPHQXKL�NHSXDVDQ�SHQJJXQDQ\D��
WHWDSL�VDDW�LQL�NHSXDVDQ�SHQJJXQD�%XV�70%�GLUDVD�NXUDQJ�NKXVXVQ\D�GDODP�KDO�NXDOLWDV�SHOD\DQDQ��3HQHOLWLDQ�LQL�
EHUWXMXDQ� XQWXN� PHQJDQDOLVLV� IDNWRU-IDNWRU� \DQJ� PHPSHQJDUXKL� NHSXDVDQ� SHQJJXQDQ\D� PHQJJXQDNDQ� PHWRGH�
6WUXFWXUDO�(TXDWLRQ�0RGHOLQJ-3DUWLDO�/HDVW�6TXDUH��6(0-3/6���3HQJXMLDQ�PRGHO�6(0-3/6�GLEDJL�PHQMDGL���\DLWX�
RXWHU� PRGHO� �PRGHO� SHQJXNXUDQ�� GDQ� LQQHU� PRGHO� �PRGHO� VWUXNWXUDO��� +DVLO� DQDOLVLV� \DQJ� WHODK� GLODNXNDQ�
PHQHPXNDQ� EDKZD� IDNWRU-IDNWRU� \DQJ� PHPSHQJDUXKL� NHSXDVDQ� NRQVXPHQ� %XV� 70%� \DLWX� YDULDEHO� UHOLDELOLW\�
�ZDNWX� NHGDWDQJDQ� EXV�� GDQ� YDULDEHO� WDQJLEOHV� �NHEHUVLKDQ� LQWHULRU�� WHPSDW� GXGXN�� GDQ� MHQGHOD� EXV��� YDULDEHO�
DVVXUDQFH��NHUDPDKDQ�GDQ�NHVRSDQDQ�SHWXJDV�GDODP�PHPEHULNDQ�SHOD\DQDQ���YDULDEHO�UHVSRQVLYHQHVV��WUDQVDNVL�
\DQJ� GLOD\DQL� DWDX� GLODNVDQDNDQ� GHQJDQ� FHSDW� GDQ� WHSDW�� GDQ� YDULDEHO� HPSKDW\� �NHSHGXOLDQ� SHWXJDV� XQWXN�
PHQJLQJDWNDQ� SHQXPSDQJ� \DQJ� DNDQ� WXUXQ��� $GDSXQ� GDUL� NHOLPD� YDULDEHO�� YDULDEHO� \DQJ� SDOLQJ� VLJQLILNDQ�
WHUKDGDS�NHSXDVDQ�NRQVXPHQ�DGDODK�GLPHQVL�UHOLDELOLW\��ZDNWX�NHGDWDQJDQ�EXV�VHVXDL�MDGZDO�� 

.DWD�.XQFL��.HSXDVDQ�NRQVXPHQ��PHWRGH�6(0-3/6��UHOLDELOLW\ 

$EVWUDFW 

2QH� RI� WKH� PDVV� SXEOLF� WUDQVSRUWDWLRQ� IDFLOLWLHV� LQ� %DQGXQJ� FLW\� LV� 7UDQV�0HWUR� %DQGXQJ� �70%�� %XV�� ZKLFK� LV�
RSHUDWLQJ�LQ�FRUULGRU����&LFDKHXP-6DULMDGL�URXWH��7KH�70%�%XV�VHUYLFH�PXVW�IXOILOO�WKH�VDWLVIDFWLRQ�RI�LWV�XVHUV��EXW�
FXUUHQWO\�WKH�VDWLVIDFWLRQ�RI�70%�%XV�XVHUV�LV� IHOW� WR�EH�ODFNLQJ��HVSHFLDOO\�LQ�WHUPV�RI�VHUYLFH�TXDOLW\��7KLV�VWXG\�
DLPV�WR�DQDO\]H�WKH�IDFWRUV�WKDW�LQIOXHQFH�XVHU¶V�VDWLVIDFWLRQ�XVLQJ�WKH�6WUXFWXUDO�(TXDWLRQ�0RGHOLQJ-3DUWLDO�/HDVW�
6TXDUH��6(0-3/6��PHWKRG��6(0-3/6�PRGHO�LV�GLYLGHG�LQWR���PRGHO��RXWHU�PRGHO��PHDVXUHPHQW�PRGHO��DQG�LQQHU�
PRGHO� �VWUXFWXUDO� PRGHO��� 7KH� DQDO\VLV� IRXQG� WKDW� WKH� IDFWRUV� WKDW� DIIHFW� FXVWRPHU� VDWLVIDFWLRQ� RI� 70%� DUH� WKH�
UHOLDELOLW\� YDULDEOH� �EXV� DUULYDO� WLPH�� DQG� WDQJLEOHV� YDULDEOHV� �LQWHULRU� FOHDQOLQHVV�� VHDWV� DQG� EXV� ZLQGRZV��� WKH�
DVVXUDQFH� YDULDEOH� �IULHQGOLQHVV� DQG� FRXUWHV\� RI� WKH� RIILFHUV� LQ� SURYLGLQJ� VHUYLFHV�� �� WKH� UHVSRQVLYHQHVV� YDULDEOH�
�WUDQVDFWLRQV�WKDW�DUH�VHUYHG�RU�H[HFXWHG�TXLFNO\�DQG�DFFXUDWHO\��DQG�WKH�HPSKDW\�YDULDEOH��WKH�RIILFHU
V�FRQFHUQ�WR�
UHPLQG�SDVVHQJHUV�WR�JHW�RII���$PRQJ�WKH�ILYH�YDULDEOHV��WKH�GLPHQVLRQ�RI�UHOLDELOLW\��EXV�DUULYDO�WLPH�DFFRUGLQJ�WR�
VFKHGXOH�LV�WKH�PRVW�VLJQLILFDQW�YDULDEOH�WKDW�LQIOXHQFHG�FXVWRPHU�VDWLVIDFWLRQ� 

.H\�ZRUGV��&XVWRPHU�VDWLVIDFWLRQ��6(0-3/6�PHWKRG��UHOLDELOLW\� 

JurnalTeoretis dan Terapan Bidang Rekayasa SipilJurnalTeoretis dan Terapan Bidang Rekayasa SipilJurnal Teoretis dan Terapan Bidang Rekayasa Sipil 

���3HQGDKXOXDQ 

.RWD� %DQGXQJ� PHUXSDNDQ� VDODK� VDWX� NRWD� WHUSDGDW� GL�
3URYLQVL�-DZD�%DUDW��,QGRQHVLD��-XPODK�SHQGXGXN�.RWD�
%DQGXQJ� VHWLDS� WDKXQ� VHODOX� PHQLQJNDW�� \DQJ�

PHQJDNLEDWNDQ� SHQLQJNDWDQ� SHUJHUDNDQ� RUDQJ��
VHKLQJJD� NHPDFHWDQ� ODOX� OLQWDV� VHPDNLQ� EHUWDPEDK��
%HUEDJDL�XVDKD� WHODK�GLODNXNDQ�ROHK�3HPHULQWDK�.RWD�
%DQGXQJ� XQWXN� PHODNXNDQ� PDQDMHPHQ� SHUPLQWDDQ�
WUDQVSRUWDVL� NKXVXVQ\D� RUDQJ�� VHSHUWL� SHPEDWDVDQ�
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MXPODK� RUDQJ� GDODP� NHQGDUDDQ� �0DXODQD�� �������
SHQJDWXUDQ� ZDNWX� VLQ\DO� SDGD� VLPSDQJ� SULRULWDV�
�0DXODQD� 	� $OGULDQV\DK�� ������� PDQDMHPHQ� SDUNLU��
GDQ� RSWLPDOLVDVL� SHQJJXQDDQ� GDQ� SHQJHPEDQJDQ�
DQJNXWDQ� XPXP� VHSHUWL� %XV� 7UDQV� 0HWUR� %DQGXQJ�
�70%���6HMDN� UHVPL�EHURSHUDVL� SDGD� WDKXQ�������%XV�
70%�PHQMDGL�VDODK�VDWX�DQJNXWDQ�PDVVDO�\DQJ�DGD�GL�
.RWD�%DQGXQJ�� 

3HQJJXQDDQ� %XV� 70%� GDUL� WDKXQ� NH� WDKXQ� WLGDN�
PHQJDODPL� SHQLQJNDWDQ� VLJQLILNDQ�� KDO� LQL� GLSUHGLNVL�
GLSHQJDUXKL� GHQJDQ� DVSHN� RSHUDVLRQDO� GDQ�
SHOD\DQDQQ\D� �-RHZRQR� HW� DO��� ������� %HUEDJDL� VWXGL�
WHODK� EDQ\DN�PHODNXNDQ� HYDOXDVL� SHOD\DQDQ� DQJNXWDQ�
�6DUL� HW� DO��� ������ 6XQGDUL�� ������ GDQ� PHQHPXNDQ�
EDKZD� NHSXDVDQ� WHUKDGDS� VXDWX� SHOD\DQDQ� DQJNXWDQ�
XPXP� VDQJDW� EHUSHQJDUXK� WHUKDGDS� NHSXWXVDQ�
SHQJJXQDDQ� DQJNXWDQ� WHUVHEXW� SDGD� PDVD� \DQJ� DNDQ�
GDWDQJ� �$EHQR]D� HW� DO��� ������� .HSXDVDQ� LQL�
PHUHSUHVHQWDVLNDQ� EDJDLPDQD� SHOD\DQDQ� LWX� GDSDW�
PHPHQXKL� HNVSHNWDVL� LQGLYLGX� GDODP� PHODNXNDQ�
SHUMDODQDQ� XQWXN� PHPHQXKL� VHOXUXK� WXMXDQ� GDUL�
GLODNXNDQQ\D�SHUMDODQDQ�WHUVHEXW�� 

.DMLDQ�WHQWDQJ�SHOD\DQDQ�DQJNXWDQ�XPXP�WUDQVSRUWDVL�
\DQJ�GLODNXNDQ�ROHK�%|UMHVVRQ�GDQ�5XEHQVVRQ��������
PHQHPXNDQ� EDKZD� ZDNWX� WHPSXK� GDQ� IUHNXHQVL�
DGDODK� IDNWRU� WHUSHQWLQJ� GDODP� NHSXDVDQ� PDV\DUDNDW�
GDODP�PHQJJXQDNDQ�DQJNXWDQ�XPXP�GL�6ZHGLD��6WXGL�
-RHZRQR� HW� DO�� ������� GL� .RWD� %DQGXQJ� PHODNXNDQ�
HYDOXDVL� DVSHN� RSHUDVLRQDO� 70%�� 6WXGL� WHUVHEXW�
PHQHPXNDQ� DVSHN� ZDNWX� WHPSXK�� ZDNWX� PHQXQJJX��
GDQ� ORNDVL� KDOWH� SHQWLQJ� PHQMDGL� SHUKDWLDQ� RSHUDWRU��
$GDSXQ� LQYHVWLJDVL� NHSXDVDQ� GDSDW� GLWLQMDX� GHQJDQ�
EHUEDJDL�GLPHQVL�\DQJ�PHQ\XVXQQ\D�\DQJ�GLSHQJDUXKL�
ROHK� SHQJDODPDQ� VDDW� PHODNXNDQ� SHUMDODQDQ� SDGD�
SHOD\DQDQ�\DQJ�GLWDZDUNDQ�EDLN�SDGD�DQJNXWDQ�XPXP�
�:LMD\D��7���������PDXSXQ�DQJNXWDQ�SULEDGL��5L]NL�HW�
DO��� ������� +DO� LQL� SHQWLQJ� GLODNXNDQ� XQWXN�
PHQJLQYHVWLJDVL� GLPHQVL� SHOD\DQDQ� \DQJ� VLJQLILNDQ�
PHPSHQJDUXKL� NHSXDVDQ� VHKLQJJD� GDSDW� GLODNXNDQ�
SHQLQJNDWDQ� NXDOLWDV� \DQJ� PXDUDQ\D� GDSDW�
PHQLQJNDWNDQ�SHQJJXQDDQ�DQJNXWDQ�XPXP�� 

%HUGDVDUNDQ� ODWDU� EHODNDQJ� WHUVHEXW�� SHQHOLWLDQ�
EHUWXMXDQ� XQWXN� PHODNXNDQ� DQDOLVLV� WHUKDGDS� IDNWRU-
IDNWRU� \DQJ� PHPSHQJDUXKL� NHSXDVDQ� NRQVXPHQ� %XV�
70%�SDGD�NRULGRU���UXWH�&LFDKHXP�–�6DULMDGL��6HFDUD�
VSHVLILN� SHQHOLWLDQ� LQL� PHQJLQYHVWLJDVL� NHSXDVDQ�
EHUGDVDUNDQ� GLPHQVL� SHQMHODV� DQWDUD� ODLQ� NHDQGDODQ��
NHWDQJJDSDQ�� NHSDVWLDQ�� SHUKDWLDQ�� GDQ� SHUZXMXGDQ�
�:LMD\D�� 7��� ������� 6WUXFWXUDO� (TXDWLRQ� 0RGHOLQJ� –�
3DUWLDO� /HDVW� 6TXDUH� �6(0-3/6�� �+D� HW� DO��� ������
GLJXQDNDQ�GDODP�DQDOLVLV�XQWXN�PHPEDQJXQ�KXEXQJDQ�
DQWDU�GLPHQVL�NHSXDVDQ�NHSDGD�WLQJNDW�NHSXDVDQ��'DWD�
\DQJ�GLJXQDNDQ�GLGDSDWNDQ�GHQJDQ�PHODNXNDQ�VXUYH\�
NXHVLRQHU� SDGD� 70%� NRULGRU� �� &LFDKHXP� –� 6DULMDGL��
0DNDODK� LQL� WHUEDJL�PHQMDGL� �� EDJLDQ�� VHWHODK� EDJLDQ�
SHQGDKXOXDQ� DNDQ� GLMHODVNDQ� PHQJHQDL� PHWRGH�
SHQHOLWLDQ� GDQ� GLWHUXVNDQ� GHQJDQ� DQDOLVLV� GDQ�
SHPEDKDVDQ�� 'LVNXVL� GDQ� NHVLPSXODQ� DNDQ� PHQMDGL�
SHQXWXS�PDNDODK�LQL� 

���0HWRGH�3HQHOLWLDQ 

����3HUXPXVDQ�NXHVLRQHU�GDQ�SHQJXPSXODQ�GDWD 

3HQHOLWLDQ� GLPXODL� GHQJDQ� PHQJLGHQWLILNDVL� PDVDODK�
GDQ� PHQHQWXNDQ� WRSLN� SHQHOLWLDQ� VHUWD� PHQFDUL� WHRUL-
WHRUL� \DQJ� PHQGXNXQJ� \DQJ� DNDQ� GLJXQDNDQ� VHEDJDL�
GDVDU� DQDOLVLV� DWDX� SHUKLWXQJDQ�� 7DKDS� VHODQMXWQ\D�
PHQHQWXNDQ� XNXUDQ� VDPSHO� GDQ� PHODNXNDQ�
SHUDQFDQJDQ� NXHVLRQHU�� 3HQ\HEDUDQ�� SHQJXMLDQ�� GDQ�
SHUEDLNDQ�NXHVLRQHU�GLODNXNDQ�WHUKDGDS�XNXUDQ�VDPSHO�
\DQJ�VXGDK�GLWHQWXNDQ��9DULDEHO�SHQHOLWLDQ� WHUGLUL�GDUL�
GXD�YDULDEHO�\DLWX�NXDOLWDV�SHOD\DQDQ��;��GDQ�NHSXDVDQ�
NRQVXPHQ� �<��� +LSRWHVLV� SHQHOLWLDQ� GLUDQFDQJ�
EHUGDVDUNDQ� OLPD�GLPHQVL� NXDOLWDV� SHOD\DQDQ� WHUKDGDS�
NHSXDVDQ�NRQVXPHQ�� 

.XDOLWDV� SHOD\DQDQ� VXDWX� EDUDQJ� DWDX� MDVD� VDQJDW�
GLSHUOXNDQ� XQWXN� PHQJHWDKXL� WLQJNDW� NHSHUFD\DDQ�
NRQVXPHQ�� .HSHUFD\DDQ� NRQVXPHQ� PHUXSDNDQ� VDODK�
VDWX� SDUDPHWHU� XQWXN� PHQJHWDKXL� EDLN� DWDX� WLGDNQ\D�
NLQHUMD� \DQJ� WHODK� GLODNXNDQ�� 7LQJNDW� NHSHUFD\DDQ�
NRQVXPHQ� DNDQ� PHQLQJNDW� MLND� SHOD\DQDQ� \DQJ�
GLEHULNDQ� PHPXDVNDQ�� VHKLQJJD� NHSXDVDQ� NRQVXPHQ�
DNDQ� WHUSHQXKL�� .XDOLWDV� SHOD\DQDQ� DQJNXWDQ� SXEOLN�
GDSDW� GLXNXU� GHQJDQ� OLPD� IDNWRU� XWDPD� \DLWX�
DNVHVLELOLWDV�� UHOLDELOLWDV�� QLODL� NHXQWXQJDQ��
NHQ\DPDQDQ�� NHDPDQDQ� GDQ� NHVHODPDWDQ� �+D� HW� DO���
��������/LPD�GLPHQVL�NXDOLWDV�SHOD\DQDQ��7MLSWRQR��'���
GDODP�:LMD\D��7���������GLMDEDUNDQ�VHEDJDL�EHULNXW� 

�� .HDQGDODQ� �UHOLDELOLW\��� .HDQGDODQ� DGDODK�
NHPDPSXDQ� PHPEHULNDQ� SHOD\DQDQ� \DQJ�
GLMDQMLNDQ�GHQJDQ�VHJHUD��DNXUDW��GDQ�PHPXDVNDQ� 

�� .HWDQJJDSDQ� DWDX� NHSHGXOLDQ� �UHVSRQVLYHQHVV���
.HWDQJJDSDQ�DWDX�NHSHGXOLDQ�DGDODK�NHLQJLQDQ�SDUD�
VWDI� XQWXN� PHPEDQWX� SDUD� SHODQJJDQ� GDQ�
PHPEHULNDQ�SHOD\DQDQ�GHQJDQ� WDQJJDS�GDQ�SHGXOL�
WHUKDGDS�NHOXKDQ�DWDX�KDUDSDQ�SHODQJJDQ� 

�� -DPLQDQ� NHSDVWLDQ� �DVVXUDQFH��� -DPLQDQ� NHSDVWLDQ�
DGDODK� NRPSHWHQVL� \DQJ� GHPLNLDQ� VHKLQJJD�
PHPEHULNDQ� UDVD� DPDQ� GDUL� EDKD\D�� UHVLNR�� DWDX�
NHUDJXDQ� GDQ� NHSDVWLDQ� PHQFDNXS� SHQJHWDKXDQ��
NHVRSDQDQ��GDQ�VLNDS�GDSDW�GLSHUFD\D�\DQJ�GLPLOLNL�
VWDI� 

�� 3HUKDWLDQ� �HPSKDW\��� 3HUKDWLDQ� DGDODK� VLIDW� GDQ�
NHPDPSXDQ� XQWXN� PHPEHULNDQ� SHUKDWLDQ� SHQXK�
NHSDGD� SHODQJJDQ�� NHPXGDKDQ� GDODP� PHODNXNDQ�
NRQWDN�� NRPXQLNDVL� \DQJ� EDLN�� GDQ� PHPDKDPL�
NHEXWXKDQ�SHODQJJDQ�VHFDUD�LQGLYLGXDO� 

�� %HUZXMXG� �WDQJLEOH��� %HUZXMXG� DGDODK� ZXMXG�
NHQ\DWDDQ� VHFDUD� ILVLN� \DQJ� PHOLSXWL� IDVLOLWDV��
SHUDODWDQ�� SHJDZDL�� GDQ� VDUDQD� LQIRUPDVL� DWDX�
NRPXQLNDVL� 

3HQHQWXDQ� XNXUDQ� VDPSHO� PLQLPXP� GLODNXNDQ�
PHQJJXQDNDQ�3HUVDPDDQ������3HUVDPDDQ�LQL�GLJXQDNDQ�
XQWXN� MXPODK� SRSXODVL� \DQJ� WLGDN� GLNHWDKXL� VHFDUD�
SDVWL�� 7LQJNDW� NHSHUFD\DDQ� \DQJ� GLJXQDNDQ� VHEHVDU�
�����VLPSDQJDQ������\DQJ�DNDQ�PHQJKDVLONDQ�QLODL�]�
VHEHVDU� ������ 1LODL� WLQJNDW� NHVDODKDQ� \DQJ� GLJXQDNDQ�
VHEHVDU� ����� VHKLQJJD� GLSHUROHK� VDPSHO� \DQJ� DNDQ�
GLWHOLWL�VHEDQ\DN�����UHVSRQGHQ�VHEDJDL�EHULNXW� 

  n = 
1,962 x 0,5 x 0,5

(10%)2  = 96,04 ≈ 100  ��� 



��� Vol. 28 No. 1, April 2021 

3UDVHW\DQWR��GNN� 

Diterima 10 Maret 2020, Direvisi 16 Maret 2021, Diterima untuk dipublikasikan 5 April 2021 

Copyright      2021 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2020.28.1.11 

����8ML�YDOLGLWDV�GDQ�UHOLDELOLWDV 

7DKDS� VHODQMXWQ\D� DGDODK� SHQJXPSXODQ� GDWD� SULPHU�
GHQJDQ� FDUD� VXUYHL� �SHQ\HEDUDQ� NXHVLRQHU�� DWDX�
ZDZDQFDUD� ODQJVXQJ� GHQJDQ� SHQXPSDQJ�� 6XUYH\�
GLODNXNDQ�SDGD�KDUL�5DEX���$SULO� ����� ��'DUL� ����GDWD�
VHW� \DQJ� GLGDSDWNDQ�� ODOX� GLODNXNDQ� XML� YDOLGLWDV� GDQ�
UHOLDELOLWDV��8ML� YDOLGLWDV� DGDODK� XML� NHWHSDWDQ� LQVWUXPHQ�
GDODP�SHQJXNXUDQ�GHQJDQ�NULWHULD�WHUWHQWX��VHGDQJNDQ�XML�
UHOLDELOLWDV� DGDODK� XML� NRQVLVWHQVL� GDQ� WDELOLWDV� DODW� XNXU�
SHQHOLWLDQ� �-RJL\DQWR�� ������� 8ML� YDOLGLWDV� \DQJ�
GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� PHQJJXQDNDQ� NRUHODVL�
3URGXFW� 0RPHQW� 3HDUVRQ� \DQJ� GDSDW� GLOLKDW� SDGD�
3HUVDPDDQ����� 
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DSDELOD� QLODL� U;<� � !� UWDEHO�� 7LQJNDW� NHSHUFD\DDQ� \DQJ�
GLJXQDNDQ�\DLWX�����GDQ�Q��MXPODK�UHVSRQGHQ��VHEDQ\DN�
���� RUDQJ�� VHKLQJJD� QLODL� UWDEHO� \DQJ� GLSHUROHK�
EHUGDVDUNDQ� WDEHO� VWDWLVWLN� DGDODK� ������� -LND� QLODL� U;<� !�
������ PDND� EXWLU� SHUWDQ\DDQ� GLQ\DWDNDQ� YDOLG� GDQ� MLND�
QLODL�U;<���������PDND�EXWLU�SHUWDQ\DDQ�GLQ\DWDNDQ�WLGDN�
YDOLG��%HUGDVDUNDQ�KDVLO�XML�YDOLGLWDV�GDUL����SHUWDQ\DDQ��
VHPXD�SHUWDQ\DDQ�YDOLG�GHQJDQ�QLODL�!������� 

3HUKLWXQJDQ� XQWXN� UHOLDELOLWDV� GHQJDQ� PHQJXQDNDQ�
UXPXV� XPXP� &URQEDFK� $OSKD� GDSDW� GLOLKDW� SDGD�
3HUVDPDDQ����� 

 

KDOPDQD� 

U��  � QLODL�UHOLDELOLWDV�� 
��6L  � MXPODK�YDULDQV�VNRU�VHWLDS�LWHP� 
6W�  � YDULDQV�WRWDO� 
Q�  � MXPODK�GLPHQVL�SHUWDQ\DDQ�\DQJ�GLXML� 

'LPHQVL� WHUVHEXW�GLQ\DWDNDQ� UHOLDEHO� MLND�QLODL� U��� � OHELK�
EHVDU�GLEDQGLQJNDQ�GHQJDQ�QLODL�UWDEHO���5XVHIIHQGL��������
%HULNXW� LQL� DGDODK� QLODL� UWDEHO� � SDGD� XML� UHOLDELOLWDV� \DQJ�
GDSDW�GLOLKDW�SDGD�7DEHO��� 

%HUGDVDUNDQ�KDVLO�XML�YDOLGLWDV�GDUL����SHUWDQ\DDQ�\DQJ�
WHODK� YDOLG� NHPXGLDQ� GLODNXNDQ� SHQJXMLDQ� UHOLDELOLWDV��
+DVLOQ\D� GLSHUROHK� QLODL� U��� � VHEHVDU� �������� PDND�
EHUGDVDUNDQ� 7DEHO� �� QLODL� LQL� WHUPDVXN� NH� GDODP�
NDWHJRUL�WLQJNDW�UHOLDELOLWDV�\DQJ�WLQJJL� 

����0HWRGH�VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ 

6WUXFWXUDO� (TXDWLRQ� 0RGHOLQJ� �6(0�� DGDODK� VXDWX�
WHNQLN� VWDWLVWLND� XQWXN� PHQJXML� GDQ� PHQJHVWLPDVL�
KXEXQJDQ� NDXVDO� GHQJDQ� PHQJLQWHJUDVLNDQ� DQDOLVLV�
IDNWRU� GDQ� DQDOLVLV� MDOXU� �-RJL\DQWR�� ������� 6(0�
EHUEDVLV�YDULDQ�DGDODK�6(0�\DQJ�PHQJJXQDNDQ�YDULDQ�
GDODP� SURVHV� LWHUDVL� DWDX� EORN� YDULDQ� DQWDU� LQGLNDWRU�
DWDX� SDUDPHWHU� \DQJ� GLHVWLPDVL� GDODP� VDWX� YDULDEHO�
ODWHQ� WDQSD� PHQJNRUHODVLNDQQ\D� GHQJDQ� LQGLNDWRU-
LQGLNDWRUQ\D� \DQJ� DGD� GL� GDODP� YDULDEHO� ODWHQ� ODLQ�
GDODP� VDWX� PRGHO� SHQHOLWLDQ� �-RJL\DQWR�� ������� 6(0�
EHUEDVLV� YDULDQ� \DQJ� PXODL� EDQ\DN� GLJXQDNDQ� DGDODK�
3/6�� 

D��0RGHO�SHQJXNXUDQ��RXWHU�PRGHO� 

0RGHO� SHQJXNXUDQ� GLJXQDNDQ� XQWXN� PHQJXML� YDOLGLWDV�
NRQVWUXN�GDQ� UHOLDELOLWDV� LQVWUXPHQ��0RGHO� SHQJXNXUDQ�
GHQJDQ�LQGLNDWRU�UHIOHNVLI�GLHYDOXDVL�GHQJDQ�FRQYHUJHQW�
GDQ� GLVFULPLQDQW� YDOLGLW\� GDUL� LQGLNDWRUQ\D� GDQ�
FRPSRVLWH� UHOLDELOLW\� XQWXN� EORFN� LQGLNDWRU� �*KR]DOL��
������� 3DUDPHWHU� XML� YDOLGLWDV� NRQYHUJHQ� GLOLKDW� GDUL�
QLODL� ORDGLQJ� IDFWRUQ\D� GDQ� PHOLKDW� QLODL� $YHUDJH�
9DULDQFH� ([WUDFWHG� �$9(��� 3DUDPHWHU� \DQJ� GLXNXU�
XQWXN� XML� YDOLGLWDV� GLVNULPLQDQ� DGDODK� GHQJDQ�
PHPEDQGLQJNDQ�DNDU�NXDGUDW�GDUL�$9(�VXDWX�NRQVWUXN�
\DQJ� KDUXV� OHELK� WLQJJL� GLEDQGLQJNDQ� GHQJDQ� NRUHODVL�
DQWDU�YDULDEHO� WHUVHEXW�� DWDX�GHQJDQ�PHOLKDW�QLODL�FURVV�
ORDGLQJ�� 6HODLQ� GLODNXNDQ� HYDOXDVL� GHQJDQ� FRQYHUJHQW�
GDQ�GLVFULPLQDQW�YDOLGLW\��GLODNXNDQ�MXJD�XML�UHOLDELOLWDV�
GHQJDQ� PHOLKDW� QLODL� FURQEDFK¶V� DOSKD� GDQ� QLODL�
FRPSRVLWH�UHOLDELOLW\� 

E��0RGHO�VWUXNWXUDO��LQQHU�PRGHO� 

0RGHO� VWUXNWXUDO� GDODP� 3/6� GLHYDOXDVL� GHQJDQ�
PHQJJXQDNDQ�5���QLODL�NRHILVLHQ�SDWK�DWDX�W-YDOXHV�WLDS�
SDWK�XQWXN�XML�VLJQLILNDQVL�DQWDU�NRQVWUXN�GDODP�PRGHO�
VWUXNWXUDO� �-RJL\DQWR�� �������1LODL�5�� GLJXQDNDQ� XQWXN�
PHOLKDW� YDULDVL� SHUXEDKDQ� YDULDEHO� LQGHSHQGHQ�EHEDV�
WHUKDGDS�YDULDEHO�GHSHQGHQ�WHULNDW��8NXUDQ�VLJQLILNDQVL�
NHWHUGXNXQJDQ�KLSRWHVLV�GDSDW�GLJXQDNDQ�SHUEDQGLQJDQ�
QLODL� 7-WDEOH� GDQ� 7-VWDWLVWLFV� �-RJL\DQWR�� ������� -LND�
QLODL�7-VWDWLVWLFV�OHELK�WLQJJL�GLEDQGLQJNDQ�QLODL�7-WDEOH��
EHUDUWL�KLSRWHVLV�WHUGXNXQJ��8QWXN�WLQJNDW�NH\DNLQDQ����
SHUVHQ� �DOSKD� �� SHUVHQ��� PDND� QLODL� 7-WDEOH� XQWXN�
KLSRWHVLV�GXD�HNRU��WZR-WDLOHG��DGDODK��������GDQ�XQWXN�
KLSRWHVLV�VDWX�HNRU� �RQH-WDLOHG��DGDODK���������+DUWRQR�
GDODP� -RJL\DQWR�� ������� .ULWHULD� SHQLODLDQ� 3/6� \DQJ�
GLSHUOXNDQ� XQWXN� PHODNXNDQ� DQDOLVLV� WHUGDSDW� SDGD�
7DEHO���� 

3HQJXMLDQ�PRGHO� \DQJ� GLODNXNDQ� EHUXSD� DQDOLVLV� RXWHU�
PRGHO�GDQ�DQDOLVLV� LQQHU�PRGHO��3HQJXMLDQ�RXWHU�PRGHO�
WHUGLUL�GDUL�XML�YDOLGLWDV�NRQVWUXN��YDOLGLWDV�GLVNULPLQDQ��
GDQ� XML� UHOLDELOLWDV� NRQVWUXN�� 3HQJXMLDQ� LQQHU� PRGHO�
GLOLKDW� SDGD� QLODL� 5�� GDQ� SDWK� FRHIILFLHQWQ\D��
%HUGDVDUNDQ� KDVLO� DQDOLVLV� WHUVHEXW� GDSDW� GLSHUROHK�
NHVLPSXODQ�GDQ�VDUDQ�SHQHOLWLDQ� 

rxy = N (σ XY)- σ Xσ Y

ට[Nσ X2-൫σX)2൧.[NσY2-(σ Y)2]
   

��� 

r11= n

n-1
* ቄ1- σ Si

St
ቅ  ��� 

7DEHO����1LODL�UHOLDELOLWDV 

1LODL .HWHUDQJDQ 

U��������� 6DQJDW�5HQGDK 

�������U���������� 5HQGDK 

�������U���������� 6HGDQJ 

�������U���������� 7LQJJL 

�������U���������� 6DQJDW�7LQJJL 

�6XPEHU��5XVVHIHQGL������� 
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���$QDOLVLV�GDQ�3HPEDKDVDQ 

����.DUDNWHULVWLN�UHVSRQGHQ 

.DUDNWHULVWLN�UHVSRQGHQ�PHUXSDNDQ�FLUL-FLUL�UHVSRQGHQ�
\DQJ� GLJXQDNDQ� XQWXN� PHQJHWDKXL� NHUDJDPDQ�
UHVSRQGHQ� EHUGDVDUNDQ� GDWD� MHQLV� NHODPLQ�� XVLD��
SHNHUMDDQ��GDQ�SHQJJXQDDQ�%XV�7UDQV�0HWUR�%DQGXQJ�
NRULGRU����.DUDNWHULVWLN� UHVSRQGHQ�GLOLKDW�EHUGDVDUNDQ�
KDVLO�GDUL�NXHVLRQHU�\DQJ�WHODK�GLLVL�ROHK�UHVSRQGHQ� 

%HUGDVDUNDQ�KDVLO�SHQHOLWLDQ�WHUKDGDS�SHQXPSDQJ�%XV�
70%� GLNHWDKXL� EDKZD� SURSRUVL� MXPODK� SHQXPSDQJ�
SHUHPSXDQ� VHEHVDU� ���� GDQ� XQWXN� SHQXPSDQJ� ODNL-
ODNL� VHEHVDU� ����� %HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� GDSDW�
GLNHWDKXL�MXPODK�SHUVHQWDVH�SHQXPSDQJ�EHUXVLD�GLDWDV�
��� WDKXQ� VHEHVDU� ����� NHPXGLDQ� SHQXPSDQJ� EHUXVLD�
��-��� WDKXQ� VHEHVDU� ����� GLLNXWL� SHQXPSDQJ� EHUXVLD�
��-���WDKXQ�VHEHVDU������GDQ�SHQXPSDQJ�EHUXVLD���-
��� WDKXQ�VHEHVDU������6HEDJLDQ�EHVDU� UHVSRQGHQ�%XV�
70%�NRULGRU���PHUXSDNDQ�SHQGXGXN�EHUXVLD�GLDWDV����
WDKXQ�� %HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� GDSDW� GLNHWDKXL�
MXPODK�SHUVHQWDVH�SHQXPSDQJ�WHUEHVDU�EHNHUMD�VHEDJDL�
SHJDZDL� VZDVWD� VHEHVDU� ����� SHQXPSDQJ� SHODMDU�
PDKDVLVZD� VHEHVDU� ����� SHQXPSDQJ� \DQJ� PHQMDZDE�
ODLQ-ODLQ� VHEHVDU� ����� GDQ� SHQXPSDQJ� \DQJ� EHNHUMD�
VHEDJDL� 316� VHEHVDU� ���� 5HVSRQGHQ� \DQJ�
PHQJJXQDNDQ� %XV� 70%� EHEHUDSD� NDOL� GDODP�
VHPLQJJX�VHEHVDU������GLLNXWL�GHQJDQ�UHVSRQGHQ�\DQJ�
PHQJJXQDNDQ� 70%� VHWLDS� KDUL� VHEHVDU� ����� GDQ�
VHNDOL�GDODP�VHPLQJJX�VHEHVDU����� 

����$QDOLVLV�PHWRGH�6(0-3/6 

3DGD�SHQHOLWLDQ�LQL�WHUGDSDW���YDULDEHO�ODWHQ��NRQVWUXN���
\DLWX�UHOLDELOLW\� �;���� WDQJLEOHV� �;����DVVXUDQFH��;����
UHVSRQVLYHQHVV� �;���� HPSKDW\� �;���� GDQ� NHSXDVDQ�
NRQVXPHQ� �<��� $QDOLVLV� GHQJDQ� PHWRGH� 6(0-3/6�
GLODNXNDQ� GHQJDQ� GXD� XML� PRGHO�� \DLWX� RXWHU� PRGHO�
�PRGHO� SHQJXNXUDQ�� GDQ� LQQHU� PRGHO� �PRGHO�
VWUXNWXUDO�� 

�������$QDOLVLV�RXWHU�PRGHO 

$QDOLVLV� GLODNXNDQ� GHQJDQ� PHOLKDW� QLODL� FRQYHUJHQW�
YDOLGLW\�� GLVFULPLQDQW� YDOLGLW\�� GDQ� FRPSRVLWH�
UHOLDELOLW\� 

D��&RQYHUJHQW�YDOLGLW\ 

,QGLNDWRU� GLDQJJDS� YDOLG� MLND� PHPLOLNL� QLODL� ORDGLQJ�
IDFWRU� GLDWDV� ����� EHUGDVDUNDQ� 7DEHO� ��� (OHPLQDVL�
GLODNXNDQ�SDGD�LQGLNDWRU�\DQJ�EHOXP�PHPHQXKL�V\DUDW�
NHPXGLDQ� GLODNXNDQ� NDONXODVL� NHPEDOL�� 3HPRGHODQ�
DZDO� 6(0-3/6� PHQJKDVLONDQ� QLODL� ORDGLQJ� IDFWRU�
VHSHUWL�SDGD�7DEHO���� 

%HUGDVDUNDQ�KDVLO� NDONXODVL�� WHUGDSDW��� LQGLNDWRU� \DQJ�
WLGDN� PHPHQXKL� V\DUDW� �WLGDN� YDOLG��� ,QGLNDWRU� \DQJ�
WLGDN� PHPHQXKL� V\DUDW� SDGD� YDULDEHO� WDQJLEOHV� �;���
DGDODK� NHOHQJNDSDQ� IDVLOLWDV� EXV� �;����� 9DULDEHO�
HPSKDW\� PHPLOLNL� LQGLNDWRU� \DQJ� GLHOHPLQDVL� \DLWX�
NHWHUVHGLDDQ� QRPRU� OD\DQDQ� NRQVXPHQ� \DQJ� PXGDK�
GLKXEXQJL� �;����� ,QGLNDWRU� \DQJ� GLHOHPLQDVL� SDGD�
YDULDEHO� NHSXDVDQ� NRQVXPHQ� \DLWX� NHOHQJNDSDQ�
IDVLOLWDV� EXV� �<����� SHOD\DQDQ� \DQJ� GLEHULNDQ� GDODP�
KDO�NHQ\DPDQDQ�GDQ�NHDPDQDQ��<�����GDQ�NHSHGXOLDQ�
SHWXJDV� �<����� +DVLO� \DQJ� GLGDSDWNDQ� VHWHODK�
GLODNXNDQ� HOHPLQDVL� DGDODK� SDGD� QLODL� ORDGLQJ� IDFWRU�
XQWXN�LQGLNDWRU�;���\DLWX��������1LODL�LQL�PDVLK�EHOXP�
PHPHQXKL� V\DUDW� \DLWX� KDUXV� GL� DWDV� ����� VHKLQJJD�
GLODNXNDQ� HOHPLQDVL� XQWXN� LQGLNDWRU� ;��� GDQ�
GLODNXNDQ� NDONXODVL� XODQJ�� VHKLQJJD� GLGDSDWNDQ� QLODL�
ORDGLQJ� IDFWRU�DNKLU� VHSHUWL�SDGD�7DEHO����8ML� ODLQQ\D�
XQWXN� PHQLODL� YDOLGLWDV� GDUL� NRQVWUXN� GHQJDQ� PHOLKDW�
QLODL� $YHUDJH� 9DULDQFH� ([WUDFWHG� �$9(��� 1LODL� $9(�
GLWXQMXNNDQ�SDGD�7DEHO��� 

%HUGDVDUNDQ�7DEHO���QLODL�$9(�\DQJ�PHPHQXKL�V\DUDW�
\DLWX�KDUXV�GLDWDV������6HPXD�YDULDEHO�SDGD�SHQHOLWLDQ�
LQL� PHPLOLNL� QLODL� GLDWDV� ���� VHKLQJJD� GDSDW�
GLVLPSXONDQ� EDKZD� VHPXD� YDULDEHO� PHPHQXKL� V\DUDW�
DWDX�YDOLG� 

7DEHO����.ULWHULD�SHQLODLDQ�3/6 

8ML�0RGHO .ULWHULD 3HQMHODVDQ 

2XWHU�0RGHO� 
�8ML�LQGLNDWRU� 

/RDGLQJ�)DFWRU 1LODL�ORDGLQJ�IDFWRU�KDUXV�GL�DWDV����� 

9DOLGLWDV�'LVNULPLQDQ 1LODL�DNDU�NXDGUDW�GDUL�$9(�KDUXV�OHELK�EHVDU�GDULSDGD�QLODL�NRUHODVL�DQWDU�
YDULDEHO�ODWHQ 

$YHUDJH�9DULDQFH�([WUDFWHG��$9(� 1LODL�$9(�KDUXV�GL�DWDV����� 

&RPSRVLWH�5HOLDELOLW\ 1LODL�FRPSRVLWH�UHOLDELOLW\�PHQJXNXU�LQWHUQDO�FRQVLVWHQF\�GDQ�QLODLQ\D�KDUXV�
GLDWDV����� 

,QQHU�0RGHO� 
�8ML�+LSRWHVLV� 

5��XQWXN�YDULDEHO�ODWHQ�HQGRJHQ 
+DVLO�5��VHEHVDU�������������GDQ������XQWXN�YDULDEHO�ODWHQ�HQGRJHQ�GDODP�
PRGHO�VWUXNWXUDO�PHQJLQGLNDVLNDQ�EDKZD�PRGHO�³EDLN´��³PRGHUDW´�GDQ�
³OHPDK´ 

(VWLPDVL�NRHILVLHQ�MDOXU 1LODL�HVWLPDVL�XQWXN�KXEXQJDQ�MDOXU�GDODP�PRGHO�VWUXFWXUDO�KDUXV�VLJQLILNDQ��
\DQJ�GDSDW�GLSHUROHK�GHQJDQ�SURVHGXU�ERRWVWUDSSLQJ 

�6XPEHU��*KR]DOL������� 

7DEHO����.DUDNWHULVWLN�UHVSRQGHQ 

9DULDEHO 3URSRUVL���� 
�1 ���� 

8VLD 

���-��� ��� 
���-��� ��� 
���-��� ��� 
���� ��� 

-HQLV�.HODPDQ 
0DOH ��� 
)HPDOH ��� 

-HQLV�3HNHUMDDQ 

3HJDZDL�1HJHUL�6LSLO��316� �� 
3HJDZDL�6ZDVWD ��� 
3HODMDU�0DKDVLVZD ��� 
/DLQ-ODLQ ��� 

3HQJJXQDDQ�
70%�GDODP�
6HPLQJJX 

6HNDOL �� 
%HEHUDSD�.DOL ��� 
6HWLDS�+DUL ��� 
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E��'LVFULPLQDQW�YDOLGLW\ 

'LVFULPLQDQW� YDOLGLW\� GDSDW� GLOLKDW� GDUL� SURVHV� FURVV�
ORDGLQJ��-LND�QLODL�NRQVWUXN�\DQJ�GLWXMX�OHELK�EHVDU�PDND�
KDO� LQL�PHQXQMXNNDQ� NRQVWUXN� WHUVHEXW�PHPSUHGLNVLNDQ�
XNXUDQ� SDGD� EORNQ\D� OHELK� EDLN��0HWRGH� ODLQQ\D� XQWXN�
PHQLODL� GLVFULPLQDQW� YDOLGLW\� DGDODK� GHQJDQ�
PHPEDQGLQJNDQ� DNDU� NXDGUDW� $9(� �¥$9(� � �� XQWXN�
VHWLDS� NRQVWUXN� GHQJDQ� NRUHODVL� DQWDUD� NRQVWUXN� GHQJDQ�
NRQVWUXN� ODLQQ\D� GDODP�PRGHO�� 3HUEDQGLQJDQ� QLODL� DNDU�
NXDGUDW� $9(� GHQJDQ� NRUHODVL� DQWDU� NRQVWUXN�YDULDEHO�
�ODWHQW�YDULDEOH�FRUUHODWLRQV��GDSDW�GLOLKDW�SDGD�7DEHO��� 

%HUGDVDUNDQ�7DEHO���GDSDW�GLOLKDW�EDKZD�QLODL�DNDU�$9(�
VHWLDS� NRQVWUXN� OHELK� EHVDU� GDULSDGD� QLODL� NRUHODVL� DQWDU�

NRQVWUXN�YDULDEHO� ODWHQ��1LODL� DNDU�$9(�XQWXN�YDULDEHO�
DVVXUDQFH��;���VHEHVDU�������OHELK�EHVDU�GLEDQGLQJNDQ�
GHQJDQ�QLODL�NRUHODVLQ\D�GHQJDQ�YDULDEHO�HPSKDW\��;���
\DLWX� ������� YDULDEHO� NHSXDVDQ� NRQVXPHQ� �<�� \DLWX�
������� VHEHVDU� ������ GHQJDQ� YDULDEHO� UHOLDELOLW\� �;����
VHEHVDU� ������ GHQJDQ� YDULDEHO� UHVSRQVLYHQHVV� �;����
GHQJDQ� YDULDEHO� � WDQJLEOHV� �;��� VHEHVDU� ������� GDQ�
EHJLWX�VHWHUXVQ\D�XQWXN�YDULDEHO�ODLQ� 

F��5HOLDELOLWDV�NRQVWUXN 

8ML� UHOLDELOLWDV� NRQVWUXN� GLXNXU� GHQJDQ� GXD� NULWHULD��
\DLWX� FRPSRVLWH� UHOLDELOLW\� GDQ� FURQEDFK� DOSKD��
&RPSRVLWH� UHOLDELOLW\� GLODNXNDQ� XQWXN� PHOLKDW�
NHNRQVLVWHQDQ� GDUL� PDVLQJ-PDVLQJ� YDULDEHO�� 1LODL�

7DEHO����1LODL�ORDGLQJ�IDFWRU 

9DULDEHO 6XE�9DULDEHO /RDGLQJ�)DFWRU .HWHUDQJDQ 

5HOLDELOLW\��;�� 

:DNWX�NHGDWDQJDQ�EXV�VHVXDL�MDGZDO��;��� ����� 9DOLG 

-DP�RSHUDVLRQDO�VHVXDL�GHQJDQ�NHEXWXKDQ�SHQXPSDQJ��;��� ����� 9DOLG 
3HWXJDV�PHQJJXQDNDQ�VHUDJDP�\DQJ�VHODOX�WDPSLO�GDODP�NHDGDDQ�UDSL�
GDQ�EHUVLK��;��� ����� 9DOLG 

  
7DQJLEOHV��;�� 

.HEHUVLKDQ�LQWHULRU��WHPSDW�GXGXN��GDQ�MHQGHOD�EXV��;��� ����� 9DOLG 

.HOHQJNDSDQ�IDVLOLWDV�EXV��$&��WHPSDW�GXGXN��KDQGJULS��WHPSDW�VDPSDK��
�;��� ����� 7LGDN�9DOLG 

$VVXUDQFH��;�� 
.HUDPDKDQ�GDQ�NHVRSDQDQ�SHWXJDV�PHPEHULNDQ�SHOD\DQDQ��;��� ����� 9DOLG 
.HDPDQDQ�GDQ�NHQ\DPDQDQ�SDGD�VDDW�EHUDGD�GL�GDODP�EXV���GL�KDOWH�GDQ�
WHUPLQDO��;��� ����� 9DOLG 

5HVSRQVLYHQHVV 
�;�� 

&HSDW�WDQJJDS�SHWXJDV�GDODP�PHUHVSRQ�NHOXKDQ�GDQ�SHUPDVDODKDQ�
SHQXPSDQJ��;��� ����� 9DOLG 

6HPXD�WUDQVDNVL�GLOD\DQL�DWDX�GLODNVDQDNDQ�GHQJDQ�FHSDW�GDQ�WHSDW��;��� ����� 9DOLG 

(PSKDW\��;�� 

3HWXJDV�PHQJLQJDWNDQ�SHQXPSDQJ�\DQJ�DNDQ�WXUXQ��;��� ����� 9DOLG 
3HWXJDV�PHPEDQWX�NDXP�GLVDELOLWDV�GDQ�SHQXPSDQJ�ODQMXW�XVLD�VDDW�
PHPEXWXKNDQ�EDQWXDQ��;��� ����� 9DOLG 

.HWHUVHGLDDQ�QRPRU�OD\DQDQ�NRQVXPHQ�\DQJ�PXGDK�GLKXEXQJL��;��� ����� 7LGDN�9DOLG 

.HSXDVDQ�WHUKDGDS� 
NLQHUMD��<�� 
 

6D\D�PHUDVD�SXDV�WHUKDGDS�NHWHSDWDQ�ZDNWX��NHVHVXDLDQ�MDGZDO�
NHGDWDQJDQ�EXV���<��� ����� 9DOLG 

6D\D�PHUDVD�SXDV�GHQJDQ�NHOHQJNDSDQ�IDVLOLWDV�EXV��<��� ����� 7LGDN�9DOLG 

6D\D�PHUDVD�SXDV�WHUKDGDS�SHOD\DQ�\DQJ�GLEHULNDQ�GDODP�KDO�
NHQ\DPDQDQ�GDQ�NHDPDQDQ��<��� ����� 7LGDN�9DOLG 

6D\D�PHUDVD�SXDV�WHUKDGDS�NHPDPSXDQ�SHWXJDV�PHPEHULNDQ�SHOD\DQDQ�
GHQJDQ�FHSDW�GDQ�WHSDW��<��� ����� 9DOLG 

6D\D�PHUDVD�SXDV�GHQJDQ�NHSHGXOLDQ�SHWXJDV�GDODP�KDO�PHQJLQJDWNDQ�
SHQXPSDQJ�\DQJ�DNDQ�WXUXQ��<��� ����� 7LGDN�9DOLG 

7DEHO����1LODL�ORDGLQJ�IDFWRU�DNKLU 

9DULDEHO 6XE�9DULDEHO /RDGLQJ�)DFWRU .HWHUDQJDQ 

5HOLDELOLW\��;�� 

:DNWX�NHGDWDQJDQ�EXV�VHVXDL�MDGZDO��;��� ����� 9DOLG 
-DP�RSHUDVLRQDO�VHVXDL�GHQJDQ�NHEXWXKDQ�SHQXPSDQJ��;��� ����� 9DOLG 
3HWXJDV�PHQJJXQDNDQ�VHUDJDP�\DQJ�VHODOX�WDPSLO�GDODP�NHDGDDQ�UDSL�
GDQ�EHUVLK��;��� ����� 9DOLG 

7DQJLEOHV��;�� .HEHUVLKDQ�LQWHULRU��WHPSDW�GXGXN��GDQ�MHQGHOD�EXV��;��� ����� 9DOLG 
$VVXUDQFH��;�� .HUDPDKDQ�GDQ�NHVRSDQDQ�SHWXJDV�PHPEHULNDQ�SHOD\DQDQ��;��� ����� 9DOLG 

5HVSRQVLYHQHVV 
�;�� 

&HSDW�WDQJJDS�SHWXJDV�GDODP�PHUHVSRQ�NHOXKDQ�GDQ�SHUPDVDODKDQ�
SHQXPSDQJ��;��� ����� 9DOLG 

6HPXD�WUDQVDNVL�GLOD\DQL�DWDX�GLODNVDQDNDQ�GHQJDQ�FHSDW�GDQ�WHSDW��;��� ����� 9DOLG 

(PSKDW\��;�� 
3HWXJDV�PHQJLQJDWNDQ�SHQXPSDQJ�\DQJ�DNDQ�WXUXQ��;��� ����� 9DOLG 
3HWXJDV�PHPEDQWX�NDXP�GLVDELOLWDV�GDQ�SHQXPSDQJ�ODQMXW�XVLD�VDDW�
PHPEXWXKNDQ�EDQWXDQ��;��� ����� 9DOLG 

.HSXDVDQ�WHUKDGDS� 
NLQHUMD��<�� 
 

6D\D�PHUDVD�SXDV�WHUKDGDS�NHWHSDWDQ�ZDNWX��NHVHVXDLDQ�MDGZDO�
NHGDWDQJDQ�EXV���<��� ����� 9DOLG 

6D\D�PHUDVD�SXDV�WHUKDGDS�NHPDPSXDQ�SHWXJDV�PHPEHULNDQ�SHOD\DQDQ�
GHQJDQ�FHSDW�GDQ�WHSDW��<��� ����� 9DOLG 
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FRPSRVLWH�UHOLDELOLW\�GDQ�FURQEDFK�DOSKD�GDSDW�GLOLKDW�
SDGD�7DEHO��� 

7DEHO� �� PHPSHUOLKDWNDQ� EDKZD� QLODL� GDUL� PDVLQJ-
PDVLQJ� YDULDEHO� ODWHQ� XQWXN� XML� FRPSRVLWH� UHOLDELOLW\�
WHODK�PHPHQXKL� V\DUDW� SDGD�7DEHO� �� \DLWX�GLDWDV� �����
1LODL� FURQEDFK� DOSKD� SDGD� 7DEHO� �� XQWXN� YDULDEHO�
UHOLDELOLW\�� WDQJLEOHV�� DVVXUDQFH�� HPSKDW\�� GDQ�
NHSXDVDQ� NRQVXPHQ� WHODK� PHPHQXKL� V\DUDW� \DLWX�
GLDWDV� ����� 7HWDSL� XQWXN� YDULDEHO� UHVSRQVLYHQHVV�
GHQJDQ�QLODL��������WLGDN�PHPHQXKL�V\DUDW��&RPSRVLWH�
UHOLDELOLW\� GLQLODL� OHELK� EDLN� GDODP� PHQJHVWLPDVL�
NRQVLVWHQVL� LQWHUQDO� VXDWX� NRQVWUXN� �6DOLVEXU\�� &KLQ��
*RSDO��	�1HZVWHG� GDODP� -RJL\DQWR�� ������� 6HKLQJJD�
QLODL�FURQEDFK�DOSKD�NXUDQJ�PHPSHQJDUXKL�UHOLDELOLWDV�
NDUHQD� QLODL� FRPSRVLWH� UHOLDELOLW\Q\D� WHODK� PHPHQXKL�
V\DUDW� 

�������$QDOLVLV�LQQHU�PRGHO 

0RGHO� VWUXNWXUDO� �LQQHU� PRGHO�� GLHYDOXDVL� GHQJDQ� ��
FDUD�� \DLWX� GHQJDQ� PHQJJXQDNDQ� 5�� �� GDQ� QLODL�
NRHILVLHQ� SDWK� �NRHILVLHQ� MDOXU� SHQJDUXK�� XQWXN� XML�
VLJQLILNDQVL� DQWDU� NRQVWUXN� GDODP� PRGHO� VWUXNWXUDO��
1LODL�5��GDSDW�GLOLKDW�SDGD�7DEHO��� 

1LODL� 5�� YDULDEHO� NHSXDVDQ� NRQVXPHQ� �<�� DGDODK�
��������KDVLO�LQL�PHQXQMXNNDQ�EDKZD��������YDULDEHO�
NHSXDVDQ�NRQVXPHQ�GLSHQJDUXKL�ROHK�YDULDEHO�NXDOLWDV�
SHOD\DQDQ� �UHOLDELOLW\�� WDQJLEOHV�� DVVXUDQFH��
UHVSRQVLYHQHVV�� GDQ� HPSKDW\�� DWDX� NHPDPSXDQ�
YDULDEHO� NXDOLWDV� SHOD\DQDQ� GDODP� PHQMHODVNDQ�
YDULDEHO� NHSXDVDQ� NRQVXPHQ� DGDODK� VHEHVDU� ��������
6HEHVDU��������VLVDQ\D�GLSHQJDUXKL�ROHK�YDULDEHO�ODLQ�
GLOXDU� YDULDEHO� \DQJ� GLWHOLWL�� GHQJDQ� GHPLNLDQ�
EHUGDVDUNDQ� 7DEHO� �� PRGHO� \DQJ� GLWHOLWL� WHUJRORQJ�
PRGHUDW�� 3HQJXMLDQ� VHODQMXWQ\D� DGDODK� SHQJXMLDQ�
KLSRWHVLV� \DQJ� GLOLKDW� GDUL� QLODL� NRHILVLHQ� MDOXU�
SHQJDUXK� �SDWK� FRHIILFLHQW�� GHQJDQ� PHQJJXQDNDQ�
SURVHGXU� ERRWVWUDSSLQJ�� 1LODL� \DQJ� GLOLKDW� GDUL� KDVLO�

ERRWVWUDSSLQJ� DGDODK� QLODL� W-VWDWLVWLN� GDQ� RULJLQDO�
VDPSOH�� +LSRWHVLV� GDSDW� GLWHULPD� MLND� QLODL� W-VWDWLVWLN�
GLDWDV� ������ 1LODL� SDWK� FRHIILFLHQW� GDSDW� GLOLKDW� SDGD�
7DEHO���� 

%HUGDVDUNDQ� 7DEHO� ��� GDSDW� GLNHWDKXL� EDKZD�
KXEXQJDQ� DQWDUD� UHOLDELOLW\� GHQJDQ� NHSXDVDQ�
NRQVXPHQ�VLJQLILNDQ��DWDX�KLSRWHVLV�GLWHULPD��9DULDEHO�
DVVXUDQFH� PHPLOLNL� QLODL� RULJLQDO� VDPSHO� \DQJ� NHFLO�
VHEHVDU��������GDQ�QLODL�W-VWDWLVWLN�VHEHVDU��������\DQJ�
PHQXQMXNNDQ� EDKZD� YDULDEHO� DVVXUDQFH� WLGDN�
VLJQLILNDQ��KDO�LQL�ELVD�GLVHEDENDQ�VDODK�VDWXQ\D�NDUHQD�
UHVSRQGHQ� NXUDQJ� PHUDVDNDQ� NHPDQDQ� GDQ�
NHQ\DPDQDQ�SDGD�VDDW�EHUDGD�GL�GDODP�EXV�GL�KDOWH�GDQ�
WHUPLQDO�� 6HODLQ� LWX�� SHQXPSDQJ� NXUDQJ� PHQGDSDWNDQ�
NHUDPDKDQ�GDQ�NHVRSDQDQ�SHWXJDV�GDODP�PHPEHULNDQ�
SHOD\DQDQ�� VHKLQJJD� KDO� LQL� EHUSHQJDUXK� SDGD� QLODL�
RULJLQDO�VDPSHO�\DQJ�NHFLO�GDQ�QLODL�W-VWDWLVWLN�YDULDEHO�
DVVXUDQFH�WLGDN�VLJQLILNDQ� 

9DULDEHO�HPSKDW\�PHPLOLNL�QLODL�RULJLQDO� VDPSHO� \DQJ�
NHFLO�VHEHVDU��������GDQ�QLODL�W-VWDWLVWLN�VHEHVDU��������
\DQJ� PHQXQMXNNDQ� EDKZD� YDULDEHO� HPSKDW\� WLGDN�
VLJQLILNDQ�� NRQGLVL� LQL� GLPXQJNLQNDQ� NDUHQD� WLGDN�
WHUVHGLDQ\D� QRPRU� OD\DQDQ� NRQVXPHQ�SDGD�%XV�70%�
NRULGRU� ��� +DO� ODLQ�� \DLWX� GLVHEDENDQ� WLGDN� VHPXD�
SHWXJDV�%XV�70%�NRULGRU���PHQJLQJDWNDQ�SHQXPSDQJ�
\DQJ� DNDQ� WXUXQ� VHSHUWL� PHQJXFDSNDQ� KDWL-KDWL� SDGD�
VDDW�PHQDLNL�GDQ�PHQXUXQL�EXV�� 

5HVSRQGHQ� NXUDQJ� PHUDVDNDQ� GDODP� SHOD\DQDQ�
SHWXJDV� \DQJ� PHUHVSRQ� NHOXKDQ� GDQ� SHUPDVDODKDQ�
SHQXPSDQJ� GHQJDQ� FHSDW� GDQ� WDQJJDS�� KDO� LQL�

7DEHO����1LODL�$9( 

9DULDEHO $9( 

5HOLDELOLW\ ����� 

7DQJLEOHV ����� 

$VVXUDQFH ����� 

5HVSRQVLYHQHVV ����� 

(PSKDW\ ����� 

.HSXDVDQ�.RQVXPHQ ����� 

7DEHO����3HUEDQGLQJDQ�DNDU�$9(�GHQJDQ�NRUHODVL�DQWDU�NRQVWUXN 

9DULDEHO $NDU�$9( 
.RUHODVL�DQWDU�YDULDEHO�ODWHQ 

;� ;� < ;� ;� ;� 

;� ����� �����           

;� ����� ����� �����         

< ����� ����� ����� �����       

;� ����� ����� ����� ����� �����     

;� ����� ����� ����� ����� ����� �����   

;� ����� ����� ����� ����� ����� ����� ����� 

7DEHO����1LODL�FRPSRVLWH�UHOLDELOLW\�GDQ�FURQEDFK�DOSKD 

9DULDEHO &RPSRVLWH 
5HOLDELOLW\ 

&URQEDFKV 
$OSKD 

5HOLDELOLW\��;�� ����� ����� 

7DQJLEOHV��;�� ����� ����� 

$VVXUDQFH��;�� ����� ����� 

5HVSRQVLYHQHVV��;�� ����� ������ 

(PSKDW\��;�� ����� ����� 

.HSXDVDQ�.RQVXPHQ��<� ����� ����� 

7DEHO����1LODL�5-VTXDUHV 

9DULDEHO 5� 

.HSXDVDQ�NRQVXPHQ ������ 



��� Vol. 28 No. 1, April 2021 

3UDVHW\DQWR��GNN� 

Diterima 10 Maret 2020, Direvisi 16 Maret 2021, Diterima untuk dipublikasikan 5 April 2021 

Copyright      2021 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2020.28.1.11 

GLWXQMXNNDQ� QLODL� YDULDEHO� UHVSRQVLYHQHVV�PHPLOLNL� QLODL�
RULJLQDO� VDPSHO� \DQJ� NHFLO� VHEHVDU� ������� GDQ� QLODL� W-
VWDWLVWLN� VHEHVDU� ������� \DQJ� PHQXQMXNNDQ� EDKZD�
YDULDEHO�UHVSRQVLYHQHVV�WLGDN�VLJQLILNDQ� 

.HEHUVLKDQ� LQWHULRU�� WHPSDW� GXGXN�� GDQ� MHQGHOD� EXV�
NXUDQJ� GLSHUKDWLNDQ� ROHK� UHVSRQGHQ� NDUHQD� UHVSRQGHQ�
OHELK� PHPHQWLQJNDQ� LQGLNDWRU-LQGLNDWRU� � \DQJ� WHUGDSDW�
SDGD� YDULDEHO� UHOLDELOLW\� VHSHUWL� ZDNWX� NHGDWDQJDQ� EXV��
VHKLQJJD� YDULDEHO� WDQJLEOHV� PHPLOLNL� QLODL� RULJLQDO�
VDPSOH� \DQJ� NHFLO� VHEHVDU� ������� GDQ� QLODL� W-VWDWLVWLN�
VHEHVDU� ������� \DQJ� PHQXQMXNNDQ� EDKZD� YDULDEHO�
WDQJLEOHV��WLGDN�VLJQLILNDQ� 

9DULDEHO� UHOLDELOLW\� PHPLOLNL� QLODL� RULJLQDO� VDPSOH�
VHEHVDU� ������� GDQ� QLODL� W-VWDWLVWLN� VHEHVDU� ������� \DQJ�
PHQXQMXNNDQ� EDKZD� YDULDEHO� UHOLDELOLW\� VLJQLILNDQ�� KDO�
LQL� GLVHEDENDQ� NDUHQD� UHVSRQGHQ� GDODP� PHQDLNL� EXV�
OHELK� PHPHQWLQJNDQ� ZDNWX� NHGDWDQJDQ� EXV� VHUWD� MDP�
RSHUDVLRQDO�GLEDQGLQJNDQ�LQGLNDWRU�ODLQ�SDGD�SHUWDQ\DDQ�
\DQJ�GLDMXNDQ��.HWHSDWDQ�ZDNWX�GLDQJJDS�SHQWLQJ�NDUHQD�
UHVSRQGHQ� PHQDLNL� DQJNXWDQ� XPXP� PDVVDO� \DQJ�
PHQJKDUXVNDQ�DQJNXWDQ�XPXP�DWDX�ELV�WHUVHEXW�EHUKHQWL�
GLEHUEDJDL�WHPSDW��VHKLQJJD�PHPEXWXKNDQ�ZDNWX�VHGLNLW�
OHELK� ODPD� GLEDQGLQJNDQ� GHQJDQ� \DQJ� PHQDLNL�

7DEHO�����1LODL�SDWK�FRHIILFLHQW 

-DOXU�3HQJDUXK 2ULJLQDO6DPSOH��2� 7�6WDWLVWLFV��_2�67(55_� 

$VVXUDQFH� ĺ� .HSXDVDQ�.RQVXPHQ ����� ����� 

(PSKDW\� ĺ� .HSXDVDQ�.RQVXPHQ ����� ����� 

5HOLDELOLW\� ĺ� .HSXDVDQ�.RQVXPHQ ����� ����� 

5HVSRQVLYHQHVV ĺ� .HSXDVDQ�.RQVXPHQ ����� ����� 

7DQJLEOHV� ĺ� .HSXDVDQ�.RQVXPHQ ����� ����� 

*DPEDU����0RGHO�ERRWVWUDSSLQJ�NHSXDVDQ�OD\DQDQ�EXV�70% 

NHQGDUDDQ� SULEDGL�� VHGDQJNDQ� PD\RULWDV� SHQXPSDQJ�
DGDODK� SHNHUMD� GDQ� SHODMDU� \DQJ� PHPEXWXKNDQ� ZDNWX�
VHHILVLHQ�PXQJNLQ� 

+DVLO�SHQJXMLDQ�KLSRWHVLV�SDGD�7DEHO����WHUOLKDW�EDKZD�
KLSRWHVLV� SHUWDPD� \DLWX� YDULDEOH� ;�� �UHOLDELOLW\��
EHUSHQJDUXK� VLJQLILNDQ� WHUKDGDS� <� �NHSXDVDQ�
NRQVXPHQ��\DQJ�WHUGXNXQJ�VHGDQJNDQ�KLSRWHVLV�ODLQQ\D�
WLGDN� WHUGXNXQJ�� +DO� LQL� GLVHEDENDQ� SHQXPSDQJ� %XV�
70%�PHPDQJ� OHELK� PHQJXWDPDNDQ� IDNWRU� ZDNWX� MLND�
GLOLKDW� SDGD� NDUDNWHULVWLN� UHVSRQGHQ� \DQJ� PD\RULWDV�
EHNHUMD� VHEDJDL�SHJDZDL� VZDVWD�GDQ�SHODMDU�PDKDVLVZD�
VHSHUWL� WHUOLKDW� SDGD� *DPEDU� ��� .HWHSDWDQ� ZDNWX�
GLDQJJDS� SHQWLQJ� NDUHQD� UHVSRQGHQ� PHQDLNL� DQJNXWDQ�
XPXP�PDVVDO�\DQJ�PHQJKDUXVNDQ�DQJNXWDQ�XPXP�DWDX�
ELV� WHUVHEXW� EHUKHQWL� GLEHUEDJDL� WHPSDW�� VHKLQJJD�
PHPEXWXKNDQ� ZDNWX� VHGLNLW� OHELK� ODPD� GLEDQGLQJNDQ�
GHQJDQ� \DQJ� PHQDLNL� NHQGDUDDQ� SULEDGL�� VHGDQJNDQ�
PD\RULWDV� SHQXPSDQJ� DGDODK� SHNHUMD� GDQ� SHODMDU� \DQJ�
PHPEXWXKNDQ� ZDNWX� VHHILVLHQ� PXQJNLQ�� 3HUVDPDDQ�
XQWXN� PHWRGH� 6(0-3/6� GDSDW� GLOLKDW� GDUL� KDVLO� SDWK�
FRHIILFLHQW�� 6HPXD� QLODL� RULJLQDO� VDPSOH� EHUGDVDUNDQ�
7DEHO� ��� EHUQLODL� SRVLWLI�� PDND� SHUVDPDDQ� \DQJ�
GLGDSDWNDQ� GDUL� PHWRGH� 6(0-3/6� LQL� DGDODK� VHEDJDL�
EHULNXW� 
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��� 
.HSXDVDQ� NRQVXPHQ�  � ������ UHOLDELOLW\� ��
������ WDQJLEOHV� �� ������ DVVXUDQFH� �� ������
UHVSRQVLYHQHVV���������HPSKDW\ 

0RGHO� �3HUVDPDDQ� ��� \DQJ� VXGDK� GLGDSDWNDQ�
GLWXMXNDQ� XQWXN� PHOLKDW� YDULDEHO� PDQD� \DQJ� SDOLQJ�
EHUSHQJDUXK� WHUKDGDS� NHSXDVDQ� NRQVXPHQ�� 7HUOLKDW�
MLND� YDULDEHO� UHOLDELOLW\�� WDQJLEOHV�� DVVXUDQFH��
UHVSRQVLYHQHVV�� GDQ� HPSKDW\� PHQLQJNDW�� PDND�
NHSXDVDQ� NRQVXPHQ� MXJD� PHQLQJNDW�� 9DULDEHO�
WDQJLEOHV�� DVVXUDQFH�� UHVSRQVLYHQHVV�� GDQ� HPSKDW\�
PHPSHQJDUXKL�NHSXDVDQ�NRQVXPHQ�ZDODXSXQ�QLODLQ\D�
VDQJDW�NHFLO��WHWDSL�GDODP�SHUVDPDDQ�LQL�PHQXQMXNNDQ�
YDULDEHO� UHOLDELOLW\� PHUXSDNDQ� YDULDEHO� \DQJ� VDQJDW�
EHUSHQJDUXK�� NDUHQD� YDULDEHO� LQL� PHPLOLNL� QLODL�
RULJLQDO� VDPSOH� \DQJ� SDOLQJ� EHVDU� GLDQWDUD� VHPXD�
YDULDEHO� NXDOLWDV� SHOD\DQDQ� GDQ� PHPLOLNL� QLODL�
NRHILVLHQ�WHUEHVDU�� 

���.HVLPSXODQ 

�� )DNWRU-IDNWRU� \DQJ� PHPSHQJDUXKL� NHSXDVDQ�
NRQVXPHQ� %XV� 70%� \DLWX� YDULDEHO� UHOLDELOLW\�
�ZDNWX� NHGDWDQJDQ� EXV�� GDQ� YDULDEHO� WDQJLEOHV�
�NHEHUVLKDQ� LQWHULRU�� WHPSDW� GXGXN�� GDQ� MHQGHOD�
EXV��� YDULDEHO� DVVXUDQFH� �NHUDPDKDQ� GDQ�
NHVRSDQDQ�SHWXJDV�GDODP�PHPEHULNDQ�SHOD\DQDQ���
YDULDEHO� UHVSRQVLYHQHVV� �WUDQVDNVL� \DQJ� GLOD\DQL�
DWDX� GLODNVDQDNDQ� GHQJDQ� FHSDW� GDQ� WHSDW�� GDQ�
YDULDEHO� HPSKDW\� �NHSHGXOLDQ� SHWXJDV� XQWXN�
PHQJLQJDWNDQ� SHQXPSDQJ� \DQJ� DNDQ� WXUXQ���
$GDSXQ�GDUL�NHOLPD�YDULDEHO��YDULDEHO�\DQJ�SDOLQJ�
VLJQLILNDQ� WHUKDGDS� NHSXDVDQ� NRQVXPHQ� DGDODK�
GLPHQVL� UHOLDELOLW\� �ZDNWX� NHGDWDQJDQ� EXV� VHVXDL�
MDGZDO�� 

�� 0HVNLSXQ� KDQ\D� WHUGDSDW� VDWX�YDULDEHO� \QJ� VDQJDW�
VLJQLILNDQ�� GLPHQVL� NHKDQGDODQ�UHOLDELOLW\� LQL�
VHMDODQ�GHQJDQ�SHQHOLWLDQ�VHEHOXP��$EHQR]D�HW�DO���
������ -RHZRQR� HW� DO��� ������� %HUGDVDUNDQ� KDO�
WHUVHEXW� WHUGDSDW� UHNRPHQGDVL� \DQJ� GLXVXONDQ�
XQWXN� SHQLQJNDWDQ� SHQJJXQDDQ� DQJNXWDQ� 70%��
.HKDQGDODQ� GDSDW� WHUMDJD� MLND� 70%� PHODNXNDQ�
SHQLQJNDWDQ� LQIUDVWUXNWXU� VHSHUWL� SHPEDQJXQDQ�
ODMXU� NKXVXV� EXV�� 3HQLQJNDWDQ� LQIUDVWXNWXU� 70%�
PHQXMX� IXOO-%57� V\VWHP� �$GULDQD� HW� DO��� �������
DNDQ� VDQJDW� PHPEDQWX� SHQJJXQD� XQWXN�
PHQGDSDWNDQ� NHSDVWLDQ� SHOD\DQDQ�� 6HODLQ� LWX�
SHQLQJNDWDQ�VLVWHP�LQIRUPDVL�VHSHUWL�UHDO-WLPH�EXV�
ORFDWLRQ�� DNDQ� MXJD� PHPEDQWX� SHQJJXQD� XQWXN�
PHQJDWXU�MDGZDO�PHUHND�GHQJDQ�PHQJHWDKXL�NDSDQ�
EXV� 70%� DNDQ� GDWDQJ� SDGD� KDOWH�� 'HQJDQ�
SHQJJXQDDQ� VPDUWSKRQH� \DQJ� VHPDNLQ� EDQ\DN�
GLJXQDNDQ�ROHK�PDV\DUDNDW�,QGRQHVLD��SHQLQJNDWDQ�
VLVWHP� LQIRUPDVL� LQL� DNDQ� FHSDW� GLDGDSWDVL� ROHK�
SHQJJXQD� 

�� 3HQHOLWLDQ� LQL� PHPLOLNL� NHWHUEDWDVDQ� \DQJ� GDSDW�
PHQMDGL� SHOXDQJ� XQWXN� SHQHOLWLDQ� VHODQMXWQ\D��
$NRPRGDVL� DVSHN� VRVLR-GHPRJUDIL� GDODP� PRGHO�
6(0� DNDQ� OHELK� PHPSHUND\D� PRGHO� 6(0�
VHKLQJJD� SHQJDUXK� DVSHN� VRVLR-GHPRJUDIL�� VHSHUWL�
SHQGDSDWDQ�GDQ�SHNHUMDDQ��GDSDW�GLNHWDKXL��+DO�LQL�
DNDQ� EHUPDQIDDW� GDODP� UDQJND� PHUXPXVNDQ�
SHQDQJDQDQ� DQJNXWDQ� XPXP� \DQJ� VSHVLILN� XQWXN�
VHWLDS�NHORPSRN�PDV\DUDNDW�� 

'DIWDU�3XVWDND 

$EHQR]D��5��)���&DWV��2���	�6XVLOR��<��2����������+RZ�
'RHV� 7UDYHO� 6DWLVIDFWLRQ� 6XP� 8S"� $Q�
([SORUDWRU\� $QDO\VLV� ,Q� 'HFRPSRVLQJ� 7KH�
'RRU-7R-'RRU� ([SHULHQFH� )RU� 0XOWLPRGDO�
7ULSV� 7UDQVSRUWDWLRQ� �����������-����� 

$GULDQD��0��&���5L]NL��0���	� -RHZRQR��7��%�� ��������
,QYHVWLJDWLQJ�6DWLVIDFWLRQ�$QG�,WV�'HWHUPLQDQWV�
2I� %UW-/LWH� 6HUYLFHV� ,Q� ,QGRQHVLDQ�
&LWLHV� -RXUQDO�2I�7KH�(DVWHUQ�$VLD�6RFLHW\�)RU�
7UDQVSRUWDWLRQ�6WXGLHV� ��������-����� 

%|UMHVVRQ�� 0��� 	� 5XEHQVVRQ�� ,�� �������� 6DWLVIDFWLRQ�
:LWK�&URZGLQJ�$QG�2WKHU�$WWULEXWHV�,Q�3XEOLF�
7UDQVSRUW� 7UDQVSRUW�3ROLF\� �������-���� 

*KR]DOL�� ,�� ������ 6WUXFWXUDO� (TXDWLRQ� 0RGHOLQJ�
0HWRGH�$OWHUQDWLI�'HQJDQ�3DUWLDO�/HDVW�6TXDUHV�
�3OV���6HPDUDQJ��8QLYHUVLWDV�'LSRQHJRUR� 

+D��6�-7���,EUDKLP��:��+��:���/R��0�-&���	�0DK��<�-6��
�������� )DFWRUV� $IIHFWLQJ� 6DWLVIDFWLRQ� $QG�
/R\DOW\�,Q�3XEOLF�7UDQVSRUW�8VLQJ�3DUWLDO�/HDVW�
6TXDUHV� 6WUXFWXUDO� (TXDWLRQ� 0RGHOLQJ� �3OV-
6HP��� ,QWHUQDWLRQDO� -RXUQDO� 2I� ,QQRYDWLYH�
7HFKQRORJ\�$QG�([SORULQJ�(QJLQHHULQJ��,MLWHH���
������������ 

-RHZRQR�� 7�� %��� 6DQ� 6DQWRVR�� '��� 5DPDGKDQ�� +�� -���
5DKPDGLHQV\DK�� 5�� +��� 5DPGKDQ�� %�� 3���
2NWDQR��/��<���	�6WHIDQL��)����������,GHQWLI\LQJ�
&KDUDFWHULVWLFV� 2I� %UW-/LWH� 6\VWHP�� /HDUQLQJ�
)URP�7UDQV�0HWUR�%DQGXQJ��,QGRQHVLD� -RXUQDO�
2I�7KH�(DVWHUQ�$VLD�6RFLHW\�)RU�7UDQVSRUWDWLRQ�
6WXGLHV� ������-���� 

-RJL\DQWR�� ������ .RQVHS� 'DQ� $SOLNDVL� 6WUXFWXUDO�
(TXDWLRQ� 0RGHOLQJ� �6HP�� %HUEDVLV� 9DULDQ�
'DODP� 3HQHOLWLDQ� %LVQLV�� <RJ\DNDUWD�� 8QLW�
3HQHUELW� 'DQ� 3HUFHWDNDQ� 6WLP� <NSQ�
<RJ\DNDUWD� 

.HPHQWHULDQ� 3HUKXEXQJDQ�� �������� 3HUDWXUDQ�0HQWHUL�
3HUKXEXQJDQ� 1RPRU� ��� 7DKXQ� ����� WHQWDQJ�
6WDQGDU� 3HOD\DQDQ�0LQLPDO� $QJNXWDQ�2UDQJ�
GHQJDQ� .HQGDUDDQ� %HUPRWRU� 8PXP� 'DODP�
7UD\HN��-DNDUWD��.HPHQWHULDQ�3HUKXEXQJDQ� 

5L]NL��0���-RHZRQR��7��%���	�%HOJLDZDQ��3��)����������
7UDYHO� ([SHULHQFH�$QG�0XOWLWDVNLQJ�2I� 7ROO�
5RDG� 8VHUV� ,Q� -DNDUWD� 0HWURSROLWDQ� $UHD��
,QGRQHVLD��$Q�,QYHVWLJDWLRQ�)RU�3DVVHQJHU�2I�
3ULYDWH�&DU��7D[L��$QG�5LGH-6RXUFLQJ� -RXUQDO�
2I� 7KH� (DVWHUQ� $VLD� 6RFLHW\� )RU�
7UDQVSRUWDWLRQ�6WXGLHV� �������-���� 

5XVHIIHQGL�� (�� 7�� ������ 'DVDU-'DVDU� 3HQHOLWLDQ�
3HQGLGLNDQ� 'DQ� %LGDQJ� 1RQ-(NVDNWD�
/DLQQ\D��%DQGXQJ��7DUVLWR� 

6DUL��5��5���5RVDOLQD��/���	�3XUQDPDVDUL��<��(����������
$QDOLVLV� .LQHUMD� 3HOD\DQDQ� $QJNXWDQ� 0RELO�
3HQXPSDQJ� 8PXP� 7UD\HN� 3ROEDQ–
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*HJHUNDORQJ�� 3URVLGLQJ� ,QGXVWULDO� 5HVHDUFK�
:RUNVKRS� $QG� 1DWLRQDO� 6HPLQDU�� ������� ���–
���� 

6XQGDUL��0�� 6�� 2�� �������� 3HPHWDDQ� 7LQJNDW� .HSXDVDQ�
0DV\DUDNDW� 3HQJJXQD� $QJNXWDQ� 8PXP� 'L�
.RWD� %DQGXQJ�� 8QLYHUVLWDV� 3HQGLGLNDQ�
,QGRQHVLD� 

:LMD\D�� 7�� ������ 0DQDMHPHQ� .XDOLWDV� -DVD� 'HVDLQ�
6HUYTXDO��4IG��'DQ�.DQR��-DNDUWD��,QGHNV� 
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