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ABSTRACT 
 
 
 

     In this study, the potential and the velocity distributions due to the seepage inside 

and under the body of earth dam were investigated priorly. In addition to this, potential 

and  velocity distributions were also investigated under structures like sheetpiles and 

spillways.  

 

     Various  sheetpile, spillway and earth dam models were studied by using finite 

elements method which is used conventionaly in field problems. The solutions were 

made by changing whether geometrical or hydraulic properties of the soils and fillings.   

      

     The sheetpile models were prepared by changing coefficient of hydraulic 

conductivity or by changing the lenght of the sheetpile. 

 

     In modelling the spillway, the situations for the existence of spring blanket behind 

the spillway and sheetpiles under the spillway has taken into consideration.  

 

     The earth dam models were prepared for the earth dam types which are concrete 

covered spring faced, centrally clay cored and impermeable cored.  

 

 

 

 

Key Words: Earth dam, spillway, sheetpile, seepage, finite elements, potential and 

velocity. 
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%ø5ø1&ø�%g/h0 

*ø5øù 

���*ø5øù 

 
�����+D\DWÕQ� YD]JHoLOPH]� ELU� SDUoDVÕ� RODQ� VX\D� GX\XODQ� LKWL\Do�� \�]\ÕOODU� ER\XQFD�
LQVDQODUÕ� VX\XQ� ELULNWLULOPHVLQH� ]RUODPÕú�� EX� ]RUXQOXOXN� LQVDQODUÕQ�� VX� NDSODUÕQGDQ�
NX\XODUD�� NX\XODUGDQ�XoVX]�EXFDNVÕ]�EDUDM� J|OOHULQH�NDGDU� oRN� IDUNOÕ�KD]QHOHUGH� � oRN�
IDUNOÕ� DPDoODU� LoLQ� VX� ELULNWLUPHVLQH� VHEHS� ROPXúWXU�� øQVDQODU�� � |QFHOHUL� � J�QO�N�
LKWL\DoODUÕQÕ� JLGHUHFHN� VX� NDSODUÕ� \DSDUNHQ�� ]DPDQOD� VX\D� RODQ� LKWL\DFÕQ� DUWPDVÕ\Oa 

E�\�N� VX� \DSÕODUÕ� \DSPD\D� EDúODPÕúODUGÕU�� %X� ELULNWLUPH� \DSÕODUGDQ� HQ� |QHPOLVL�
EDUDMODUGÕU�� *�Q�P�]GH� EDUDMODU�� WDUÕP� DODQODUÕQÕQ� ]DPDQÕQGD� YH� YHULPOL� ELU� úHNLOGH�
VXODQPDVÕ�� KLGURHOHNWULN� HQHUML� �UHWLPL�� LoPH�� NXOODQPD� YH� HQG�VWUL� LoLQ� JHUHNOL� RODQ�
suyun�G�]HQOL�RODUDN�VD÷ODQPDVÕ��\HUOHúLP�YH�WDUÕP�DODQODUÕQÕQ�WDúNÕQGDQ�NRUXQPDVÕ�JLEL�
SHN�oRN�DPDoODU�LoLQ�LQúD�HGLOPHNWHGLU� 
  

�����*�Q�P�]GH� VX� ND\QDNODUÕQD� RODQ� LKWL\DFÕQ� JLGHUHN� DUWPDVÕ� E�\�N� VX� \DSÕODUÕ� LQúD�
HGLOPHVLQL�]RUXQOX�KDOH�JHWLUPHNWHGLU��6X�\DSÕODUÕQÕQ�E�\�NO�÷��DUWWÕNoD�YHUHELOHFHNOHUL�
]DUDUÕQ�GD�DUWPDVÕ��J�YHQOL�ELU�úHNLOGH�LQúD�HGLOPHOHULQL��LúOHWLOPHOHULQL�YH�KHVDSODUÕQÕQ�
GDKD� KDVVDV� \DSÕOPDVÕQÕ� JHUHNOL� NÕOPDNWDGÕU�� %LUoRN�P�KHQGLVOLN� SUREOHPLQGH� ]HPLQ�
içindeki suyun durumunun ve hareketinin ELOLQPHVL� E�\�N� |QHP� WDúÕPDNWDGÕU�� %X�
SUREOHPOHUGHQ�ELUL�GH�VX� WXWDQ�GROJX�EDUDMODUÕQ�J|YGHOHULQGHQ�YH�WHPHO�]HPLQOHULQGHQ�
JHoHQ�VX�PLNWDUÕQÕQ�WHVSLWLGLU�� 
 

������<HUDOWÕ� VX\X� WHULPL�� \HULQ� \�]H\L� DOWÕQGD� EXOXQDQ� E�W�Q� VXODUÕ� WDQÕPODPDN� LoLQ�
NXOODQÕOÕU��$QFDN�KLGURORJODU��\HUDOWÕ�VX\X�WHULPLQL�GR\JXQ�E|OJHGHNL�VX\X�WDQÕPODPDN�
LoLQ� NXOODQÕUODU�� 7DUÕPVDO� DODQODUÕQ� GUHQDMÕQGD� LVH� \HUDOWÕ� VX\X� WHULPL�� VX� WDEODVÕQÕQ�
�VW�QGHNL� NÕVPv� GR\JXQ� WDEDNDODUGDNL� VX\X� LIDGH� HGHU�� =HPLQOHUGHNL� VX\XQ� KDUHNHWL�
SUDWLNWH�VÕNOÕNOD�NDUúÕPÕ]D�oÕNDU��=HPLQ�LoLQGHNL�VX\XQ�KDUHNHWL��VÕ]PD�YH�\HUDOWÕ�VX\X�
ROPDN��]HUH�LNL�VÕQÕID�D\UÕODELOLU��%HDU�YH�9HUUXLMW�������� 
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'R÷DGD� PH\GDQD� JHOHQ� ELUoRN� ROD\� IL]LN� NDQXQODUÕ\OD� WDQÕPODQDELOPHNWHGLU�� %X�
IL]LN�NDQXQODUÕ�� �HOH�DOÕQDQ�SUREOHPLQ�\DSÕVÕQD�ED÷OÕ�RODUDN�FHELUVHO��GLIHUDQVL\HO�YH\D�
LQWHJUDO�GHQNOHPOHU�\DUGÕPÕ\OD�E�\�N�RUDQGD�LIDGH�HGLOHELOLUOHU���0HNDQLN��WHUPDO�YH\D�
DHURGLQDPLN� \�NOHUH� PDUX]� ELU� NDQDOGDNL� EDVÕQo� GD÷ÕOÕPÕ�� DWPRVIHU� YH\D� GHQL]�
suyundaki kirleticilerin konsantrasyonunun beOLUOHQPHVL��ELU�EDUDM�J|YGHVLQGHNL�EDVÕQo�
GD÷ÕOÕPÕQÕQ� YH\D� VÕ]PD�PLNWDUÕQÕQ� EHOLUOHQPHVL� EDúOÕFD� NDUúÕODúÕODQ� SUREOHPOHUGHQGLU��
%|\OHVL�IL]LNVHO�ROD\ODUÕ�LIDGH�HGHQ�GHQNOHPOHULQ�HOGH�HGLOPHVL�]RU�ROPDPDNOD�ELUOLNWH��
elde edilen denklemlerin analitik olarak� o|]�OPHVL�� \D� oRN� ]RU� \DGD� LPNDQVÕ]GÕU�� %X�
QHGHQOH� GHQNOHPOHULQ� o|]�P�� LoLQ� ED]Õ� \DNODúÕN� \|QWHPOHU� JHOLúWLULOPLúWLU�����������
�$UGÕoOÕR÷OX�������� 

 

%X� � oDOÕúPDGD�� WRSUDN� GROJX� ELU� EDUDM� J|YGHVLQGHNL� YH� DOWÕQGDNL� VÕ]PD� ROD\ÕQÕQ�
PRGHOOHQPHVLQGH�\DNODúÕN�o|]�P�\|QWHPOHULQGHQ�ELULVL�RODQ�YH�WHPHOOHUL������\ÕOÕQGD�
DWÕODQ�6RQOX�(OHPDQODU�<|QWHPL�NXOODQÕOPÕúWÕU� 
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ø.ø1&ø�%g/h0 

<(5$/7,�68<8181�+$5(.(7ø 

���<(5$/7,�68<8181�+$5(.(7ø�  
�����6X\XQ�]HPLQ�LoLQGH�EXOXQGX÷X�E|OJH��GR\PDPÕú�E|OJH�YH�GR\PXú�E|OJH olarak ikiye 

D\UÕOÕU��'R\PDPÕú�E|OJHGH��]HPLQLQ�J|]HQHNOHULQGH�VX�YH�JD]�EHUDEHU�EXOXQXU��'R\PXú�
E|OJHGH� LVH�� VX\XQ� ]HPLQLQ� J|]HQHNOHULQL� WDPDPHQ� GROGXUGX÷X� NDEXO� HGLOLU��'R\PXú�
E|OJHGH�EXOXQDQ�VX��\HUDOWÕ�VX\X�RODUDN�DGODQGÕUÕOÕU� 

<HUDOWÕ�VX\XQXQ�|]HOLNOHUL�úXQODUGÕU� 

a) <HUDOWÕ� VX\X�VHUEHVW�VX�N�WOHVLGLU��<DQL��VX\X�]HPLQ�GDQHOHULQH�GR÷UX�oHNHQ�
PROHN�OHU�NDUDNWHUGHNL�oHNLP�NXYYHWOHUL�\HUDOWÕ�VX\XQD�HWNL�HWPH]� 

b) <HUDOWÕ�VX\X�\HUoHNLPL�YH�EDVÕQFÕQ�HWNLVL\OH�KDUHNHW�HGHU�� 

<HUDOWÕ� VXODUÕ�� ]HPLQLQ� ELUELUL� LOH� LUWLEDWOÕ� J|]HQHNOHUL� LoLQGH� KDUHNHW� HGHUOHU�� %X�
J|]HQHNOHU��ELU�ERUX�D÷Õ�ROXúWXUXUODU��$÷ÕQ�\DSÕVÕ�oRN�NDUPDúÕNWÕU�o�QN���ERUXFXNODUÕQ�
FLGDUODUÕ� oRN� G�]HQVL]� \�]H\OHUGHQ� PH\GDQD� JHOLU�� %X� NRQX\X�� -DFRE� oDOÕúPDVÕQGD�
³*HoLULPOL�]HPLQLQ�NDQDOODUÕ�WHNUDU�WHNUDU�GDUODúÕU�YH�JHQLúOHU��NROODUD�D\UÕOÕU��EX�NROODU��
WHNUDU� ELUOHúLU´� V|]�� LOH� LIDGH� HWPHNWHGLU�� 6OLFKWHU�� D÷ÕQ� NDUPDúÕN� \DSÕVÕQÕ�� ³=HPLQLQ�
PH\GDQD�JHWLUGL÷L�D÷ÕQ�\DSÕVÕ�oRN�NDUPDúÕNWÕU��2�NDGDU�NDUPDúÕNWÕU��NL��ELU�QRNWDGD��VÕYÕ�
]HUUHVLQLQ�LVWHGL÷L�GR÷UXOWXGD�KDUHNHW�HGHFH÷LQL�G�ú�QHELOLUL]´�GL\H�LIDGH�HWPHNWHGLU�� 

%X�DoÕNODPDODUGDQ�DQODúÕOGÕ÷Õ��]HUH��J|]HQHNOHULQ��PH\GDQD�JHWLUGL÷L�ERUXFXNODUÕQ�
FLGDUODUÕQÕ� PDWHPDWLN� ED÷ÕQWÕODUOD� LIDGH� HWPHQLQ� J�oO�÷�� DSDoÕN� RUWDGDGÕU�� %XQGDQ�
GROD\Õ� ]HPLQLQ� J|]HQHNOHULQLQ� PH\GDQD� JHWLUGL÷L� ERUX� D÷ÕQGD� KDUHNHW� HGHQ� DNÕúNDQ�
]HUUHVL�LoLQ�VÕQÕU�úDUWODUÕQÕ�\D]PDN�LPNDQVÕ]�GHQHFHN�NDGDU�]RU�YH�NDUPDúÕNWÕU�� 
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6ÕQÕU� úDUWODUÕ� LIDGH� HGLOHPHGL÷L� LoLQ� GH�� \HUDOWÕ� VX\X� DNÕPÕ� 1DYLHU-Stokes ve 

V�UHNOLOLN� GHQNOHPOHULQGHQ� ROXúDQ� GHQNOHP� WDNÕPÕ� LOH� LQFHOHQHPH]�� %X� VHEHSOHUGHQ�
GROD\Õ�� \HUDOWÕ� VX\X� DNÕPÕ� �����\ÕOÕQD� NDGDU� UDV\RQHO�ELU� úHNLOGH�DQDOL]� HGLOHPHPLúWLU�
(Omay, 1975).      

<HUDOWÕ� VX\X� DNÕPÕ�� JHoLULPOL� ]HPLQLQ� NRPSOLNH� \DSÕVÕ� LoHULVLQGH� PH\GDQD� JHOHQ�
YLVNR]�ELU�VÕYÕ�DNÕPÕGÕU��6X\XQ�VÕNÕúPD]�ELU�DNÕúNDQ�ROGX÷X�NDEXO�HGLOGL÷LQGH��1DYLHU-
6WRNHV�YH�V�UHNOLOLN�GHQNOHPOHULQLQ��\HUDOWÕ�VX\X�KDUHNHWLQLQ�L]DKÕQD�\HWHUOL�ROGX÷X�LON�
EDNÕúWD�G�ú�Q�OHELOLU��%HOOL�ELU�SUREOHPL�o|]PHN�LoLQ�VÕQÕU�úDUWODUÕQÕ�GD�EX�GLIHUDQVL\HO�
denklemlere ilave etmek gereNLU�� 2OD\ODUÕ� PLNURVNRELN� J|U�úOH� DoÕNOD\DQ� EX�
GHQNOHPOHULQ��\HUDOWÕ�VX\X�SUREOHPOHULQH�X\JXODQPDVÕQGD�LVH�LON�]RUOXN�VÕQÕU�úDUWODUÕQÕQ�
LIDGHVLQGH�RUWD\D�oÕNPDNWDGÕU��6ÕQÕU�úDUWODUÕQÕQ�LIDGHVL��GLIHUDQVL\HO�GHQNOHPOHUL�o|]PHN�
LoLQ�JHUHNOL�LON�DGÕP�ROGX÷XQD�J|UH��\HUDOWÕ�VX\X�KDUHNHWLQL�GH�1DYLHU-Stokes, süreklilik 

YH�VÕQÕU�úDUWODUÕQGDQ�LEDUHW�RODQ�YH�ROD\ODUÕ�PLNURVNRELN�J|U�úOH�DoÕNOD\DQ�GLIHUDQVL\HO�
GHQNOHP�WDNÕPÕ�LOH�DoÕNODPDN�úLPGLOLN�LPNDQVÕ]�JLEL�J|U�QPHNWHGLU� 

'L÷HU� WDUDIWDQ�� \HUDOWÕ� VX\X� KDUHNHWLQL� PLNURVNRELN� J|U�úOH� DoÕNOD\DELOVHN� ELOH��
EXODFD÷ÕPÕ]�GH÷HUOHU�SUDWLN�EDNÕPÕQGDQ�ID\GDOÕ�ROPD\DFDNWÕU��d�QN���SUDWLNWH�RUWDODPD�
GH÷HUOHU�KLGUROLN�ROD\ODUÕQ�L]DKÕQD�\HWPHPHNWHGLU��ùX�KDOGH��\HUDOWÕ�VX\X�KDUHNHWLQL�L]DK�
HWPHN� LoLQ� DNÕúNDQODU� PHNDQL÷LQLQ� GHQNOHPOHUL� GÕúÕQGD� ELU� ED÷ÕQWÕ\D� LKWL\Do� YDUGÕU�
(Omay, 1977). 

 

����'DUF\�<DVDVÕ 
  

<HUDOWÕ�VX\X�KLGURORMLVLQLQ�ELU�QLFHO�ELOLP�RODUDN�GR÷XúX������\ÕOÕQGD�+HQU\�'DUF\�
LVLPOL� )UDQVÕ]� ELU� KLGUROLN� P�KHQGLVLQLQ� )UDQVD¶QÕQ� 'LMRQ� NHQWLQLQ� VX� ELODQoRVX�
UDSRUXQX�KD]ÕUODPDVÕ\OD�EDúODU��'DUF\��EX�UDSRUGD��NXPODUGD�VX\XQ�DNÕúÕQÕ�LQFHOH\HQ�ELU�
ODERUDWXYDU� GHQH\L� WDQÕPODPÕú� YH� GHQH\� VRQXoODUÕQÕ� NHQGL� DGÕQÕ� WDúÕ\DQ� DPSULN� \DVD�
úHNOLQGH�JHQHOOHúWLUPLúWLU�)UHH]H�YH�&KHUU\�������� 
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<HUDOWÕ�VXODUÕQÕQ�KDUHNHWL�\�]H\�VXODUÕQGDQ�IDUNOÕGÕU��<HUDOWÕ�VXODUÕ�]LN]DNOÕ��NHVLWOHUL�
IDUNOÕ� YH� ELUELUOHUL\OH� ED÷ODQWÕOÕ� NDQDOODUGDQ�DNDU��%X�QHGHQOH��\HUDOWÕ� VXODUÕQÕQ�JHUoHN�
KÕ]ODUÕQÕ�|OoPHN�GH�P�PN�Q�GH÷LOGLU��$UD]LGH�YH�ODERUDWXYDUGD�|Oo�OHQ�KÕ]��J|U�Q�U�KÕ]�
RODUDN�WDQÕPODQPDNWDGÕU� 

 

<HUDOWÕ� VXODUÕ�� EDVÕQo� IDUNODUÕQÕQ� PH\GDQD� JHWLUGL÷L� \�NVHN� HQHUML� VHYL\HOHULQGHQ�
GDKD� G�ú�N� HQHUML� VHYL\HOHULQH� GR÷UX� DNDU�� <HUDOWÕ� VXODUÕ� DNDUNHQ� GDU� NDQDOODUÕQ�
\�]H\OHULQH�V�UW�QHUHN�HQHUMLOHULQLQ�ELU�NÕVPÕQÕ�ND\EHGHU��%LULP�PHVDIHGH�ND\EHWWLNOHUL�
enerjiye hidrROLN�H÷LP�GHQLU��+LGUROLN�H÷LP��NXP�JLEL�GDQHOL�PDO]HPHOHU� LoLQGH�DNÕP�
KÕ]Õ\OD� � GR÷UX� RUDQWÕOÕGÕU�� <HUDOWÕ� VXODUÕQÕQ� KÕ]ODUÕ� LOH� KLGUROLN� H÷LPOHUL� DUDVÕQGDNL�
GR÷UXVDO� LOLúNL\H� 'DUF\� \DVDVÕ� GHQLU�� 'DUF\�� GHQH\OHULQGH�� DNDQ� VX\XQ� GHELVLQLQ� �4��
HQHUML� ND\EÕ\OD� GR÷UX�� NXPXQ� NDOÕQOÕ÷Õ\OD� WHUV� RUDQWÕOÕ� ROGX÷XQX� WHVSLW� HWPLúWLU��������
(Güngör, 1989).     

 

ùHNLO����¶GH�J|VWHULOHQ�GHQH\�G�]HQH÷L�LQFHOHQLUVH��HQLQH�NHVLW�DODQÕ�$�RODQ�VLOLQGLU��
NXPOD� GROX� YH� LNL� XFX�GD� WÕSDOÕGÕU�� øNL� DGHW�PDQRPHWUHQLQ� \HUOHúWLULOGL÷L� silindirin bir 

XFXQGD� VX� JLULú� W�S��� GL÷HU� XFXQGD� VX� oÕNÕú� W�S�� EXOXQPDNWDGÕU�� 6LOLQGLU� LoLQH�� W�P�
J|]HQHNOHU� VX\D� GR\JXQ� KDOH� JHOLQFH\H� YH� JLULú� GHELVL�4�� oÕNÕú� GHELVLQH�4� HúLW� RODQD�
kadar su verilmektedir. z=0 gibi keyfi bir referans düzlemine göre, manoPHWUH�JLULúOHUL�
z1 ve z2��W�SOHUGHNL�DNÕúNDQÕQ�\�NVHNOLNOHUL�K1 ve h2¶GLU��0DQRPHWUH�JLULúOHUL�DUDVÕQGDNL�
PHVDIH�ûO¶GLU�� 

 

Silindir içindeki özgül debi, v 

 

 AQv �=                                                                                                                      (2.1) 

 

RODUDN�WDQÕPODQDELOLU� 
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ùHNLO������'DUF\�\DVDVÕQÕ�LIDGH�HGHQ�GHQH\VHO�G�]HQHN 
 

'DUF\� WDUDIÕQGDQ� \DSÕODQ� GHQH\OHU�� Y¶QLQ�� ûO� VDELW� ROGX÷X� ]DPDQ� K1-h2� LOH� GR÷UX�
RUDQWÕOÕ�� K1-h2� VDELW� ROGX÷X� ]DPDQ� GD�� ûO� LOH� WHUV� RUDQWÕOÕ� ROGX÷XQX� J|VWHUPLúWLU�����������
ûK K2-h1�ROXUVD�'DUF\�\DVDVÕ�� 
 

v=-.�ûK��ûO�                                                                    (2.2) 

 

�úHNOLQGH�YH\D 
 

v=-K(dh/ dl)                                                                     (2.3) 

 

GLIHUDQVL\HO� IRUPXQGD� \D]ÕODELOLU�� ������ HúLWOL÷LQGH� K�� KLGUROLN� \�N� YH� GK�GO�� KLGUROLN�
H÷LP�RODUDN�DGODQGÕUÕOÕU��.�ELU�RUDQVDOOÕN�VDELWLGLU��6LOLQGLU�LoLQGHNL�KLGUROLN�H÷LPL�VDELW�
WXWXOGX÷XQGD�.�]HPLQLQ�ELU�|]HOOL÷L�ROPDNWDGÕU��%X�KDOGH�|]J�O�Gebi zemin cinsine göre 

GH÷LúLU��%DúND�ELU� LIDGH\OH�� GK�GO� � VDELW� WXWXOXUVD��Y� LOH�.�GR÷UX�RUDQWÕOÕ�RODFDNWÕU��%X�
GXUXPGD� .� SDUDPHWUHVL� KLGUROLN� LOHWNHQOLN� RODUDN� DGODQGÕUÕOÕU� .� GH÷HUL�� NXP� YH�
oDNÕOODUGD� \�NVHN� ROGX÷X� KDOGH�� oR÷X� ND\DODUGD� YH� NLOOHUGH� G�ú�ktür. ûK� YH� ûO¶QLQ��
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ELULPOHUL� X]XQOXN� >/@� ROGX÷XQGDQ� ������ ED÷ÕQWÕVÕQGDQ� KDUHNHWOH� .¶QÕQ� ER\XWXQXQ� KÕ]�
ER\XWX�QGD�>/�7@�ROGX÷X�J|U�OPHNWHGLU�� 
 

�����'DUF\�\DVDVÕQÕQ�DOWHUQDWLI�ELU�úHNOL� ������HúLWOL÷L�LOH�������HúLWOL÷L�ELOHúWLULOHUHN� �HOGH�
edilebilir.  

 

Q=-K(dh/dl)A                                                         (2.4) 

 

%X�HúLWOLN�GDKD�GD�NÕVDOWÕODUDN�� 
 

i= - dh/dl                                               (2.5) 

 

Q=-KiA                                                         (2.6) 

 

úHNOLQGH�\D]ÕODELOLU�� ������GHQNOHPLQGH��GK�GO¶QLQ�|Q�QH��-�� LúDUHWL�NRQPDVÕQÕQ�VHEHEL��
\�N�ND\EÕQÕ�LIDGH�HWPHVLQGHQGLU���GK�GO��PXWODN�GH÷HU�RUDQÕQD�KLGUROLN�H÷LP�GHQLU�YH��L��
ile gösterilir.  

 

�����'DUF\� \DVDVÕ� X]D\GD� KHUKDQJL� ELU� \|QGHNL� \HUDOWÕ� VX\X� DNÕúÕ� LoLQ� JHoerlidir.         

ùHNLO����¶H�YH�������HúLWOL÷L�HVDV�DOÕQDUDN��GHQH\�G�]HQH÷LQLQ�ùHNLO����¶WHNL�JLEL�G�úH\OH�
ELU��� DoÕVÕ�\DSWÕ÷Õ�J|]�|Q�QH�DOÕQÕUVD��KLGUROLN�H÷LP��GK�GO��YH�KLGUROLN� LOHWNHQOLN��.���
VDELW� WXWXOGX÷XQGD�� |]J�O� GHEL� �Y��� �� DoÕVÕQGDQ� ED÷ÕPVÕ]� ROPDNWDGÕU�� 6X� DNÕúÕ�
\HUoHNLPLQLQ� DNVL� \|QGH�� VLOLQGLULQ� \XNDUÕVÕQD� GR÷UX� ROGX÷X� ]DPDQ� ��� DoÕVÕ� ��Û¶GHQ�
E�\�N�ROGX÷XQGD����ELOH�|]J�O�GHEL��Y�����DoÕVÕQGDQ�ED÷ÕPVÕ]�ROPDNWDGÕU�� 
 

 

ùHNLO������<HUDOWÕ�VX\X�DNÕPÕQÕQ�PDNURVNRELN�YH�PLNURVNRELN�NDYUDPODUÕ 
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g]J�O�GHEL�Y�KÕ]�ER\XWXQD�VDKLS�ROGX÷XQGDQ��'DUF\�KÕ]Õ�RODUDN�GD�DGODQGÕUÕODELOLU�
YH� ELU� PDNURVNRELN� NDYUDP� ROGX÷XQGDQ� NROD\OÕNOD� |Oo�OHELOLU�� g]J�O� GHELQLQ�� VX�
SDUWLN�OOHULQLQ� DNÕúODUÕ� VÕUDVÕQGD� NDUúÕODúWÕNODUÕ� NXP� SDUWLN�OOHULQLQ� HWUDIÕQÕ� GRODúÕUNHQ��
�ùHNLO� ����� ROXúWXUGXNODUÕ� PLNURVNRELN� KÕ]GDQ� IDUNOÕ� ROGX÷XQD� GLNNDW� HGLOPHOLGLU��
0LNURVNRELN� KÕ]ODU� JHUoHN� KÕ]GÕU� DQFDN�� |Oo�OPHOHUL� LPNDQVÕ]GÕU�����������������������������������
(Freeze ve Cherry, 2003). 

                                                    

�����ùHNLO����¶GHNL�KLGURVWDWLN�GHQJH�KDOL��HQHUMLQLQ�NRUXQXPX�NDQXQXQD�J|UH�%HUQRXOOL�
GHQNOHPL�úHNOLQGH��\D]ÕODELOLU� 
 

������������ g2v�PZg2v�PZ 2

222

2

111 ++=++                   (2.7) 

 

Kum içinde v1, v2� KÕ]ODUÕ� HúLW� ROXS�� LKPDO� HGLOHFHN� NDGDU� N�o�NW�U�� <HUDOWÕ� VXODUÕ�
DNÕPÕQÕQ� SRWDQVL\HO� DNÕP� WHRULVLQH� X\GX÷X� NDEXO� HGLOGL÷LQGHQ� ������ GHQNOHPL� ������
GHQNOHPL�úHNOLQGH�DúD÷ÕGDNL�JLEL�\D]ÕODELOLU�� 
 

sabit�PZh +−= ���                                  (2.8) 

 

Burada: 

K�� <HUDOWÕ� VX� VHYL\HVL� �SL\H]RPHWULN� VHYL\H�� RODUDN� WDQÕPODQÕU�� ������ ED÷ÕQWÕVÕ� ������
GHQNOHPL�úHNOLQGH��\D]ÕODELOLU� 
 

��GK�GO�.���L�.4�$ ==                                             (2.9) 

 

4�$�� %LULP� ]DPDQGD�� ELULP� DODQGDQ� JHoHQ� VX� PLNWDUÕGÕU�� +Õ]� ER\XWXQGD� RODQ� EX�
E�\�NO�N�VÕ]PD�KÕ]Õ�GL\H�DGODQGÕUÕOÕU��%X�E�\�NO�N��T��LOH�J|VWHULOLU�YH�������ED÷ÕQWÕVÕ�LOH�
������ED÷ÕQWÕVÕ�ELUOHúWLULOLUVH� 
 

��GO3�G�]��..LT �+==                                                                                           (2.10) 

 

ED÷ÕQWÕVÕ�HOGH�HGLOLU��*�QJ|U��1989). 
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ùHNLO�����'DUF\¶QLQ�\DSWÕ÷Õ�GHQH\LQ�JHQHOOHúWLULOPHVL 
 

    

'DUF\� \DVDVÕ� DPSLULN� ELU� \DVD� ROXS� VDGHFH� GHQH\VHO� LVSDWD� GD\DQPDNWDGÕU��'DUF\�
\DVDVÕQÕ�GDKD�WHPHO�IL]LNVHO�\DVDODUGDQ�W�UHWPHN�LoLQ�SHN�oRN�oDOÕúPD�\DSÕOPÕúWÕU��%HDU��
EX� oDOÕúPDODUÕQ� WDPDPÕQÕ� LQFHOHPLú�� HQ� GR÷UX� \DNODúÕPODUÕQ�� DNÕúNDQODU�PHNDQL÷LQGH�
çok iyi bilinen Navier-6WRNHV�GHQNOHPOHULQLQ��J|]HQHNOL�RUWDPGDNL�DNÕPD�X\JXODQPDVÕ�
LOH�LOJLOL�oDOÕúPDODU��ROGX÷X�úHNOLQGH�LIDGH�HWPLúWLU��+XEEHUW��YH�,UPD\��EX�W�U�oDOÕúPDODUÕ�
\DSDQ�LON�DUDúWÕUPDFÕODUGDQGÕU��)UHH]H�YH�&KHUU\�������� 

  

������+LGUROLN�øOHWNHQOLN�YH�*HoLUJHQOLN 

 

+XEEHUW¶LQ� LúDUHW� HWWL÷L� JLEL�� 'DUF\� \DVDVÕQÕQ� KLGUROLN� LOHWNHQOLNWH� DUWÕN�
HYUHQVHOOHúPLú�RODQ�RUDQVDOOÕN�VDELWL��VDGHFH�J|]HQHNOL�RUWDPÕQ�ELU�IRQNVL\RQX�ROPD\ÕS��
D\QÕ� ]DPDQGD� DNÕúNDQÕQ� GD� ELU� IRQNVL\RQXGXU�� 'HQH\� G�]HQH÷LQGH� D\QÕ� NXPXQ�
NXOODQÕOPDVÕ� KDOLQGH��ûK� YH� �ûO¶QLQ� VDELW� WXWXOGX÷X� LNL� GH÷LúLN� GHQH\GHQ� ELULQFLVLQGH�
DNÕúNDQ�RODUDN�VX��LNLQFLVLQGH�LVH��SHNPH]�NXOODQÕOÕUVD��LNLQFL�GHQH\GHNL�|]J�O�GHELQLQ�
birinci deneydeNLQGHQ�GDKD�G�ú�N�ROGX÷X�J|U�OHFHNWLU��%X�J|]OHPLQ�ÕúÕ÷ÕQGD��J|]HQHNOL�
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RUWDPÕQ� LOHWNHQOLN�|]HOOLNOHULQL� LoLQGHQ�DNDQ�DNÕúNDQGDQ�ED÷ÕPVÕ]�RODUDN�WDQÕPOD\DFDN�
bir parametrenin belirlenmesi gerekmektedir.  

 

%X�DPDFD�\|QHOLN�RODUDN��G�oDSÕQGDNL��QLIRUP�FDP�ERQFXNODUGDQ�ROXúDQ� LGHDO�ELU�
J|]HQHNOL� RUWDPGD� GHQH\OHU� \DSÕOPÕú�� GK�GO� VDELW� KLGUROLN� H÷LPL� DOWÕQGD� G�]HQHNWH�
GH÷LúLN� \R÷XQOXN� �!�� YH� GLQDPLN� YLVNR]LWHGHNL� ���� DNÕúNDQODUÕQ� DNPDVÕ� KDOLQGH�
DúD÷ÕGDNL�RUDQVDOOÕN�LOLúNLOHUL�HOGH�HGLOPLúWLU� 

 

v ile d2�GR÷UX�RUDQWÕOÕ 
Y�LOH�!J�GR÷UX�RUDQWÕOÕ 

���������Y�LOH���WHUV�RUDQWÕOÕ 
 

Darcy’nin orijinal gözlemindeki –GK�GO� LOH� Y� GR÷UX� RUDQWÕOÕ� ROXS�� EX� �o� HúLWOLNOH�
ELUOLNWH�GH÷HUOHQGLULOLUVH�'DUF\�\DVDVÕQÕQ�ELU�\HQL�YHUVL\RQX�RODQ�� 
 

dl

dh

�
g!Cd

v
2

−=                                                                                                          (2.11) 

 

ED÷ÕQWÕVÕ� EXOXQXU�� %D÷ÕQWÕGDNL� &� ELU� GL÷HU� RUDQVDOOÕN� NDWVD\ÕVÕGÕU�� %X� NDWVD\Õ�� JHUoHN�
]HPLQOHUGH�RUWDODPD�GDQH�oDSÕQGDQ�EDúND��GDQH�ER\X�GD÷ÕOÕPÕ��GDQHOHULQ�\XYDUODNOÕ÷Õ�YH�
N�UHVHOOL÷L�LOH�VÕNÕúPD�ELoLPOHUL�JLEL�GL÷HU�RUWDP�|]HOOLNOHULQL�GH�\DQVÕWPDNWDGÕU� 
 

����������HúLWOL÷L��RULMLQDO�'DUF\�\DVDVÕQÕ�WDQÕPOD\DQ�������HúLWOL÷L�LOH�NDUúÕODúWÕUÕOÕUVD 

 

�
g!Cd

K
2

=                                                                                                                (2.12) 

 

GHQNOHPL�HOGH�HGLOLU��%D÷ÕQWÕGDNL�!�YH���DNÕúNDQÕQ��&G2�GH�RUWDPÕQ�|]HOOLNOHULGLU�� 
 

2
k Cd=                                                                                                                       (2.13) 

 

WDQÕPODPDVÕ�\DSÕOÕUVD� 



 11 

 

�
g!k

K =                                                                                                                      (2.14) 

 

ED÷ÕQWÕVÕ� HOGH� HGLOLU�� %XUDGDNL� N�� |]J�O� YH� JHUoHN� JHoLUJHQOLN� RODUDN� DGODQGÕUÕOÕU�� .��
KLGUROLN� LOHWNHQOLN� ROGX÷XQGDQ�� N� NDWVD\ÕVÕQÕ� GD� JHoLUJHQOLN� RODUDN� DGODQGÕUPDN� GDKD�
X\JXQ�ROPDNWDGÕU�� 
 

 

����+LGUROLN�<�N���$NÕúNDQ�3RWDQVL\HOL� 
 

�����$NÕú� LOH� LOJLOL� IL]LNVHO� V�UHoOHULQ� DQDOL]LQGH� JHQHOOLNOH� SRWDQVL\HO� H÷LPLQ� ELOLQPHVL�
JHUHNOLGLU�� 6|]JHOLPL�� NDWÕODUGDNL� ÕVÕ� DNÕúÕQÕQ�� \�NVHN� VÕFDNOÕN� GHUHFHOHULQGHQ� G�ú�N�
VÕFDNOÕN� GHUHFHOHULQH� YH� GHYUHOHUGHNL� HOHNWULN� DNÕPÕQÕQ� GD�� \�NVHN� YROWDMGDQ� G�ú�N�
YROWDMD� GR÷UX� ROGX÷X� ELOLQPHNWHGLU�� %X� V�UHoOHU� LoLQ� VÕFDNOÕN� GHUHFHVL� YH� YROWDM��
SRWDQVL\HO�PLNWDUODU�ROXS�� ÕVÕ�YH�HOHNWULN�DNÕú�RUDQODUÕ�EX�SRWDQVL\HO�H÷LPOHU� LOH�GR÷UX�
RUDQWÕOÕGÕU�� *|]HQHNOL� RUWDPGD� VÕYÕ� DNÕúÕQÕ� NRQWURO� HGHQ� SRWDQVL\HO� H÷LPLQ� +XEEHUW�
WDUDIÕQGDQ�\HUDOWÕ�VX\X�DNÕúÕQÕ�HOH�DODQ�HVHULQGH�GLNNDWOLFH�LUGHOHQPHVL��ELU�DYDQWDMGÕU�� 
 

     +XEEHUW�� SRWDQVL\HOL� ³X]D\GD� \|QH� ED÷ÕPOÕ� ROPD\DQ�� DNÕú� PLNWDUÕQÕQ� \�NVHN�
GH÷HUOHUGHNL� E|OJHOHUGHQ� GDKD� G�ú�N� GH÷HUOHUH� GR÷UX� ROGX÷X�� DNÕú� VLVWHPL� LoLQGH�
herhangi bir noktada ölçülebilen bir büyüklük” olaraN� WDQÕPODPDNWDGÕU�� 'DUF\�
GHQH\LQGH��ùHNLO������PDQRPHWUHOHUGHNL�VX�VHYL\HOHUL�LOH�LIDGH�HGLOHQ�KLGUROLN�\�N�h, bu 

WDQÕPODPD\Õ�NDUúÕODU�JLEL�J|U�QPHNWHGLU��DQFDN��EX�GXUXP��+XEEHUW¶LQ�GH� LúDUHW�HWWL÷L�
JLEL�³GDKD�LOHUL�ELU�DUDúWÕUPD�\DSPDGDQ�EXQX�DPSLULN�RODUDN�NXOODQPDN�D\QHQ�VÕFDNOÕ÷ÕQ�
IL]LNVHO� RODUDN� QH� DQODPD� JHOGL÷LQL� ELOPHGHQ� WHUPRPHWUHGHNL� FLYD� NRORQXQXQ�
\�NVHNOL÷LQL�RNXPD\D�EHQ]HU´�� 
 

�����3RWDQVL\HO�E�\�NO�N�LoLQ�LNL�PXKWHPHO�ELOHúHQ��JHRPHWULN�NRW�YH�DNÕúNDQ�EDVÕQFÕGÕU��
'DUF\� G�]HQH÷LQGHNL� VLOLQGLULQ� G�úH\�NRQXPD� JHWLULOPHVL� KDOLQGH� ���  � ��� VLOLQGLUGHNL�
DNÕú��\HUoHNLPLQH�ED÷OÕ�RODUDN�DúD÷Õ�GR÷UX��\XNDUÕ�NRWWDQ�G�ú�N�NRWD�GR÷UX��ROXUGX�� 
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'L÷HU�WDUDIWDQ��VLOLQGLULQ�\DWD\�NRQXPGD�ROPDVÕ�YH�\HUoHNLPL�HWNLVLQLQ�DNÕúWD�GHYUH�GÕúÕ�
NDOPDVÕ�KDOLQGH���� ��Û��VLOLQGLUGHNL�DNÕú�DQFDN�ELU�XoWD�EDVÕQFÕQ�\�NVHOLS�GL÷HU�WDUDIWD�
G�úPHVL�GXUXPXQGD�JHUoHNOHúHFHNWLU��7HN�EDúÕQD�QH�JHRPHWULN�NRW�QH�GH�EDVÕQo�\HWHUOL�
ELU� SRWDQVL\HO� ROXúWXUPDNWDGÕU�� DQFDN� LNLVL� EHUDEHU� WRSODP� SRWDQVL\HO� PLNWDUÕQÕ�
belirlemektedir.  

 

     PotDQVL\HO� PLNWDUÕQ� DQODúÕOPDVÕQGD� HQ� L\L� \RO�� DNÕú� V�UHFLQGHNL� HQHUML� LOLúNLOHULQL�
LQFHOHPHNWLU��0DWHPDWLNoL�YH�IL]LNoLOHULQ�NODVLN�SRWDQVL\HO�WDQÕPÕ��DNÕú�V�UHFL�VÕUDVÕQGD�
\DSÕODQ� LúWLU�� $NÕú� VLVWHPL� LoLQGH� LNL� QRNWD� DUDVÕQGD� KDUHNHW� HGHQ� DNÕúNDQÕQ� ELULP�
küWOHVLQGH�\DSÕODQ�Lú�LVH��ELULP�N�WOHGHNL�HQHUML�ND\EÕQÕQ�ELU�|Oo�V�G�U�� 
 

�����*|]HQHNOL� RUWDPODUGD� VÕYÕ� DNÕúÕ� PHNDQLN� ELU� V�UHoWLU�� $NÕúNDQÕ� KDUHNHW� HWPH\H�
]RUOD\DQ�NXYYHWOHU��KDUHNHW�KDOLQGHNL�DNÕúNDQ�LOH�J|]HQHNOL�RUWDPÕQ�WDQHOHUL�DUDVÕQGDNL�
sürtünme kuYYHWOHULQGHQ� E�\�N� ROPDOÕGÕU�� %X� QHGHQOH�� DNÕPOD� ELUOLNWH� V�UW�QPHGHQ�
GROD\Õ�PHNDQLN� HQHUMLGHQ� ÕVÕO� HQHUML\H� WHUVLQPH]� �JHUL� G|Q�ú�� ROPD\DQ�� ELU� G|Q�ú�P�
JHUoHNOHúLU��%X�\�]GHQ��X]D\GDNL�DNÕúÕQ�\|Q���DNÕúNDQÕQ�ELULP�N�WOHVL�EDúÕQD�PHNDQLN�
enerjisinin yüksek� ROGX÷X� E|OJHOHULQGHQ� G�ú�N� ROGX÷X� E|OJHOHULQH� GR÷UX� ROPDOÕGÕU��
%XUDGD�� DNÕú� VLVWHPLQGH� KHUKDQJL� ELU� QRNWDGD� ELULP� N�WOH� EDúÕQD� PHNDQLN� HQHUML��
DNÕúNDQÕQ� ELULP� N�WOHVLQL� ELU� QRNWDGDQ� GL÷HULQH� WDúÕPDN� LoLQ� JHUHNOL� Lú� RODUDN�
WDQÕPODQDELOLU�� $oÕNoD� J|U�OG�÷�� JLEL�� EX� GXUXPGD� +XEEHUW¶LQ� � SRWDQVL\HO� WDQÕPÕQD�
�DNÕúÕQ� \|Q�� EDNÕPÕQGDQ�� YH� � NODVLN� WDQÕPD� � �\DSÕODQ� Lú� EDNÕPÕQGDQ�� X\PD\DQ� ELU�
IL]LNVHO�E�\�NO�N�RUWD\D�oÕNPDNWDGÕU��*|]HQHNOL�RUWDPGDNL�DNÕúNDQ�SRWDQVL\HOL��LúWH�EX�
VHEHSWHQ� GROD\Õ� DNÕúNDQÕQ� ELULP� N�WOHVL� EDúÕQD� PHNDQLN� HQHUML� PLNWDUÕGÕU� �)UHH]H� YH�
Cherry, 2003).                                             

 

 

����<HUDOWÕ�6X\X�$NÕPÕQÕQ�6�UHNOLOLN�'HQNOHPL 
 

������.RQWURO�+DFPL�.DYUDPÕ 
 

<HUDOWÕ�VX\X�DNÕPÕQGD��V�UHNOLOLN�GHQNOHPL�HOGH�HGHUNHQ��GDKD�NROD\�X\JXODQabilir 

ROGX÷XQGDQ��(XOHU�PHWRGX�NXOODQÕOPDNWDGÕU��%X�PHWRGGD��X]D\GD�WHVELW�HGLOPLú��NRQWURO�
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KDFPL� GL\H� DGODQGÕUÕODQ� EHOOL� ELU� KDFLP� J|]� |Q�QH� DOÕQÕU�� .RQWURO� KDFPLQLQ� úHNOL�
JHOLúLJ�]HOGLU�� %X� KDFLP�� NRQWURO� \�]H\L� GL\H� DGODQGÕUÕODQ� \�]OHUL� NDSDOÕ� ELU� KDFLm 

E|OJHVL� PH\GDQD� JHWLULU�� .RQWURO� KDFPLQLQ� LoLQGHNL� PDGGHQLQ� PLNWDUÕ�� ]DPDQOD�
GH÷LúHELOLU�� )DNDW�� EX� KDFPLQ� úHNLO� YH� SR]LV\RQX� GH÷LúPH]�� %X� KDFLP�� LQFHOHQHQ�
SUREOHPH� J|UH�� oRN� N�o�N� \D� GD� VRQOX� ROPDN� úDUWÕ\OD� E�\�N� ER\XWOX� � RODELOLU��
øQFHOHPHOHUL� NROD\ODúWÕUPDN� LoLQ� NRQWURO� KDFPL�� NXOODQÕODQ� NRRUGLQDW� VLVWHPLQH� X\JXQ�
KHUKDQJL�ELU�IRUPGD�G�ú�Q�OHELOLU��d�QN���VHoLOHQ�IRUP�VRQXoWD�HOGH�HGLOHQ�GHQNOHPOHUH�
etki etmez. 

 

2.3.2 Süreklilik Denklemi 

 

(x,y,z) kartezyen koordinat sisteminde, geçirimli zeminin herhangi bir P(x,y,z) 

QRNWDVÕ�HWUDIÕQGD��NHQDUODU�X]XQOXNODUÕ�δx, δy, δz�RODQ�GLNG|UWJHQOHU�SUL]PDVÕ�úHNOLQGH�ELU�
NRQWURO�KDFPL�J|]�|Q�QH�DOÕQÕUVD� 

 

ùHNLO������'LNG|UWJHQOHU�3UL]PDVÕ�ùHNOLQGH�%LU�.RQWURO�+DFPL 
 

 

 

 

yzx //V!  

zyxxzyx V
x

V δδδρδδρ )(
∂
∂

+  

yxzV δδρ  

zyxzyxz V
z

V δδδρδδρ )(
∂
∂

+  

�/[ 

�/] 

�/\ 

x 

y 
z 



 14 

 

 

Gözenekli ortamlar için süreklilik denklemi; 

 

t

n!
z

V!
y

V!
x

V! zyx

∂
∂

−=
∂

∂
+

∂

∂
+

∂
∂ ������������

                                                     

 

úHNOLQGH�YH\D� 
 

0
t

n!
V!div =

∂
∂

+
→ ������                                                                                               (2.15) 

 

biçiminde elde edilir. Deformasyon yapmayan bir geçirimli zeminde, n sabittir. Bu 

GXUXPGD��������ED÷ÕQWÕVÕ� 
 

0
t

!
nV!div =

∂
∂

+
→ ���                                                                                                    (2.16) 

 

úHNOLQGH�\D]ÕOÕU� 
 

 

 

2.4 YerDOWÕ�6X\X�+DUHNHWLQL�øIDGH�(GHQ�'LIHUDQVL\HO�'HQNOHP 

 

<HUDOWÕ�VX\X�DNÕPÕQGD�V�UHNOLOLN�GHQNOHPLQL�\D]PDN�LoLQ��������ED÷ÕQWÕVÕ� 
 

0
t

!
n!gradVVdiv! =

∂
∂

++
→→→ ��                                                                                     (2.17) 

 

úHNOLQGH�\D]ÕODELOLU� 
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3UDWLN� SUREOHPOHULQ� oR÷XQGD��
t

!
n!gradV

∂
∂

〈〈
→→ � ’dir. Yani ρ’nun noktadan noktaya 

GH÷LúPHVL��]DPDQOD�GH÷LúPHVLQGHQ�oRN�GDKD�N�o�NW�U��%X�GXUXP�GD��������ED÷ÕQWÕVÕQÕQ�
DúD÷ÕGDNL�JLEL�\D]ÕODELOHFH÷LQL�LIDGH�HWPHNWHGLU�� 

0
t

!
nVdiv! =

∂
∂

+
→�                                                                                                        (2.18) 

 

Y¶QLQ�\HULQH�ED÷ÕPOÕ�GH÷LúNHQ�RODUDN�φ =φ� �[�\�]�W��NXOODQÕODELOLU�� � ø]RWURS�YH�KRPRMHQ�
olmayan geçirimli bir zeminde, yani kx=kx(x,y,z); ky=ky(x,y,z); kz=kz(x,y,z) iken, 

VÕNÕúWÕUÕODELOHQ�ELU�VÕYÕQÕQ�DNÕPÕ�J|]�|Q�QH�DOÕQÕUVD��EX�DNÕP�LoLQ���������ED÷ÕQWÕVÕ� 
 

t
ngrad

k
gdiv

∂
∂

=
→ ρφ

µ
ρ )..( 2                                                                                        (2.19) 

 

t
n

kg

z

kg

y

kg

x

zyx

∂
∂

=
∂
∂

+
∂
∂

+
∂
∂ ρ

µ
ρ

µ
ρ

µ
ρ )

.
()

.
()

.
( 222                                                  (2.20) 

 

úHNOLQGH�\D]ÕODELOLU� 
 

gradPzggradg )./1.(.. ρφ =
→ ��ROGX÷XQGDQ���������ED÷ÕQWÕVÕ� 

 

t

p
ng

z

pk

zy

pk

yx

pk

x

zyx

∂
∂

=+
∂
∂

∂
∂

+
∂
∂

∂
∂

+
∂
∂

∂
∂

..)]
.

()
.

()
.

([ ρ
µ

ρ
µ

ρ

µ
ρ

                                     (2.21) 

 

úHNOLQGH�LIDGH�ROXQXU� 
 

Bir çok pratik problemde yerçekiminin etkisini ifade eden ρ.g terimi, 
z

p

∂
∂ � EDVÕQo�

JUDG\DQÕQGDQ�oRN�N�o�NW�U��%XQGDQ�GROD\Õ�ρ.g ihmal edilebilir. 

 

(÷HU�JHoLULPOL�]HPLQ�KRPRMHQ�YH�L]RWURS�LVH���������ED÷ÕQWÕVÕ� 
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t

p
n

z

g

zy

g

yx

g

x
k

∂
∂

=















∂
∂

∂
∂

+







∂
∂

∂
∂

+







∂
∂

∂
∂ φ
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úHNOLQGH�\D]ÕODELOLU� 
 

µ
ρ gk

K
..

= � úHNOLQGH� LIDGH� HGLOHQ� KLGUROLN� LOHWNHQOLN� \DNODúÕN� RODUDN� VDELW� NDEXO�

edilirse, 
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2

∂
∂

=
∂
∂

+
∂
∂

+
∂
∂

+
∂
∂ ���                                                                     (2.23) 

 

ED÷ÕQWÕVÕ�HOGH�HGLOLU��6ÕNÕúPD\DQ�ELU�VÕYÕGD��ρ ve µ�VDELWWLU��%X�úDUW�DOWÕQGD�φ=z+P/γ ve 

K=k.ρ.g/µ�\D]ÕODELOLU��%X�WDNGLUGH��������ED÷ÕQWÕVÕQGDQ� 
 

( ) ( ) ( ) 0
x y z

K K K
x x y y z z

φ φ φ∂ ∂ ∂ ∂ ∂ ∂
+ + =

∂ ∂ ∂ ∂ ∂ ∂
 

 

denklemi veya 

 

0)( =
→

φgradKdiv                                                                                                      (2.24) 

 

denklemi elde edilebilir. 

 

�����(÷HU�DNÕúNDQ�VÕNÕúPD]�YH�JHoLULPOL�]HPLQ�DQL]RWURS�YH�KRPRMHQ�LVH���������YH��������
denklemlerinden; 
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∂
∂
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2 2 2

2 2 2
0x y zK K K

x y z

φ φ φ∂ ∂ ∂
+ + =

∂ ∂ ∂
                                                                                   (2.25) 

 

ED÷ÕQWÕODUÕ�HOGH�HGLOLU��(÷HU�VÕYÕ�VÕNÕúPD]��]HPLQ�KRPRMHQ�YH�L]RWURS�LVH� 
 

2 2 2
2

2 2 2
0

x y z

φ φ φφ ∂ ∂ ∂
∇ = + + =

∂ ∂ ∂
; 0)( =

→

φgraddiv                                                          (2.26) 

veya, 
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2

2

2

2

2
2 =

∂
∂

+
∂
∂

+
∂
∂

=∇
z

P

y

P

x

P
P ; 0Pgraddiv =

→ ��                                                        (2.27) 

 

denklemleri elde edilir. 

 

*|U�O�\RU�NL��GHIRUPDV\RQ�\DSPD\DQ�ELU�JHoLULPOL�]HPLQGH��VÕNÕúPD\DQ�ELU�DNÕúNDQ�
KDUHNHWLQLQ� PH\GDQD� JHWLUGL÷L� DNÕP� DODQÕQGD� φ� SRWDQVL\HOLQLQ� YH\D� 3� EDVÕQFÕQÕQ�
GD÷ÕOÕPÕ�/DSODFH�GHQNOHPLQL�VD÷ODPDNWDGÕU��*�QJ|U�������� 
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ÜÇÜNCÜ BÖLÜM 

DOLGU BARAJLAR VE SIZMA 

 

3. DOLGU BARAJLAR VE SIZMA 

 

����*HQHO�%DNÕú 
 

  ���%DUDMODU�J|YGHQLQ�VWDWLN�SURMHOHQGLULOPHVLQGH�HVDV�DOÕQDQ�J|YGH�úHNOLQH�J|UH��D÷ÕUOÕN�
EDUDM�� NHPHU� D÷ÕUOÕN� EDUDM�� NHPHU� EDUDM�� SD\DQGDOÕ� EDUDM�� WRSUDN� YH� ND\D� GROJX� EDUDM�
RODUDN�VÕQÕIODQGÕUÕODELOGLNOHUL�JLEL�J|YGH�GROJXVXQGD�NXOODQÕODQ�PDO]HPH�FLQVLQH�Jöre de 

VÕQÕIODQGÕUÕODELOLUOHU�� 
 

�����'ROJX�EDUDMODU��VX�EDVÕQFÕQÕ�GROJX�J|YGHVLQLQ�D÷ÕUOÕ÷Õ�LOH�WHPHOH�DNWDUDQ�EDUDMODUGÕU��
'ROJX�EDUDM�VÕ]PD�VX\X�ND\ÕSODUÕ�EHOLUOL�VÕQÕUODU�LoLQGH�NDODFDN�úHNLOGH�VÕNÕúWÕUÕOPDOÕ�YH�
P�PN�Q�RODQ�E�W�Q�\�NOHPH�GXUXPODUÕQGD�\HWHUOL�HPQL\HWOL�ROPDOÕGÕU�� 
 

      

3.2 Toprak ve Kaya Dolgu Barajlar 

      

�����%�W�Q�EDUDM�WLSOHULQGH�HPQL\HWOL�ELU�WHPHO�ROXúWXUPDN�LoLQ�DOWWDQ�VÕ]PD�|QOHQPHOLGLU��
Bu husus dolgu barajlarda çekirdek bölgesini geçirimsiz tabakaya kadar devam ettirerek 

sa÷ODQÕU��*HoLULPVL]� WDEDNDQÕQ� oRN�GHULQGH� ROGX÷X� \HUOHUGH� YH� SDOSODQú�� EHWRQ�SHUGH��
HQMHNVL\RQ� YH� oHNLUGHN� E|OJHVLQLQ� PHPED\D� GR÷UX� X]DWÕOPDVÕ� JLEL� o|]�POHU� DUDQÕU��
$\UÕFD� EDUDM� J|YGHVLQGHNL� VÕ]PD� KDWWÕQÕ� G�ú�UPHN� YH� VWDELOLWH\L� DUWWÕUPDN� LoLQ� WRSXN�
drenaj,� ERúDOWÕP� NX\XODUÕ� JLEL� |QOHPOHU� DOÕQÕU�� <ÕNÕODQ� WRSUDN� EDUDMODUÕQ� |QHPOL� ELU�
E|O�P�QGH�\ÕNÕOPD�VHEHELQLQ�EDUDM�J|YGHVLQLQ�WHPHO�YH�\DPDoODUD�L\L�ED÷ODQDPDPDVÕ�
ROGX÷X� DQODúÕOPÕúWÕU�� %X� VHEHSOH� EDUDM� J|YGHVLQLQ� WHPHO� YH� \DPDoODUD� ED÷ODQPDVÕQD�
özel bir önem verilmelidir. 
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�����%�W�Q�EDUDM�WHPHOOHUL�D]�YH\D�oRN�PLNWDUGD�JHoLULPOLGLU��5H]HUYXDUGD�GHSRODQPÕú�
VX\XQ�PXKDID]DVÕ�YH�|QHPOL�VÕ]PDODU�LOH�WHPHOGHNL�LQFH�SDUWLN�OOHULQ�\ÕNDQDUDN�WHVLVL�
WHKOLNH\H�VRNDELOHFHN�ERUXODQPD�ROD\ÕQÕQ�|QOHQPHVL�LoLQ�WHPHOLQ�JHoLULPVL]OL÷LQLQ�\RN�
GHQHELOHFHN�PHUWHEHGH�VD÷ODQPDVÕ�JHUHNPHNWHGLU� 
                                

                                                          

����0HPED�<�]��%HWRQDUPH�.DSODPDOÕ�.D\D�'ROJX�%DUDMODU 

 

     Kaya dolgu barajlar genelde merkezi kil çHNLUGHNOL�RODUDN�LQúD�HGLOLUNHQ��JHoLULPVL]�
PDO]HPH� EXOPDGDNL� ]RUOXN�� oHYUH� YH� LNOLP� NRúXOODUÕ�� LQúDDW� V�UHVL� YH� HNRQRPL� JLEL�
QHGHQOHUOH�� JHoLULPVL]OL÷LQ�PHPED�\�]�QGH�YH�NLOGHQ�EDúND�PDO]HPHOHUOH�VD÷ODQPDVÕ�
\ROXQD� JLGLOPLúWLU�� 0HPED� \�]�� EHWRQDUPH� NDSODPDOÕ� ND\D� GROJX� EDUDM� NDYUDPÕ�� EX�
G�ú�QFHGHQ� KDUHNHWOH� GR÷PXú� YH� VRQ� \ÕOODUGD� G�Q\DGD� \D\JÕQ� RODUDN� X\JXODQDQ� ELU�
EDUDM� WLSL� KDOLQH� JHOPLúWLU�� hONHPL]GH� LVH�� 7UDE]RQ� \DNÕQODUÕQGD� LQúD� HGLOPHNWH� RODQ�
.�UW�Q�%DUDMÕ�YH�$QWDO\D�\DNÕQODUÕQGDNL�'LP�%DUDMÕ�EX�WLSLQ ilk örneklerindendir.  

 

�����0HPED�NDSODPDODUÕQGD�|QHPOL�RODQ�QRNWD��NDSODPDQÕQ�UH]HUYXDU�EDVÕQFÕQD�FLGGL�ELU�
VÕ]PD\D� QHGHQ� ROPDGDQ� GLUHQo� J|VWHUHELOPHVL� YH� D\QÕ� ]DPDQGD� GD� ]DWL� \�N� YH� VX�
EDVÕQFÕQGDQ�ND\QDNODQDQ�GROJXQXQ�RWXUPDODUÕQD�X\XP�J|VWHUHELOPHVLGLr. 
 

����0HPED� \�]�� EHWRQDUPH� NDSDPDOÕ� ND\D� GROJX� EDUDMODU�� PHPEDGDQ�PDQVDED� GR÷UX�
LQFHGHQ� LUL\H� oRN� L\L� GHUHFHOHQPLú� YH� VÕNÕúWÕUÕOPÕú� ND\D� GROJX� J|YGHGHQ�� |Q� \�]GH�
NDOÕQOÕ÷Õ� WDEDQGDQ� NUHWH� GR÷UX azalan beton kaplamadan, taban ve yamaçlarda beton 

NDSODPDQÕQ� \DVODQGÕ÷Õ� EHWRQ� WRSXN� SOD÷ÕQGDQ� ROXúPDNWDGÕU�� øQúDDW� VÕUDVÕQGD� EDUDMÕQ�
ND\D�GROJX�J|YGHVL�|QFHOLNOH�WDPDPODQÕS��NRQVDOLGDV\RQ�RWXUPDODUÕQÕQ�VD÷ODQPDVÕ�LoLQ�
�]HULQGHQ�ELU� VH]RQ�JHoPHVL�EHNOHQGLNWHQ�YH�GROJXGDQ�ED÷ÕPVÕ]�RODUDN�\DSÕODQ� WRSXN�
SOD÷Õ� WDPDPODQGÕNWDQ�VRQUD��|Q�\�]��EHWRQX��J|YGH��]HULQGHQ�NRQWURO�HGLOHQ�ELU�oHúLW�
³ILQLVKHU´� LOH� WDEDQGDQ� NUHWH� GR÷UX� \DNODúÕN� ��-��� P� JHQLúOLNWH� úHULWOHU� KDOLQGH� YH�
EHWRQXQ�SUL]LQL�DOPD�KÕ]ÕQD�X\JXQ�ELU�KDUHNHW�KÕ]Õ\OD�G|N�OPHNWHGLU� 
 

�����0HPED�\�]��EHWRQ�NDSOÕ�ND\D�GROJX�EDUDMODU��GL÷HU�ND\D�GROJX�WLSLQGHNL�EDUDMODUÕQ�
LQúD� HGLOHELOHFH÷L� KHU� \HUGH� LQúD� HGLOHELOLUOHU�� $QFDN� WRSXN� SOD÷ÕQÕQ� VD÷ODP� ]HPLQH�
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RWXUPDVÕQD� YH� GROJXGD� NXOODQÕODQ� ND\D� GROJX�PDO]HPHVLQLQ� WHPL]�� L\L� GHUHFHOHQPLú��
DúÕUÕ� RWXUPDODUD� QHGHQ� ROPD\DFDN� VD÷ODP� ND\D� QLWHOL÷LQGH� ROPDVÕQD� |]HQ�
gösterilmelidir.  

 

�����%DUDM�J|YGHVLQLQ�������VX�JHoLUPHPHVL�GL\H�ELU�úDUWÕQ�JHUoHNOHúPHVL�LPNDQVÕ]GÕU��
$QFDN�J|YGHGHQ�VÕ]DQ�VXODU�WDEL�ELU�GXUXP�J|VWHUPH]OHUVH�EX�WLSOHUGH�EDUDMÕQ�HPQL\HWL�
tehlikeye girer. Mesela gövdeGHQ� VÕ]DQ� VXODU�J|YGH� LoLQGHNL� LQFH�GDPDUODUÕQ� GHYDPOÕ�
RODUDN�\ÕNDQPDVÕQD��GDKLOL�HUR]\RQ��VHEHE�RODFDN�NDGDU�\�NVHN�KÕ]ODUD�VDKLS�ROGXNODUÕ�
WDNGLUGH�VÕ]PD�GXUXPX�WDELL�GH÷LOGLU��øQFH�GDPDUODUÕQ�WDúÕQPDVÕ�LOH�DNÕP�KÕ]Õ�DUWPDNWD���
GROD\ÕVÕ\OD� GDKD� NDED� WDQHOHUL� V�U�NOH\HFHN� ELU� GXUXP� GR÷PDNWDGÕU� �� %X� VWDELOLWH�
ER]XOPDVÕ� GHYDP� HWWL÷L� WDNGLUGH� J|YGH� LoLQGH� ERUXODQPDODU� ROPDNWD� YH� EX�
ERUXODQPDODUGDQ� DNDQ� VX� J|YGH\L� V�UDWOH� DúÕQGÕUDUDN� oRN� NÕVD� ELU� ]DPDQGD� EDUDMÕQ�
\ÕNÕOPDVÕQD�\RO�DoPDNWDGÕU��2UKRQ����������� 
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DÖRDÜNCÜ BÖLÜM 

*(dø5ø0/ø�257$0'$.ø�6,=0$�352%/(0ø1ø1�
6$<,6$/��2/$5$.�ø1&(/(10(6ø 

 ���*(dø5ø0/ø�257$0'$�6,=0$�352%/(0ø1ø1�6$<,6$/�
2/$5$.�ø1&(/(10(6ø 
4.1 Sonlu Elemanlar Yöntemi 

 

���6RQOX� HOHPDQODU� \|QWHPL� LOH� LOJLOL� LON� oDOÕúPDODU� +UHQQLNRII� ������� WDUDIÕQGDQ�
JHOLúWLULOHQ� \DUÕ� DQDOLWLN� o|]�P� \|QWHPOHULGLU�� $UJ\LV� YH� .HOVH\� ������� YLUWXHO� Lú�
SUHQVLELQL�NXOODQDUDN�ELU�GLUHNW�\DNODúÕP�PHWRGX�JHOLúWLUPLúWLU��7XUQHU�YH�GL÷�� ��������
ELU��oJHQ�HOHPDQ�LoLQ�ULMLWOLN�PDWULVLQL�ROXúWXUPXúWXU���6RQOX Elemanlar" terimi ilk defa 

&ORXJK�WDUDIÕQGDQ�WHOkIIX]�HGLOPLúWLU� 
 

�����<DSÕ� DODQÕ� GÕúÕQGDNL� SUREOHPOHULQ� VRQOX� HOHPDQODU� \|QWHPL\OH� o|]�P�� ����
OÕ�
\ÕOODUGD�EDúODPÕúWÕU��gUQH÷LQ�=LHQNLHZLF]�YH�GL÷�� �������� VRQOX�HOHPDQODU�\|QWHPL� LOH�
Poisson denklemini çö]P�úW�U�� %XJ�Q�� GDKD� GD� JHOLúWLULOPLú� RODQ� � VRQOX� HOHPDQODU�
\|QWHPL�� ÕVÕ� WUDQVIHUL�� \HUDOWÕ� VXODUÕQÕQ� DNÕPÕ�� PDQ\HWLN� DODQ� YH� GL÷HU� ELU� oRN� DODQD�
X\JXODQPDNWDGÕU� 
 

�����*HQHO� DPDoOÕ� VRQOX� HOHPDQODU� SDNHW� SURJUDPODUÕ� ����
OL� \ÕOODUGDQ� LWLEDUHQ� RUWD\D�
oÕNPD\D� EDúODPÕúWÕU�� ����
OL� \ÕOODUÕQ� VRQODUÕQD� GR÷UX� DUWÕN� SDNHW� SURJUDPODU� PLNUR�
ELOJLVD\DUODUGD�NXOODQÕOPD\D�EDúODQPÕúWÕU�� 
    

6RQOX� HOHPDQODU� \|QWHPL� PDWHPDWLNoLOHUGHQ� GDKD� oRN� P�KHQGLVOHU� WDUDIÕQGDQ�
JHOLúWLULOPLúWLU��<|QWHP�LON�RODUDN�JHULOPH�DQDOL]L�SUREOHPOHULQH�X\JXODQPÕúWÕU��7�P�EX�
X\JXODPDODUGD� ELU� E�\�NO�N� DODQÕQÕQ� KHVDSODQPDVÕ� LVWHQPHNWHGLU�� %X� DODQ�� JHULOPH�
DQDOL]LQGH� GHSODVPDQ� DODQÕ� YH\D� JHULOPH� DODQÕ�� ÕVÕ� DQDOL]LQGH� VÕFDNOÕN� DODQÕ� YH\D� ÕVÕ�
DNÕúÕ��DNÕúNDQ�SUREOHPOHULQGH�LVH�DNÕP�IRQNVL\RQX�YH\D�KÕ] potansiyel fonksiyonudur. 
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�����6RQOX�HOHPDQODU�\|QWHPLQGH�o|]�P�E|OJHVL��GDYUDQÕúÕ�GDKD�|QFH�EHOLUOHQPLú�RODQ�ELU�
oRN�DOW�HOHPDQD�E|O�Q�U��(OHPDQODU�G�÷�P�DGÕ�YHULOHQ�QRNWDODUGD�WHNUDU�ELUOHúWLULOLUOHU��
%X� úHNLOGH� FHEULN� ELU� GHQNOHP� WDNÕPÕ� HOGH� HGLOLU�� *erilme analizinde bu denklemler 

G�÷�POHUGHNL� GHQJH� GHQNOHPOHULGLU�� øQFHOHQHQ� SUREOHPH� ED÷OÕ� RODUDN� EX� úHNLOGH�
\�]OHUFH�KDWWD�ELQOHUFH�GHQNOHP�HOGH�HGLOLU��%X�GHQNOHP�WDNÕPÕQÕQ�o|]�P���ELOJLVD\DU�
NXOODQÕPÕQÕ�]RUXQOX�NÕOPDNWDGÕU� 

 

�����0DWHPDWLN� PRGHOOHPH� Lúleminin, modelin varyasyonel problem olarak ifade 

HGLOPHVLQGHQ� VRQUDNL� DúDPDVÕ�� ELOJLVD\DUGD� o|]�POHQPHVL� KHGHIOHQHQ� D\UÕN� PRGHOLQ�
ROXúWXUXOPDVÕ� VDIKDVÕGÕU�� *�Q�P�]GH�� GLIHUDQVL\HO� GHQNOHPOHUOH� LOJLOL� PDWHPDWLN�
PRGHOOHULQ� D\UÕN� EHQ]HúLNOHULQLQ� ROXúWXUXOPDVÕ� YH� HOGH� HGLOHQ� D\UÕN� SUREOHPLQ�
ELOJLVD\DUGD�o|]�POHQPHVL�DoÕVÕQGDQ�HQ�NDSVDPOÕ�YH�HYUHQVHO�\|QWHP��VRQOX�HOHPDQODU�
\|QWHPLGLU�� %X� \|QWHPLQ� NODVLN� VRQOX� IDUNODU� \|QWHPLQGHQ� HQ� |QHPOL� IDUNÕ��PRGHOLQ�
VÕQÕU�GH÷HU�SUREOHPLQL�GH÷LO��YDU\DV\RQHO�SUREOHPL�WHPHO�DOPDVÕGÕU��:(%B��������� 
 

�����6RQOX� HOHPDQODU� \|QWHPLQLQ� VÕQÕUODQGÕUÕOPÕú� VÕ]PD� DNÕPÕQD� X\JXODQPDVÕ� LON� NH]�
=LHQNLHZLF]�� YH� GL÷�� ������� WDUDIÕQGDQ� \DSÕOPÕú� YH� ]RQOX� L]RWURSLN� ROPD\DQ� DNÕP�
bölgeleri için çözümler WRSODP� HQHUML� GD÷ÕOÕPÕ� úHNOLQGH� HOGH� HGLOPLúWLU�� � $\QÕ�
SUREOHPLQ� VÕQÕUODQGÕUÕOPÕú� DNÕPD� X\JXODQPDVÕ� )LQQ� ������� WDUDIÕQGDQ� HOH� DOÕQPÕú� YH�
ilave olarak DNÕPÕQ�GHELVL�KHVDSODQPÕúWÕU���*XYDQDVHQ�YH�:DGVZRUWK��������WDUDIÕQGDQ�
GR\JXQ�YH�J|]HQHNOL�RUWDPGD��o�ER\XWOX�VRQOX�HOHPDQ�oDOÕúPDODUÕ�\DSÕOPÕú�� �&ividini 

YH� *LRGD� ������� WDUDIÕQGDQ� VHUEHVW� \�]H\OL� VÕ]PD� DNÕPÕ� DQDOL]L� LoLQ� \DNODúÕN� VRQOX�
HOHPDQ�o|]�P��\DSÕOPÕúWÕU��7UDF\�YH�0DULQR��������GR\JXQ�J|]HQHNOL�RUWDPGD�VÕ]PD�
ROD\ÕQÕ�DQDOL]�HWPLúWLU��/HRQWLHY�YH�+XDFDVL� �������EDVÕQoVÕ]�VÕ]PD�DNÕPÕ�SUREOHPOHUi 
LoLQ� PDWHPDWLNVHO� SURJUDPODPD� \DNODúÕPÕ� JHOLúWLUPLú�� ;X� YH� GL÷�� ������� GR\JXQ- 

GR\JXQ� ROPD\DQ� VÕ]PD� DNÕPÕ� PRGHOL� NXOODQDUDN� GROJX� EDUDMODUÕQ� RSWLPXP� KLGUROLN�
WDVDUÕPÕQÕ�HOH�DOPÕúODUGÕU��*�QJ|U��������VRQOX�HOHPDQODU�\DUGÕPÕ\OD�ED÷ODPD�DOWÕQGDNL�
potansiyeO�YH�KÕ]�GD÷ÕOÕPODUÕQÕ� LQFHOHPLú��VDELW�ELU�VÕ]PD�KDWWÕ�DOWÕQGD�GR\JXQ�E|OJHGH�
ELU�WRSUDN�GROJX�EDUDM�LoLQ�PRGHOOHPH��oDOÕúPDVÕ�\DSPÕúWÕU��$UGÕoOÕR÷OX��������ELU�GROJX�
EDUDM� NLO� oHNLUGH÷L� LoLQ� SRWDQVL\HO� GD÷ÕOÕPÕ� VRQOX� HOHPDQODU� \|QWHPL\OH� PRGHOOHPLú��
sonuoODUÕ�JHUoHN�GH÷HUOHUOH�NDUúÕODúWÕUPÕúWÕU��� 
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4.1.1 Sonlu Eleman Yönteminin Üstünlükleri 

 

���6RQOX�HOHPDQODU��ER\XWODUÕ�YH�úHNLOOHULQLQ�HVQHNOL÷L�QHGHQL\OH��YHULOHQ�ELU�FLVPL�WHPVLO�
HGHELOLU��KDWWD�NDUPDúÕN�úHNLOOL�ELU�FLVLPGH�GDKD�J�YHQLOLU�RODELOLU� 
 

2. dRN�ED÷ODQWÕOÕ�E|OJHOHU��\DQL�ELU�YH\D�oRN�GHOLNOL�FLVLPOHU��YH\D�N|úHOHUL�RODQ�E|OJHOHU�
zorluk çekilmeksizin incelenebilir. 

��� 'H÷LúLN� PDO]HPH� YH� JHRPHWULN� |]HOOLNOHUL� EXOXQDQ� SUREOHPOHUGH� HN� ELU� ]RUOXN�
J|VWHUPH]�� *HRPHWUL� YH� PDO]HPH� GR÷UXVDO� ROPDPD� |]HOOLNOHUL�� NDOÕWVDO� ROVD� ELOH�
�|UQH÷LQ�]DPDQD�ED÷OÕ��PDO]HPH�|]HOOLNOHUL�NROD\OÕNOD�J|]�|Q�QH�DOÕQDELOLU� 

4. Sebep-VRQXo�ED÷ÕQWÕODUÕQD�DLW�SUREOHPOHU�W�PHO�ULMLWOLN�PDWULVL�LOH�ELUELULQH�ED÷ODQDQ�
JHQHOOHúWLULOPLú� �NXYYHWOHU�� YH� �\HUGH÷LúWLUPHOHU´� FLQVLQGHQ� IRrmüle edilebilir. Sonlu 

HOHPDQ�PHWRGXQXQ� EX�|]HOOL÷L� SUREOHPLQ� DQODúÕOPDVÕQÕ� YH� o|]�OPHVLQL�KHP�P�PN�Q�
NÕODU��KHP�GH�EDVLWOHúWLULU� 
 

���6ÕQÕU�úDUWODUÕ�NROD\FD�X\JXODQÕU� 
 

��� 6RQOX� HOHPDQ� PHWRGXQXQ� oRN� \|QO�O�N� YH� HVQHNOL÷L� NDUPDúÕN� \DSÕODUGD�� V�UHNOL�
ortam��DODQ�YH�GL÷HU�SUREOHPOHUGH�VHEHS�VRQXo�LOLúNLOHULQL�KHVDSODPDN�LoLQ�oRN�HWNLQ�ELU�
úHNLOGH�NXOODQÕODELOLU��$QDOLWLN�YH�GHQH\VHO�PHWRWODUGDQ�GDKD�KDVVDV�VRQXo�YHULU� 

 

6RQOX� HOHPDQODU� \|QWHPLQLQ� J�Q�P�]GHNL� X\JXODPDODUÕ� ROGXNoD� ID]OD� ROXS��
GLIHUDQVL\HO� HúLWliklerle düzenlenen tüm fiziksel problemleri kapsar. Sonlu elemanlar 

\|QWHPLQLQ�EX��VW�QO�NOHUL�RQD�JHQLú�ELU�X\JXODPD�DODQÕ�ROXúWXUPDNWDGÕU�� 
 

������6RQOX�(OHPDQ�<|QWHPLQLQ�<DUDUODUÕ 
 

��� %LWLúLN� HOHPDQODUGDNL� PDO]HPH� |]HOOLNOHUL� D\QÕ� ROPD\DELOLU�� %X� |]HOOik bir kaç 

PDO]HPHQLQ�ELUOHúWLULOGL÷L�FLVLPOHUGH�X\JXODQDELOPHVLQH�LPNDQ�YHUPHNWHGLU� 
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���'�]J�Q� ROPD\DQ� VÕQÕUODUD� VDKLS� úHNLOOHU�� H÷UL� NHQDUOÕ� HOHPDQODU� NXOODQÕODUDN� DQDOL]�
edilebilirler. 

 

��� (OHPDQ� ER\XWODUÕ� NXOODQÕFÕ� WDUDIÕQGDQ� GH÷LúWLULOHELOLU�� %|\OHFH problemin önemli 

GH÷LúLNOLNOHU�EHNOHQHQ�E|OJHOHULQGH�GDKD�N�o�N�HOHPDQODU�NXOODQÕODUDN�KDVVDV� LúOHPOHU�
\DSÕODELOLU�\D�GD�D\QÕ�SUREOHPLQ�GL÷HU�E|OJHOHUL�E�\�N�HOHPDQODUD�E|O�QHUHN�LúOHP�KÕ]Õ�
DUWWÕUÕODELOLU� 
 

��� 6�UHNVL]� \�]H\� \�NOHPHOHUL� JLEL� VÕQÕU� GXUXPODUÕ� \|QWHP� LoLQ� ]RUOXN� ROXúWXUPD]��
.DUÕúÕN�VÕQÕU�GXUXPODUÕ�NROD\OÕNOD�HOH�DOÕQDELOLU� 

 

4.2 6RQOX�(OHPDQODU�<|QWHPLQLQ�8\JXODQPDVÕ�� 
 

�����%X� \|QWHPLQ� X\JXODQPDVÕQGD�� WHN� ER\XWOX� SUREOHPOHUGH� oL]JLOHU�� LNL� ER\XWOX�
problemlerde düzlemler, üç boyutlu problemleUGH�KDFLPOHU�NXOODQÕODUDN�o|]�P�E|OJHVL�
VRQOX� VD\ÕGD� HOHPDQD� E|O�Q�U�� 7HN� ER\XWOX� SUREOHPOHUGH� HOHPDQODU� HúLW� X]XQOXNWD�
ROPD\DELOLU��øNL�YH��o�ER\XWOX�HOHPDQ�NXOODQÕOPDVÕ�JHUHNHQ�GXUXPODUGD�HOHPDQODU�IDUNOÕ�
E�\�NO�NWH� YH� úHNLOGH� RODELOLUOHU�� %�W�Q� HOHPDQODU� ELUELUOHULQH� G�÷�P� QRNWDODUÕ\OD�
ED÷OÕGÕU�� %|\OHFH� VRQOX� HOHPDQODU� \|QWHPLQGH� o|]�P� E|OJHOHUL� � ELUELULQH� ED÷OÕ�
HOHPDQODU�YH�G�÷�P�QRNWDODUÕ\OD�WHPVLO�HGLOLUOHU��gUQH÷LQ�ùHNLO����¶GH�ELULP�NDOÕQOÕNWD��
ELUL�GLNG|UWJHQ�GL÷HUL��oJHQ�úHNOLQGH�LNL�G�]OHPVHO�VRQlu eleman görülmektedir. Cismi  

PH\GDQD�JHWLUHQ�VRQOX�HOHPDQODUÕQ�ELUELUOHULQH�G�÷�POHUOH�NHQHWOHQGL÷L�DQODúÕOPDNWDGÕU���
<LQH�úHNLOGHQ�DoÕNoD�J|U�OG�÷��JLEL�EXQODU�ELUELUOHULQGHQ�D\UÕ�YH�KLoELU�úHNLOGH�LOLúNLOL�
GH÷LOGLU�� %LUELUOHULQH� XoODUÕQGDQ� G�÷�POHUOH� ED÷OÕ� HOHPDQODU� G�÷�POHU� NDOGÕUÕOGÕ÷ÕQGD�
ELUELUOHULQGHQ�X]DNODúÕUODU� 
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  ùHNLO������%LULP�NDOÕQOÕNWD�LNL�D\UÕ�VRQOX�HOHPDQ��D��YH�G�÷�P�QRNWDODUÕQGDQ�
ELUOHúWLULOPH�LúOHPL��E�� 

     Sonlu elemanlar yöntemin analizdeki bir sonraki�DGÕPÕ�E|OJH\L�WHPVLO�HGHQ�KHU�ELU�
HOHPDQÕQ�HOHPDQ�ULMLWOLN�PDWULVLQLQ�EHOLUOHQPHVLGLU��'DKD�VRQUD�EX�PDWULVOHU�V�SHUSR]H�
HGLOHUHN�E|OJHQLQ�WRSODP�ULMLWOLN�PDWULVLQL�ROXúWXUDFDNODUGÕU��%X�úHNLOGH� 

>.@^/` ^3`�������������������������������������������������                                                                 (4.1)    

PDWULV�GHQNOHPLQH�XODúÕOÕU��%XUDGD�>.@��WRSODP�ULMLWOLN�PDWULVLQL�YH\D�WRSODP�LOHWNHQOLN�
PDWULVLQL�LIDGH�HGHU���^3`��G�÷�POHUH�X\JXODQDQ�GÕú�NXYYHWOHUL�YH\D�VÕQÕU�úDUWODUÕQÕ��^/`��
dü÷�POHULQ�KLGUROLN�SRWDQVL\HOLQL�LIDGH�HGHU� 

�����6RQOX�HOHPDQODU�\|QWHPLQLQ�X\JXODQÕúÕQGD�LúOHP�VÕUDVÕ�DúD÷ÕGDNL�JLELGLU� 

• 6�UHNOL�RUWDPÕQ��VRQOX�VD\ÕGD�HOHPDQODU�VLVWHPLQH�E|O�QPHVL�� 

• (OHPDQ�ULMLWOLN�PDWULVLQLQ�YH�RUWDPÕ�WHPVLO�HGHQ�KHU�HOHPDQÕQ�GL÷HU�|]HOliklerinin 

türetilmesi. 

• Toplam rijitlik matrisinin [K] ve toplam kuvvet vektörünün {P} belirlenmesi. 

• ������ GHQNOHPLQLQ� EHOLUOHQHQ� VÕQÕU� úDUWODUÕ� DOWÕQGD� o|]�OHUHN� DUDQDQ� ^/`�
GH÷HUOHULQLQ�EXOXQPDVÕ� 

     .DUPDúÕN�SUREOHPOHUH�VRQOX�HOHPDQODU�PHWRGX\OD�o|]�P�ararken, incelenen sürekli 

RUWDPÕQ� Lo� YH� GÕú� JHRPHWULVLQH� YH� RUWDPÕQ� |]HOOLNOHULQH� J|UH� HOHPDQ� JHRPHWULVL�
EHOLUOHQLU�� øNL�ER\XWOX� V�UHNOL�RUWDPGD�� úHNOH�ED÷OÕ�RODUDN���oJHQ�YH�oRNJHQ�HOHPDQODU�
H÷ULOL� YH� G�]J�Q� ROPD\DQ� VÕQÕU� úDUWODUÕ� DoÕVÕQGDQ� GLNG|UWJHQ� HOemandan daha uygun 

RODELOLU�� ho� ER\XWOXGD� GD� D\QÕ� úHNLOGH� WHGUDKHGURQ� HOHPDQODU� GLNG|UWJHQOHU� SUL]PDVÕ�

Eleman 
XoODUÕ G�÷�P 

G�÷�P 

a b 
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úHNOLQGHNL�HOHPDQODUD�J|UH�GDKD�DYDQWDMOÕGÕU��%|OJHQLQ�úHNOLQH�J|UH�ED]HQ�ELUGHQ�ID]OD�
HOHPDQ�úHNOLQLQ�NXOODQÕOGÕ÷Õ�NDUÕúÕN�DOW�E|O�POHUH�D\ÕUPDN�GDKD�X\gun olabilmektedir.    

 

 

����6Õ]PD�3UREOHPLQLQ�Sonlu Elemanlar Formülasyonu 

 

�����%HOLUOL�úDUWODU�DOWÕQGD�DUD]L�GUHQDMÕQGD�PH\GDQD�JHOHQ�VX�DNÕPÕ�YH�EDUDMODUÕQ�DOWÕQGDNL�
VÕ]PD�ROD\ODUÕ�LNL�ER\XWOX�RODUDN�/DSODFH�GHQNOHPL\OH�DúD÷ÕGDNL�JLEL��WDQÕPODQDELOLU� 

 

0)()( =
∂
∂

∂
∂

+
∂
∂

∂
∂

y
K

yx
K

x
yx

φφ
                                                                                     (2.25) 

 

     Burada  φ = φ (x, y) hidrolik potansiyel (veya hidrolik yük) ve Kx, Ky��VÕUDVÕ\OD�[�YH�
\�GR÷UXOWXODUÕQGDNL�KLGUROLN�LOHWNHQOLNOHUGLU��$NÕúNDQÕQ�KÕ]�ELOHúHQOHUL�'DUF\�\DVDVÕQGDQ�

( / )
x x

v K xφ= − ∂ ∂ , ( / )
y y

v K yφ= − ∂ ∂  olarak elde edilir. φ� �VDELW�oL]JLOHUL�Hú�SRWDQVL\HO�
oL]JLOHUL�RODUDN�DGODQGÕUÕOÕU��� 
 

�����ùHNLO� ���¶GH� ������� GHQNOHPLQH� X\JXQ� VÕQÕU� úDUWODUÕ� ELU� WRSUDN� GROJX� EDraj 

J|YGHVLQGHNL�VÕ]PD�SUREOHPL�|UQH÷LQGH�J|VWHULOPLúWLU��%X�|UQHNWH�VÕ]PD�KDWWÕ�VÕQÕU��úDUWÕ�
RODUDN� NDEXO� HGLOPLú�� EDUDMÕQ�PHPED� YH�PDQVDEÕ�� EDUDMÕQ� JHoLULPVL]� WDEDQÕ� YH� VÕ]PD�
KDWWÕQÕQ�VÕQÕUODGÕ÷Õ�E|OJH�LoLQ�SUREOHP�HOH�DOÕQPÕúWÕU� 
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������6ÕQÕU�ùDUWODUÕ 
 

 

ùHNLO������'ROJX�EDUDMGD�VÕ]PD�YH�VÕQÕU�úDUWODUÕ 
 

�����*HoLULPVL]� WDEDQ� GR÷DO� VÕQÕU� úDUWODUÕQÕ� LIDGH� HGHU�� Q� \�]H\LQ� QRUPDOL� ROPDN� �]HUH�
0/ =∂∂ nφ ¶GÕU� YH� HOHPDQ�PDWULVLQH� HWNL� HWPH]��%XUDGD�φ aranan potansi\HO� GH÷HUGLU��

6Õ]PD� KDWWÕ� LoLQ� �IUHDWULN� KDW� YH\D� VHUEHVW� \�]H\��� 0n3 =∂∂ � � YH� � \� NRRUGLQDWÕQÕQ�
GH÷HULQH�HúLWWLU� 
                                                         y=φ  

 

�����%X�VÕQÕU�úDUWÕ��NRQXPX�EHOOL�ROPDGÕ÷ÕQGDQ sonlu eleman analizinin iteratif çözümünü 

JHUHNWLULU��gQFHOLNOH� \�]H\GHNL� L� G�÷�POHUL� LoLQ�φ=yi� DOÕQDUDN� WDKPLQL�ELU� VÕ]PD�KDWWÕ�
EHOLUOHQGLNWHQ�VRQUD�o|]�P�\DSÕOÕU��6RQUD�� φφ =  LoLQ�o|]�P�\DSÕODUDN� )( iy−φ �KDWDVÕ�
kontrol� HGLOLU�� %X� KDWD\D� GD\DQDUDN� G�÷�POHULQ� NRRUGLQDWODUÕ� J�QFHOOHQLU� YH� \HQL� ELU�
VÕ]PD� KDWWÕ� HOGH� HGLOLU�� %X� LúOHPOHU� KDWD� \HWHULQFH� N�o�OHQH� NDGDU� GHYDP� HGHU�����������
ùHNLO� ���¶GHNL� &'� SDUoDVÕ� VÕ]PD� \�]H\L� RODFDNWÕU�� %|\OHOLNOH� y  yüzeyLQ� NRRUGLQDWÕ�
olmak üzere y=φ �VÕQÕU�úDUWÕ�HOGH�HGLOPLú�ROXU��&KDQGUXSDWOD�YH�%HOHJXQGX�������� 
 

 

 

hA 

hB 

φ=hA 

φ=hB 

Geçirimsiz taban 

y 

φ=y 

 A 

B 

C 

D 

E 
∂ φ/ n∂ =0 
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�����.RQX\D�GDKD�GD�DoÕNOÕN� ND]DQGÕUPDN�PDNVDGÕ\OD�ùHNLO����¶GH�YHULOHQ�ELU�ED÷ODPD�
�]HULQGH�VÕQÕU�úDUWODUÕ�J|VWHULOHFHN�ROXUVD� 
 
 
 
 

 
ùHNLO������%D÷ODPD�WDEDQÕQGDNL�VÕ]PD�SUREOHPLQGH�VÕQÕU�úDUWODUÕQÕQ�ROXúXPX 

 
 
 
���'ULFKOHW�VÕQÕU�úDUWODUÕ� 
 

φ=d+h  ;                           y=d              (memba)                                                        (4.2a) 

φ =d     ;                           y=d              (mansap)                                                        (4.2b) 

 

YH�VÕQÕUÕQ�JHUL�NDODQÕ�LoLQ�1HXPDQ�VÕQÕU�úDUWODUÕ� 
 

0=
∂
∂

n

φ
 ;                        x=0                                                                                       (4.2c) 

 

SDOSODQú 

Talveg kotu 

SDOSODQú 

0=
∂
∂

n

φ
 

0=
∂
∂

n

φ
 

d=φ  

d 

h 

d hφ = +  

Talveg kotu 

Kret kotu 
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0=
∂
∂

n

φ
  ;                       x=L                                                                                       (4.2d) 

 

 

GHQNOHPOHULQGH�YHULOHQ�VÕQÕU�úDUWODUÕ\OD�birlikte 

   

2

2

2

2
2

y
K

x
K yx ∂

∂
+

∂
∂

=∇
φφφ                                                                                               (4.3) 

 

GHQNOHPLQGH� YHULOHQ� ODSODFH� RSHUDW|U�� X\JXODQÕU�� 3UREOHP� E|OJHVL� �5��� SUREOHPLQ�
o|]�P�E|OJHVL�'��YH�VÕQÕUODUÕQGDQ�6��ROXúXU� 
 

4.3.2 Çözüm Bölgesi 

 

     (4.1)-������GHQNOHPOHUL�GR÷UXGDQ�X\JXODQPD\ÕS�EXQXQ�\HULQH�HúGH÷HU�GH÷LúNHQ�ELU�
IRUP�ODV\RQ�X\JXODQPDNWDGÕU���φ(x,y) çözümünü gösteren denklem; 

 

dydx
y

K
x

K y
D

x ])()([
2

1 22

∂
∂

+
∂
∂

= ∫∫
φφχ                 (4.4) 

 

úHNOLQGHGLU�� %XUDGD� � φ(x,y) D bölgesinde kabul edilebilir deneme fonksiyonudur. 

'HQHPH�IRQNVL\RQX�'�E|OJHVLQGH�V�UHNOL�YH�LON�NÕVPL�W�UHYL�GH�'�E|OJHVLQGH�V�UHNOL�LVH�
NXOODQÕODELOLU�� $QFDN� GHQHPH� IRQNVL\RQXQXQ� ������ GHQNOHPOHUL\OH� LIDGH� HGLOHQ� VÕQÕU�
úDUWODUÕQÕ� GD� VD÷ODPDVÕ� JHUHNLU�� ������ deneme fonksiyonu, (4.2) denklemleriyle ifade 

HGLOHQ�1HXPDQ�VÕQÕU�úDUWODUÕQÕ�VRQOX�HOHPDQODUÕQ��GR÷DO�ELU�VRQXFX�RODUDN�NHQGLOL÷LQGHQ�
VD÷ODPDNWDGÕU�� 
 

     Çözüm bölgesi l VD\ÕGD� VRQOX� �oJHQ�HOHPDQD�E|O�Q�U��7RSODP�G�÷�P�VD\ÕVÕ�Q� LOH�
LIDGH� HGLOLU�� øNL� YH� �o� ER\XWOX� SUREOHPOHUGH� WRSODP� HOHPDQ� VD\ÕVÕ� YH� WRSODP� G�÷�P�
VD\ÕVÕ� DUDVÕQGD� EHOLUOL� ELU� LOLúNL� \RNWXU�� d|]�P�E|OJHVLQLQ� DOW� E|OJHOHUH� E|O�QPHVL� YH�
V�UHNOLOLN�úDUWODUÕQÕQ�GHQHPH�IRQNVL\RQXQD�X\JXODQPDVÕ�������GHQHPH�IRQNVL\RQX 
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∑
=

=
l

1i

ei$$                                                                                                                     (4.5) 

 

úHNOLQGH�\D]ÕOÕU��%XUDGD�HOHPDQ�HWNLVL ei$  ; 

 

2 2
1

2

ei ei
ei

ei
dx dy

x y

φ φχ
    ∂ ∂

= +    ∂ ∂     
∫∫                                                                          (4.6) 

 

RODUDN�WDQÕPODQÕU� 
 

 

ùHNLO������7LSLN��oJHQ�Hi�HOHPDQÕ 
 

�����ùHNLO� ���¶GD� J|U�OG�÷�� JLEL� L�� M� YH�P� G�÷�P� WDQÕPOD\ÕFÕODUÕQ� VDDWLQ� WHUV� \|Q�QGH�
G�÷�POHUH� DWDQGÕ÷Õ� WLSLN� ELU� HOHPDQ� HOH� DODOÕP��+HUKDQJL�bir ei� HOHPDQÕ� LoLQ� GHQHPH�
fonksiyonu lineer olarak seçilirse; 

 

eieieiei yx 321),( αααφ ++=                                                                                          (4.7) 

 

(x, y ei üzerinde) burada .1
ei��.2

ei    YH�.3
ei�GH÷HUOHUL�KHU�HOHPDQ�LoLQ�JHQHOGH�IDUNOÕ�RODQ�

sabitlerdir. Bu sabitleri elde etmek için (4.7) denklemi, 

 

y 

x 

ei 

 

j(xj,yj) 

i(xi,yi) 

m(xj,yj) 



 31 

iii yx 321 αααφ ++=                                                                                                  (4.8a) 

jjj yx 321 αααφ ++=                                                                                                (4.8b) 

mmm yx 321 αααφ ++=                                                                                               (4.8c) 

GHQNOHPOHUL�L��M�YH�P�G�÷�POHULQLQ�KHU�ELULQH�DUGÕúÕN�RODUDN�X\JXODQÕU��φi, φj, φm�VÕUDVÕ\OD�
L�� M� YH�P� G�÷�POHULQGHNL�φ� SRWDQVL\HO� GH÷HUOHULGLU��.ROD\OÕN� ROPDVÕ� LoLQ� Hi üst indisi 

DWÕODELOLU�� 
 

����������� GHQNOHP� VLVWHPLQLQ� �.1��.2
 YH�.3 VDELWOHUL� LoLQ� WHN� o|]�P�� YDUGÕU��.DWVD\ÕODU�

PDWULVLQLQ�GHWHUPLQDQWÕ 
 

0

yx1

yx1

yx1

2

mm

jj

ii

≠=û                                                                                                   (4.9) 

 
















=
















×

















m

j

i

mm

jj

ii

yx

yx

yx

φ
φ
φ

α
α
α

3

2

1

1

1

1

 

                                                                                         

 

úHNOLQGHGLU��*�QJ|U�������� 
 

�����������HúLWOL÷LQGHQ�GH�EHOLUWLOGL÷L�JLEL�EX�GHWHUPLQDQWÕQ�GH÷HUL��oJHQ�HOHPDQÕQ�DODQÕQÕQ�
LNL�NDWÕGÕU��hoJHQ�HOHPDQÕQ�DODQÕQÕ�¨����RODFD÷ÕQGDQ�� �.1��.2

 YH�.3 için tek bir çözüm 

mevcuttur:  

 

)(
2

1
1 mmjjii aaa φφφα ++

∆
= ,                                                                                   (4.10a) 

)(
2

1
2 mmjjii bbb φφφα ++

∆
=                                                                                     (4.10b) 

)(
2

1
3 mmjjii ccc φφφα ++

∆
=                                                                                     (4.10c) 
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burada; 

 

jmmji yxyxa −= ,       jmi yyb −= ,           jmi xxc −=            

miimj yxyxa −= ,        imj yyb −= ,          mij xxc −=     

ijjim yxyxa −= ,         jim yyb −= ,         ijm xxc −=                                               (4.11) 

 

D��E��F�YH�.¶ODUGDNL�Hi��VWHO�LIDGHOHUL�DWÕOÕUVD���������GHQNOHPOHUL�������GHQNOHPLQGH�\HULQH�
\D]ÕOÕUVD 

  

])()()[(
2

1
),( mmmmjjjjiiii

ei ycxbaycxbaycxbayx φφφφ ++++++++
∆

=            (4.12a) 

 

elde edilir, ya da 

 

ee

mmjjii

ei NNNN φφφφφ =++=                                                                            (4.12b) 

 

úHNOLQGH�\D]ÕODELOLU��%XUDGD��úHNLO�IRQNVL\RQX�PDWULVL� 
 

][ mji

e NNNN =                                                                                                       (4.13a) 

 

YH�HOHPDQ�G�÷�P�YHNW|U�� 
















=

m

j

i

e

φ
φ
φ

φ                                                                                                                  (4.13b) 

úHNOLQGH�WDQÕPODQÕU� 
 

������������HúLWOL÷LQGHQ�JHUHNOL�W�UHYOHU�DúD÷ÕGDNL�úHNLOGH�HOGH�HGLOLU� 
 

[ ]mmjjii

ei

bbb
x

φφφφ
++

∆
=

∂
∂

2

1
                                                                                 (4.14a) 
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[ ]
mmjjii

ei

ccc
y

φφφφ
++

∆
=

∂
∂

2

1
                                                                                 (4.14b) 

 

 

�������GHQNOHPOHULQLQ�������GHQNOHPLQGH�\D]ÕOPDVÕ\OD�DúD÷ÕGDNL�LIDGH�HOGH�HGLOLU� 
 

( ) ( )[ ] dydxcccbbb
e

mmjjiimmjjii

ei ∫∫ +++++
∆

= 22

28

1 φφφφφφχ                                 (4.15) 

 

     (4.15) denklemindeki x ve \�ED÷ÕPVÕ]�GH÷LúNHQOHU�ROGX÷XQGDQ�YH 
 

û=∫∫ei
dydx                                                                                                                (4.16) 

 

úHNOLQGH�\D]ÕODELOHFH÷LQGHQ��������GHQNOHPL 
 

( ) ( )[ ]22

8

1
mmjjiimmjjii

ei cccbbb φφφφφφχ +++++
∆

=                                               (4.17) 

 

úHNOLQGH�\D]ÕODELOLU� 
 

     (4.17) denklemi her eleman için elde edildikten sonra tümünü (4.5) denklemine 

\HUOHúWLUPHNOH� ������ GHQNOHPLQGH� \D]DUDN� E�W�Q� G�÷�P� GH÷HUOHULQLQ� φ1,φ2,...,φn bir 

fonksiyonu olarak; 

 

( )nφφφχχ ,...,, 21=                                                                                                       (4.18) 

 

úHNOLQGH� \D]PDN� P�PN�QG�U�� %XUDGD�� |QFHGHQ� WDQÕPOÕ� YH\D� GH÷LúNHQ� RODQ� E�W�Q�
G�÷�P�GH÷HUOHUL�LoLQ 

 

,0=
∂
∂

pφ
χ

          p = 1,2,...,n                                                                                     (4.19) 
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\D]ÕODELOLU���������YH�������GHQNOHPOHULQLQ�ELUOHúWLULOPHVL\OH 
 

∑
=

=
∂
∂

=
∂
∂ l

i p

ei

p 1

0
φ
χ

φ
χ

,  p = 1,2,...,n                                                                            (4.20) 

elde edilir. 

      

     (4.17) denkleminin uygun p
φ ¶\H� J|UH� W�UHYL� DOÕQPDVÕ�� Hi� HOHPDQÕQ� ������¶GH�

verilen p

ei φχ ∂∂ � HWNLVLQLQ� HOGH� HGLOPHVLQL� VD÷ODU��%XQXQ� LoLQ� Hi� HOHPDQÕQÕQ� L�� j ve m 

RODQ� G�÷�P� QXPDUDODUÕ�� S�� T� YH� U� VLVWHP� G�÷�P� QXPDUDODUÕQD� G|Q�úW�U�O�S�� �������
denkleminin p

φ ¶\H�J|UH�W�UHYL�DOÕQÕUVD 

 

( ) ( )[ ]
rrqqppprrqqppp

p

ei

ccccbbbb φφφφφφ
φ
χ

+++++
∆

=
∂
∂

4

1
                                     (4.21) 

 

�����%�W�Q�G�÷�POHULQ�HWNLVL�VLVWHP�PDWULVL�úHNOLQGH�LIDGH�HGLOGLNWHQ�VRQUD 
 

[ ]{ } { }φα =K                                                                                                                (4.22) 

 

GHQNOHPLQLQ� o|]�OPHVL\OH� W�P� G�÷�P� QRNWDODUÕQGDNL� SRWDQVL\HO� GH÷HUOHUL� EXOXQPXú�
ROXU��%XUDGD�^.`�DUDQDQ�SRWDQVL\HO�GH÷HUOHUL��>.@�VLVWHP�ULMLWOLN�PDWULVL��^φ} ise bilinen 

SRWDQVL\HO�GH÷HUOHULGLU�1RUULH�YH�9ULHV�������� 
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%(ùø1&ø�%g/h0 

02'(//(5�9(�$1$/ø=/(5 

 

 

���02'(//(5�9(�$1$/ø=/(5 

 

     Toprak dolgu baraj gövdesindeki vH� DOWÕQGDNL� VÕ]PD� ROD\ÕQÕQ� LQFHOHQPHVLQGH�
*HRVORSH� 6HHS�:� SURJUDPÕ� NXOODQÕODUDN� oHúLWOL� PRGHOOHU� �]HULQGH� oDOÕúÕOPÕú� YH� WH]H�
NRQX�RODQ�PRGHOOHUGH� VÕ]PD�ROD\Õ� LNL�ER\XWOX�RODUDN� LQFHOHQPLúWLU��0RGHOOHUGH��oJHQ�
HOHPDQODU�VHoLOPLúWLU��+HU�ELU�HOHPDQÕQ�D÷ÕUOÕN�PHUNH]LQGHNL�SRWDQVL\HO�GH÷HUL�LOH�\DWD\�
YH� G�úH\� KÕ]� ELOHúHQOHUL� WHVSLW� HGLOPLú�� GDKD� VRQUD� KHU� ELU� HOHPDQ� LoLQ� ELOHúNH� KÕ]ODU�
EXOXQPXúWXU��d|]�P��E|OJHVL�ER\XQFD�HOGH�HGLOHQ�SRWDQVL\HO�GD÷ÕOÕPODUÕ�YH�ELOHúNH�KÕ]�
YHNW|UOHUL� JUDILNOHU� KDOLQGH� YHULOPLúWLU�� 7H]H� NRQX� RODQ� VÕ]PD� ROD\ÕQÕQ� GDKD� L\L�
DQODúÕOPDVÕ� LoLQ� X\JXODPDODUGD� WRSUDN� GROJX� EDUDM� PRGHOOHUL� \DQÕQGD� SDOSODQú� YH�
ED÷ODPD�DOWÕQGDQ� VX� VÕ]PDVÕ�SUREOHPL�GH� LQFHOHQPLúWLU��%X�DPDoOD���DGHW�SDOSODQú����
DGHW� ED÷ODPD� YH� �� DGHW� EDUDM� PRGHOL� �]HULQGH� oHúLWOL alternatif durumlar göz önüne 

DOÕQDUDN�PRGHOOHPH�oDOÕúPDODUÕ�\DSÕOPÕúWÕU� 
 

 

5.1 Modeller   

������3DOSODQú 
 
�����%X� PRGHOGH� ��� P� GHULQOL÷LQGHNL� JHoLULPOL� ]HPLQ� �]HULQH� LQúD� HGLOHQ� YH� PHPED�
WDUDIÕQGD����P�\�NVHNOL÷LQGH� VX�EXOXQDQ� �ELU�SDOSODQúGD��ùHNLO�����ve Çizelge 5.1’de 

YHULOHQ�IDUNOÕ�GXUXPODU�J|]�|Q�QH�DOÕQDUDN�PRGHOOHU�KD]ÕUODQPÕúWÕU� 
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ùHNLO������3DOSODQú�PRGHOL 
 

dL]HOJH������3DOSODQú�PRGHOOHULQGH�NXOODQÕODQ�GH÷HUOHU� 
3DOSODQú� 
Modeli 

D  
(m) 

L      
(m) 

Lp      

(m) 
Lm 
(m) 

h1       

(m) 
H=D+h1 

(m) 
h2       

(m) Kx   (m/s) Ky (m/s) 
1 32 150 14 32 11 43 0 3.15*10-5 3.15*10-5 
2 32 150 14 32 11 43 0 9.45*10-5 3.15*10-5 
3 32 150 14 32 11 43 5 3.15*10-5 3.15*10-5 

4 32 150 23 32 11 43 0 3.15*10-5 3.15*10-5 
 

��������3DOSODQú�� 

 
    �%X�PRGHOGH� ���P�\�NVHNOL÷LQGH� YH� ����P�JHQLúOL÷LQGHNL�JHoLULPOL� ]HPLQ��]HULQH�
LQúD� HGLOPLú�����P� ]HPLQ� LoHULVLQH�JLUHQ��|Q�QGH����P�X]XQOX÷XQGD�PHPED�EODQNHWL�
EXOXQDQ� SDOSODQú�� PHPED� WDUDIÕ� ��� P� \�NVHNOL÷LQGH� VX� GROX�� PDQVDS� WDUDIÕ� LVH� ERú�
RODFDN��úHNLOGH�PRGHOOHQPLúWLU��+LGUROLN�LOHWNHQOLN�.x=Ky=3.15*10-5�P�V��DOÕQPÕúWÕU� 
 
�����3DOSODQú���LoLQ�VÕQÕU�úDUWODUÕ�RODUDN�SDOSODQúÕQ�PHPEDVÕQGD��PHPED�EODQNHWLQH�NDGDU�
RODQ�NÕVÕPGD��+ ���P��SDOSODQúÕQ�PDQVDEÕQGD�+ ���P�ROPDN��]HUH�JHoLULPOL�YH�VÕQÕUÕQ�
JHUL�NDODQÕ� LoLQ� JHoLULPVL]�NDEXO�� \DSÕOPÕúWÕU�� �0RGHOOHPHGH�NXOODQÕODQ� VRQOX�HOHPDQ�
D÷Õ�ùHNLO����¶GH�YHULOPLúWLU� 
 
 
 

   D 

L 

Lp 

h1 
h2 

Lm 

SDOSODQú 

Memba blanketi 1h Dφ = +  Dφ =  

0=
∂
∂

n

φ
 0=

∂
∂

n

φ
 

0=
∂
∂

n

φ
 

0=
∂
∂

n

φ
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��������3DOSODQú�� 

 
�����%X� PRGHOGH� 3DOSODQú� �¶GH� NXOODQÕODQ� JHRPHWULN� YH� KLGUROLN� |]HOOLNOHU� D\QÕ� ROXS�
\DOQÕ]FD� � KLGUROLN� LOHWNHQOLN� .x= 9.45*10-5 m/s ve Ky= 3.15*10-5� P�V� DOÕQPÕúWÕU��
0RGHOOHPHGH�NXOODQÕODQ�VRQOX�HOHPDQ�D÷Õ�ùHNLO����¶GH�J|U�OPHNWHGLU� 
 
 

��������3DOSODQú�� 

 
�����%X� PRGHOGH�� 3DOSODQú� �¶GH� NXOODQÕODQ� JHRPHWULN� YH� KLGUROLN� |]HOOLNOHU� D\QÕ� ROXS��
\DOQÕ]FD� PDQVDE� WDUDIÕQD� �� P� \�NVHNOL÷LQGH� VX� ROGX÷X� NDEXO�QH� J|UH� PRGHOOHPH�
\DSÕOPÕúWÕU� 
 
     %X� GXUXPGD�� 3DOSODQú� �� LoLQ� VÕQÕU� úDUWODUÕ� SDOSODQúÕQ� PHPED� WDUDIÕQGD� PHPED�
EODQNHWLQH�NDGDU�RODQ�NÕVÕPGD�+ ���P��SDOSODQúÕQ�PDQVDEÕQGD�+ ���P�ROPDN��]HUH�
JHoLULPOL� YH� VÕQÕUÕQ� JHUL� NDODQÕ� LoLQ� JHoLULPVL]� NDEXO�� \DSÕOPÕúWÕU�� 0RGHOOHPHGH�
NXOODQÕODQ�VRQOX�HOHPDQ�D÷Õ�ùHNLO����¶GH�J|U�OPHNWHGLU� 
 
 

5.1.1.4 3DOSODQú�� 

 
�����%X� PRGHOGH�� 3DOSODQú� �¶GH� NXOODQÕODQ� JHRPHWULN� YH� KLGUROLN� |]HOOLNOHU� D\QÕ� ROXS��
\DOQÕ]FD� SDOSODQúÕQ� ]HPLQ� LoLQH� ���P� \HULQH� ���P� JLUGL÷L� NDEXlüne göre modelleme 

\DSÕOPÕúWÕU��0RGHOOHPHGH�NXOODQÕODQ�VRQOX�HOHPDQ�D÷Õ�ùHNLO����¶GH�YHULOPLúWLU�� 
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yatay uzaklik(m)
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ùHNLO������3DOSODQú���LoLQ�NXOODQÕODQ�VRQOX�HOHPDQODU�D÷Õ 
 

������%D÷ODPD 
 
�����%X�PRGHOGH� ��P� NDOÕQOÕ÷ÕQGD�� ���P� JHQLúOL÷LQGH� JHoLULPOL� ELU� ]HPLQ��]HULQH� LQúD�
HGLOHQ�YH�PHPED�WDUDIÕQGD���P�\�NVHNOL÷LQGH�VX�EXOXQDQ��ELU�ED÷ODPD�\DSÕVÕ�LoLQ��ùHNLO�
���� YH� dL]HOJH� ���¶GH� YHULOHQ� IDUNOÕ� GXUXPODU� J|]� |Q�QH� DOÕQDUDN� PRGHOOHU�
KD]ÕUODQPÕúWÕU� 
 

 

ùHNLO������%D÷ODPD�0RGHOL 
 

D 

h1 
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∂
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dL]HOJH������%D÷ODPD�PRGHOOHULQGH�NXOODQÕODQ�GH÷HUOHU� 
%D÷ODPD� 
Modeli 

D  
(m) 

L      
(m) 

L1      

(m) 
L2 
(m) 

Lm       

(m) 
h1     

(m) 
H=D+h1 

(m)      
Kx   

(m/s) 
Ky   

(m/s) 
1 6 37 2 1 0 3 9 9.10-6 3.10-6 

2 6 37 0 0 0 3 9 9.10-6 3.10-6 

3 6 37 2 1 6.5 3 9 9.10-6 3.10-6 

4 6 37 2 0 0 3 9 9.10-6 3.10-6 

 

5.1.2.1 %D÷ODPD�� 

 

     Bu moGHOGH���P�GHULQOL÷LQGH�����P�JHQLúOL÷LQGHNL�JHoLULPOL�ELU�]HPLQ��]HULQH�LQúD�
HGLOPLú�YH�PHPED�WDUDIÕQGD��P��PDQVDE�WDUDIÕQGD��P�GHULQOL÷LQGH�SDOSODQúODU�EXOXQDQ��
ELU�ED÷ODPD��PHPED�WDUDIÕQGD���P�\�NVHNOL÷LQGH�VX�EXOXQDFDN�úHNLOGH�PRGHOOHQPLúWLU��
Hidrolik iletkenlik Kx=9.10-6 m/s ve Ky=3.10-6 �P�V�DOÕQPÕúWÕU��0RGHOOHPHGH�NXOODQÕODQ�
VRQOX�HOHPDQ�D÷Õ�ùHNLO����¶GH�YHULOPLúWLU� 
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yatay uzaklik(m)
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ùHNLO������%D÷ODPD���LoLQ�NXOODQÕODQ�VRQOX�HOHPDQODU�D÷Õ 
 

 

 

 

 

 

 

<DWD\�X]DNOÕN��P� 

Y
ük

se
kl

ik
 (

m
) 



 42 

5.1.2.2 %D÷ODPD�� 

 

�����%X�PRGHOGH���P�\�NVHNOL÷LQGH�����P�JHQLúOL÷LQGHNL�JHoLULPOL�ELU�]HPLQ��]HULQH�LQúD�
HGLOPLú� ELU� ED÷ODPD�� PHPED� WDUDIÕQGD� �� P� \�NVHNOL÷LQGH� VX� EXOXQDFDN� úHNLOGH�
PRGHOOHQPLúWLU�� +LGUROLN� LOHWNHQOLN� .x=9.10-6 m/s ve Ky=3.10-6 � P�V� DOÕQPÕúWÕU��
0RGHOOHPHGH�NXOODQÕODQ�VRQOX�HOHPDQ�D÷Õ�ùHNLO����¶GD�J|U�Omektedir. 
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ùHNLO������%D÷ODPD���LoLQ�NXOODQÕODQ�VRQOX�HOHPDQODU�D÷Õ 
 

5.1.2.3 %D÷ODPD�� 

 
�����%X�PRGHOGH���P�\�NVHNOL÷LQGH�����P�JHQLúOL÷LQGHNL�JHoLULPOL�ELU�]HPLQ��]HULQH�LQúD�
HGLOPLú�YH�PHPED�WDUDIÕQGD��P���PDQVDE�WDUDIÕQGD��P�GHULQOL÷LQGH�SDOSODQúODUÕ�D\UÕFD�
PHPED�WDUDIÕQGD�����P�X]XQOX÷XQGD�EODQNHWL�EXOXQDQ��ELU�ED÷ODPD��PHPED�WDUDIÕQGD���
P�\�NVHNOL÷LQGH�VX�EXOXQDFDN�úHNLOGH�PRGHOOHQPLúWLU��+LGUROLN�LOHWNHQOLN�.x=9.10-6 m/s 

ve Ky=3.10-6 � P�V� DOÕQPÕúWÕU��0RGHOOHPHGH� NXOODQÕODQ� VRQOX� HOHPDQ� D÷Õ� ùHNLO� 5.7’de 

YHULOPLúWLU� 
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yatay uzaklik(m)
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ùHNLO������%D÷ODPD���LoLQ�NXOODQÕODQ�VRQOX�HOHPDQODU�D÷Õ 

 

5.1.2.4 %D÷ODPD�� 

 
�����%X�PRGHOGH���P�\�NVHNOL÷LQGH�����P�JHQLúOL÷LQGHNL�JHoLULPOL�ELU�]HPLQ��]HULQH�LQúD�
HGLOPLú�YH�PHPED�WDUDIÕQGD���P�GHULQOL÷LQGH� �SDOSODQú�EXOXQDQ� �ELU�ED÷ODPD��PHPED�
WDUDIÕQGD� ��P� \�NVHNOL÷LQGH� VX� EXOXQDFDN� úHNLOGH�PRGHOOHQPLúWLU��+LGUROLN� LOHWNHQOLN�
Kx=9.10-6 m/s ve Ky=3.10-6 �P�V�DOÕQPÕúWÕU��0RGHOOHPHGH�NXOODQÕODQ�VRQOX�HOHPDQ�D÷Õ�
ùHNLO����¶GH�YHULOPLúWLU� 
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ùHNLO������%D÷ODPD���LoLQ�NXOODQÕODQ�VRQOX�HOHPDQODU�D÷Õ 
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5.1.3 Baraj 

 

�����7RSUDN�GROJX�EDUDM�J|YGHVLQGHNL�YH�DOWÕQGDNL�VÕ]PD�ROD\ÕQÕQ�LQFHOHQPHVL�DPDFÕ\OD�
�o� DGHW� WRSUDN� GROJX� � EDUDM�PRGHOL� KD]ÕUODQPÕúWÕU�� � ho� �PRGHOGH� GH�� D\QÕ� JHRPHWULN�
özelliklerdeki  barajlar, memba yüzeyi betonarmH�NDSODPDOÕ��PHUNH]L�NLO�oHNLUGHNOL�YH�
PHUNH]L�JHoLULPVL]�SHUGHOL�RODUDN�WDVDUÕPODQPÕúWÕU� 
 

�����'R\JXQ�]HPLQ�PHNDQL÷LQGH��VX\XQ�GR\JXQ�ROPD\DQ�RUWDPGDQ��QHJDWLI�ERúOXN�VX\X�
EDVÕQoODUÕQÕQ� EXOXQGX÷X� VX� WDEODVÕQÕQ� �VW��JLEL�� � DNDPD\DFD÷Õ�NDEXO� HGLOLU��$QFDN�bu 

NDEXO�ELU�EDVLWOHúWLUPHGLU�YH� WDP�RODUDN�GR÷UX�GH÷LOGLU��6X��EDVÕQFÕQ�VÕIÕUD�HúLW�ROGX÷X�
KDWWÕQ� �VÕ]PD� KDWWÕ�� �]HULQGH�� GR\JXQ� ROPD\DQ� RUWDPGD� � GD� DNDELOLU� �)UHGOXQG� YH�
Rahardjo, 1993).         

 

�����'R\JXQ�ROPD\DQ�]HPLQOHUGHNL�VX�DNÕúÕ��GR\JXQ�]HPLQOHUGH�ROGX÷X�JLEL�'DUF\�\DVDVÕ�
LOH�LIDGH�HGLOHELOLU��'R\JXQ�YH�GR\JXQ�ROPD\DQ�]HPLQOHU�DUDVÕQGDNL�WHPHO�IDUN�KLGUROLN�
LOHWNHQOLN�NDWVD\ÕVÕGÕU��+LGUROLN�LOHWNHQOLN�NDWVD\ÕVÕ��JHQHOOLNOH�GR\JXQ�]HPLQOHUGH�VDELW�
kabul edilmekte, doygun olmayan zeminlerde ise, do\JXQOXN�GHUHFHVLQLQ�YH\D�ERúOXN�
VX\X�EDVÕQFÕQÕQ�ELU�IRQNVL\RQX�RODUDN�LIDGH�HGLOPHNWHGLU��%RúOXN�VX\X�EDVÕQFÕ�GR\JXQ�
ROPD\DQ� E|OJHOHUGH� JHQHOOLNOH� QHJDWLI� GH÷HUOHU� DOÕUNHQ�� GR\JXQ� E|OJHOHUGH� SR]LWLI�
GH÷HUOHU� DOPDNWDGÕU�� %X� IDUNODUD� UD÷PHQ�� LNL� GXUXPGD� GD� DNÕúÕQ� NÕVPL� GLIHUDQVL\HO�
denklemleri (2.25) denklemindeki gibidir. 

 

�����=HPLQLQ� VX� LoHUL÷L� LOH� ERúOXN� VX\X� EDVÕQFÕ� DUDVÕQGDNL� LOLúNLGHQ� GROD\Õ�� KLGUROLN�
LOHWNHQOLN�� ERúOXN� VX\X� EDVÕQFÕQÕQ� ELU� IRQNVL\RQX� RODUDN� ùHNLO� ���¶GDNL� JLEL�
WDQÕPODQDELOPHNWHGLU��1J�ve Shi, 1998). 
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ùHNLO������%RúOXN�VX\X�EDVÕQFÕ-+LGUROLN�LOHWNHQOLN�LOLúNLVL 
 

�����%DUDM� PRGHOOHUL� KD]ÕUODQÕUNHQ�� KLGUROLN� LOHWNHQOLN� NDWVD\ÕVÕQÕ� VDELW� GH÷HU� DODUDN��
VDGHFH� VÕ]PD� KDWWÕQÕQ� DOWÕQÕ� �ERúOXN� VX\X� EDVÕQFÕQÕQ� VÕIÕUGDQ� E�\�N� ROGX÷X� E|OJH\L��
modHOOHPHN�\HULQH��KLGUROLN�LOHWNHQOLN�NDWVD\ÕVÕQÕ�EDVÕQFÕQ�ELU�IRQNVL\RQX�DODUDN��VÕ]PD�
KDWWÕQÕQ��VW�QGHNL�NDSLOHULWH�JLEL�NXYYHWOHULQ�ROXúWXUGX÷X�HPPH�EDVÕQoODUÕ�GD�J|]�|Q�QH�
DOÕQPÕú�YH�GR\JXQ�YH�GR\JXQ�ROPD\DQ�E|OJH�ELUOLNWH�PRGHOOHQPLúWLU� 
 

     Baraj modHOOHULQGH�NXOODQÕODQ�KLGUROLN�LOHWNHQOLN�IRQNVL\RQODUÕ��EDUDMÕQ�J|YGHVLQGHNL�
WRSUDN�GROJX�� �J|YGHQLQ�DOWÕQGDNL���JHoLULPOL�E|OJH�YH�J|YGHGHNL�NLO�oHNLUGHN�LoLQ�D\UÕ�
D\UÕ�� NXOODQÕODQ� SURJUDPÕQGD� YHULOHQ� IRQNVL\RQODU� LoHULVLQGHQ� VHoLOPLúWLU�� .XOODQÕODQ�
hidroOLN�LOHWNHQOLN�IRQNVL\RQODUÕ�ùHNLO�������ùHNLO������YH�ùHNLO�����¶GH�YHULOPLúWLU� 
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                             ùHNLO�������%DUDMÕQ�NLO�oHNLUGH÷L�LoLQ�VHoLOHQ�KLGUROLN�LOHWNHQOLN�IRQNVL\RQX 
 

5.1.3.1 Baraj 1 

 
���%X�PRGHOGH����P�NDOÕQOÕ÷ÕQGD������P�JHQLúOL÷LQGH�JHoLULPOL�ELU�]HPLQ��]HULQH� LQúD�
HGLOHQ�YH�PHPED�WDUDIÕQGD����P�VX�\�NVHNOL÷L�EXOXQDQ�����P�\�NVHNOL÷LQGH�ELU�GROJX�
EDUDM��PHPED�\�]��EHWRQDUPH�NDSOÕ�RODUDN�PRGHOOHQPLúWLU� 
 

�����0RGHOOH� LOJLOL� VÕQÕU� úDUWODUÕ� YH� JHRPHWULN� |]HOOLNOHU� ùHNLO� ����¶GH� YHULOPLúWLU�� %X�
|]HOOLNOHULQ�\DQÕ�VÕUD�EDUDMÕQ�GROJXVX�YH�DOWÕQGDNL�JHoLULPOL�]HPLQ�LoLQ�VHoLOHQ�KLdrolik 

LOHWNHQOLN� IRQNVL\RQODUÕ�ùHNLO������YH�ùHNLO�����¶GH�J|U�OPHNWHGLU��+LGUROLN� LOHWNHQOHU�
Kx=Ky� RODUDN� DOÕQPÕúWÕU�� 0RGHOOHPHGH� NXOODQÕODQ� VRQOX� HOHPDQ� D÷Õ� ùHNLO� ����¶GH�
YHULOPLúWLU� 
      
 

%RúOXN�VX\X�EDVÕQFÕ��N3D� 
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5.1.3.2 Baraj 2 

 

�����%X�PRGHOGH����P�NDOÕQOÕ÷ÕQGD������P�JHQLúOL÷LQGH�JHoLULPOL�ELU�]HPLQ��]HULQH�LQúD�
HGLOHQ�YH�PHPED�WDUDIÕQGD����P�VX�\�NVHNOL÷L�EXOXQDQ�����P�\�NVHNOL÷LQGH�ELU�GROJX�
EDUDM��PHUNH]L�NLO�oHNLUGHNOL�RODUDN�PRGHOOHQPLúWLU� 
 

�����0RGHOOH� LOJLOL� VÕQÕU� úDUWODUÕ� YH� JHRPHWULN� |]HOOLNOHU� ùHNLO� ����¶GH� YHULOPLúWLU�� %X�
|]HOOLNOHULQ� \DQÕ� VÕUD� EDUDMÕQ� GROJXVX�� DOWÕQGDNL� JHoLULPOL� ]HPLQ� YH� NLO� oekirdek için 

VHoLOHQ� KLGUROLN� LOHWNHQOLN� IRQNVL\RQODUÕ� ùHNLO� ������ ùHNLO� ����� YH� ùHNLO� ����¶GH�
görülmektedir. Hidrolik iletkenler Kx=Ky� RODUDN� DOÕQPÕúWÕU�� 0RGHOOHPHGH� NXOODQÕODQ�
VRQOX�HOHPDQ�D÷Õ�ùHNLO�����¶GD�YHULOPLúWLU� 
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5.1.3.3 Baraj 3 

 
���%X�PRGHOGH����P�NDOÕQOÕ÷ÕQGD������P�JHQLúOL÷LQGH�JHoLULPOL�ELU�]HPLQ��]HULQH� LQúD�
edilen ve memba tarDIÕQGD����P�VX�\�NVHNOL÷L�EXOXQDQ�����P�\�NVHNOL÷LQGH�ELU�GROJX�
EDUDM��PHUNH]L�JHoLULPVL]�SHUGHOL�RODUDN�PRGHOOHQPLúWLU� 
 

�����0RGHOOH� LOJLOL� VÕQÕU� úDUWODUÕ� YH� JHRPHWULN� |]HOOLNOHU� ùHNLO� ����¶GH� YHULOPLúWLU�� %X�
|]HOOLNOHULQ�\DQÕ�VÕUD�EDUDMÕQ�GROJXVX�YH�DOWÕQGDNL�JHoLULPOL�]HPLQ�LoLQ�VHoLOHQ�KLGUROLN�
LOHWNHQOLN� IRQNVL\RQODUÕ�ùHNLO������YH�ùHNLO�����¶GH�J|U�OPHNWHGLU��+LGUROLN� LOHWNHQOHU�
Kx=Ky� RODUDN� DOÕQPÕúWÕU�� 0RGHOOHPHGH� NXOODQÕODQ� VRQOX� HOHPDQ� D÷Õ� ùHNLO� ����¶GH�
YHULOPLúWLU� 
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yatay uzaklik(m)
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����$QDOL]�6RQXoODUÕ�YH�'H÷HUOHQGLUPHOHU� 
 

�����%XUDGD��PRGHOOHU�E|O�P�QGH�DQODWÕODQ�SDOSODQú��ED÷ODPD�YH�EDUDM�\DSÕODUÕQD�DLW�KHU�
ELU� WLS� � PRGHO� LoLQ� HOGH� HGLOHQ� o|]�POHU� YH� DQDOL]� VRQXoODUÕ� HOH� DOÕQPÕúWÕU�� d|]�P��
E|OJHVLQGHNL� SRWDQVL\HO� GD÷ÕOÕPÕ� YH� � KÕ]� YHNW|UOHUL� KHU� ELU�PRGHO� LoLQ� D\UÕ� D\UÕ� úHNLO�
RODUDN� YHULOPLúWLU��$\UÕFD��PRGHOOHU� DUDVÕQGD�GDKD� L\L� NDUúÕODúWÕUPD�\DSÕODELOPHVL� LoLQ�
EHOLUOL� NHVLWOHUGH� SRWDQVL\HO� GD÷ÕOÕPODUÕ� JUDILN� RODUDN� J|VWHULOPLúWLU�� +HU� PRGHOLQ� DGÕ�
EDúOÕNWD� EHOLUWLOGLNWHQ� VRQUD� |QFH� SRWDQVL\HO� GD÷ÕOÕPODUÕ� GDKD� VRQUD� PRGHOLQ� KÕ]�
YHNW|UOHUL�YHULOPLúWLU�� 
 

������3DOSODQú� 
 
�����3DOSODQú� PRGHOOHUL� LoLQ� SRWDQVL\HO� GD÷ÕOÕPODUÕ� ùHNLO� ������ ùHNLO� ������ ùHNLO� �������������
ùHNLO������YH�KÕ]�YHNW|UOHUL�ùHNLO�������ùHNLO�������ùHNLO�������ùHNLO�����¶GD�YHULOPLúWLU�� 
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��������3DOSODQú�� 
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��������3DOSODQú�� 
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��������3DOSODQú�� 
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�����3DOSODQú� �¶GH� ������-5 P�V� DOÕQDQ� [� GR÷UXOWXVXQGDNL� KLGUROLN� LOHWNHQOLN� NDWVD\ÕVÕ�������������������
Palplanú��¶GH�������-5�P�V�DOÕQGÕ÷ÕQGD��ELOHúNH�KÕ]�GH÷HUOHUL�G�úPHNWHGLU��3RWDQVL\HO�
GH÷HUOHULQ�LVH��3DOSODQú��¶GH�3DOSODQú��¶H�J|UH�[�GR÷UXOWXVXQGD�GDKD�X]XQ�ELU�PHVDIHGH�
GH÷LúWL÷L�J|]OHQPHNWH��GROD\ÕVÕ\OD��KLGUROLN�H÷LP�N�o�OPHNWHGLU��$\UÕFD��ùHNLO������YH�
ùHNLO�����¶GD�J|U�OG�÷��JLEL��KÕ]�GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH�SDOSODQúÕQ�DOWÕQGDNL�GDUDODQ�
NHVLWWH�ROPDVÕ�JHUHNWL÷L�JLEL�ELOHúNH�KÕ]�GH÷HUL�ROGXNoD�E�\�PHNWHGLU� 
 

�����3DOSODQú� �¶GH� LVH� SDOSODQúÕQ�PDQVDE� NÕVPÕQGDNL� ��P� VX� \�NVHNOL÷L�� LQFHOHQPHNWH�
RODQ� D\QÕ� VÕ]PD� DODQÕ� LoHULVLQGH� GDKD� D]� PLNWDUGD� SRWDQVL\HO� GD÷ÕOÕPÕQD� VHEHS�
ROPDNWDGÕU��%XQD�ED÷OÕ�RODUDN�GD�ELOHúNH�KÕ]�GH÷HUOHULQGH�D]DOPD�J|]OHQPHNWH�YH�\LQH�
HQ� E�\�N� ELOHúNH� KÕ]� GH÷HUOHUL� SDOSODQúÕQ� DOWÕQGD� PH\GDQD� JHOPHNWHGLU�� %XUDGD�
SDOSODQúÕQ��SRWDQVL\HO�GH÷HULQ�G�úPHVLQGHNL�HWNLVL�GH�3DOSODQú��¶H�J|UH�D]DOPDNWDGÕU� 
 

�����3DOSODQú��¶GH�SDOSODQúÕQ�ER\XQXQ�X]DWÕOPDVÕ\OD�ELUOLNWH��SDOSODQúÕQ�DOWÕQGDNL�NHVLW�GH��
GDUDOPÕú� ROGX÷XQGDQ� ùHNLO� ����¶GH� GH� J|U�OG�÷�� JLEL� ELOHúNH� KÕ]� GH÷HUOHULQLQ� DUWWÕ÷Õ�
görülmektedir. PalSODQú� ER\XQXQ� DUWPDVÕ\OD�� SRWDQVL\HOL� G�ú�UPHGHNL� HWNLVLQLQ� GH�
DUWWÕ÷Õ�J|]OHQPHNWHGLU��� 
 

�����3DOSODQú� PRGHOOHUL� LoLQ� oHúLWOL� NHVLWOHULQGH� %LOHúNH� KÕ]� -� <DWD\� X]DNOÕN� YH������������
Potansiyel -�<DWD\�X]DNOÕN�JUDILNOHUL�ùHNLO�����-��¶GH�YHULOPLúWLU� 
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ùHNLO�������3DOSODQú���LoLQ�\ ���P�NHVLWLQGH�3RWDQVL\HO�-�<DWD\�X]DNOÕN�LOLúkisi 
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ùHNLO� ������ 3DOSODQú�PRGHOOHUL� LoLQ� \�]H\H� HQ� \DNÕQ� G�÷�POHUGH� SRWDQVL\HO�
GH÷HUOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 

 

     ùHNLO� ����¶GH� SDOSODQúODU� LoLQ� PRGHOOHPHGH� J|]� |Q�QH� DOÕQDQ� IDUNOÕ� GXUXPODU�
VRQXFXQGD� RUWD\D� oÕNDQ� SRWDQVL\HO� GD÷ÕOÕPODUÕQÕQ� ELUELULQH� J|UH� GXUXPODUÕ�
J|U�OPHNWHGLU�� 3DOSODQú� �� PRGHOLQGH� \DWD\GDNL� KLGUROLN� LOHWNHQOLN� NDWVD\ÕVÕQÕQ�
G�úH\GHNLQL� �o� NDWÕ� DOÕQPDVÕ� VRQXFXQGD� SDOSODQúÕQ� HWNLVLQLQ� D]DOGÕ÷Õ�� 3DOSODQú� ��
PRGHOLQGH� PHPED� WDUDIÕQGDNL� VX� \�NVHNOL÷LQLQ� o|]�P� E|OJHVLQGHNL� SRWDQVL\HO� IDUNÕ�
D]DOWWÕ÷Õ�� 3DOSODQú� �� PRGHOLQGH� LVH� SDOSODQú� ER\XQXQ� X]DWÕOPDVÕ� VRQXFX� SDOSODQú�
HWNLVLQLQ�DUWWÕ÷Õ�DoÕNoD�J|U�OPHNWHGLU� 
 

5.2.2�%D÷ODPD 

 
�����%D÷ODPD� PRGHOOHUL� LoLQ� SRWDQVL\HO� GD÷ÕOÕPODUÕ� ùHNLO� ������ ùHNLO� ������ ùHNLO� �������������
ùHNLO������YH�KÕ]�YHNW|UOHUL�ùHNLO�������ùHNLO�������ùHNLO�������ùHNLO�����¶GH�YHULOPLúWLU� 
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�����%D÷ODPD� �¶LQ� LQFHOHQPHVLQGH� ED÷ODPDQÕQ� PHPED� WDUDIÕQGDNL� SDOSODQúÕQ��
SRWDQVL\HOLQ�G�úPHVLQGH�GDKD�HWNLOL�ROGX÷X�J|U�OPHNWHGLU��(Q��E�\�N�KÕ]�GH÷HUOHUL�GH�
EXQD�ED÷OÕ�RODUDN�PHPED�WDUDIÕQGDNL�SDOSODQúÕQ�DOWÕQGD�J|]OHQPHNWHGLU� 
 

�����%D÷ODPD� �� LQFHOHQGL÷LQGH� SDOSODQúODUÕQ� NDOGÕUÕOPDVÕ\OD� ED÷ODPDQÕQ� PHPED� YH�
mansab taraflarÕQGDNL�SDUDIX\ODUÕQ�SRWDQVL\HOLQ�D]DOPDVÕQGD�HWNLOL�ROGX÷X�J|U�OPHNWH��
EXQD�ED÷OÕ�RODUDN�GD�ELOHúNH�KÕ]�GH÷HUOHUL�SDUDIX\ODUÕQ�DOWÕQGDNL�E|OJHGH�E�\�PHNWHGLU��
3DUDIX\� � GHULQOLNOHUL� HúLW� ROGX÷XQGDQ� LNL� SDUDIX\� GD� SRWDQVL\HOLQ� D]DOPDVÕQGD� KHPHQ�
KHPHQ�D\QÕ�HWkiyi göstermektedir. 

 

�����%D÷ODPD� �¶GH� SRWDQVL\HO� ND\ÕSODUÕQÕQ� KHU� LNL� SDOSODQúÕQ� DOWÕQGD� YH� PHPED�
EODQNHWLQLQ�|Q�QGH�DUWWÕ÷Õ�J|U�OPHNWH��EX�QRNWDODUGD�ELOHúNH�KÕ]�GH÷HUOHULQGH�GH�DUWÕúODU�
gözlenmektedir.    

 

�����%D÷ODPD� �¶GH� PDQVDE� WDUDIÕQGDNL� �� P� ER\XQGDNL� SDOSODQúÕQ� NDOGÕUÕOPDVÕ\OD�� LNL�
SDOSODQúÕQ� ELUOLNWH� ROXúWXUGX÷X� SRWDQVL\HO� IDUNÕQÕ� PHPED� WDUDIÕQGDNL� SDOSODQú�� WHN�
EDúÕQD� NDUúÕODPD\D� EDúODPDNWD�� SDOSODQúÕQ� DOWÕQGD�� ELOHúNH� KÕ]� GH÷HUOHUL� ROGXNoD�
yükselmektedir. 

 

 
�����%D÷ODPD� PRGHOOHUL� LoLQ� oHúLWOL� NHVLWOHULQGH� %LOHúNH� KÕ]� -� <DWD\� X]DNOÕN� YH������������
Potansiyel -�<DWD\�X]DNOÕN�JUDILNOHUL�ùHNLO�����-��¶GH�YHULOPLúWLU� 
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ùHNLO�������%D÷ODPD���LoLQ�\ ����P�NHVLWLQGH�3RWDQVL\HO�-�<DWD\�X]DNOÕN�LOLúNLVL 
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ùHNLO�������%D÷ODPD���LoLQ�\ ����P�NHVLWLQGH�3RWDQVL\HO�-�<DWD\�X]DNOÕN�
LOLúNLVL 
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ùHNLO� ������ %D÷ODPD�PRGHOOHUL� LoLQ� \�]H\H� HQ� \DNÕQ� G�÷�POHUGH� SRWDQVL\HO�
GH÷HUOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 

 
 
     �����ùHNLO� ����¶GH� ED÷ODPDODU� LoLQ� PRGHOOHPHGH� J|]� |Q�QH� DOÕQDQ� IDUNOÕ� GXUXPODU�
VRQXFXQGD� RUWD\D� oÕNDQ� SRWDQVL\HO� GD÷ÕOÕPODUÕQÕQ� ELUELULQH� J|UH� GXUXPODUÕ�
J|U�OPHNWHGLU�� %D÷ODPD� ��PRGHOLQGH� SDOSODQúODUÕQ� NDOGÕUÕOPDVÕ\OD� SRWDQVL\HOGHNL� DQL�
G�ú�úOHULQ� RUWDGDQ� NDONWÕ÷Õ�� %D÷ODPD� �� PRGHOLQGH� PHPED� EODQNHWLQLQ� SRWDQVL\HOLQ�
D]DOPDVÕQGD�HWNLOL�ROGX÷X�DQFDN�SDOSODQúODUÕQ�HWNLVLQLQ�D]DOGÕ÷Õ��%D÷ODPD���PRGHOLQGH�
LVH� PDQVDE� WDUDIÕQGDNL� SDOSODQúÕQ� NDOGÕUÕOPDVÕ\OD� PHPED� WDUDIÕQGDNL� SDOSODQúÕQ�
HWNLVLQLQ�DUWWÕ÷Õ�DoÕNoD�J|U�OPHNWHGLU� 
 
 
5.2.3 Baraj 

 
�����%DUDM�PRGHOOHUL�LoLQ�SRWDQVL\HO�GD÷ÕOÕPODUÕ�ùHNLO�������ùHNLO�������ùHNLO������YH�KÕ]�
YHNW|UOHUL�ùHNLO�������ùHNLO�������ùHNLO�����¶GH�YHULOPLúWLU� 
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5.2.3.1 Baraj 1 
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5.2.3.2 Baraj 2 
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5.2.3.3 Baraj 3 
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�����ùHNLO� ����¶GH� YHULOHQ� %DUDM� �� PRGHOL� LoLQ� HOGH� HGLOHQ� SRWDQVL\HO� � GD÷ÕOÕPÕ�
LQFHOHQGL÷LQGH��PHPED�\�]�QGHNL�EHWRQDUPH�NDSODPDQÕQ�HWNLVL\OH�VX\XQ�VDGHFH�EDUDMÕQ�
DOWÕQGDQ�VÕ]DUDN��EDUDM�J|YGHVL�LoLQGH�\�NVHOGL÷L�J|U�OPHNWHGLU��ùHNLO�����¶GHNL�ELOHúNH�
KÕ]� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH�� JHoLULPVL]� PHPED� \�]�QGHNL� � EHWRQDUPH� NDSODPDQÕQ��
DOWÕQGD�ELOHúNH�KÕ]�GH÷HUOHULQLQ�E�\�G�÷���D\QÕ�]DPDQGD�GD�EX�E|OJHGH�SRWDQVL\HOGHNL�
D]DOPDQÕQ� GDKD� ID]OD� ROGX÷X� J|]OHQPHNWHGLU��%LOHúNH� KÕ]� GH÷HUOHULQLQ�\�NVHN�ROGX÷X�
QRNWDODU� |]HOOLNOH� VX\XQ� EDUDM� J|YGHVLQH� JLUGL÷L� YH� oÕNWÕ÷Õ� QRNWDODU� ROXS�� EX� QRNWDODU�
FLYDUÕQGD�SRWDQVL\HO�GH÷HUOHUGH�GH�|QHPOL�|Oo�GH�DQL�D]DOPDODU�ROGX÷X�J|U�OPHNWHGLU��
*|YGH�LoLQGH��VÕ]PD�KDWWÕQÕQ�DOWÕQGD�ELOHúNH�KÕ]ODUÕQ��J|YGHQLQ�DOWÕQD�J|UH��GDKD�E�\�N�
ROGX÷X� J|U�OPHNWHGLU�� %XQXQ� VHEHEL�� J|YGHQLQ� DOWÕQGDNL� E|OJHQLQ� KLGUROLN� LOHWNHQOLN�
NDWVD\ÕVÕQÕQ�� J|YGHQLQ� LoLQGHNL� KLGUROLN� LOHWNHQOLN� NDWVD\ÕVÕQD� J|UH� GDKD� N�o�N�
ROPDVÕGÕU�� $\UÕFD�� VÕ]PD� KDWWÕQÕQ� �VW�QGH� EHOLUOHQHQ� KÕ]� YHNW|UOHUL� GR\JXQ� ROPD\DQ�
E|OJHGHNL� NDSLODULWH� HWNLVLQGHQ� GROD\Õ� RUWD\D� oÕNPDNWDGÕU�� $QFDN�� %DUDM� ��PRGHOLQGH�
GR\JXQ�ROPD\DQ�E|OJHGH�ROXúDQ�ELOHúNH�KÕ]�YHNW|UOHUL�EDUDM�J|YGHVLQLQ��VW�QRNWDODUÕQGD�
oRN�G�ú�N�GH÷HUOHU�DOPÕúWÕU� 
 

 ùHNLO�������%DUDM���LoLQ�\�]H\H�YH�VÕ]PD�KDWWÕQD�HQ�\DNÕQ�G�÷�POHUGH�3RWDQVL\HO- Yatay 

X]DNOÕN�LOLúNLVL 

P
ot

an
si

ye
l (

m
)  

Yatay X]DNOÕN (m) 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

0 25 50 75 100 125 150 175 200 225 250 275 300 



 90 

 
������ùHNLO� ����¶GH� J|U�OG�÷��JLEL��%DUDM� ��PRGHOL� LoLQ� HOGH� HGLOHQ�SRWDQVL\HO�GD÷ÕOÕPÕ�
LQFHOHQGL÷LQGH��SRWDQVL\HOLQ��NLO�oHNLUGHN�LoHULVLQGH�KLGUROLN�H÷LPLQ�E�\�NO�÷�QH�ED÷OÕ�
RODUDN��oRN�NÕVD�ELU�DUDOÕNWD�KÕ]OD�GH÷LúWL÷L��EXQXQOD�ELUOLNWH��J|YGHQLQ�DOWÕQGDNL�E|OJHGH�
KLGUROLN�H÷LPLQ��J|YGH�LoLQGHNL�KLGUROLN�H÷LPH�J|UH��GDKD�E�\�N�ROGX÷X�J|U�OPHNWHGLU��
ùHNLO�����¶GDNL�KÕ]�GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��ELOHúNH�KÕ]�GH÷HUOHULQLQ��VX\XQ�J|YGHGHQ�
D\UÕOGÕ÷Õ� QRNWDODUGD� ROGXNoD� E�\�G�÷�� J|U�OPHNWHGLU�� .LO� oHNLUGHNWH� YH� J|YGHQLQ�
DOWÕQGD�KLGUROLN�H÷LP�E�\�N�ROPDVÕQD�UD÷PHQ��ELOHúNH�KÕ]ODUÕQ�HQ�E�\�N�GH÷HUOHUL�EDUDM�
GROJXVX�LoLQGH�ROXúPDNWDGÕU� %XQXQ�VHEHEL�'DUF\�\DVDVÕQGD�� Kiv =  olarak ifade edilen 

KÕ]�� KLGUROLN� LOHWNHQOLN� NDWVD\ÕVÕ� YH� KLGUROLN� H÷LP� DUDVÕQGDNL� LOLúNLGHQ� GH� DQODúÕODFD÷Õ�
JLEL��EX�E|OJHOHUGH�KLGUROLN�LOHWNHQOLN�NDWVD\ÕODUÕQÕQ�G�ú�N�GH÷HUOHUGH�ROPDVÕ�QHGHQL\OH�
KÕ]ODUGD� E�\�PH� ROPDGDQ� KLGUROLN� H÷LPLQ� DUWPDVÕGÕU�� 6Õ]PD� KDWWÕQÕQ� �VW�QGH� YH� NLO�
oHNLUGHNWH� ELOHúNH� KÕ]� GH÷HUOHULQLQ� ROGXNoD� G�ú�N� ROGX÷X� J|U�OP�úW�U�� 'R\JXQ�
olmayan E|OJHQLQ� EX� PRGHO� �]HULQGH� |QHPOL� ELU� HWNLVLQLQ� ROPDGÕ÷Õ� GD� VRQXoODUGDQ�
görülmektedir. 

 

ùHNLO�������%DUDM���LoLQ�\�]H\H�YH�VÕ]PD�KDWWÕQD�HQ�\DNÕQ�G�÷�POHUGH�3RWDQVL\HO-Yatay 
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�����ùHNLO� ����¶GH� J|U�OG�÷�� JLEL�� %DUDM� ��PRGHOL� LoLQ� HOGH� HGLOHQ� SRWDQVL\HO� GD÷ÕOÕPÕ��
LQFHOHQGL÷LQGH�� SRWDQVL\HO� GH÷HULQ� JHoLULPVL]� SHUGHQLQ� DOWÕQGD� DQL� RODUDN� D]DOGÕ÷Õ�
EXQXQOD�ELUOLNWH� ELOHúNH�KÕ]� GH÷HUOHULQLQ�E�\�G�÷��J|U�OPHNWHGLU��ùHNLO�����¶GHNL�KÕ]�
GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��ELOHúNH�KÕ]ODUÕQ�HQ�E�\�N�GH÷HUOHULQL��VÕ]PD�KDWWÕQÕQ�DOWÕQGD�
VX\XQ�EDUDM�J|YGHVLQGHQ�oÕNWÕ÷Õ�QRNWDODUGD�DOGÕ÷Õ�J|U�OPHNWHGLU��6X\XQ�EDUDMD�JLUGLNWHQ�
VRQUD� JHoLULPVL]� SHUGHQLQ� DOWÕQGDQ� V�]�OHUHN� JHoLULPVL]� SHUGHQLQ� PHPED� WDUDIÕQGD�
\�NVHOGL÷L�V|\OHQHELOLU��$QFDN��JHoLULPVL]�SHUGHQLQ��VW�QGHNL�E|OJH\H�EDNÕOGÕ÷ÕQGD��EX�
QRNWDODUGDNL� ELOHúNH� KÕ]� GH÷HUOHULQLQ� GH� \�NVHN� ROGX÷X� J|U�OPHNWHGLU�� %X� E|OJHQLQ�
GR\JXQ�ROPDGÕ÷Õ�G�ú�Q�OG�÷�QGH��VX\XQ�JHoLULPVL]�SHUGHQLQ�DOWÕQGDQ�VÕ]PDVÕQÕQ�\DQÕ�
VÕUD�D\QÕ�]DPDQGD�JHoLULPVL]�SHUGHQLQ��VW�QGH��GR\JXQ�ROPD\DQ�E|OJHGH��ELU�VX�DNÕúÕ�
ROGX÷X�J|U�OPHNWHGLU��%XUDGDQ�� GR\JXQ�ROPD\DQ�E|OJHQLQ� EX�PRGHO��]HULQGH�|QHPOL�
ELU�HWNLVLQLQ�ROGX÷X�V|\OHQHELOLU� 
 

 ùHNLO�������%DUDM���LoLQ�\�]H\H�YH�VÕ]PD�KDWWÕQD�HQ�\DNÕQ�G�÷�POHUGH�3RWDQVL\HO-Yatay 

X]DNOÕN�LOLúNLVL 
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ALTINCI BÖLÜM 

6218d/$5�9(�g1(5ø/(5 

 
 
 

���6218d/$5�9(�g1(5ø/(5 
 
 
�����%X�oDOÕúPDGD�oHúLWOL�SDOSODQú��ED÷ODPD�YH� WRSUDN�GROJX�EDUDMODUÕQ�J|YGHVLQGHNL�YH�
DOWÕQGDNL�VÕ]PDGDQ�GROD\Õ�PH\GDQD�JHOHQ�SRWDQVL\HO�YH�KÕ]�GD÷ÕOÕPODUÕ��VRQOX�HOHPDQODU�
\|QWHPL\OH�LNL�ER\XWOX�RODUDN�HOH�DOÕQPÕúWÕU� 
 

�����3RWDQVL\HO� YH� KÕ]� GD÷ÕOÕPODUÕ� DUDúWÕUÕOÕUNHQ� JHUHN� KLGUROLN� LOHWNHQOLNOHUL� IDUNOÕ�
]HPLQOHU� NXOODQÕODUDN� JHUHNVH� JHRPHWULN� |]HOOLNOHU� GH÷LúWLULOHUHN� IDUNOÕ� YDU\DV\RQODUÕQ�
potDQVL\HO�YH�KÕ]�GD÷ÕOÕPÕQD�HWNLVL�LQFHOHQPLúWLU��6RQXo�RODUDN� 
 

�����6Õ]PD�ER\XQX�X]DWDUDN�SRWDQVL\HOL�D]DOWPD�DPDFÕ\OD�\DSÕODQ�SDOSODQú�W�U��\DSÕODUÕQ���
KÕ]� YHNW|UOHULQLQ� E�\�PHVLQH� QHGHQ� ROGX÷X�� EX� E�\�PHQLQ� GH� SDOSODQú� ER\ODUÕQÕQ�
DUWPDVÕ\OD� GR÷UX� RUDQWÕOÕ� GH÷LúWL÷L� EHOLUOHQPLúWLU�� %D÷ODPD� DOWÕQD� SDOSODQú�
\HUOHúWLULOPHVLQLQ� SRWDQVL\HOLQ� D]DOPDVÕQGD� |QHPOL� URO� R\QDGÕ÷Õ�� KÕ]� YHNW|UOHULQLQ� HQ�
E�\�N� GH÷HUOHULQL� SDOSODQúODUÕQ� X]XQOXNODUÕ\OD� � RUDQWÕOÕ� RODUDN� SDOSODQúODUÕQ� DOWÕQGD�
DOGÕNODUÕ�J|U�OP�úW�U�� 
 

     YaWD\GDNL�KLGUROLN�LOHWNHQOLN�NDWVD\ÕVÕQÕQ�G�úH\GHNLQLQ��o�NDWÕ�DOÕQPDVÕ�GXUXPXQGD�
SRWDQVL\HOLQ� JHoLULPOL� ]HPLQ� LoHULVLQGH� GDKD� X]XQ� ELU� DUDOÕNWD� GH÷LúWL÷L� J|U�OP�ú��
SDOSODQúÕQ� GD� SRWDQVL\HOLQ� G�úPHVLQGH� GDKD� HWNLOL� ROGX÷X� EXQXQOD� ELUOLNWH� KÕ]�
vektörlerinin GDKD�KRPRMHQ�GD÷ÕOGÕ÷Õ�EHOLUOHQPLúWLU� 
 

�����0DQVDE� WDUDIÕQGD� VX� ROPDVÕ� GXUXPXQGD�� � JHoLULPOL� ]HPLQGH� GD÷ÕOPDVÕ� JHUHNHQ�
SRWDQVL\HO�PLNWDUÕQGDNL�D]DOPDQÕQ�VRQXFX��KÕ]�YHNW|UOHULQLQ�N�o�OG�÷��J|U�OP�úW�U� 
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����������%D÷ODPD� DOWÕQGD� SDUDIX\� EXOXQPDVÕQÕQ� SRWDQVL\HOLQ� D]DOPDVÕQGD� HWNLOL� ROGX÷X�
J|U�OP�ú��SDUDIX\OD�ELUOLNWH�SDOSODQú�EXOXQPDVÕ�GXUXPXQD�J|UH�VDGHFH�SDUDIX\�EXOXQDQ�
ED÷ODPDODUÕQ�DOWÕQGD�KÕ]�YHNW|UOHULQLQ�o|]�P�E|OJHVLQGH�GDKD�KRPRMHQ�GD÷ÕOGÕ÷Õ�YH�KÕ]�
GH÷HUOHULQLQ�D]DOGÕ÷Õ�J|U�OP�úW�U� 
 

  ����%D÷ODPDQÕQ� PDQVDEÕQGDNL� SDOSODQúÕQ� NDOGÕUÕOÕS� VDGHFH� PHPED� WDUDIÕQGD�
SDOSODQúÕQÕQ�NXOODQÕOPDVÕQGD��PHPED�YH�PDQVDS�DUDVÕQGDNL�SRWDQVL\HO�IDUNÕQÕ�PHPED�
WDUDIÕQGDNL�SDOSODQú�|QHPOL�|Oo�GH�NDUúÕODQGÕ÷Õ��SDOSODQúÕQ�DOWÕQGD��ELOHúNH�KÕ]�GH÷HUOHUL�
daha da yüNVHOGL÷L�DQODÕOPÕúWÕU� 
 

�������%DUDM� PRGHOOHUL� LQFHOHQGL÷LQGH�� PHPED� \�]H\LQGHNL� EHWRQDUPH� NDSODPDQÕQ�
HWNLVL\OH� VX\XQ�� VDGHFH� EDUDMÕQ� DOWÕQGDQ� VÕ]DUDN�� EDUDM� J|YGHVL� LoLQGH� \�NVHOGL÷L��
JHoLULPVL]�PHPED�\�]�QGHNL� �EHWRQDUPH�NDSODPDQÕQ� �DOWÕQGD�ELOHúNH�KÕ]�GH÷HUOHULQLQ�
E�\�G�÷��� D\QÕ� ]DPDQGD� GD� EX� E|OJHGH� SRWDQVL\HOGHNL� D]DOPDQÕQ� GDKD� ID]OD� ROGX÷X�
J|]OHQPLúWLU�� 
 

�����.LO�oHNLUGHN�NXOODQÕODQ�PRGHOGH��SRWDQVL\HOLQ��NLO�oHNLUGHN�LoHULVLQGH�KLGUROLN�H÷LPLQ�
E�\�NO�÷�QH� ED÷OÕ� RODUDN�� oRN� NÕVD� ELU� DUDOÕNWD� KÕ]OD� GH÷LúWL÷L�� EXQXQOD� ELUOLNWH��
J|YGHQLQ�DOWÕQGDNL�E|OJHGH�KLGUROLN�H÷LPLQ��J|YGH� LoLQGHNL�KLGUROLN�H÷LPH�J|UH��GDKD�
E�\�N� ROGX÷X� L]OHQPLúWLU�� .LO� oHNLUGHNWH� YH� J|YGHQLQ� DOWÕQGD� KLGUROLN� H÷LP� E�\�N�
ROPDVÕQD�UD÷PHQ��ELOHúNH�KÕ]ODUÕQ�HQ�E�\�N�GH÷HUOHUL�EDUDM�GROJXVX�LoLQGH�JHOLúPLúWLU� 
6Õ]PD�KDWWÕQÕQ��VW�QGH�YH�NLO�oHNLUGHNWH�ELOHúNH�KÕ]�GH÷HUOHULQLQ�ROGXNoD�G�ú�N�ROGX÷X�
J|U�OP�úW�U� 
 

�����0HUNH]L� JHoLULPVL]� SHUGHOL� PRGHO� LoLQ� HOGH� HGLOHQ� SRWDQVL\HO� GD÷ÕOÕPÕ��
LQFHOHQGL÷LQGH�� SRWDQVL\HO� GH÷HULQ� JHoLULPVL]� SHUGHQLQ� DOWÕQGD� DQL� RODUDN� D]DOGÕ÷Õ�
EXQXQOD� ELUOLNWH� ELOHúNH� KÕ]� GH÷HUOHULQLQ� E�\�G�÷�� J|U�OPHNWHGLU�� 6X\XQ� EDUDMD�
JLUGLNWHQ� VRQUD� JHoLULPVL]� SHUGHQLQ� DOWÕQGDQ� V�]�OHUHN� JHoLULPVL]� SHUGHQLQ� PHPED�
WDUDIÕQGD� \�NVHOGL÷L� V|\OHQHELOLU�� $QFDN� JHoLULPVL]� SHUGHQLQ� �VW�QGHki bölgeye 

EDNÕOGÕ÷ÕQGD��EX�QRNWDODUGDNL�ELOHúNH�KÕ]�GH÷HUOHULQLQ�\�NVHN�ROGX÷X�J|U�OPHNWHGLU��%X�
E|OJHQLQ� GR\JXQ� ROPDGÕ÷Õ� G�ú�Q�OG�÷�QGH�� VX\XQ� JHoLULPVL]� SHUGHQLQ� DOWÕQGDQ�
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VÕ]PDVÕQÕQ� \DQÕ� VÕUD� D\QÕ� ]DPDQGD� JHoLULPVL]� SHUGHQLQ� �VW�QGHQ�GH� GR\JXQ� ROPD\DQ�
b|OJHGH�ELU�VX�DNÕúÕ�ROGX÷X�J|U�OPHNWHGLU�� 
 

�����*HQHO� RODUDN� EDUDM� PRGHOOHULQGH�� ELOHúNH� KÕ]� GH÷HUOHULQLQ� \�NVHN� ROGX÷X� QRNWDODU�
|]HOOLNOH� VX\XQ�EDUDM�J|YGHVLQH�JLUGL÷L�YH�oÕNWÕ÷Õ�QRNWDODU�RODUDN�EHOLUOHQPLú�ROXS��EX�
QRNWDODU� FLYDUÕQGD� SRWDQVL\HO� GH÷HUOHUGH� |QHPOL� |Oo�GH� DQL� D]DOPDODU� ROGX÷X�
J|U�OPHNWHGLU��d|]�P�E|OJHVL� LoLQGH�KÕ]�YHNW|UOHUL� LVH�KLGUROLN� LOHWNHQOLN�NDWVD\ÕVÕ�LOH�
GR÷UX�RUDQWÕOÕ�RODUDN�DUWPDNWDGÕU� 
 

�����*HoLULPVL]�NDSODPD�YH\D�SHUGH�LOH�SRWDQVL\HOGHNL�D]DOPDQÕQ�VD÷ODQPDVÕ�GXUXPXQD�
EDNÕOGÕ÷ÕQGD� GD�� EX� \DSÕODUÕQ� SRWDQVL\HOLQ� D]DOPDVÕQGD� ROGXNoD� HWNLOL� ROGX÷X�
J|U�OP�úW�U��$QFDN�|]HOOLNOH�JHoLULPVL]�SHUGH�NXOODQÕOPDVÕ�GXUXPXQGD�SHUGHQLQ�DOWÕQGD�
KÕ]� YHNW|UOHULQLQ� oRN� E�\�N� GH÷HUOHU� DOGÕ÷Õ� J|]OHQPLúWLU�� %X� GXUXPXQ� EDUDM� LoLQ�
borulanma gibi tehlikeOHU�ROXúWXUDELOHFH÷L�J|U�OP�úW�U� 
 

�����%XQGDQ�VRQUD�\DSÕODFDN�oDOÕúPDODUGD��EDUDM�J|OOHULQGHNL�VX�VHYL\HVLQGHNL�DOoDOPDODU�
YH�\�NVHOPHOHU�GH�GLNNDWH�DOÕQDUDN�SUREOHPLQ�]DPDQD�ED÷OÕ�RODUDN�o|]�OPHVLQGH�\DUDU�
J|U�OPHNWHGLU�� %XQXQ� \DQÕ� VÕUD� NHVLWOHULQ� IDUNOÕOÕN� J|VWHUGL÷L� GXUXPODU� J|]� |Q�QH�
DOÕQDUDN� WRSUDN� GROJX� EDUDMODUGD� SRWDQVL\HO� YH� KÕ]� YHNW|UOHUL� GD÷ÕOÕPÕQÕQ� �o� ER\XWOX�
RODUDN�LQFHOHQPHVLQLQ�GH�ID\GDOÕ�RODFD÷Õ�NDQDDWLQH�YDUÕOPÕúWÕU� 
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