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THE SEAWATER AND FRESHWATER INFLUENCE ON 
EXPANSIVITY BEHAVIORS OF CLAY MINERALS

PENGARUH AIRLAUT DAN AIRTAWAR TERHADAP DAYA 
KEMBANG SUSUT MINERAL LEMPUNG

Dian Agus Widiarso1, Nurakhmi Qadaryati1, Wiyatno Haryanto2

1Department of Geological Engineering, Universitas Diponegoro, Jl. Prof. Soedharto, SH., Tembalang, Semarang, Indonesia
2Indonesian Society of Geotechical Engineering, Jakarta, Indonesia

Corresponding author: dianagus@lecturer.undip.ac.id

(Received  07 July 2021; in revised from 22 July 2021; accepted  22  September 2021)

ABSTRACT : Semarang City subsurface geology is characterized by an intercalating of loam-silt and
clayey units. The behavior of clay materials are their expansivity potency of their volume when in contact
with water. Some problems in the presence of tidal flooding appears when the seawater ingress to the
shoreland that causes severe damage to infrastructures. This research attempts to reveal the influence of both
seawater and freshwater on the expansivity behaviors of the clayey materials based on its mineral
composition. In order to observe expansivity potency of clay minerals, 28 samples from four drill hole
samples were soaked in seawater and freshwater for twenty-four hours. The initial volume of each samples
were then compared with the samples volume after being soaked.X-Ray Diffraction (XRD) analysis was
also conducted on selected samples to determine their mineral composition. The ANOVA test was then
introduced to distinguish the influence of certain mineral types and composition  to the clay expansivity
behaviors. Confidence level and alpha (α) are about ninety-five percent and about five percent, respectively.
The result of this research has proven that montmorilonite is clay mineral type that is most affected by
expansivity behaviors when immersed in seawater and freshwater compared to kaolinite and illite minerals.

Keywords: Clay minerals, montmorillonite, expansivity, seawater, freshwater, tidal flooding.

ABSTRAK: Kota Semarang tersusun dari satuan lanau dan lempung. Mineral lempung memiliki
sifat kembang susut dari segi volumenya ketika mengalami kontak dengan air. Permasalahan
yang timbul akibat terjadinya peristiwa banjir pasang di perkotaan, adalah masuknya air laut
menuju ke pantai dan daratan yang dapat merusak infrastruktur. Penelitian ini bertujuan untuk
menunjukkan dampak yang ditimbulkan oleh air tawar maupun air laut terhadap kembang susut
mineral lempung berdasarkan komposisi mineralnya. Untuk mengamati perubahan volume dalam
mineral lempung, sebanyak 28 sampel dari empat sampel sumur bor direndam dalam air tawar
dan air laut selama 24 jam. Kemudian volume awal setiap sampel dibandingkan dengan volume
sampel sesudah  dilakukan perendaman. . Uji X-Ray Diffraction (XRD) juga dilakukan pada
sampel pilihan untuk mengetahui komposisi mineral sampel tersebut. Uji ANOVA dengan tingkat
kepercayaan 95% dan alpha (α) 5% diterapkan untuk mengetahui pengaruh tipe dan komposisi
mineral lempung tertentu terhadap kembang susut yang terjadi. Penelitian ini berhasil
membuktikan bahwa montmorilonit merupakan jenis mineral lempung yang paling terpengaruh
oleh sifat kembang susut di daerah penelitian ketika direndam dengan air tawar dan air laut,
dibandingkan dengan kaolinit dan ilit. 

Kata Kunci: Mineral lempung, montmorilonit, kembang susut, air laut, air tawar, banjir pasang
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$PSSFTQPOEJOH�BVUIPS��LVOUBEJ�����!NBJM�VOQBE�BD�JE��LVOUBEJ�OVHSBIBOUP!QFSUBNJOB�DPN��

	3FDFJWFE�����+VOF�������JO�SFWJTFE�GPSN����+VOF�������BDDFQUFE�����+VMZ�����


$%675$&7 �$V�LW�LV�ZLGHO\�NQRZQ�WKH�RLO�DQG�JDV�ZHOOERUHV�RIIVKRUH�.XWHL�DQG�1RUWK�0DNDVVDU�KDYH
QRW� RSWLPDOO\� SHQHWUDWHG� WKH� REMHFWLYH� VWUDWD�� ZKLFK� LV� WKH� 0LGGOH� 0LRFHQH¶V� GHHS�ZDWHU� UHVHUYRLUV�
7KHUHIRUH��HYDOXDWLQJ�WKH�TXDOLW\�RI�WKHVH�UHVHUYRLUV�ZLWK�RQVKRUH�GDWDVHW�WKHQ�FRPSDULQJ�WKHP�ZLWK�WKH
SURYHQ�/DWH�0LRFHQH¶V�GHHS�ZDWHU�SURGXFLQJ�UHVHUYRLUV�KDG�EHHQ�YHU\�IXQGDPHQWDO���7KH�VWXG\�IRFXVHV�RQ
WKH�DVVHVVPHQW�RI�4)/��4XDUW]��)HOGVSDU�DQG�/LWKLF�IUDJPHQWV��DQG�VDQGVWRQHV�OLWKR�IDFLHV�EDVHG�RQ�WKH�URFN
VDPSOHV� IURP� FRQYHQWLRQDO�FRUH� DQG� VLGH�ZDOO� FRUH�� DQG� ZHOO�ORJV� GDWD� IURP� IRUW\� ZHOOV� RQVKRUH� DQG
RIIVKRUH�� �7KHVH�URFN�VDPSOHV�DUH�ERXQGHG�E\�WKH�NH\�ELRVWUDWLJUDSK\�LQWHUYDOV�RI�0��0����0��0���
0��0����0LGGOH�0LRFHQH���DQG�0��0����0��0����0��0����0��0����/DWH�0LRFHQH����6XEGLYLVLRQV
RI�WKH�UHVHUYRLUV�FRQVLGHUHG�WKH�VDQGVWRQH�OLWKR�IDFLHV��17*�UDWLR��VRUWLQJ��DQG�JUDLQ�VL]H��WR�FRPH�XS�ZLWK
ILYH�JURXSV�LQ�WKH�0LGGOH�0LRFHQH�GHOWDLF�IDFLHV��)/8B6;��'&B6;��'&B60��'&B60��DQG�')B6&��DQG
IRXU�JURXSV�LQ�WKH�/DWH�0LRFHQH�GHHS�ZDWHU�IDFLHV��66:6��06:6��6636��DQG�0636���&RUH�EDVHG�SRURVLW\
DQG� SHUPHDELOLW\� IXUWKHU� H[SODLQ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� UHVHUYRLU� TXDOLW\� ZLWK� WKH� VDQGVWRQHV¶
FRPSRVLWLRQ�DQG�OLWKR�IDFLHV��DQG�FRQFOXGHG�WKDW�KLJK�HQHUJ\�GHSRVLWLRQDO�V\VWHP�LV�PDLQO\�DVVRFLDWHG�ZLWK
WKH�)/8B6;��'&B6;��66:6�DQG�06:6�EHLQJ�WKH�UHVHUYRLU�ZLWK�EHVW�TXDOLW\���2SSRVLWHO\��WKH�')B6&�
6636��DQG�0636�DUH�FODVVLILHG�WKH�UHVHUYRLU�ZLWK�ZRUVW�WR�QRQH�TXDOLW\���$�FURVV�SORW�EHWZHHQ�FRUH�EDVHG
SRURVLW\�DQG�PD[LPXP�EXULDO�GHSWK�LV�DEOH�WR�SRVWXODWH�WKH�UHODWLRQDO�WUHQG�RI�GHFUHDVLQJ�UHVHUYRLU�TXDOLW\
ZLWK�GHHSHU�GHSWK�

.H\ZRUGV��0LGGOH�0LRFHQH��GHHS�ZDWHU��4)/��OLWKR�IDFLHV��.XWHL��1RUWK�0DNDVVDU

$%675$. � 7HODK�XPXP�GLNHWDKXL�EDKZD�VXPXU�ERU�PLQ\DN�GDQ�JDV�GL�OHSDV�SDQWDL�.XWHL�GDQ�0DNDVVDU
8WDUD� EHOXP� VHFDUD� RSWLPDO� PHQHPEXV� UHVHUYRLU� IDVLHV� ODXW� GDODP� EHUXPXU� 0LRVHQ� 7HQJDK�� \DQJ
PHUXSDNDQ�RE\HNWLI�XWDPD�GDODP�SHQHOLWLDQ�LQL���2OHK�NDUHQDQ\D�SHQXOLV�PHODNXNDQ�VWXGL�EDQGLQJ�DQWDUD
UHVHUYRLU�RE\HNWLI�\DQJ�XPXPQ\D�EHUORNDVL�GL�GDUDWDQ�GHQJDQ�UHVHUYRLU�EHUXPXU�0LRVHQ�$WDV�\DQJ�WHODK
WHUEXNWL�PHPSURGXNVL�KDVLO�PLJDV�GL�OHSDV�SDQWDL�ODXW�GDODP���)RNXV�VWXGL�LQL�DGDODK�PHODNXNDQ�SHQJNDMLDQ
NRPSRVLVL� 4)/� �IUDJPHQ� .XDUVD�� )HOVIDU� GDQ� /LWLN�� GDQ� IDVLHV� EDWXDQ� EDWXSDVLU� EHUGDVDUNDQ� VDPSHO
EDWXDQ�\DQJ�GLDPELO�GDUL�GDWD� LQWL�EDWXDQ� �FRUH��GDQ�GDWD�GLQGLQJ�ERU� �VLGH�ZDOO�FRUH��� VHUWD�GDWD� ORJ
HOHNWULN� \DQJ� EHUDVDO� GDUL� VHNLWDU� HPSDW� SXOXK� EXDK� VXPXU�� � 6DPSHO� EDWXDQ� LQL� GLEDWDVL� ROHK� PDUNHU
ELRVWUDWLJUDIL�� 0��0���� 0��0���� 0��0��� �0LRVHQ� 7HQJDK��� GDQ� 0��0���� 0��0���� 0��0���
0��0����0LRVHQ�$NKLU���)DVLHV�UHVHUYRLU�GDSDW�GLNHQDOL�EHUGDVDUNDQ�IDVLHV�EDWXDQ�EDWXSDVLU��UDVLR�17*�
VRUWDVL��GDQ�XNXUDQ�EXWLU�WHUXWDPD�SDGD�IDVLHV�GHOWD�EHUXPXU�0LRVHQ�7HQJDK��)/8B6;��'&B6;��'&B60�
'&B60�� GDQ� ')B6&�� GDQ� XQWXN� IDVLHV� ODXW� GDODP� 0LRVHQ� $NKLU�� 66:6�� 06:6�� 6636�� GDQ� 0636�
6HODQMXWQ\D�SRURVLWDV�GDQ�SHUPHDELOLWDV�\DQJ�GLXNXU�SDGD�EDWXDQ�LQWL�ERU�WHUVHEXW�GDSDW�GLJXQDNDQ�XQWXN
PHQHUDQJNDQ� KXEXQJDQ� DQWDUD� NXDOLWDV� UHVHUYRLU� GHQJDQ� NRPSRVLVL� EDWXSDVLU� PDXSXQ� IDVLHV� EDWXDQ�
6LVWHP�SHQJHQGDSDQ�EHUHQHUJL�WLQJJL�WHUXWDPD�\DQJ�EHUKXEXQJDQ�GHQJDQ�IDVLHV�EDWXDQ�)/8B6;��'&B6;�
66:6�GDQ�06:6�PHUXSDNDQ�UHVHUYRLU�GHQJDQ�NXDOLWDV�WHUEDLN��GDQ�IDVLHV�EDWXDQ�')B6&��6636��GDQ�0636
NHEDOLNDQQ\D���+XEXQJDQ�DQWDUD�SRURVLWDV�EHUEDVLV�GDWD�LQWL�EDWXDQ�GHQJDQ�NHGDODPDQ��GHSWK�RI�EXULDO�
VHFDUD�XPXP�GDSDW�PHQJJDPEDUNDQ�SROD�SHQXUXQDQ�NXDOLWDV�UHVHUYRLU�VHLULQJ�EHUWDPEDKQ\D�NHGDODPDQ�

.DWD�.XQFL��0LRVHQ�7HQJDK��ODXW�GDODP��4)/��IDVLHV�EDWXDQ��.XWDL��0DNDVVDU�8WDUD
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$PSSFTQPOEJOH�BVUIPS��BJ�ZVOJOHTJI!FTEN�HP�JE

	3FDFJWFE�����.BZ�������JO�SFWJTFE�GSPN����.BZ�������BDDFQUFE�����4FQUFNCFS�����


$%675$&7 � 7KH�/HVVHU� 6XQGD� ,VODQGV� H[WHQG� IURP�%DOL� WR�7LPRU� DQG� FRQVLVW� RI� WZR� JHRORJLFDOO\
GLVWLQFW�SDUWV�IRUPHG�E\�D�VXEGXFWLRQ�V\VWHP�RI�RFHDQLF�FUXVW�DORQJ�WKH�-DYD�7LPRU�7UHQFK��7KH�QRUWKHUQ
SDUW�ZKLFK�LQFOXGHV�%DOL��/RPERN��6XPEDZD��)ORUHV��:HWDU��3DQWDU�DQG�$ORU��LV�YROFDQLF�LQ�RULJLQ��ZKLOVW�WKH
VRXWKHUQ�SDUW�LV�QRQ�YROFDQLF��HQFRPSDVVLQJ�WKH�LVODQGV�RI�6XPED��7LPRU�DQG�5RWH��7KH�VWUDLWV�DORQJ�WKH
/HVVHU�6XQGD�,VODQGV�DUH�IRUPHG�DV�D�UHVXOW�RI�YHU\�FRPSOH[�JHRORJLFDO�SURFHVVHV�DQG�WHFWRQLFV�LQ�WKLV�DUHD�
7KHVH�VWUDLWV�DUH�WKH�PRVW�LPSRUWDQW�FURVV�VHFWLRQV�LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�,QGRQHVLDQ�7KURXJKIORZ��,7)��
IXQFWLRQLQJ�DV�RXWOHWV�IRU�WKH�PDVV�IORZV�RI�VHDZDWHU�IURP�WKH�3DFLILF�2FHDQ�WR�WKH�,QGLDQ�2FHDQ�WKURXJK�WKH
)ORUHV�DQG�WKH�6DYX�6HDV��,Q�WKHVH�VWUDLWV��UHODWLYHO\�KLJK�FXUUHQW�VSHHGV�DUH�RFFXUUHG��QRW�RQO\�FDXVHG�E\�WKH
,7)�EXW�DOVR�GXH�WR�LWV�JHRPHWU\��WKH�LQIOXHQFH�RI�WLGDO�IORZ��DQG�PRQVRRQDO�FXUUHQWV��
6LWH�VWXG\�DQG�RFHDQ�FXUUHQW�PHDVXUHPHQW�ZHUH�FRQGXFWHG�E\�XVLQJ�DQ�HFKRVRXQGHU��D�SDLU�RI�$FRXVWLF
'RSSOHU�&XUUHQW�3URILOHUV��$'&3���DQG�RWKHU�VXSSRUWLQJ�HTXLSPHQW��,Q�JHQHUDO��WKH�DYHUDJH�RI�PRVW�RFHDQ
FXUUHQW�VSHHGV�LV�OHVV�WKDQ�����P�V�ZLWK�D�GXUDWLRQ�IORZ�RI�������KRXUV�D�GD\��DQG�WKH�PD[LPXP�VSHHG�UHDFKHV
XS�WR���P�V��7KH�WLGDO�W\SHV�LQ�DOPRVW�DOO�WKH�VWUDLWV�DUH�PL[HG�VHPLGLXUQDO�WLGHV��LQ�ZKLFK�WZR�KLJK�ZDWHUV�DQG
WZR�ORZ�ZDWHUV�RFFXU�WZLFH�D�GD\��ZLWK�WKH�KLJK�DQG�ORZ�WLGHV�GLIIHU�LQ�KHLJKW�
7KH�/HVVHU�6XQGD�6WUDLWV�ZHUH�VHOHFWHG�DV�WKH�SRWHQWLDO�VLWHV�IRU�RFHDQ�FXUUHQW�SRZHU�SODQW�EHFDXVH�WKHLU
FXUUHQW�VSHHGV�DUH�UHODWLYHO\�KLJK�DQG�WKHLU�FKDUDFWHULVWLFV�DUH�PRUH�SUHGLFWDEOH�FRPSDUHG�ZLWK�RWKHU�VWUDLWV
IURP�RWKHU�UHJLRQV��%DVHG�RQ�WKH�UHVXOWV�RI�EDWK\PHWU\�VXUYH\�DQG�FXUUHQW�FKDUDFWHULVWLFV�IURP�WKH�GHSOR\HG
$'&3�DW�D�IL[HG��VWDWLRQDU\��ORFDWLRQ�RQ�WKH�VHDEHG��WKH�EHVW�ORFDWLRQ�IRU�WKH�FXUUHQW�SRZHU�WXUELQHV�LV�DW�WKH
GHSWK�RI�������P�ZKHUH�WKH�VHDEHG�JHQWO\�VORSLQJ�

.H\ZRUGV�� 2FHDQ�&XUUHQW��6XQGD�/HVVHU��5HQHZDEOH�(QHUJ\

$%675$.��.HSXODXDQ�6XQGD�.HFLO�PHPEHQWDQJ�GDUL�%DOL�NH�7LPRU�\DQJ�WHUEDJL�PHQMDGL�GXD�EDJLDQ�\DQJ
.HSXODXDQ�6XQGD�.HFLO�PHPEHQWDQJ�GDUL�%DOL�NH�7LPRU�\DQJ�WHUEDJL�PHQMDGL�GXD�EDJLDQ�\DQJ�EHUEHGD
VHFDUD�JHRORJLV�GDQ�WHUEHQWXN�NDUHQD�VXEGXNVL�NHUDN�VDPXGHUD�GL�VHSDQMDQJ�3DOXQJ�-DZD�7LPRU��%DJLDQ
XWDUD�.HSXODXDQ� 6XQGD�.HFLO�� \DQJ�PHOLSXWL�%DOL�� /RPERN�� 6XPEDZD��)ORUHV��:HWDU��3DQWDU� GDQ�$ORU�
PHUXSDNDQ�NHSXODXDQ�EXVXU� YXONDQLN�� VHGDQJNDQ� SXODX�SXODX�GL�EDJLDQ�VHODWDQQ\D� DGDODK� SXODX� QRQ�
YXONDQLN�\DQJ�PHQFDNXS�6XPED��7LPRU�GDQ�5RWH��6HODW�VHODW�GL�VHSDQMDQJ�.HSXODXDQ�6XQGD�.HFLO�DGDODK
EHQWXNDQ�GDUL�SURVHV�JHRORJL�GDQ�WHNWRQLN�\DQJ�NRPSOHNV�\DQJ�WHUMDGL�GL�GDHUDK�LQL��6HODW�VHODW�WHUVHEXW
PHQMDGL� SHUSRWRQJDQ� \DQJ� SDOLQJ� SHQWLQJ� SDGD� EDJLDQ� VHODWDQ� $UXV� /LQWDV� ,QGRQHVLD� �$UOLQGR�� GDQ
EHUIXQJVL� VHEDJDL�DOXU�NHOXDU� DOLUDQ�PDVVD�DLU� ODXW� GDUL�6DPXGHUD�3DVLILN�\DQJ�PHOLQWDV�PHODOXL� /DXW
)ORUHV�GDQ�/DXW�6DZX�KLQJJD�NH�6DPXGUD�+LQGLD��.HFHSDWDQ�DUXV�GL�VHODW�VHODW�WHUVHEXW�UHODWLI�WLQJJL��+DO
LQL� WLGDN� KDQ\D�GLVHEDENDQ� ROHK� DGDQ\D�$UOLQGR�� WHWDSL� MXJD� NDUHQD�DGDQ\D� SHQJDUXK� JHRPHWUL�� VLNOXV
SDVDQJ�VXUXW�GDQ�DUXV�0XVRQ�
6WXGL�ORNDVL�GDQ�SHQJXNXUDQ�DUXV�ODXW�WHODK�GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�DODW�SHUXP�JHPD��VHSDVDQJ
$FRXVWLF�'RSSOHU�&XUUHQW�3URILOHU��$'&3��GDQ�SHUDODWDQ�SHQGXNXQJ�ODLQQ\D��6HFDUD�XPXP�NHFHSDWDQ�DUXV
ODXW�UDWD�UDWD�NXUDQJ�GDUL�����P�GHWLN�GHQJDQ�GXUDVL�DOLUDQ�������MDP�SHU�KDUL��GDQ�NHFHSDWDQ�PDNVLPXP
ELVD�PHQFDSDL�OHELK�GDUL���P�GHWLN��-HQLV�SDVDQJ�VXUXW�GL�KDPSLU�VHPXD�VHODW�SHUDLUDQ�6XQGD�.HFLO�DGDODK
SDVDQJ�VXUXW�FDPSXUDQ�KDULDQ�JDQGD��\DLWX�GDODP�VDWX�KDUL�WHUMDGL�GXD�NDOL�SDVDQJ�QDLN�GDQ�GXD�NDOL
SDVDQJ�VXUXW�\DQJ�EHUEHGD�WLQJJL�
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