
�� Vol. 29 No. 1, April 2022 

)LWULDQLQJVLK��DW�DO� 

Diterima 4 April 2022, Direvisi 11 April 2022, Diterima untuk dipublikasikan 25 April 2022 

Copyright      2022 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2022.29.1.2 

6WUXFWXUDO�(YDOXDWLRQ�RI�)OH[LEOH�3DYHPHQW�ZLWK������5RDG�3DYHPHQW��
'HVLJQ�0DQXDO��0'3��DQG������$XVWURDGV�0HWKRG�������������������������������������

�&DVH�6WXG\��7DQDK�5XQWXK�-�7DZDHOL�1DWLRQDO�5RDG�6HFWLRQ� 

/LJDU�)LWULDQLQJVLK�
� 
0DVWHU
V�3URJUDP�LQ�5RDG�0DQDJHPHQW�DQG�(QJLQHHULQJ 

)DFXOW\�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��%DQGXQJ�,QVWLWXWH�RI�7HFKQRORJ\ 
-O��*DQHVKD�1R�����%DQGXQJ��������(PDLO��ILWULDQLQJVLK����#JPDLO�FRP 

%DPEDQJ�6XJHQJ�6XEDJLR 
0DVWHU
V�3URJUDP�LQ�5RDG�0DQDJHPHQW�DQG�(QJLQHHULQJ 

)DFXOW\�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��%DQGXQJ�,QVWLWXWH�RI�7HFKQRORJ\ 
-O��*DQHVKD�1R�����%DQGXQJ��������(PDLO��EEVXJHQJV#JPDLO�FRP 

$LQH�.XVXPDZDWL 
0DVWHU
V�3URJUDP�LQ�5RDG�0DQDJHPHQW�DQG�(QJLQHHULQJ 

)DFXOW\�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��%DQGXQJ�,QVWLWXWH�RI�7HFKQRORJ\ 
-O��*DQHVKD�1R�����%DQGXQJ��������(PDLO��DLQH#IWVO�LWE�DF�LG 

ISSN 0853-2982 eISSN 2549-2659 

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

$EVWUDFW 

1DWLRQDO� URDGV� LQ� XUEDQ� DQG� UXUDO� DUHDV� XVH� IOH[LEOH� SDYHPHQW� LQ� JHQHUDO�� ,I� GDPDJH� RFFXUV� RQ� WKH� SDYHPHQW��
VWUXFWXUDO� URDG� PDLQWHQDQFH� FDQ� EH� DQDO\]HG�� 7KH� PRVW� FRPPRQO\� XVHG� HYDOXDWLRQ� IRU� VWUXFWXUDO� SDYHPHQWV� LV�
FRQGXFWLQJ� D� GHIOHFWLRQ� VXUYH\� XVLQJ� WKH� )DOOLQJ�:HLJKW� 'HIOHFWRPHWHU� �):'�� WRRO�� ZKHUH� WKH� UHVXOWV� IURP� WKH�
GHIOHFWLRQ�HYDOXDWLRQ�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�RYHUOD\��7KLV�UHVHDUFK�DLPV�WR�FRQGXFW�D�VWUXFWXUDO�HYDOXDWLRQ�RI�
WKH�7DQDK�5XQWXK�–�7DZDHOL�1DWLRQDO�5RDG�VHFWLRQ�DQG�GHWHUPLQH� WKH�UHTXLUHG�RYHUOD\� WKLFNQHVV�XVLQJ� WKH������
0'3�DQG�$XVWURDGV�PHWKRG��7KH�URDG�VHJPHQW�LV�GLYLGHG�LQWR�67$��������WR��������DQG�67$��������WR���������
7KH�UHTXLUHG�RYHUOD\�WKLFNQHVV�XVLQJ�WKH������0'3�IRU�DYHUDJH�SDYHPHQW�WHPSHUDWXUHV�RI����&�����&�����&�����
&��DQG����&�LV����PP�IRU�ERWK�VHJPHQWV��7KH�UHTXLUHG�RYHUOD\� WKLFNQHVV�XVLQJ�$XVWURDGV�PHWKRG� LV����PP�DQG�
��PP�IRU�D�WHPSHUDWXUH�RI����&�����PP�IRU�D�WHPSHUDWXUH�RI����&����PP�IRU�D�WHPSHUDWXUH�RI����&����PP�IRU�D�
WHPSHUDWXUH�RI����&��DQG���PP�IRU�D�WHPSHUDWXUH�RI����&��7KH�DQDO\VLV�UHVXOWV�XVLQJ�WKH������0'3�LV�QRW�DIIHFWHG�
E\�WKH�SDYHPHQW�WHPSHUDWXUH��PHDQZKLOH�WKH�RYHUOD\�WKLFNQHVV�IURP�WKH�$XVWURDGV�PHWKRG�VKRZ�WKDW�WKH�SDYHPHQW�
WHPSHUDWXUH�DIIHFWV�WKH�UHTXLUHG�RYHUOD\�WKLFNQHVV� 

.H\�ZRUGV��)OH[LEOH�SDYHPHQW��GHIOHFWLRQ��):'��RYHUOD\�WKLFNQHVV��0'3�������DXVWURDGV͘ 

$EVWUDFW 

-DODQ� QDVLRQDO� GL� SHUNRWDDQ� PDXSXQ� OXDU� NRWD� PDVLK� XPXP� PHQJJXQDNDQ� SHUNHUDVDQ� OHQWXU�� $SDELOD� WHUMDGL�
NHUXVDNDQ� SDGD� SHUNHUDVDQ� GDSDW� GLODNXNDQ� SHPHOLKDDUDQ� MDODQ� VHFDUD� VWUXNWXUDO� SDGD� SHUNHUDVDQ� WHUVHEXW��
(YDOXDVL� \DQJ� SDOLQJ� XPXP� GLJXQDNDQ� XQWXN� VWUXNWXUDO� SHUNHUDVDQ� DGDODK� GHQJDQ� PHODNXNDQ� VXUYH\� OHQGXWDQ�
GHQJDQ�PHQJJXQDNDQ� DODW� )DOOLQJ�:HLJKW� 'HIOHFWRPHWHU� �):'�� \DQJ�PDQD� KDVLO� GDUL� HYDOXDVL� OHQGXWDQ� GDSDW�
GLJXQDNDQ�XQWXN�PHQHQWXNDQ�ODSLV�WDPEDK��RYHUOD\���3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHODNXNDQ�HYDOXDVL�VWUXNWXUDO�
SDGD� UXDV� MDODQ� 1DVLRQDO� 7DQDK� 5XQWXK� –� 7DZDHOL� GDQ� PHQHQWXNDQ� WHEDO� ODSLV� WDPEDK� PHQJJXQDNDQ� PHWRGD�
0DQXDO�'HVDLQ� 3HUNHUDVDQ� -DODQ� ����� GDQ�$XVWURDGV�� 5XDV� GLEDJL�PHQMDGL� �� �GXD�� VHJPHQ� \DLWX� VHJPHQ� 67$�
�������V�G��������GDQ�67$��������V�G���������.HEXWXKDQ�WHEDO�ODSLV�WDPEDK�PHQJJXQDNDQ�PHWRGD�0'3������
XQWXN�QLODL�WHPSHUDWXU�UDWD-UDWD�SHUNHUDVDQ����&�����&�����&�����&��GDQ����&�DGDODK����PP�XQWXN�NHGXD�VHJPHQ��
.HEXWXKDQ� WHEDO� ODSLV� WDPEDK� GHQJDQ� PHQJJXQDNDQ� PHWRGD� $XVWURDGV� DGDODK� ���� PP� GDQ� ��� PP� XQWXN�
WHPSHUDWXU����&������PP�XQWXN�WHPSHUDWXU����&�����PP�XQWXN�WHPSHUDWXU����&�����PP�XQWXN�WHPSHUDWXU����&��
GDQ����PP�XQWXN�WHPSHUDWXU����&��+DVLO�DQDOLVLV�GHQJDQ�PHQJJXQDNDQ�PHWRGD�0'3������WLGDN�GLSHQJDUXKL�ROHK�
WHPSHUDWXU� SHUNHUDVDQ�� VHPHQWDUD� WHEDO� RYHUOD\� \DQJ� GLKDVLONDQ� GDUL� PHWRGD� $XVWURDGV� PHQXQMXNNDQ� EDKZD�
WHPSHUDWXU�SHUNHUDVDQ�PHPSHQJDUXKL�WHEDO�RYHUOD\�\DQJ�GLEXWXKNDQ� 
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���,QWURGXFWLRQ 

1DWLRQDO�URDGV�DUH�WKH�OLQN�EHWZHHQ�SURYLQFLDO�FDSLWDOV�
DQG�QDWLRQDO�VWUDWHJLF�URDGV��,Q�DGGLWLRQ��QDWLRQDO�URDGV�
FDQ� DOVR� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� HFRQRPLF�
GHYHORSPHQW� LQ� WKH� VXUURXQGLQJ� DUHD�� 7KHUHIRUH�� WKH�
FRQVWUXFWLRQ� RI� D� URDG� PXVW� EH� FRQVLGHUHG� FDUHIXOO\��
EHFDXVH� LW� ZLOO� LPSDFW� WKH� DFFHVVLELOLW\� DQG� VRFLR-
HFRQRPLF�DFWLYLWLHV��WKXV�LW�FDQ�GHYHORS�SURSHUO\� 

,W� LV� FRPPRQ� IRU� QDWLRQDO� URDGV� LQ� XUEDQ� DQG� UXUDO�
DUHDV� WR�XVH� IOH[LEOH�SDYHPHQW��ZKHUH� WKH�ELQGHU�XVHG�
LV�DVSKDOW��7KLV�SDYHPHQW�OD\HU�FDQ�FDUU\�DQG�GLVWULEXWH�
WKH� WUDIILF� ORDG� WR� WKH� VXEJUDGH�� )XUWKHUPRUH�� LW� KDV�
IOH[LELOLW\�DQG�FDQ�FUHDWH�FRPIRUW� IRU�YHKLFOHV�SDVVLQJ�
RQ�LW��,I�GDPDJH�RFFXUV�RQ�WKH�SDYHPHQW�WKDW�FDXVHV�LW�
WR� EH� XQDEOH� WR� VHUYH� SURSHUO\�� VWUXFWXUDO� DQG�
IXQFWLRQDO�URDG�PDLQWHQDQFH�FDQ�EH�FDUULHG�RXW� 

2QH� VWUXFWXUDO� HYDOXDWLRQ� WKDW� FDQ� EH� FRQGXFWHG� LV� D�
GHIOHFWLRQ�VXUYH\��7KH�PRVW�FRPPRQO\�XVHG�GHIOHFWLRQ�
VXUYH\� LQ� ,QGRQHVLD� LV� E\� XVLQJ� WKH� )DOOLQJ� :HLJKW�
'HIOHFWRPHWHU� �):'�� ZKHUH� WKH� UHVXOWV� RI� WKH�
GHIOHFWLRQ� HYDOXDWLRQ� FDQ� EH� XVHG� WR� GHWHUPLQH� WKH�
YDOXH� RI� RYHUOD\� �-LDQJ� HW� DO��� ������ 6LQJK� HW� DO���
������ �� 2YHUOD\� SODQQLQJ� LV� GLYLGHG� LQWR� VHYHUDO�
PHWKRGV�� ZKLFK� DUH� WKH� HPSLULFDO� PHWKRG�� WKH�
PHFKDQLVWLF� PHWKRG�� DQG� WKH� PHFKDQLVWLF-HPSLULFDO�
PHWKRG��7KH�HPSLULFDO�PHWKRG�LV�WKH�ILUVW�RQH�XVHG��E\�

FROOHFWLQJ� GDWD� IURP� D� VHULHV� RI� WHVWV� ERWK� LQ� WKH�
ODERUDWRU\�DQG�LQ�WKH�ILHOG��7KH�PHFKDQLVWLF�PHWKRG�LV�
D�VWUXFWXUDO�FDOFXODWLRQ�PHWKRG�EDVHG�RQ�VWUHVV��VWUDLQ�DQG�
GHIRUPDWLRQ� DV� D� UHVXOW� RI� ORDGLQJ�� 7KH� PHFKDQLVWLF-
HPSLULFDO� PHWKRG� LV� D� FRPELQDWLRQ� RI� WKH� HPSLULFDO�
PHWKRG� DQG� WKH� PHFKDQLVWLF� PHWKRG�� ZKHUH� WKH�
PDWHULDO�FKDUDFWHULVWLFV�DUH�VRXJKW� IURP�WKH� ODERUDWRU\�
RU�ILHOG�DQG�WKH�SDYHPHQW�UHVSRQVH�PRGHO�DQDO\WLFDOO\�� 

,Q�WKLV�UHVHDUFK�� WKH�PHFKDQLVWLF�PHWKRG�E\�$XVWURDGV��
�$XVWURDG��������DQG�0'3��3835��������ZHUH�XVHG�WR�
ILQG�RXW�KRZ�WR�HYDOXDWH�WKH�VWUXFWXUDO�FRQGLWLRQV�LQ�WKH�
UHVHDUFK� DUHD� UHYLHZHG� LQ� WKLV� UHVHDUFK�� QDPHO\� WKH�
7DQDK�5XQWXK� –� 7DZDHOL�1DWLRQDO� 5RDG� 6HFWLRQ�ZLWK�
6HFWLRQ�QXPEHU�����3DOX�&LW\��7KH� WRWDO� OHQJWK�RI� WKH�
HYDOXDWHG�URDG�VHFWLRQ�LV�����NP�ZLWK�WKH�����8'�URDG�
W\SH�DQG�D�SDYHPHQW�ZLGWK�RI��P�� 

���5HVHDUFK�0HWKRGRORJ\ 

����3UHSDUDWLRQ�VWDJH 

7KH� SUHSDUDWLRQ� VWDJH� ZDV� FDUULHG� RXW� EHIRUH� GDWD�
FROOHFWLRQ��7KH�SUHSDUDWLRQ�VWDJH�LV�DV�IROORZV�� 

�� 7KH� GHWHUPLQDWLRQ� RI� WRSLF� DQG� REMHFWLYHV� RI� WKH�
UHVHDUFK 

�� /LWHUDWXUH�UHYLHZ�UHODWHG�WR�WKH�UHVHDUFK�WRSLF 
�� 3UHSDUDWLRQ�RI�UHVHDUFK�PHWKRGRORJ\�LQ�DFFRUGDQFH�

ZLWK�UHVHDUFK�WRSLF�DQG�REMHFWLYHV 
�� 'HWHUPLQDWLRQ�RI�VHJPHQWV�WR�EH�UHYLHZHG� 

����'DWD�FROOHFWLRQ�VWDJH 

7KH� GDWD� FROOHFWHG� LV� VHFRQGDU\� GDWD�� ZKHUH� WKH� GDWD�
FROOHFWHG� ZDV� REWDLQHG� IURP� ILHOG� RU� ODERUDWRU\� WHVW�
UHVXOWV��7KH�GDWD�FROOHFWHG�LV�DV�IROORZV�� 

�� 3DYHPHQW�VWUXFWXUDO�GDWD 

�� 'HIOHFWLRQ�GDWD�IURP�)DOOLQJ�:HLJKW�'HIOHFWRPHWHU�
WHVW�UHVXOWV 

�� ([LVWLQJ�SDYHPHQW�GDWD 

�� 7UDIILF�'DWD 

����'DWD�DQDO\VLV�VWDJH 

7KH� VHFRQGDU\� GDWD� REWDLQHG� ZDV� WKHQ� DQDO\]HG� DQG�
DGMXVWHG�ZLWK�WKH�PHWKRGV�WKDW�ZRXOG�EH�XVHG�� 

D� 7UDIILF�9ROXPH�$QDO\VLV 

$QQXDO� WUDIILF� YROXPH� GDWD� ZDV� XVHG� WR� REWDLQ� WKH�
&(6$/� �&XPXODWLYH� (TXLYDOHQW� 6LQJOH� $[OH� /RDG��
YDOXH� 

E� 6WUXFWXUDO�&RQGLWLRQ�$QDO\VLV 

6WUXFWXUDO� FRQGLWLRQ� DQDO\VLV�ZDV� FRQGXFWHG� WR� REWDLQ�
WKH� RYHUOD\� WKLFNQHVV� XVLQJ� ����� 0'3� PHWKRG� DQG�
$XVWURDGV� PHWKRG�� LQ� DFFRUGDQFH� ZLWK� WKH� GDWD�
REWDLQHG� 

F� 2YHUOD\�7KLFNQHVV�$QDO\VLV 

2YHUOD\� WKLFNQHVV� DQDO\VLV� ZDV� FRQGXFWHG� EDVHG� RQ�
�����0'3�PHWKRG�DQG�$XVWURDGV�PHWKRG�ZLWK�GHVLJQ�
FKDUW�PHWKRG�� )LJXUH����5HVHDUFK�IORZFKDUW 

6WDUW 

6WXG\�/LWHUDWXU 

&ROOHFWLRQ�RI�UHVHDUFK�
ORFDWLRQ�LQIRUPDWLRQ 

GDWD�FROOHFWLRQ 

WUDIILF�GDWD 
$'7�RI�7DQDK�5XQWXK�

–�7DZDHOL�1DWLRQDO�
5RDG 

([LVWLQJ�3DYHPHQW�
GDWD 

���3DYHPHQW�WKLFNQHVV 
���&%5�RI�6XEJUDGH� 

):'�'DWD 
GHIOHFWLRQ�RI�7DQDK�
5XQWXK-�7DZDHOL�
1DWLRQDO�5RDG 

WUDIILF�ORDG�DQDO\VLV 

):'�$QDO\VLV 
���:0-$37 
���&RUUHFWLRQ�RI�GHIOHFWLRQ 
����5RDG�VHJPHQWDWLRQ 
���5HSUHVHQWDWLYH�FRUUHFWLRQ 

6WUXFWXUDO�(YDOXDWLRQ�RI�
2YHUOD\�7KLFNQHVV�$QDO\VLV 

$86752$'����� 0'3����� 

&RPSDULVRQ�RI�WKH� 
HYDOXDWLRQ�UHVXOWV�RI�WKH������
$XVWURDGV�0HWKRG�DQG�WKH�

�����0'3�0HWKRG 

&RQFOXVLRQV�DQG�
5HFRPPHQGDWLRQV 

)LQLVK 
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����6XJJHVWLRQV�DQG�FQFOXVLRQV-GUDZLQJ�VWDJH� 

$IWHU�WKH�UHVXOWV�RI�WKH�WZR�PHWKRGV�KDYH�EHHQ�REWDLQHG��
ZKLFK� LV� UHJDUGLQJ� WKH� RYHUOD\� WKLFNQHVV�� FRQFOXVLRQV�
ZHUH� GUDZQ� DFFRUGLQJ� WR� WKH� UHVXOWV� REWDLQHG�� 7KH�
FRQFOXVLRQV� REWDLQHG� DUH� XVHG� DV� PDWHULDO� LQ� SURYLGLQJ�
VXJJHVWLRQV� FRQWDLQLQJ� UHFRPPHQGDWLRQV� DQG� DGGLWLRQV�
WKDW�FDQ�EH�PDGH�WR�WKH�UHVXOWV�RI�WKH�DQDO\VLV�RU�DV�XVHIXO�
LQIRUPDWLRQ� IRU� LPSURYHPHQW� LQ� IXUWKHU� UHVHDUFK� LQ� WKH�
IXWXUH� 

���'DWD�3UHVHQWDWLRQ 

'DWD� XVHG� LQ� WKLV� VWXG\� DUH� WUDIILF� GDWD�� 9')� �YHKLFOH�
GDPDJDH� IDFWRU�� GDWD�� 'HIOHFWLRQ� 'DWD�� DQG� H[LVWLQJ�
SDYHPHQW�VWUXFWXUH� 

����7UDIILF�GDWD 

7KH� WUDIILF� GDWD� XVHG� LV� WKH� ����� /+5� GDWD� ZKLFK� LV� D�
VHFRQGDU\�GDWD�REWDLQHG�IURP�&HQWUDO�6XODZHVL�1DWLRQDO�
5RDG�,PSOHPHQWDWLRQ�$JHQFLHV��%3-1���7KH�WUDIILF�GDWD�

LV�LQ�7DEOH��͘ 

����9')�GDWD 

7KH�9')�'DWD�XVHG�LV�7KH�9')�GDWD�XVHG�LV�VHFRQGDU\�
GDWD� REWDLQHG� IURP� WKH� ����� 3DYHPHQW� 'HVLJQ�0DQXDO�
6XSSOHPHQW��7KH�9')�GDWD�LV�SUHVHQWHG�LQ�7DEOH��� 

����'HIOHFWLRQ�GDWD 

7KH� GHIOHFWLRQ� GDWD� XVHG� LV� WKH� VXUYH\� GDWD� XVLQJ� WKH�
)DOOLQJ�:HLJKW� 'HIOHFWRPHWHU� ZKLFK� ZDV� FRQGXFWHG� RQ�
WKH�7DQDK�5XQWXK�–�7DZDHOL�1DWLRQDO�5RDG�VHFWLRQ��7KH�

GHIOHFWLRQ�GDWD�REWDLQHG�LV�DOVR�VHFRQGDU\�GDWD�IURP�WKH�
&HQWUDO�6XODZHVL�%3-1��7KH�GDWD�FDQ�EH�VHHQ�LQ�)LJXUH��� 

����([LVWLQJ�SDYHPHQW�VWUXFWXUH 

7KH�H[LVWLQJ�SDYHPHQW�VWUXFWXUH�GDWD�ZDV�REWDLQHG�IURP�
&HQWUDO� 6XODZHVL� 1DWLRQDO� 5RDG� ,PSOHPHQWDWLRQ�
$JHQFLHV��%3-1���7KH�H[LVWLQJ�SDYHPHQW�VWUXFWXUH�GDWD�
LV�SUHVHQWHG�LQ�)LJXUH����� 

���'DWD�$QDO\VLV 

7KHUH�DUH���GDWD�DQDO\]HV�FRQGXFWHG��QDPHO\�WKH�GHVLJQ�
WUDIILF�ORDG�FDOFXODWLRQ�DQDO\VLV��GHIOHFWLRQ�DQDO\VLV��DQG�
RYHUOD\� WKLFNQHVV� DQDO\VLV�� 'DWD� DQDO\VLV� ZDV� GRQH�
XVLQJ�WKH�$XVWURDGV�PHWKRG�DQG������0'3�PHWKRG��� 

7DEOH����7UDIILF�YROXPH�GDWD��&HQWUDO�6XODZHVL�%3-1������� 

9HKLFOH�7\SH 
<HDU 

���� 

$$'7 ���� 

*URXS�� ���� 

*URXS�� ��� 

*URXS�� ��� 

*URXS��D �� 

*URXS��E �� 

*URXS��D �� 

*URXS��E ��� 

*URXS��D �� 

*URXS��E � 

*URXS��F �� 

7DEOH����9')��0'3�VXSSOHPHQW������� 

9HKLFOH�*URXS 9')�� 9')�� 

*URXS��E ��� ��� 

*URXS��D ��� ��� 

*URXS��E � ��� 

*URXS��D ���� ���� 

*URXS��F ���� ���� 

)LJXUH����([LVWLQJ�SDYHPHQW�VWUXFWXUH 
 

AC WC 20 cm 

Agregat Kelas A 15 cm 

Subgrade CBR 6% 

 

�7DEOH����$QDO\VLV�RI�(6$��WUDIILF�ORDG�ZLWK������0'3�PHWKRG 

9HKLFOH�
*URXS 

$'7�
���� '' '/ 5 9')� (6$� 

*URXS�� ���� ��� ��� ������  - -  

*URXS�� ��� ��� ��� ������  -  - 

*URXS�� ��� ��� ��� ������  -  - 

*URXS��D �� ��� ��� ������  -  - 

*URXS��E �� ��� ��� ������ ��� �������� 

*URXS��D �� ��� ��� ������ ��� �������� 

*URXS��E ��� ��� ��� ������ � �������� 

*URXS��D �� ��� ��� ������ ���� ������� 

*URXS��E � ��� ��� ������ - - 

*URXS��F �� ��� ��� ������ ���� ������� 

     7RWDO ��������� 

)LJXUH����'HIOHFWLRQ�GDWD 
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��� 'HVLJQ�WUDIILF�ORDG�FDOFXODWLRQ�ZLWK�0'3������ 

,Q� WKH� �����0'3�PHWKRG�� WKH� FDOFXODWLRQ� SDUDPHWHUV�
XVHG�DUH�DV�IROORZV� 

D� $'7��DYHUDJH�GDLO\�WUDIILF� 
E� 9')��YHKLFOH�GDPDJH�IDFWRU� 
F� ''��GLUHFWLRQDO�GLVWULEXWLRQ� 
G� '/��ODQH�GLVWULEXWLRQ� 
H� L��WUDIILF�JURZWK� 
I� 5��WUDIILF�JURZWK�PXOWLSOLHU� 

7KH�GHVLJQ� WUDIILF� ORDG� LQ������0'3� LV� FDOOHG�&(6$�
�&XPPXODWLYH�(TXLYDOHQW�6WDQGDUG�$[OH���ZKHUH� ODWHU�
WKH� &(6$�� YDOXH� ZLOO� EH� REWDLQHG� ZKLFK� LV� XVHG� IRU�
GDPDJH� GXH� WR� SHUPDQHQW� GHIRUPDWLRQ�� DQG� &(6$��
ZLOO�EH�XVHG�IRU�GDPDJH�GXH�WR�IDWLJXH��7KH�FDOFXODWLRQ�
RI�(6$��DQG�(6$��FDQ�EH�VHHQ�LQ�7DEOH���DQG�7DEOH���� 

��� 'HVLJQ� WUDIILF� ORDG� FDOFXODWLRQ� ZLWK� DXVWURDGV�
 �����PHWKRG 

7KH� SDUDPHWHUV� XVHG� LQ� FDOFXODWLQJ� WKH� GHVLJQ� WUDIILF�
ORDG�ZLWK�$XVWURDGV�PHWKRG�DUH�DV�IROORZV�� 

D� $$'7��$QQXDO�$YHUDJH�'DLO\�7UDIILF� 
E� ')��GLUHFWLRQ�IDFWRU��RU�GLUHFWLRQ�GLVWULEXWLRQ�IDFWRU 
F� �+9��DYHUDJH�SHUFHQWDJH�RI�KHDY\�YHKLFOH� 
G� /')��ODQH�GLVWULEXWLRQ�IDFWRU� 
H� &*)��FXPXODWLYH�JURZWK�IDFWRU� 

7UDIILF� ORDG� LQ� $XVWURDGV� LV� XVXDOO\� FDOOHG� '(6$�
�'HVLJQ� (TXLYDOHQW� 6WDQGDUG� $[OH�� ZKHUH� IURP� WKH�
UHVXOWV� RI� WKLV�'(6$�� �� SDUDPHWHUV� EDVHG� RQ� GDPDJH�
W\SH� ZLOO� EH� REWDLQHG�� 7KH� '(6$� YDOXH� ZLOO� EH�
PXOWLSOLHG� E\� WKH� 6$5�(6$� PXOWLSOLHUV�� ZKLFK� DUH�
'6$5�� �'HVLJQ� QXPEHU� RI� 6WDQGDUG�$[OH�5HSHWLWLRQ�
IRU�)DWLJXH�RI�$VSKDOW��DQG�'6$5���'HVLJQ�QXPEHU�RI�
6WDQGDUG� $[OH� 5HSHWLWLRQ� IRU� 5XWWLQJ� DQG� 3HUPDQHQW�
'HIRUPDWLRQ��� 

��� &RPSDULVRQ�RI�WUDIILF�ORDG�FDOFXODWLRQ�ZLWK�WKH�
 �����0'3�PHWKRG�DQG�DXVWURDGV�PHWKRG 

,Q�WKH�FDOFXODWLRQ�RI�WUDIILF�ORDG�ERWK�ZLWK������0'3�
PHWKRG� DQG� $XVWURDGV� PHWKRG�� WKH� ����� WUDIILF�

FRXQWLQJ� UHVXOWV� GDWD� RQ� 7DQDK� 5XQWXK� –� 7DZDHOL�
1DWLRQDO� 5RDG� LV� XVHG�� 'XH� WR� WKH� OLPLWHG� GDWD�
REWDLQHG��WKH�WUDIILF�JURZWK�YDOXH�XVHG�LV�WKH�YDOXH�VHW�
E\� WKH� ����� 3DYHPHQW� 'HVLJQ� 0DQXDO�� ZKLFK� LV�
�������,Q�WKH�DQDO\VLV�RI�WUDIILF�ORDG�FDOFXODWLRQ�XVLQJ�
WKH������0'3�PHWKRG��LW� LV�QHFHVVDU\�WR�KDYH�D�9')�
�9HKLFOH� 'DPDJH� )DFWRU�� YDOXH� ZKHUH� WKH� 9')� GDWD�
XVHG�LV�WKH�YDOXH�LVVXHG�E\�WKH������3DYHPHQW�'HVLJQ�
0DQXDO� WKURXJK� WKH� 3DYHPHQW� 'HVLJQ� 0DQXDO�
6XSSOHPHQW� IRU� WKH� *RURQWDOR�� &HQWUDO� 6XODZHVL�� DQG�
1RUWK� 6XODZHVL� DUHDV�� $IWHU� WKDW�� IRU� WKH� FDOFXODWLRQ�
XVLQJ� WKH� $XVWURDGV� PHWKRG�� 6$5�(6$� YDOXH� LV�
QHHGHG�WR�JHW�WKH�'6$5��DQG�'6$5��YDOXHV�� 

)URP� WKH� GDWD�� WKH� WUDIILF� ORDG� YDOXH� ZDV� REWDLQHG���
%DVHG�RQ�WKH������0'3�PHWKRG�WKH�YDOXH�RI�WKH�WUDIILF�
ORDG� LV� H[SUHVVHG� LQ� &(6$� �&XPPXODWLYH� (TXLYDOHQW�
6WDQGDUG� $[OH��� ZKHUH� WKHUH� DUH� �� &(6$� YDOXHV��
&(6$�� RI� ���������� DQG� &(6$�� RI� ����������� 7KH�
&(6$�� LV� XVHG� IRU� GDPDJH� GXH� WR� SHUPDQHQW�
GHIRUPDWLRQ� DQG� &(6$�� LV� XVHG� IRU� GDPDJH� GXH� WR�
IDWLJXH� FUDFNLQJ� RU� IDWLJXH�� 0HDQZKLOH�� IRU� WKH�
$XVWURDGV� PHWKRG�� WKH� WUDIILF� ORDG� LV� H[SUHVVHG� LQ�
'(6$� �'HVLJQ� (TXLYDOHQW� 6WDQGDUG� $[OH�� ZKHUH� WKH�
'(6$�YDOXH�REWDLQHG�LV�����������ZKLFK�LV�WKHQ�IURP�
WKLV� RQH� '(6$� YDOXH�� '6$5�� �'HVLJQ� QXPEHU� RI�
6WDQGDUG� $[OH� 5HSHWLWLRQ� IRU� )DWLJXH� RI� $VSKDOW�� RI�
���������� DQG� '6$5�� �'HVLJQ� QXPEHU� RI� 6WDQGDUG�
$[OH� 5HSHWLWLRQ� IRU� 5XWWLQJ� DQG� 3HUPDQHQW�
'HIRUPDWLRQ��RI������������ZRXOG�EH�REWDLQHG�� 

����'HIOHFWLRQ�DQDO\VLV�ZLWK������0'3�PHWKRG 

6LPLODU� WR� WKH� $XVWURDGV� PHWKRG�� WKH� GHIOHFWLRQ�
DQDO\VLV� ZLWK� WKH� ����� 0'3� PHWKRG� DOVR� XVHV� ��

7DEHO����$QDO\VLV�RI�(6$��WUDIILF�ORDG�ZLWK������0'3�PHWKRG 

9HKLFOH�
*URXS 

$'7�
���� '' '/ 5 9')� (6$� 

*URXS�� ���� ��� ��� ������     

*URXS�� ��� ��� ��� ������     

*URXS�� ��� ��� ��� ������     

*URXS��D �� ��� ��� ������     

*URXS��E �� ��� ��� ������ ��� �������� 

*URXS��D �� ��� ��� ������ ��� �������� 

*URXS��E ��� ��� ��� ������ ��� ������� 

*URXS��D �� ��� ��� ������ ���� ������� 

*URXS��E � ��� ��� ������     

*URXS��F �� ��� ��� ������ ���� ������� 

     7RWDO ��������� 

7DEOH��� $QDO\VLV�RI�WUDIILF�ORDG�FDOFXODWLRQ�ZLWK�DXVWURDGV�
 PHWKRG 

9HKLFOH�*URXS $$'7 /') ') &*) '(6$ 

*URXS��E �� ��� ��� ������ ��������� 

*URXS��D �� ��� ��� ������ ��������� 

*URXS��E ��� ��� ��� ������ ���������� 

*URXS��D �� ��� ��� ������ ���������� 

*URXS��E � ��� ��� ������ �������� 

*URXS��F �� ��� ��� ������ ��������� 

    7RWDO ��������� 

7DEOH����6$5�(6$�YDOXH 

1R� 'DPDJH�7\SH 'DPDJH�
,QGH[ 

6$5�(6$�
9DOXH 

� )DWLJXH�$VSKDOW 6$5��(6$ ��� 

� 5XWWLQJ�	�3HUPDQHQW�
'HIRUPDWLRQ 6$5��(6$ ��� 

7DEOH��� 5HFDSLWXODWLRQ�RI�GHVLJQ�WUDIILF�ORDG�ZLWK�
 DXVWURDGV�PHWKRG 

1R� '(6$ '6$5� '6$5� 

� ��������� ��������� ���������� 
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GLIIHUHQW� WHPSHUDWXUH� YDOXHV�� 'HIOHFWLRQ� DQDO\VLV� ZLWK�
����� 0'3� PHWKRG� ZLOO� JHQHUDWH� D� UHSUHVHQWDWLYH�
GHIOHFWLRQ� RI� '�� IRU� GDPDJH� EDVHG� RQ� SHUPDQHQW�
GHIRUPDWLRQ�DQG�'��–�'����IRU�GDPDJH�EDVHG�RQ�FUDFNLQJ�
GXH� WR� IDWLJXH�� 7KH� VHJPHQWDWLRQ� LV� GLYLGHG� LQWR� �� ��
VHJPHQW� �� �� ������� WR� ������� DQG� VHJPHQW� �� ��

���������������7KH�UHVXOW�FDQ�EH�VHHQ�LQ�)LJXUH���IRU�
'�� GHIOHFWLRQ� DQG� )LJXUH� �� IRU� OHQGXWDQ� '�� –� '����
GHIOHFWLRQ�� 

����'HIOHFWLRQ�DQDO\VLV�ZLWK�DXVWURDGV�PHWKRG� 

6WUXFWXUDO� HYDOXDWLRQ� RI� WKH� IOH[LEOH� SDYHPHQW� IRU� WKH�
7DQDK�5XQWXK�–�7DZDHOL�1DWLRQDO�5RDG�VHFWLRQ�ZRXOG�
EH� FDUULHG� RXW� XVLQJ� GHIOHFWLRQ� IURP� WKH� UHVXOWV� RI� WKH�
):'� WHVW� DQG� ZRXOG� XVH� �� �ILYH�� GLIIHUHQW� DYHUDJH�
SDYHPHQW� WHPSHUDWXUH� YDOXHV�� ZKHUH� WKH� ILUVW� LV� WKH�
WHPSHUDWXUH� YDOXH� IURP� WKH� :0$3� DQDO\VLV� RQ� WKH�
$XVWURDGV�PHWKRG��WKHQ�WKH�WHPSHUDWXUH�YDOXH�VHW�E\�WKH�
�����0'3��ZKLFK�LV����&�IRU�FRDVWDO�DUHDV�����&�DV�WKH�
DYHUDJH� WHPSHUDWXUH� LQ� ,QGRQHVLD�� DQG� ���&� IRU�
PRXQWDLQRXV� DUHDV� DQG� ���&� DV� WKH� ORZHVW� OLPLW� IRU�
SDYHPHQW�WHPSHUDWXUHV�� 

,Q�WKH�GHIOHFWLRQ�DQDO\VLV��LW�ZLOO�EH�IRXQG�WKDW�WKHUH�LV�D�
VHJPHQWDWLRQ� GLYLVLRQ�� EDVHG� RQ� WKH� W\SH� RI�
UHSUHVHQWDWLYH� 'HIOHFWLRQ� DQG� &XUYDWXUH�� )LJXUH� �� LV�
VHJPHQWDWLRQ� IRU� UHSUHVHQWDWLYH�'HIOHFWLRQ� DQG�)LJXUH�
��LV�VHJPHQWDWLRQ�IRU�UHSUHVHQWDWLYH�&XUYDWXUH� 

7R� REWDLQ� WKH� &KDUDFWHULVWLF� 'HIOHFWLRQ� �&'�� YDOXH��
VWDQGDUGL]DWLRQ�LV�QHHGHG��ZKLFK�LV�VKRZQ�LQ�7DEOH�����
0HDQZKLOH� WKH� VWDQGDUGL]DWLRQ� IDFWRU� IRU�&&� LV� VKRZQ�
LQ�)LJXUH���� 

%DVHG�RQ�7DEOH�����VWDQGDUGL]DWLRQ�IDFWRU�IRU�'HIOHFWLRQ�LV�
����EHFDXVH�WKH�GHIOHFWLRQ�WHVW�WRRO�XVHG�LV�DQ�):'�WRRO��

7DEOH����5HSUHVHQWDWLYH�'��GHIOHFWLRQ�ZLWK�$037�RQ�GLIIHUHQW�WHPSHUDWXUH 

7DEHO����5HSUHVHQWDWLYH�'��–�'����GHIOHFWLRQ�ZLWK�$037�RQ�GLIIHUHQW�WHPSHUDWXUH 

)LJXUH����'��GHIOHFWLRQ�VHJPHQWDWLRQ�ZLWK�$037����& 

)LJXUH����'��–�'����GHIOHFWLRQ�VHJPHQWDWLRQ�ZLWK�$037����& 

 

$037 6HJPHQW 
$YHUDJH�'� &RHII�RI�9DULDWLRQ 5HSUHVHQWDWLYH�'� 5HSUHVHQWDWLYH�'� 

�P � �P PP 

���& 
� ������� ������ ������� ����� 

� ������� ������ ������� ����� 

���& 
� ������ �� ������� ���� 

� ������� �� ������� ����� 

���& 
� ������� �� ������� ����� 

� ������� �� ������ ����� 

���& 
� ������� �� ������� ����� 

� ������� �� ������� ����� 

$037 6HJPHQW 
$YHUDJH�'� &RHII�RI�9DULDWLRQ 5HSUHVHQWDWLYH�'� 5HSUHVHQWDWLYH�'� 

�P � �P PP 

���& 
� ������� ������ ������� ����� 

� ������� ������ ������� ����� 

���& 
� ������� �� ������� ����� 

� ������� �� ������� ����� 

���& 
� ������� �� ������� ����� 

� ������� �� ������� ����� 

���& 
� ������� ������ ������� ����� 

� ������� ������ ������� ����� 
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1H[W��EDVHG�RQ�)LJXUH����WKH�VWDQGDUGL]DWLRQ�IDFWRU�IRU�
FXUYDWXUH�XVLQJ�WKH�):'�WRRO�LV���� 

7KH� UHVXOW� RI� GHIOHFWLRQ� FDOFXODWLRQ� XVLQJ� WKH�
$XVWURDGV�PHWKRG� LV� XVHG� WR�REWDLQ� WKH�&KDUDFWHULVWLF�
'HIOHFWLRQ� �&'��YDOXH� WR�REWDLQ� WKH�RYHUOD\� WKLFNQHVV�
EDVHG� RQ� GDPDJH� GXH� WR� SHUPDQHQW� GHIRUPDWLRQ�� DQG�
WR� REWDLQ� WKH� &KDUDFWHULVWLF� &XUYDWXUH� �&&�� YDOXH� WR�
REWDLQ� WKH�RYHUOD\� WKLFNQHVV�EDVHG�RQ�FUDFNLQJ�GXH� WR�
IDWLJXH�� 

)LJXUH����6HJPHQWDWLRQ�IRU�GHIOHFWLRQ 

7DEOH���� 6WDQGDUGL]DWLRQ�IDFWRU�IRU�GHIOHFWLRQ��$XVWURDGV������� 

'HIOHFWLRQ�0HDVXUHPHQW�'HYLFH 'HIOHFWLRQ�6WDQGDUGL]DWLRQ�)DFWRU 

'HIOHFWRJUDSK�����N1�VLQJOH�D[OH�ZLWK�GXDO�W\UHV ��� 

76'�����N1�GXDO�W\UHV ��� 

)DOOLQJ�:HLJKW�'HIOHFWRPHWHU�����N1�ORDG ��� 

7DEOH�����&'�DQG�&&�YDOXHV�EDVHG�RQ�VWDQGDUGL]DWLRQ�IDFWRU�IRU�:0$37�ZLWK�GLIIHUHQW�WHPSHUDWXUH 

)LJXUH����6HJPHQWDWLRQ�IRU�FXUYDWXUH 

)LJXUH����6WDQGDUGL]DWLRQ�IDFWRU�IRU�FXUYDWXUH� 
�$XVWURDGV������� 

 

��� &RPSDULVRQ� RI� GHIOHFWLRQ� DQDO\VLV� XVLQJ� �����
 0'3�PHWKRG�DQG�DXVWURDGV�PHWKRG� 

7KH�GHIOHFWLRQ�DQDO\VLV�ZLWK�ERWK�PHWKRGV�LV�WKH�VDPH�
XVLQJ� �� �ILYH�� GLIIHUHQW� YDOXHV� RI� DYHUDJH� SDYHPHQW�
WHPSHUDWXUH�� 7KH� IROORZLQJ� LV� D� UHFDSLWXODWLRQ� RI� WKH�
UHVXOWV� RI� WKH� GHIOHFWLRQ� FDOFXODWLRQ� XVLQJ� WKH� WZR�
PHWKRGV�� 

%DVHG�RQ�7DEOH����DQG�7DEHO����WKHUH�LV�D�GHFUHDVH�LQ�
UHSUHVHQWDWLYH� GHIOHFWLRQ� YDOXH� DORQJ� ZLWK� GHFUHDVLQJ�
WHPSHUDWXUH� YDOXH� ZKLFK� LV� WKH� UHIHUHQFH� LQ� WKH�
DQDO\VLV� RI� WKH� GHIOHFWLRQ� FDOFXODWLRQ�� ,Q� DGGLWLRQ�� WKH�
GHIOHFWLRQ�YDOXH�ZRXOG�EH�XVHG�LQ�WKH�RYHUOD\�WKLFNQHVV�
DQDO\VLV�ZKHUH�WKH�UHSUHVHQWDWLYH�'��GHIOHFWLRQ�DQG�&'�
ZRXOG� EH� XVHG� IRU� WKH� RYHUOD\� WKLFNQHVV� EDVHG� RQ�
SHUPDQHQW� GHIRUPDWLRQ�� ZKLOH� UHSUHVHQWDWLYH� '��� –�
'���� GHIOHFWLRQ� DQG� &&� ZRXOG� EH� XVHG� IRU� RYHUOD\�
WKLFNQHVV�EDVHG�RQ�IDWLJXH�GXH�WR�FUDFNLQJ�� 

��� 2YHUOD\� WKLFNQHVV� DQDO\VLV� ZLWK� ����� 0'3�
 PHWKRG 

2YHUOD\�WKLFNQHVV�DQDO\VLV�ZLWK������PHWKRG�XVHG�WKH�
)DOOLQJ� :HLJKW� 'HIOHFWRPHWHU� �):'�� GHIOHFWLRQ�
DSSURDFK�� 6LPLODU� WR� WKH� $XVWURDGV�PHWKRG�� WKH� �����
0'3�DOVR�WDNHV�LQWR�DFFRXQW�WKH�GDPDJH�GXH�WR�IDWLJXH�

:0$37 6HJPHQW 

'UHSUHVHQWDWLYH 
&KDUDFWHULVWLF�'HIOHFWLRQ &KDUDFWHULVWLF�&XUYDWXUH 

'HIOHFWLRQ &XUYDWXUH 

PP PP PP 

���& 
� ����� ����� ����� ����� 
� ����� ����� ����� ����� 

���& 
� ����� ����� ����� ����� 

� ����� ����� ����� ����� 

���& 
� ����� ����� ����� ����� 

� ����� ����� ����� ����� 

���& 
� ����� ����� ���� ����� 
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���& 
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� ����� ����� ����� ����� 



�� Vol. 29 No. 1, April 2022 

)LWULDQLQJVLK��DW�DO� 

Diterima 4 April 2022, Direvisi 11 April 2022, Diterima untuk dipublikasikan 25 April 2022 

Copyright      2022 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2022.29.1.2 

7DEOH���� 5HFDSLWXODWLRQ�RI�UHSUHVHQWDWLYH�GHIOHFWLRQ�UHVXOWV�
 XVLQJ�0'3������PHWKRG 

7HPSHUDWXUH 
5HSUHVHQWDWLYH�'���PP� 5HSUHVHQWDWLYH�'��-�'�����PP� 

6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

7DEOH���� 5HFDSLWXODWLRQ�RI�UHSUHVHQWDWLYH�GHIOHFWLRQ�UHVXOWV�
 XVLQJ�DXVWURDGV�PHWKRG 

7HPSHUDWXUH 
&'��PP� &&��PP� 

6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

���& ����� ����� ����� ����� 

FUDFNLQJ� XVLQJ� (6$�� WUDIILF� ORDGV� DQG� DOVR� SHUPDQHQW�
GHIRUPDWLRQ� XVLQJ�(6$�� WUDIILF� ORDGV�� ,Q� WKH� GHIOHFWLRQ�
DSSURDFK��GDPDJH�GXH�WR�IDWLJXH�FUDFNLQJ�LV�UHSUHVHQWHG�
E\�'��–�'����DQG�GDPDJH�GXH�WR�SHUPDQHQW�GHIRUPDWLRQ�
LV�UHSUHVHQWHG�E\�'�� 

7R� REWDLQ� WKH� RYHUOD\� WKLFNQHVV� ZLWK� '�� UHSUHVHQWDWLYH�
GHIOHFWLRQ� DQG� (6$��� WKH� JUDSK� LQ� )LJXUH� ��� PD\� EH�
XVHG��DQG�WR�REWDLQ�WKH�RYHUOD\�WKLFNQHVV�ZLWK�'��–�'����
UHSUHVHQWDWLYH�GHIOHFWLRQ�DQG�(6$���WKH�JUDSK�LQ�)LJXUH�
���PD\�EH�XVHG�� 

7KH� UHVXOWV� RI� WKH� RYHUOD\� WKLFNQHVV� DQDO\VLV� EDVHG� RQ�
GDPDJH� GXH� WR� SHUPDQHQW� GHIRUPDWLRQ� LV� SUHVHQWHG� LQ�
7DEOH����DQG�WKH�UHVXOWV�RI�WKH�RYHUOD\�WKLFNQHVV�DQDO\VLV�
EDVHG�RQ�GDPDJH�GXH�WR�IDWLJXH�FUDFNLQJ�LV�SUHVHQWHG�LQ�
7DEOH����� 

��� 2YHUOD\� WKLFNQHVV� DQDO\VLV� ZLWK� DXVWURDGV�
 PHWKRG 

7KH� RYHUOD\� WKLFNQHVV� DQDO\VLV� XVHV� WKH� UHVXOWV� RI�
UHSUHVHQWDWLYH� GHIOHFWLRQ�� VR� WKHUH� �� GLIIHUHQW� WKLFNQHVV�
YDOXHV�ZRXOG�EH�REWDLQHG� 

,Q� $XVWURDGV� PHWKRG�� WKH� RYHUOD\� WKLFNQHVV� LV� REWDLQHG�
EDVHG�RQ�&'�YDOXH�DQG�&&�YDOXH��)RU�WKH�&'�YDOXH��WKH�
IROORZLQJ�JUDSK�ZDV�REWDLQHG��� 

%DVHG�RQ�WKH�JUDSK�LQ�)LJXUH�����ZKDW�DIIHFWV�WKH�YDOXH�
RI�GHVLJQ�GHIOHFWLRQ�LV�WKH�YDOXH�RI�WUDIILF�ORDG�ZKHUH�WKH�
WUDIILF�ORDG�XVHG�LV�'6$5��YDOXH�RI������������VR�WKDW�D�
GHVLJQ� GHIOHFWLRQ� YDOXH� RI� �����PP� LV� REWDLQHG�� ,Q� WKH�
$XVWURDGV� PHWKRG�� LI� WKH� GHVLJQ� GHIOHFWLRQ� YDOXH� LV�
JUHDWHU� WKDQ� WKH�&'�YDOXH�� WKHQ� WKHUH� LV� QR�QHHG� IRU� DQ�
RYHUOD\�� ,Q� WKH� SUHYLRXV� VXE-FKDSWHU�� LW� ZDV� IRXQG� WKDW�
WKH�&'�YDOXH� IRU� DOO� VHJPHQWV�ZDV� QRW�PRUH� WKDQ�������
7KH�&'�UHVXOW�RQ�ERWK� VHJPHQWV�ZDV�QRW�PRUH� WKDQ� WKH�
GHVLJQ�GHIOHFWLRQ�YDOXH�VR�WKDW�DQ�RYHUOD\�LV�QRW�QHHGHG�� 

$IWHU� REWDLQLQJ� WKH� GHVLJQ� GHIOHFWLRQ� YDOXH�� WKH� QH[W�
VWHS� LV� WR� GHWHUPLQH� WKH� RYHUOD\� WKLFNQHVV� YDOXH� IRU�
GDPDJH� GXH� WR� IDWLJXH� FUDFNLQJ� ZKHUH� WKH� JUDSK� RI�
GHIOHFWLRQ� FKDUDFWHULVWLF� EHIRUH�RYHUOD\� IRU�:0$37�!�
���&� ZDV� XVHG�� LQ� DFFRUGDQFH� ZLWK� ����� $XVWURDGV��
VKRZQ�LQ�)LJXUH����� 

)LJXUH����2YHUOD\�VROXWLRQ�EDVHG�RQ�EHQNHOPDQ�EHDP�
UHERXQG�GHIOHFWLRQ��0'3������� 

)LJXUH������2YHUOD\�WKLFNQHVV�RI�FRQYHQWLRQDO�DVSKDOW�WR�
SUHYHQW�IDWLJXH�FUDFNLQJ�RQ�$037������& 

 

 

7DEOH���� 5HFDSLWXODWLRQ�RI�WKH�UHVXOWV�RI�RYHUOD\��WKLFNQHVV�
 DQDO\VLV�XVLQJ������0'3�PHWKRG�IRU�GDPDJH�GXH�
 WR�SHUPDQHQW�GHIRUPDWLRQ 

7HPSHUDWXUH 
�����0'3�2YHUOD\�7KLFNQHVV��PP� 

6HJPHQW�� 6HJPHQW�� 

���& 

2YHUOD\�QRW 
QHHGHG 

2YHUOD\�QRW� 
QHHGHG 

���& 

���& 

���& 

���& 

7DEHO���� 5HFDSLWXODWLRQ�RI�WKH�UHVXOWV�RI�RYHUOD\��WKLFNQHVV�
 DQDO\VLV�XVLQJ������0'3�PHWKRG�IRU�GDPDJH�GXH�
 WR�IDWLJXH 

7HPSHUDWXUH 
�����0'3�2YHUOD\�7KLFNQHVV��PP� 

6HJPHQW�� 6HJPHQ�� 

���& �� �� 

���& �� �� 

���& �� �� 

���& �� �� 

���& �� �� 
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7DEOH���� &RPSDULVRQ�RI�RYHUOD\�WKLFNQHVV�DQDO\VLV� 
 UHVXOWV�EDVHG�RQ�GDPDJH�GXH�WR�IDWLJXH�ZLWK�
 DXVWURDGV�PHWKRG�DQG������0'3�PHWKRG 

7HPSHUDWXUH 

�����0HWKRG�2YHUOD\�
7KLFNQHVV��PP� 

$XVWURDGV�0HWKRG�2YHUOD\�
7KLFNQHVV��PP� 

6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 

���& �� �� ��� �� 

���& �� �� ��� � 

���& �� �� �� � 

���& �� �� �� � 

���& �� �� �� � 
)LJXUH�����&RPSDULVRQ�RI�RYHUOD\�WKLFNQHVV�RQ�VHJPHQW� 

��EDVHG�RQ�GDPDJH�GXH�WR�IDWLJXH�IRU������0'3� 
PHWKRG�DQG�DXVWURDGV�PHWKRG 

)LJXUH�����&RPSDULVRQ�RI�RYHUOD\�WKLFNQHV�RQ�VHJPHQW� 
��EDVHG�RQ�GDPDJH�GXH�WR�IDWLJXH�IRU������0'3� 

PHWKRG�DQG�DXVWURDGV�PHWKRG 

7DEOH���� &RPSDULVRQ�RI�RYHUOD\�WKLFNQHVV�UHVXOW 
 DQDO\VLV�EDVHG�RQ�GDPDJDH�GXH�WR�SHUPDQHQW�
 GHIRUPDWLRQ�ZLWK������0'3�PHWKRG�DQG�
 DXVWURDGV�PHWKRG 

7HPSHUDWXUH 

�����0'3�0HWKRG�2YHUOD\�
7KLFNQHVV��PP� 

$XVWURDGV�0HWKRG�
2YHUOD\�7KLFNQHVV��PP� 

6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 6HJPHQW�� 

���& 

2YHUOD\�QRW�
QHHGHG 

2YHUOD\�QRW�
QHHGHG 

2YHUOD\�QRW�
QHHGHG 

2YHUOD\�QRW�
QHHGHG 

���& 

���& 

���& 

���& 

 

)LJXUH�����'HVLJQ�GHOIHFWLRQ�IRU�GDPDJH�GXH�WR�SHUPDQHQW�
GHIRUPDWLRQ��$XVWURDGV������� 

)LJXUH�����2YHUOD\�WKLFNQHVV�EDVHG�RQ�GHIOHFWLRQ�
FKDUDFWHULVWLF��$XVWURDGV������� 

 

��� &RPSDULVRQ� RI� RYHUOD\� WKLFNQHVV� DQDO\VLV�
 UHVXOWV�ZLWK������0'3�PHWKRG�DQG�DXVWURDGV�
 PHWKRG 

7R� REWDLQ� WKH� RYHUOD\� WKLFNQHVV� YDOXH�� ERWK� PHWKRGV�
XVH� WKH� DSSURDFK� ZLWK� GHIOHFWLRQ� IURP� ):'� WHVW�

UHVXOWV�� 7KH� IROORZLQJ� LV� WKH� RYHUOD\� WKLFNQHVV� UHVXOWV�
WKDW�KDYH�EHHQ�DQDO\]HG�XVLQJ�ERWK�PHWKRGV��� 

7KH� RYHUOD\� WKLFNQHVV� IRU� GDPDJH� GXH� WR� IDWLJXH�
REWDLQHG�ZLWK������0'3�0HWKRG�KDV� WKH�VDPH�YDOXH��
ZKLFK� LV� ��� PP� IRU� ERWK� VHJPHQWV�� 0HDQZKLOH�� WKH�
RYHUOD\�WKLFNQHVV�XVLQJ�$XVWURDGV�PHWKRG�KDV�YDU\LQJ�

7DEOH���� 5HFDSLWXODWLRQ�RI�GHIOHFWLRQ�FDOFXODWLRQ�UHVXOW�ZLWK�
 DXVWURDGV�PHWKRG�IRU�GDPDJH�GXH�WR�IDWLJXH 

7HPSHUDWXUH 
$XVWURDGV�2YHUOD\�7KLFNQHVV��PP�� 

6HJPHQW�� 6HJPHQW�� 

���& ��� �� 

���& ��� � 

���& �� � 

���& �� � 

���& �� � 

7DEOH���� 5HFDSLWXODWLRQ�RI�GHIOHFWLRQ�FDOFXODWLRQ�UHVXOW�
 ZLWK�DXVWURDGV�PHWKRG�IRU�GDPDJH�GXH�WR�
 SHUPDQHQW�GHIRUPDWLRQ 

7HPSHUDWXUH 

$XVWURDGV 
2YHUOD\�7KLFNQHVV��PP�� 

6HJPHQW�� 6HJPHQW�� 

���& 

2YHUOD\�QRW�QHHGHG 2YHUOD\�QRW�QHHGHG 

���& 

���& 

���& 

���& 
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YDOXHV�� )RU� DOO� RYHUOD\� WKLFNQHVV� EDVHG� RQ� SHUPDQHQW�
GHIRUPDWLRQ��WKHUH�LV�QR�QHHG�IRU�RYHUOD\����� 

���'LVFXVVLRQV 

$IWHU� DQDO\]LQJ�ZLWK�$XVWURDGV�PHWKRG� DQG������0'3�
0HWKRG�� HDFK� RI� WKHVH� PHWKRGV� FDQ� EH� GLVFXVVHG�� 7KH�
GLVFXVVLRQ�IRU�ERWK�PHWKRGV�LV�DV�IROORZV�� 

�� 7KH�GLVFXVVLRQ�IRU������0'3�PHWKRG�LV�DV�IROORZV� 

D� 7KH�9HKLFOH�'DPDJH�)DFWRU� XVHG� KDV� WDNHQ� LQWR�
DFFRXQW� WKH� ORDG� GXH� WR� SHUPDQHQW� GHIRUPDWLRQ�
DQG� FUDFNLQJ� GXH� WR� IDWLJXH�� VR� WKDW�ZKHQ� WUDIILF�
ORDG� DQDO\VLV� LV� FRQGXFWHG�� WKH� YDOXH� KDV� EHHQ�
GLYLGHG� DFFRUGLQJ� WR� WKH� GDPDJH� WKDW� KDG�
RFFXUUHG� 

E� 7KH� GHIOHFWLRQ� DQDO\VLV� XVHG� PD\� XVH� WKH�
DSSURDFK�ZLWK�):'�WHVW�UHVXOWV� 

F� ,Q� GHIOHFWLRQ� DQDO\VLV�� WKH� '�� YDOXH� QHHGV� WR� EH�
DGMXVWHG� WR� WKH� %HQNHOPDQ� %HDP� GHIOHFWLRQ� VR�
WKDW�DQ�DGYDQFHG�DQDO\VLV�FDQ�EH�FRQGXFWHG� 

G� 2YHUOD\� WKLFNQHVV� DQDO\VLV� ZDV� FRQGXFWHG� ZLWK�
WKH� GHVLJQ� FKDUW� PHWKRG� VR� WKDW� LW� FRXOG� EH�
GLUHFWO\� XVHG� HDVLO\� EXW� WKHUH� FRXOG� DOVR� EH�
LQDFFXUDFLHV� 

H� 7KH� RYHUOD\� WKLFNQHVV� REWDLQHG� KDV� D� FRQVLVWHQW�
YDOXH� GHVSLWH� XVLQJ� GLIIHUHQW� DYHUDJH� SDYHPHQW�
WHPSHUDWXUH��$037��YDOXHV�EHFDXVH�WKH�UHVXOWLQJ�
GHIOHFWLRQ�YDOXHV�GLG�QRW�KDYH�D�PXFK�ZLGH�UDQJH� 

�� 7KH�GLVFXVVLRQ� IRU� WKH������$XVWURDGV�0HWKRG� LV�DV�
IROORZV� 

D� ,Q�WKH�WUDIILF�ORDG�DQDO\VLV��WKH�$XVWURDGV�PHWKRG�
KDV�WDNHQ�LQWR�DFFRXQW�WKH�ORDG�GXH�WR�GDPDJH�GXH�
WR�SHUPDQHQW�GHIRUPDWLRQ�DQG�IDWLJXH� 

E� )RU� WKH�GHIOHFWLRQ�DQDO\VLV�� DQ�DSSURDFK�ZLWK� WKH�
):'��)DOOLQJ�:HLJKW�'HIOHFWRPHWHU��WHVW�PD\�EH�
FRQGXFWHG�WR�REWDLQ�WKH�UHTXLUHG�RYHUOD\�WKLFNQHVV�
YDOXH� 

F� ,Q� WKH� GHIOHFWLRQ� DQDO\VLV� IRU� &KDUDFWHULVWLF�
'HIOHFWLRQ�� WKH�GHVLJQ�GHIOHFWLRQ� LV� RQO\� DIIHFWHG�
E\� WKH�'6$5��YDOXH�ZLWKRXW�EHLQJ�DIIHFWHG�ZLWK�
WKH� WHPSHUDWXUH� YDOXH�� VR� DOO� GHVLJQ� GHIOHFWLRQV�
REWDLQHG�DUH�WKH�VDPH� 

G� 7KH�RYHUOD\�WKLFNQHVV�DQDO\VLV�XVHG�FKDUW�DQDO\VLV�
WR�JHW� WKH�UHTXLUHG�RYHUOD\� WKLFNQHVV��VR�WKDW� LW� LV�
HDVLHU��EXW�LW�FDQ�DOVR�EH�OHVV�DFFXUDWH� 

H� 7KH� RYHUOD\� WKLFNQHVV� REWDLQHG� YDULHG� IRU� HYHU\�
WHPSHUDWXUH�EDVHG�RQ�IDWLJXH� 

I� )URP�WKH�DQDO\VLV�UHVXOWV��LW�FRXOG�EH�VHHQ�WKDW�WKH�
GLIIHUHQW� :0$37� YDOXHV� FDQ� SURGXFH� GLIIHUHQW�
RYHUOD\� WKLFNQHVV� YDOXHV�� ZKHUH� D� GLIIHUHQFH� RI�
RQH� WHPSHUDWXUH� YDOXH� FDQ� FKDQJH� WKH� UHVXOWLQJ�
RYHUOD\�WKLFNQHVV� 

)URP� WKH� UHVXOWV� RI� WKH� DQDO\VLV� DERYH�� WKH� �����
3DYHPHQW� 'HVLJQ� 0DQXDO� �0'3�� DQG� $XVWURDGV�
PHWKRGV� HDFK� KDYH� WKHLU� RZQ� DGYDQWDJHV� DQG�
GLVDGYDQWDJHV��VR�WKDW�WKHVH�WZR�PHWKRGV�FDQ�EH�XVHG�DV�

D� UHIHUHQFH� LQ� FDOFXODWLQJ� VWUXFWXUDO� HYDOXDWLRQ� DQG�
GHWHUPLQLQJ� WKH� YDOXH� RI� RYHUOD\� WKLFNQHVV� IRU�
,QGRQHVLD��� 

���&RQFOXVLRQV 

)URP�WKH�UHVXOWV�RI�WKH�UHVHDUFK�WKDW�KDV�EHHQ�FRQGXFWHG�
IRU�WKH�7DQDK�5XQWXK�–�7DZDHOL�1DWLRQDO�5RDG�VHFWLRQ�
XVLQJ� WKH� $XVWURDGV� PHWKRG� DQG� WKH� ����� 3DYHPHQW�
'HVLJQ� 0DQXDO�� WKH� IROORZLQJ� FRQFOXVLRQV� FDQ� EH�
GUDZQ�� 
�� ,Q� WKH� GHIOHFWLRQ� DQDO\VLV� XVLQJ� WKH� $XVWURDGV�

PHWKRG��WZR�W\SHV�RI�GHIOHFWLRQ�FKDUDFWHULVWLFV�ZHUH�
SURGXFHG� DFFRUGLQJ� WR� WKHLU� UHVSHFWLYH� GDPDJH��
QDPHO\�&KDUDFWHULVWLF�'HIOHFWLRQ�IRU�GDPDJH�GXH�WR�
SHUPDQHQW�GHIRUPDWLRQ�DQG�&KDUDFWHULVWLF�&XUYDWXUH�
IRU�GDPDJH�GXH�WR�IDWLJXH�FUDFNLQJ� 

�� ,Q�WKH�GHIOHFWLRQ�DQDO\VLV�XVLQJ�WKH������0'3��WZR�
UHSUHVHQWDWLYH� GHIOHFWLRQV� ZHUH� REWDLQHG�� QDPHO\�
UHSUHVHQWDWLYH� '�� IRU� GDPDJH� GXH� WR� SHUPDQHQW�
GHIRUPDWLRQ� DQG� UHSUHVHQWDWLYH�'�-'���� IRU� GDPDJH�
GXH�WR�IDWLJXH� 

�� )URP�WKH�UHVXOWV�RI�WKH�GHIOHFWLRQ�DQDO\VLV�XVLQJ�WKH�
����� 0'3� DQG� $XVWURDGV� PHWKRGV�� WKH�
VHJPHQWDWLRQ� GLYLVLRQ� LV� GLYLGHG� LQWR� WZR� VHFWLRQV�
ZKHUH� WKH� ILUVW� VHFWLRQ� VWDUWV� IURP� 67$� ������� WR�
�������DQG�WKH�VHFRQG�VHFWLRQ�VWDUWV�IURP�67� 

�� ,Q�WKH�RYHUOD\�DQDO\VLV�XVLQJ�WKH�$XVWURDGV�PHWKRG��
LW� LV� IRXQG� WKDW� WKH� WKLFNQHVV� YDOXHV� YDU\� IRU� HDFK�
WHPSHUDWXUH� RQ� WKH� IDWLJXH� GDPDJH�� ZKLOH� IRU�
SHUPDQHQW�GHIRUPDWLRQ�GDPDJH�WKHUH�LV�QR�QHHG�IRU�
DQ�RYHUOD\�ZLWK�D�GHVLJQ�OLIH�RI����\HDUV� 

�� 7KH� RYHUOD\� WKLFNQHVV� REWDLQHG� IURP� WKH� DQDO\VLV�
UHVXOWV�ZLWK�$XVWURDGV�PHWKRGV�DUH�����PP�DQG����
PP�IRU�:0$37����&������PP�IRU�:0$37����&��
���PP�IRU�:0$37����&�����PP�IRU�:0$37����
&��DQG����PP�IRU�:0$37����&� 

�� )URP�WKH�UHVXOWV�RI�WKH�DQDO\VLV�� LW� LV� IRXQG�WKDW� WKH�
WHPSHUDWXUH� GLIIHUHQFH� FDQ� DIIHFW� WKH� YDOXH� RI� WKH�
RYHUOD\�WKLFNQHVV�SURGXFHG� 

�� ,Q� WKH� RYHUOD\� DQDO\VLV� XVLQJ� WKH� ����� 3DYHPHQW�
'HVLJQ� 0DQXDO� PHWKRG�� WKH� RYHUOD\� WKLFNQHVV� LV�
FRQVLVWHQW�ZLWK� ���PP� IRU� DOO� VHJPHQWV� IRU� IDWLJXH�
GDPDJH�� ZKLOH� IRU� SHUPDQHQW� GHIRUPDWLRQ� GDPDJH�
WKHUH�LV�QR�QHHG�IRU�DQ�RYHUOD\�GXULQJ�WKH�GHVLJQ�OLIH�
RI����\HDUV�� 

5HIHUHQFHV 

$$6+72�� �������� *XLGH� IRU� 'HVLJQ� RI� 3DYHPHQW�
6WUXFWXUHV�� :DVKLQJWRQ� '�&�� $PHULFDQ�
$VVRFLDWLRQ� RI� 6WDWH� +LJKZD\� DQG�
7UDQVSRUWDWLRQ�2IILFLDOV� 

$XVWURDGV����������7HFKQLFDO�%DVLV�RI�$XVWURDGV�*XLGH�
WR� 3DYHPHQW� 7HFKQRORJ\� 3DUW� ��� 3DYHPHQW�
6WUXFWXUDO�'HVLJQ��6\GQH\��$XVWURDGV�/WG� 

$XVWURDGV����������*XLGH�WR�3DYHPHQW�7HFKQRORJ\�3DUW�
�� 3DYHPHQW� 0DLQWDQDQFH�� 6\GQH\�� $XVWURDGV�
/WG� 
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$XVWURDGV�� �������� *XLGH� WR� 3DYHPHQW� 7HFKQRORJ\�
3DUW� ��� 3DYHPHQW� 6WUXFWXUDO� 'HVLJQ�� 6\GQH\��
$XVWURDGV�/WG� 

$XVWURDGV�� �������� *XLGH� 7R� 3DYHPHQW� 7HFKQRORJ\�
3DUW� ��� 3DYHPHQW� 6WUXFWXUDO� 'HVLJQ�� 6\GQH\��
$XVWURDGV�/GV� 

$XVWURDGV�� �������� *XLGH� WR� 3DYHPHQW� 7HFKQRORJ\�
3DUW� ��� 3DYHPHQW� (YDOXDWLRQ� DQG� 7UHDWPHQW�
'HVLJQ��6\GQH\��$XVWURDGV�/WG� 

%UHWUHJHU��$�� ��������'HIOHFWLRQ�7HVWLQJ�RI�(DUWKZRUN�
DQG� 3DYHPHQW� /D\HUV�� 6\GQH\�� 16:�
*RYHUQPHQW� 

'LUHNWRUDW�� %�� �������� 0DQXDO� 'HVDLQ� 3HUNHUDVDQ�
-DODQ��-DNDUWD��.HPHQWULDQ�3835� 

'LUHNWRUDW�� %�� 0�� �������� 6XSOHPHQ� 0DQXDO� 'HVDLQ�
3HUNHUDVDQ� -DODQ�� -DNDUWD�� 'LUHNWRWRUDW�
-HQGHUDO�%LQD�0DUJD� 

)HUQDQGH]�� &��<�� ��������(YDOXDVL� .RQGLVL� 6WUXNWXUDO�
3HUNHUDVDQ� /HQWXU� 0HQJJXQDNDQ� 0HWRGD�
$XVWURDG� ����� GDQ� 0HWRGH� 0DQXDO� 'HVDLQ�
3HUNHUDVDQ� -DODQ� �0'3�� ����� �6WXGL� .DVXV�
-DODQ�1DVLRQDO��-DWLEDUDQJ�-�/DQJXW�GDQ�%DWDV�
.RWD� &LEDGDN� -� 6XNDEXPL��� %DQGXQJ�� ,QVWLWXW�
7HNQRORJL�%DQGXQJ� 

)LWULDQLQJVLK�� /�� �������� 3HUDQFDQJDQ� 7HEDO�
3HUNHUDVDQ�/HQWXU�GHQJDQ�6RIWZDUH�&LUFO\������
%DQGXQJ��,QVWLWXW�7HNQRORJL�1DVLRQDO� 

/DX�� <�� 6�� �������� $QDOLVLV� 7HEDO� /DSLV� 7DPEDK�
3HUNHUDVDQ� /HQWXU� GHQJDQ� 0HQJJXQDNDQ�
0HWRGD� $XVWURDG� ����� GDQ� 3URJUDP�
.(13$9(� �6WXGL� .DVXV� �� -DODQ� 7RO� &,3$/,�
�&LNRSR� -� 3DOLPDQDQ�� NP� �������� VDPSDL�
GHQJDQ�����������%DQGXQJ�� ,QVWLWXW�7HNQRORJL�
%DQGXQJ� 

3DUGLDULQL��'�� ��������(YDOXDVL� 6WUXNWXUDO� 3HUNHUDVDQ�
/HQWXU� 0HQJJXQDNDQ� 0HWRGH� $$6+72� �����
GDQ� $XVWURDGV� ����� �6WXGL� .DVXV�� 7HPSLQR� -�
%DWDV� 6XPVHO�� -DOLQWLP��� %DQGXQJ�� ,QVWLWXW�
7HNQRORJL�%DQGXQJ� 

3UDWDPL��3��)�� ��������(YDOXDVL�6WUXNWXUDO�3HUNHUDVDQ�
/HQWXU� 0HQJJXQDNDQ� 0HWRGH� 0DQXDO� 'HVDLQ�
3HUNHUDVDQ� -DODQ� ����� GDQ� 0HWRGH� $VSKDOW�
,QVWLWXWH��6WXGL�.DVXV��-DOXU�3DQWXUD��%WV��.RWD�
3DPDQXNDQ� -� 6HZR��� %DQGXQJ�� ,QVWLWXW�
7HNQRORJL�%DQGXQJ� 

38�� ��������3HGRPDQ�3HUHQFDQDDQ�7HEDO�3HUNHUDVDQ�
/HQWXU��-DNDUWD��'HSDUWHPHQ�3HNHUMDDQ�8PXP� 

3835�� ��������&DUD� 8ML� /HQGXWDQ� 3HUPXNDDQ� -DODQ�
GHQJDQ�):'��-DNDUWD��.HPHQWULDQ�3835� 

6LPDQMXQWDN�� 5�� %�� �������� 3HUHQFDQDDQ� 7HEDO�
3HUNHUDVDQ� /HQWXU� 0HQJJXQDNDQ� 0HWRGH�
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