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ABSTRACT 
 
 

 MULTI MODAL ADAPTIVE LOAD INCREMENTS METHOD FOR 
DETERMINATION OF EARTHQUAKE RESPONSE OF STRUCTURES   

 
Kaan TÜRKER 

University of Balikesir, Institute of Science,  
Department of Civil Engineering 

 
( Ph.D. Thesis / Supervisor : Assoc. 3URI��'U��(UGDO�ø57(0�� 

 
Balikesir -Turkey, 2005 

 
In this study, an effective Multi Modal Adaptive Load Increments Method 

(MMALIM) is developed for the determination of nonlinear behaviour of buildings 
affected by higher modes under earthquake loads. Elastic-plastic behaviour of 
material and second-order effects are considered in the method. It is assumed that 
plastic deformations are accumulated at certain sections defined as plastic sections 
and the other portions of the system remain linear-elastic.  The system is analysed 
under factored constant gravity loads and increasing modal lateral loads in the 
method.  The second-order effects can be linearilized due to the fact that the structure 
is analyzed under factored constant gravity loads. In addition, yield conditions are 
idealized as compose of linear segments. By these properties of the developed 
method, load increment for the formation of each plastic section and response 
quantities (internal forces, displacements, plastic rotations etc.) are determined 
directly without additional load increments in the linear regions between plastic 
sections. Formation of all plastic sections and behaviour of the system are tracked in 
detail. In the method, higher mode effects are considered by using response spectrum 

analysis approach at linear region between the two successive plastic sections. 
Therefore, modal lateral loads obtained by using the modal properties of the system 
with plastic sections are used in the analysis. A computer program called MEPARCS 
is developed for analysis of reinforced concrete buildings by using MMALIM.       
The developed method is evaluated by comparing with Nonlinear Dynamic Analysis 
(NDA), Traditional Nonlinear Static Analysis (T-NSA) based on first mode and 
Nonlinear Static Analysis (NSA) proposed for uniform and modal distribution on 
FEMA 356. For this reason, reinforced concrete frames with different natural periods 
are analysed for different earthquake records. Floor lateral displacements, interstory 
drifts, maximum beam plastic rotations, story shears, capacity curves and distribution 
of plastic sections on the system are investigated in the evaluations. The results of the 
developed MMALIM are more closer to the results of NDA when compared with the 
results of other distributions (T-NSA, NSA-uniform and modal). Furthermore, effects 
of spectral scaling, number of modes and geometrical changes (second-order effects) 
on results of analysis are investigated in the developed MMALIM.  

 
KEY WORDS: Multi modal adaptive load increments method / multi modal 

adaptive nonlinear static (pushover) analysis / nonlinear behavior of material /  
second order effects / seismic performance evaluation / reinforced concrete building 
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ÖNSÖZ 

 
  'RNWRUD� WH]L� RODUDN� VXQXODQ� EX� oDOÕúPDGD�� \�NVHN� PRGODUÕQ� HWNLOL� ROGX÷X�
binDODUÕQ� GHSUHP� HWNLOHUL� DOWÕQGDNL� OLQHHU� ROPD\DQ� GDYUDQÕúÕQÕQ� HWNLQ� RODUDN�
EHOLUOHQHELOPHVL� DPDFÕ\OD�� oRN� PRGOX� X\DUODPDOÕ� ELU� \�N� DUWÕPÕ� \|QWHPL�
JHOLúWLULOPLúWLU�� 
 

  dDOÕúPDODUÕP�VÕUDVÕQGD�oRN�GH÷HUOL�ELOJL�YH�WHFU�EHOHULQL�EHQLPOH�SD\ODúDQ�WH]�
GDQÕúPDQÕP� 6D\ÕQ� 'Ro�'U�� (UGDO� øUWHP¶H�� oRN� GH÷HUOL� ELOJL� YH� \RUXPODUÕQGDQ�
ID\GDODQGÕ÷ÕP� 6D\ÕQ� 3URI�'U�� (UNDQ� g]HU¶H� YH� WH]LPH� NDWNÕODUÕQGDQ� GROD\Õ���������������
6D\ÕQ�<�'Ro�'U��.RQXUDOS�*LUJLQ¶H�WHúHNN�UOHULPL�VXQDUÕP�� 
 

  $\UÕFD�� WH]� oDOÕúPDODUÕP� VÕUDVÕQGD� YHUGL÷L� E�\�N� GHVWHNWHQ� GROD\Õ�� oDOÕúPD�
DUNDGDúÕP�$UDú�*|U�<�N�0�K��8PXW�+DVJ�O�EDúWD�ROPDN��]HUH��GH÷HUOL�DUNDGDúODUÕP�������������
$UDú�*|U�'U�� 1XUD\� *HGLN¶H�� $UDú�*|U�'U�� $OWX÷� <DYDú¶D� YH� GL÷HU� DUDúWÕUPD�
J|UHYOLVL�DUNDGDúODUÕPD�GD�WHúHNN�U�HGHULP� 
 

     Her dönHPGH�ROGX÷X�JLEL�EX�WH]�oDOÕúPDP�VÕUDVÕQGD�GD�EDQD�oRN�E�\�N�GHVWHN�
YHUHQ�VHYJLOL�DQQHPH�EDEDPD�YH�DEODPD�ú�NUDQODUÕPÕ�VXQDUÕP� 
 

  7H]� oDOÕúPDODUÕP�QHGHQL\OH� oRN�\R÷XQ�oDOÕúPD� WHPSRVX� LOH�JHoHQ�HYOLOL÷LPLQ�
EX� LON�\ÕOODUÕQGD��E�\�N�IHGDNDUOÕN�J|VWHUHQ�YH�EDna her yönden destek olan sevgili 
HúLP�%XUFX�7�UNHU¶H�HQ�LoWHQ�WHúHNN�UOHULPL�VXQDUÕP� 
  
 

%DOÕNHVLU������                   Kaan TÜRKER 
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1. �*ø5øù 

 

1.1 Konu   

                     

6RQ� RQ� \ÕO� LoLQGH� SHUIRUPDQVD� GD\DOÕ� WDVDUÕP� YH� GH÷HUOHQGLUPH� \DNODúÕPÕQÕQ�
RUWD\D� NRQPDVÕ� YH� \D\JÕQODúPDVÕ� LOH�� \DSÕODUÕQ� GHSUHP� HWNLOHUL� DOWÕQGDNL� OLQHHU�
ROPD\DQ�GDYUDQÕúÕQÕ�J|]|Q�QH�DODQ� LOHUL�KHVDS�\|QWHPOHUL��]HULQGHNL�oDOÕúPDODU�KÕ]�
YH�|QHP�ND]DQPÕúWÕU��� 
 

3HUIRUPDQVD� GD\DOÕ� WDVDUÕP� YH� GH÷HUOHQGLUPH� \DNODúÕPÕQGD�� HVDV� DOÕQDQ� ELU�
GHSUHP� LoLQ�\DSÕQÕQ�SODVWLN�úHNLOGH÷LúWLUPH� WDOHELQLQ� �LVWHPLQLQ��EHOLUOHQPHVL�YH�EX�
talep gözönünde tutularak, hasar düzeyinin kontrol edilmesi öngörülmektedir. 

%|\OHFH��IDUNOÕ�GHSUHP�WHKOLNH��ULVN��VHYL\HOHUL�LoLQ�KHGHIOHQHQ�SHUIRUPans düzeyine 

VDKLS�RODQ�\DSÕ� WDVDUÕPÕ�\DSÕODELOPHNWH�YH\D�PHYFXW�ELU�\DSÕQÕQ�SHUIRUPDQV�G�]H\L�
GH÷HUOHQGLULOHELOPHNWHGLU��� 
 

<DSÕODUÕQ� GHSUHP� HWNLOHUL� DOWÕQGDNL� SODVWLN� úHNLOGH÷LúWLUPHOHULQLQ��
EHOLUOHQHELOPHVL� LoLQ� PDO]HPH� YH� JHRPHWUL� GH÷LúLPL� EDNÕPÕQGDQ� Oineer olmayan 

GDYUDQÕúÕQ�J|]|Q�QH�DOÕQGÕ÷Õ�GLQDPLN�YH\D� VWDWLN�DQDOL]�\|QWHPOHULQLQ�NXOODQÕOPDVÕ�
gerekmektedir.   

         

/LQHHU�ROPD\DQ�GLQDPLN�DQDOL]�\|QWHPOHUL��\DSÕODUÕQ�GHSUHP�HWNLOHUL�DOWÕQGDNL�
GDYUDQÕúÕQÕQ� JHUoH÷H� HQ� \DNÕQ� RODUDN� EHOLUOHQHELOGL÷L� \öntemlerdir.  Bu yöntemler 

JHQHO� RODUDN�� J|]|Q�QH� DOÕQDQ� GHSUHP� \HU� KDUHNHWLQH� DLW� LYPH� ND\GÕ� LoLQ� DWDOHW�
NXYYHWOHUL�GH÷LúLPLQL�YH�V|Q�P��GH�LoHUHUHN�\DSÕQÕQ�]DPDQ�WDQÕP�DODQÕQGD�KHVDEÕQÕ�
HVDV� DOPDNWDGÕU�� $QFDN� EX� \|QWHPOHU� oRN� NDUPDúÕN�� ]DPDQ� DOÕFÕ�� oRN� Iazla yerel 

GHSUHP� \HU� KDUHNHWL� ND\GÕ� YH� GHQH\LP� JHUHNWLUGL÷LQGHQ�� J�Q�P�]GH� ELOLPVHO�
DUDúWÕUPDODU�GÕúÕQGD�VDGHFH�oRN�|]HO�\DSÕODU�LoLQ�NXOODQÕODELOPHNWHGLU��� 
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/LQHHU� ROPD\DQ� GLQDPLN� DQDOL]� \|QWHPOHULQLQ� VÕQÕUOÕ� NXOODQÕP� DODQÕ� ROPDVÕ�
nedeniyle, bunlara görH� GDKD� EDVLWOHúWLULOPLú� RODQ� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]�
�SXVKRYHU� DQDOL]�� \|QWHPOHUL� JHQLú� NXOODQÕP� DODQÕ� EXOPDNWDGÕU�� � /LQHHU� ROPD\DQ�
VWDWLN� DQDOL]�� ����� \ÕOÕQGDQ� LWLEDUHQ� ED]Õ� VWDQGDUWODUGD� �-DSDQHVH� 35(666� >�@��
(XURFRGH���>�@��\HU�DOPD\D�EDúODPÕú��KDWta Japonya’da belirli özellikteki betonarme 

\DSÕODUÕQ�WDVDUÕPÕ�LoLQ�DQD�\|QWHP�RODUDN�NDEXO�HGLOPLúWLU��$\UÕFD�$%'¶GH��ELQDODUÕQ�
SHUIRUPDQVD�GD\DOÕ�WDVDUÕPÕ�YH�GH÷HUOHQGLULOPHVL�DPDFÕ\OD�KD]ÕUODQDQ�oHúLWOL�UDSRU�YH�
ön standartlarda (VISION 2000 [3], ATC 40 [4,5], FEMA 273[6], FEMA 356 [7])  

OLQHHU� ROPD\DQ� VWDWLN� DQDOL]L� HVDV� DODQ� GH÷HUOHQGLUPH� \|QWHPOHULQH� |QHPOL� \HU�
YHULOPLúWLU�� 

 

/LQHHU�ROPD\DQ�VWDWLN�DQDOL]�\|QWHPOHUL�JHQHO�RODUDN��EHOLUOL�VDELW�G�úH\�\�NOHU�
ve deprem etkisini temsil eden artan yatay yükOHU� DOWÕQGD� PDO]HPH� YH� JHRPHWUL�
GH÷LúLPL� EDNÕPÕQGDQ� OLQHHU� ROPD\DQ� WHRUL\H� J|UH� \DSÕQÕQ� yatay kuvvet-tepe 

\HUGH÷LúWLUPHVL� ED÷ÕQWÕVÕQÕQ� EHOLUOHQPHVLQL� HVDV� DOPDNWDGÕU� �ùHNLO� ������ � <DSÕQÕQ�
\DWD\�GHSUHP�\�N��WDúÕPD�NDSDVLWHVLQL�LIDGH�HGHQ�EX�ED÷ÕQWÕ�NDSDVLWH�H÷ULVL��SXVKRYHU�
H÷ULVL��RODUDN�DGODQGÕUÕOPDNWDGÕU�>�@��� 

 

 

 

 

 

 

 

 

 
 

ùHNLO������/LQHHU�ROPD\DQ�VWDWLN�DQDOL]�LOH�EHOLUOHQHQ�NDSDVLWH�H÷ULVL 
 

 

.DSDVLWH� H÷ULVLQLQ� HOGH� HGLOPHVL� LOH� KHU� \�N� DUWÕPÕ� LoLQ�� \DSÕGDNL� HOHPDQODUÕQ�
GD\DQÕP�YH�úHNLOGH÷LúWLUPH� WDOHSOHUL��\DSÕQÕQ�]D\ÕI�HOHPDQODUÕ�YH�\HUOHUL��RODELOHFHN�
NÕVPL�YH\D� WRSWDQ�J|oPH�PHNDQL]PDVÕ�GXUXPODUÕ�GLUHNW�RODUDN�EHOLUOHQHELOPHNWHGLU�
>�@��$\UÕFD��NDSDVLWH�H÷ULVL�LOH�GDYUDQÕú�VSHNWUXP�DQDOL]LQLQ�ELUOHúWLULOPHVLQH�GD\DQDQ��

δδmax 

VT 7HSH�\HUGH÷LúWLUPHVL��δδmax) 
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oHúLWOL� \|QWHPOHU� �.DSDVLWH� 6SHNWUXPX� <|QWHPL� >�@�� <HUGH÷LúWLUPH� .DWVD\ÕODUÕ�
<|QWHPL� >�@�� � 1�� <|QWHPL� >�@�� � $NPD� 1RNWDVÕ� 6SHNWUXPX� <|QWHPL� >��@� YE���
NXOODQÕODUDN�� J|]|Q�QH� DOÕQDQ� GHSUHP� LoLQ� \DSÕQÕQ� JHQHO� GD\DQÕP� YH� \HUGH÷LúWLUPH�
talepleri belirlenebilmekte, böylece istenilen deprem seviyeOHUL� LoLQ� \DSÕODUÕQ�
SHUIRUPDQV�G�]H\OHUL�GH÷HUOHQGLULOHELOPHNWHGLU� 
 

  Lineer olmayan statik analiz yöntemlerinde (LOSA), deprem etkilerini temsil 

HWPHN� �]HUH� JHQHO� RODUDN�� \DSÕQÕQ� ELULQFL� �WHPHO�� WLWUHúLP� PRGXQD� NDUúÕOÕN� JHOHQ�
DWDOHW� NXYYHWOHUL� GD÷ÕOÕPÕ� YH\D� \|QHWPHOLNOHUGH� |QJ|U�OHQ� HúGH÷HU� GHSUHP� \�N��
GD÷ÕOÕPÕ� NXOODQÕOPDNWDGÕU�� � %X� GD÷ÕOÕPGDNL� \�NOHU�� DUDODUÕQGDNL� RUDQ� VDELW� NDODFDN�
úHNLOGH� �PRQRWRQ� RODUDN�� DUWWÕUÕODUDN� DQDOL]� \DSÕOPDNWDGÕU�� � %X� \�N� GD÷ÕOÕPODUÕQÕQ�
PRQRWRQ�DUWWÕUÕOPDVÕQÕ�HVDV�DODQ�*HOHQHNsel Lineer Olmayan Statik Analiz (G-LOSA) 

\DNODúÕPODUÕQÕQ� SODQGD� YH� G�úH\GH� G�]HQVL]OL÷L� EXOXQPD\DQ� D]� NDWOÕ� \DSÕODU� LoLQ�
JHUoHN� GDYUDQÕúD� ROGXNoD� \DNÕQ� VRQXoODU� YHUGL÷L� ELOLQPHNWHGLU� >��-16]. Buna 

NDUúÕOÕN�� D]� NDWOÕ� G�]HQVL]� YH� oRN� NDWOÕ� G�]HQOL� YH\D� G�]HQVL]� \DSÕODU� �]HULQGHNL�
DUDúWÕUPDODU� V|]� NRQXVX� *-/26$� \DNODúÕPODUÕQÕQ� JHUoHN� GDYUDQÕúÕ� EHOLUOHPHGH�
\HWHUVL]� NDOGÕ÷ÕQÕ� J|VWHUPHNWHGLU� >��-��@�� � %XQXQ� QHGHQL�� HVDVHQ� GHSUHP� VÕUDVÕQGD�
ROXúDQ�DWDOHW�NXYYHWOHULQLQ��\DWD\�\�N�GD÷ÕOÕPÕQÕQ��GHSUHP�|]HOOLNOHULQH�YH�\DSÕGDNL�
SODVWLNOHúPHQLQ� G�]H\LQH� �SODVWLNOHúHQ� NHVLW� VD\ÕVÕQD�� ED÷OÕ� RODUDN� V�UHNOL� GH÷LúLP�
J|VWHUPHVL�YH�WHPHO�PRG�GÕúÕQGDNL�\�NVHN�PRGODUÕQ�GD�GDYUDQÕúWD�HWNLQ�ROPDVÕGÕU��� 
 

%X� QHGHQOH�� D]� NDWOÕ� G�]HQVL]� YH� oRN� NDWOÕ� G�]HQOL� YH\D� G�]HQVL]� \DSÕODUÕQ�
deSUHP� HWNLOHUL� DOWÕQGDNL� JHUoHN� GDYUDQÕúÕQÕQ� EHOLUOHQHELOPHVL� LoLQ� OLQHHU� ROPD\DQ�
VWDWLN� DQDOL]� \|QWHPOHULQGH� VLVWHPLQ� GH÷LúHQ� GLQDPLN� |]HOOLNOHULQLQ� �\�NVHN� PRG�
HWNLOHULQLQ��PRG�úHNOL�GH÷LúLPLQLQ�YE���GH�J|]|Q�QGH�EXOXQGXUXOPDVÕ�JHUHNPHNWHGLU��
Bunun için aQDOL]� \|QWHPOHULQGH�� VLVWHPLQ� GLQDPLN� |]HOOLNOHULQLQ� GH÷LúLPLQLQ�
L]OHQPHVL� YH� EXQD� ED÷OÕ� RODUDN� DQDOL]� ER\XQFD� IDUNOÕ� |]HOOLNOHUGHNL� \HQL� \DWD\� \�N�
GD÷ÕOÕPODUÕQÕQ� NXOODQÕOPDVÕ� JHUHNPHNWHGLU�� � %X� GXUXPGD�� � OLQHHU� ROPD\DQ� VWDWLN�
analiz yöntemlerindeki hesap ]RUODúPDNWD� YH� KDFPL� oRN�E�\�N�RUDQGD�DUWPDNWDGÕU��
g]HOOLNOH�� DUGÕúÕN� \DNODúÕPÕ� YH\D� DGÕP-DGÕP� DQDOL]L� HVDV� DODQ� \�N� DUWÕPÕ�
yöntemlerinde [17-��@�� LVWHQLOHQ� KDVVDVL\HWH� GH� ED÷OÕ� RODUDN� KHVDS� KDFPL� oRN� GDKD�
E�\�N� RUDQGD� DUWPDNWDGÕU�� $\UÕFD� EX� \|QWHPOHUGH�� \�N� DUWÕPÕ� VÕUDVÕQGD� |QFHNL�
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DGÕPGDNL�\�NOHUGHQ�ED÷ÕPVÕ]�\�NOHULQ�NXOODQÕOPDVÕQGD�ED]Õ�]RUOXNODUOD�NDUúÕODúÕOGÕ÷Õ�
bilinmektedir [11,21].  

 

6RQXo�RODUDN��\�NVHN�PRG�HWNLOHULQL�YH�SODVWLNOHúPHOHULQ�QHGHQ�ROGX÷X�\DWD\�
\�N�GD÷ÕOÕPÕ�GH÷LúLPOHULQL�J|]|Q�QH�DOPDN�DPDFÕ\OD���SODVWLNOHúHQ�NHVLWOHULQ�D\UÕQWÕOÕ�
RODUDN� EHOLUOHQHELOGL÷L� YH� KHU� \�N� DUWÕPÕQGD� ED÷ÕPVÕ]� \�N� GD÷ÕOÕPÕ� NXOODQÕPÕQD��
RODQDN� YHUHQ� YH� D\QÕ� ]DPDQGD� HWNLQ� DQDOL]� \|QWHPOHULQH� LKWL\Do� GX\XOGX÷X�
görülmektedir.  

 

 

��������.RQX�LOH�øOJLOL�/LWHUDW�U�Q�øQFHOenmesi              

   

Bu bölümde, “Geleneksel Lineer Olmayan Statik Analiz (G-LOSA) 

\|QWHPOHUL�� EX� \|QWHPOHUGH� NXOODQÕODQ� IDUNOÕ� \DWD\� \�N� GD÷ÕOÕPODUÕQÕQ� DQDOL]�
VRQXoODUÕQD� HWNLOHUL�� /26$¶L� HVDV� DODQ� SHUIRUPDQV� GH÷HUOHQGLUPH� \|QWHPOHUL�� oRN�
modlu ve uyarlDPDOÕ� �SODVWLNOHúPHOHU� LOH� GH÷LúHQ� \DWD\� \�N� GD÷ÕOÕPÕQÕ� HVDV� DODQ��
/26$�\|QWHPOHUL´�NRQXODUÕQÕ�LoHUHQ�OLWHUDW�U�LQFHOHPHVL�|]HWOHQPLúWLU������ 
 

Özer (1987),  çelik düzlem çerçevelerde ikinci mertebe limit yük�Q�KHVDEÕ�LoLQ�
JHQHO�ELU�\�N�DUWÕPÕ�\|QWHPL�JHOLúWLUPLúWLU�� �0DO]HPHQLQ�HODVWR-SODVWLN�GDYUDQÕúÕQÕQ�
YH� JHRPHWUL� GH÷LúLPOHULQLQ� GHQJH� GHQNOHPOHULQH� HWNLVLQLQ� J|]|Q�QH� DOÕQGÕ÷Õ� EX�
oDOÕúPDGD��SODVWLN�PDIVDO�KLSRWH]L��ELOHúLN�Lo�NXYYHW�GXUXPXQX�GD�NDSVD\DFDN�úHNLOGH�
JHQLúOHWLOPHNWHGLU���<|QWHPGH�VDELW�G�úH\�\�NOHU�YH�DUWDQ�\DWD\�\�NOHU�DOWÕQGD�KHVDS�
\DSÕODUDN��G�úH\�\�NOHUH�ED÷OÕ�RODUDN�KHVDSODQDQ�QRUPDO�NXYYHWOHU�LoLQ�ikinci mertebe 

HWNLOHUL� OLQHHUOHúWLULOPHNWHGLU�� � 6LVWHPGH� KHU� SODVWLN� NHVLWLQ� ROXúXPXQGDQ� VRQUD� R�
kesitteki plastik dönme yeni bir bilinmeyen�RODUDN�DOÕQPDNWD�YH�SODVWLNOHúHQ�NHVLWWHNL�
DNPD� NRúXOXQX� LIDGH� HGHQ� \HQL� ELU� GHQNOHP� PHYFXW� GHQNOHP� WDNÕPÕQD� LODYH�
HGLOPHNWHGLU��%|\OHFH��KHU�\�N�DUWÕPÕQGD��KHU�SODVWLN�NHVLWLQ�ROXúXPXQGD���GHQNOHP�
WDNÕPÕQÕQ�\HQLGHQ�NXUXOXS�o|]�OPHVLQH�JHUHN�NDOPDGDQ��\HQL�ELOLQPH\HQH�DLW�VDWÕU�YH�
NRORQXQ� LQGLUJHQPHVL� VXUHWL\OH�� SODVWLNOHúHQ� NHVLWOHUGHNL� SODVWLN� úHNLOGH÷LúWLUPHOHUL�
GH� LoHUHQ� o|]�P� HOGH� HGLOPHNWHGLU� dDOÕúPDGD�� SODVWLNOHúHQ� NHVLWOHUGHNL� Lo� NXYYHW�
GXUXPODUÕQÕQ�\|Q�GH÷LúWLUHUHN�DNPD�H÷ULVLQLQ�Lo�E|OJHVLQH�\|QHOPHVL�YH�DNPD�H÷ULVL�
�]HULQGH�E|OJH��GR÷UX��GH÷LúWLUPHVL�JLEL�|]HO�GXUXPODUGD�\|QWHPLQ�X\JXODPD�HVDVODUÕ�
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DoÕNODQPÕúWÕU�� $\UÕFD� JHOLúWLULOHQ� \|QWHPGHQ� \DUDUODQDUDN�� \DWD\� \�NOHU� LOH� ELUOLNWH�
G�úH\� \�NOHULQ� GH� D\QÕ� RUDQGD� DUWWÕUÕOGÕ÷Õ� RUDQWÕOÕ� \�NOHPH� GXUXPXna ait çözümün 

\DSÕODELOPHVL�LoLQ�ELU�o|]�P�\ROX�|QHULOPLúWLU�>��@���� 
 

øUWHP����������>��@¶GH�HVDVODUÕ�DoÕNODQDQ�\�N�DUWÕPÕ�\|QWHPLQGHQ�\DUDUODQDUDN�
uzay çubuk sistemlerin ikinci mertebe limit yüküQ�Q�EHOLUOHQPHVL� DPDFÕ\OD� ELU� \�N�
DUWÕPÕ�\|QWHPL�JHOLúWLUPLúWLU���*HOLúWLULOHQ�\|QWHPGH�VDELW�G�úH\�\�NOHU�YH�DUWDQ�\DWD\�
\�NOHU� �GHSUHP�� U�]JDU� YE��� LoLQ� KHVDS� \DSÕOPDNWDGÕU�� � dDOÕúPDGD� DNPD� NRúXOX�
RODUDN�� ELOHúLN� H÷LN� H÷LOPH� HWNLVLQGHNL� oHOLN� NXWX� NHVLW� YH� EHQ]HUL� NHVLWOHU� LoLQ�
G�]OHPOHUOH� OLQHHUOHúWLULOPLú� �o� ER\XWOX� DNPD� \�]H\OHUL� |QHULOPLú� YH� JHOLúWLULOHQ�
\|QWHPLQ�EX�WLS�NHVLWOHUGHQ�ROXúDQ�X]D\�oHUoHYHOHU��]HULQGH�X\JXODPDVÕ�\DSÕOPÕúWÕU���
dDOÕúPDGD�� SODVWLNOHúHQ� NHVLWOHUGHNL� Lo� NXYYHW� GXUXPODUÕQÕQ� \|Q� GH÷LúWLUHUHN� DNPD�
yüzeyinin iç bölgesine yönelmesi, akma y�]H\L��]HULQGH�E|OJH��G�]OHP��GH÷LúWLUPHVL�
YH�RUDQWÕOÕ�\�NOHPH�JLEL�|]HO�GXUXPODUGD�\|QWHPLQ�X\JXODPD�HVDVODUÕ�DoÕNODQPÕúWÕU��
<|QWHPLQ� VD\ÕVDO� X\JXODPDODUÕQD� RODQDN� VD÷ODPDN� LoLQ� RWRPDWLN� ELU� ELOJLVD\DU�
SURJUDPÕ�GD��ø0(3-�'��JHOLúWLULOPLúWLU�>��@��� 

 

GirgiQ���������>��@¶GH�HVDVODUÕ�DoÕNODQDQ�\�N�DUWÕPÕ�\|QWHPLQGHQ�\DUDUODQDUDN�
betonarme uzay çubuk sistemlerin ikinci mertebe limit yükünün ve göçme 

J�YHQOL÷LQLQ�EHOLUOHQPHVL�DPDFÕ\OD�ELU�\�N�DUWÕPÕ�\|QWHPL�JHOLúWLUPLúWLU���dDOÕúPDGD��
ELOHúLN� H÷LN� H÷LOPH� HWNLVLndeki betonarme çubuk elemanlar için lineer bölgelerden 

ROXúDQ�LGHDOOHúWLULOPLú��o�ER\XWOX�ELU�DNPD�\�]H\L�|QHULOPLú�YH�EX�úHNLOGH�PDO]HPH�
EDNÕPÕQGDQ� OLQHHU� ROPD\DQ� EHWRQDUPH� VLVWHPOHUGH� DNPD� NRúXOODUÕQÕQ� OLQHHU�
GHQNOHPOHUH� G|Q�úW�U�OPHVL� VD÷ODQPÕúWÕU�� /LQeer olmayan burulma 

úHNLOGH÷LúWLUPHOHULQLQ�VLVWHP�GDYUDQÕúÕQD�HWNLVL�GH�J|]|Q�QH�DOÕQPÕúWÕU�� � �dDOÕúPDGD�
D\UÕFD�� JHOLúWLULOHQ� \|QWHPLQ� oRN� NDWOÕ� E�\�N� EHWRQDUPH� \DSÕ� VLVWHPOHULQLQ� ikinci 

mertebe elasto-plastik� KHVDEÕQD� HWNLQ� RODUDN� X\JXODQPDVÕQÕ� VD÷ODPDN� DPDFÕ\OD��
ELOLQPH\HQ� VD\ÕVÕQÕQ� D]DOWÕOPDVÕQÕ� YH� NDWVD\ÕODU� PDWULVLQLQ� LQGLUJHQPH� LúOHPLQLQ�
KÕ]ODQGÕUÕOPDVÕQÕ� VD÷OD\DQ� ELU� DOJRULWPD� |QHULOPLúWLU�� � <|QWHPLQ� VD\ÕVDO�
X\JXODPDODUÕQD� RODQDN� VD÷ODPDN� DPDFÕ\OD� �o� DGHW� ELOJLVD\DU� SURJUDPÕ� �%(.(-3, 

PARCS, CHECK) ha]ÕUODQPÕúWÕU�>��@��� 
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.LODU�YH�)DMIDU��������� �DVLPHWULN�\DSÕODUÕQ�OLQHHU�ROPD\DQ�VWDWLN�DQDOL]L�LoLQ�
ELU�\|QWHP�JHOLúWLUPLúOHUGLU���ho�ER\XWOX�\DSÕODUÕQ�oHúLWOL�G�]OHP�PDNUR�HOHPDQODUOD�
�DOW� VLVWHPOHUOH�� WHPVLO� HGLOGL÷L� EX� \|QWHPGH� \DSÕ\D� DLW� NDSDVLWH� H÷Uisinin basit bir 

úHNLOGH� HOGH� HGLOPHVL� DPDoODQPÕúWÕU�� � *HOLúWLULOHQ� \|QWHP� LOH� VLPHWULN� YH� DVLPHWULN�
\DSÕODU� LQFHOHQPLú� YH� EXUXOPDQÕQ� \DSÕ� GDYUDQÕúÕ� �]HULQGHNL� HWNLOHUL�
GH÷HUOHQGLULOPLúWLU�>��@�� 

 

Moghadam ve Tso (1997), elastik dinamik analiz verilerinden yararlanarak üç 

ER\XWOX� \DSÕODUÕQ� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]LQLQ� \DSÕOGÕ÷Õ� ELU� \|QWHP�
JHOLúWLUPLúOHUGLU�� � <|QWHPGH�� \DWD\� \�N� GD÷ÕOÕPÕ� YH� KHGHI� \HUGH÷LúWLPHVL� GH÷HUOHUL�
elastik dinamik analizden elde edilmektedir. Bu yöntemden elde edilen sonuçlar 

lineeU�ROPD\DQ�GLQDPLN�DQDOL]�VRQXoODUÕ�LOH�NDUúÕODúWÕUÕODUDN�GH÷HUOHQGLULOPLúWLU�>��@�� 
 

)DHOOD� YH� .LODU� �������� � EXUXOPD� G�]HQVL]OL÷L� EXOXQDQ� \DSÕODUÕQ� GHSUHP�
\�NOHUL� DOWÕQGDNL� GDYUDQÕúÕQÕQ� EHOLUOHQPHVL� LoLQ�� �o� ER\XWOX� OLQHHU� ROPD\DQ� VWDWLN��
analizin uygulanDELOLUOL÷LQL� LQFHOHPLúOHUGLU�� %XQXQ� LoLQ�� N�WOH� PHUNH]L� ND\GÕUÕODUDN�
EXUXOPD� G�]HQVL]OL÷L� ROXúWXUXODQ� G|UW� NDWOÕ� ELU� \DSÕ� HOH� DOÕQPÕú� YH� \DWD\� \�NOHULQ�
SODQGD� IDUNOÕ� HWNLPH�QRNWDODUÕ� LoLQ� OLQHHU�ROPD\DQ� VWDWLN� DQDOL]OHUL� \DSÕOPÕúWÕU��(OGH�
edilen sonuçlar lLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕODUDN�
GH÷HUOHQGLULOPLúWLU�>��@�� 

 

3HQHOLV� YH� .DSSRV� �������� � ELQDODUÕQ� EXUXOPD� GDYUDQÕúÕQÕQ� GD� J|]|Q�QH�
DOÕQGÕ÷Õ� ELU� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]� \|QWHPL� JHOLúWLUPLúOHUGLU�� <|QWHPGH��
NXOODQÕODQ� \DWD\� \�N� GD÷ÕOÕPÕ� HODVWLN� VSHNWUDO� DQDOL]� NXOODQÕODUDN� EHOLUOHQPHNWH� YH�
\DSÕQÕQ�GLQDPLN�NDUDNWHULVWLNOHULQLQ�EHOLUOHQPHVLQGH��EXUXOPD�YH�|WHOHPH�PRGODUÕQÕQ�
ELUOHúWLULOGL÷L� HúGH÷HU� WHN� VHUEHVWOLN� GHUHFHOL� VLVWHP� \DNODúÕPÕ� NXOODQÕOPDNWDGÕU���
*HOLúWLULOHQ�\|QWHP�WHN�NDWOÕ�WHN�GR÷UXOWXGD�VLPHWULN�ELU�\DSÕ��]HULQGH�X\JXODQPÕú�YH�
HOGH� HGLOHQ� VRQXoODU� OLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕODUDN�
GH÷HUOHQGLULOPLúWLU�>��@������� 

 

Mwafy ve Elnashai (2001),   Lineer Olmayan Statik Analizin (LOSA) 

GR÷UXOX÷XQX� YH� X\JXODQDELOLUOL÷L� DUDúWÕUPÕúODUGÕU�� %X� DPDoOD� IDUNOÕ� V�QHNOLN�
|]HOOLNOHULQH� VDKLS� G�]HQOL� YH� G�]HQVL]� oHUoHYH� \DSÕODU� LOH� G�]HQOL� SHUGH-çerçeve 
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\DSÕODU�VHoLOPLú�YH�EX�\DSÕODU��]HULQGH�GHSUHP�\�N�Q��WHPVLO�HGHQ�IDUNOÕ�\DWD\�\�N�
GD÷ÕOÕPODUÕ� LoLQ� �WHUV� �oJHQ� GD÷ÕOÕP�� �QLIRUP� GD÷ÕOÕP� YH� oRN� PRGOX� GD÷ÕOÕP��
/26$¶OHU� \DSÕODUDN� oRN� VD\ÕGD� GHSUHP� \HU� KDUHNHWL� LoLQ� \DSÕODQ� /LQHHU� 2OPD\DQ�
'LQDPLN�$QDOL]��/2'$��VRQXoODUÕ�LOH�NDUúÕODúWÕUÕOPÕúWÕU���<DSÕQÕQ�\HWHUOL�GR÷UXOXNWD�
PRGHOOHQPHVL�� \DWD\� \�N� GD÷ÕOÕPÕQÕQ� GLNNDWOL� VHoLOPHVL� YH� VRQXoODUÕQ� GR÷UX�
\RUXPODQPDVÕ�GXUXPXQGD��/26$¶LQ�HODVWLN�YH�HODVWLN�ROPD\DQ�E|OJHGHNL�GDYUDQÕúODU�
KDNNÕQGD� |QHPOL� ELOJLOHU� YHUGL÷L� EHOLUWLOPLúWLU�� /26$¶LQ� D]� NDWOÕ� YH� NÕVD� SHUL\RWOX�
oHUoHYH�\DSÕODU�LoLQ�oRN�X\JXQ�ROGX÷X�EHOLUOHQPLúWLU���g]HO�YH�X]XQ�SHUL\RWOX�\DSÕODU�
LoLQ�/26$�YH�/2'$¶GHQ�HOGH�HGLOHQ�VRQXoODUÕQ�ELUELULQGHQ�IDUNOÕ�ROGX÷X�EHOLUOHQPLú�
YH� EXQXQ� QHGHQL�� VDELW� \DWD\� \�N� GD÷ÕOÕPÕQÕQ� HODVWLN� VRQUDVÕ� E|OJHGH� \�NVHN�PRG�
HWNLOHULQL�J|]|Q�QH�DODPDPDVÕ�RODUDN�DoÕNODQPÕúWÕU���%XQX�JLGHUPek için birden fazla 

\DWD\� \�N� GD÷ÕOÕPÕ� LoLQ� D\UÕ� D\UÕ� DQDOL]OHU� \DSÕODUDN� NDSDVLWH� YH� WDOHSOHULQ�
EHOLUOHQPHVLQLQ� X\JXQ� RODFD÷Õ� EHOLUWLOPLúWLU�� � $\UÕFD�� \�NVHN� PRG� HWNLOHULQL� YH�
G�]HQVL]�\DSÕ�HWNLOHULQL�J|]|Q�QH�DODELOHFHN�VSHNWUXP�HVDVOÕ�HWNLQ�\HQL�\|QWHPlerin 

JHUHNOLOL÷L�GH÷HUOHQGLULOPLúWLU�>��@� 
 

Lew ve Kunnath (2001), FEMA 273’de önerilen lineer olmayan statik analiz 

SURVHG�UOHULQLQ� HWNLQOL÷LQL� LQFHOHPLúOHUGLU�� � %XQXQ� LoLQ�� 1RUWKULGJH� GHSUHPLQH� DLW�
J�oO�� GHSUHP� \HU� KDUHNHWL� ND\ÕWODUÕ� EXOXQDQ� LNL� oHOLN� Ye iki betonarme bina 

NXOODQÕOPÕúWÕU�� %LQDODUGDQ� GHSUHP� VÕUDVÕQGD� DOÕQDQ� |Oo�POHUGHQ� \DUDUODQDUDN�
EHOLUOHQHQ� \HUGH÷LúWLUPH� GDYUDQÕúÕ� LoLQ� OLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� \DSÕOPÕú� YH�������������
)(0$����¶GH�|QHULOHQ��o�IDUNOÕ�\DWD\�\�N�GD÷ÕOÕPÕ�LoLQ�\DSÕODQ�OLneer olmayan statik 

DQDOL]� VRQXoODUÕ� LOH� � NDUúÕODúWÕUÕOPÕúWÕU�� 3ODVWLNOHúHQ� NHVLWOHULQ� VLVWHP� �]HULQGHNL�
GD÷ÕOÕPÕ� YH� J|UHOL� NDW� |WHOHPHOHUL� LoLQ� \DSÕODQ� NDUúÕODúWÕUPDODUGDQ� OLQHHU� ROPD\DQ�
VWDWLN� DQDOL]� \|QWHPOHULQLQ� �VW� NDWODUGDNL� SODVWLNOHúPHOHUL� YH� J|UHOi kat ötelemesi 

WDOHSOHULQL�EHOLUOHPHGH�\HWHUVL]�NDOGÕNODUÕ�EHOLUOHQPLúWLU�>��@��� 
 

Freeman (1998), lineer olmayan statik analiz ile GDYUDQÕú�VSHNWUXP�DQDOL]Lnin  

ELUOHúWLULOPHVLQH� GD\DQDQ� Kapasite Spektrum Yönteminin� HVDVODUÕQÕ�� JHOLúLPLQL� YH�
G�]OHúWLULOPLú�VSHNWUXPODU�LOH�JHUoHN�GHSUHP�\HU�KDUHNHWL�ND\ÕWODUÕQD�DLW�VSHNWUXPODU�
LoLQ� NXOODQÕPÕQÕ� DoÕNODPÕúWÕU�� dDOÕúPDGD� D\UÕFD� EX� \|QWHP�� EHQ]HU� \|QWHPOHULQ�
HVDVODUÕ�EDNÕPÕQGDQ�NDUúÕODúWÕUÕOPÕúWÕU�>��@���� 
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  )DMIDU� �������� � \DSÕODUÕQ� GHSUHP� \�NOHUL� DOWÕQGD� DQDlizi için, N2 olarak 

DGODQGÕUÕODQ�EDVLW�ELU�OLQHHU�ROPD\DQ�DQDOL]�\|QWHPL��JHOLúWLUPLúWLU��� �<|QWHPGH��oRN�
VHUEHVWOLN�GHUHFHOL�ELU� VLVWHPLQ�/LQHHU�2OPD\DQ�6WDWLN�$QDOL]L� �/26$���HúGH÷HU� WHN�
serbestlik dereceli sistemin GDYUDQÕú� VSHNWUXP� DQDOL]L� LOH� ELUOHúWirilmektedir.  

<|QWHP��LYPH�\HUGH÷LúWLUPH�IRUPDWÕQGD�IRUP�OH�HGLOPLú�E|\OHFH��GHSUHP�GDYUDQÕúÕQÕ�
NRQWURO� HGHQ� WHPHO� GDYUDQÕú� E�\�NO�NOHULQLQ� J|UVHO� GH÷HUOHQGLUPH� \DSÕOPDVÕQD��
RODQDN�YHULOPLúWLU���<|QWHPGH�Kapasite Spektrumu YöntemiQGHQ�IDUNOÕ�RODUDN��HODVWik 

VSHNWUXP�\HULQH�HODVWLN�ROPD\DQ� VSHNWUXP�NXOODQÕOPDNWDGÕU�� �%X� úHNLOGH� LWHUDV\RQD�
JHUHN�NDOPDGDQ�JHUHNOL�WDOHS�E�\�NO�NOHUL�EHOLUOHQHELOPHNWHGLU����<|QWHP��G|UW�NDWOÕ�
ELU� EHWRQDUPH� \DSÕ� �]HULQGH� X\JXODQDUDN� VRQXoODU�� D\QÕ� \DSÕ� LoLQ� JHUoHNOHúWLULOHQ�
dene\� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕOPÕúWÕU�� � � %LULQFL� PRGXQ� HWNLQ� ROGX÷X� EX� \DSÕ� LoLQ�
VRQXoODUÕQ� \HWHUL� NHVLQOLNWH� ROGX÷X� EHOLUOHQPLúWLU�� � � dDOÕúPDGD� D\UÕFD�� JHOLúWLULOHQ�
\|QWHP��$7&����YH�)(0$����¶GH�YHULOHQ�/26$�HVDVOÕ�GH÷HUOHQGLUPH�\|QWHPOHUL�LOH�
NDUúÕODúWÕUÕOPÕúWÕU�>�@��� 
 

  $VFKKHLP� YH� %ODFN� �������� � \DSÕODUÕQ� GHSUHP� \�NOHUL� DOWÕQGDNL� GDYUDQÕúÕQÕ�
EHOLUOHPHN� YH� GH÷HUOHQGLUPHN� DPDFÕ\OD�� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]L� HVDV� DODQ� YH��
“$NPD� 1RNWDVÕ� 6SHNWUXPX´� RODUDN� DGODQGÕUÕODQ� \HQL� ELU� \|QWHP� JHOLúWLUPLúOHUGLU����
<|QWHPGH��NDSDVLWH�H÷ULVL�LNL�GR÷UX�SDUoDVÕ�LOH�LGHDOOHúWLULOHUHN�WHN�VHUEHVWOLN�GHUHFHOL�
VLVWHPH� G|Q�úW�U�OPHNWH� YH� J|]|Q�QH� DOÕQDQ� GHSUHP� \HU� KDUHNHWLQH� DLW� HODVWLN�
ROPD\DQ�LYPH�VSHNWUXPX��VDELW�V�QHNOLN�RUDQOÕ��LOH�ELUOLNWH�DNPD�GD\DQÕPÕ�NDWVD\ÕVÕ-
akma \HUGH÷LúWLUPHVL� IRUPDWÕQGD� � D\QÕ� JUDILN� �]HULQGH� oL]LOPHNWHGLU�� �'DKD� VRQUD��
IDUNOÕ� V�QHNOLN� RUDQÕQD� VDKLS� HODVWLN� ROPD\DQ� LYPH� VSHNWUXPODUÕQGDQ�� VLVWHP� DNPD�
QRNWDVÕQÕ� NHVHQ� LYPH� VSHNWUXPXQD� DLW� V�QHNOLN� RUDQÕ� NXOODQÕODUDN� PDNVLPXP�
\HUGH÷LúWLUPH� WDOHEL�EHOLUOHQPHNWHGLU�� � �dDOÕúPDGD�D\UÕFD�DNPD�QRNWDVÕQÕQ�GD\DQÕP�
YH� ULMLWOLNOH� GH÷LúLPL� GH÷HUOHQGLULOPLú� YH� JHOLúWLULOHQ� \|QWHPLQ� SHUIRUPDQVD� GD\DOÕ�
WDVDUÕP�YH�GH÷HUOHQGLUPHGH�NXOODQÕPÕQD�LOLúNLQ��SURVHG�UOHU�DQODWÕOPÕúWÕU�>��@� 
 

Albanesi vd. (2002),  lineer olma\DQ� VWDWLN� DQDOL]L� HVDV� DODQ� GH÷HUOHQGLUPH�
\|QWHPOHULQGHQ�.DSDVLWH�6SHNWUXP�<|QWHPLQL��<HUGH÷LúWLUPH�.DWVD\ÕODUÕ�<|QWHPLQL�
YH�1��\|QWHPLQL��\HUGH÷LúWLUPH�YH�GD\DQÕP�WDOHSOHUL�EDNÕPÕQGDQ��GDYUDQÕú�VSHNWUXP�
analizi�� HúLW� HQHUML� YH� HúLW� \HUGH÷LúWLUPH� \DNODúÕPODUÕ� YH� OLQHHU� ROPD\DQ� GLQDPLN�
DQDOL]� LOH� NDUúÕODúWÕUDUDN� GH÷HUOHQGLUPLúOHUGLU�� dDOÕúPDGD� \HGL� NDWOÕ� EHWRQDUPH� \DSÕ�
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�]HULQGH� IDUNOÕ� \DWD\� \�N� GD÷ÕOÕPODUÕ� ��QLIRUP�� ELUOHúWLULOPLú� PRGDO� NDW� NHVPH�
NXYYHWOHUL� GD÷ÕOÕPÕ� YH�PRGDO� X\DUODPDOÕ� GD÷ÕOÕP�� LoLQ� HOGH� HGLOHQ� NDSDVLWH� H÷ULOHUL�
NXOODQÕODUDN� EHOLUOHQHQ� GDYUDQÕú� E�\�NO�NOHUL� GH÷HUOHQGLULOPLúWLU�� <DSÕODQ�
NDUúÕODúWÕUPDODUGDQ�� LQFHOHQHQ� \|QWHPOHULQ� \�NVHN� PRGODUÕQ� HWNLQ� ROGX÷X� \�NVHN�
\DSÕGD� WDEDQ�NHVPH�NXYYHWL� WDOHSOHULQL�ROGXNoD�G�ú�N�YHUGL÷LQL�J|VWHUPLúWLU��)DUNOÕ�
\DWD\�\�N�GD÷ÕOÕPODUÕQÕQ�\HUGH÷LúWLUPH�GDYUDQÕúÕQÕ�GH÷LúWLUPHGL÷L�DQFDN��WDEDQ�NHVPH�
NXYYHWLQGHNL�E�\�N�IDUNODUÕ�D]DOWWÕ÷Õ�J|U�OP�úW�U�>��@�� 

 

$OEDQHVL�YG�� �������� HQHUML� HúLWOL÷L� LONHVLQH�GD\DQDQ�\HQL�ELU� OLQHHU�ROPD\DQ�
VWDWLN�DQDOL]�\|QWHPL�JHOLúWLUPLúOHUGLU���%X�HQHUML\H�GD\DOÕ�\|QWHPGH��GLQDPLN�DQDOL]�
YH\D� \DUÕ-VWDWLN� X\DUODPDOÕ� DQDOL]� HVDV� DOÕQPDNWDGÕU�� *HOLúWLULOHQ� \|QWHP� .DSDVLWH�
Spektrum Yöntemi,  elastik GDYUDQÕú�VSHNWUXP�DQDOL]L�YH�GLQDPLN�DQDOL]�VRQXoODUÕ�LOH�
NDUúÕODúWÕUÕODUDN�GH÷HUOHQGLULOPLúWLU�>��@������ 

 

5HLQKRUQ� �������� � \DSÕODUÕQ� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]LQGH� NXOODQÕOPDN�
�]HUH��\DSÕQÕQ�GLQDPLN�NDUDNWHULVWLNOHULQLQ�YH�GHSUHPLQ�NDUDNWHULVWLNOHULQLQ�J|]|Q�QH�
DOÕQGÕ÷Õ� ELU� \DWD\� \�N� GD÷ÕOÕPÕ� IRUP�ODV\RQX� WDQÕPODPÕúWÕU�� ³0RGDO� 8\DUODPDOÕ�
DD÷ÕOÕP´� RODUDN� LVLPOHQGLULOHQ� GD÷ÕOÕPGD�� SODVWLNOHúPH� �SODVWLN� NHVLWOHULQ� ROXúXPX��
LOH�GH÷LúHQ�PRG�úHNLOOHUL��PRGDO�NDWÕOÕP�oDUSDQODUÕ�YH�HODVWLN�VSHNWUDO�LYPH�GH÷HUOHUL�
J|]|Q�QH�DOÕQPDNWDGÕU�� � �$\UÕFD� WDQÕPODQDQ�EX� IRUP�ODV\RQ� ,'$5&-2D bilgisayar 

SURJUDPÕQD�DGDSWH�HGLOHUHN�VD\ÕVDO�X\JXODPDODUD�RODQDN�VD÷ODQPÕúWÕU�>��@�� 
 

%UDFFL� YG�� �������� D]� YH� RUWD� NDWOÕ� \DSÕODUÕQ� GHSUHP� \�NOHUL� DOWÕQGDNL�
SHUIRUPDQVÕQÕ� EHOLUOHPHN� YH� EXQGDQ� \DUDODQDUDN� \DSÕODUÕ� J�oOHQGLUPHN� LoLQ� ELU�
\|QWHP� JHOLúWLUPLúOHUGLU�� <|QWHP�� Kapasite Spektrumu Yöntemi¶QGHQ� W�UHWLOPLúWLU���
<|QWHPGH��\DSÕQÕQ�HODVWLN�DúDPDGDQ�J|oPH�DúDPDVÕQD�NDGDU�RODQ�E|OJHGH�GLQDPLN�
NDUDNWHULVWLNOHULQLQ�GH÷LúLPLQL�LoHUHQ�NDW�WDOHS�H÷ULOHUL�HOGH�HGLOPHNWHGLU���%X�WDOHSOHU�
ED÷ÕPVÕ]� RODUDN� /LQHHU� 2OPD\DQ� 6WDWLN� $QDOL]� (LOSA) ile belirlenen yatay kat 

NDSDVLWHOHUL� LOH� � NDUúÕODúWÕUÕOPDNWDGÕU�� � /26$¶GH� NXOODQÕODQ� \DWD\� \�NOHULQ� GD÷ÕOÕPÕ�
ULMLWOL÷H�ED÷OÕ�DUWÕPVDO�NDW�NHVPH� WDOHSOHULQH�GD\DQPDNWDGÕU��*HOLúWLULOHQ�\|QWHP�����
|OoHNOL� ELU� \DSÕ� PRGHOLQH� X\JXODQPÕúWÕU�� %X� PRGHO� D\QÕ� ]DPDQGD� ODEDURWXYDUGD�
VDUPD� WDEODVÕ� LOH� WHVW� HGLOPLúWLU�� � <DSÕ� EHOLUOL� G�]H\GH� KDVDU� J|UG�NWHQ� VRQUD�
J�oOHQGLULOPLú�YH�WHNUDU�WHVW�HGLOPLúWLU���(OGH�HGLOHQ�DQDOL]�VRQXoODUÕ�LOH�WHVW�VRQXoODUÕ�
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NDUúÕODúWÕUÕODUDN� SURVHG�U� GH÷HUOHQGLULOPLúWLU�� dDOÕúPDGD� JHOLúWLULOHQ� \|QWHPLQ�
\DSÕODUÕQ�GHSUHP�\�NOHUL�DOWÕQGDNL�SHUIRUPDQVÕQÕ�EHOLUOHPHGH�YH�GH÷HUOHQGLUPHGH�NDW�
WDOHSOHUL� YH� EXQD� NDUúÕOÕN� JHOHQ� NDW� NDSDVLWHOHUL� LoLQ� J�YHQLOLU� GH÷HUOHU� YHUGL÷L�
J|U�OP�úW�U�� %D]Õ� \DSÕVDO� G�]HQVL]OLNOHU� LoHUHQ� D]� NDWOÕ� \DSÕODUÕQ� GHSUHm yükleri 

DOWÕQGDNL� SHUIRUPDQVÕQÕ� EHOLUOHUNHQ�JHOHQHNVHO� �PRQRWRQ�DUWDQ� \DWD\�\�N�GD÷ÕOÕPÕQÕ�
HVDV�DODQ��/26$�\HULQH�\DSÕQÕQ�GLQDPLN�|]HOOLNOHULQLQ�|QHPOL�GH÷LúLPOHU�J|VWHUGL÷L�
E|OJHOHUGH�� EX� GH÷LúLPOHUL� LoHUHQ� \HQL� \DWD\� \�N� GD÷ÕOÕPODUÕQÕQ� NXOODQÕOPDVÕQÕQ�
\HULQGH�RODFD÷Õ�EHOLUWLOPLúWLU�>��@����� 

 

3DUHW�YG���������YH�6DVDNL�YG����������\�NVHN�PRGODU�QHGHQL\OH�ROXúDQ�J|oPH�
PHNDQL]PDODUÕQÕ� EHOLUOH\HELOPHN� LoLQ� ³Çok-Modlu Pushover Analiz” olarak 

DGODQGÕUÕODQ� ELU� /LQHHU� 2OPD\DQ� 6WDWLN� $QDOL]� �/26$�� \|QWHPL� JHOLúWLUPLúOHUGLU��
<|QWHPGH�JHOHQHNVHO�/26$��EDVLWOL÷L�NRUXQDUDN�\�NVHN�PRG�HWNLOHULQL�GH�J|]|Q�QH�
DODFDN�úHNLOGH�JHQLúOHWLOPHNWHGLU���*HOLúWLULOHQ�SURVHG�U�Q�HVDVÕ�|]HO�WLWUHúLP�PRGODUÕ�
LoLQ� \DSÕQÕQ� GDYUDQÕúÕQÕ� WHPVLO� HGHQ� NDSDVLWH� H÷ULOHUL� ROXúWXUPDNWÕU�� � %X� kapasite 

H÷ULOHULQLQ�EHOLUOHQPHVLQGH�LOJLOL�PRGD�DLW�HODVWLN�PRG�úHNOLQH�GD\DQDQ�\DWD\�GD÷ÕOÕP�
NXOODQÕOPDNWD�YH�KHU�ELUL�LoLQ�D\UÕ�D\UÕ�JHOHQHNVHO�(g6ø$�\DSÕOPDNWDGÕU���'DKD�VRQUD�
KHU�ELU�NDSDVLWH�H÷ULVL�Kapasite Spektrumu Yöntemi� HVDVODUÕ�NXOODQÕODUDN� LOJili talep 

VSHNWUXPX� LOH� NDUúÕODúWÕUÕOPDNWD� YH� HWNLQ� RODQ� GL÷HU� PRGODU� GD� EHOLUOHQPHNWHGLU���
dHúLWOL� GHSUHPOHULQ� HWNLVL\OH� KDVDU� J|UP�ú� IDUNOÕ� \DSÕODU� �]HULQGH� SURVHG�U�
X\JXODQPÕú� HOGH� HGLOHQ� VRQXoODU� J|]OHQHQ� KDVDUODU� LOH� NDUúÕODúWÕUÕODUDN� \|QWHP�
GH÷HUOHQGLULOPLúWLU��*HOLúWLULOHQ� \|QWHP� LOH� \�NVHN�PRGODUÕQ� HWNLOL� ROGX÷X� \DSÕODUGD�
güvenlik ve hasar kontrolünün geleneksel yöntemlere oranla daha gerçekçi olarak 

EHOLUOHQHELOGL÷L�EHOLUWLOPLúWLU�>�����@� 
 

9DOOH\� YH�+DUULV� �������� � G�úH\GH� YH� SODQGD� G�]HQVL]OL÷L� Qedeniyle yüksek 

PRGODUÕQ� HWNLQ� ROGX÷X� LNL� NDWOÕ� ELU� EHWRQDUPH� ELQDQÕQ� �]HULQGH� PRGDO� X\DUODPDOÕ�
OLQHHU�ROPD\DQ�VWDWLN�DQDOL]�X\JXODPÕúODUGÕU���/LQHHU-elastik analiz özelliklerine sahip 

SURJUDP� NXOODQÕODUDN� JHUoHNOHúWLULOHQ� DQDOL]GH�� HOHPDQODUGD� SODVWLNOHúPe meydana 

JHOGLNoH� ULMLWOLNOHU� GH÷LúWLULOPHNWH� YH\D� LOJLOL� HOHPDQ� VLVWHPGHQ� oÕNDUÕOPDNWD�� GDKD�
VRQUD�GLQDPLN�DQDOL]�LOH�\HQL�\�N�GD÷ÕOÕPÕ�EHOLUOHQPHNWHGLU���%X�DQDOL]�\DSÕQÕQ�LOJLOL�
LWPH�DGÕPÕQGDNL�ELUOHúWLULOPLú�PRGDO�\HUGH÷LúWLUPH�GH÷HULQH�XODúÕOÕQFD\D�Yeya toptan 

J|oPH�PHNDQL]PDVÕ�ROXúXQFD\D�NDGDU�V�UG�U�OP�úW�U�>��@��� 
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 Moghadam (1998),  yüksek mod etkilerini içeren “3XVKRYHU� 6RQXoODUÕ�
%LUOHúWLUPHVL´� LVLPOL� ELU� \|QWHP� JHOLúWLUPLúWLU�� � <|QWHP�� HODVWLN� PRG� úHNLOOHULQH�
GD\DQDQ�\DWD\�\�N�GD÷ÕOÕPODUÕ�LoLQ�\DSÕODQ�OLQHHU�ROPD\DQ�VWDWLN�DQDOL]�VRQXoODUÕQÕQ�
|QHULOHQ� ELU� NRPELQDV\RQ� LIDGHVL� LOH� ELUOHúWLULOPHVLQH� GD\DQPDNWDGÕU�� *HOLúWLULOHQ�
\|QWHP� \LUPL� NDWOÕ� ELU� G�]OHP� oHOLN� oHUoHYH� \DSÕ\D� X\JXODQDUDN� PDNVLPXP�
\HUGH÷LúWLUPHOHU� YH� NDW� |WHOHPHOHUL� EDNÕPÕQGDQ� OLQHHU olmayan dinamik analiz 

VRQXoODUÕ�LOH�NDUúÕODúWÕUÕOPÕúWÕU�>��@���� 
 

<DQJ� YH� :DQJ� �������� � \�NVHN� PRG� HWNLOHULQL� YH� \DSÕGD� PH\GDQD� JHOHQ�
SODVWLNOHúPHOHULQ� HWNLVLQL� LoHUHQ� ELU� \DWD\� \�N� GD÷ÕOÕPÕQÕQ� OLQHHU� ROPD\DQ� VWDWLN��
DQDOL]� VRQXoODUÕQD� HWNLVLQL� LQFHOHPLúOHUGLU�� � øQFHOHQHQ� GD÷ÕOÕP� ED]Õ� G�]HQVL]OLNOHU�
LoHUHQ� �o� IDUNOÕ� G�]OHP�EHWRQDUPH� oHUoHYH� �]HULQGH� X\JXODQPÕú� YH� VRQXoODU� OLQHHU�
ROPD\DQ�GLQDPLN�DQDOL]�VRQXoODUÕ� LOH�NDUúÕODúWÕUÕOPÕúWÕU��$\UÕFD��HOGH�HGLOHQ�VRQXoODU�
FEMA 273’de önerilen ters üçgen yatay yük�GD÷ÕOÕPÕ�YH�PRGDO�GD÷ÕOÕP�NXOODQÕODUDN�
\DSÕODQ�OLQHHU�ROPD\DQ�VWDWLN�DQDOL]�VRQXoODUÕ�LOH�NDUúÕODúWÕUÕOPÕú�YH�|QHULOHQ�GD÷ÕOÕP�
GH÷HUOHQGLULOPLúWLU�>��@������� 
 

*XSWD� YH�.XQQDWK� ������� ������� � \DSÕGD�PH\GDQD� JHOHQ� SODVWLNOHúPHOHU� LOH�
\DWD\�\�N�GD÷ÕOÕPÕQGDNL�GH÷LúLPL�YH�\�NVHN�PRG�HWNLOHULQL�LoHUHQ�VSHNWUXP�HVDVOÕ�ELU�
/LQHHU�2OPD\DQ�6WDWLN�$QDOL]��/26$��\|QWHPL�JHOLúWLUPLúOHUGLU����<|QWHPGH�VDGHFH�
PDO]HPHQLQ� OLQHHU� ROPD\DQ� GDYUDQÕúÕ� J|]|Q�QH� DOÕQPÕúWÕU�� dDOÕúPDGD� |QFHOLNOH��
deprem etkilerini ölçen aletler ilH� GRQDWÕOPÕú� oHúLWOL� ELQDODUÕQ� ����� 1RUWKULGJH�
GHSUHPL�HVQDVÕQGDNL�GDYUDQÕúODUÕ� LQFHOHQPLúWLU�� �%X�LQFHOHPHGH��GHSUHP�VÕUDVÕQGDNL�
NDW�\HUGH÷LúWLUPHOHULQGHQ�\DUDUODQÕODUDN�DWDOHW�NXYYHWOHULQLQ�GH÷LúLPL�EHOLUOHQPLúWLU��
$]�NDWOÕ�\DSÕODUGD�DWDOHW�NXYYHWOHULQLQ�GD÷ÕOÕPÕQÕQ�ELULQFL�PRG�úHNOLQH�X\GX÷X��DQFDN�
\DSÕ�\�NVHNOL÷L�DUWWÕNoD�GD÷ÕOÕPODUÕQ� LNLQFL�PRG�úHNLOOHULQH�EHQ]HGL÷L�EHOLUOHQPLúWLU���
'DKD� VRQUD� EX� GDYUDQÕúODUGDQ� \DUDODQDUDN� JHOHQHNVHO� /26$� \|QWHPOHULQLQ�
HNVLNOLNOHULQL�JLGHUHFHN�\HQL�ELU�\|QWHP�JHOLúWLULOPLúWLU�� � �<|QWHP��\DSÕQÕQ�GLQDPLN�
|]HOOLNOHULQH� YH� J|]|Q�QH� DOÕQDQ� GHSUHP� |]HOOLNOHULQH� ED÷OÕ� RODUDN� KHU� ELU� WLWUHúLP�
SHUL\RGX� LoLQ� KHVDSODQDQ� PRGDO� NDW� NXYYHWOHULQLQ� ELUELULQGHQ� ED÷ÕPVÕ]� RODUDN�
VLVWHPH� HWNLWLOPHVLQL� YH� HOGH� HGLOHQ� GDYUDQÕú� E�\�NO�NOHULQLn ilgili mod için uygun 

RODQ�NRPELQDV\RQ�NXUDOÕ� LOH�ELUOHúWLULOPHVLQL�HVDV�DOPDNWDGÕU�� �$QDOL]�VÕUDVÕQGD��KHU�
ELU� \�N� DUWÕPÕ� LoLQ� \DSÕ� HOHPDQODUÕQGD� PH\GDQD� JHOHQ� ULMLWOLN� GH÷LúLPOHULQGHQ�
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(çatlama, akma vb.) sonra sistemin modal özellikleri yeniden belirlenmekte ve belirli 

ELU�VÕQÕU�GH÷HUH�XODúÕOÕQFD\D�NDGDU�EX�úHNLOGH�DQDOL]H�GHYDP�HGLOPHNWHGLU��<|QWHPGH��
HOHPDQODUÕQ�SODVWLNOHúPH�GH÷HUOHULQLQ�EHOLUOHQPHVLQGH�W�P�PRGODUGDQ�PH\GDQD�JHOHQ�
NHVLW� WHVLUOHUL� NXOODQÕODUDN� PRGODUÕQ� HWNLOHúLPL� J|]|Q�QH� DOÕQPDNWDGÕU�  Modal kat 

NXYYHWOHULQLQ�EHOLUOHQPHVLQGH��HODVWLN�VSHNWUDO�LYPHOHU�NXOODQÕOPDNWDGÕU���*HOLúWLULOHQ�
SURVHG�U�� � D]� YH� oRN� NDWOÕ� D\UÕFD� ULMLWOLN� YH� GD\DQÕP� G�]HQVL]OL÷L� EXOXQDQ� G�]OHP�
oHUoHYH� \DSÕODU� �]HULQGH� X\JXODQPÕúWÕU�� � (OGH� HGLOHQ� VRQXoODU�� )(0$� ���� PRdal 

\DWD\� \�N� GD÷ÕOÕPÕ� YH� �QLIRUP� \DWD\� \�N� GD÷ÕOÕPÕ� NXOODQÕODUDN� \DSÕODQ� /26$�
VRQXoODUÕ� YH� /LQHHU� 2OPD\DQ� 'LQDPLN� $QDOL]� VRQXoODUÕ� �/2'$�� LOH�
NDUúÕODúWÕUÕOPÕúWÕU��(OGH�HGLOHQ� VRQXoODU��NDSDVLWH�H÷ULOHUL�� U|ODWLI�NDW�|WHOHQPHOHUL�YH�
SODVWLNOHúHQ� NHVLWOHULQ� \DSÕGDNL� GD÷ÕOÕPÕ� EDNÕPÕQGDQ�� /2'$� VRQXoODUÕQD� ROGXNoD�
\DNÕQ� EXOXQPXúWXU�� � <�NVHN�PRG� HWNLOHULQLQ� |QHPOL� ROGX÷X� YH� GD\DQÕP� YH� ULMLWOLN�
G�]HQVL]OL÷L� EXOXQDQ� \DSÕODUGD� JHOHQHNVHO� /26$� \HULQH� JHOLúWLULOHQ� \|QWHPLQ�
NXOODQÕOPDVÕQÕQ�X\JXQ�RODFD÷Õ�EHOLUWLOPLúWLU [19,38]. 

 

  /HIRUW����������>��@¶GH�JHOLúWLULOHQ�0RGDO�8\DUODPDOÕ�'D÷ÕOÕP¶GD�DQOÕN�HODVWLN�
VSHNWUDO�LYPHOHU�LOH�|OoHNOHPHQLQ�HWNLVLQL�LQFHOHPLúWLU�� �$\UÕFD��\�N�DUWÕPÕ�VÕUDVÕQGD�
\DWD\�\�NOHUL�|OoHNOHPH�úHNOLQLQ��VDGHFH�VRQ�\�N�DUWÕPÕQÕ�|OoHNOHPH�YH�WRSODP yatay 

\�N�� |OoHNOHPH�� HWNLVLQL� LQFHOHPLúWLU�� � dDOÕúPDGD�� G�]HQOL�� ULMLWOLN� YH� GD\DQÕP�
G�]HQVL]OL÷L� EXOXQDQ� \DSÕODU� LQFHOHQPLúWLU�� � � /LQHHU� ROPD\DQ� VWDWLN� DQDOL]� �/26$��
VRQXFXQGD�HOGH�HGLOHQ�NDSDVLWH�H÷ULOHUL����QLIRUP�GD÷ÕOÕP�YH�WHUV��oJHQ�GD÷ÕOÕP�LoLQ�
yaSÕODQ� /26$� YH� DUWÕPVDO� GLQDPLN� DQDOL]� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕODUDN�
GH÷HUOHQGLULOPLúWLU�>��@����  
 

&KRSUD� YH� *RHO� �������� VDELW� \DWD\� \�N� GD÷ÕOÕPÕQÕ� HVDV� DODQ� JHOHQHNVHO�
\|QWHPOHULQ� KHVDSVDO� YH� NDYUDPVDO� EDVLWOL÷LQLQ� NRUXQGX÷X�� \DSÕ� GLQDPL÷L� WHRULVLQH�
da\DQDQ� \HQL� ELU� /LQHHU� 2OPD\DQ� 6WDWLN� $QDOL]� �/26$�� \|QWHPL� JHOLúWLUPLúOHUGLU���
“Modal Pushover Analiz´� RODUDN� DGODQGÕUÕODQ� \|QWHPGH�� KHU� ELU� PRG� LoLQ� DWDOHW�
NXYYHWL� GD÷ÕOÕPÕ� NXOODQÕODUDN� /26$� LOH� NDSDVLWH� H÷ULOHUL� EHOLUOHQPHNWH� YH� EX�
H÷ULOHUGHQ�\DUDUODQDUDk modlara ait deprem talepleri elde edilmektedir.  Daha sonra 

EX�PRGDO�WDOHS�GH÷HUOHUL�X\JXQ�NRPELQDV\RQ�NXUDOÕ�LOH�ELUOHúWLULOHUHN�OLQHHU�ROPD\DQ�
WRSODP�GHSUHP�WDOHEL�EHOLUOHQPHNWHGLU���<|QWHPGH��KHU�ELU�PRG�LoLQ�ED÷ÕPVÕ]�/26$�
\DSÕOGÕ÷ÕQGDQ�PRGODUÕQ� HWNLOHúLPL� J|]|Q�QH� DOÕQPDPDNWDGÕU�� � �*HOLúWLULOHQ� \|QWHP��
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GRNX]� NDWOÕ� oHOLN� G�]OHP� ELU� oHUoHYH� �]HULQGH� X\JXODQPÕú� YH� VRQXoODU� /LQHHU�
2OPD\DQ� 'LQDPLN� $QDOL]� �/2'$�� LOH� NDUúÕODúWÕUÕOPÕúWÕU�� <DSÕQÕQ� NDW�
\HUGH÷LúWLUPHOHUL��NDW�|WHOHQPHOHUL�YH�SODVWLN�PDIVDOODUÕQ�GD÷ÕOÕPÕ�EDNÕPÕQGDQ�/2'$�
LOH� X\XPOX� VRQXoODU� HOGH� HGLOPLú� DQFDN� SODVWLN� PDIVDOODUGDNL� G|QPH� GH÷HUOHULQGH�
E�\�N� KDWDODU� EHOLUOHQPLúWLU�� � $\UÕFD� JHOLúWLULOHQ� � \|QWHP�� )(0$� ���¶GH� |QHULOHQ�
\DWD\� \�N� GD÷ÕOÕPODUÕ� LoLQ� \DSÕODQ� /26$� LOH� GH� NDUúÕODúWÕUÕOPÕúWÕU�� *HOLúWLULOHQ�
\|QWHPLQ� )(0$� ���¶GH� |QHULOHQ� GD÷ÕOÕPODUÕQ� W�P�QGHQ� GDKD� L\L� VRQXoODU� YHUGL÷L�
EHOLUOHQPLúWLU��6RQXoODUD�J|UH��JHOLúWLULOHQ�\|QWHPLQ�ELQDODUÕ�GH÷HUOHQGLUPH�YH�GL]D\Q�
HWPHGH�SUDWLN�X\JXODPDODU�LoLQ�\HWHUL�NDGDU�NHVLQ�ROGX÷X�EHOLUWLOPLúWLU�>��-42]. 

 

Elnashai (2001, 2002),  mevcut geleneksel lineer olmayan statik analiz 

yöntemlerinin eksikliklerini ve çok-PRGOX� X\DUODPDOÕ� \HQL� \|QWHPOHUL�
GH÷HUOHQGLUPLúWLU��%X�\HQL�\|QWHPOHUGH�VSHNWUDO�|OoHNOHPHQLQ�HWNLVLQL�YH�LWPH�DQDOL]L�
VÕUDVÕQGD� \�N� GD÷ÕOÕPÕQÕQ� DUWÕPVDO� YH� WRSODP� |OoHNOHQPHVLQLQ� IDUNODUÕQÕ� DUWÕPVDO�
GLQDPLN� DQDOL]� �GLQDPLN� SXVKRYHU� SURVHG�U��� LOH� NDUúÕODúWÕUPDODU� \DSDUDN�
LQFHOHPLúWLU����g]HOOLNOH�\�NVHN�PRGODUÕQ�HWNLQ�ROGX÷X�\DSÕODUGD�|QHPOL�RODQ�GHSUHP�
NDUDNWHULVWLNOHULQLQ� J|]|Q�QH� DOÕQPDVÕ� LoLQ� VSHNWUDO� |OoHNOHPHQLQ� JHUHNOL� ROGX÷XQX�
YH� WRSODP� |OoHNOHPHQLQ� DUWÕPVDO� |OoHNOHPH\H� RUDQOD� \DSÕQÕQ� GHSUHP� VÕUDVÕQGDNL�
GDYUDQÕúÕQÕ�GDKD�L\L�\DQVÕWWÕ÷ÕQÕ��J|VWHUPLúWLU��>�����@����� 

 

$QWRQLRX� YG�� �������� GHSUHPL� WHPVLO� HGHQ� \DWD\� NXYYHWOHULQ� \DSÕQÕQ�PRGDO�
özellLNOHULQH�ED÷OÕ�RODUDN�KHU�KHVDS�DGÕPÕQGD�GH÷LúWLULOGL÷L�³7DP�2ODUDN�8\DUODPDOÕ�
Pushover Prosedürü´� LVLPOL� ELU� \|QWHP� JHOLúWLUPLúOHUGLU�� <|QWHPGH�� \DSÕ�
HOHPDQODUÕQGDNL�KHU�ULMLWOLN�GH÷LúLPLQGHQ��oDWODPD��DNPD�YE���VRQUD��\DSÕQÕQ�GLQDPLN�
özelliklerine göre mRGDO� NDW� NXYYHWOHUL� EHOLUOHQPHNWH� YH� R� DGÕP� LoLQ� X\JXQ� RODQ�
PRGDO�NRPELQDV\RQ�NXUDOÕ� LOH�ELUOHúWLULOHQ�NDW�NXYYHWOHUL�\DSÕ\D�HWNLWLOHUHN�LVWHQLOHQ�
GDYUDQÕú� E�\�NO�NOHUL� EHOLUOHQPHNWHGLU�� $QDOL]� LVWHQLOHQ� ELU� VÕQÕU� GXUXPD� NDGDU�
V�UG�U�OPHNWHGLU�� *HOLúWLULOHn yöntemde, modal kat kuvvetleri elastik spektral 

LYPHOHU� LOH� |OoHNOHQPHNWHGLU�� � $\UÕFD�� PRGDO� |]HOOLNOHUGHNL� GH÷LúLPH� ED÷OÕ� RODUDN�
KHVDSODQDQ� \DWD\� \�NOHU� DUWÕPVDO� |OoHNOHPH� YH\D� WRSODP� |OoHNOHPH� NXOODQÕODUDN�
VLVWHPH� HWNLWLOHELOPHNWHGLU�� � *HOLúWLULOHQ� \|QWHP� oHúLWOL� V�QHNOLN� G�]H\OHULQH� VDKLS�
G�]HQOL� YH� G�]HQVL]� oHUoHYH� \DSÕODU� YH� G�]HQOL� SHUGH-oHUoHYH� \DSÕ� �]HULQGH�
X\JXODQPÕú� YH� HOGH� HGLOHQ� NDSDVLWH� H÷ULOHUL� OLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� LOH�
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NDUúÕODúWÕUÕODUDN� GH÷HUOHQGLULOPLúWLU�� � $\UÕFD�� � D\QÕ� \DSÕODU� Loin üniform ve üçgen 

GD÷ÕOÕP�NXOODQÕODUDN�JHOHQHNVHO� OLQHHU�ROPD\DQ�VWDWLN�DQDOL]OHU�\DSÕOPÕú�YH�VRQXoODU�
NDUúÕODúWÕUÕOPÕúWÕU�� *HOLúWLULOHQ� \|QWHPLQ� JHOHQHNVHO� \|QWHPOHUH� J|UH� OLQHHU� ROPD\DQ�
GLQDPLN�DQDOL]�VRQXoODUÕQD�GDKD�\DNÕQ�VRQXoODU�YHUGL÷L�EHOLUWLOPLútir [20].  

 

  $\GÕQR÷OX� �������� oRN� PRGOX� GDYUDQÕúÕ� J|]|Q�QH� DODELOHQ� SUDWLN� YH� D\QÕ�
]DPDQGD� WHRULN� WXWDUOÕOÕ÷Õ� GD� RODQ� \HQL� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]� \|QWHPL�
JHOLúWLUPLúWLU�� � ³$UWÕPVDO� 'DYUDQÕú� 6SHNWUXP� $QDOL]L´� RODUDN� DGODQGÕUÕODQ� \|QWHP�
modal kapasitH� GL\DJUDPODUÕ� DGÕ� YHULOHQ� GL\DJUDPODUÕQ� \DNODúÕN� RODUDN� HOGH�
HGLOPHVLQH� GD\DQPDNWDGÕU�� � 0RGDO� KLVWHUHVLV� H÷ULOHULQLQ� LVNHOHW� H÷ULOHUL� RODUDN�
WDQÕPODQDQ�EX�GL\DJUDPODU�oRN�PRGOX�LWPH�DQDOL]LQLQ�KHU�DGÕPÕQGD��J|]|Q�QH�DOÕQDQ�
deprem için hesaplanan lineer olPD\DQ� VSHNWUDO� \HUGH÷LúWLUPHOHUH� ED÷OÕ� RODUDN�HOGH�
HGLOPHNWHGLU�� %|\OHFH� EX� \|QWHP� LOH� \DSÕODQ� DQDOL]� VRQXFXQGD�� J|]|Q�QH� DOÕQDQ�
GHSUHP� LoLQ� W�P� E�\�NO�NOHUH� DLW� WDOHSOHU� GR÷UXGDQ� GR÷UX\D� �NDSDVLWH� H÷ULVL�
NXOODQÕOPDGDQ�� EHOLUOHQHELOPHNWHGLU�� <|QWHPGH� OLQHHr olmayan spektral 

\HUGH÷LúWLUPHOHULQ�EHOLUOHQPHVL� LoLQ��KHU�DGÕPGD�PRGDO�NDSDVLWH�GL\DJUDPODUÕQÕQ� LNL�
GR÷UX� SDUoDVÕ� LOH� LGHDOOHúWLULOPHVL� YH� EXQD� DLW� |]HOOLNOHUL� HVDV� DODQ� WHN� VHUEHVWOLN�
dereceli sistemin dinamik hareket denkleminin çözülmesi öngörülmektedir.  

dDOÕúPDGD�D\UÕFD��P�KHQGLVOLN�X\JXODPDODUÕQGD�NXOODQÕOPDN��]HUH��\|QHWPHOLNOHUGH�
WDQÕPODQDQ� VWDQGDUW� GDYUDQÕú� VSHNWUXPXQGDQ� \DUDUODQDUDN� oRN� PRGOX� SHUIRUPDQV�
GH÷HUOHQGLULOPHVL� \DSÕODELOPHVL� LoLQ� HúLW� GHSODVPDQ� NXUDOÕQÕ esas alan bir pratik 

versiyon gHOLúWLULOPLúWLU�� � *HOLúWLULOHQ� SURVHG�U�� VDGHFH� PDO]HPHQLQ� OLQHHU� ROPD\DQ�
GDYUDQÕúÕQÕQ� J|]|Q�QH� DOÕQGÕ÷Õ� GRNX]� NDWOÕ� oHOLN� ELU� oHUoHYH� �]HULQGH� X\JXODQDUDN�
HOGH� HGLOHQ� VRQXoODU� OLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕOPÕúWÕU���
Prosedürün, öWHOHPH� RUDQODUÕ�� NLULú� SODVWLN� G|QPHOHUL�� NDW� NHVPH� NXYYHWOHUL� YH�
GHYLUPH�PRPHQWOHUL�LoLQ�\HWHUOL�NHVLQOLNWH�VRQXoODU�YHUGL÷L�J|VWHULOPLúWLU�>��@�� 
 

øQHO� YG�� �������� � SUDWLNWH� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]� \|QWHPOHULQGH���
NXOODQÕODQ� EHú� IDUNOÕ� \DWD\� \�N� GD÷ÕOÕPÕQÕ� ��QLIRUP� GD÷ÕOÕP�� WHUV� �oJHQ� GD÷ÕOÕP���
)(0$�����PRGDO�GD÷ÕOÕPÕ��ELULQFL�PRG�GD÷ÕOÕPÕ�YH�X\DUODPDOÕ�ELULQFL�PRG�GD÷ÕOÕPÕ��
ve [40-��@¶GHNL� \|QWHPGH� ED]Õ� GH÷LúLNOLNOHU� \DSDUDN� X\JXODGÕNODUÕ� ³Çok-Modlu 

Pushover Analiz´�\|QWHPLQL�GH÷HUOHQGLUPLúOHUGLU�� �Bunun için, iki adet düzenli, iki 

DGHW�]D\ÕI�NDWOÕ�oHOLN�oHUoHYH��]HULQGH�OLQHHU�ROPD\DQ�VWDWLN�DQDOL]OHU�\DSÕOPÕú�YH�oRN�
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VD\ÕGD� GHSUHP� LoLQ� \DSÕODQ� OLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� VRQXoODUÕ� LOH�
NDUúÕODúWÕUÕOPÕúWÕU�� � 7�P� GD÷ÕOÕPODUÕQ� PDNVLPXP� \HUGH÷LúWLUPH� GDYUDQÕúÕQÕ� NDEXO�
HGLOHELOLU� NHVLQOLNWH� YHUGL÷L� DQFDN�� J|UHOL� NDW� |WHOHPHOHUL� YH� NDW� NHVPH�
NXYYHWOHULQGHNL� KDWDODUÕQ� oRN�E�\�N�PHUWHEHGH�ROGX÷X�EHOLUOHQPLúWLU�� �³Çok-Modlu 

Pushover Analiz´� GHQ� HOGH� HGLOHQ� VRQXoODUÕQ� LVH� GL÷HU� GD÷ÕOÕPODUD� J|UH� GDKD� L\L�
sonuçODU�YHUGL÷L�EHOLUOHQPLúWLU�>��@�� 

 

Chopra ve Goel (2004), [21-��@¶GH� HVDVODUÕ� DQODWÕODQ� ³Modal Pushover 

Analiz´�\|QWHPLQL��o�ER\XWOX�\DSÕODUÕ�LoHUHFHN�úHNLOGH�JHOLúWLUPLúOHUGLU���'DKD�VRQUD�
SURVHG�U���o�ER\XWOX��SODQGD�G�]HQVL]OL÷L�EXOXQDQ�YH�EXOXQPD\DQ��\DSÕ�VLVWHPOHULQH�
X\JXODPÕúODU� YH� OLQHHU� ROPD\DQ� GLQDPLN� DQDOL]� LOH� NDUúÕODúWÕUPDODU� \DSDUDN�
GR÷UXOX÷XQX�GH÷HUOHQGLUPLúOHUGLU�>��@�� 

 

-DQ�YG�����������\�NVHN�PRG�HWNLOHULQL�J|]|Q�QH�DODQ��EDVLWOHúWLULOPLú�ELU��VW�
VÕQÕU�/LQHHU�2OPD\DQ�6WDWLN�$QDOL]� �/26$��\|QWHPL�JHOLúWLUPLúOHUGLU�� � �<|QWHPGH��
|QHULOHQ�ELU�IRUP�ODV\RQ�LOH�KHU�PRG�LoLQ��\�NVHN�PRG�\HUGH÷LúWLUPH�NDWÕOÕP�RUDQODUÕ�
KHVDSODQPDNWD�YH�EX�RUDQODUD�ED÷OÕ�RODUDN�\LQH�YHULOHQ�ELU�IRUP�ODV\RQ�LOH�\DWD\�\�N�
GD÷ÕOÕPÕ� YH� PDNVLPXP� HODVWLN� ROPD\DQ� \HUGH÷LúWLUPH� WDOHEL� KHVDSODQPDNWDGÕU�� %X�
\DWD\� \�N� GD÷ÕOÕPÕ� NXOODQÕODUDN� KHVDSODQDQ� KHGHI� WHSH� \HUGH÷LúWLUPHVL� GH÷HULQH�
XODúÕOÕQFD\D� NDGDU� PRQRWRQ� DUWDQ� GD÷ÕOÕP� LOH� DQDOL]� \DSÕOPDNWDGÕU�� � *HOLúWLULOHQ�
\|QWHP�� EHú� IDUNOÕ� \DSÕ� �]HULQGH� X\JXODQPÕú� YH� D\QÕ� \DSÕODU� LoLQ� JHUoHNOHúWLULOHQ�
�oJHQ�GD÷ÕOÕPOÕ�/26$��³modal pushover analiz” ve lineer olmayan dinamik analiz 

VRQXoODUÕ� LOH� NDUúÕODúWÕUÕODUDN� GH÷HUOHQGLULOPLúWLU�� � .DW� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW�
|WHOHPHOHUL� YH� SODVWLN� G|QPH� GH÷HUOHUL� LoLQ� JHOLúWLULOHQ� \|QWHPLQ� D]� NDWOÕ� \DSÕODUGD�
GL÷HU� \|QWHPOHUH� J|UH� KDWDOÕ� VRQXoODU� YHUGL÷L�� oRN� NDWOÕ� \DSÕODUGD� LVH� GL÷HU� W�P�
\|QWHPOHUH�RUDQOD�L\L�VRQXoODU�YHUGL÷L�EHOLUOHQPLúWLU�>��@����� 
 

������������$\GÕQR÷OX� �������� � >��@¶GH�HVDVODUÕ�DoÕNODQDQ�³$UWÕPVDO�'DYUDQÕú�6SHNWUXP�
Analizi” yönteminin üç boyutlu ve ikinci mertebe� HWNLOHUL� LoHUHQ� X\JXODPDODUÕQÕ�
\DSPÕúWÕU���%XQXQ�LoLQ�GRNX]�NDWOÕ�N�WOH�HNVDQWULNOL÷L�QHGHQL\OH�EXUXOPD�G�]HQVL]OL÷L�
EXOXQDQ�oHOLN�ELU�oHUoHYH�YH�RQG|UW�DoÕNOÕ÷Õ�EXOXQDQ�ELU�YL\DG�N�VLVWHPL�LQFHOHPLúWLU��
dDOÕúPDGD�� JHOLúWLULOHQ� \|QWHPLQ� \�NVHN� PRGODUÕQ� HWNLQ� ROGX÷X� EXUXOPD�
G�]HQVL]OL÷LQH�VDKLS�ELQDODU�YH�N|SU�OHU�LoLQ�NXOODQÕODELOHFH÷L�EHOLUWLOPLúWLU�>��@� 
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������dDOÕúPDQÕQ�$PDFÕ�YH�.DSVDPÕ                

 

%X� oDOÕúPDGD�� \�NVHN� PRGODUÕQ� HWNLOL� ROGX÷X� ELQDODUÕQ� GHSUHP� HWNLOeri 

DOWÕQGDNL� OLQHHU� ROPD\DQ� GDYUDQÕúÕQÕQ� EHOLUOHQHELOPHVL� LoLQ�� HWNLQ� ELU� dRN� 0RGOX�
8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPL� �d08<$<�� JHOLúWLULOPHVL� DPDoODQPÕúWÕU��
*HOLúWLULOHQ�\|QWHP��%|O�P����¶GH�YHULOHQ�NRúXOODUÕ�VD÷OD\DQ�E�W�Q�\DSÕ�VLVWHPOHULQH�
uygulanabilmektedir. 

 

*HOLúWLULOHQ�\|QWHPGH�JHRPHWUL�GH÷LúLPOHULQLQ�GHQJH�GHQNOHPOHULQH�HWNLVL�YH�
malzemenin elasto-plastik� GDYUDQÕúÕ�J|]|Q�QH� DOÕQDUDN�� VLVWHPLQ�EHOLUOL� VDELW�G�úH\�
\�NOHU� YH� DUWDQ� PRGDO� \DWD\� \�NOHU� LoLQ� DQDOL]L� \DSÕOPDNWDGÕU�� 3ODVWLN�
úHNLOGH÷LúWLUPHOHULQ plastik kesit� DGÕ� YHULOHQ� EHOLUOL� NHVLWOHUGH� WRSODQGÕ÷Õ�� EXQXQ�
GÕúÕQGDNL� E|OJHOHUGH� GDYUDQÕúÕQ� lineer-elastik� ROGX÷X� YDUVD\ÕOPDNWDGÕU�� <|QWHPGH��
VDELW� G�úH\� \�NOHU� LoLQ� KHVDS� \DSÕOPDVÕQGDQ� \DUDUODQDUDN� � ikinci mertebe etkileri 

OLQHHUOHúWLULOPHNWHGLU��$\UÕFD��DNPD�NRúXOODUÕQÕ�LIDGH�HGHQ�H÷ULOHU�GH�GR÷UX�SDUoDODUÕ�
LOH�LGHDOOHúWLULOHUHN�OLQHHUOHúWLULOPHNWHGLU�� 

   

<|QWHPLQ� \XNDUÕGD� NÕVDFD� LIDGH� HGLOHQ� |]HOOLNOHUL� QHGHQL\OH�� SODVWLNOHúHQ�
NHVLWOHU� DUDVÕQGDNL� OLQHHU� GDYUDQÕú� E|OJHOHULQGH� \�N� DUWÕPÕ� X\JXODQPDVÕQD gerek 

NDOPDGDQ�� KHU� SODVWLN� NHVLWLQ� ROXúXPXQD� NDUúÕ� JHOHQ� \DWD\� \�N� DUWÕPÕ� YH� GDYUDQÕú�
E�\�NO�NOHUL� �NHVLW� WHVLUOHUL�� \HUGH÷LúWLUPHOHU�� SODVWLN� úHNLOGH÷LúWLUPHOHU� YE���
GR÷UXGDQ� GR÷UX\D� � EHOLUOHQHELOPHNWHGLU�� %|\OHFH� d08<$<� LOH� \DSÕODQ� DQDOL]GH�
plastik kesLWOHULQ� ROXúXPXQXQ� YH� \DSÕ� GDYUDQÕúÕQÕQ� D\UÕQWÕOÕ� RODUDN� L]OHQHELOPHVL�
VD÷ODQPDNWDGÕU���� 

 

 *HOLúWLULOHQ� \|QWHPGH�� KHU� SODVWLN� NHVLWLQ� ROXúXPXQGDQ� VRQUD� R�NHVLWWHNL� ELU�
SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQL�\HQL�ELU�ELOLQPH\HQ�RODUDN�DOÕQPDNWD�YH�SODVWLNOHúHQ�
kHVLWWHNL� DNPD� NRúXOXQX� LIDGH� HGHQ� \HQL� ELU� OLQHHU� GHQNOHP� ELU� |QFHNL� GHQNOHP�
WDNÕPÕQD� LODYH� HGLOPHNWHGLU�� � %|\OHFH� KHU� \�N� DUWÕPÕQGD� �KHU� SODVWLN� NHVLWLQ�
ROXúXPXQGD���GHQNOHP�WDNÕPÕQÕQ�\HQLGHQ�NXUXOXS�o|]�OPHVLQH�JHUHN�NDOPDGDQ��\HQL�
ELOLQPH\HQH�DLW�VDWÕU�YH�NRORQXQ�LQGLUJHQPHVL�LOH�SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQLQL�GH�
LoHUHQ� o|]�P� HWNLQ� RODUDN� HOGH� HGLOPHNWHGLU�� $\UÕFD�� Lo� NXYYHW� GXUXPXQXQ� DNPD�
NRúXOXQX� VD÷ODGÕ÷ÕQÕ� LIDGH� HGHQ� LODYH� GHQNOHPOHULQ� NXOODQÕOPDVÕ� LOH� ELOHúLN� H÷LOPH�
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etkisindeki plastik kesitlerdH� H÷LOPH� YH� X]DPD� úHNLOGH÷LúWLUPHOHUL� YH� EXQODU�
DUDVÕQGDNL�HWNLOHúLP�GH�J|]|Q�QH�DOÕQPÕú�ROPDNWDGÕU� 
 

<|QWHPGH� \�NVHN� PRG� HWNLOHULQL� J|]|Q�QH� DOPDN� DPDFÕ\OD� DUGÕúÕN� LNL�
SODVWLNOHúHQ�NHVLW� DUDVÕQGDNL� OLQHHU�GDYUDQÕú�E|OJHVLQGH��GDYUDQÕú�VSHNWUXPX�DQDOL]L 
esDVODUÕQGDQ� \DUDUODQÕOPDNWDGÕU�� �%XQD� J|UH�� KHU� SODVWLN�NHVLWLQ� ROXúXPXQGDQ� VRQUD�
VLVWHPLQ� GH÷LúHQ� � PRGDO� |]HOOLNOHUL� YH� |QFHNL� DGÕPGDNL� ELULP� PRGDO� \DWD\� \�N�
GD÷ÕOÕPODUÕ�J|]|Q�QGH�EXOXQGXUXODUDN�EHOLUOHQHQ�ELULP�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ�
LoLQ� KHVDS� \DSÕOPDNWDGÕU�� � +HU� DGÕPD� DLW� ELULP� PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕ� LOJLOL�
DGÕPODUD�DLW�HODVWLN�VSHNWUDO�LYPHOHU�LOH�|OoHNOHQPHNWH��E|\OHFH�GHSUHP�|]HOOLNOHUL�YH�
PRGODUÕQ� ELUELULQH� J|UH� HWNLQOL÷LQLQ� SODVWLNOHúPH\H� �SODVWLN� NHVLWOHULQ� ROXúXPXQD���
ED÷OÕ�RODUDN�GH÷LúLPL�GH�J|]|Q�QH�DOÕQDELOPHNWHGLU� 

 

dDOÕúPDGD�� JHOLúWLULOHQ� \|QWHPLQ� EHWRQDUPH� ELQDODU� �]HULQGHNL� VD\ÕVDO�
X\JXODPDODUÕQD� RODQDN� VD÷ODPDN� �]HUH� ELU� ELOJLVD\DU� SURJUDPÕ� �0(3$5&6��
JHOLúWLULOPLúWLU� 

 

*HOLúWLULOHQ� d08<$<¶QGHQ� HOGH� HGLOHQ� VRQXoODUÕQ� GH÷HUOHQGLULOPesi 

DPDFÕ\OD���o�GH÷LúLN�GHSUHP�\HU�KDUHNHWL�ND\GÕ�LoLQ�IDUNOÕ�SHUL\RW�E|OJHOHULQL�WHPVLO�
HWPHN� �]HUH� |UQHN� RODUDN� HOH� DOÕQDQ� ��� ���� ��� YH� ��-NDWOÕ� EHWRQDUPH� oHUoHYHOHU�
üzerinde,  ÇMUYAY ile LOSA, Lineer Olmayan Dinamik Analiz (LODA), 1. mod 

HVDVOÕ�JHOHQHNVHO�/26$���)(0$����¶GD�|QHULOHQ��QLIRUP�YH�PRGDO�GD÷ÕOÕPODUÕ�LoLQ�
/26$� \DSÕOPÕúWÕU�� /2'$� VRQXoODUÕ� NHVLQ� o|]�P� NDEXO� HGLOHUHN� NDUúÕODúWÕUPDODU�
\DSÕOPÕú� YH� d08<$<� GH÷HUOHQGLULOPLúWLU�� 'H÷HUOHQGLUPHOHU�� NDW� \DWD\�
\HUGH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL�� NDW�
NHVPH� NXYYHWOHUL�� NDSDVLWH� H÷ULOHUL� YH� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ�
LQFHOHQHUHN�\DSÕOPÕúWÕU�� 

 

$\UÕFD� JHOLúWLULOHQ� \|QWHPGH� VSHNWUDO� |OoHNOHPHQLQ�� J|]|Q�QH� DOÕQDQ� PRG�
VD\ÕVÕQÕQ� YH� � ikinci mertebe etkilerinin� DQDOL]� VRQXoODUÕ� �]HULQGHNL� HWNLOHUL� GH�
LQFHOHQPLúWLU� 
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��� � %ø1$/$5,1� '(35(0� '$95$1,ù,1,1� %(/ø5/(10(6ø� ødø1�
(7.ø1� %ø5� d2.� 02'/8� 8<$5/$0$/,� <h.� $57,0,�
<g17(0ø��d08<$<� 

 

  ���%X� E|O�PGH�� \�NVHN� PRGODUÕQ� HWNLOL� ROGX÷X� ELQDODUÕQ� GHSUHP� HWNLOHUL�
DOWÕQGDNL� OLQHHU� ROPD\DQ�GDYUDQÕúÕQÕQ� EHOLUOHQPHVL� DPDFÕ\OD�JHOLúWLULOHQ�dRN�0RGOX�
8\DUODPDOÕ� <�N�$UWÕPÕ� <|QWHPLQLQ� �d08<$<�� YDUVD\ÕPODUÕ�� HVDVODUÕ��PDWHPDWLN�
IRUP�ODV\RQX� YH� KHVDS� DGÕPODUÕ� D\UÕQWÕOÕ� RODUDN� DoÕNODQPÕúWÕU�� *HOLúWLULOHQ�
d08<$<��EHOLUOL�VDELW�G�úH\�\�kler ve artan modal yatay yükler için sistemin ikinci 

mertebe elasto-plastik teori\H� J|UH� KHVDEÕQÕ� HVDV� DOPDNWD� YH�PRGDO� \DWD\� \�NOHULQ�
NXOODQÕOPDVÕ�QHGHQL\OH�VHUEHVW�WLWUHúLP�DQDOL]Lni de içermektedir.     

 

 

2.1 ��9DUVD\ÕPODU 
 
  ��%X�E|O�PGH���\|QWHPLQ�JHOLúWLULOPHVLQGH�\DSÕODQ�YDUVD\ÕPODU�YHULOPLúWLU��� 

 
• Sistem, düzlem çubuk sistemdir.  
 

• Bernoulli-Navier hipotezi geçerlidir. Buna göre düzlem kesitler 

úHNLOGH÷LúWLUGLNWHQ�VRQUD�GD�G�]OHP�NDOÕUODU� 
 

• (NVHQHO�NXYYHW�YH�H÷LOPH�PRPHQWL�HWNLVLQGHNL�oXEXN�HOHPDQODUGD�iç kuvvet-

úHNLOGH÷LúWLUPH�ED÷ÕQWÕODUÕQÕQ�ùHNLO����¶GH�J|U�OG�÷��JLEL�LNL�GR÷UX�SDUoDVÕ�LOH�
LGHDOOHúWLULOHELOHFH÷L�YDUVD\ÕOPDNWDGÕU�� 

 

 

 

 

 

 

ùHNLO�������øGHDOOHúWLULOPLú�Lo�NXYYHW-úHNLOGH÷LúWLUPH�ED÷ÕQWÕVÕ 

øo�NXYYHW 

ùHNLOGH÷LúWLUPH 

Plastik 
úHNLOGH÷LúWLUPH�

kapasitesi 

rijitlik 

7DúÕPD 
kapasitesi 
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• /LQHHU� ROPD\DQ� H÷LOPH� YH� X]DPD� úHNLOGH÷LúWLUPHOHULQLQ� SODVWLN� NHVLW� DGÕ�
YHULOHQ�EHOLUOL�NHVLWOHUGH�WRSODQGÕ÷Õ��EX�NHVLWOHU�GÕúÕQGDNL�E|OJHOHUGH�YH�NHVPH�
NXYYHWL� HWNLVL� DOWÕQGD� VLVWHPLQ� OLQHHU-HODVWLN� GDYUDQGÕ÷Õ� YDUVD\ÕOPDNWDGÕU���
%|\OHFH�� WHN� HNVHQOL� EDVLW� H÷LOPH� HWNLVLQGHNL� G�]OHP� oXEXN� VLVWHPOHUH�
uygulanDELOHQ�SODVWLN�PDIVDO�KLSRWH]L��ELOHúLN�Lo�NXYYHW�GXUXPXQX�GD�LoHUHFHN�
úHNLOGH�JHQLúOHWLOPLú�ROPDNWDGÕU��� 

 

• $NPD� NRúXOODUÕQÕQ� H÷LOPH� PRPHQWLQH� YH� QRUPDO� NXYYHWH� ED÷OÕ� ROGX÷X���
NHVPH� NXYYHWLQLQ� DNPD� NRúXOODUÕQD� HWNLVLQLQ� WHUN� HGLOHELOHFH÷L�
YDUVD\ÕOPDNWDGÕU�� �%LOHúLN� H÷LOPH�HWNLVLQGHNL� HODPDQODUD� DLW� � DNPD�NRúXOODUÕ�
GR÷UX�SDUoDODUÕQGDQ�ROXúDFDN� úHNLOGH� LGHDOOHúWLULOPHNWH�YH�DNPD�YHNW|U�Q�Q�
DNPD�\�]H\LQH�GLN�ROGX÷X�YDUVD\ÕOPDNWDGÕU��� 

 

• .RORQ�HOHPDQODUÕ� LoLQ� ikinci mertebe teorisi,�QRUPDO�NXYYHWLQ�N�o�N�ROGX÷X�
NLULú� HOHPDQODUÕ� LoLQ� LVH� birinci mertebe teorisi� X\JXODQPDNWDGÕU�� � øNLQFL�
mertebe teorisiQGH� JHRPHWUL� GH÷LúLPOHULQLQ� GHQJH� GHQNOHPOHULQH� HWNLVL�
J|]|Q�QH�DOÕQPDNWD��JHRPHWULN�X\JXQOXN�NRúXOODUÕQD�HWNLVL�WHUN�HGLOPHNWHGLU���� 

 

• 6LVWHPLQ� úHNLOGH÷LúWLUPHVL� VÕUDVÕQGD� \�NOHULQ� GR÷UXOWXODUÕQÕQ� GH÷LúPHGL÷L�
YDUVD\ÕOPDNWDGÕU�� 

 

• 6LVWHPL�ROXúWXUDQ�oXEXNODU�GR÷UX�HNVHQOL��VDELW�HQNHVLWOLGLU�YH�QRUPDO�NXYYHW�
oXEXN�ER\XQFD�VDELWWLU��%X�NRúXOODUD�X\PD\DQ�oXEXNODU�\HWHU�GHUHFHGH�N�o�N�
SDUoDODUD�D\UÕODUDN�V|]NRQXVX�NRúXOODU�\DNODúÕN�RODUDN�VD÷ODWÕODELOLU�� 

 

• <D\ÕOÕ� \�NOHU� \HWHU� VD\ÕGD� VWDWLNoH� HúGH÷HU� WHNLO� NXYYHWOHUH� G|Q�úW�U�OHUHN�
KHVDS�\DSÕOPDNWDGÕU��� 

 

• .D\PD�úHNLOGH÷LúWLUPHOHULQLQ�HWNLVL�LKPDO�HGLOPHNWHGLU� 
 

$\UÕFD��VHUEHVW�WLWUHúLP�DQDOL]LQGH�\DSÕODQ�YDUVD\ÕPODU�DúD÷ÕGD�YHULOPLúWLU� 
 

• .�WOHOHULQ�NDW�G|úHPHOHUL�VHYL\HVLQGH�WRSODQDELOHFH÷L�YDUVD\ÕOPDNWDGÕU��� 
 

• $WDOHW�NXYYHWOHULQLQ�\DWD\�|WHOHPH�ELOHúHQL�J|]|Q�QH�DOÕQPDNWD��G�úH\�DWDOHW�
NXYYHWOHUL�LOH�DoÕVDO�DWDOHW�NXYYHWOHUL�WHUN�HGLOPHNWHGLU���� 
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2.2 ���<|QWHPLQ�(VDVODUÕ 
 

*HOLúWLULOHQ�dRN�0RGOX�8\DUODPDOÕ�<�N�$UWÕPÕ�<|QWHPL��d08<$<���EHOLUOL�
VDELW�G�úH\�\�NOHU� YH� DUWDQ�PRGDO�\DWD\�\�NOHU� LoLQ� VLVWHPLQ� ikinci mertebe elasto-

plastik teori\H� J|UH� KHVDEÕQÕ� HVDV� DOPDNWDGÕU�� <|QWHPGH� \�NVHN� PRG� HWNLOHULQL�
J|]|Q�QH� DOPDN� DPDFÕ\OD� GavraQÕú� VSHNWUXPX� DQDOL]LQLQ� HVDVODUÕQGDQ�
\DUDUODQÕOPDNWDGÕU��� 

 

<|QWHPGH�VDELW�G�úH\�\�NOHU�LoLQ�KHVDS�|QJ|U�OG�÷�QGHQ��oXEXNODUGD�G�úH\�
\�NOHUGHQ�ROXúDQ�QRUPDO�NXYYHW�GH÷HUOHUL�HVDV�DOÕQDUDN��ikinci mertebe teorisine göre 

KHVDS� OLQHHUOHúWLULOPHNWHGLU�� � g]HOOLNOH� oRN� NDWOÕ� \DSÕODUGD� DUWDQ� \DWD\� \�NOHU� LOH�
NRORQODUGDNL� QRUPDO� NXYYHWOHU� |QHPOL� RUDQGD� GH÷LúLP� J|VWHUHELOPHNWHGLU�� %X�
durumda analiz sonunda bulunan normal kuvvetler için hesap tekrarlanabilir. Ancak 

NDWODUGDNL� QRUPDO� NXYYHWOHULQ� WRSODPÕ� VDELW� NDOGÕ÷Õ sürece, normal kuvvetlerdeki 

GH÷LúLPLQ� ikinci mertebe etkileri üzerindeki etkisi terk edilebilecek mertebede 

ROPDNWDGÕU�>�����@�������� 
 

.HVLWOHUGHNL� DNPD� NRúXOODUÕQÕ� LIDGH� HGHQ� DNPD� H÷ULOHUL� �NDUúÕOÕNOÕ� HWNL�
GL\DJUDPODUÕ�� GH�� JHUoH÷H� \DNÕQ� ELU� úHNLOGH�� GR÷UX� SDUoDODUÕ� LOH� LGHDOOHúWLULOHUHN�
OLQHHUOHúWLULOPHNWHGLU�� � %|O�P� ���¶GH� \DSÕODQ� YDUVD\ÕPODU� DOWÕQGD�� SODVWLNOHúHQ�
NHVLWOHULQ�ROXúXPX�DUDVÕQGDNL�OLQHHU�GDYUDQÕú�E|OJHOHULQGH�\�N�DUWÕPÕ�X\JXODQPDVÕQD�
JHUHN� NDOPDGDQ�� KHU� SODVWLN� NHVLWLQ� ROXúXPXQD� NDUúÕ� JHOHQ� \DWD\� \�N� DUWÕPÕ� YH�
GDYUDQÕú� E�\�NO�NOHUL� �NHVLW� WHVLUOHUL�� \HUGH÷LúWLUPHOHU�� SODVWLN� G|QPHOHU� YE���
GR÷UXGDQ� GR÷UX\D� EHOLUOHQHELOPHNWHGLU�� %|\OHFH� SODVWLN� NHVLWOHULQ� ROXúXPX� YH� \DSÕ�
GDYUDQÕúÕ�D\UÕQWÕOÕ�RODUDN�L]OHQHELOPHNWHGLU�    

   

 Sistemde her plastLN� NHVLWLQ� ROXúXPXQGDQ� VRQUD� R� NHVLWWHNL� ELU� SODVWLN�
úHNLOGH÷LúWLUPH�ELOHúHQL�\HQL�ELU�ELOLQPH\HQ�RODUDN�DOÕQPDNWD�YH�SODVWLNOHúHQ�NHVLWWHNL�
DNPD� NRúXOXQX� LIDGH� HGHQ� \HQL� ELU� OLQHHUOHúWLULOPLú� GHQNOHP�� PHYFXW� GHQNOHP�
WDNÕPÕQD� LODYH� HGLOPHNWHGLU�� � %|\OHFH�� KHU� \�N� DUWÕPÕQGD� �KHU� SODVWLN� NHVLWLQ�
ROXúXPXQGD��GHQNOHP�WDNÕPÕQÕQ�\HQLGHQ�NXUXOXS�o|]�OPHVLQH�JHUHN�NDOPDGDQ��\HQL�
ELOLQPH\HQH�DLW�VDWÕU�YH�NRORQXQ�LQGLUJHQPHVL\OH��SODVWLN�úHNLOGH÷LúWLUPHOHUL��SODVWLN�
dönme vb.) de içeren çözüm etkin olarak elde edilmeNWHGLU�� $\UÕFD� Lo� NXYYHW�
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GXUXPXQXQ�DNPD�NRúXOXQX�VD÷ODGÕ÷ÕQÕ�LIDGH�HGHQ�LODYH�GHQNOHPOHULQ�NXOODQÕOPDVÕ�LOH�
ELOHúLN�H÷LOPH�HWNLVLQGHNL�SODVWLN�NHVLWOHUGH�H÷LOPH�YH�X]DPD�úHNLOGH÷LúWLUPHOHUL��YH�
EXQODU�DUDVÕQGDNL�HWNLOHúLP�GH�J|]|Q�QH�DOÕQPÕú�ROPDNWDGÕU� 
 

AUWDQ�GÕú�\�NOHU�DOWÕQGD�SODVWLNOHúHQ�NHVLWOHUGHNL�Lo�NXYYHWOHU�DNPD�NRúXOODUÕQÕ�
VD÷OD\DFDN� úHNLOGH� GH÷LúHELOPHNWH�� EXQD� NDUúÕOÕN� Lo� NXYYHWOHU� GR÷UXOWXVXQGD� VRQOX�
SODVWLN� úHNLOGH÷LúWLUPHOHU� PH\GDQD� JHOPHNWHGLU�� � %LOHúLN� H÷LOPH� HWNLVLQGHNL� ELU�
plastik kesittH�ROXúDQ�H÷LOPH�YH�X]DPD�SODVWLN�úHNLOGH÷LúWLUPHOHUL��DNPD�YHNW|U�Q�Q�
DNPD� H÷ULVLQH� GLN� ROPDVÕ� |]HOOL÷LQGHQ� \DUDUODQDUDN�� WHN� ELU� SODVWLN� úHNLOGH÷LúWLUPH�
SDUDPHWUHVLQH� ED÷OÕ� RODUDN� LIDGH� HGLOHELOPHNWHGLUOHU�� %|\OHFH� \|QWHPGH�� SODVWLN�
úHNLOGH÷LúWLUPHOHUL�LIDGH�HGHQ�ELOLQPH\HQ�VD\ÕVÕ�PLQLPXP�G�]H\GH�WXWXOPDNWDGÕU���� 

 

<|QWHPLQ� |]HOOL÷L� QHGHQL\OH� VLVWHPLQ� OLQHHU� ROPD\DQ� KHVDEÕ�� KHU� SODVWLN�
NHVLWLQ�ROXúXPXQGDQ�VRQUD��SODVWLNOHúHQ�NHVLWOHU�LoHUHQ�VLVWHPLQ�ELULP�\�N�DUWÕPÕ�LoLQ�
KHVDEÕQD� G|Q�úW�U�OP�ú� ROPDNWDGÕU�� � %XQGDQ� \DUDUODQDUDN� JHOLúWLULOHQ� \|QWHPGH��
DUGÕúÕN�LNL�SODVWLN�NHVLWLQ�ROXúXPX�DUDVÕQGDNL�OLQHHU�GDYUDQÕú�E|OJHVLQGH��SODVWLNOHúHQ�
NHVLWOHU� LoHUHQ� VLVWHPLQ� PRGDO� |]HOOLNOHUL� NXOODQÕODUDN� GDYUDQÕú� VSHNWUXPX� DQDOL]L 
HVDVODUÕ� LOH� \�NVHN� PRG� HWNLOHUL� J|]|Q�QH� DOÕQPDNWDGÕU�� � %XQD� J|UH�� KHVDEÕQ�
EDúODQJÕFÕQGD� YH� KHU� \�N� DUWÕPÕ� VRQXQGD� VHUEHVW� WLWUHúLP� DQDOL]L� \DSÕODUDN� \HWHU�
VD\ÕGD� PRG� LoLQ� PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕ� EHOLUOHQPHNWHGLU�� %XQODU� ELU� |QFHNL�
DGÕPGDNL� \�NOHUH� HNOHQHUHN� LOJLOL� DGÕPD� DLW� ELULP� PRGDO� \�N� GD÷ÕOÕPODUÕ� HOGH�
HGLOPHNWHGLU�� %X� \�NOHU� ED÷ÕPVÕ]� RODUDN� VLVWHPH� HWNLWLOPHNWH� YH� KHU� GD÷ÕOÕP� LoLQ�
\XNDUÕGD�DoÕNODQGÕ÷Õ�JLEL�o|]�P�\DSÕODUDN�ELULP�PRGDO�GDYUDQÕú�E�\�NO�NOHUL��NHVLW�
WHVLUOHUL��\HUGH÷LúWLUPHOHU��SODVWLN�G|QPHOHU�YE��� �EHOLUOHQPHNWHGLU�� �%X�Eirim modal 

GDYUDQÕú� E�\�NO�NOHUL� LOJLOL� DGÕPD� DLW� X\JXQ� PRGDO� ELUOHúWLUPH� NXUDOÕ� LOH�
ELUOHúWLULOHUHN� DNPD� NRúXOODUÕQGD� NXOODQÕOPDNWD�� E|\OHFH� PRGODUÕQ� HWNLOHúLPL� GH�
J|]J|Q�QH� DOÕQPDNWDGÕU�� � 6HUEHVW� WLWUHúLP� DQDOL]L�� PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕQÕQ�
KHVDEÕ�YH�ELULP�PRGDO�GDYUDQÕú�E�\�NO�NOHULQLQ�ELUOHúWLULOPHVL�VÕUDVÕ\OD�%|O�P��������
%|O�P�������YH�%|O�P������¶�GH�DoÕNODQPÕúWÕU��� 
   

+HU� SODVWLN� NHVLWLQ� ROXúXPXQGDQ� VRQUD�� VLVWHPH� DLW� JHQLúOHWLOPLú� ikinci 

mertebe rijitlik matrisi ilgili dinamik serbestlikler içLQ� \R÷XQODúWÕUÕODUDN� serbest 

WLWUHúLP� DQDOL]L� \DSÕOPDNWDGÕU�� %|\OHFH�� VLVWHPLQ� PRGDO� |]HOOLNOHULQLQ�
belirlenmesinde de ikinci mertebe HWNLOHUL�J|]|Q�QH�DOÕQPDNWDGÕU�� 
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2.3 $NPD�.RúXOODUÕ�YH�$NPD�9HNW|U� 

 

%X�E|O�PGH��JHOLúWLULOHQ�d08<$<¶QLQ�PDWHPDWLN�IRUP�ODV\RQunda önemli 

\HU�WXWDQ�DNPD�NRúXOODUÕ�YH�DNPD�YHNW|U��D\UÕQWÕOÕ�RODUDN�LQFHOHQPLúWLU��� 
 

<HWHUOL� G�]H\GH� V�QHNOL÷H� VDKLS� RODQ� \DSÕ� VLVWHPOHULQGH�� ELU� NHVLWWHNL� Lo�
NXYYHWOHU� DUWDUDN� DNPD� NRúXOXQXQ� EHOLUOHGL÷L� VÕQÕU� GXUXPD� HULúLQFH� NHVLWLQ� WDúÕPD�
gücü sona erHU� YH� Lo� NXYYHWOHU� GR÷UXOWXODUÕQGD� VRQOX� SODVWLN� úHNLOGH÷LúWLUPHOHU�
meydana gelir.  

 

.HVPH� NXYYHWLQLQ� DNPD� NRúXOXQD� HWNLVL� LKPDO� HGLOGL÷LQGH�� G�]OHP� oXEXN�
VLVWHPOHUGHNL�DNPD�NRúXOX�JHQHO�RODUDN� 

 

   K(M,N) = 0                                    (2.1) 

  

úHNOLQGH�LIDGH�HGLOHELOLU���%X�ED÷ÕQWÕGD�.�0�1��H÷LOPH�PRPHQWL�0�YH�QRUPDO�NXYYHW�
1¶QLQ�OLQHHU�ROPD\DQ�ELU�IRQNVL\RQXQX�J|VWHUPHNWHGLU���$NPD�NRúXOXQXQ�JHRPHWULN�
LIDGHVL�ùHNLO����¶GH�úHPDWLN�RODUDN�J|VWHULOPLúWLU�� 
 

 

 

 

 

 

 

  

 

 

ùHNLO������$NPD�H÷ULVL�YH�SODVWLN�úHNLOGH÷LúWLUPH�YHNW|U� 

 

/LQHHU� ROPD\DQ� úHNLOGH÷LúWLUPHOHULQ� SODVWLNOHúHQ� NHVLWOHUGH� WRSODQGÕ÷Õ� YH� EX�
NHVLWOHU� GÕúÕQGD� VLVWHPLQ� OLQHHU-HODVWLN� GDYUDQGÕ÷Õ� YDUVD\ÕOGÕ÷ÕQGDQ�� � ������ DNPD�
NRúXOXQXQ� WDQÕPODGÕ÷Õ� DNPD� H÷ULVL� LoLQGHNL� ELU� Lç kuvvet durumu (G1) için 

θ 

∆ 

M, θ 

N, ∆ 

  d (θ, ∆���SODVWLN�úHNLOGH÷LúWLUPH�YHNW|U� 

G1 (M,N) 

M 

N 

Np 

Mp 

G2 
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úHNLOGH÷LúWLUPHOHU� OLQHHU-HODVWLNWLU�� � øo�NXYYHW�GXUXPXQXQ�DNPD�H÷ULVL��]HULQGH��*2)  

EXOXQPDVÕ�KDOLQGH�NHVLW�SODVWLNOHúPHNWH�YH�Lo�NXYYHWOHU�GR÷UXOWXODUÕQGD�VRQOX�SODVWLN�
úHNLOGH÷LúWLUPHOHU� ROXúPDNWDGÕU�� � $UWDQ� GÕú� \�NOHUH� ED÷OÕ� RODUDN�� ELU� SODVWLNOHúHQ�
NHVLWWHNL�Lo�NXYYHW�GXUXPX�DNPD�H÷ULVL��]HULQGH�KDUHNHW�HGHELOLU�YH\D�DNPD�H÷ULVLQLQ�
LoLQH�GR÷UX�\|QHOHELOLU��DQFDN�DNPD�H÷ULVLQLQ�GÕúÕQD�oÕNDPD]�� 

 

øo�NXYYHW�GXUXPXQXQ�DNPD�H÷ULVL��]HULQGH�NDOPD�|]HOOL÷L� 
 

   0dN
N

K
dM

M

K
dK =

∂
∂

+
∂
∂

=                               (2.2) 

 

ED÷ÕQWÕVÕ�LOH�LIDGH�HGLOLU����%X�ED÷ÕQWÕGD��
M

K

∂
∂

 ve 
N

K

∂
∂

  K(M,N) fonksiyonunun M ve 

1¶\H�J|UH�NÕVPL�W�UHYOHULQL�J|VWHUPHNWHGLU�� 
 

%LOHúLN� H÷LOPH� GXUXPXQGD� SODVWLN� NHVLWOHUGH� WRSODQGÕ÷Õ� YDUVD\ÕODQ� SODVWLN�
úHNLOGH÷LúWLUPHOHU��� ),(d ∆θ

→ �DNPD�YHNW|U��LOH�WDQÕPODQÕUODU����$NPD�YHNW|U�Q�Q��θ ve 

∆� ELOHúHQOHUL� VÕUDVÕ\OD� 0� H÷LOPH� PRPHQWL� YH� 1� QRUPDO� NXYYHWL� GR÷UXOWXODUÕQGDNL�
VRQOX�SODVWLN�úHNLOGH÷LúWLUPHOHUL�J|VWHUPHNWHGLU� 
 

øGHDO� HODVWR-plastik� PDO]HPHGHQ� \DSÕOGÕ÷Õ� YDUVD\ÕODQ� KRPRMHQ� NHVLWOHUGH�
DNPD�YHNW|U�Q�Q�DNPD�H÷ULVLQH�GLN�ROGX÷X�ELOLQPHNWHGLU�>�����@����%XQD�NDUúÕOÕN�ELU�
YH� LNL� HNVHQOL� ELOHúLN� H÷LOPH� HWNLVLQGHNL� EHWRQDUPH� NHVLWOHUGH�� GLNOLN� |]HOOL÷L� ED]Õ�
NRúXOODU�DOWÕQGD�YH�\DNODúÕN�RODUDN�JHoHUOL�VD\ÕODELOLU�>��@� 
 

$NPD� YHNW|U�Q�Q� DNPD� H÷ULVLQH� GLN� ROGX÷XQXQ� YDUVD\ÕOPDVÕ� KDOLQGH�� Lo�
NXYYHWOHU�GR÷UXOWXODUÕQGDNL�SODVWLN�úHNLO�GH÷LúWLUPH�ELOHúHQOHUL� 
 

   
M

K

∂
∂

φ=θ    ,     
N

K

∂
∂

φ=∆                      (2.3) 

     

úHNOLQGH� WHN� ELU� φ� SODVWLN� úHNLOGH÷LúWLUPH� SDUDPHWUHVLQH� ED÷OÕ� RODUDN� LIDGH�
edilebilirler.   
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%X�oDOÕúPDGD��PDO]HPH�EDNÕPÕQGDQ�OLQHHU�ROPD\DQ�GDYUDQÕúÕ�OLQHHUOHúWLUPHN�
DPDFÕ\OD� DNPD� H÷ULVLQLQ� GR÷UX� SDUoDODUÕQGDQ� ROXúDFDN� úHNLOGH� LGHDOOHúWLrilmesi 

|QJ|U�OPHNWHGLU���%XQD�J|UH��DNPD�NRúXOX�LoLQ� 
 

   K(M,N) ≅  A1 M + A2 N + B = 0                    (2.4) 

 

OLQHHU�ED÷ÕQWÕVÕ�\D]ÕODELOLU���%XUDGD�$1, A2 ve B malzeme karakteristiklerine, enkesit 

özelliklerine, betonarme kesitlerdH�ER\XQD�GRQDWÕQÕQ�PLNWDUÕQD�YH�\HUOHúLP�G�]HQLQH�
J|UH�EHOLUOHQHQ�NDWVD\ÕODUÕ�YH�VDELWL�J|VWHUPHNWHGLU� 
 

������ ED÷ÕQWÕVÕ� LOH� YHULOHQ� OLQHHUOHúWLULOPLú� DNPD� NRúXOX� LoLQ� Lo� NXYYHW�
GXUXPXQXQ�DNPD�GR÷UXVX��]HULQGH�NDOPD�|]HOOL÷L� 
 

   ∆K = A1 ∆M + A2 ∆N = 0                                   (2.5) 

  

úHNOLQGH� LIDGH� HGLOLU�� � � %XUDGD�� ∆M ve ∆1� � \�N� DUWÕPÕQD� NDUúÕOÕN� JHOHQ� H÷LOPH�
PRPHQWL� YH� QRUPDO� NXYYHW� DUWÕPODUÕGÕU�� � � %XQD� � J|UH� Lo� NXYYHWOHU� GR÷UXOWXODUÕQGD�
RODúDQ�θ ve ∆�SODVWLN�úHNLOGH÷LúWLUPH��ELOHúHQOHUL 
 

   1A
M

K
φ=

∂
∂

φ=θ       ,      2A
N

K
φ=

∂
∂

φ=∆                       (2.6) 

 

úHNOLQGH�WHN�ELU�φ �SDUDPHWUHVLQH�ED÷OÕ�RODUDN�LIDGH�HGLOLU�� 
 

Akma vektörünün d � ���RODFDN�úHNLOGH�QRUPDOOHúWLULOPHVL�KDOLQGH��bu birim 

YHNW|U��WDQÕPOD\DQ�D1, a2�NDWVD\ÕODUÕ�LoLQ� 
 

   
2
2

2
1

1
1

AA

A
a

+
=      ,    

2
2

2
1

2
2

AA

A
a

+
=                           (2.7) 

 

HOGH�HGLOLU����%X�GXUXPGD�������DNPD�NRúXOX 
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2
2

2
1 AA

B
b

+
=                                  (2.8) 

 

olmak üzere 
 

   K(M,N) ≅  a1 M + a2 N + b = 0                            (2.9) 

 

úHNOLQL�DOÕU���%XQD��ED÷OÕ�RODUDN�SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQOHUL� 
 

   1aφ=θ       ,     2aφ=∆                                                  (2.10) 

 

úHNOLQGH�LIDGH�HGLOLU��ùHNLO������ 
 

 

 

 

 

 

 

 

 

 

ùHNLO�������/LQHHUOHúWLULOPLú�DNPD�NRúXOX�YH�ELULP�DNPD�YHNW|U� 

 
 

2.4  Yöntemin Matematik Formülasyonu 

 

*HOLúWLULOHQ�dRN�0RGOX�8\DUODPDOÕ�<�N�$UWÕPÕ�<|QWHPL��d08<$<���EHOLUOL�
sabiW� G�úH\� \�NOHU� YH� DUWDQ� \DWD\� \�NOHU� LoLQ� VLVWHPLQ� ikinci mertebe elasto-plastik 

teori\H�J|UH�KHVDEÕQÕ�HVDV�DOPDNWDGÕU���<|QWHPLQ�|]HOOL÷L�LOH��VLVWHPLQ�OLQHHU�ROPD\DQ�
KHVDEÕ� KHU� SODVWLN� NHVLWLQ� ROXúXPXQGDQ� VRQUD� SODVWLNOHúHQ� NHVLWOHU� LoHUHQ� VLVWHPLQ�
birim� \�N� DUWÕPÕ� LoLQ� KHVDEÕQD� G|Q�úW�U�OP�ú� ROPDNWDGÕU�� %XQGDQ� \DUDUODQDUDN�
JHOLúWLULOHQ� \|QWHPGH�� DUGÕúÕN� LNL� SODVWLN� NHVLWLQ� ROXúXPX� DUDVÕQGDNL� OLQHHU� GDYUDQÕú�
E|OJHVLQGH�� SODVWLNOHúHQ� NHVLWOHU� LoHUHQ� VLVWHPLQ� PRGDO� |]HOOLNOHUL� NXOODQÕODUDN�
dDYUDQÕú� VSHNWUXPu analizi� HVDVODUÕ� LOH�\�NVHN�PRG�HWNLOHUL�J|]|Q�QH�DOÕQPDNWDGÕU����������������

1aφ=θ  

2aφ=∆  

N, ∆ 

Np 

Mp 

a1 M + a2 N + b = 0 
�OLQHHUOHúWLULOPLú�
DNPD�NRúXOX� 

M,θ 

1d =
→
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%X� E|O�PGH�� VLVWHPLQ�ELULP�\�N� DUWÕPÕ� LoLQ� OLQHHU�ROPD\DQ�KHVDEÕQD�YH�DUGÕúÕN� LNL�
SODVWLNOHúHQ� NHVLW� DUDVÕQGD� X\JXODQDQ� GDYUDQÕú� VSHNWUXPX� DQDOL]L� \DNODúÕPÕQD� DLW�
matematik forP�ODV\RQODU�DoÕNODQPÕúWÕU���� 

 

 

��������6LVWHPLQ�%LULP�<�N�$UWÕPÕ��LoLQ��/LQHHU�2OPD\DQ�+HVDEÕ�� 
 

Bu bölümde, üzerinde m �VD\ÕGD�SODVWLNOHúHQ�NHVLW�EXOXQDQ�VLVWHPLQ�ELULP�\�N�
DUWÕPÕ��∆3 ���LoLQ�KHVDEÕ�DoÕNODQPÕúWÕU����%LULP�\�N�DUWÕPÕ�\DWD\�\�N�YH\D�G�úH\�\�N�
JUXSODUÕQGDQ� ROXúDELOPHNWHGLU�� � $QFDN� EX� oDOÕúPDGD� JHOLúWLULOHQ� \|QWHPGH�� VDELW�
G�úH\�\�NOHU�DOWÕQGD�DUWDQ�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ�LoLQ�KHVDS�|QJ|U�OG�÷�QGHQ��
ELULP�\�N�DUWÕPÕ��PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕQÕ�LIDGH�HWPHNWHGLU���*|]|Q�QH�DOÕQDQ�
G�úH\� \�NOHU� DOWÕQGD� SODVWLN� NHVLWLQ� ROXúPDVÕ� GXUXPXQGD�� \|QWHPLQ� JHQHO� HVDVODUÕ�
oHUoHYHVLQGH�� |QFH� |QJ|U�OHQ� G�úH\� \�N� VHYL\HVLQH� NDGDU� G�úH\� \�N� DUWÕPÕ�
X\JXODQDUDN� KHVDS� \DSÕODELOPHNWH� YH� GDKD� VRQUD� \DWD\� \�N� DUWÕPÕQD�
EDúODQDELOPHNWHGLU����0RGDO�\DWD\�\�N�GD÷ÕOÕPODUÕQÕQ�EHOLUOHQPHVL�LVH�%|O�P������¶GH�
D\UÕQWÕOÕ�RODUDN�YHULOPLúWLU������ 

 

Üzerinde m � VD\ÕGD� SODVWLNOHúHQ� NHVLW� EXOXQDQ� VLVWHPLQ� ELULP� \�N� DUWÕPÕ�
(∆3 ���LoLQ�KHVDEÕQGD��0DWULV�<HUGH÷LúWLUPH�<|QWHPLQGHQ�>��@�\DUDUODQÕOPÕúWÕU��%X�
\|QWHPGH�� SODVWLNOHúHQ� NHVLWOHUL� J|]|Q�QH� DOPDN� �]HUH� JHUHNOL� GH÷LúLNOLNOHU�
\DSÕOGÕ÷ÕQGD�ELOLQPH\HQOHU�� 
 

a) G�÷�P�QRNWDODUÕQÕQ�\HUGH÷LúWLUPH�ELOHúHQOHUL� 
b) SODVWLNOHúHQ�NHVLWOHUGHNL�m  adet  φ��SODVWLN�úHNLOGH÷LúWLUPH�SDrametresi  
 

ROPDN� �]HUH� LNL� JUXSWD� WRSODQPDNWDGÕUODU�� %X� ELOLQPH\HQOHUL� EHOLUOHPHN� LoLQ�
NXOODQÕODQ�GHQNOHPOHU�GH 
 

a) G�÷�P� QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL� GR÷UXOWXODUÕQGD� \D]ÕODQ�
PRPHQW�YH�L]G�ú�P�GHQJH�GHQNOHPOHUL 

b) SODVWLNOHúHQ� NHVLWOHUGHNL� Lo� NXYYHW� GXUXPODUÕQÕQ� DNPD� NRúXOODUÕQÕ�
VD÷ODGÕ÷ÕQÕ�LIDGH�HGHQ��m �VD\ÕGD�DNPD�NRúXOX�GHQNOHPL� 

 

olmak üzere iki grupta toplanabilirler. 
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2.4.1.1  Denge Denklemleri 

 

'�÷�P�QRNWDODUÕQÕQ�\HUGH÷LúWLUPH�ELOHúHQOHUL�GR÷UXOWXODUÕQGD�\D]ÕODQ�PRPHQW�
ve izG�ú�P�GHQJH�GHQNOHPOHULQLQ�VLVWHP�HNVHQ�WDNÕPÕQGDNL�PDWULV�J|VWHULOLPL� 

 

   [Sdd][d] + [Sdφ] [φ] + [Po] = [q]                               (2.11)   

  

úHNOLQGHGLU�� %X� GHQNOHPOHUGHNL� PDWULVOHULQ� WDQÕPODUÕ� YH� HOGH� HGLOLúOHUL� DúD÷ÕGD�
DoÕNODQPÕúWÕU�� 
 

[Sdd] : �6LVWHPLQ�HODVWLN�ULMLWOLN�PDWULVLGLU���Q�VD\ÕGD�G�÷�P�QRNWDVÕ�LoHUHQ�ELU�
düzlem çubuk sistemde  [Sdd@� PDWULVL� �Q� [� �Q� ER\XWXQGDGÕU�� /LQHHU� HODVWLN�
PDO]HPHGHQ� \DSÕOPÕú� VLVWHPOHUGH��%HWWL� .DUúÕWOÕN� 7HRUHPL� X\DUÕQFD� EX�PDWULV� HVDV�
N|úHJHQLQH�J|UH�VLPHWULNWLU.  Bu matrisin  (Sdd) αβ �VD\ÕOÕ�HOHPDQÕ��GÕú�\�NOHU�YH�GL÷HU�
\HUGH÷LúWLUPH� ELOHúHQOHUL� VÕIÕU� LNHQ�� β � VD\ÕOÕ� \HUGH÷LúWLUPH� ELOHúHQLQLQ� ELULP�
GH÷HULQGHQ�GROD\Õ�α �VD\ÕOÕ�\HUGH÷LúWLUPH�ELOHúHQL�GR÷UXOWXVXQGD�ROXúDQ�Xo�NXYYHWLQL�
göstermektedir. [Sdd@� PDWULVL�� VLVWHPL� ROXúWXUDQ� oXEXNODUÕQ� VLVWHP� HNVHQ� WDNÕPÕQD�
G|Q�úW�U�OP�ú� ULMLWOLN� PDWULVOHULQLQ� �>N@ixix, [k]ixjx, [k]jxix, [k]jxjx)  ilgili yerlere 

\D]ÕOPDVÕ� � YH� �VW� �VWH� JHOHQ� DOW� PDWULVOHULQ� WRSODQPDVÕ� LOH� HOGH� HGLOPHNWHGLU����������
�ùHNLO� ������ � dXEXN� ULMLWOLN� PDWULVOHULQLQ� HOGH� HGLOPHVLQH� DLW� GHWD\OÕ� ELOJL� >��@¶GH�
bulunabilir. 

 

 

  

 

  

          [Sdd]   =  

 

 

 

ùHNLO�������>6dd] sistem rijitlik matrisinin elde edilmesi  

 

1 . i . j . n  

       1 

       . 

  ∑ ixix]k[   [k]ixjx   i 

       . 

  [k]jxix  ∑ jxjx]k[    j 

       . 
       n 
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[Po@� � �� � 6LVWHPGH� G�÷�P� QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL� VÕIÕU� LNHQ��
\DOQÕ]�oXEXNODUD�HWNL\HQ�GÕú�\�NOHUGHQ�GROD\Õ�VLVWHP�HNVHQ�WDNÕPÕQGD�PH\GDQD�JHOHQ�
çubuk uç kuvvetlerini ifade eden 3n boyutunda bir kolon matristir.  Bu matris, 

�]HULQGH�\�N�EXOXQDQ�oXEXNODUÕQ�VLVWHP�HNVHQ�WDNÕPÕQD�G|Q�úW�U�OP�ú�Xo�NXYYHWOHUL�
matrislerinin ([Po]ix , [Po]jx� �� NHQGLOHULQH� DLW� \HUOHUH� \D]ÕOPDVÕ� YH� �VW� �VWH� JHOHQ�
WHULPOHULQ�WRSODQPDVÕ�LOH�HOGH�HGLOLU��� 
 

 

 

   [Po]  =                                        (2.12) 

        

 

 

>T@� �� '�÷�P� QRNWDVÕQD� HWNL\HQ� GÕú� \�NOHULQ� VLVWHP� HNVHQ� WDNÕPÕQGDNL�
ELOHúHQOHULQH� DLW� DOW� PDWULVOHUGHQ� �>T@ix�� PH\GDQD� JHOHQ� �Q� HOHPDQOÕ� ELU� NRORQ�
matristir.    
 

 

 

   [q]  =                             (2.13) 

 

 

 
 

[φ@� �� 3ODVWLNOHúHQ� NHVLWOHUGHNL� ELOLQPH\HQ� SODVWLN� úHNLOGH÷LúWLUPH�
pDUDPHWUHOHULQGHQ� ROXúDQ� ELU� NRORQ� PDWULVWLU�� � h]HULQGH� m � DGHW� SODVWLNOHúHQ� NHVLW�
bulunan bir sistemde [φ@�PDWULVL�DúD÷ÕGDNL�JLELGLU� 
 

 

 

   [φ]  =                                      (2.14) 
    

 

 

φ1
 1 

. . 

φk
 k 

. . 

. . 

. . 

mφ  m  

 

. 1 

. . 

[Po]ix i 

. . 

[Po]jx j 

. . 

. n 
 

[q]1x 1 

. . 

[q]ix i 

. . 

. . 

. . 
[q]nx n 
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[Sdφ@� �� 3ODVWLNOHúHQ� NHVLWOHUGHNL� ELULP� SODVWLN� úHNLOGH÷LúWLUPHOHULQ� GHQJH�
denklemlerine etkisini ifade eden bir matristir.  Üzerinde m �VD\ÕGD�SODVWLNOHúHQ�NHVLW�
EXOXQDQ�Q�G�÷�P�QRNWDOÕ�ELU�G�]OHP�oXEXN�VLVWHPGH�EX�PDWULVLQ�ER\XWX��Q�[�m  dir.   

[Sdφ@�PDWULVLQLQ�N�VD\ÕOÕ�NRORQX��N�VD\ÕOÕ�SODVWLNOHúHQ�NHVLWH�DLW�SODVWLN�úHNLOGH÷LúWLUPH�
parametresinin φk�  � �� GH÷HUL� LoLQ�� GL÷HU� SODVWLNOHúHQ� NHVLWOHUGHNL� SODVWLN�
úHNLOGH÷LúWLUPH� SDUDPHWUHOHUL� YH� G�÷�P� QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL� VÕIÕU�
LNHQ�� G�÷�P� QRNWDODUÕQD� HWNL\HQ� Xo� NXYYHWOHULQGHQ� ROXúPDNWDGÕU�� � � �%X�PDWULVLQ� N�
VD\ÕOÕ� NRORQX�� �]HULQGH� N� VD\ÕOÕ� SODVWLNOHúHQ� NHVLW� EXOXQDQ� LM� oXEX÷XQD� DLW� Xo�
kuvvetleri matrislerinin ([Pφk]i , [Pφk]j��VLVWHP�HNVHQ�WDNÕPÕQD�G|Q�úW�U�OG�NWHQ�VRQUD�
ilgili yerlere yazÕOPDVÕ�LOH�HOGH�HGLOPHNWHGLU��ùHNLO�������� 

 

 

 

 

    [Sdφ]  = 

 

 

 

ùHNLO�������>6dφ] matrisinin elde edilmesi 

 

 

[Pφk]i  ve [Pφk]j  PDWULVOHUL��]HULQGH�SODVWLNOHúHQ�NHVLWOHU�EXOXQDQ�HOHPDQODUGD�
SODVWLN� úHNLOGH÷LúWLUPH� SDUDPHWUHVLQLQ� �φk�� ELULP� GH÷HULQGHQ� ROXúDQ� Xo� NXYYHWOHUL�
ùHNLO� ���¶GD� J|VWHULOHQ� G|UW� GXUXPXQ� V�SHUSR]LV\RQX� LOH� HOGH� HGLOHELOPHNWHGLU��8o�
NXYYHWOHULQLQ�SR]LWLI�\|QOHUL�ùHNLO����¶GD�31, P2, P3, P4, P5, P6 �LOH�J|VWHULOPLúWLU��8o�
\HUGH÷LúWLUPHOHULQLQ�SR]LWLI�\|QOHUL�GH�LOJLOL�Xo�NXYYHWOHUL�LOH�D\QÕ�VHoLOPLúWLU��3ODVWLN�
úHNLOGH÷LúWLUPHOHULQ� LVH� LOJLOL� NHVLW� WHVLUOHUL� LOH� WHUV� \|QGH� ROGXNODUÕ� GXUXP� SR]LWLI�
RODUDN�NDEXO�HGLOPLúWLU���� 

 

 

 

 

1 . . k . . m   

   0    1 

   0    . 

   [Pφk]ix    i 

   0    . 

   [Pφk]jx    j 

   0    . 
   0    n 

 

i 

k 
j 
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ùHNLO�������3ODVWLN�úHNLOGH÷LúWLUPH�SDUDPHWUHVLQLQ�ELULP�GH÷HULQGHQ� 
��������ROXúDQ�Xo�NXvvetleri 

 

ùHNLO� ���¶GD� J|VWHULOHQ� GXUXPODUÕQ� V�SHUSR]LV\RQX� LOH� HOGH� HGLOHQ� >3φk]i  ve 

[Pφk]j�PDWULVOHUL�DúD÷ÕGD�YHULOPLúWLU�� 
 

                               
(2.15-a) 

 

                             
                          
 
                                  (2.15-b) 

P2 

[Pφk]j = P3     

P4 

θk [ α k22 - (1- α )k21] 

∆k k33 

 θk [(1- α )k41- α k42] 
 

= 

P1 

[Pφk]i = P5     

P6 

θk [ α k12 - (1 - α )k11] 

-∆k k53 

 θk [ α k62 - (1- α )k61] 
 

= 

 + 

j' j i 
k 

∆k k33 
∆k k53 (d) 

j 
i 

k 

θk α  θk(1- α ) 

(a) 

 = 

j 
i 

k 

 θk α k42 

 θk α k22 

 + 

(c) 
 θk α k12 

 θk α k62 

j 
i 

k 

θk (1- α ) 

 θk(1- α ) k41 

 + 

(b) θk(1- α ) k21   θk(1- α ) k11 

 θk(1- α ) k61 

j' j i 

α L (1- α )L 

L 

k 

k∆ = 2
kaφ  

 1k =φ  için 

P2 

P5 

P6 

P3 

P4 

P1 

1
kk aφ=θ  

1
kk aφ=θ  

k∆ = 2
kaφ  

 θk α  

   kαβ :  β�VD\ÕOÕ�\HUGH÷LúWLUPH�ELOHúHQLQLQ�ELULP�GH÷HULQGHQ�GROD\Õ���α�VD\ÕOÕ�\HUGH÷LúWLUPH� 
������������ELOHúHQLQLQ�ROGX÷X�\HU�YH�GR÷UXOWXVXQGD�ROXúDQ�Xo�NXYYHWLGLU� 
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'R÷UX�HNVHQOL�SUL]PDWLN� ELU� oXEXNWD�birinci ve ikinci mertebe teorilerine ait 

[Pφk]i  ve [Pφk]j  PDWULVOHUL�DúD÷ÕGD�YHULOPLúWLU��� 
 

Birinci mertebe teorisine göre [Pφk]i  ve [Pφk]j  matrisleri (2.16-a) ve (2.16-b)’de 

YHULOPLúWLU� 
 

 

     (2.16-a) 

 
 

 

     (2.16-b) 

 

            

øNLQFL� PHUWHEH� WHRULVLne göre [Pφk]i  ve [Pφk]j  matrisleri (2.17-a) ve (2.17-b)’de 

YHULOPLúWLU� 
 

 

                              (2.17-a) 

   

   

    (2.17-b) 

 

  

�������ED÷ÕQWÕODUÕQGDNL��E11,  b12��LIDGHOHUL�������¶GH�WDQÕPODQPÕúWÕU� 
 

       
ϕϕ−ϕ−

ϕϕ−ϕϕ
⋅=

sin)cos1(2

cossin

L

EI
b

2

11    ,    
ϕϕ−ϕ−

ϕϕ−ϕ
⋅=

sin)cos1(2

sin

L

EI
b

2

12          (2.18) 

 

%X�ED÷ÕQWÕODUGDNL�ϕ �SDUDPHWUHVL�������¶GD�WDQÕPODQPÕúWÕU��� 
 

   
EI

N
L=ϕ                                                           (2.19) 

 

 

%XUDGD��1�oXEX÷XQ�EDVÕQo�RODQ�QRUPDO�NXYYHWL��(,��oXEX÷XQ�H÷LOPH�ULMLWOL÷LGLU� 

P1 

[Pφk]i = P5     

P6 

θk [(6 α -4)EI / L] 

-∆k EF / L 

 θk [(12 α -6)EI / L2] 

= 

P2 

[Pφk]j = P3     

P4 

θk [(6 α -2)EI / L] 

∆k EF / L 

 -θk [(12 α -6)EI / L2] 

= 

P1 

[Pφk]i = P5     

P6 

-θk [-(1-α) b11+ αb12]  

- ∆k EF / L 

θk (2α-1) (b11+b12) / L 

= 

P2 

[Pφk]j = P3     

P4 

θk [αb11- (1-α)b12]  

∆k EF / L 

-θk (2α-1) (b11+b12) / L 

= 
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2.4.1.2 ��3ODVWLNOHúHQ�.HVLWOHUGHNL�$NPD�.RúXOODUÕ� 
 

3ODVWLNOHúHQ� NHVLWOHUGHNL� DNPD� NRúXOODUÕ� � ∆3�  � �� \�N� DUWÕPÕ� VÕUDVÕQGD�
SODVWLNOHúHQ� NHVLWOHUGHNL� Lo� NXYYHWOHULQ� DNPD� NRúXOODUÕQÕ� VD÷ODGÕ÷ÕQÕ� LIDGH� HGHQ�
GHQNOHPOHUGLU����$NPD�NRúXOODUÕ�W�P�VLVWHP�LoLQ�PDWULV�IRUPXQGD�\D]ÕOÕUVD 
 

  [Sφd] [d] + [Sφφ] [φ] + [Pφo] = [0]                        (2.20) 

 

úHNOLQL� DOÕU�� %X� ED÷ÕQWÕGD� \HU� DODQ� PDWULVOHULQ� WDQÕPODUÕ� YH� HOGH� HGLOLúOHUL� DúD÷Õda 

DoÕNODQPÕúWÕU� 
 

[Sφd@���'Õú�\�NV�]�VLVWHPGH�SODVWLN�úHNLOGH÷LúWLUPHOHU�VÕIÕU�LNHQ��\DOQÕ]�G�÷�P�
QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHULQGHQ� GROD\Õ� SODVWLNOHúHQ� NHVLWOHUGH� ROXúDQ� Lo�
NXYYHWOHULQ� DNPD� NRúXOXQD� HWNLVLQL� LoHUHQ� ELU� PDWULVWLU�� h]HULQGH� m � VD\ÕGD�
SODVWLNOHúHQ� NHVLW� EXOXQDQ� Q� G�÷�P� QRNWDOÕ� ELU� G�]OHP� oXEXN� VLVWHPGH� EX� PDWULV�
([Sφd] matrisi) m � [� �Q� ER\XWXQGDGÕU�� %X� PDWULVLQ� β � VD\ÕOÕ� NRORQX�� VLVWHPGHNL� β  

VD\ÕOÕ�\HUGH÷LúWLUPH�ELOHúHQL�GH÷HUL�ELU��GL÷HUOHUL�VÕIÕU�LNHQ�ELOHúLN�H÷LOPH�HWNLVLQGHNL�
plastik kesitlerde  

 

   a1 ∆M + a2  ∆N                          (2.21) 

 

Lo�NXYYHW�GH÷LúLPOHULQLQ�DOW�DOWD�\D]ÕOPDVÕ�LOH�HOGH�HGLOPHNWHGLU����$NPD�YHNW|U�Q�Q�
akma yüzeyine dik� ROGX÷XQXQ� YDUVD\ÕOPDVÕ� GXUXPXQGD� %HWWL� .DUúÕWOÕN� 7HRUHPL 
X\DUÕQFD� 
 

   [Sφd]  =  [Sdφ]
T                           (2.22) 

 

ROGX÷XQGDQ��>6φd@��PDWULVLQLQ�D\UÕFD�KHVDSODQPDVÕQD�JHUHN�ROPDPDNWDGÕU� 
 

[Sφφ] :   m  x m  ER\XWXQGD�ELU�NDUH�PDWULVWLU���%X�PDWULVLQ��N�VD\ÕOÕ�NRORQX��GÕú�
\�NV�]� VLVWHPGH� G�÷�P� QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL� VÕIÕU� LNHQ�� N� VD\ÕOÕ��
SODVWLNOHúHQ� NHVLWWHNL� SODVWLN� úHNLOGH÷LúWLUPH� SDUDPHWUHVLQLQ� ELULP� GH÷HUL� LoLQ� W�P�
SODVWLNOHúHQ�NHVLWOHUGHNi 
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a1 ∆M + a2  ∆N                             (2.23) 

 

Lo�NXYYHW�GH÷LúLPLQL�J|VWHUPHNWHGLU�� � �%HWWL�.DUúÕWOÕN�7HRUHPLQH�göre  [Sφφ] matrisi 

HVDV� N|úHJHQLQH� J|UH� VLPHWULNWLU�� � � 6LVWHPL� ROXúWXUDQ� oXEXNODUÕQ� KHU� ELULQGH�ELUGHQ�
ID]OD� SODVWLNOHúHQ� NHVLW� EXOXQPDGÕ÷Õ� V�UHFH�� >6φφ@� PDWULVLQLQ� VDGHFH� HVDV� N|úHJHQL�
�]HULQGHNL�WHULPOHUL�VÕIÕUGDQ�IDUNOÕGÕU�� 
 

Sol ucundan xk�X]DNOÕ÷ÕQGDNL�ELU�QRNWDGD�ELOHúLN�H÷LOPH�HWNLVLQGHNL�N�VD\ÕOÕ�
SODVWLNOHúHQ� NHVLWL� LoHUHQ� ELU� LM� oXEX÷XQGD� �ùHNLO� ������ SODVWLN� úHNLOGH÷LúWLUPH�
parameWUHVLQLQ� ELULP� GH÷HULQGHQ� GROD\Õ�� VRO� XFXQGDQ� [� X]DNOÕ÷ÕQGDNL� KHUKDQJL� ELU�
kesitte meydana gelen ∆M ve ∆N iç kuvvetlerinin birinci mertebe ve ikinci mertebe 

WHRULOHULQH�DLW�LIDGHOHUL�DúD÷ÕGD�YHULOPLúWLU�� 
 

 

 

 

 

 

 

ùHNLO�������h]HULQGH�SODVWLNOHúHQ�NHVLW�EXOunan çubuk 

 

 

Birinci mertebe teorisi için ∆M ve ∆N iç kuvvetleri  

 

   12 P
L

x
1P

L

x
M 






 −−=∆     ,      5PN =∆                  (2.24) 

 

úHNOLQGH� KHVDSODQÕUODU�� � %X� ED÷ÕQWÕODUGD� /� oXEXN� ER\XQX�� � 31, P2 ve P5  terimleri 

(2.15a-b)’de verilen [Pφk]i  ve [Pφk]j  Xo� NXYYHWOHUL�PDWULVOHULQLQ� LOJLOL� HOHPDQODUÕQÕ�
göstermektedir.  

 

 

j i 

xk= α L (1- α )L 

L 

k 

θk = 1
kaφ  P2 

P5 

P6 

P3 

P4 

P1 

k∆ = 2
kaφ  

x 

∆M(x) 
∆N(x) 

 1k =φ  için 
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øNLQFL�PHUWHEH�WHRULVL için ∆M ve ∆N iç kuvvetleri  

 

  x Lα≤  için :   k
12

x)1(N
sin

))
L

x
1(sin(P)

L

x
sin(P

)x(M θ⋅⋅α−⋅−
ϕ

−⋅ϕ⋅−⋅ϕ⋅
=∆  

 

 x > Lα  için :   k
12

)xL(N
sin

))
L

x
1(sin(P)

L

x
sin(P

)x(M θ⋅α⋅−⋅−
ϕ

−⋅ϕ⋅−⋅ϕ⋅
=∆  

    0 ≤  x L≤  için :   ∆N(x) = P5                                (2.25) 

 

úHNOLQGH�KHVDSODQÕUODU��%X�ED÷ÕQWÕODUGD��1�oXEXNWDNL�EDVÕQo�NXYYHWLQL�J|VWHUPHNWHGLU�
ve α  ise  
       

   
L

x k=α                             (2.26) 

 

RODUDN�WDQÕPODQPDNWDGÕU� 
 

[Pφo]  :  m � HOHPDQGDQ�ROXúDQ�ELU�NRORQ�PDWULVWLU�� � �%X�PDWULVLQ�HOHPDQODUÕ��
G�÷�P� QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL� YH� SODVWLNOHúHQ kesitlerdeki plastik 

úHNLOGH÷LúWLUPH� SDUDPHWUHOHUL� VÕIÕU� LNHQ�� \DOQÕ]� GÕú� \�NOHUGHQ� GROD\Õ� SODVWLNOHúHQ�
kesitlerdeki  

 

   a1 ∆M + a2  ∆N                            (2.27) 

 

Lo�NXYYHW�GH÷LúLPOHULQGHQ�ROXúPDNWDGÕU�� 
 

<XNDUÕGD� DoÕNODQDQ� GHQJH� GHQNOHPOHUL� YH� DNPD� NRúXOODUÕ� ELUOLNWH�
\D]ÕOGÕ÷ÕQGD��VLVWHPH�DLW�JHQLúOHWLOPLú�GHQNOHP�WDNÕPÕ 
 

                                  (2.28) 

 

úHNOLQGH�HOGH�HGLOLU���%XUDGDNL�NDWVD\ÕODU�PDWULVL���Q��� m ) x (3n + m ��ER\XWXQGDGÕU�
ve esas�N|úHJHQLQH�J|UH�VLPHWULNWLU�� 

[Sdd]  [Sdφ]   [d]           [Po]       [q] 

[Sφd]  [Sφφ]   [φ]          [Pφo]   [0] 

 

= + 
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2.4.1.3 'HQNOHP�7DNÕPÕQÕQ�*HQLúOHWLOPHVL�YH�d|]�P�� 
 

*HOLúWLULOHQ� d08<$<¶QGH� KHU� SODVWLN� NHVLWLQ� ROXúXPXQGDQ� VRQUD� VLVWHPLQ�
GH÷LúHQ� ULMLWOL÷L�� R�NHVLWWHNL�SODVWLN�úHNLOGH÷LúWLUPHOHUL� LIDGH�HGHQ�ELU�φk bilinmeyeni 

ile bu bilinmeyene aLW�\HQL�NRORQ�YH�VDWÕUÕQ�ELU�|QFHNL�LQGLUJHQPLú�GHQNOHP�WDNÕPÕQD�
HNOHQPHVL\OH� HOGH� HGLOHQ� JHQLúOHWLOPLú� GHQNOHP� WDNÕPÕ� LOH� LIDGH� HGLOPHNWHGLU��
%|\OHFH�� KHUKDQJL� ELU� DGÕP� VRQXQGD� VLVWHPGH� N� VD\ÕOÕ� SODVWLN� NHVLWLQ� ROXúXPXQGDQ�
sonra,  ∆Pk+1  ���\�N�DUWÕPÕ�LoLQ�\HQL�VLVWHPH�DLW�GHQNOHP�WDNÕPÕQÕQ�\HQLGHQ�NXUXOXS�
o|]�OPHVLQH� JHUHN� NDOPDPDNWDGÕU�� � gQFHNL� \�N� DUWÕPÕQD� DLW� o|]�P� HOGH� HGLOLUNHQ�
GHQNOHP�WDNÕPÕQÕQ�NDWVD\ÕODU�PDWULVL�LQGLUJHQPLú�ROGX÷XQGDQ��VDGHFH�LODYH�NRORQ�LOH�
VDWÕUÕQ�YH�VDELWOHU�PDWULVLQLQ�LQGLUJHQPHVL�\HWHUOL�ROPDNWDGÕU���'DKD�VRQUD��∆Pk+1 = 1 

\�N� DUWÕPÕQGDQ�PH\GDQD� JHOHQ�� � >G@� � G�÷�P� QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL�
matrisi ve [φ@�SODVWLN�úHNLOGH÷LúWLUPH�SDUDPHWUHVL�HOGH�HGLOPHNWHGLU�� 

 

 

2.4.1.4 ���dXEXN� 8o� .XYYHWOHULQLQ� YH� 'L÷HU� .ULWLN� .HVLW� 7HVLUOHrinin              

+HVDEÕ 
 

∆Pk+1  � �� \�N� DUWÕPÕ� LoLQ� ELOLQPH\HQ� >G@� YH� >φ] matrisleri tayin edildikten 

VRQUD�� �]HULQGH� SODVWLNOHúHQ� NHVLWOHU� EXOXQDQ� ELU� LM� oXEX÷XQXQ� VLVWHP� HNVHQ�
WDNÕPÕQGDNL�oXEXN�Xo�NXYYHWOHUL�PDWULVOHUL 
 

   [P]ix = [k]ixix [d]ix + [k]ixjx [d]jx + [Po]ix + [Pφ] ix [φ]ij 

   [P]jx = [k]jxix [d]ix + [k]jxjx [d]jx + [Po]jx + [Pφ] jx [φ]ij                  (2.29-a) 

 

ED÷ÕQWÕODUÕ�\DUGÕPÕ\OD�KHVDSODQÕUODU���%X�ED÷ÕQWÕODUGD 
 

[Pφ] ix� � �� � LM�oXEX÷XQGD�ROXúDQ�SODVWLN�NHVLWOHUH�DLW�>3φ] ix  kolon matrislerinin 

\DQ\DQD�\D]ÕOPDVÕ�LOH�HOGH�HGLOHQ�GLNG|UWJHQ�PDWULVL� 
 

[Pφ] jx� � �� � LM�oXEX÷XQGD�ROXúDQ�SODVWLN�NHVLWOHUH�DLW�>3φ] jx  kolon matrislerinin 

\DQ\DQD�\D]ÕOPDVÕ�LOH�HOGH�HGLOHQ�GLNG|UWJHQ�PDWULVL� 
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[φ]ij� � �� � LM� oXEX÷X��]HULQGHNL� SODVWLNOHúHQ� NHVLWOHUH� Dit bilinmeyen φk plastik 

úHNLOGH÷LúWLUPH� � SDUDPHWUHOHULQLQ� DOW� DOWD� \D]ÕOPDVÕQGDQ� ROXúDQ� ELU� NRORQ� PDWULVL�
göstermektedir.  

 

h]HULQGH�SODVWLNOHúHQ�NHVLW�EXOXQPD\DQ�oXEXNODUGD�LVH�>3φ]ix , [Pφ]jx  ve  [φ]ij  

PDWULVOHUL�ROPD\DFD÷ÕQGDQ��VLVWHP�HNVHQ�WDNÕPÕQGDki çubuk uç kuvvetleri matrisleri 

geleneksel  

 

   [P]ix = [k]ixix [d]ix + [k]ixjx [d]jx + [Po]ix  

   [P]jx = [k]jxix [d]ix + [k]jxjx [d]jx + [Po]jx                 (2.29-b) 

 

ED÷ÕQWÕODUÕ�LOH�KHVDSODQÕUODU����� 
 

6LVWHP�HNVHQ� WDNÕPÕQGDNL� Xo� NXYYHWOHUL�PDWULVOeri belirlendikten sonra ilgili 

G|Q�úW�UPH� PDWULVOHUL� NXOODQÕODUDN� oXEXN� HNVHQ� WDNÕPÕQGDNL� Xo� NXYYHWOHUL� HOGH�
edilirler. 
 

8o� NXYYHWOHUL� KHVDSODQGÕNWDQ� VRQUD�� oXEXN� �]HULQGHNL� \�NOHUH� ED÷OÕ� RODQ��
GL÷HU�NULWLN�NHVLWOHUGHNL�NHVLW�WHVLUOHUL�oXEXN�GHQJH�GHQNOHPOHUL�LOH�KHVDSODQÕUODU� 
 

 

2.4.1.5 ��3ODVWLNOHúHQ�.HVLWLQ�YH�<�N�$UWÕPÕQÕQ�%HOLUOHQPHVL 
 

*HOLúWLULOHQ�d08<$<¶QGH��VDELW�G�úH\�\�NOHU�DOWÕQGD�DUWDQ�PRGDO�\DWD\�\�N�
GD÷ÕOÕPODUÕ� LoLQ� VLVWHPLQ� KHVDEÕ� |QJ|U�OG�÷�QGHQ�� EX� DúDPD\D� NDGDU� RODQ� LúOHPOHU�
VHUEHVW� WLWUHúLP� DQDOL]L� LOH� EHOLUOHQHQ� \HWHU� VD\ÕGD� PRGDO� \DWD\� \�N� GD÷ÕOÕPÕ� LoLQ�
WHNUDUODQÕU�� �'DKD�VRQUD�HOGH�HGLOHQ�ELULP�PRGDO�GDYUDQÕú�E�\�NO�NOHUL�R�DGÕP� LoLQ�
X\JXQ�RODQ�PRGDO�ELUOHúWLUPH�NXUDOÕ� LOH�ELUOHúWLULOHUHN�∆ kP  ��\�N�DUWÕPÕQD�NDUúÕOÕN�
gelen GDYUDQÕú� E�\�NO�NOHUL� EHOLUOHQLU�� %LULP� PRGDO� GDYUDQÕú� E�\�NO�NOHULQLQ�
ELUOHúWLULOPHVL��%|O�P������¶GH�D\UÕQWÕOÕ�RODUDN�DoÕNODQPÕúWÕU��� 

  

�6LVWHPLQ� E�W�Q� NULWLN� NHVLWOHUGHNL� NHVLW� WHVLUOHUL� KHVDSODQGÕNWDQ� VRQUD�� � N���
VD\ÕOÕ�\�N�DUWÕPÕQD�NDUúÕ�JHOHQ�SODVWLN�NHVLWLQ�ROXúWX÷X�\HU�YH�EXQX�PH\GDQD�JHWLUHQ�
\�N�SDUDPHWUHVL�EHOLUOHQLU����%XQXQ�LoLQ��SODVWLN�NHVLW�ROXúDELOHFHN�NULWLN�NHVLWOHUGHNL�
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DNPD� NRúXOODUÕ� NXOODQÕOÕU�� <DOQÕ]� H÷LOPH�PRPHQWL� HWNLVLQGHNL� NHVLWOHU� LoLQ� �����-a) 

ED÷ÕQWÕVÕQGDQ� 
 

                 Mk + 1kP +∆ û 1k
CM +  = Mp                                               ( 2.30-a) 

 

ELOHúLN�H÷LOPH�HWNLVLQGHNL�NHVLWOHU�LoLQ������-E��ED÷ÕQWÕVÕQGDQ�\DUDUODQÕOÕU�� 
 

                 a1 (M
k + 1kP +∆ û 1k

CM + ) +  a2 (N
k + 1kP +∆ û 1k

CN + ) + b = 0                   ( 2.30-b)  

 

%X�ED÷ÕQWÕODUGD�� 
 

Mp����.HVLWLQ�H÷LOPH�PRPHQWL�WDúÕPD�NDSDVLWHVLQL� 
 

Mk, Nk� � �� � N� VD\ÕOÕ� SODVWLN� NHVLWLQ� PH\GDQD� JHOGL÷L� 3k� \�N�� DOWÕQGD� NULWLN�
kesLWOHUGHNL� H÷LOPH� PRPHQWOHULQL� YH� QRUPDO� NXYYHWOHUL� J|VWHUPHNWHGLU�� � øON� \�N�
DUWÕPÕQGD�EXQODU�G�úH\�\�NOHUGHQ�ROXúDQ�H÷LOPH�PRPHQWOHULQH�YH�QRUPDO�NXYYHWOHUH�
NDUúÕOÕN�JHOPHNWHGLUOHU�� 
 

û 1k
CM +    ��û 1k

CN +   :  her bir moda ait  ∆Pk+1� ���\�N�DUWÕPÕQGDQ�GROD\Õ�NULWLN�
NHVLWOHUGH� ROXúDQ� ELULP� PRGDO� GH÷HUOHULQ� ELUOHúWLULOPHVL� LOH� HOGH� HGLOHQ� H÷LOPH�
momentlerini ve normal kuvvetleri göstermektedir. 

 

Bütün kritik kesitler için ∆Pk+1 \�N�DUWÕPODUÕ�KHVDSODQDUDN�HQ�N�o�N�\�N�DUWÕPÕ�
de÷HUL� EHOLUOHQLU��%|\OHFH��∆Pk+1 \�N� DUWÕPÕ�GH÷HUL� YH� EXQD�NDUúÕ�JHOHQ�SODVWLNOHúHQ�
NHVLW�\HUL�EHOLUOHQPLú�ROXU��%X�DGÕP�VRQXQGDNL�WRSODP�\�N�SDUDPHWUHVL�3k+1 ve toplam 

GDYUDQÕú�E�\�NO�NOHUL�5k+1 

 

   Pk+1 =  Pk +  ∆Pk+1                           (2.31) 

 

          Rk+1 = Rk + 1kP +∆ û 1k
CR +                         (2.32) 

 

ED÷ÕQWÕODUÕ�LOH�HOGH�HGLOLUOHU����%X�ED÷ÕQWÕODUGD��5k���N��VD\ÕOÕ�SODVWLN�NHVLWLQ�ROXúPDVÕQD�
NDUúÕOÕN� JHOHQ� GDYUDQÕú� E�\�NO�NOHULQL�� � û 1k

CR +  her bir moda ait  ∆Pk+1 = 1 yük 

DUWÕPÕQGDQ� ROXúDQ� ELULP� PRGDO� GDYUDQÕú� E�\�NO�NOHULQLQ� ELUOHúWLULOPHVL� LOH� HOGH�
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HGLOHQ�ELUOHúWLULOPLú�ELULP�GDYUDQÕú�E�\�NO�NOHULQL�YH�5k+1 �N����VD\ÕOÕ�SODVWLN�NHVLWLQ�
ROXúPDVÕQD�NDUúÕOÕN�JHOHQ�GDYUDQÕú�E�\�NO�NOHULQL�J|VWermektedir. 

 

 

    ���������<�N�$UWÕPÕQÕQ�6RQODQGÕUÕOPDVÕ 
 

  ��*HOLúWLULOHQ�d08<$<¶QGH��%|O�P����¶GH�\DSÕODQ�YDUVD\ÕPODU�DOWÕQGD��WRSODP�
\�N�DUWÕPÕ�GH÷HUL��PH\GDQD�JHOHQ�SODVWLN�NHVLWOHU�QHGHQL\OH�ULMLWOLN�ND\EHGHQ�VLVWHPLQ��
VWDELOLWH� \HWHUVL]OL÷LQGHQ� GROD\Õ� GDKD� E�\�N� \�NOHUL� WDúÕ\DPDGÕ÷Õ� ELU� VÕQÕU� GH÷HUH�
XODúÕU�� %X� GXUXPGD� � JHQLúOHWLOPLú� VLVWHPLQ� ULMLWOLN� PDWULVLQLQ� GHWHUPLQDQW� GH÷HUL�������
det [S]G ≤ ����ROPDNWDGÕU��� 

 

   ��*HOLúWLULOHQ�d08<$<¶QGHQ� \DUDUODQDUDN� ELQDODUÕQ� GHSUHP� HWNLOHUL� DOWÕQGDNL�
GDYUDQÕúÕ� \XNDUÕGD� EHOLUWLOHQ� VÕQÕU� GH÷HUH� NDGDU� L]OHQHELOPHNWH� YH� KHU� \�N� DUWÕPÕ�
VRQXQGD�SODVWLN�úHNLOGH÷LúWLUPHOHUL�GH�LoHUHQ�GDYUDQÕú�E�\�NO�NOHUL�HOGH�HGLOPHNWHGLU��
%|\OHFH�� ELQDODUÕQ� IDUNOÕ� VHYL\HGHNL� GHSUHP� HWNLOHUL� DOWÕQGD� SHUIRUPDQV� HVDVOÕ�
WDVDUÕPÕQD�YH�GH÷HUOHQGLULOPHVLQH�RODQDN�VD÷ODQPDNWDGÕU�>�-7].  

 

 

��������������6HUEHVW�7LWUHúLP�$QDOL]L  
 

*HOLúWLULOHQ�d08<$<¶QGH��\�NVHN�PRG�HWNLOHULQL�J|]|Q�QH�DOPDN�DPDFÕ\OD��
DUGÕúÕN� LNL� SODVWLNOHúHQ� NHVLW� DUDVÕQGDNL� OLQHHU� GDYUDQÕú� E|OJHVLQGH� GavUDQÕú�
spektrumu analizinin >��@� HVDVODUÕQGDQ� \DUDUODQÕOPDNWDGÕU�� � %X� QHGHQOH�� KHU� \�N�
DUWÕPÕ�VRQXQGD� �KHU�SODVWLN�NHVLWLQ�ROXúXPXQGDQ�VRQUD��VLVWHPLQ�PHYFXW�ULMLWOL÷L� LOH�
VHUEHVW�WLWUHúLP�DQDOL]L�\DSÕODUDN�PRGDO�|]HOOLNOHUL�EHOLUOHQPHNWHGLU�������� 
 

Bölüm ���¶GH�\DSÕODQ�YDUVD\ÕPODU�DOWÕQGD��VHUEHVW�WLWUHúLP�DQDOL]LQL�NÕVDOWPDN�
DPDFÕ\OD��KHU�SODVWLN�NHVLWLQ�ROXúXPXQGDQ�VRQUD�JHQLúOHWLOPLú�VLVWHP�ULMLWOLN�PDWULVL��
N�WOHVL]� VHUEHVWOLNOHUL� LoLQ� \R÷XQODúWÕUPD� \DSÕODUDN� VDGHFH� \DWD\� |WHOHPH�
VHUEHVWOLNOHULQH� NDUúÕOÕN� JHOHQ� GLQDPLN� ULMLWOLN� PDWULVL� � >6@D elde edilmektedir.  Bu 

oDOÕúPDGD�\R÷XQODúWÕUPD�LoLQ��VLVWHP�ULMLWOLN�PDWULVLQGH�\DWD\�|WHOHPH�VHUEHVWOLNOHULQH�
NDUúÕOÕN� JHOHQ� VDWÕUODU� YH� NRORQODU� VÕUDVÕ\OD� HQ�DOWD�YH�HQ� VD÷D� WRSODQPDNWD� YH� GDKD�
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VRQUD�\R÷XQODúWÕUÕOPDVÕ�LVWHQHQ�VHUEHVWOLNOHUH�NDUúÕOÕN�JHOHQ�VDWÕU�YH�NRORQODUD�Gauss 

øQGLUPH�<|QWHPL�X\JXODQPDNWDGÕU�>��@��� 
 

Dinamik rijitlik matrisi [S]D elde edildikten sonra, sisteme ait kütle matrisi 

>P@�NXOODQÕODUDN��VLVWHPLQ�V|Q�PV�]�VHUEHVW�WLWUHúLPLQL�LIDGH�HGHQ��������ED÷ÕQWÕVÕQÕQ�
o|]�P�� LOH� LOJLOL� \�N� DUWÕPÕ� DGÕPÕQD� DLW� |]GH÷HUOHU� �ω2)   ve özvektörler 

(Φ) EHOLUOHQPHNWHGLU�� %X� oDOÕúPDGD� ������� ED÷ÕQWÕVÕQÕQ� o|]�P�QGH� Jocobi 

øWHUDV\RQX¶QGDQ�\DUDUODQÕOPÕúWÕU�>��@� 
 

   ( [S]D - ω2. [m] ) Φ = 0                                   (2.33) 

 

 

���������0RGDO�<DWD\�<�N�'D÷ÕOÕPODUÕQÕQ�+HVDEÕ 
 

*HOLúWLULOHQ�d08<$<¶QGH��\�NVHN�PRG�HWNLOHULQL�J|]|Q�QH�DOPDN�DPDFÕ\OD��
DUGÕúÕN� LNL� SODVWLN� NHVLWLQ� ROXúXPX� DUDVÕQGDNL� GDYUDQÕúÕQ� OLQHHU� ROPDVÕQGDQ�
yararlanarak,  geleneksel dDYUDQÕú� VSHNWrumu analizLQH� EHQ]HU� ELU� \DNODúÕP�
NXOODQÕOPÕúWÕU�� %LOLQGL÷L� JLEL� GDYUDQÕú� VSHNWUXPX� DQDOL]inde modal yatay yükler 

(modal kat kuvvetleri)    (2.34-D��ED÷ÕQWÕVÕ� LOH�KHVDSODQPDNWDGÕU��$QFDN��JHOLúWLULOHQ�
\|QWHPGH�KHU�SODVWLN�NHVLWLQ�ROXúXPXQGDQ�VRQUD�VLVWHPLQ�GH÷LúHQ�PRGDO�|]HOOLNOHUL�
J|]|Q�QGH� EXOXQGXUXODUDN�� \HWHU� VD\ÕGD�PRG� LoLQ� �����-E�� ED÷ÕQWÕVÕ� LOH� KHVDSODQDQ�
ELULP�PRGDO�\DWD\� \�N�GD÷ÕOÕPODUÕ� NXOODQÕOPDNWDGÕU��%XQD�J|UH�KHU� DGÕPGDNL�ELULP�
PRGDO� \�NOHU�� ELU� |QFHNL� DGÕPGDNL� ELULP�PRGDO� \�NOHUH� HNOHQHUHN� LOJLOL� DGÕPD� DLW�
ELULP�PRGDO� \�N� GD÷ÕOÕPODUÕ� HOGH� HGLOPHNWHGLU�� �*HOLúWLULOHQ�d08<$<¶QGH�PRGDO�
\DWD\� \�N� GD÷ÕOÕPODUÕ� LOJLOL� DGÕPD� DLW� HODVWLN� VSHNWUDO� LYPHOHU� LOH� |OoHNOHQPHNWH��
E|\OHFH� GHSUHP� |]HOOLNOHUL� YH� PRGODUÕQ� ELUELULQH� J|UH� HWNLQOL÷LQLQ� VLVWHPGHNL�
pODVWLNOHúHQ�NHVLW�VD\ÕVÕQD�ED÷OÕ�RODUDN�GH÷LúLPL�GH�J|]|Q�QH�DOÕQDELOPHNWHGLU� 

 

     jiijjij SamF ⋅⋅Φ⋅Γ=                                              (2.34-a) 

 

     )Sam(FF 1k
ji

1k
ij

1k
j

k
ij

1k
ij

++++ ⋅⋅Φ⋅Γ+=                                        (2.34-b) 
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%X� ED÷ÕQWÕGD�� N� �VW� LQGLVL� \�N� DUWÕPÕ� DGÕPÕQÕ�� � k
ijF   j nolu modda i nolu kata ait 

kuvveti,  mi� � L� �QROX�NDWÕQ�N�WOHVLQL�� 1k
ij

+Φ    j nolu modda  i  nolu kata ait özvektör 

ELOHúHQLQL�� � 1k
jSa +    j  nolu moda ait elastik spektral ivmeyi göstermektedir.  Bu 

VSHNWUDO�LYPH�GH÷HUL���V|Q�P�RUDQÕ� ξ �YH��M��QROX�WLWUHúLP�SHUL\RGX�7j¶�\H�ED÷OÕ�RODUDN��
J|]|Q�QH�DOÕQDQ�GHSUHP�\HU�KDUNHWLQH�DLW�HODVWLN�LYPH�VSHNWUXPXQGDQ�DOÕQPDNWDGÕU��

1k
j

+Γ    j  nolu�PRGD�DLW�PRGDO�NDWÕOÕP�oDUSDQÕGÕU�YH��� 
 

         



















Φ

Φ
=Γ

∑

∑

=

+

=

+

+

n

1i

21k
iji

n

1i

1k
iji

1k
j

g/)(w(

g/)w(

                         (2.35) 

 
ED÷ÕQWÕVÕ�LOH�EHOLUOHQHELOLU���%XUDGD���Zi��L�QROX�NDWÕQ�D÷ÕUOÕ÷ÕQÕ��J�\HUoHNLPL�LYPHVLQL���
n   kat adedini göstermektedir. 

 
 
  
2.4�����%LULP�0RGDO�'DYUDQÕú�%�\�NO�NOHULQLQ�%LUOHúWLULOPHVL 

 

*HOLúWLULOHQ� \|QWHPGH�� ELULP� \�N� DUWÕPÕQD� �∆3 ��� NDUúÕ� JHOHQ� GDYUDQÕú�
E�\�NO�NOHULQLQ� EHOLUOHQPHVL� DPDFÕ\OD� \HWHU� VD\ÕGD� PRGDO� \DWD\� \�N� GD÷ÕOÕPÕ� LoLQ�
EHOLUOHQHQ� ELULP�PRGDO� GDYUDQÕú� E�\�NO�NOHUL�� LOJLOL� DGÕPD� DLW� PRGDO� NRPELQDV\RQ�
NXUDOÕ� LOH� ELUOHúWLULOPHNWHGLU�� � %XQXQ� LoLQ� VLVWHPLQ� WLWUHúLP� SHUL\RWODUÕ� J|]� |Q�QGH�
EXOXQGXUXODUDN�X\JXQ�RODQ�PRGDO�ELUOHúWLUPH�NXUDOÕQÕQ�EHOLUOHQPHVL�JHUHNPHNWHGLU����
%X� oDOÕúPDGD� PRGDO� ELUOHúWLUPH� NXUDOÕQÕQ� EHOLUOHQPHVinde ABYYHY [56]’de 

WDQÕPODQDQ� NULWHU� HVDV� DOÕQPÕúWÕU�� � %XQD� J|UH�� � 7i < Tj olmak üzere, herhangi iki 

WLWUHúLP�PRGXQD�DLW�SHUL\RWODU� 
 

   Ti/Tj<0.80    ise   �������û 1k
CR + = ∑

=

+∆
M

1j

21k
j )R(               (2.36-a) 

 
 

  Ti/Tj ≥ 0.80   ise  û 1k
CR + = ∑∑

= =

++ ∆∆ρ
M

1i

M

1j

1k
j

1k
iij RR                      (2.36-b) 
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ED÷ÕQWÕODUÕ�LOH�PRGDO�ELUOHúWLUPH�\DSÕOPDNWDGÕU���%X�ED÷ÕQWÕODUGD���M �J|]|Q�QH�DOÕQDQ�
PRG�VD\ÕVÕ�� 1k

iR +∆  ve 1k
jR +∆ � � �N���VD\ÕOÕ�\�N�DUWÕPÕ�DGÕPÕQGD� L�YH� M�QROX�PRGD�DLW�

ELULP�GDYUDQÕú�E�\�NO�NOHUL�YH� ijρ �oDSUD]�NRUHODV\RQ�NDWVD\ÕVÕGÕU�YH� 
 

   ijρ  = 
2

ijij
222

ij

2/3
ijij

2

)1(4)1(

)1(8

β+βξ+β−

ββ+ξ
                     (2.37) 

 

ED÷ÕQWÕVÕ� LOH� EHOLUOHQPHNWHGLU�� %X� ED÷ÕQWÕGD� ijβ  = ji / ωω � VHUEHVW� WLWUHúLP�
IUHNDQVODUÕQÕQ�RUDQÕQÕ�J|VWHUPHNWHGLU�� 
 

 �������0RGDO� GDYUDQÕú� E�\�NO�NOHULQLQ� LúDUHWOHUL�� ELUOHúWLUPH� LúOHPL� VRQXQGD�GDLPD�
SR]LWLI� ROPDNWDGÕU�� $QFDN� DNPD� NRúXOODUÕ� NXOODQÕODUDN� SODVWLNOHúHQ� NHVLWOHULQ�
EHOLUOHQHELOPHVL�LoLQ�NHVLW�WHVLUOHULQLQ�LúDUHWOHULQLQ�J|]|Q�QH�DOÕQPDVÕ�JHUHNPHNWHGLU���
%X�oDOÕúPDGD��PRGDO�GDYUDQÕú�E�\�NO�NOHUL�ELUOHúWLULOGLNWHQ�VRQUD�HWNLQ�PRGXQ�LúDUHWL�
J|]|Q�QH�DOÕQPDNWDGÕU���� 
 

 
 

     2.���dRN�0RGOX�8\DUODPDOÕ�<�N�$UWÕPÕ�<|QWHPLQLQ�+HVDS�$GÕPODUÕ 
 

  ��*HOLúWLULOHQ� dRN� 0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPLQLQ� �d08<$<��
KHVDS�DGÕPODUÕ�DúD÷ÕGD�YHULOPLúWLU�� 
 

�� �� � � '�úH\� KHVDS� \�NOHUL� LoLQ� VLVWHPLQ� KHVDEÕ� \DSÕODUDN� JHUHNOL� GDYUDQÕú�
büyüklükleri �NHVLW� WHVLUOHUL�� \HUGH÷LúWLUPHOHU� YE��� EHOLUOHQLU�� � %X� \�NOHU� DOWÕQGD�
VLVWHPGH� SODVWLNOHúHQ� NHVLW� ROXúXS� ROXúPDGÕ÷Õ� NRQWURO� HGLOLU�� � 3ODVWLNOHúHQ� NHVLW�
ROPDVÕ�KDOLQGH����YH���� DGÕPODUGD�YHULOHQ� LúOHPOHU�KHU�G�úH\�\�N�DUWÕPÕ� LoLQ��G�úH\�
hesap yüklerine ulaúÕOÕQFD\D� NDGDU� WHNUDUODQÕU� YH� GDKD� VRQUD� \DWD\� \�N� DUWÕPÕ� LoLQ�
KHVDED��EDúODQÕU���� 
 

2 )   Sistem rijitlik matrisi, ilgili dinamik serbestlikler için Bölüm 2.4.2’de 

EHOLUWLOGL÷L� JLEL� \R÷XQODúWÕUÕODUDN� GLQDPLN� ULMLWOLN�PDWULVL� >6@D belirlenir.  Bu matris 

kXOODQÕODUDN�VHUEHVW�WLWUHúLP�DQDOL]L�\DSÕOÕU�YH��������ED÷ÕQWÕVÕ�LOH�\HWHU�VD\ÕGD�WLWUHúLP�
PRGX�LoLQ�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ�EHOLUOHQLU��� 
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������+HU�ELU�PRGDO�\DWD\�\�N�GD÷ÕOÕPÕQD�DLW�\�NOHPH�PDWULVL��>T@��ROXúWXUXOXU�
YH� GDKD� |QFHNL� DGÕPD� DLW� LQGLUJHQPLú� NDWVD\ÕODU�PDWULVLQGHQ� \DUDUODQPDN� VXUHWL\OH�
LQGLUJHQLU���'DKD�VRQUD��������LOH�YHULOHQ�GHQNOHP�WDNÕPÕ�o|]�OHUHN�KHU�ELU�GD÷ÕOÕPD�
DLW� ELULP�PRGDO� ELOLQPH\HQOHU�PDWULVL� >G@�EHOLUOHQLU�� �%X�ELOLQPH\HQOHU�NXOODQÕODUDN�
JHUHNOL� RODQ� GL÷HU� ELULP� PRGDO� GDYUDQÕú� E�\�NO�NOHUL� �NHVLW� WHVLUOHUL�� J|UHOL� NDW�
|WHOHPHOHUL�YE���KHVDSODQÕU�� 

 

�����%�W�Q�PRGODUD�DLW�GDYUDQÕú�E�\�NO�NOHUL�EX�DGÕP�LoLQ�X\JXQ�RODQ�PRGDO�
NRPELQDV\RQ�NXUDOÕ������D-E��LOH�ELUOHúWLULOHUHN�∆Pk ��\�NOHPHVLQH�DLW�ELULP�GDYUDQÕú�
büyüklükleri (û k

CR �� EHOLUOHQLU�� (OGH� HGLOHQ� E�\�NO�NOHUH� DNPD� NRúXOODUÕQGD�
NXOODQÕOPDN��]HUH�HWNLQ�PRGD�DLW�E�\�NO�NOHULQ�LúDUHWL�YHULOLU�� 
 

������.ULWLN�NHVLWOHUGHNL�OLQHHUOHúWLULOPLú�DNPD�NRúXOODUÕ������D-E��NXOODQÕODUDN�
ELU� VRQUDNL� DGÕPD� DLW� SODVWLNOHúHQ� NHVLWLQ� \HUL� EHOLUOHQLU�� � ������� ED÷ÕQWÕVÕ� LOH� EXQD�
NDUúÕOÕN� JHOHQ� \�N� SDUDPHWUHVL� �3k�� YH� � ������� ED÷ÕQWÕVÕ� LOH� JHUHNOL� GDYUDQÕú�
büyüklükleri (Rk) belirlenir.     

 

 ��������� �� <HQL� ROXúDQ� N� VD\ÕOÕ� SODVWLN� NHVLWWHNL� � φk  SODVWLN� úHNLOGH÷LúWLUPH�
parametreVL� LODYH� ELOLQPH\HQ� RODUDN� DOÕQÕU� YH� EX� ELOLQPH\HQH� ED÷OÕ� RODUDN� %|O�P�
�������¶GH� EHOLUWLOGL÷L� JLEL� EHOLUOHQHQ� ELU� VDWÕU� YH� ELU� NRORQ�� ELU� |QFHNL� DGÕPD� DLW�
LQGLUJHQPLú�GHQNOHP�WDNÕPÕQD�LODYH�HGLOHUHN�JHQLúOHWLOPLú�GHQNOHP�WDNÕPÕ�>6@G elde 

edilir.  Daha sonUD�VDGHFH�\HQL�HNOHQHQ�VDWÕU�YH�NRORQ�LQGLUJHQLU�� 
 

 �������������*HQLúOHWLOPLú�GHQNOHP�WDNÕPÕQÕQ�NDWVD\ÕODU�PDWULVLQLQ�GHWHUPLQDQW�GH÷HUL�
det [S]G  hesaplanarak kontrol edilir ve det [S]G ≤ � ��ROXQFD\D�NDGDU� \�N� DUWÕPÕQD�
devam edilir.��%XQXQ�LoLQ������KHVDS�DGÕPÕQD�G|Q�O�U�YH�JHQLúOHWLOPLú�GHQNOHP�WDNÕPÕ�
LOH� D\QÕ� LúOHPOHU� WHNUDUODQÕU�� � øNLQFL� YH� GDKD� VRQUDNL� \�N� DUWÕPODUÕQGD� G�÷�P�
QRNWDODUÕQÕQ� \HUGH÷LúWLUPH� ELOHúHQOHUL� LOH� ELUOLNWH�� SODVWLNOHúHQ� NHVLWOHUGHNL� SODVWLN�
úHNLOGH÷LúWLUPH�ELOHúHQOHUL���SODVWLN�G|QPH��SODVWLN�ER\�GH÷LúPHVL���GH�GR÷UXGDQ�HOGH�
edilir.   

 
 



 43 
 

 

 

 

 

����d08<$<¶1ø1�6$<,6$/�8<*8/$0$/$5,�ødø1�*(/øù7ø5ø/(1���
0(3$5&6�%ø/*ø6$<$5�352*5$0, 

 

�*HOLúWLULOHQ� dRN� 0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPLQLQ� �d08<$<��
VD\ÕVDO� X\JXODPDODUÕQD� RODQDN� VD÷ODPDN� �]HUH�� OLWHUDW�U� >��@¶GH� KD]ÕUODQDQ�3$5&6�
ELOJLVD\DU� SURJUDPÕ�� DOW� SURJUDP� LODYHOHUL� \DSÕODUDN� \HQLGHQ� G�]HQOHQPLúWLU��
*HOLúWLULOHQ��\HQL�SURJUDP�0(3$5&6�RODUDN�DGODQGÕUÕOPÕúWÕU�� 
 

%X� E|O�PGH�� � 0(3$5&6� ELOJLVD\DU� SURJUDPÕQÕQ� DPDFÕ�� NDSVDPÕ�� oDOÕúPD�
G�]HQL�LOH�JLULú�YH�oÕNÕú�ELOJLOHUL�DoÕNODQPÕúWÕU�� 
 

 

3.1 3URJUDPÕQ�$PDFÕ��.DSVDPÕ�YH�dDOÕúPD�'�]HQL 
 

0(3$5&6� ELOJLVD\DU� SURJUDPÕ�� EHWRQDUPH� ELQDODUÕQ� GHSUHP� HWNLOHUL�
DOWÕQGDNL� OLQHHU�ROPD\DQ�GDYUDQÕúÕQÕ�EHOLUOHPHN�DPDFÕ\OD�JHOLúWLULOHQ�d08<$<¶QLQ��
sa\ÕVDO�X\JXODPDODUÕQD�RODQDN�VD÷ODPDN�DPDFÕ\OD�KD]ÕUODQPÕúWÕU�� 
 

%X� SURJUDP� \DUGÕPÕ\OD��%|O�P����¶GH� YHULOHQ� NRúXOODUÕ� VD÷OD\DQ�EHWRQDUPH�
düzlem çerçeve ve perde-oHUoHYH� VLVWHPOHUGHQ� ROXúDFDN� úHNLOGH� PRGHOOHQHQ�
ELQDODUÕQ�� VDELW� G�úH\� \�NOHU� YH� DUWDQ� PRGDO� \DWD\� \�NOHU� DOWÕQGD�� PDO]HPH� YH�
JHRPHWUL� GH÷LúLPL� EDNÕPÕQGDQ� OLQHHU� ROPD\DQ� GDYUDQÕúÕ� EHOLUOHQHELOPHNWHGLU�����
Perde-oHUoHYH� VLVWHPOHUGHNL� SHUGH� HOHPDQODUÕ� GD� oXEXN� HOHPDQ� RODUDN�
LGHDOOHúWLULOPHNWHGLU�� 3URJUDPGD� \�N� DUWÕPÕ�� VLVWHP� ULMLWOLN� PDWULVLQLQ� GHWHUminant 

GH÷HUL��GHW�>6@G  ≤  0 oluncaya kadar sürdürülmektedir.  

 

0(3$5&6� ELOJLVD\DU� SURJUDPÕ�� ùHNLO� ���¶GH� YHULOHQ� JHQHO� DNÕú� úHPDVÕQGD�
EHOLUWLOHQ� LúOHPOHUL� \HULQH� JHWLUHQ� ELU� DQD� SURJUDP� YH� RQ� DGHW� DOW� SURJUDPGDQ�
ROXúPDNWDGÕU��� 



 44 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������0(3$5&6�SURJUDPÕQÕQ�JHQHO�DNÕú�GL\DJUDPÕ 

[S]G�JHQLúOHWLOPLú�ULMLWOLN�PDWULVLQL�LOJLOL�VHUEHVWOLNOHU�LoLQ�
\R÷XQODúWÕUDUDN�GLQDPLN�ULMLWOLN�PDWULVL�>6@D yi hesapla  

 [S]D�YH�N�WOH�PDWULVLQL�NXOODQDUDN�VHUEHVW�WLWUHúLP�
analizi ile modal özellikleri hesapla 

[Sdd] matrisini ilgili serbestlikler için 
\R÷XQODúWÕUDUDN�GLQDPLN�ULMLWOLN�PDWULVL�>6@D 

yi hesapla  

������*LULú�ELOJLOHULQL�RNX 
 
• Kontrol bilgileri 
• Sistem özellikleri 
• Malzeme özellikleri 
• Çubuk özellikleri 
• '�úH\�\�NOHU 
• Kat kütleleri 
• øYPH�VSHNWUXPX�NRRUGLQDWODUÕ��7�6D� 
• *|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕ��M ) 

[Sdd] sistem rijitlik matrisini kur, sakla ve indirge 

'�úH\�KHVDS�\�NOHULQGHQ�ROXúDQ�>3o]-[q]  
sabitler matrisini hesapla 

øQGLUJHQPLú�>6dd] matrisinden yararlanarak 
sabitler matrisini inGLUJH�YH�G�úH\�\�NOHUH�DLW�

bilinmeyenleri ve uç kuvvetlerini hesapla 

k = 1   m=1 

A 

k  >  1 
H 

E 

B 

%DúOD 
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ùHNLO����¶LQ�GHYDPÕ 

øQGLUJHQPLú�VLVWHP�ULMLWOLN�PDWULVLQGHQ�\DUDUODQDUDN�LOJLOL�
PRGDO�\DWD\�\�N�PDWULVLQL�LQGLUJH��ELOLQPH\HQOHUL�YH�GL÷HU�

GDYUDQÕú�E�\�NO�NOHULQL�KHsapla 

�0RGDO�|]HOOLNOHUL�YH�LOJLOL�VSHNWUDO�LYPH�GH÷HUOHULQL�
kullanarak M �VD\ÕGD�PRG�LoLQ�PRGDO�\DWD\�\�N�

GD÷ÕOÕPODUÕQÕ�KHVDSOD 

H 

m  = M  m = m+1 

øOJLOL�PRG�LoLQ�X\JXQ�RODQ�NRPELQDV\RQ�NXUDOÕ�LOH�W�P�
GDYUDQÕú�E�\�NO�NOHULQL�ELUOHúWLU�YH�ELUOHúWLULOPLú�EX�

E�\�NO�NOHUH�HWNLQ�PRGXQ�LúDUHWLQL�DWD 

.ULWLN�NHVLWOHUGHNL�NHVLW�WHVLUOHULQL�LOJLOL�DNPD�NRúXOODUÕQGD�
\HULQH�NR\DUDN�HQ�N�o�N�\DWD\�\�N�SDUDPHWUHVL�DUWÕPÕQÕ�
KHVDSOD�YH�N��SODVWLNOHúHQ�NHVLWLQ�\HUL�LOH�EXQD�DLt (Pk)  

toplam yatay yük parametresini bul  

Pk�\�N�SDUDPHWUHVLQH�DLW�WRSODP�GDYUDQÕú�
büyüklüklerini hesapla  

B 

E 

3ODVWLNOHúHQ�NHVLW�|]HOOLNOHULQL�NXOODQDUDN�>6dφ], [Sφd], [Sφφ] ve 
[Pφo@�PDWULVOHULQL�KHVDSOD�YH�PHYFXW�GHQNOHP�WDNÕPÕQD�
HNOH\HUHN�JHQLúOHWLOPLú�GHQNOHP�WDNÕPÕ�>6@G¶�\L�ROXúWXU� 

det [S]G  ≤ 0   

H 

dÕNÕú�ELOJLOHULQL��EDV E 

k=k+1 

A 

øQGLUJHQPLú�VLVWHP�ULMLWOLN�PDWULVLQGHQ�
\DUDUODQDUDN�HNOHQHQ�N�VD\ÕOÕ�NRORQX�LQGLUJH 

SON 
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.2'0$���3URJUDPGD�NDW�G|úHPHOHULQLQ�NHQGL�G�]OHPOHUL�LoLQGH�VRQVX]�ULMLW�
ROGXNODUÕ� YDUVD\ÕOGÕ÷ÕQGDQ�� ELOLQPH\HQ� VD\ÕVÕQÕ� D]DOWPDN� DPDFÕ\OD�� ELOLQPH\HQOHU�
ED÷ÕPOÕ� YH� ED÷ÕPVÕ]� ROPDN� �]HUH� LNL� JUXSWD� EHOLUOHQPHNWHGLU�� � %X� DOW� SURJUDP��
G�÷�P� QRNWDODUÕQÕQ� ED÷ÕPOÕ� YH� ED÷ÕPVÕ]� \HUGH÷LúWLUPH� ELOHúHQOHULQL� D\ÕUW� HWPHN�
DPDFÕ\OD�KD]ÕUODQPÕúWÕU����<DNDUÕGD�V|]��HGLOHQ�YDUVD\ÕPD�J|UH��G�÷�P�QRNWDODUÕQÕQ�
G�]OHP� LoL� \HUGH÷LúWLUPH� ELOHúHQOHULQH� D\QÕ�� G�]OHP� GÕúÕ� ELOHúHQOHULQH� LVH� IDUNOÕ�
numaralar verilmektedir.  

 

&8%8.���dXEXN�HNVHQ�WDNÕPÕQGDNL�oXEXN�ULMLWOLN�PDWULVL�HOHPDQODUÕQÕ�ELULQFL�
YH\D�LNLQFL�PHUWHEH�WHRULOHULQH�J|UH�KHVDSODPDN�DPDFÕ\OD�KD]ÕUODQPÕú�DOW�SURJUDPGÕU����
(÷LOPH� ULMLWOL÷L�GH÷LúNHQ�RODQ�NLULúOHUGH��oXEXN� ULMLWOLN�PDWULVL�KHVDEÕ� LoLQ�*86(�DOW�
SURJUDPÕQÕ�oD÷ÕUPDNWDGÕU�� 
 

*86(�� (÷LOPH� ULMLWOL÷L� DoÕVÕQGDQ� ELUELULQGHQ� IDUNOÕ� �o� E|OJHVL� EXOXQDQ�
NLULúOHULQ� ULMLWOLN� YH� \�NOHPH�PDWULVL� HOHPDQODUÕQÕ� KHVDSODPDN� DPDFÕ\OD� KD]ÕUODQPÕú�
DOW�SURJUDPGÕU� 
 

75&8%8.�� �'|Q�úW�UPH�PDWULVL� LOH�oXEXN�HNVHQ�WDNÕPÕQGDNL�oXEXN�ULMLWOLN�
PDWULVOHULQL� VLVWHP� HNVHQ� WDNÕPÕQD� G|Q�úW�UPHN� LoLQ� KD]ÕUODQPÕú� DOW� SURJUDPGÕU��
$\UÕFD�� ULMLW� NDW� G|úHPHVL� LoLQGH� EXOXQPD\DQ� oXEXNODUÕQ� ULMLWOLN� PDWULVOHUL� VLVWHP�
HNVHQ� WDNÕPÕQD� G|Q�úW�U�OG�NWHQ� VRQUD�� IDUNOÕ� ELU� G|Q�úW�UPH� PDWULVL� \DUGÕPÕ\OD�
VHoLOHQ� ELU� UHIHUDQV� QRNWDVÕQÕQ� NRRUGLQDWODUÕQD� ED÷OÕ� RODUDN� LNLQFL� ELU� G|Q�ú�P�
X\JXODQPDNWDGÕU��� 
 

$.'8=��%LOHúLN�H÷LOPH�HWNLVLQGHNL�NHVLWOHUGH�LGHDOOHúWLULOPLú�DNPD�NRúXOXQX�
ROXúWXUDQ� GR÷UXODUÕQ� GHQNOHPOHULQL�� GR÷UXODUÕ� WDQÕPOD\DQ� QRNWDODUÕQ� NRRUGLQDWODUÕQD�
ED÷OÕ�RODUDN�HOGH�HGHQ�DOW�SURJUDPGÕU�� 
 

33),�� /LQHHU� ROPD\DQ� H÷LOPH� YH� X]DPD� úHNLOGH÷LúWLUPHOHULQLQ� ELULP�
GH÷HUOHULQGHQ� GROD\Õ� oXEXN� HNVHQ� WDNÕPÕQGD� ROXúDQ� >3φ]i ve [Pφ]j uç kuvvetleri 

PDWULVOHULQL�KHVDSOD\DQ�DOW�SURJUDPGÕU� 
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7533),�� dXEXN� HNVHQ� WDNÕPÕQGDNL� � >3φ]i ve [Pφ]j plastik uç kuvvetleri 

PDWULVOHULQL�|QFH�G|Q�úW�UPH�PDWULVOHUL� LOH� VLVWHP�HNVHQ� WDNÕPÕQD�G|Q�úW�UHQ��GDKD�
sonra rijLW�NDW�G|úHPHVL� LoLQGH�EXOXQPD\DQ�oXEXNODUD� IDUNOÕ�ELU�G|Q�úW�UPH�PDWULVL�
LOH�LNLQFL�ELU�G|Q�ú�P�X\JXOD\DQ�DOW�SURJUDPGÕU� 

 

6',1$�� �6LVWHP� ULMLWOLN�PDWULVLQL�%|O�P����¶GH�\DSÕODQ�YDUVD\ÕPODU� DOWÕQGD��
ilgili dinamik serbestlik dereceleri için düzenleyen ve *DXVV� øQGLUJHPH� <|QWHPL 
\DUGÕPÕ\OD�\R÷XQODúWÕUDUDN�GLQDPLN�ULMLWOLN�PDWULVLQL�KHVDSOD\DQ�DOW�SURJUDPGÕU� 
 

JACOBI:  Dinamik rijitlik matrisini ve kütle matrisini kullanarak sönümsüz 

VHUEHVW� WLWUHúLP�DQDOL]L�\DSDQ��|]GH÷HUOHUL��|]YHNW|UOHUL�YH�SHUL\RWODUÕ�KHsaplayan alt 

SURJUDPGÕU� 
 

0..�� � +HU� PRGD� DLW� PRGDO� |]HOOLNOHUL� �SHUL\RWODUÕ�� |]YHNW|UOHUL�� PRGDO�
NDWÕOÕP� oDUSDQODUÕQÕ�� YH� VSHNWUDO� LYPH� GH÷HUOHULQL� NXOODQDUDN� PRGDO� \DWD\� \�N�
GD÷ÕOÕPODUÕQÕ�KHVDSOD\DQ�DOW�SURJUDPGÕU��� 
 
 

3.2 3URJUDPÕQ�*LULú�%LOJLOHUL 
 

MEPARCS pURJUDPÕQÕQ� JLULú� ELOJLOHUL� DúD÷ÕGD� VÕUDODQDQ� JUXSODUGDQ�
ROXúPDNWDGÕU��� 

a ) kontrol bilgileri 

b ) malzeme karakteristikleri 

c ) enkesit özellikleri 

d ) sistem özellikleri 

e ) çubuk özellikleri 

f )  kütle ve yük bilgileri 

J���LYPH�VSHNWUXPX�NRRUGLQDWODUÕ� 
 

a ) Kontrol bilgileri 

%X�JUXED�DLW�GH÷LúNHQOHU�\DUGÕPÕ\OD� 
a-1)   birinci veya ikinci mertebe teoriOHULQGHQ�ELULQH�J|UH�KHVDS�\DSÕOPDVÕ 
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a-2)���PRGDO�DQDOL]GH�J|]|Q�QH�DOÕQDFDN�PRG�VD\ÕVÕQÕQ�EHOLUOHQPHVL� 
a-3)� LVWHQLOHQ� \HUGH÷LúWLUPH� ELOHúHQOHULQLQ� |QJ|U�OHQ� VÕQÕU� GH÷HUOHU� LOH�

NDUúÕODúWÕUÕODUDN�NRQWURO�HGLOPHVL 
a-4)� � NLULúOHULQ� H÷LOPH� ULMLWOLNOHUL� YH� H÷LOPH� PRPHQWL� WDúÕPD� NDSDVLWHOHUL�

EDNÕPÕQGDQ�IDUNOÕ�RODQ�E|OJHOHULQLQ�VÕQÕUODUÕQÕQ�EHOLUOHQPHVL 
VD÷ODQDELOPHNWHGLU� 
 

b ) Malzeme karakteristikleri 
 

Bu bilgi grXEX�� EHWRQ� YH� EHWRQ� oHOL÷LQLQ� %|O�P� ���¶GH� J|VWHULOHQ�
LGHDOOHúWLULOPLú� ε−σ � ED÷ÕQWÕODUÕQÕ� WDQÕPOD\DQ� E�\�NO�NOHUGHQ� ROXúPDNWDGÕU�
�ùHNLO������ 
 

c )   Enkesit özellikleri 

%X�ELOJL�JUXEX��HQNHVLW�JHRPHWULVLQL�WDQÕPOD\DQ�E�\�NO�NOHU�LOH�HQNHVLW�GRQDWÕ�
DODQODUÕ�YH�NRRUGLQDWODUÕQGDQ�ROXúPDNWDGÕU�� 
 

d )  Sistem özellikleri 

%X�ELOJL�JUXEX��G�÷�P�QRNWDVÕ�VD\ÕVÕ��PHVQHWOHULQ�VD\ÕVÕ��oXEXN�VD\ÕVÕ��\�NO��
G�÷�P�QRNWDVÕ� VD\ÕVÕ�� \�NO�� oXEXN� VD\ÕVÕ� YH� G�÷�P�QRNWDODUÕQÕQ� NRRUGLQDWODUÕQGDQ�
ROXúPDNWDGÕU���� 
 

e )  Çubuk özellikleri 

%X� ELOJL� JUXEX�� oXEXNODUÕQ� L� YH� M� XoODUÕQÕQ� G�÷�P� QRNWDVÕ� QXPDUDODUÕ� LOH�
oXEXNODUÕQ�WLSLQH�ED÷OÕ�RODUDN�GH÷LúHQ�DúD÷ÕGDNL�|]HOOLNOHUGHQ�ROXúPDNWDGÕU�� 

e-1)���)LNWLI�oXEXN�LoLQ���(÷LOPH�YH�X]DPD�ULMLWOLNOHUL� 
e-2)��.LULú�LoLQ���ho�IDUNOÕ�E|OJH\H�DLW�E|OJH�VÕQÕUODUÕ��H÷LOPH�ULMLWOLNOHUL��SR]LWLI�

YH�QHJDWLI�H÷LOPH�PRPHQWL�WDúÕPD�NDSDVLWHOHUL�� 
e-3)��.RORQ�YH�SHUGHOHU�LoLQ���(÷LOPH�ULMLWOLNOHUL�YH�%|O�P������¶GH�J|VWHULOHQ�

LGHDOOHúWLULOPLú�DNPD�\�]H\LQL�WDQÕPOD\DQ�QRNWDODUÕQ�NRRUGLQDWODUÕ�YH�LNLQFL�PHUWHEH�
WHRULVLQH�J|UH�KHVDS�GXUXPXQGD�QRUPDO�NXYYHWOHULQ�WDKPLQ�HGLOHQ�GH÷HUOHUL��� 

 

f )  Kütle ve yük  bilgileri 

%X�ELOJL�JUXEX��WRSODP�NDW�N�WOHOHUL�YH�\�N�ELOJLOHULQGHQ�ROXúPDNWDGÕU�� �<�N�
ELOJLOHUL�G�÷�P�QRNWDVÕ�\�NOHUL�YH�oXEXN�\�NOHUL�ROPDN��]HUH�LNL�JUXED�D\UÕOPDNWDGÕU���
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'�úH\�\�NOHUGHQ�ROXúDQ�oXEXN�\�NOHUL�\HWHU�VD\ÕGD�VWDWLNoH�HúGH÷HU� WHNLO�NXYYHW� LOH�
LIDGH� HGLOGL÷LQGHQ�� EX� NXYYHWOHULQ� GH÷HUOHUL� YH� oXEXN� VRO� XFXQGDQ� RODQ� X]DNOÕNODUÕ�
JLULú� ELOJLVL� RODUDN� YHULOPHNWHGLU��'�÷�P�QRNWDVÕ� \�NOHUL� LVH� VLVWHPH� HWNL\HQ�G�úH\�
\�N� JUXSODUÕQGDQ� ROXúPDNWD� YH� LOJLOL� G�÷�P� QRNWDVÕ� QXPDUDODUÕ� LOH� ELUOLNWH� JLULú�
bilgisi olarak verilmektedir.   

 

 

�����3URJUDPÕQ�dÕNÕú�%LOJLOHUL 
 

0(3$5&6�SURJUDPÕQÕQ�oÕNÕú�ELOJLOHUL� 
 

D� �� � <�N� DUWÕPÕQÕQ� KHU� DGÕPÕQD� DLW� \�N� SDUDPHWUHVL� DUWÕPODUÕ�� WRSODP� \�N�
SDUDPHWUHOHUL�� G�÷�P� QRNWDODUÕQÕQ� WRSODP� \HUGH÷LúWLUPH� ELOHúHQOHUL� YH� NULWLN�
kesitlerdeki kesit tesirleri, 

 

E� �� <�N� DUWÕPÕQÕQ� KHU� DGÕPÕQGD� VLVWHPLQ� PRGDO� |]HOOLNOHUL� �|]GH÷HUOHU��
|]YHNW|UOHU�� SHUL\RWODU�� PRGDO� NDWÕOÕP� oDUSDQODUÕ��� ELULP� PRGDO� \HUGH÷LúWLUPHOHU��
J|UHOL� NDW� |WHOHPHOHUL�� Xo� NXYYHWOHUL� YH� SODVWLN� úHNLOGH÷LúWLUPHOHU� �SODVWLN� G|QPH��
SODVWLN�ER\�GH÷LúPHVL��� 
 

F� �� �3ODVWLNOHúHQ�NHVLWOHULQ�\HUOHUL��ROXúWXNODUÕ�\�N�SDUDPHWUHOHUL��SODVWLNOHúHQ�
kesitlerdeki iç kuvvet durXPODUÕ�YH�SODVWLN�úHNLOGH÷LúWLUPHOHU��SODVWLN�G|QPH��SODVWLN�
ER\�GH÷LúPHVL�� 

 

GH÷HUOHULQGHQ�ROXúPDNWDGÕU�� 
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��� %(721$50(� d(5d(9(/(5'(1� 2/8ù$1� %ø1$/$5������
h=(5ø1'(� 6$<,6$/� ø1&(/(0(/(5� 9(� d08<$<¶1ø1�
'(ö(5/(1'ø5ø/0(6ø� 

 

Bu bölümde öncelikle, geliúWLULOHQ� dRN� 0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ�
Yönteminin (ÇMUYAY) EHWRQDUPH�ELQDODUD�X\JXODQPDVÕQGD�\DSÕODQ�YDUVD\ÕPODU�YH�
LGHDOOHúWLUPHOHU� DoÕNODQPÕúWÕU�� 'DKD� VRQUD�� \|QWHPLQ� KHVDS� DGÕPODUÕQÕQ� D\UÕQWÕOÕ�
RODUDN�DoÕNODQPDVÕ�YH�\|QWHPGHQ�HOGH�HGLOHQ�VRQXoODUÕQ�GH÷HUOHQGLULOPHVL�DPDFÕ\OD�
\DSÕODQ� VD\ÕVDO� X\JXODPDODU� YH� LQFHOHPHOHU� YHULOPLúWLU�� 'H÷HUOHQGLUPHGH� ELQDODUÕQ�
OLQHHU�ROPD\DQ�GLQDPLN�DQDOL]L��PRQRWRQ�DUWDQ�IDUNOÕ�\DWD\�\�N�GD÷ÕOÕPODUÕ�LoLQ�OLQHHU�
ROPD\DQ� VWDWLN� DQDOL]OHUL� \DSÕOPÕú� YH� NDW� \DWD\� \HUGH÷LúWLUPHOeri, göreli kat 

|WHOHPHOHUL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL�� NDW� NHVPH� NXYYHWOHUL�� NDSDVLWH�
H÷ULOHUL�YH�VLVWHPGHNL�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕ�LQFHOHQPLúWLU��$\UÕFD��JHOLúWLULOHQ�
\|QWHPGH�VSHNWUDO�|OoHNOHPHQLQ��J|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕQÕQ�YH� � ikinci mertebe 

HWNLOHULQLQ�DQDOL]�VRQXoODUÕ��]HULQGHNL�HWNLOHUL�LQFHOHQPLúWLU�  
 

 

4.1 6D\ÕVDO� øQFHOHPHOHUGH�<DSÕODQ�9DUVD\ÕPODU�YH�%HWRQDUPH�.HVLWOHULQ���������
'DYUDQÕúÕQÕQ�øGHDOOHúWLULOPHVL 

 

gUQHN� RODUDN� HOH� DOÕQDQ� EHWRQDUPH� ELQDODU� |QFHOLNOH� <|QHWPHOLN� NRúXOODUÕQD 

J|UH� ER\XWODQGÕUÕOPÕú� YH� ELQDODUD� DLW� G�]OHP� oHUoHYHOHU� �]HULQGH� OLQHHU� ROPD\DQ�
DQDOL]OHU�\DSÕOPÕúWÕU��dHUoHYHOHULQ��JHOLúWLULOHQ�d08<$<�LOH�DQDOL]L� LoLQ�EHWRQDUPH�
NHVLWOHULQ� GDYUDQÕúODUÕQÕQ� %|O�P� ���¶GH� \DSÕODQ� YDUVD\ÕPODUD� X\JXQ� RODUDN�
LGHDOOHúWLULOPHOHUL� YH� D\UÕFD� OLQHHU� ROPD\DQ� JHUoHN� GDYUDQÕúÕQ� EHOLUOHQHELOPHVL� LoLQ�
PDO]HPH�|]HOOLNOHULQH��HQNHVLW�ER\XWODUÕQD��GRQDWÕ�PLNWDUÕQD��GRQDWÕ�\HUOHúLP�úHNOLQH�
YH� QRUPDO� NXYYHW� G�]H\LQH� ED÷OÕ� RODQ� JHUoHN� H÷LOPH� YH� X]DPD� ULMLWOLNOHULQLQ�
belirlenmesi gerekmektedir�� %X� DPDoOD� \DSÕODQ� YDUVD\ÕPODU� YH� LGHDOOHúWLUPHOHU�
DúD÷ÕGD�YHULOPLúWLU�� 
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• $QDOL]OHU� G�]OHP� oHUoHYH� �]HULQGH� \DSÕOGÕ÷ÕQGDQ� ELQDGD� ROXúDQ� EXUXOPD�
HWNLOHUL�J|]|Q�QH�DOÕQPDPDNWDGÕU�� 

• (OHPDQODUÕQ� NHVPH� NXYYHWL� WDúÕPD� NDSDVLWHOHULQLQ� NHVPH� NÕUÕOPDVÕ�
ROXúPD\DFDN�G�]H\GH�ROGX÷X�NDEXO�HGLOPHNWHGLU��� 

• %LOHúLN� H÷LOPH� HWNLVLQGHNL� EHWRQDUPH� NHVLWOHUGH� DNPD� YHNW|U�Q�Q� DNPD�
\�]H\LQH�GLN�ROGX÷X�YDUVD\ÕOPDNWDGÕU�>��@� 

• %HWRQ� YH� oHOLN� DUDVÕQGD� WDP� DGHUDQV� YDUGÕU�� � %XQD� J|UH�� EHWRQ� YH� oHOLN�
DUDODUÕQGD�ND\PD�PH\GDQD�JHOPHNVL]LQ��ELUOLNWH�úHNLOGH÷LúWLUPHNWHGLUOHU��� 

• %HWRQXQ�oHNPH�GD\DQÕPÕ�LKPDO�HGLOPHNWHGLU� 
          

6D\ÕVDO� LQFHOHPHOHUGH�� EHWRQDUPH� NHVLWOHULQ� Lo� NXYYHW-úHNLOGH÷LúWLUPH�
ED÷ÕQWÕODUÕQÕQ� EHOLUOHQPHVLQGH� NXOODQÕODQ� EHWRQ� YH� EHWRQ� oHOL÷LQH� DLW����������������
gerilme-úHNLOGH÷LúWLUPH�ED÷ÕQWÕODUÕQÕQ��ùHNLO�����¶GHNL�JLEL�ROGX÷X�YDUVD\ÕOPÕúWÕU�� 

 

 

   

  

 

 

 

 
     

        (a)   Beton      �������������������������������E��%HWRQ�oHOL÷L 
ùHNLO������%HWRQ�YH�EHWRQ�oHOL÷LQH�DLW�JHULOPH-úHNLOGH÷LúWLUPH�ED÷ÕQWÕODUÕ 

 

 

Bu diyagramlarda,  

fck, εco, εcu� VÕUDVÕ\OD� EHWRQXQ� NDUDNWHULVWLN� EDVÕQo� GD\DQÕPÕQÕ�� SODVWLN�
úHNLOGH÷LúWLUPHOHULQ� EDúODPDVÕQD� NDUúÕOÕN� JHOHQ� ELULP� NÕVDOPD\Õ� YH� EHWRQGD� L]LQ�
YHULOHQ�HQ�E�\�N�ELULP�NÕVDOPD\Õ�J|VWHUPHNWHGLU� 
 

fyk, εso, εsu, Es� VÕUDVÕ\OD� EHWRQ� oHOL÷LQLQ� NDUDNWHULVWLN� DNPD� GD\DQÕPÕQÕ�� SODVWLN�
úHNLOGH÷LúWLUPHOHULQ� EDúODPDVÕQD� NDUúÕOÕN� JHOHQ� ELULP�X]DPD\Õ�� EHWRQ� oHOL÷LQGH� L]LQ�
YHULOHQ� HQ� E�\�N� ELULP� X]DPD\Õ� YH� EHWRQ� oHOL÷LQLQ� HODVWLVLWH� PRG�O�Q��
göstermektedir.  

0.85 fck 

εco εcu 

σ 









ε
ε

−
ε
ε

=σ
coco

ck 2f85.0  

ckf85.0=σ  fyk 

εsy εsu 
εs 

σ 

ykf=σ  

ε=σ sE  

sEtan =α  α
εc 
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%X�oDOÕúPDQÕQ� VD\ÕVDO�X\JXODPDODUÕQGD��EHWRQ�YH�EHWRQ�oHOL÷L� LoLQ� DúD÷ÕGDNL�
NDUDNWHULVWLN�úHNLOGH÷LúWLUPH�GH÷HUOHUL�HVDV�DOÕQPÕúWÕU���� 

 

Betona ait özellikler: 
3ODVWLN�úHNLOGH÷LúWLUPHQLQ�EDúODPDVÕQD�NDUúÕ�JHOHQ�ELULP�NÕVDOPD  : εco=0.0020 
ø]LQ�YHULOHQ�HQ�E�\�N�ELULP�NÕVDOPD           : εcu=0.0060 
 

BetoQ�oHOL÷LQH�DLW�|]HOOLNOHU� 
3ODVWLN�úHNLOGH÷LúWLUPHQLQ�EDúODPDVÕQD�NDUúÕ�JHOHQ�ELULP�X]DPD  : εsy=0.0021 
ø]LQ�YHULOHQ�HQ�E�\�N�ELULP�X]DPD            : εsu=0.0100 
 

 
 

������ %DVLW� YH� %LOHúLN� (÷LOPH� (WNLVLQGHNL� %HWRQDUPH� .HVLWOHUGH�����������������
øo�.XYYHW-ùHNLOGH÷LúWLUPH�%D÷ÕQWÕODUÕQÕQ�øGHDOOHúWLULOPHVL 

 

%X�oDOÕúPDGD��NHVLW�YH�GRQDWÕ�|]HOOLNOHUL��EHWRQ�YH�EHWRQ�oHOL÷LQH�DLW�JHULOPH-

úHNLOGH÷LúWLUPH� ED÷ÕQWÕODUÕ� NXOODQÕODUDN�EHOLUOHQHQ� H÷LOPH�PRPHQWL-H÷ULOLN� �0-χ) ve 

normal kuvvet-ELULP�ER\�GH÷LúPHVL��1-ε��ED÷ÕQWÕODUÕ�ùHNLO����¶GH�J|VWHULOGL÷L�JLEL�LNL�
GR÷UX�SDUoDVÕ�LOH�LGHDOOHúWLULOPHNWHGLU�� 

 

 

 

 

 

 

 

 
 

(a)  M-χ��ED÷ÕQWÕVÕ                                    (b) N-ε��ED÷ÕQWÕVÕ 
 

ùHNLO������%HWRQDUPH�oXEXNODUGD�Lo�NXYYHW-úHNLOGH÷LúWLUPH�ED÷ÕQWÕODUÕQÕQ 
   ideaOOHúWLULOPHVL 

 

øGHDOOHúWLULOPLú�M-χ�ED÷ÕQWÕVÕQGD� 
 

OA:    0 ≤  χ ≤ χy        için     M=Mp χ / χy 

AB:   χy ≤  χ ≤ χmax   için     M=Mp 

χ 

Mp 

My 

χy χmax 

α tanα H÷LOPH�ULMLWOL÷L 

N=0 veya 
N=No : sabit 

ε 

Np 

β tanβ=uzama rijitOL÷L 

M=Mo : sabit 

gerçek 

LGHDOOHúWLULOPLú LGHDOOHúWLULOPLú 
gerçek 

O 

A B 
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ROPDNWDGÕU�� � �%XUDGD�� �0p  kesitin N=No�HNVHQHO�NXYYHWL�DOWÕQGDNL�H÷LOPH�PRPHQWL�
WDúÕPD� NDSDVLWHVLQL�� χy  ve χmax� � � VÕUDVÕ\OD� NHVLWWH� SODVWLN� úHNLOGH÷LúWLUPHOHULQ�
EDúODGÕ÷Õ�GXUXPD�YH�NHVLWLQ�NÕUÕOPDVÕQD�NDUúÕ�JHOHQ�H÷ULOLNOHUL�J|VWHUPHNWHGLU�� 
 

 

4.1.2 %LOHúLN� (÷LOPH� (WNLVLQGHNL� %HWRQDUPH� .HVLWOHUGH� Akma 

.RúXOODUÕQÕQ��øGHDOOHúWLULOPHVL 
 

*HOLúWLULOHQ� d08<$<¶QGH�� DNPD� NRúXOODUÕQÕQ� OLQHHU� SDUoDODUGDQ� ROXúDFDN�
úHNLOGH� LGHDOOHúWLULOPHVL� JHUHNPHNWHGLU�� � %X� oDOÕúPDGD�� NHVLW� YH� GRQDWÕ� |]HOOLNOHUL�
J|]|Q�QH� DOÕQDUDN� EHOLUOHQHQ� JHUoHN� DNPD� NRúXOODUÕ�� J�YHQOLNOL� WDUDIWD� NDOÕQDFDN�
úHNLOGH� ùHNLO� ���¶GH� J|VWHULOGL÷L� JLEL� �o� GR÷UX� SDUoDVÕ� LOH� LGHDOOHúWLULOPHNWHGLU�����
6LPHWULN�GRQDWÕOÕ�NHVLWOHUGH�DNPD�NRúXOODUÕ�1�HNVHQLQH�J|UH�VLPHWULN�ROPDNWDGÕU��� 

 

 

 

 

 

 

 

 
 

 

ùHNLO������$NPD�NRúXOODUÕQÕQ�GR÷UX�SDUoDODUÕ�LOH�LGHDOOHúWirilmesi 
 

ùHNLO� ���¶GHNL� Noç, Nob ve  Nd VÕUDVÕ\OD� H÷LOPH� PRPHQWLQLQ� VÕIÕU� ROGX÷X�
GXUXPGDNL� NHVLWLQ� oHNPH� NXYYHWL� YH� EDVÕQo� NXYYHWL� WDúÕPD� NDSDVLWHVL� LOH� GHQJHOL�
NÕUÕOPD\D� NDUúÕOÕN� JHOHQ� QRUPDO� NXYYHWL�� �0o ve Md� � VÕUDVÕ\OD� NHVLWLQ� EDVLW� H÷LOPH�
halindeki e÷LOPH� PRPHQWL� WDúÕPD� NDSDVLWHVLQL�� GHQJHOL� NÕUÕOPD\D� NDUúÕOÕN� JHOHQ�
H÷LOPH�PRPHQWLQL�J|VWHUPHNWHGLU���� 

 

.LULúOHULQ�YH�NRORQODUÕQ�H÷LOPH�ULMLWOLNOHULQLQ�EHOLUOHQPHVLQGH�%|O�P������¶GH�
verilen iç kuvvet-úHNLOGH÷LúWLUPH�ED÷ÕQWÕVÕQGDQ�\DUDUODQÕOPDNWDGÕU��� 

 

LGHDOOHúWLULOPLú 
gerçek 

N 

M 

Nd 

Md Mo 

Nob 

Noç 
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KLULúOHU�� LoLQGHNL� GRQDWÕ� \HUOHúLPL� J|]|Q�QGH� EXOXQGXUXODUDN� LNL� PHVQHW�
E|OJHVL�YH�ELU�DoÕNOÕN�E|OJHVL�ROPDN��]HUH��o�HúLW�X]XQOXNWD�E|OJH\H�D\UÕOPÕúWÕU���+HU�
E|OJHGHNL� H÷LOPH� ULMLWOLNOHUL� LoLQ�� G�úH\� LúOHWPH� \�NOHUL� DOWÕQGD� ROXúDQ� H÷LOPH�
PRPHQWOHULQH� NDUúÕOÕN� JHOHQ� H÷LOPH� ULMLWOLNOHUL� NXOODQÕOPÕúWÕU�� � +HU� NDWWD� G|úHPH�
EXOXQGX÷X� YH� G|úHPHOHULQ� G�]OHPL� LoLQGH� VRQVX]� ULMLW� ROGXNODUÕ� YDUVD\ÕOPDNWD� EX�
QHGHQOH�KHVDSODUGD�NLULúOHULQ�X]DPD�ULMLWOLNOHUL�NXOODQÕOPDPDNWDGÕU��%XQD�ED÷OÕ�RODUDN�
NLULúOHUGH�birinci mertebe teorisi�X\JXODQPDNWDGÕU��� 

 

.RORQODUÕQ� H÷LOPH� ULMLWOLNOHULQLQ� EHOLUOHQPHVLQGH� G�úH\� LúOHWPH� \�NOHULQGHQ�
ROXúDQ� QRUPDO� NXYYHW� G�]H\OHUL� HVDV� DOÕQPÕú� DUWDQ� \DWD\� \�NOHU� LOH� GH÷LúHQ�QRUPDO�
NXYYHWOHULQ�ULMLWOL÷H�HWNLVL�LKPDO�HGLOPLúWLU���%DVÕQo�HWNLVL�DOWÕQGDNL�NRORQODUÕQ�X]DPD�
ULMLWOLNOHULQLQ� EHOLUOHQPHVLQGH� EU�W� EHWRQ� HQNHVLW� DODQÕ� HVDV� DOÕQPÕúWÕU�� � .RORQODUGD��
%|O�P����¶GH�\DSÕODQ�YDUVD\ÕPODU�DOWÕQGD��ikinci mertebe teorisi�X\JXODQPDNWDGÕU� 

 

 

���� � $\UÕQWÕOÕ� $oÕNODPD� gUQH÷L� �'|UW� .DWOÕ� 7HN� $oÕNOÕNOÕ� %HWRQDUme 

Çerçeve)     

 

%X� E|O�PGH�� JHOLúWLULOHQ� dRN� 0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPLQLQ�
�d08<$<��KHVDS�DGÕPODUÕQÕ�D\UÕQWÕOÕ�RODUDN�J|VWHUPHN�DPDFÕ\OD��ELU�|UQHN��]HULQGH�
X\JXODPD�\DSÕOPÕúWÕU�� 

 

gUQHN�RODUDN��76�����>��@�YH�$%<<+<�>��@¶QH�J|UH�ER\XWODQGÕUÕODQ�ve her 

LNL� GR÷UXOWXGD� ELUHU� DoÕNOÕ÷Õ� EXOXQDQ� G|UW� NDWOÕ� EHWRQDUPH� ELQDQÕQ� ELU� oHUoHYHVL�
NXOODQÕOPÕúWÕU�� �%LQD�SODQÕ��HQNHVLW�ER\XWODUÕ��J|]|Q�QH�DOÕQDQ�G�úH\�\�NOHU�YH�$-A 

oHUoHYHVL� ùHNLO� ���¶GH�� PDO]HPH� |]HOOLNOHUL� YH� GHSUHP� KHVDEÕQGD� NXOODQÕODQ�
parametreOHU� dL]HOJH� ���¶GH� YHULOPLúWLU�� (OH� DOÕQDQ� oHUoHYHQLQ� NDW� N�WOHVL������
m=13.261 kNs2�P�RODUDN�KHVDSODQPÕúWÕU��'|úHPH�YH�GXYDU�\�NOHUL�LOH�NLULú�|]�\�NOHUL�
DoÕNOÕNWDNL� SODVWLNOHúPHOHUL� L]OH\HELOPHN� DPDFÕ\OD� VWDWLNoH� HúGH÷HU� WHNLO� \�NOHUH�
G|Q�úW�U�OP�úW�U��ùHNLO�������.LULú�ER\XQD�GRQDWÕ�PLNWDUODUÕ��H÷LOPH�PRPHQWL�WDúÕPD�
NDSDVLWHOHUL�YH�H÷LOPH�ULMLWOLNOHUL�dL]HOJH����¶GH�YHULOPLúWLU���� 
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ùHNLO�������'|UW�NDWOÕ�ELQDQÕQ�JHRPHWULN�|]HOOLNOHUL�YH�G�úH\�\�NOHUL�� 
 

dL]HOJH��������'|UW�NDWOÕ�ELQDQÕQ�PDO]HPH�|]HOOLNOHUL�YH�GHSUHP 
 KHVDEÕQD�DLW�SDUDPHWUHOHU 
 
 
 
 
 
 
 
 
 
 
 

dL]HOJH�������'|UW�NDWOÕ�oHUoHYHGHNL�NLULúOHULQ�GRQDWÕODUÕ��H÷LOPH�PRPHQWL�WDúÕPD 
   kapasitelerL�YH�H÷LOPH�ULMLWOLNOHUL 
  

 

 

 

 

'RQDWÕ�DODQÕ 
(cm2) 

Moment tDúÕPD�
kapasitesi (Mp)  

(kNm) 

(÷LOPH�ULMLWOL÷L��(,� 
(kNm2) Eleman 

Çubuk  
no 

�ùHNLO����� 
Yer 

mesnet DoÕNOÕN mesnet  DoÕNOÕN mesnet DoÕNOÕN 
üst 4.21 4.21 -79.85 -79.85 1,2 
alt 4.21 4.21 81.28 81.28 

13900.99 15273.01 

üst 6.28 4.21 -116.93 -79.85 
.LULú 

3,4 
alt 4.21 4.21 81.28 81.28 

19194.92 15273.01 

 

Beton C25   (fck=25 N/mm2) 
%HWRQ�oHOL÷L S420a  (fyk=420 N/mm2) 
Deprem bölgesi 1  (Ao=0.40) 

%LQD�|QHP�NDWVD\ÕVÕ 1   (I=1) 

=HPLQ�VÕQÕIÕ Z2  (TA=0.15s  TB=0.40s) 

Süneklik düzeyi Yüksek (R=8) 
 

�E��.LULú�YH�NRORQ��HQNHVLWOHUL (c) A-A  çerçevesi ve  
G�úH\�KHVDS�\�NOHUL 
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5.00m 
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PG�úH\ 

Kolon enkesiti 
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.LULú�HQNHVLWL 
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3 
3 
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(a) Plan 

B 

A 

B 

A 

1 2 

d=12cm 

G=4.48 kN/m2 

Q=2.00 kN/m2 
Duvar yükü=2.85kN/m 

1 2 

5.00m 

5.
00

m
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dL]HOJH����¶GH�NRORQ�ER\XQD�GRQDWÕ�PLNWDUODUÕ�LOH�H÷LOPH�YH�X]DPD�ULMLWOLNOHUL�
YH� ùHNLO� ���¶GH� LVH� NRORQODUD� DLW� OLQHHUOHúWLULOPLú� DNPD� NRúXOODUÕ� YHULOPLúWLU���
.RORQODUGDNL� GRQDWÕ� \HUOHúLPL� VLPHWULN� ROGX÷XQGDQ� DNPD� NRúXOODUÕ da N eksenine 

J|UH�VLPHWULN�ROPDNWDGÕU�� 
 
 

dL]HOJH������'|UW�NDWOÕ�oHUoHYHGHNL�NRORQODUÕQ�GRQDWÕODUÕ��H÷LOPH�YH�X]DPD�ULMLWOLNOHUL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO������'|UW�NDWOÕ�oHUoHYHGHNL�NRORQODUÕQ�OLQHHUOHúWLULOPLú�DNPD�NRúXOODUÕ 
 
 
 

gUQHN� RODUDN� HOH� DOÕQDQ� oHUoHYHQLQ� JHOLúWLULOHQ� d08<$<� LOH� DQDOL]LQGH�
ELQDQÕQ�WDVDUÕPÕQGD�HVDV�DOÕQDQ�HODVWLN�LYPH�VSHNWUXPX��ùHNLO�������NXOODQÕOPÕúWÕU�� 

 

 

 

 

 

 

Eleman Çubuk no 
�ùHNLO����� Yer 

'RQDWÕ�DODQÕ 
(cm2) 

(÷LOPH�ULMLWOL÷L��(,� 
(kNm2) 

8]DPD�ULMLWOL÷L��()� 
(kN) 

5 , 9 19237.49 

6 , 10 18633.22 

7 , 11 17830.78 
Kolon 

8 , 12 

çubuk 
boyunca 

18.08 
(16Φ12) 

16895.99 

4840000 

 

 

M (kNm) 

N (kN) 

-4159.36 

759.36 

258.48 131.14 

-1663.74 

-258.48 -131.14 

1 

2 

3 4 

5 

6 

$NPD�NRúXOX�NDWVD\ÕODUÕ�YH�VDELWL 
K(M,N)=a1M+a2N+b=0 

Bölge 
a1 a2 b 

1 0.99468 -0.10302 -428.503 

2 -0.99708 -0.07631 130.758 

3 -0.98548 -0.16979 129.236 

4 0.98548 -0.16979 129.236 

5 0.99708 -0.07631 130.758 

6 -0.99468 -0.10302 -428.503 
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ùHNLO�������'|UW�NDWOÕ�oHUoHYHQLQ�DQDOL]LQGH�NXOODQÕODQ 
        % 5 sönümlü elastik ivme spektrumu 

 
 

dHUoHYHQLQ� JHOLúWLULOHQ� d08<$<� LOH� DQDOL]L� LoLQ� ROXúWXUXODQ� KHVDS�
PRGHOLQGH� oXEXN� YH� G�÷�P� QRNWDVÕ� QXPDUDODUÕ� LOH� oXEXN� Xo� NXYYHWOHULQLQ� YH� Xo�
\HUGH÷LúWLUPHOHULQLQ�SR]LWLI�\|QOHUL�ùHNLO����¶GH���J|]|Q�QH�DOÕQDQ�VWDWLN�YH�GLQDPLN�
VHUEHVWOLNOHU��ùHNLO����¶GH�J|VWHULOPLúWLU���� 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������'|UW�NDWOÕ�oHUoHYHQLQ�KHVDS�PRGHOLQGHNL�oXEXN�YH�G�÷�P�QRNWDVÕ 
�QXPDUDODUÕ�LOH�oXEXN�Xo�NXYYHWOHULQLQ�YH�Xo�\HUGH÷LúWLUPHOHULQLQ 

      pozitif yönleri 
 
 
 

���
���
���
���
���
���
���

� � � � � �
3HUL\RW��V�

6S
HN

WUD
O�LY

PH
��J

�

 

P1, D1 

P5, D5 

P6 , D6 

P3, D3 

P2, D2 

P4, D4 

j i 

1 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

3 

5 

7 

4 

6 

8 

9 10 

ξ  = 0.05 
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 (b) statik serbestlikler             (c) dinamik serbestlikler 
 

ùHNLO�������'|UW�NDWOÕ�oHUoHYHQLQ�KHVDS�PRGHOLQH�DLW�VHUEHVWOLNOHU� 
 

 

���+HVDS�DGÕPÕ 
 

øON�RODUDN�VLVWHPLQ�G�úH\�KHVDS�\�NOHULQH�J|UH�KHVDEÕ�\DSÕOPÕúWÕU���%XQXQ�LoLQ�
öncelikle, ikinci mertebe teorisine göre hesapta kullanÕOPDN� �]HUH� NRORQODUGDNL�
normal kuvvetlerin tahmin edilmesi gerekmektedir. Bu amaçla sistem birinci mertebe 

teorisiQH�J|UH�KHVDSODQDUDN�NRORQODUGDNL�QRUPDO�NXYYHW�GH÷HUOHUL�EHOLUOHQPLú�YH�EX�
QRUPDO� NXYYHWOHU� HVDV� DOÕQDUDN� ikinci mertebe eleman rijitlik ve yükleme matrisleri 

HOGH� HGLOPLúWLU�� � 'DKD� VRQUD� NRORQ� YH� NLULú� HOHPDQODUÕQD� DLW� ULMLWOLN� PDWULVOHUL�������
%|O�P� �����¶GH� EHOLUWLOGL÷L� JLEL� LOJLOL� \HUOHUH� \HUOHúWLULOHUHN� VLVWHP� ULMLWOLN� PDWULVL�
EHOLUOHQPLúWLU� �dL]HOJH������� �dXEXNODUD�YH�G�÷�P�QRNWDODUÕQD�HWNL\HQ�G�úH\�\�NOHU�
%|O�P� �����¶GH� EHOLUWLOGL÷L� JLEL� G�]HQOHQHUHN� G�úH\� \�NOHUH� DLW� >T-Po]

o yükleme 

PDWULVL�HOGH�HGLOPLúWLU�� �'DKD�VRQUD�VLVWHP�ULMLWOLN�PDWULVL�YH�\�NOHPH�PDWULVL��������
GHQNOHP� WDNÕPÕQGD� \HULQH� NRQDUDN� G�úH\� \�NOHUH� DLW� >G@o bilinmeyenler matrisi 

KHVDSODQPÕúWÕU�� %X� ELOLQPH\HQOHU� NXOODQÕODUDN� ������� ED÷ÕQWÕODUÕ� LOH� oXEXN� Xo�
NXYYHWOHUL��dL]HOJH������YH�oXEXN�GHQJH�GHQNOHPOHUL�LOH�GL÷HU�NULWLN�NHVLWOHUGHNL�NHVLW�
WHVLUOHUL� KHVDSODQPÕúWÕU�� � � øOJLOL� NHVLW� WHVLUOHUL� DNPD� NRúXOODUÕ� LOH� NRQWURO� HGLOPLú� YH�
G�úH\�\�NOHU�DOWÕQGD�VLVWHPGH�SODVWLN�NHVLW�ROXúPDGÕ÷Õ�EHOLUOHQPLúWLU�� 

 

x 

y 

 m
 

1 

6 

11 

16 

 m
 

 m
 

 m
 

3 
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6 
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5 
1 

4 

8 
6 

7 

13 
11 

12 
15 

11 

14 

18 
16 

17 
20 

16 

19 

6LVWHP�HNVHQ�WDNÕPÕ 
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dL]HOJH�������'|UW�NDWOÕ�oHUoHYHQLQ�VLVWHP�ULMLWOLN�PDWULVL��HODVWLN� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Sdd] = 

d1x d2x d3x d4x d5x d6x d7x d8x d9x d10x d11x d12x d13x d14x d15x d16x d17x d18x d19x d20x 
                    

14947 0 11255 0 11255 -14947 0 11255 0 11255 0 0 0 0 0 0 0 0 0 0 

 1614673 3348 -1339 3348 0 -1613333 0 0 0 0 0 0 0 0 0 0 0 0 0 

  33730 -3348 5502 -11255 0 11273 0 0 0 0 0 0 0 0 0 0 0 0 

   1614673 -3348 0 0 0 -1613333 0 0 0 0 0 0 0 0 0 0 0 

    33730 -11255 0 0 0 11273 0 0 0 0 0 0 0 0 0 0 

     30654 0 614 0 614 -15707 0 11869 0 11869 0 0 0 0 0 

      3228006 3348 -1339 3348 0 -1613333 0 0 0 0 0 0 0 0 

       57433 -3348 5502 -11869 0 11905 0 0 0 0 0 0 0 

        3228006 -3348 0 0 0 -1613333 0 0 0 0 0 0 

         57433 -11869 0 0 0 11905 0 0 0 0 0 

          32055 0 526 0 526 -16348 0 12395 0 12395 

           3228491 4561 -1824 4561 0 -1613333 0 0 0 

            63372 -4561 7871 -12395 0 12449 0 0 

             3228491 -4561 0 0 0 -1613333 0 

              63372 -12395 0 0 0 12449 

               33162 0 394 0 394 

                3228491 4561 -1824 4561 

                 65176 -4561 7871 

                  3228491 -4561 

                   65176 
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dL]HOJH������'|UW�NDWOÕ�oHUoHYHGH�G�úH\�KHVDS�\�NOHULQH�DLt uç kuvvetleri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.00 

89.40 

33.16 

89.40 

-33.16 

0.00 

89.40 

33.16 

89.40 

-33.16 

0.00 

89.40 

35.01 

89.40 

-35.01 

0.00 

89.40 

35.01 

89.40 

-35.01 
 

[q-Po]
o = 

0.00000 

-0.00055 

-0.00105 

-0.00055 

0.00105 

0.00000 

-0.00050 

-0.00031 

-0.00050 

0.00031 

0.00000 

-0.00039 

-0.00045 

-0.00039 

0.00045 

0.00000 

-0.00022 

-0.00051 

-0.00022 

0.00051 
 

[d]o = 

d1x 

d2x 

d3x 

d4x 

d5x 

d6x 

d7x 

d8x 

d9x 

d10x 

d11x 

d12x 

d13x 

d14x 

d15x 

d16x 

d17x 

d18x 

d19x 

d20x 
 

= 

Çubuk 
no 

Kritik 
kesit yeri 

Mo 
(kNm) 

No 
(kN) 

To 
(kN) 

sol uç -27.1 0.0 33.4 
1 VD÷�Xo -27.1 0.0 33.4 

sol uç -31.4 0.0 33.4 
2 VD÷�Xo -31.4 0.0 33.4 

sol uç -31.8 0.0 33.4 
3 VD÷�Xo -31.8 0.0 33.4 

alt uç -31.4 0.0 33.4 
4 

üst uç -31.4 0.0 33.4 
alt uç 6.6 -357.6 -6.6 

5 
üst uç -13.1 -357.6 6.6 
alt uç 18.3 -268.2 -11.9 

6 
üst uç -17.5 -268.2 11.9 
alt uç 14.3 -178.8 -9.0 

7 
üst uç -12.6 -178.8 9.0 
alt uç 18.8 -89.4 -15.3 

8 
üst uç -27.1 -89.4 15.3 
alt uç -6.6 -357.6 6.6 

9 
üst uç 13.1 -357.6 -6.6 
alt uç -18.3 -268.2 11.9 

10 
üst uç 17.5 -268.2 -11.9 
alt uç -14.3 -178.8 9.0 

11 
üst uç 12.6 -178.8 -9.0 
alt uç -18.8 -89.4 15.3 

12 
üst uç 27.1 -89.4 -15.3 
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���+HVDS�DGÕPÕ 
 

6LVWHP� ULMLWOLN� PDWULVL� ùHNLO� ���¶GH� J|VWHULOHQ� GLQDPLN� VHUEHVWOLNOHU� LoLQ���
%|O�P� �����¶GH� EHOLUWLOGL÷L� JLEL� \R÷XQODúWÕUÕODUDN� GLQDPLN� ULMLWOLN� PDWULVL� >6@D 

EHOLUOHQPLúWLU��� 
 

 

   [S]D =   

 

 

Dinamik rijitlik matrisi [S]D ve sisteme ait kütle matrisi  

 
 

 

   [M] =    

 

 

NXOODQÕODUDN� VHUEHVW� WLWUHúLP� DQDOL]L� \DSÕOPÕú� YH� KHQ�]� �]HULQGH� SODVWLNOHúHQ� NHVLW�
EXOXQPD\DQ� VLVWHPH� DLW� |]GH÷HUOHU� �ω2), özvektörler (Φ��� DoÕVDO� IUHNDQVODU� �ω), 

SHUL\RWODU� �7�� KHVDSODQPÕúWÕU�� %X� PRGDO� |]HOOLNOHUGHQ� \DUDUODQDUDN� KHU� PRGD� DLW�
PRGDO� NDWÕOÕP� oDUSDQODUÕ� �Γ ��� HODVWLN� VSHNWUDO� LYPH� GH÷HUOHUL� �6D�� YH� |]YHNW|UOHU���
EHOLUOHQPLúWLU����dL]HOJH�����YH�dL]HOJH���������� 

 

dL]HOJH�������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�DGÕPÕQD��HODVWLN��DLW 
            modal büyüklükler ve  spektral ivmeler 

 

 

 

 

 

 

 

 

 
 

6231.7 -8979.5 3229.8 -589.8 

-8979.5 19997.6 -14436.9 4144.7 

3229.8 -14436.9 23107.1 -16190.8 

-589.8 4144.7 -16190.8 28499.5 
 

d1 d6 d11 d16 

13.261 0 0 0 

0 13.261 0 0 

0 0 13.261 0 

0 0 0 13.261 
 

Mod 
no 

ωω22    
(rad2/s2) 

ωω  
(rad/s) 

T 
 (s) 

ΓΓ  
 

Sa 
 (g) 

1 43.308 6.581 0.9548 207.654 0.501 

2 441.843 21.02 0.2989 81.008 1.000 

3 1681.321 41.004 0.1532 49.851 1.000 

4 3703.072 60.853 0.1033 29.605 0.800 
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dL]HOJH������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�DGÕPÕQD��HODVWLN��DLW�|]YHNW|UOHU��Φij) 
 

 

 

 

 

 

 

dL]HOJH�����YH�dL]HOJH����¶GHNL�GH÷HUOHU�NXOODQÕODUDN���������ED÷ÕQWÕVÕ�LOH�G|UW�
WLWUHúLP�PRGX�LoLQ�ELULP�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ�EHOLUOHQPLúWLU��ùHNLO������� 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO��������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�DGÕPÕQD��HODVWLN���DLW� 
���������ELULP�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ 

 
 
 
 

���+HVDS�DGÕPÕ 
 

Her birim modal� \DWD\� \�N� GD÷ÕOÕPÕQD� DLW� \�NOHPH� PDWULVL� >T@1  

ROXúWXUXOPXúWXU����<�NOHPH�PDWULVOHUL�>T@1�|QFHNL�DGÕPD�DLW��G�úH\�\�NOHU�LoLQ�KHVDS��
LQGLUJHQPLú� NDWVD\ÕODU� PDWULVLQGHQ� \DUDUODQPDN� VXUHWL\OH� LQGLUJHQPLú� YH� �������
GHQNOHP�WDNÕPÕ�o|]�OHUHN�KHU�ELU�GD÷ÕOÕPD�DLW�ELULP�PRGDO�\HUGH÷LúWLUPHOHU�PDWULVOHUL�
[∆d]1�EHOLUOHQPLúWLU�� 

 

øON�\�N�DUWÕPÕ�DGÕPÕQD�DLW�|]YHNW|UOHU�(ΦΦij) Kat no 
1. Mod 2. Mod 3. Mod 4. Mod 

4 0.00622 -0.00503 0.00310 -0.00131 

3 0.00499 0.00163 -0.00570 0.00392 

2 0.00320 0.00580 0.00062 -0.00558 

1 0.00125 0.00372 0.00573 0.00521 

 

44.2 

 

4. Mod 

 

2. Mod  

 

17.5 

 62.5 

39.9 

3. Mod 

 

20.5 

-37.7 

4.1 

37.9 

-4.1 

12.3 

-17.5 

16.4 

1. Mod  

85.8 

68.8 

17.2 

(kN) (kN) (kN) (kN) 

4 

3 

2 

1 

4 

3 

2 

1 

K
at

 n
o 

-54.1 
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����������%LULP�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕQD�DLW�\HUGH÷LúWLUPH�PDWULVOHUL��P��UDG� 
 

 

1. Mod 
 

2. Mod  
 

      3. Mod 
 

       4. Mod 
 

d1x 0.14947 -0.00923 0.00092 -0.00008 
d2x 0.00041 -0.00008 0.00001 0.00000 
d3x -0.00563 0.00263 -0.00072 0.00012 
d4x -0.00041 0.00008 -0.00001 0.00000 
d5x -0.00563 0.00263 -0.00072 0.00012 
d6x 0.11986 0.00299 -0.00169 0.00025 
d7x 0.00039 -0.00006 0.00000 0.00000 
d8x -0.01022 0.00308 -0.00010 -0.00008 
d9x -0.00039 0.00006 0.00000 0.00000 
d10x -0.01022 0.00308 -0.00010 -0.00008 
d11x 0.07689 0.01063 0.00019 -0.00036 
d12x 0.00032 -0.00004 0.00000 0.00000 
d13x -0.01170 0.00043 0.00062 0.00002 
d14x -0.00032 0.00004 0.00000 0.00000 
d15x -0.01170 0.00043 0.00062 0.00002 
d16x 0.02995 0.00681 0.00170 0.00033 
d17x 0.00019 -0.00001 0.00000 0.00000 
d18x -0.01124 -0.00191 -0.00015 0.00005 
d19x -0.00019 0.00001 0.00000 0.00000 
d20x -0.01124 -0.00191 -0.00015 0.00005 

 

>ûG@1 
= 

%LULP�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕQD�DLW�\�NOHPH�PDWULVOHUL��N1� 
 

1. Mod  
 

2. Mod  
 

3. Mod 
 

4. Mod 
 

-85.8 54.1 -20.1 4.1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

-68.8 -17.5 37.7 -12.3 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

-44.2 -62.3 -4.1 17.5 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

-17.2 -39.9 -37.9 -16.4 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

 

[q]1
 = 
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<HUGH÷LúWLUPHOHU� �����-E�� ED÷ÕQWÕODUÕQGD� \HUOHULQH� NR\XODUDN�ELULP�PRGDO� Xo�
kuvvetleri (û 1

jM , û 1
jN ) (Çizelge 4.8) ve bunlardan yararlanarak çubuk denge 

GHQNOHPOHUL� LOH� GL÷HU� NULWLN� NHVLWOHUGHNL� ELULP� PRGDO� NHVLW� WHVLUOHUL� EHOLUOHQPLúWLU�����
$\UÕFD�KHU�PRGD�DLW�ELULP�PRGDO�NDW�\DWD\�\HUGH÷LúWLUPHOHUL�YH�J|UHOL�NDW�|WHOHPHOHUL�
de hesaplanarak Çizelge 4.9 ve Çizelge 4.10’GD�YHULOPLúWLU��� 

 

 

dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�DGÕPÕQD��HODVWLN��DLW� 
            birim modal uç kuvvetleri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�DGÕPÕQD��HODVWLN��DLW� 

birim modal kat yatay \HUGH÷LúWLrmeleri  
 

 

 

 

 

 

.DW�\DWD\�\HUGH÷LúWLUPHOHUL��δδ)  (m)  Kat 
no 1. Mod  2. Mod 3. Mod 4. Mod 

4 0.14947 -0.00923 0.00092 -0.00008 

3 0.11986 0.00299 -0.00169 0.00025 

2 0.07689 0.01063 0.00019 -0.00036 

1 0.02995 0.00681 0.00170 0.00033 
 

Uç momentleri  (kNm) Uç normal kuvvetleri  (kN)   Çubuk
no 

Kritik 
kesit yeri ∆∆ 1

1M   ∆∆ 1
2M   ∆∆ 1

3M   ∆∆ 1
4M  ∆∆ 1

1N   ∆∆ 1
2N   ∆∆ 1

3N   ∆∆ 1
4N  

sol uç 91.5 -43.6 12.0 -2.0 0 0 0.0 0.0 
1 VD÷�Xo -91.5 43.6 -12.0 2.0 0 0 0.0 0.0 

sol uç 168.5 -51.1 1.7 1.4 0 0 0.0 0.0 
2 VD÷�Xo -168.5 51.1 -1.7 -1.4 0 0 0.0 0.0 

sol uç 263.8 -9.5 -14.1 -0.5 0 0 0.0 0.0 3 VD÷�Xo -263.8 9.5 14.1 0.5 0 0 0.0 0.0 
alt uç 254.5 43.7 3.3 -1.2 0 0 0.0 0.0 4 
üst uç -254.5 -43.7 -3.3 1.2 0 0 0.0 0.0 
alt uç -238.4 -62.5 -19.9 -5.0 311.3 -24.2 1.2 -1.0 

5 
üst uç 96.3 38.3 18.0 5.7 311.3 -24.2 1.2 -1.0 
alt uç -158.2 -5.4 14.7 6.9 209.5 -41.7 -0.2 -0.5 6 
üst uç 152.6 34.2 -5.3 -7.3 209.5 -41.7 -0.2 -0.5 
alt uç -111.1 43.7 8.8 -6.8 104 -37.9 5.5 -0.3 

7 
üst uç 128.6 -12.5 -17.3 5.6 104 -37.9 5.5 -0.3 
alt uç -39.9 38.6 -19.0 4.2 36.6 -17.4 4.8 -0.8 8 
üst uç 91.5 -43.6 12.0 -2.0 36.6 -17.4 4.8 -0.8 
alt uç -238.4 -62.5 -19.9 -5.0 -311.3 24.2 -1.2 1.0 9 
üst uç 96.3 38.3 18.0 5.7 -311.3 24.2 -1.2 1.0 
alt uç -158.2 -5.4 14.7 6.9 -209.5 41.7 0.2 0.5 

10 
üst uç 152.6 34.2 -5.3 -7.3 -209.5 41.7 0.2 0.5 
alt uç -111.1 43.7 8.8 -6.8 -104 37.9 -5.5 0.3 11 
üst uç 128.6 -12.5 -17.3 5.6 -104 37.9 -5.5 0.3 
alt uç -39.9 38.6 -19.0 4.2 -36.6 17.4 -4.8 0.8 

12 
üst uç 91.5 -43.6 12.0 -2.0 -36.6 17.4 -4.8 0.8 
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dL]HOJH���������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�DGÕPÕQD��HODVWLN��DLW 
    birim modal göreli kat ötelemeleri  

 

 

 

 

 

 

���+HVDS�DGÕPÕ 
 

%LULP� PRGDO� GDYUDQÕú� E�\�NO�NOHUL� EX� DGÕP� LoLQ� X\JXQ� RODQ� PRGDO�
NRPELQDV\RQ�NXUDOÕ�NXOODQÕODUDN�ELUOHúWLULOPLúWLU���%�W�Q�PRGODUD�DLW�SHUL\RWODU�GDLPD��
Ti/Tj������ � úDUWÕQÕ� VD÷ODGÕ÷Õ� LoLQ� PRGDO� ELUOHúWLUPH� .DUHOHULQLQ� 7RSODPÕQÕQ� .DUH�
Kökü (2.36-D��NXUDOÕ�NXOODQÕODUDN�\DSÕOPÕúWÕU��(OGH�HGLOHQ�ELUOHúWLULOPLú�E�\�NO�NOHUH�
ELULQFL�PRGD�DLW�LOJLOL�E�\�NO�÷�Q�LúDUHWL�YHULOPLúWLU���%|\OHFH�LON�ELULP�\�N�DUWÕPÕQD�
(∆ 1P  ���NDUúÕOÕN�JHOHQ�GDYUDQÕú�E�\�NO�NOHUL��û 1

CR ���EHOLUOHQPLúWLU��dL]HOJH������YH�
Çizelge 4.12). 

 

 

dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�∆ 1P =1 yüklemesine ait uç kuvvetleri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Çubuk 
no 

Kritik 
kesit yeri 

∆∆ 1
CM  

(kNm) 

∆∆ 1
CN   

(kN) 

 ∆∆ 1
CT  

(kN) 
sol uç 102.1 0 -40.8 

1 VD÷�Xo -102.1 0 40.8 
sol uç 176.1 0 -70.4 2 VD÷�Xo -176.1 0 70.4 
sol uç 264.3 0 -105.7 

3 VD÷�Xo -264.3 0 105.7 
alt uç 258.3 0 -103.3 4 
üst uç -258.3 0 103.3 
alt uç -247.4 312.2 113.6 5 
üst uç 105.4 312.2 -113.6 
alt uç -159.1 213.6 100.6 

6 
üst uç 156.7 213.6 -100.6 
alt uç -119.9 110.8 80 7 
üst uç 130.4 110.8 -80 
alt uç -58.9 40.8 51.8 

8 
üst uç 102.1 40.8 -51.8 
alt uç -247.4 -312.2 113.6 9 
üst uç 105.4 -312.2 -113.6 
alt uç -159.1 -213.6 100.6 10 
üst uç 156.7 -213.6 -100.6 
alt uç -119.9 -110.8 80 

11 
üst uç 130.4 -110.8 -80 
alt uç -58.9 -40.8 51.8 12 
üst uç 102.1 -40.8 -51.8 

 

Birim modal göreli kat ötelemeleri  (ΨΨ) (%) 
Kat 
no 

1. Mod 2. Mod 3. Mod 4. Mod 
4 

0.987 -0.407  0.087 -0.011 
3 

1.432 -0.255 -0.063 -0.020 
2 

1.565  0.127 -0.051 -0.023 
1 
 

0.998  0.227  0.057 -0.011 
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dL]HOJH���������'|UW�NDWOÕ�oHUoHYHGH�∆ 1P  ��LoLQ��NDW�\DWD\�\HUGH÷LúWLUPHOHUL�YH 
      göreli kat ötelemeleri  

 

 

 

 

 

 

 

���+HVDS�DGÕPÕ 
 

6LVWHPGHNL� NULWLN� NHVLWOHUGH�� G�úH\� \�NOHUH� DLW� NHVLW� WHsirleri (Mo , No) ve 

∆ 1P =1 \�NOHPHVLQGHQ�ROXúDQ�NHVLW�WHVLUOHUL��∆ 1
CM  ,∆ 1

CN )   �������ED÷ÕQWÕODUÕ�LOH�LIDGH�
HGLOHQ� OLQHHUOHúWLULOPLú� DNPD� NRúXOODUÕQGD� \HUOHULQH� NR\XODUDN�� KHU� ELU� NHVLWLQ�
plastikOHúPHVLQH�VHEHS�RODFDN�\DWD\�\�N�SDUDPHWUHVL�DUWÕPÕ��∆ 1P ���KHVDSODQPÕúWÕU� 

 

gUQHN� RODUDN� VHoLOHQ� ELU� NLULú� YH� ELU� NRORQ� NHVLWLQGH� \DWD\� \�N� SDUDPHWUHVL�
DUWÕPÕQÕQ�KHVDEÕ�DúD÷ÕGD�J|VWHULOPLúWLU��� 

 

����QROX�oXEXNWD��[ �����P��NLULú�VD÷�Xcu) için hesap : 

 

�.LULúOHUGH� QRUPDO� NXYYHW� �1 ��ROGX÷XQGDQ� ����QROX�oXEX÷XQ�DNPD�NRúXOX�
olarak   

 

M0+ 1P∆ �û 1
CM   = Mp                

   

ED÷ÕQWÕVÕ�NXOODQÕOPÕúWÕU���%X�ED÷ÕQWÕGD�\HU�DODQ�00 �YH�û 1
CM  VÕUDVÕ\OD�dL]HOJH�����YH�

dL]HOJH�����¶GHQ��NLULúLQ�VD÷�XFXQXQ�H÷LOPH�PRPHQWL�WDúÕPD�NDSDVLWHVLQL�LIDGH�HGHQ�
Mp�LVH�dL]HOJH����¶GHQ�DOÕQDUDN�\HUOHULQH�NR\XOGX÷XQGD� 
 

M0 = -�����N1P������û 1
CM = -102.1 kNm   ,    Mp = -79.9 kNm   için    ∆ 1P =0.517 

RODUDN�KHVDSODQPÕúWÕU� 

Kat 
no 

Kat yatay 
\HUGH÷LúWLUPHOHUL  (δδ) 

(m) 

Göreli kat ötelemeleri  (ΨΨ) 
(%) 

 4 0.150 
1.071 

3 0.120 
1.456 

2 0.078 
1.571 

1 0.031 

  
1.025 
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(5) nolu çubukta  x=0.00 m (kolon alt ucu) için hesap : 

 

 .RORQODUGD�DNPD�NRúXOX�RODUDN 

 

 a1.(M
0 + 1P∆ �û 1

CM ) +  a2.(N
0 + 1P∆ �û 1

CN ) + b = 0 

 

ED÷ÕQWÕVÕ�NXOODQÕOPÕúWÕU�����%X�ED÷ÕQWÕGD��G�úH\�\�NOHUGHQ�ROXúDQ�NHVLW�WHVLUOHUL�00 , N0  

dL]HOJH� ����¶GHQ�� ELULP� \DWD\� \�N� DUWÕPÕQGDQ� ROXúDQ� ELUOHúWLULOPLú� NHVLW� WHVLUOHUL�
û 1

CM ,�û 1
CN  Çizelge 4.11’den�DOÕQÕU�� 

 

M0 = 6.6 kNm     N0 = -357.6 kN    

û 1
CM = -247.4 kNm    û 1

CN =312.2 kN 

 

a1 ,  a2��YH��E��GH÷HUOHUL��NRORQ�NHVLWOHULQH�DLW��ùHNLO����¶GH�J|VWHULOHQ�OLQHHUOHúWLULOPLú�
DNPD�NRúXODUÕQGDQ�\DUDUODQDUDN�%|O�P����¶GH�EHOLUWLOGL÷L�JLEL�EHOLUOHQPHNWHGLU����%X�
GH÷HUOHU� �DNPD�NRúXOXQXQ�E|OJHOHULQH�J|UH�GH÷LúHFH÷LQGHQ�KHU�E|OJH�LoLQ�\DWD\�\�N�
DUWÕPÕ�EHOLUOHQPHVL�YH�HQ�N�o�N�\�N�DUWÕPÕQÕQ�∆P1 �RODUDN�DOÕQPDVÕ�JHUHNPHNWHGLU��� 
 

ùHNLO����¶GH�J|VWHULOHQ�DNPD�NRúXOXQXQ�DOWÕ�E|OJHVL�LoLQ�EX�LúOHPOHU�\DSÕOPÕú��
�����QROX�DNPD�NRúXOX�E|OJHVLQGH�� 
 

a1 = 0.99708   ,     a2 = -0.07631    ,    b = 130.758  

LoLQ��HQ�N�o�N�\DWD\�\�N�DUWÕPÕ�∆ 1P  ���������RODUDN�HOGH�HGLOPLúWLU�� 
 

 Sistemdeki bütün kritik kesitler için EX�LúOHPOHU�WHNUDUODQPÕú�YH�LON�SODVWLN�NHVLWLQ���
VDELW� G�úH\� \�NOHU� DOWÕQGD� \DWD\� \�N� DUWÕPÕQÕQ� ∆P1�  � ������ GH÷HULQGH�� � ���� QROX�
oXEX÷XQ�VD÷�XFXQGD�ROXúWX÷X�EHOLUOHQPLúWLU�� 

 

%X�LON�SODVWLN�NHVLWLQ�ROXúPDVÕQD�NDUúÕOÕN�JHOHQ�WRSODP�\DWD\�\�N�SDUDPHWUHVL� 
 

 
1P  = ∆ 1P  = 0.2754  

 

RODUDN� HOGH� HGLOPLúWLU�� � � %X� \DWD\� \�N� SDUDPHWUHVLQH� NDUúÕOÕN� JHOHQ� NHVLW� WHVLUOHUL��
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\HUGH÷LúWLUPHOHU�YH�GL÷HU�GDYUDQÕú�E�\�NO�NOHUL�GH��������ED÷ÕQWÕVÕ�LOH�KHVDSODQPÕú�YH�
Çizelge 4.13, Çizelge�����¶GH�YHULOPLúWLU��� 

  

dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�VRQXQGDNL�WRSODP�Xo�NXYYHWOHUL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�LON�\�N�DUWÕPÕ�VRQXQGDNL�NDW�\DWD\ 
 yHUGH÷LúWLUPHOHUL  ve göreli kat ötelemeleri 

 

 

 

 

 

 

 

 

 

1P  = 0.275 için 
Çubuk 

no 
Kritik 

kesit yeri M1 
(kNm) 

N1 

 (kN) 
T1 

 (kN) 

sol uç 1.0 0.0 22.2 
1 VD÷�Xo -55.2 0.0 44.6 

sol uç 17.1 0.0 14.0 
2 VD÷�Xo -79.9 0.0 52.8 

sol uç 40.9 0.0 4.3 3 VD÷�Xo -104.6 0.0 62.5 
alt uç 39.7 0.0 5.0 

4 
üst uç -102.5 0.0 61.8 
alt uç -61.5 -271.7 24.7 5 
üst uç 15.9 -271.7 -24.7 
alt uç -25.5 -209.4 15.7 6 
üst uç 25.6 -209.4 -15.7 
alt uç -18.7 -148.3 13.0 

7 
üst uç 23.3 -148.3 -13.0 
alt uç 2.6 -78.2 -1.0 8 
üst uç 1.0 -78.2 1.0 
alt uç -74.7 -443.5 37.8 

9 
üst uç 42.1 -443.5 -37.8 
alt uç -62.1 -327.0 39.6 10 
üst uç 60.6 -327.0 -39.6 
alt uç -47.3 -209.3 31.0 11 
üst uç 48.5 -209.3 -31.0 
alt uç -35.0 -100.6 29.5 

12 
üst uç 55.2 -100.6 -29.5 

 

1P = 0.275 için 
Kat 
no 

Kat yatay 
\HUGH÷LúWLUPHOHUL��δδ) 

 (m) 

Göreli kat ötelemeleri (ΨΨ) 
(%) 

 4 0.04121 
0.295 

3 0.03300 
0.401 

2 0.02136 
0.432 

1 0.00846 

  
0.282 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

úH

÷Lú

1 
12 

Plastik kesit 
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6��+HVDS�DGÕPÕ 
  

 2OXúDQ�LON�SODVWLN�NHVLWWHNL�φ1 SODVWLN�úHNLOGH÷LúWLUPH�SDUDPHWUHVL�LODYH�ELOLQPH\HQ�
RODUDN�DOÕQÕU�YH�EX�ELOLQPH\HQLQ�o|]�PH�HWNLVLQL� LIDGH�HGHQ� >6φd] ,[Sdφ],   [Sφφ]  ve 

[Pφo@�PDWULVOHUL�%|O�P��������¶GH�DoÕNODQGÕ÷Õ�JLEL�EHOLUOHQHUHN� LQGLUJHQPLú�GHQNOHP�
WDNÕPÕQD� LODYH� HGLOLU�� � 'DKD� VRQUD� VDGHFH� \HQL� HNOHQHQ� EX� LODYH� VDWÕU� YH� NRORQ��
LQGLUJHQPLú� GHQNOHP� WDNÕPÕQGDQ� \DUDUODQDUDN� LQGLUJHQLU�� � >6φd] ,[Sdφ], [Sφφ]  ve 

[Pφo@PDWULVOHULQLQ�HOGH�HGLOLúOHUL�DúD÷ÕGD�D\UÕQWÕOÕ�RODUDN�DQODWÕOPÕúWÕU��� 
 

[Sdφφ] ve  [Sφφd]  matrislerinin belirlenmesi  
 

[Sdφ@�PDWULVLQL�EHOLUOHPHN�LoLQ�SODVWLN�NHVLWLQ�PH\GDQD�JHOGL÷L�����oXEX÷XQGD�
SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQLQLQ��φ1��ELULP�GH÷HULQGHQ�ROXúDQ�oXEXN�Xo�NXYYHWOHUL�
matrisleri [Pφ1]3  ve [Pφ1]4¶��Q�KHVDSODQPDVÕ�JHrekmektedir.    

 

Buna göre,  

 

φ1� �����LoLQ��SODVWLN�NHVLWWHNL�SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQOHUL� 
 

 θ1 = φ1a1 = a1 = -1.000     (Mp < 0 ) 

 ∆1 = φ1a2 = a2 = 0.000      (N = 0) 

 

RODUDN� HOGH� HGLOPLúWLU�� � 3ODVWLN� NHVLWLQ� oXEXN� �]HULQGHNL� \HULQL� WDQÕPOD\DQ� α  

parametresi  
 

α = x1/L = 5.00/5.00 =1.000 
 

RODUDN�HOGH�HGLOPLúWLU���1RUPDO�NXYYHWL�VÕIÕU�RODQ�YH��o�E|OJHOL�VDELW�DWDOHW�PRPHQWLQH�
VDKLS� ���� oXEX÷XQD� DLW� ULMLWOLN� LIDGHOHUL� YH� \XNDUÕGD� KHVDSODQDQ� úHNLOGH÷LúWLUPH�
bLOHúHQOHUL��birinci mertebe teorisine ait (2.15) matrislerinde yerine koyularak    

 

 

 

 

     P1 

[Pφ1]3  =   P5    

  P6 

-5502 

0 

-3348 
 

= 

   P2 

[Pφ1]4  =    P3    

   P4 

-11238 

0 

3348 
 

= 
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HOGH�HGLOPLúWLU�����%X�PDWULVOHU�VLVWHP�HNVHQ�WDNÕPÕQD�G|Q�úW�U�OP�ú�YH�ùHNLO����¶GH�
YHULOHQ� \HUGH÷LúWLUPH� ELOHúHQOHULQH� NDUúÕOÕN� JHOHQ� WHULPOHU� LOJLOL� \HUOHUH� \D]ÕODUDk  

[Sdφ] matrisi  

 

[Sdφ] 
T = [ 0  0  0  0  0  0  -3348  -5502  3348  -11238  0  0  0  0  0  0  0  0  0  0 ] 

 

úHNOLQGH� HOGH� HGLOPLúWLU�� � � >6φd@� PDWULVL� GH� %|O�P� �������¶GH� EHOLUWLOGL÷L� JLEL� >6dφ] 

matrisinden yararlanarak            

 

[Sφd] = [Sdφ] 
T = [0  0  0  0  0  0  -3348  -5502  3348  -11238  0  0  0  0  0  0  0  0  0  0] 

 

úHNOLQGH�EHOLUOHQPLúWLU�� 
 

[Sφφφφ] matrisinin belirlenmesi    

 

       ∆P1 ��\�N�DUWÕPÕ�LoLQ�WHN�HOHPDQGDQ�ROXúDQ�>6φφ] matrisinin  Sφφ (1,1) HOHPDQÕ� 
 

θ1 = φ1 a1
  = a1 = -1.000     (Mp < 0 ) 

∆1 = φ1 a2 = a2 = 0.000      (N = 0) 

 

SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQOHULQGHQ�GROD\Õ�LON�SODVWLN�NHVLWWHNL� 
 

a1 ∆M + a2 ∆N  

 

Lo�NXYYHW�GH÷LúLPLQGHQ�ROXúPDNWDGÕU����%X�LIDGHGHNL�∆M ve ∆N terimlerinin birinci 

mertebe teorisiQGHNL�NDUúÕOÕNODUÕ��������ED÷ÕQWÕODUÕ�LOH� 
 

x = L = 5.00 m  için  
 

12 P
L

x
1P

L

x
M 






 −−=∆  =  P2 = -11238    ,        5PN =∆  = 0 

 

úHNOLQGH�HOGH�HGLOPLúWLU����%XQD�J|UH�    



 

 
71 

[Sφφ] = [11238]   
 

RODUDN�HOGH�EHOLUOHQPLúWLU��� 
 

∆ 1
yP  =1.00 yüklemesinde, ü]HULQGH�SODVWLNOHúHQ�NHVLW�EXOXQDQ�����QROX�oXEX÷D�

GÕú�\�N�HWNLPHGL÷LQGHQ��>3φo]  matrisinin  φ1��úHNLOGH÷LúWLUPH�SDUDPHWUHVLQH�NDUúÕOÕN�
JHOHQ�WHULPL�VÕIÕU�ROPDNWDGÕU���� 
 

Elde edilen [Sφd] , [Sdφ] , [Sφφ] ve [Pφo@� � PDWULVOHUL� ������� ED÷ÕQWÕVÕQGD�
belirtildL÷L� JLEL� PHYFXW� GHQNOHP� WDNÕPÕQD� HNOHQHUHN� JHQLúOHWLOPLú� GHQNOHP� WDNÕPÕ�
EHOLUOHQPLúWLU�� *HQLúOHWLOPLú� VLVWHP� ULMLWOLN� PDWULVL� >6@G, Çizelge 4.15’de 

J|VWHULOPLúWLU��� 
 

 

���+HVDS�DGÕPÕ 
 

%X�DGÕPGD��JHQLúOHWLOPLú�GHQNOHP�WDNÕPÕQÕQ�NDWVD\ÕODU�PDWULVLQLQ�GHWHUPLnant 

GH÷HUL�GHW�>6@G¶�QLQ�NRQWURO�HGLOPHVL�YH�VÕQÕU�GH÷HUH�XODúÕOGÕ÷ÕQGD�\�N�DUWÕPÕQD�VRQ�
YHULOPHVL� JHUHNPHNWHGLU�� � %XQD� J|UH� LON� \�N� DUWÕPÕ� VRQXQGD� JHQLúOHWLOPLú� VLVWHP�
ULMLWOLN�PDWULVLQLQ�GHWHUPLQDQW�GH÷HUL��� 
 

    det [S]G = 0.735E+10 > 0 

 

olarak hesaplDQPÕúWÕU����%XQXQ���]HULQH����KHVDS�DGÕPÕna geri dönülerek ikinci yatay 

\�N�DUWÕPÕ�LoLQ��∆P2� ����D\QÕ�LúOHPOHU�WHNUDUODQPÕúWÕU��� 
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dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�LON�SODVWLN�NHVLW�ROXúXPXQGDQ�VRQUD�JHQLúOHWLOPLú�VLVWHP�ULMLWOLN�PDWULVL 

[S]G = 

d1x d2x d3x d4x d5x d6x d7x d8x d9x d10x d11x d12x d13x d14x d15x d16x d17x d18x d19x d20x φ1   
                     

14947 0 11255 0 11255 -14947 0 11255 0 11255 0 0 0 0 0 0 0 0 0 0 0 

 1614673 3348 -1339 3348 0 -1613333 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

  33730 -3348 5502 -11255 0 11273 0 0 0 0 0 0 0 0 0 0 0 0 0 

   1614673 -3348 0 0 0 -1613333 0 0 0 0 0 0 0 0 0 0 0 0 

    33730 -11255 0 0 0 11273 0 0 0 0 0 0 0 0 0 0 0 

     30654 0 614 0 614 -15707 0 11869 0 11869 0 0 0 0 0 0 

      3228006 3348 -1339 3348 0 -1613333 0 0 0 0 0 0 0 0 -3348 

       57433 -3348 5502 -11869 0 11905 0 0 0 0 0 0 0 -5502 

        3228006 -3348 0 0 0 -1613333 0 0 0 0 0 0 3348 

         57433 -11869 0 0 0 11905 0 0 0 0 0 -11238 

          32055 0 526 0 526 -16348 0 12395 0 12395 0 

           3228491 4561 -1824 4561 0 -1613333 0 0 0 0 

            63372 -4561 7871 -12395 0 12449 0 0 0 

             3228491 -4561 0 0 0 -1613333 0 0 

              63372 -12395 0 0 0 12449 0 

               33162 0 394 0 394 0 

                3228491 4561 -1824 4561 0 

                 65176 -4561 7871 0 

                  3228491 -4561 0 

                   65176 0 

                    11238 

 

1. Plastik 
úHNLOGH÷LúWLUPH 

parametresi 
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øNLQFL�\DWD\�\�N�DUWÕPÕ��∆∆P2 =1) için hesap   

  

 ������h]HULQGH�ELU�SODVWLNOHúHQ�NHVLW�EXOXQDQ�VLVWHPH�DLW�JHQLúOHWLOPLú�VLVWHP�ULMLWOLN�
PDWULVL�LOJLOL�GLQDPLN�VHUEHVWOLNOHU�LoLQ�\R÷XQODúWÕUÕODUDN�LNLQFL�\�N�DUWÕPÕ�DGÕPÕQD�DLW�
dinamik rijitlik matrisi  [S] 2

D
�EHOLUOHQPLúWLU���%X�PDWULV�YH�N�WOH�PDWULVL�NXOODQÕODUDN�

VHUEHVW�WLWUHúLP�DQDOL]L�\DSÕOPÕú�YH�LNLQFL�\�N�DUWÕPÕ�DGÕPÕQD�DLW�PRGDO�|]HOOLNOHU�YH�
VSHNWUDO�LYPH�GH÷HUOHUL�HOGH�HGLOPLúWLU��dL]HOJH������� 
 

 

[S] 2
D =   

 

 

dL]HOJH���������'|UW�NDWOÕ�oHUoHYHGH�LNLQFL�\�N�DUWÕPÕ�DGÕPÕQD�DLW 
      modal büyüklükler ve spektral ivmeler 

 

 

 

 

 

 

 

%LU�|QFHNL�\�N�DUWÕPÕ�DGÕPÕQD�DLW�PRGDO�\DWD\�\�N�GH÷HUOHUL�YH�EX�DGÕPD�DLW�
dL]HOJH� ����¶GDNL� PRGDO� |]HOOLNOHU� LOH� VSHNWUDO� LYPH� GH÷HUOHUL� ������� ED÷ÕQWÕVÕQGD�
\HUOHULQH� NRQDUDN� LNLQFL� \�N� DUWÕPÕ� DGÕPÕQD� DLW� ELULP�PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕ�
EHOLUOHQPLúWLU���dL]HOJH������������� 

 

dL]HOJH����������'|UW�NDWOÕ�oHUoHYHGH�LNLQFL�\�N�DUWÕPÕ�DGÕPÕQD�DLW 
������PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ 

 

 

 

 

 

 

5600.8 -9125.5 4151.1 -763.0 

-9125.5 19963.8 -14223.7 4104.6 

4151.1 -14223.7 21761.8 -15937.9 

-763.0 4104.6 -15937.9 28452.0 
 

d1 d6 d11 d16 

Mod 
no 

ωω22    
(rad2/s2) 

ωω  
(rad/s) 

T 
 (s) 

ΓΓ   
 

Sa 
 (g) 

1 35.569 5.964 1.054 201.316 0.462 

2 349.491 18.695 0.336 95.147 1.000 

3 1677.736 40.960 0.153 50.637 1.000 

4 3651.589 60.428 0.104 29.981 0.800 

 

0RGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ��N1� 
Kat no 

1. Mod  2. Mod  3. Mod  4. Mod 

4 167.1 -111.7 40.7 -8.8 

3 128.7 42.8 -75.7 24.9 

2 77.7 139.6 8.6 -35.0 

1 29.7 85.4 77.0 33.1 
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    %LU�|QFHNL�DGÕPD�DLW�LQGLUJHQPLú�VLVWHP�ULMLWOLN�PDWULVLQH�LODYH�HGLOHQ�VDWÕU�YH�
kolonun indirgenmesi� VÕUDVÕQGD� D\UÕFD�� SODVWLN� NHVLWLQ� ROXúXPX� LOH� GH÷LúHQ� VLVWHP�
GDYUDQÕúÕ� QHGHQL\OH� KHU� ELU� PRG� LoLQ� \HQLGHQ� KHVDSODQDQ� ELULP� PRGDO� \DWD\� \�N�
GD÷ÕOÕPODUÕQGDQ� �dL]HOJH� ������ ROXúDQ� >T@2 sabitler matrisi de indirgenmektedir. 

Böylece, her bir moda ait birim modDO�GDYUDQÕú�E�\�NO�NOHUL�EHOLUOHQPLú�ROPDNWDGÕU����
%X�DGÕPGD���∆P2 ������¶�OLN�\DWD\�\�N�DUWÕPÕ�VRQXQGD�\�N�SDUDPHWUHVLQLQ�32= 0.297 

GH÷HULQGH������QROX�oXEX÷XQ�VD÷�XFXQGD�LNLQFL�SODVWLN�NHVLWLQ�ROXúWX÷X�EHOLUOHQPLúWLU��� 
 

%LU� |QFHNL� DGÕPGD� SODVWLNOHúHQ� ���� QROX� oXEX÷XQ� VD÷� XFXQGDNL� SODVWLN�
úHNLOGH÷LúWLUPH� SDUDPHWUHVL� \HQL� ELOLQPH\HQ� RODUDN� GHQNOHP� WDNÕPÕQD� LODYH�
HGLOGL÷LQGHQ��EX�\�N�DUWÕPÕ�VRQXQGD�EX�NHVLWWH�PH\GDQD�JHOHQ�SODVWLN�úHNLOGH÷LúWLUPH�
SDUDPHWUHVL� GLUHNW� RODUDN� HOGH� HGLOPHNWHGLU�� %X� SODVWLN� úHNLOGH÷LúWLUPH�
SDUDPHWUHVLQGHQ�\DUDUODQDUDN�GD��NHVLWWHNL�SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQOHUL��SODVWLN�
dönme θ1�YH�SODVWLN�ER\�GH÷LúPHVL�∆1 ) belirlenmektedir.  Buna göre, 
 

a1 = -1.000     için       θ1 = a1 φ1  =   -φ1   

a2 = 0.000       için      ∆1 = a2 φ1  =   0    
 

RODUDN�HOGH�HGLOPLúWLU���%XUDGDQ��SODVWLN�NHVLWWHNL�úHNLOGH÷LúWLUPH�SDUDPHWUHVLQLQ����φ1)  

WHUV� LúDUHWOH� NHVLWWHNL� SODVWLN� G|QPH\H� �θ1�� � NDUúÕOÕN� JHOGL÷L� J|U�OPHNWHGLU�� � � %XQD�
J|UH��LOJLOL�SODVWLN�NHVLWWH��LNLQFL�\�N�DUWÕPÕ�DGÕPÕQGD�ROXúDQ�PRGDO��ELUOHúWLULOPLú�YH�
WRSODP�SODVWLN�úHNLOGH÷LúWLUPH�SDUDPHWUHVL�GH÷HUOHUL�LOH�WRSODP�SODVWLN�G|QPH�GH÷HUL��
dL]HOJH�����¶GH�YHULOPLúWLU��� 
 

dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�LON�SODVWLN�NHVLWWHNL�SODVWLN�úHNLOGH÷LúWLUPH 
�SDUDPHWUHVL�YH�SODVWLN�G|QPH�GH÷HUL 

 

 

 

 

 

 �������øNLQFL� \�N� DUWÕPÕ� DGÕPÕQD� DLW� PRGDO�� ELUOHúWLULOPLú� YH� WRSODP� NDW� \DWD\�
\HUGH÷LúWLUPHOHUL�dL]HOJH�����¶GD���J|UHOL�NDW�|WHOHPHVL�GH÷HUOHUL��dL]HOJH�����¶GH�YH�
WRSODP�oXEXN�Xo�NXYYHWOHUL�dL]HOJH�����¶GH�J|VWHULOPLúWLU�� 

3ODVWLN�úHNLOGH÷LúWLUPH�SDUDPHWUHVL��φφ) 
Plastik dönme (θθ1) 

(rad) 

1. Mod 2. Mod 3. Mod  4. Mod 
∆∆P2=1 için 

1
Cφφ∆∆  

P2=0.297 için 
1φφ  

P2=0.297 için 
θθ1 

-0.06011 0.01850 -0.00050 -0.00041 -0.06289 -0.00134984 0.00134984 
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Çizelge 4.19   Dört kDWOÕ�oHUoHYHGH�LNLQFL�\�N�DUWÕPÕQD�DLW�NDW�\DWD\�\HUGH÷LúWLUPHOHUL  
 

 

 

 

 

 

dL]HOJH�������'|UW�NDWOÕ�oHUoHYHGH�LNLQFL�\�N�DUWÕPÕQD�DLW�J|UHOL�NDW�|WHOHPHOHUL� 
 

 

 

 

 

 

 

dL]HOJH�������'|UW�NDWOÕ�oHUoHYHGH�LNLQFL�\�N�DUWÕPÕ�VRQXQGDNL�WRSODP�Xo�NXYYHWOHUL 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

P2=0.297 için 
Çubuk 

no 
Kritik 

kesit yeri 
2M  

(kNm)  

2N  

(kN)  

2T   

(kN) sol uç 7.3 0.0 19.7 
1 VD÷�Xo -61.1 0.0 47.1 

sol uç 23.8 0.0 12.7 
2 VD÷�Xo -79.9 0.0 54.1 

sol uç 53.5 0.0 -0.7 
3 VD÷�Xo -116.9 0.0 67.5 

alt uç 50.5 0.0 0.6 4 
üst uç -113.3 0.0 66.2 
alt uç -71.7 -258.9 29.4 

5 
üst uç 20.3 -258.9 -29.4 
alt uç -32.2 -200.8 19.7 6 
üst uç 31.3 -200.8 -19.7 
alt uç -26.4 -144.5 17.1 

7 
üst uç 28.3 -144.5 -17.1 
alt uç 0.2 -75.7 1.7 8 
üst uç 7.3 -75.7 -1.7 
alt uç -84.8 -456.3 42.5 9 
üst uç 46.3 -456.3 -42.5 
alt uç -69.1 -335.6 43.9 

10 
üst uç 67.1 -335.6 -43.9 
alt uç -53.9 -213.1 33.5 11 
üst uç 50.4 -213.1 -33.5 
alt uç -33.1 -103.1 31.2 

12 
üst uç 61.1 -103.1 -31.2 

 

Göreli kat ötelemeleri  (ψψ) (%) 
Kat 
no 

1. Mod 2. Mod 3. Mod  4. Mod 
∆∆P2=1 için 

2
Cψψ∆∆  

P2=0.297 için 
2ψψ  

4 
3.144 -1.200 0.181 -0.018 3.370 0.367 

3 
3.904 -0.814 -0.120 0.046 3.991 0.486 

2 
3.161 0.322 -0.101 -0.046 3.179 0.500 

1 
 1.902 0.549 0.115 0.023 1.983 0.325 

 

.DW�\DWD\�\HUGH÷LúWLUPHOHUL  ( δδ )   (m)  
Kat 
no 1. Mod 2. Mod 3. Mod  4. Mod 

∆∆P2=1 için 

∆∆ 2
Cδδ  

P2=0.297 için 
2δδ  

4 0.36336 -0.03428 0.00224 0.00015 0.36498 0.04904 

3 0.26902 0.00171 -0.00318 0.00069 0.26905 0.03877 

2 0.15189 0.02614 0.00042 -0.00069 0.15412 0.02467 

1 0.05706 0.01648 0.00346 0.00068 0.05950 0.00974 
 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

úH

÷Lú

12 

2 

1 
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  �%HQ]HU� úHNLOGH� \DSÕODQ� KHVDSODU� LOH� ��� \�N� DUWÕPÕ� VRQXQGD�� \DWD\� \�N�
parametresinin P8� �������GH÷HULQGH����SODVWLN�NHVLWLQ�PH\GDQD�JHOPHVL� VRQXFXQGD�
JHQLúOHWLOPLú�VLVWHP�ULMLWOLN�PDWULVLQLQ�GHWHUPLQDQW�GH÷HUL 
 

     det[S]G = -0.16624E+10  < 0 

 

RODUDN�KHVDSODQPÕú�YH�EX�GXUXP�VLVWHPLQ�VWDELOLWH�\HWHUVL]OL÷L�QHGHQL\OH�J|oPHVLQH�
NDUúÕ� JHOGL÷LQGHQ� \�N� DUWÕPÕQD� VRQ� YHULOPLúWLU�� � ��� SODVWLN� NHVLWL� GH� LoHUHQ�
JHQLúOHWLOPLú�VLVWHP�ULMLWOLN�PDWULVL�dL]HOJH�����¶GH�J|VWHULOPLúWLU��� 
 

<�N�DUWÕPODUÕQD�NDUúÕOÕN�JHOHQ�WDEDQ�NHVPH�NXYYHWOHUL�KHVDSODQPÕú�YH�EXQODUD�
DLW� WHSH� \HUGH÷LúWLUPHOHUL� GH� NXOODQÕODUDN� VLVWHPLQ� NDSDVLWH� H÷ULVL� EHOLUOHQPLúWLU���
.DSDVLWH� H÷ULVL� YH� VLVWHPGHNL� SODVWLNOHúHQ� NHVLWOHULQ� GD÷ÕOÕPÕ� ùHNLO� ����¶GD�
J|VWHULOPLúWLU��� 
 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO��������'|UW�NDWOÕ�oHUoHYHQLQ�NDSDVLWH�H÷ULVL�YH�SODVWLNOHúHQ�NHVLWOHULQ�GD÷ÕOÕPÕ 
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2 
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� � � � �� ��
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[S]G = 

dL]HOJH��������'|UW�NDWOÕ�oHUoHYHGH�VRQ�\�N�DUWÕPÕQD�DLW�JHQLúOHWLOPLú�VLVWHP�ULMLWOLN�PDWULVL 

    φ1 φ2 φ3 φ4 φ5 φ6 φ7 φ8 φ9 
             

    0 0 0 0 0 0 0 0 0 

    0 0 0 0 0 -3348 0 0 0 

    0 0 0 0 0 -5502 0 0 0 

    0 0 0 0 0 3348 0 0 0 

    0 0 0 0 0 -11238 0 0 0 

    0 0 0 0 0 0 0 0 0 

    -3348 0 0 0 0 0 0 -2511 0 

    -5502 0 0 0 0 0 0 -9145 0 

    3348 0 0 0 0 0 0 2511 0 

    -11238 0 0 0 0 0 0 -3410 0 

    0 0 0 0 0 0 0 0 0 

    0 -4561 0 -4561 0 0 0 0 0 

    0 -7871 0 -14933 0 0 0 0 0 

    0 4561 0 4561 0 0 0 0 0 

    0 -14933 0 -7871 0 0 0 0 0 

    0 0 0 0 0 0 -12752 0 -12752 

    0 0 -4561 0 -4561 0 -123119 0 0 

    0 0 -7871 0 -14933 0 -12823 0 0 

    0 0 4561 0 4561 0 0 0 -123119 

    0 0 -14933 0 -7871 0 0 0 -12823 

    11238 0 0 0 0 0 0 3410 0 

     14933 0 7871 0 0 0 0 0 

      14933 0 7871 0 0 0 0 

       14933 0 0 0 0 0 

        14933 0 0 0 0 

         11238 0 0 0 

          34754 0 0 

           7576 0 

            34754 

 

3ODVWLN�úHNLOGH÷LúWLUPH�SDUDPHWUHOHUL 

[Sdd] 

[Sφd] 
[Sφφ] 

[Sdφ] 
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+HU� \�N� DUWÕPÕQD� DLW� NDW� \DWD\� \HUGH÷LúWLUPHOHUL� ùHNLO� ����¶GH�� J|UHOL� NDW�
|WHOHPHOHUL� ùHNLO� ����¶GH�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL� ùHNLO� ����¶GH�
gösWHULOPLúWLU���� 

 

 

   

 

 

 

 

 

 

 

 

 

 

ùHNLO��������'|UW�NDWOÕ�oHUoHYHGH�\�N�DUWÕPODUÕQD�DLW�NDW�\DWD\�\HUGH÷LúWLUPHOHUL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO��������'|UW�NDWOÕ�oHUoHYHGH�\�N�DUWÕPODUÕQD�DLW�J|UHOL�NDW�|WHOHPHOHUL 
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ùHNLO�������'|UW�NDWOÕ�oHUoHYHGH�\�N�DUWÕPODUÕQD�DLW�PDNVLPXP�NLULú�SODVWLN�G|QPHOHUL 
 

 

�����$QDOL]�6RQXoODUÕQD�J|UH�d08<$<¶QLQ�'H÷HUOHQGLULOPHVL 
 

*HOLúWLULOHQ� d08<$<� LOH� HOGH� HGLOHQ� VD\ÕVDO� VRQXoODUÕQ� GH÷HUOHQGLULOPHVL�
DPDFÕ\OD���o� IDUNOÕ�GHSUHP�\HU�KDUHNHWL�ND\GÕ� LoLQ��oHúLWOL�SHUL\RW�E|Ogelerini temsil 

etmek üzere seçilen dört betonarme bina çerçevesi (5, 10, 15 ve 20-NDWOÕ���]HULQGH�
VD\ÕVDO� X\JXODPDODU� \DSÕOPÕúWÕU�� � (OGH� HGLOHQ� VRQXoODU�� D\QÕ� ELQDODU� LoLQ� \DSÕODQ�
/LQHHU�2OPD\DQ�'LQDPLN�$QDOL]��/2'$������PRG�HVDVOÕ�*HOHQHNVHO�/LQHHU�2OPD\an 

Statik Analiz (G-LOSA-��PRG�� YH�)(0$����¶GD�|QHULOHQ� LNL�GD÷ÕOÕP� LoLQ�\DSÕODQ�
OLQHHU� ROPD\DQ� VWDWLN� DQDOL]� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕODUDN� GH÷HUOHQGLULOPLúWLU��
'H÷HUOHQGLUPHOHU�� 

 

• NDW�\DWD\�\HUGH÷LúWLUPHOHUL� 
• göreli kat ötelemeleri, 

• PDNVLPXP�NLULú�SODVWik dönmeleri, 

• kat kesme kuvvetleri, 

• NDSDVLWH�H÷ULOHUL� 
• VLVWHPGHNL�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕ� 

 

LQFHOHQHUHN�\DSÕOPÕúWÕU�� 

�

�

�

�

�

���� ���� ���� ����
0DNV��NLULú�SODVWLN�G|QPHVL��UDG�

K
a

t 
n

o
DGÕP����
DGÕP��
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������ � �gUQHN�%HWRQDUPH�dHUoHYH�%LQDODUÕQ�YH�.XOODQÕODQ�'HSUHP�<HU�
+DUHNHWL��.D\ÕWODUÕQÕQ��g]HOOLNOHUL 

 
 ��������)DUNOÕ�SHUL\RW�E|Ogelerini temsil etmek üzere 5, 10, 15 ve 20-NDWOÕ�EHWRQDUPH�
ELQDODU�|UQHN�RODUDN�LQFHOHQPLúWLU���*HQHO�|]HOOLNOHUL�dL]HOJH�����¶GH��WLSLN�NDW�NDOÕS�
SODQÕ� ùHNLO� ����¶GH� YHULOHQ� EHWRQDUPH� ELQDODU� 76���� YH� $%<<+<¶H� J|UH�
ER\XWODQGÕUÕOGÕNWDQ� VRQUD�� ELUHU� Lo� DNV çerçevesi (B-%� DNVÕ�� |UQHN� RODUDN� HOH�
DOÕQPÕúWÕU�� %LQDQÕQ� G�úH\� \�NOHUL� YH� N�WOHOHUL� \HWHUOL� \DNODúÕNOÕNOD� SD\ODúWÕUÕODUDN�
oHUoHYHOHUH� DLW�G�úH\�\�NOHU�YH�N�WOHOHU�EHOLUOHQPLúWLU��dHUoHYHOHULQ�NDW�N�WOHOHUL� YH�
SHUL\RWODUÕ� dL]HOJH� ����¶GH� YHULOPLúWLU�� � '�úey yük olarak (1.0G+1.0Q) yüklemesi 

HVDV�DOÕQPÕú�YH�NLULú�G�úH\�\�NOHUL�%|O�P����¶GH�YHULOHQ�|UQHNWHNL�JLEL�HúGH÷HU�WHNLO�
\�NOHU� LOH� LGHDOOHúWLULOPLúWLU�� � dHUoHYHOHUGHNL� NLULú� HQNHVLW� ER\XWODUÕ� YH� GRQDWÕODUÕ�
dL]HOJH�����¶GH��NRORQ�HQNHVLW�ER\XWODUÕ�YH�GRQDWÕODUÕ��dL]HOJH�����¶GD�YHULOPLúWLU���� 
 

dL]HOJH��������%LQDODUÕQ�JHQHO�|]HOOLNOHUL�YH�GHSUHP�KHVDEÕQGD 
               �����NXOODQÕODQ�SDUDPHWUHOHU 

 
 

 

 

 

 

 

 

 

*HOLúWLULOHQ�\|QWHPLQ�GH÷HUOHQGLULOPHVL�LoLQ�DQDOL]OHUGH�NXOODQÕODQ�GHSUHP�\HU�
KDUHNHWL� ND\ÕWODUÕQD� DLW� |]HOOLNOHU� >��@� � dL]HOJH� ����¶GH� YHULOPLúWLU�� *HOLúWLULOHQ�
d08<$<¶QGHQ� HOGH� HGLOHQ� VRQXoODUÕQ� /LQHHU� 2OPD\DQ� 'LQDPLN� $QDOL]� �/2'$��
VRQXoODUÕ� LOH� NDUúÕODúWÕUÕODUDN� GH÷HUOHQGLULOPHVL� DPDoODQPÕúWÕU�� %X� QHGHQOH��
JHOLúWLULOHQ� \|QWHPH� J|UH� \DSÕODQ� DQDOL]OHUGH�� J|]|Q�QH� DOÕQDQ� GHSUHPOHUH�����������
�ùHNLO� ������ DLW� ��� V|Q�PO�� HODVWLN� LYPH� VSHNWUXPODUÕ� �ùHNLO� ������ NXOODQÕOPÕúWÕU��
øYPH� VSHNWUXPODUÕQÕQ� HOGH� HGLOPHVLQGH� 6HLVPR6LJQDO� >��@� SURJUDPÕQGDQ�
\DUDUODQÕOPÕúWÕU��� 

 

Beton C25      (fck =25 N/mm2, Ec = 30250 N/mm2) 
%HWRQ�oHOL÷L S420a     (fyk =420 N/mm2, Es= 200000 N/mm2) 
6DELW�G|úHPH�\�NOHUL� G = 4.78  kN/m2  ��'|úHPH�D÷ÕUOÕ÷Õ�GDKLOGLU� 
+DUHNHWOL�G|úHPH�\�NOHUL Q = 2.00  kN/m2 
Duvar yükleri  ������N1�P��E�W�Q�NLULúOHUGH�PHYFXWWXU� 

Deprem bölgesi 1   (Ao=0.40) 

%LQD�|QHP�NDWVD\ÕVÕ 1    (I=1) 
=HPLQ�VÕQÕIÕ Z2   (TA=0.15s  TB=0.40s) 
Süneklik düzeyi Yüksek  (R=8) 
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Çizelge 4.24  Örnek betonarme çerçeveleriQ�NDW�N�WOHOHUL�YH�SHUL\RWODUÕ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

ùHNLO��������%LQDODUÕQ�WLSLN�NDW�SODQÕ�YH�oHUoHYH�G�úH\�HQNHVLWOHUL� 

3 
x 

5.
00

 m
 

1 2 3 4 

3 x 5.00 m 

B 

C 

D 

A 

1 2 3 4 

B 

C 

D 

A 

(a) �%LQDODUD�DLW�WLSLN�NDW�NDOÕS�SODQÕ�� 

d=12cm 

3x5.00 m 

5 
x 

3.
00

 m
 

5-NDWOÕ�dHUoHYH 

10
 x

 3
.0

0 
m

 

3x5.00 m 

10-NDWOÕ�dHUoHYH 

3x5.00 m 

15-NDWOÕ�dHUoHYH 

15
 x

 3
.0

0 
m

 

3x5.00 m 

20-NDWOÕ�dHUoHYH 

20
 x

 3
.0

0 
m

 

�E���dHUoHYHOHULQ�G�úH\�HQNHVLWOHUL 

Periyodu (T1)  (s) Çerçeve 
DGÕ 

Kat kütlesi (mi)  
(kNs2/m) brüt kesitli oDWODPÕú�NHVLWOL 

5-NDWOÕ� 48.098 0.567 1.091 
10-NDWOÕ� 68.020 1.021 2.076 
15-NDWOÕ� 68.462 1.577 3.024 
20-NDWOÕ� 72.918 1.855 3.496 
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������dL]HOJH�������dHUoHYHOHUGHNL�NLULú�HQNHVLW�ER\XWODUÕ�YH�GRQDWÕODUÕ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.LULú�GRQDWÕODUÕ��FP2) 
Çerçeve 

DGÕ 
Kat 

Yer 
mesnet  

(1) 
DoÕNOÕN 
(1-2) 

mesnet 
(2) 

DoÕNOÕN��
(2-3) 

.LULú�
ER\XWODUÕ 
(cm*cm) 

üst 12.57 6.28 12.57 6.28 
1-2 

alt 6.28 6.28 6.28 6.28 

üst 9.43 6.28 9.43 6.28 
3-4 

alt 6.28 6.28 6.28 6.28 

üst 6.28 6.28 6.28 6.28 

5-NDWOÕ�
çerçeve 

5 
alt 6.28 6.28 6.28 6.28 

25*50 

 üst 12.57 6.28 12.57 6.28 
1 

alt 6.28 6.28 6.28 6.28 

üst 12.57 6.28 12.57 6.28 
2-4 

alt 9.43 6.28 9.43 6.28 

30*60 

üst 12.57 6.28 12.57 6.28 
5-6 

alt 6.28 6.28 6.28 6.28 
30*60 

üst 9.43 6.28 9.43 6.28 
7-9 

alt 6.28 6.28 6.28 6.28 

üst 6.28 6.28 6.28 6.28 

10-NDWOÕ�
çerçeve 

10 
alt 6.28 6.28 6.28 6.28 

25*50 

 üst 12.57 6.28 12.57 6.28 
1 

alt 9.43 6.28 9.43 6.28 

üst 15.71 6.28 15.71 6.28 
2-4 

alt 9.43 6.28 9.43 6.28 

üst 12.57 6.28 12.57 6.28 
5-6 

alt 9.43 6.28 9.43 6.28 

üst 12.57 6.28 12.57 6.28 
7-9 

alt 6.28 6.28 6.28 6.28 

30*60 

üst 12.57 6.28 12.57 6.28 
10-11 

alt 6.28 6.28 6.28 6.28 
25*50 

üst 9.43 6.28 9.43 6.28 
12-14 

alt 6.28 6.28 6.28 6.28 
25*50 

üst 6.28 6.28 6.28 6.28 

15-NDWOÕ�
çerçeve 

15 
alt 6.28 6.28 6.28 6.28 

25*50 

 üst 9.43 6.28 9.43 6.28 
1 

alt 6.28 6.28 6.28 6.28 

üst 12.57 6.28 12.57 6.28 
2-8 

alt 9.43 6.28 9.43 6.28 

30*70 

üst 12.57 6.28 12.57 6.28 
9-14 

alt 9.43 6.28 9.43 6.28 

üst 9.43 6.28 9.43 6.28 
15-16 

alt 6.28 6.28 6.28 6.28 

30*60 

üst 9.43 6.28 9.43 6.28 
17-19 

alt 6.28 6.28 6.28 6.28 

üst 6.28 6.28 6.28 6.28 

20-NDWOÕ�
çerçeve 

20 
alt 6.28 6.28 6.28 6.28 

25*50 
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Çizelge 4.26   �dHUoHYHOHUGHNL�NRORQ�HQNHVLW�ER\XWODUÕ�YH�GRQDWÕODUÕ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dL]HOJH��������$QDOL]OHUGH�NXOODQÕODQ�GHSUHPOHULQ�|]HOOLNOHUL 
 

 

 

 

 

Çerçeve 
DGÕ Kat .RORQ�DGÕ 

Kolon 
GRQDWÕODUÕ� 

(cm2) 

.RORQ�ER\XWODUÕ 
(cm*cm) 

B1,B4 24.12  45*45 
1-3 

B2,B3 24.12 45*45 

B1,B4 16.08 35*35 

5-.DWOÕ�
Çerçeve 

4-5 
B2,B3 24.12 45*45 

 B1,B4 25.12 50*50 
1-3 

B2,B3 37.68 60*60 

B1,B4 24.12 45*45 
4-6 

B2,B3 32.16 55*55 

B1,B4 18.48 40*40 
7-8 

B2,B3 25.12 50*50 

B1,B4 13.56 35*35 

10-.DWOÕ�
Çerçeve 

9-10 
B2,B3 18.08 40*40 

 B1,B4 25.12 50*50 
1-3 

B2,B3 50.24 70*70 

B1,B4 20.32 50*50 
4-6 

B2,B3 40.64 60*60 

B1,B4 24.12 45*45 
7-10 

B2,B3 25.12 50*50 

B1,B4 16.08 40*40 
11-13 

B2,B3 24.12 45*45 

B1,B4 24.12 35*35 

15-.DWOÕ�
Çerçeve 

14-15 
B2,B3 16.08 40*40 

 B1,B4 54.24 70*70 
1-4 

B2,B3 72.32 80*80 

B1,B4 37.68 60*60 
5-8 

B2,B3 50.24 70*70 

B1,B4 25.12 50*50 
9-12 

B2,B3 37.68 60*60 

B1,B4 18.48 40*40 
13-16 

B2,B3 25.12 50*50 

B1,B4 13.56 35*35 

20-.DWOÕ�
Çerçeve 

17-20 
B2,B3 18.80 40*40 

 

Deprem 
adÕ� Tarihi %LOHúHQL %�\�NO�÷� 

(M) 

Maks. 
yer ivmesi 

(g) 

Maks. 
\HU�KÕ]Õ�
(cm/s) 

Maks. yer 
\HUGH÷LúWLUPHVL�

(cm) 

øPSHULDO�9DOOH\ 1940  ELC-180 7.0 0.313 29.8 13.32 

Erzincan-Türkiye 1992 ERZ-DB 6.9 0.496 64.3 22.78 

Kocaeli-Türkiye 1999  SKR-090 7.4 0.376 79.5 70.52 
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ùHNLO��������$QDOL]OHUGH�NXOODQÕODQ�GHSUHP�\HU�KDUHNHWOHULQH�DLW�LYPH�ND\ÕWODUÕ� 
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ùHNLO��������$QDOL]OHUGH�NXOODQÕODQ�GHSUHP�\HU�KDUHNHWOHULQH�DLW�HODVWLN 
��������������������������������LYPH�VSHNWUXPODUÕ 

 

�
���
���
���
���
���
���
���
���
���

� � � � � �
T  (s)

S
a

  
(g

)

 

0
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0.4

0.6

0.8

1
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1.6

1.8
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S
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)

 

ξ=0.05 

�
���
���
���
���
�

���
���
���

� � � � � �
T  (s)

S
a

  
(g

)

 

ξ=0.05 

ξ=0.05 

ELC-180 

ERZ-DB 

SKR-090 
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���������dHUoHYHOHULQ�*HOLúWLULOHQ�d08<$<�LOH�$QDOL]L 
 

gUQHN� RODUDN� HOH� DOÕQDQ� ùHNLO� ����¶GHNL� ELQDODUD� DLW� oHUoHYHOHULQ�� J|]|Q�QH�
DOÕQDQ� �o� GHSUHP� \HU� KDUHNHWLQH� DLW� LYPH� VSHNWUXPX� LoLQ� JHOLúWLULOHQ� dRN� 0RGOX�
8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPL� �d08<$<�� LOH� OLQHHU� ROPD\DQ� VWDWLN� DQDOL]OHUL�
\DSÕOPÕúWÕU����$QDOL]OHUGH��oHUoHYHOHUH�DLW�E�W�Q�WLWUHúLP�PRGODUÕ�J|]|Q�QH�DOÕQPÕú�YH�������������
%|O�P��������¶GD�EHOLUWLOHQ�VÕQÕU�GH÷HUH��GHW�>6@G ≤≤ ����XODúÕOÕQFD\D�NDGDU�\�N�DUWÕPÕ�
X\JXODQPÕúWÕU����� 

 

dHUoHYHOHULQ� JHOLúWLULOHQ� d08<$<� LOH� DQDOL]LQGH� EX� WH]� oDOÕúPDVÕQGD��
JHOLúWLULOHQ�0(3$5&6� ELOJLVD\DU� SURJUDPÕ� NXOODQÕOPÕúWÕU�� � %HWRQDUPH� HOHPDQODUÕQ�
HQNHVLW� |]HOOLNOHULQLQ� �H÷LOPH� YH� X]DPD� ULMLWOLNOHUL�� PRPHQW� WDúÕPD� NDSDVLWHOHUL��
NDUúÕOÕNOÕ� HWNL� GL\DJUDPODUÕ� YE��� EHOLUOHQPHVLQGH� %(.(-�� >��@� SURJUDPÕQGDQ�
\DUDUODQÕOPÕúWÕU� 

 

Analizler� VRQXFXQGD� HOGH� HGLOHQ� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW�
|WHOHPHOHUL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL�� NDW� NHVPH� NXYYHWOHUL�� NDSDVLWH�
H÷ULOHUL� YH� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ�� VRQXoODUÕQ� NDUúÕODúWÕUÕODUDN�
GH÷HUOHQGLULOGL÷L�%|O�P������¶GH�YHULOPLúWLU��ùHNLO�����- 4.38). 

 
 

4.3.3     Çerçevelerin Lineer Olmayan Dinamik Analizi (LODA) 

 

*HOLúWLULOHQ� d08<$<¶QLQ� GH÷HUOHQGLULOPHVL� DPDFÕ\OD�� HOH� DOÕQDQ�
oHUoHYHOHULQ� J|]|Q�QH� DOÕQDQ� GHSUHP� \HU� KDUHNHWL� ND\ÕWODUÕ� LoLQ� /2'$¶L� YH�
ÇMUYAY ile analizi yaSÕOPÕú�YH�HOGH�HGLOHQ�VRQXoODU�NDUúÕODúWÕUÕOPÕúWÕU�� 

 

Çerçevelerin LODA’inde Newmark-Beta� VD\ÕVDO� LQWHJUDV\RQ� \|QWHPLQL� HVDV�
alan RAM Perform-�'� >��@� SURJUDPÕQGDQ� \DUDUODQÕOPÕúWÕU�� � $QDOL]OHUGH� V|Q�P�Q�
ULMLWOLNOH�RUDQWÕOÕ� ROGX÷X�NDEXO�HGLOPLú�YH� ���¶OLN� V|Q�P�RUDQÕ� �ξ �� HVDV� DOÕQPÕúWÕU����
.LULú� YH� NRORQ� NHVLWOHULQLQ� Moment-Plastik Dönme ED÷ÕQWÕODUÕQD ait histeresis 

PDWHPDWLN� PRGHO� LoLQ�� VWDWLN� DQDOL]� LOH� X\XPOX� RODFDN� úHNLOGH� ideal-rijit-plastik 

GDYUDQÕú�NXOODQÕOPÕúWÕU��ùHNLO��������� 
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$QDOL]OHU� VRQXFXQGD� HOGH� HGLOHQ� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW�
|WHOHPHOHUL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL�� NDW� NHVPH� NXYYHWOHUL�� NDSDVLWH�
H÷ULOHUL� YH� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ�� VRQXoODUÕQ� NDUúÕODúWÕUÕODUDN�
GH÷HUOHQGLULOGL÷L�%|O�P������¶GH�YHULOPLúWLU��ùHNLO�����- 4.38). 

 

 

 

 

 

 

 

 

ùHNLO���������$QDOL]OHUGH�NXOODQÕODQ�Moment-Plastik Dönme  (M- pθ ) 

                ��ED÷ÕQWÕODUÕQD�DLW�PDWHPDWLN�PRGHOOHU 
 

 

������ � dHUoHYHOHULQ�0RQRWRQ� $UWDQ� )DUNOÕ� <DWD\� <�N� 'D÷ÕOÕPODUÕ� LoLQ���
Lineer Olmayan Statik Analizi (LOSA) 

 

*HOLúWLULOHQ�d08<$<¶QGHQ� HOGH� HGLOHQ� VRQXoODUÕ�GH÷HUOHQGLUPHN�DPDFÕ\OD�����
PRQRWRQ� DUWDQ� \DWD\� \�N� GD÷ÕOÕPODUÕQÕ� HVDV� DODQ� PHYFXW� /26$� \DNODúÕPODUÕ� LOH�
NDUúÕODúWÕUPDODU� \DSÕOPÕúWÕU�� %XQXQ� LoLQ�� HQ� \D\JÕQ� \DNODúÕP� RODQ� ��� PRG� HVDVOÕ�
geleneksel LOSA ve FEMA 356’da ve son dönemde Eurocode 8 [61]’de de yer alan 

/26$�\DNODúÕPODUÕ�NXOODQÕOPÕúWÕU�� 
 

)(0$� ���� YH� (XURFRGH� �¶GH� \HU� DODQ� \DNODúÕPD� J|UH� ELQDODUÕQ� OLQHHU�
ROPD\DQ� VWDWLN� DQDOL]� LOH� GH÷HUOHQGLULOPHVLQGH�� ELQDQÕQ� PRGDO� |]HOOLNOHULQH� J|UH�
EHOLUOHQHQ�ELU�\�N�GD÷ÕOÕPÕ�YH�D\UÕFD�NDW�N�WOHOHUL� LOH�RUDQWÕOÕ�ELU��QLIRUP�GD÷ÕOÕPÕQ��
NXOODQÕOPDVÕ� |QJ|U�OPHNWHGLU�� <�NVHN� PRGODUÕQ� HWNLQ� ROGX÷X� ELQDODUGD� PRGDO�
GD÷ÕOÕP� RODUDN�� \HWHU� VD\ÕGD� PRG� LoLQ� HODVWLN� GDYUDQÕú� VSHNWUXP� analizinden elde 

HGLOHQ�ELUOHúWLULOPLú�NDW�NHVPH�NXYYHWOHUL�LOH�RUDQWÕOÕ�ELU�\�N�GD÷ÕOÕPÕQÕQ�NXOODQÕOPDVÕ�
LVWHQPHNWHGLU�� %|\OHFH�� GHSUHP� HVQDVÕQGD� DWDOHW� NXYYHWL� GD÷ÕOÕPGDNL� E�\�N�
GH÷LúLPOHULQ� HWNLVLQLQ� YH� \�NVHN� PRG� HWNLOHULQLQ� J|]|Q�QH� DOÕQPDVÕ�
amaçlanmaNWDGÕU���)(0$����¶GD�D\UÕFD���QLIRUP�GD÷ÕOÕPD�DOWHUQDWLI�RODUDN���\DSÕGD�

Moment (M) 

Plastik dönme( pθ ) 

Moment (M) 

Plastik dönme ( pθ ) 

(a)  Statik  analiz için  (M- pθ ) (b)  Dinamik analiz için  (M- pθ ) 
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SODVWLN�NHVLWOHU�ROXúWXNoD�VLVWHPLQ�\HUGH÷LúWLUPH�SURILOLQH�ED÷OÕ�RODUDN�V�UHNOL�GH÷LúHQ�
bir X\DUODPDOÕ�\�N�GD÷ÕOÕPÕ�NXOODQÕOPDVÕ�|QHULOPHNWHGLU���%X�GD÷ÕOÕPGD��JHQHO�RODUDN�
plastik kHVLWOHU� ROXúWXNoD� GH÷LúHQ� ��� PRG� úHNOL� LOH� RUDQWÕOÕ� ELU� \�N� GD÷ÕOÕPÕ�� \LQH�
GH÷LúHQ�PRGDO�|]HOOLNOHU�LOH�EHOLUOHQHQ�\HWHU�VD\ÕGD�PRG�LoLQ�ELULOHúWLULOPLú�PRGDO�NDW�
NXYYHWOHUL� LOH� RUDQWÕOÕ� GD÷ÕOÕP� YE�� \DNODúÕPODU� NXOODQÕOPDNWDGÕU� >�����@��������������������
BX�X\DUODPDOÕ�GD÷ÕOÕPÕQ�NXOODQÕOPDVÕ�LOH�ROGXNoD�L\L�VRQXoODU�HOGH�HGLOHELOGL÷L��DQFDN�
DQDOL]LQ� E�\�N� |Oo�GH� ]RUODúWÕ÷Õ� YH� KHVDS� KDFPLQLQ� DUWWÕ÷Õ� ELOLQPHNWHGLU� >�@����
*HOLúWLULOHQ� d08<$<¶QGH� |]HO� ELU� GXUXP� RODUDN� VDGHFH� ��� PRGXQ� J|]|Q�QH�
DOÕQPDVÕ� LOH� \DSÕODQ� DQDOL]� � ���PRG� HVDVOÕ�X\DUODPDOÕ� DQDOL]H� NDUúÕOÕN� JHOPHNWHGLU���
%|\OHFH�� JHOLúWLULOHQ� d08<$<� LOH� EX� X\DUODPDOÕ� DQDOL]� GH� HWNLQ� ELU� úHNLOGH�
\DSÕODELOPHNWHGLU��� 

 

%X� oDOÕúPDGD�� d08<$<¶QGHQ� HOGH� HGLOHQ� VRQXoODUÕ� NDUúÕODúWÕUDUDN�
GH÷HUOHQGLUPHN�DPDFÕ\OD�oHUoHvelerin;   

• ���PRG�DWDOHW�NXYYHWL�GD÷ÕOÕPÕ�LoLQ�*HOHQHNVHO�/26$¶L��*-LOSA-1.mod), 

• )(0$� ���¶GD� |QHULOHQ� ELUOHúWLULOPLú� PRGDO� NDW� NHVPH� NXYYHWOHUL� LOH�
RUDQWÕOÕ�GD÷ÕOÕP�LoLQ�/26$¶L����)(0$-modal), 

• )(0$����¶GD�|QHULOHQ��QLIRUP�GD÷ÕOÕP�LoLQ�/26$¶L���)(0$-üniform) 

\DSÕOPÕúWÕU��%X�DQDOL]OHUGH�NXOODQÕODQ�GD÷ÕOÕPODUGDNL�NDW�NXYYHWOHULQLQ�KHVDEÕ�DúD÷ÕGD�
DoÕNODQPÕúWÕU��� 

 

D�������PRG�DWDOHW�NXYYHWL�GD÷ÕOÕPÕ� 
 

%X�GD÷ÕOÕPGDNL�)i kat kuvvetleri, 1. moduna ait elastik modal özelliklerinden 

\DUDUODQÕODUDN� ������ ED÷ÕQWÕVÕ� LOH� KHVDSODQDQ� DWDOHW� NXYYHWOHULQH� HúLWWLU�� (VDVHQ� EX�
GD÷ÕOÕP����PRGD�DLW�PRG�úHNOL�LOH�RUDQWÕOÕ�GD÷ÕOÕPD�NDUúÕOÕN�JHOPHNWHGLU�� 
 

 

                                  Fi = ω1
2 mi Φi1    veya    Fi = mi Φi1                                         (4.1) 

 

 

Burada,  ω1
2� � � ���PRGD� DLW� |]GH÷HUL�� �Pi  i nolu kattaki kütleyi,  Φi1  1. moda ait          

i  nolu kattaki özvektörü göstermektedir.     
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b) )(0$����¶GDNL�ELUOHúWLULOPLú�PRGDO�NDW�NHVPH�NXYYHWOHUL�LOH�RUDQWÕOÕ��
GD÷ÕOÕP��� 

 

%X� GD÷ÕOÕPGD�� J|]|Q�QH� DOÕQDQ� GDYUDQÕú� spektrumuna ait elastik spektral 

LYPHOHU� NXOODQÕODUDN� EHOLUOHQHQ� ELUOHúWLULOPLú� PRGDO� NDW� NHVPH� NXYYHWOHULQGHQ� HOGH�
HGLOHQ�NDW�NXYYHWOHUL�HVDV�DOÕQPDNWDGÕU�� �0RGDO�N�WOH�NDWÕOÕP�RUDQODUÕ� WRSODPÕ�HQ�D]�
����RODFDN�VD\ÕGD�PRGXQ�J|]|Q�QH�DOÕQPDVÕ�LVWHQPHNWHGLU�>�@���%X�GD÷ÕOÕPD�DLW�NDW�
kuvvetlerinin (Fi���KHVDEÕQGD�L]OHQHQ�\RO�DúD÷ÕGD�DoÕNODQPÕúWÕU���� 

 

�����<HWHU�VD\ÕGD�PRG�LoLQ�NDWODUD�HWNL\HQ�PRGDO�NDW�NXYYHWOHUL���)ij����������ED÷ÕQWÕVÕ�
ile belirlenir. 

 

          jijijij SamF ⋅Φ⋅⋅Γ=                                                 (4.2) 

 

2 )  Bu yatay kuvvetler  (Fij���NXOODQÕODUDN����������ED÷ÕQWÕVÕ�LOH�9ij  modal kat kesme 

kuvvetleri belirlenir. 

 

           ∑
=

=
n

ik
kjij FV   ( n  : kat adedi)                                         (4.3)     

 

�����%X�PRGDO�NDW�NHVPH�NXYYHWOHUL�X\JXQ�ELUOHúWLUPH�NXUDOÕ�LOH�ELUOHúWLULOLU��gUQH÷LQ�
³.DUHOHULQLQ�7RSODPÕQÕQ�.DUH�.|N�´�NXUDOÕ�LoLQ�������ED÷ÕQWÕVÕ�NXOODQÕOÕU� 
         

               ∑
=

=
M

1j

2
iji )V(V    ( M  : g|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕ�                             (4.4) 

 

�� �� �%LUOHúWLULOPLú�NDW�NHVPH�NXYYHWOHULQH� �9i) NDUúÕOÕN�JHOHQ�)i kat kuvvetleri yatay 

denge denklemleri ile belirlenir.   

 

FEMA-PRGDO�GD÷ÕOÕPÕQGDNL�PRGDO�NDW�NXYYHWOHULQLQ�KHVDEÕQGD�VSHNWUDO�LYme 

�6D��GH÷HUOHUL� LOJLOL�GHSUHP�\HU�KDUHNHWL� LYPH�ND\GÕQD�DLW����V|Q�PO��HODVWLN� LYPH�
VSHNWUXPXQGDQ� DOÕQPÕúWÕU�� �0RGDO� N�WOH�NDWÕOÕP�RUDQODUÕ� WRSODPÕ�HQ�D]�����RODFDN�
úHNLOGH��-NDWOÕ�YH���-NDWOÕ�oHUoHYHOHUGH�LON��o�PRG�����NDWOÕ�YH���-NDWOÕ�oHUoHYHOHUGH�
ilN���PRG�J|]|Q�QH�DOÕQPÕúWÕU�� 
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F����)(0$����¶GDNL��QLIRUP�GD÷ÕOÕP� 
 

%X� \DWD\� \�N� GD÷ÕOÕPÕQGD� NDWODUD� HWNL\HQ�)i kuvvetleri ilgili kattaki kütleye 

HúLW�RODUDN�DOÕQÕU�������>�@���� 
 

               Fi = mi                                                                      (4.5) 
 

Örnek olmak üzere 15-NDWOÕ�oHUoHYH�LoLQ�\XNDUÕGD�DoÕNODQDQ��o�IDUNOÕ�GD÷ÕOÕPD�
DLW�úHPDWLN�J|VWHULP�ùHNLO�����¶GH�YHULOPLúWLU�� 
 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO��������<DWD\�\�N�GD÷ÕOÕPODUÕQÕQ�úHPDWLN�J|VWHULPL 
 

 

Analizler sonucunda elde edilen kat� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW�
|WHOHPHOHUL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL�� NDW� NHVPH� NXYYHWOHUL�� NDSDVLWH�
H÷ULOHUL� YH� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ�� VRQXoODUÕQ� NDUúÕODúWÕUÕODUDN�
GH÷HUOHQGLULOGL÷L�%|O�P������¶GH�YHULOPLúWLU��ùHNLO�����- 4.38). 

 

 

 

��������$QDOL]�6RQXoODUÕQÕQ�.DUúÕODúWÕUÕOPDVÕ�YH�'H÷HUOHQGLULOPHVL 
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• LOSA’ler (ÇMUYAY, G-LOSA-1. mod, FEMA-modal ve FEMA-

�QLIRUP� LoLQ� /26$�� LOH� /2'$� VRQXoODUÕQÕQ� NDUúÕODúWÕUÕOPDVÕQGD� oHUoHYH� WHSH�
\HUGH÷LúWLUPHOHULQLQ�HúLWOL÷L�HVDV�DOÕQPÕú�YH�NDUúÕODúWÕUPD�%|O�P��������¶GD�EHOLUWLOHQ�
VÕQÕU� GH÷HUH� �GHW� >6@G ≤ � ��� � DLW� GDYUDQÕú�E�\�NO�NOHUL� LoLQ�\DSÕOPÕúWÕU�� �%XQD�J|UH��
\DSÕODQ� /2'$¶OHUGH� LYPH� ND\GÕ� d08<$<¶LQGHQ� HOGH� HGLOHQ� PDNVLPXP� WHSH�
\HUGH÷LúWLUPHVLQH�J|UH�|OoHNOHQHUHN�GDYUDQÕú�E�\�NO�NOHUL�HOGH�HGLOPLúWLU��� 

 

• /2'$¶H� DLW� NDW� \DWD\� \HUGH÷LúWLUPHOHULQLQ�� J|UHOL� NDW� |WHOHPHOHULQLQ��
maksimum NLULú�SODVWLN�G|QPHOHULQLQ�YH�NDW�NHVPH�NXYYHWOHULQLQ�EHOLUOHQPHVLQGH��HQ�
HOYHULúVL]� GXUXPX� J|VWHUHQ� ]DUI� HOGH� HGHFHN� úHNLOGH�� GHSUHP� V�UHVLQFH� HOGH� HGLOHQ�
PDNVLPXP�GH÷HUOHU�HVDV�DOÕQPÕúWÕU���� 

 

• LOSA’lerden (ÇMUYAY, G-LOSA-1. mod, FEMA-modal ve           

FEMA-�QLIRUP�LoLQ�/26$��HOGH�HGLOHQ�NDSDVLWH�H÷ULOHULQL�GH÷HUOHQGLUPHN�DPDFÕ\OD�
³'LQDPLN� � 3XVKRYHU� $QDOL]´� \DNODúÕPÕ� NXOODQÕOPÕúWÕU� >��������@�� %XQD� J|UH���
|OoHNOHPH� LOH� � DUWWÕUÕODQ� LYPH� ND\ÕWODUÕ� LoLQ� \HWHU� VD\ÕGD� /2'$� \DSÕODUDN� KHU� ELU�
durum için maksimum� WHSH� \HUGH÷LúWLUPHVL� YH� PDNVLPXP� WDEDQ� NHVPH� NXYYHWL�
GH÷HUOHUL� EHOLUOHQPLúWLU�� (OGH� HGLOHQ� EX� GH÷HUOHU� NDSDVLWH� H÷ULVL� GL\DJUDPODUÕQGD�
QRNWDODU�LOH�EHOLUWLOHUHN�GL÷HU�DQDOL]�VRQXoODUÕ�EXQD�J|UH�GH÷HUOHQGLULOPLúWLU���� 

 

• LOSA’lerden (ÇMUYAY, G-LOSA-1. mod, FEMA-modal ve          

FEMA-�QLIRUP� LoLQ� /26$�� HOGH� HGLOHQ� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕQÕ� /2'$� LOH��
NDUúÕODúWÕUDELOPHN� DPDFÕ\OD�� /2'$¶GH� KHU� LNL� \|QGH� ROXúDQ� PDNVLPXP� WHSH�
\HUGH÷LúWLUPHOHUL�LoLQ�D\UÕ�D\UÕ�ROPDN��]HUH�KHU�LNL�\|QGH�/26$¶OHU�\DSÕOPÕú�YH�HOde 

HGLOHQ�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕ�VLVWHP��]HULQGH�ELUOLNWH�J|VWHULOPLúWLU���� 
 

 

+HU�ELU�oHUoHYH�LoLQ��DQDOL]OHUGHQ�HOGH�HGLOHQ�VRQXoODUD�J|UH��J|]|Q�QH�DOÕQDQ�
�o� GHSUHP� LoLQ�� |QFHOLNOH� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL��
maksimum kiULú�SODVWLN�G|QPHOHUL��YH�NDW�NHVPH�NXYYHWOHULQH�DLW�JUDILNOHU�YHULOPLú��
GDKD�VRQUD� �NDSDVLWH�H÷ULOHUL� VXQXOPXú��VRQ�RODUDN� LVH�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕ�
YHULOPLúWLU�� %XQD� J|UH� �� NDWOÕ� oHUoHYH\H� DLW� VRQXoODU� ùHNLO� ����-4.23’de, 10-NDWOÕ�
çerçeveye ait VRQXoODU� ùHNLO� ����-4.28’de,  15-NDWOÕ� oHUoHYH\H� DLW� VRQXoODU�����������
ùHNLO� ����-4.33’de, 20-NDWOÕ� oHUoHYH\H� DLW� VRQXoODU� ùHNLO� ����-4.38’de verilerek 

NDUúÕODúWÕUÕOPÕú�YH�GH÷HUOHQGLUPHOHU�\DSÕOPÕúWÕU�� 
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ùHNLO�����  5-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(/&-180) 
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ùHNLO��������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(5=-DB) 
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ùHNLO��������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���6.5-090) 
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ùHNLO��������-NDWOÕ�oHUoHYHGH�NDSDVLWH�H÷ULOHULQLQ�NDUúÕODúWÕUÕOPDVÕ��   
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ùHNLO���������-NDWOÕ�oHUoHYHGH�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ�� 
 

 

5-NDWOÕ�oHUoHYH\H�DLW�VRQXoODUÕQ�NDUúÕODúWÕUÕOPDVÕ�YH�GH÷HUOHQGLULOPHVL� 
  

 'H÷HUOHQGLUPHOHULQ�NROD\OÕNOD�DQODúÕOPDVÕQÕ�VD÷ODPDN�DPDFÕ\OD�EX�E|O�PGH�³dRN�
0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPL� LOH� DQDOL]´� NÕVDFD� d08<$<� LOH� LIDGH�
edilecektir.  
  

 *|]|Q�QH� DOÕQDQ� W�P�GHSUHPOHU� �(/&-180, ERZ-DB ve SKR-����� LoLQ� \DSÕODQ�
DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO� ����-����¶GHNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL��
PDNVLPXP�NLULú� SODVWLN� G|QPHOHUL� YH� ùHNLO� ����¶GHNL� SODVWLNOHúHQ�NHVLW� GD÷ÕOÕPODUÕ 
LQFHOHQGL÷LQGH�� d08<$<�� *-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQÕQ� JHQHO�
RODUDN�ELUELUL\OH�YH�/2'$�LOH�ROGXNoD�X\XPOX�ROGX÷X�J|U�OPHNWHGLU��� 
 

• ùHNLO� ����-����¶GHNL� NDW� NHVPH� NXYYHWOHUL� LQFHOHQGL÷LQGH�� d08<$<�������
G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQÕQ� E�W�n katlarda LODA’e göre daha 

G�ú�N�GH÷HUOHUGH�ROGX÷X�J|U�OPHNWHGLU� 

FEMA-üniform FEMA-modal G-LOSA-1.mod ÇMUYAY LODA 

FEMA-üniform FEMA-modal G-LOSA-1.mod ÇMUYAY LODA 

ELC-180 

ERZ-DB 

FEMA-üniform FEMA-modal G-LOSA-1.mod ÇMUYAY LODA 

SKR-090 
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• ùHNLO� ����¶GHNL� � NDSDVLWH� � H÷ULOHUL� � LQFHOHQGL÷LQGH�� � d08<$<����������������������
G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQÕQ�� \DNODúÕN� ����¶OÕN� WHSH� |WHOHPHVL�
GH÷HUOHULQH�NDGDU�/2'$�LOH�X\XPOX�ROGX÷X��DQFDN�GDKD�E�\�N�|WHOHPHOHUGHNL�WDEDQ�
NHVPH�NXYYHWOHULQLQ�/2'$¶H�J|UH�GDKD�G�ú�N�GH÷HUOHUGH�ROGX÷X�J|U�OPHNWHGLU�� 
 

       FEMA-�QLIRUP�� GHSUHP� |]HOOLNOHULQGHQ� YH� X\JXODQGÕ÷Õ� VLVWHPLQ� PRGDO�
|]HOOLNOHULQGHQ� � ED÷ÕPVÕ]GÕU� YH� EX� DQDOL]GH� NXOODQÕODQ� \�N� GD÷ÕOÕPÕQÕQ� |]HOOL÷L�
nedeniyle,  ÇMUYAY, G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQGDQ� oRN� IDUNOÕ�
karakterde sonuçlar vermektedir.  Bu nedenle FEMA-�QLIRUP¶D� DLW� VRQXoODU� D\UÕFD�
HOH� DOÕQDUDN� GH÷HUOHQGLULOPLúWLU�� � %XQD� J|UH� )(0$-�QLIRUP� VRQXoODUÕQGDQ� HOGH�
edilen;  
 

• ùHNLO� ����-����¶GHNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL� LQFHOHQGL÷LQGH�� E�W�Q�
katlarda LODA,  ÇMUYAY, G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQD� J|UH�
GDKD� E�\�N� ROGX÷X� J|U�OPHNWHGLU�� �$QDOL]OHU� oHUoHYHOHULQ� WHSH� \HUGH÷LúWLUPHOHUL�
HúLWOHQHUHN�\DSÕOGÕ÷ÕQGDQ��GH÷HUOHQGLUPHOHU�HQ��VW�NDW�GÕúÕQGDNL�NDWODUGD�\DSÕOPÕúWÕU� 
 

• ùHNLO� ����-����¶GHNL� J|UHOL� NDW� |WHOHPHOHUL� YH� PDNVLPXP� NLULú� SODVWLN�
G|QPHOHUL� LQFHOHQGL÷LQGH�� �VW� NDWODUGD� /2'$� LOH� d08<$<�� *-LOSA-1.mod ve 

FEMA-PRGDO�VRQXoODUÕQD�J|UH�ROGXNoD�N�o�N��DOW�NDWODUGD�LVH�ROGXNoD�E�\�N�ROGX÷X�
görülmektedir.  
 

• ùHNLO� ����-����¶GHNL� NDW� NHVPH� NXYYHWOHUL� LQFHOHQGL÷LQGH�� /2'$��
ÇMUYAY, G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQD� J|UH� ROGXNoD� G�ú�N�
GH÷HUOHUGH� ROGX÷X�� DQFDN� VDGHFH� HQ� DOW� NDWWDNL� �WDEDQ�� NHVPH� NXYYHWL� GH÷HULQLQ�
ÇMUYAY, G-LOSA-1.mod ve FEMA-PRGDO¶H� J|UH� /2'$¶H� GDKD� \DNÕQ� ROGX÷X�
görülmektedir.   
 

• ùHNLO� ����¶GHNL� NDSDVLWH� H÷ULOHUL� LQFHOHQGL÷LQGH�� � WDEDQ� NHVPH� NXYYHWL�
GH÷HUOHULQLQ� \DNODúÕN� ����¶OÕN� WHSH� |WHOHPHVL� GH÷HUOHULQH� NDGDU� /2'$¶H� J|UH�
ROGXNoD�E�\�N�ROGX÷X��GDKD�E�\ük ötelemelerde ise, ÇMUYAY, G-LOSA-1.mod ve 

FEMA-PRGDO�VRQXoODUÕQD�RUDQOD�/2'$¶H�GDKD�\DNÕQ�ROGX÷X�J|U�OPHNWHGLU�� 
 

• ùHNLO� ����¶GHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH�� /2'$¶GH�
�VW� NDWODUGD� ROXúDQ� SODVWLN� NHVLWOHUL� d08<$<�� *-LOSA-1.mod ve FEMA-modal 

GDKD�L\L�EHOLUOHUNHQ��EX�DQDOL]GH��VW�NDWODUGD�ROXúDQ�SODVWLN�NHVLWOHULQ�EHOLUOHQHPHGL÷L�
görülmektedir.   
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(/&-180) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(5=-DB) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���6.5-090) 
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ùHNLO��.27   10-NDWOÕ�oHUoHYHGH�NDSDVLWH�H÷ULOHULQLQ�NDUúÕODúWÕUÕOPDVÕ�� 
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ùHNLO����������-NDWOÕ�oHUoHYHGH�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ 
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10-NDWOÕ�oHUoHYH\H�DLW�VRQXoODUÕQ�NDUúÕODúWÕUÕOPDVÕ�YH�GH÷HUOHQGLrilmesi; 

   

    ELC-180 ve ERZ-'%�GHSUHPOHUL�LoLQ�\DSÕODQ�DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO� ����-����¶GHNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL� LQFHOHQGL÷LQGH��
ÇMUYAY, G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQÕQ� JHQHO� RODUDN� /2'$� LOH�
X\XPOX� ROGX÷X�� DQFDN� )(0$-modal sonuçODUÕQÕQ� d08<$<�� *-LOSA-1.mod 

VRQXoODUÕQD�RUDQOD�/2'$¶H�GDKD�X]DN�ROGX÷X�J|U�OPHNWHGLU��� 
 

• ùHNLO� ����-����¶GHNL� J|UHOL� NDW� |WHOHPHOHUL� YH� PDNVLPXP� NLULú� SODVWLN�
G|QPHOHUL� LOH� ùHNLO� ����¶GDNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
ÇMUYAY, G-LOSA-1.mod FEMA-PRGDO� VRQXoODUÕQÕQ� JHQHO� RODUDN� /2'$� LOH��
X\XPOX�ROGX÷X��DQFDN�)(0$-modal’in özellikle alt katlarda LODA’e göre güvensiz 

WDUDIWD�NDOGÕ÷Õ�J|U�OPHNWHGLU���� 
 

• ùHNLO�����-����¶GHNL� NDW�NHVPH�NXYYHWOHUL� LQFHOHQGL÷LQGH��d08<$<�YH�
FEMA-modal’in  genel olarak G-LOSA-��PRG¶H� RUDQOD� /2'$¶H� GDKD� \DNÕQ�
VRQXoODU�YHUGL÷L�J|U�OPHNWHGLU�� 
 

• ùHNLO� ����¶GHNL� NDSDVLWH� H÷ULOHUL� LQFHOHQGL÷LQGH�� �-NDWOÕ� oHUoHYHGHNLQH�
EHQ]HU� VRQXoODU� HOGH�HGLOGL÷L�� DQFDN�JHOLúWLULOHQ�d08<$<�VRQXoODUÕQÕQ�GL÷HUOHULQH�
RUDQOD�/2'$¶H�GDKD�\DNÕQ�ROGX÷X�J|U�OPHNWHGLU������� 
  

    SKR-����GHSUHPL�LoLQ�\DSÕODQ�DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO� ����¶GDNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL��
PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL� YH� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
ÇMUYAY,  G-LOSA-1.mod ve FEMA-PRGDO�VRQXoODUÕQÕQ�ELUELUL\OH�YH�/2'$�LOH�
ROGXNoD�X\XPOX�ROGX÷X�J|U�OPHNWHGLU�� 
 

• ùHNLO�����¶GDNL�NDW�NHVPH�NXYYHWOHUL� YH�ùHNLO�����¶GHNL�NDSDVLWH�H÷ULOHUL�
LQFHOHQGL÷LQGH���-NDWOÕ�oHUoHYHGHNLQH�EHQ]HU�VRQXoODU�HOGH�HGLOGL÷L��DQFDN�JHOLúWLULOHn 

d08<$<� VRQXoODUÕQÕQ� GL÷HUOHULQH� RUDQOD� /2'$¶H� GDKD� \DNÕQ� ROGX÷X�
görülmektedir.  
      

 �������ùHNLO� ����-4.28’deki FEMA-�QLIRUP� VRQXoODUÕ� LQFHOHQGL÷LQGH�� �-NDWOÕ�
oHUoHYHGHNLQH�oRN�EHQ]HU�VRQXoODU�HOGH�HGLOGL÷L��EN]��V\I�������DQFDN�E�W�Q�GDYUDQÕú�
büyüklüNOHULQLQ�/2'$�VRQXoODUÕQGDQ�GDKD�GD�X]DNODúWÕ÷Õ�J|U�OPHNWHGLU� 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(/&-180) 
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ùHNLO����������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(5=-DB) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���6.5-090) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�NDSDVLWH�H÷ULOHULQLQ�NDUúÕODúWÕUÕOPDVÕ�� 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ�� 
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ùHNLO�����¶�Q�GHYDPÕ�� 
 

 

 

15-NDWOÕ�oHUoHYH\H�DLW�VRQXoODUÕQ�NDUúÕODúWÕUÕOPDVÕ�YH�GH÷HUOHQGLULOPHVL� 
 

        ELC-180 ve ERZ-'%�GHSUHPOHUL�LoLQ�\DSÕODQ�DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO� ����-����¶GDNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL� LQFHOHQGL÷LQGH��
ÇMUYAY, G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQÕQ� /2'$� LOH� ROGXNoD�
X\XPOX�ROGX÷X�J|U�OPHNWHGLU��� 
 

• ùHNLO� ����-4.30’daNL� J|UHOL� NDW� |WHOHPHOHUL� YH� PDNVLPXP� NLULú� SODVWLN�
G|QPHOHUL� LOH� ùHNLO� ����¶GHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
d08<$<�VRQXoODUÕQÕQ�JHQHO�RODUDN�/2'$�LOH�ROGXNoD�X\XPOX�ROGX÷X��*-LOSA-

1.mod’in üst katlarda ve FEMA-modal’in ise alt katlarda LODA’e göre önemli 

RUDQGD�G�ú�N�GH÷HUOHU�YHUHUHN��J�YHQVL]�WDUDIWD�NDOGÕ÷Õ�J|U�OPHNWHGLU��� 
 

• ùHNLO� ����-����¶GDNL� NDW� NHVPH� NXYYHWOHUL� LOH� ùHNLO� ����¶GHNL� NDSDVLWH�
H÷ULOHUL� LQFHOHQGL÷LQGH�� JHOLúWLULOHQ� d08<$<� VRQXoODUÕQÕQ� *-LOSA-1.mod ve 

FEMA-modal’e göre�/2'$¶H�GDKD�\DNÕQ�ROGX÷X�J|U�OPHNWHGLU��� 
 

FEMA-üniform FEMA-modal G-LOSA-1.mod ÇMUYAY LODA 

SKR-090 
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       SKR-����GHSUHPL�LoLQ�\DSÕODQ�DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO� ����¶GHNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL��
PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL� YH� NDW� NHVPH� NXYYHWOHUL� LQFHOHQGL÷LQGH��
ÇMUYAY,  G-LOSA-1.mod ve FEMA-PRGDO� VRQXoODUÕQÕQ�� oHUoHYHQLQ� �VW�
NDWODUÕQGD� JHQHO� RODUDN� /2'$� X\XPOX� ROGX÷X�� DQFDN� DOW� NDWODUGD� EHOLUOL� RUDQGD�
J�YHQVL]�VRQXoODU�YHUGL÷L�J|U�OPHNWHGLU�� 
 

• ùHNLO� ����¶GHNL� NDSDVLWH� H÷ULOHUL� YH� ùHNLO� ����¶GHNL� SODVWLNOHúHQ� NHVLW�
GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH�� �-NDWOÕ� YH� ��-NDWOÕ� oHUoHYHGHNLOHUH� EHQ]HU� VRQXoODU� HOGH�
HGLOGL÷L�� DQFDN� d08<$<� VRQXoODUÕQÕQ� *-LOSA-1.mod ve FEMA-modal’e göre 

/2'$¶H�GDKD�\DNÕQ�ROGX÷X�J|U�OPHNWHGLU��� 
 

 

 

 ùHNLO� ����-4.33’deki FEMA-�QLIRUP� VRQXoODUÕ� LQFHOHQGL÷LQGH�� �-NDWOÕ� YH������������
10-NDWOÕ� oHUoHYHGHNLOHUH� oRN� EHQ]HU� VRQXoODU� HOGH� HGLOGL÷L� J|U�OPHNWHGLU��������������
(bkz. syf. 97).   
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(/&-180) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���(5=-DB) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�DQDOL]�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ���6.5-090) 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�NDSDVLWH�H÷ULOHULQLQ�NDUúÕODúWÕUÕOPDVÕ�� 
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ùHNLO���������-NDWOÕ�oHUoHYHGH�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ�� 
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ùHNLO�����¶LQ�GHYDPÕ   
 

 

20-NDWOÕ�oHUoHYH\H�DLW�VRQXoODUÕQ�NDUúÕODúWÕUÕOPDVÕ�YH�GH÷HUOHQGLULOPHVL� 
 

        ELC-180 ve ERZ-'%�GHSUHPOHUL�LoLQ�\DSÕODQ�DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO� ����-����¶GHNL� NDW� \HUGH÷LúWLUPHOHUL� LQFHOHQGL÷LQGH�� d08<$<�������������
G-LOSA-1.mod ve FEMA-mRGDO� VRQXoODUÕQÕQ� /2'$� LOH� X\XPOX� ROGX÷X�
görülmektedir.   
 

• ùHNLO� ����-����¶GHNL� J|UHOL� NDW� |WHOHPHOHUL� YH� PDNVLPXP� NLULú� SODVWLN�
G|QPHOHUL� LOH� ùHNLO� ����¶GHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH�����������������������
G-LOSA-1.mod’in üst katlarda, FEMA-modal’in ise alt katlarda LODA’e göre 

|QHPOL� RUDQGD� G�ú�N� GH÷HUOHU� YHUHUHN� J�YHQVL]� WDUDIWD� NDOGÕ÷Õ� J|U�OPHNWHGLU��
d08<$<�VRQXoODUÕQÕQ�LVH�JHQHO�RODUDN�/2'$�LOH�ROGXNoD�X\XPOX�ROGX÷X��VDGHFH�
ELC-���� GHSUHPLQGH� ED]Õ� SODVWLN� G|QPHOHUL� /2'$¶H� J|UH� GDKD� E�\�N� YHUGL÷L��
DQFDN�VRQXoODUÕQ�J�YHQOL�WDUDIWD�ROGX÷X�J|U�OPHNWHGLU��� 

SKR-090 

FEMA-üniform FEMA-modal G-LOSA-1.mod ÇMUYAY LODA 
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• ùHNLO� ����-����¶GHNL� NDW� NHVPH� NXYYHWOHUL� YH� ùHNLO� ����¶GHNL� NDSDVLWH�
H÷ULOHUL� LQFHOHQGL÷LQGH��d08<$<�VRQXoODUÕQÕQ�*-LOSA-1.mod ve FEMA-modal’e 

J|UH�/2'$¶H�GDKD�\DNÕQ�ROGX÷X�J|U�OPHNWHdir.   

 

       SKR-����GHSUHPL�LoLQ�\DSÕODQ�DQDOL]�VRQXoODUÕQD�J|UH� 
 

• ùHNLO�����¶GDNL�NDW�\DWD\�GHSODVPDQODUÕ��J|UHOL�NDW�|WHOHPHOHUL��PDNVLPXP�
NLULú� SODVWLN� G|QPHOHUL� YH� NDW� NHVPH� NXYYHWOHUL� LQFHOHQGL÷LQGH�� d08<$<�����������������
G-LOSA-1.mod ve FEMA-modaO� VRQXoODUÕQÕQ�� oHUoHYHQLQ� �VW� NDWODUÕQGD� JHQHO�
RODUDN� /2'$� X\XPOX� ROGX÷X� DQFDN�� DOW� NDWODUGD� PDNVLPXP� NLULú� SODVWLN�
G|QPHOHULQLQ� /2'$¶H� J|UH� GDKD� E�\�N�� NDW� NHVPH� NXYYHWOHULQLQ� LVH� GDKD� G�ú�N��
ROGX÷X�J|U�OPHNWHGLU�� 
 

• ùHNLO�����¶GDNL�NDW�NHVPH�NXYYHWOHUL��ùHNLO�����¶GHNL�NDSDVLWH�H÷ULOHUL�YH�
ùHNLO� ����¶GHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH�� GL÷HU� oHUoHYHGHNLOHUH���������
(5, 10, 15-NDWOÕ�� � oRN� EHQ]HU� VRQXoODU� HOGH� HGLOGL÷L�� DQFDN�JHQHO� RODUDN�d08<$<�
VRQXoODUÕQÕQ� *-LOSA-1.mod ve FEMA-modal’e göre� /2'$¶H� GDKD� \DNÕQ� ROGX÷X�
görülmektedir.   

 

 �������ùHNLO� ����-4.38’deki FEMA-�QLIRUP� VRQXoODUÕ� LQFHOHQGL÷LQGH�� GL÷HU�
çerçevedekilere (5, 10, 15-NDWOÕ�� oRN� EHQ]HU� VRQXoODU� HOGH� HGLOGL÷L� J|U�OPHNWHGLU��
(bkz. syf. 97). 

 
 

 

4.4   ÇMUYAY’nde  Spektral ÖlçeklemeQLQ�(WNLVLQLQ�øQFHOHQPHVL� 

 

*HOLúWLULOHQ� dRN� 0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPLQGH� �d08<$<��
PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕ�� LOJLOL� DGÕPD� DLW� HODVWLN� VSHNWUDO� LYPHOHU� LOH�
|OoHNOHQPHNWH�� E|\OHFH� GHSUHP� |]HOOLNOHUL� YH� PRGODUÕQ� ELUELULQH� J|UH� HWNLQOL÷LQLQ�
plastiNOHúPH� �SODVWLN� NHVLW� ROXúXPX�� LOH� GH÷LúLPL� J|]|Q�QH� DOÕQPDNWDGÕU�� � 0RGDO�
HWNLQOL÷LQ� GH÷LúLPLQLQ� PHUWHEHVLQL� EHOLUOHPHN� DPDFÕ\OD�� VSHNWUDO� LYPHOHU� LOH�
|OoHNOHPHQLQ�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ��]HULQGHNL�HWNLVL�LQFHOHQPLúWLU��%XQXQ�LoLQ�
örnek olmak üzere, 15-NDWOÕ�oHUoHYH��]HULQGH��SODVWLNOHúHQ�NHVLW�VD\ÕVÕQÕQ�DUWPDVÕ�LOH�
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SHUL\RGXQ�YH�EXQD�NDUúÕOÕN�JHOHQ�VSHNWUDO�LYPHQLQ�YH�D\UÕFD�LON�G|UW�PRGD�DLW�PRGDO�
\DWD\� \�N� GD÷ÕOÕPODUÕQÕQ� GH÷LúLPOHUL� EHOLUOHQPLúWLU� �ùHNLO� ������ ������� %X� PRGDO�
GD÷ÕOÕPODUGDNL� \DWD\� \�NOHU�� NDUúÕODúWÕUDELOPHN� DPDFÕ\OD�� ELULQFL� PRGD� DLW� WHSH�
NXYYHWLQH�J|UH�QRUPDOL]H�HGLOHUHN�J|VWHULOPLúWLU��ùHNLO��������� 

 

ùHNLO� ����� LQFHOHQGL÷LQGH�� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� VD\ÕVÕ� DUWWÕNoD� W�P�
PRGODUD�DLW�SHUL\RWODUÕQ�E�\�G�÷���DQFDN�HQ�E�\�N�GH÷LúLPLQ�ELULQFL�PRGGD�ROGX÷X�
J|U�OPHNWHGLU�� � %X� SHUL\RWODUD� NDUúÕOÕN� JHOHQ� VSHNWUDO� LYPH� GH÷HUOHULQLQ� GH� LON� �o�
PRGGD� N�o�OG�÷��� � G|UG�QF�� PRGGD� LVH� GHSUHP� |]HOOLNOHUL� QHGHQL\OH� DUWWÕ÷Õ�
J|U�OPHNWHGLU���$QFDN�HQ�E�\�N�GH÷LúLPLQ��D]DOPDQÕQ��\LQH�ELULQFL�PRGGD�PH\dana 

JHOGL÷L�� GL÷HU� PRGODUGDNL� GH÷LúLPLQ� � ELULQFL� PRGD� RUDQOD� oRN� N�o�N� NDOGÕ÷Õ�
J|U�OPHNWHGLU�� � %XQD� ED÷OÕ� RODUDN� � ùHNLO� ����¶GDQ� GD� J|U�OG�÷�� JLEL�� EDúODQJÕoWD�
HWNLQ� RODQ� ELULQFL� PRG�� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� VD\ÕVÕ� DUWWÕNoD� HWNLQOL÷LQL�
kaybetmekte vH�\�NVHN�PRGODUÕQ�VLVWHP�GDYUDQÕúÕQGDNL�HWNLQOL÷L�DUWPDNWDGÕU���� 
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ùHNLO�����������-NDWOÕ�oHUoHYHGH�LON�G|UW�PRG�LoLQ�SHUL\RW�YH�VSHNWUDO�LYPHQLQ� 
����SODVWLNOHúPH�LOH�GH÷LúLPOHUL��(5=-DB) 
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ùHNLO�����������-NDWOÕ�oHUoHYHGH�LON�G|UW�PRG�LoLQ�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕQÕQ 
�SODVWLNOHúPH�LOH�GH÷LúLPOHUL��(5=-DB) 
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�����d08<$<¶QGH�0RG�6D\ÕVÕQÕQ�(WNLVLQLQ�øQFHOHQPHVL�� 
 

*HOLúWLULOHQ� dRN� 0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ� <|Qteminde (ÇMUYAY) 

J|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕQÕQ�GDYUDQÕú�E�\�NO�NOHUL��]HULQGHNL�HWNLVLQL�EHOLUOHPHN�
DPDFÕ\OD��GDKD�|QFH�HOH�DOÕQDQ�oHUoHYHOHUGH� �����������YH���-NDWOÕ���o�GHSUHP�LoLQ��
D\UÕ�D\UÕ������������PRG�YH�W�P�PRGODUÕ�J|]|Q�QH�DOÕQDUDN�DQDOL]OHU�\DSÕOPÕú�YH�HOGH�
HGLOHQ� VRQXoODU� NDUúÕODúWÕUÕOPÕúWÕU�� dHUoHYHOHUH� WHSH� \HUGH÷LúWLUPHOHUL� HúLW� RODFDN�
úHNLOGH�\�N�DUWÕPÕ�X\JXODQPÕúWÕU���%X�oDOÕúPDGD��|UQHN�ROPDN��]HUH�\�NVHN�PRGODUÕQ�
HQ�EHOLUJLQ�ROGX÷X���-NDWOÕ�oHUoHYHQLQ�(5=-'%�VSHNWUXPXQD�DLW�VRQXoODUÕ�YHULOPLúWLU�
�ùHNLO� ����-������� � (OGH� HGLOHQ� NDW� \DWD\� \HUGH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL��
PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL� YH� NDW� NHVPH�NXYYHWOHUL� ùHNLO� ����¶GH�� NDSDVLWH�
H÷ULOHUL� ùHNLO� ����¶GH�� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� ùHNLO� ����¶GH�
göVWHULOPLúWLU��� 

 

)DUNOÕ�VD\ÕGD�PRG�J|]|Q�QH�DOÕQDUDN�HOGH�HGLOHQ�GDYUDQÕú�E�\�NO�NOHULQH�DLW�
JUDILNOHU� LQFHOHQGL÷LQGH�� � E�W�Q� GDYUDQÕú� E�\�NO�NOHUL� LoLQ�� WHN� PRGOX� DQDOL]�
VRQXoODUÕQÕQ�EHOLUJLQ�RODUDN�GL÷HUOHULQGHQ�D\UÕOGÕ÷Õ��LNLQFL�PRGXQ�J|]|Q�QH�DOÕQPDVÕ�
LOH� VRQXoODUÕQ� |QHPOL� RUDQGD� GH÷LúWL÷L� J|U�OPHNWHGLU�� ho�QF�� PRGXQ� J|]|Q�QH�
DOÕQPDVÕ� LOH� VRQXoODU� ELU�PLNWDU� GDKD� GH÷LúPHNWH�� DQFDN�G|UG�QF��PRGXQ�YH� GL÷HU�
W�P�PRGODUÕQ�J|]|Q�QH� DOÕQGÕ÷Õ� DQDOL]OHUGH� LVH� �o�PRGOX�DQDOL]GHNL� VRQXoODUD� oRN�
\DNÕQ� VRQXoODU� HOGH� HGLOGL÷L� J|U�OPHNWHGLU��%XQD�J|UH�� ��-NDWOÕ� oHUoHYH� LoLQ� LON� �o�
PRGXQ�J|]|Q�QH�DOÕQPDVÕQÕQ�\HWHUOL�ROGX÷X��GL÷HU�\�NVHN�PRGODUÕQ�HWNLVLQLQ� LKPDO�
HGLOHELOHFHN�PHUWHEHGH�ROGX÷X�V|\OHQHELOLU�� 

 

%HQ]HU�úHNLOGH�\DSÕODQ�DQDOL]OHU�VRQXFXQGD����YH���-NDWOÕ�oHUoHYe için ilk iki 

modun, 15-NDWOÕ�oHUoHYH�LoLQ�LVH�LON��o�PRGXQ�J|]|Q�QH�DOÕQPDVÕQÕQ�\HWHUOL�ROGX÷X��
GL÷HU�PRGODUÕQ�HWNLVLQLQ�LKPDO�HGLOHELOHFHN�G�]H\GH�ROGX÷X�EHOLUOHQPLúWLU���� 
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ùHNLO�����������-NDWOÕ�oHUoHYHGH�J|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕQÕQ� 
���DQDOL]�VRQXoODUÕ��]HULGHNL�HWNLOHUL��(5=-DB) 
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ùHNLO�����������-�NDWOÕ�oHUoHYHGH�J|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕQÕQ 
���NDSDVLWH�H÷ULVL��]HULQGHNL�HWNLVL���(5=-DB) 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO����������-NDWOÕ�oHUoHYHGH�J|]|Q�QH�DOÕQDQ�PRG�VD\ÕVÕQÕQ 
���SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕ��]HULQGHNL�HWNLVL���(5=-DB) 
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4.6   ÇMUYAY’nde øNLQFL�0HUWHEH�(WNLOHULQLQ�'H÷HUOHQGLULOPHVL 
 

 

Bu bölümde,  ikinci mertebe� HWNLOHULQ�NDW�\DWD\�\HUGH÷LúWLUPHOHUL�� J|UHOL�NDW�
ötelemeleri, maksimum NLULú� SODVWLN� G|QPHOHUL�� NDW� NHVPH� NXYYHWOHUL�� NDSDVLWH�
H÷ULOHUL�� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ� YH� VLVWHP� SHUL\RWODUÕ� �]HULQGHNL�
HWNLOHUL� LQFHOHQPLúWLU�� � %X� DPDoOD�� JHOLúWLULOHQ� dRN�0RGOX� 8\DUODPDOÕ� <�N� $UWÕPÕ�
Yöntemi (ÇMUYAY) ile daha önce ele�DOÕQDQ�oHUoHYHOHU������������YH���-NDWOÕ��LoLQ��
ikinci mertebe etkiler ihmal edilerek birinci mertebe elasto-plastik analiz \DSÕOPÕú�YH�
ikinci mertebe elasto-plastik DQDOL]� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕOPÕúWÕU��Birinci mertebe 

elasto-plastik analizlerde, ÇMU<$<¶GHQ� HOGH� HGLOHQ� VÕQÕU� GH÷HUH� XODúÕOGÕ÷ÕQGDNL�
(det[S]G ≤��� WHSH� \HUGH÷LúWLUPHVL� GH÷HUOHULQH� NDGDU� \�N� DUWÕPÕ� X\JXODQPÕúWÕU�� (OGH�
HGLOHQ�VRQXoODUÕQ�E�W�Q�oHUoHYHOHU�LoLQ�EHQ]HU�|]HOOLNOHU�J|VWHUGL÷L�EHOLUOHQPLúWLU���%X�
QHGHQOH� oDOÕúPada, örnek olmak üzere sadece 10-NDWOÕ� YH� ��-NDWOÕ� oHUoHYHOHUH� DLW�
VRQXoODU�YHULOPLúWLU��ùHNLO������- 4.46).    

 

ùHNLO� ����� -� ����¶GHNL� NDW� \DWD\� \HUGH÷LúWLUPHOHUL� � LQFHOHQGL÷LQGH�� � ikinci 

mertebe�HWNLOHULQ�oRN�N�o�N�G�]H\GH�ROGX÷X�J|U�OPHNWHGLU�� 
 

ùHNLO� �.44 -� ����¶GHNL� J|UHOL� NDW� |WHOHPHOHUL� YH� PDNVLPXP� NLULú� SODVWLN�
G|QPHOHUL� LQFHOHQGL÷LQGH�� � ikinci mertebe� HWNLOHULQ� J|]|Q�QH� DOÕQPDVÕ� LOH� EX�
E�\�NO�NOHUH�DLW�GH÷HUOHULQ�DOW�NDWODUGD�DUWWÕ÷Õ���VW�NDWODUGD�D]DOGÕ÷Õ�J|U�OPHNWHGLU�� 

 

ùHNLO� ����� - 4.45’deki kaW� NHVPH� NXYYHWOHUL� LQFHOHQGL÷LQGH�� � ikinci mertebe 

HWNLOHULQ� J|]|Q�QH� DOÕQPDVÕ� LOH� E�W�Q� NDWODUGD� D]DOPD� PH\GDQD� JHOGL÷L�
görülmektedir.  

 

øNLQFL� PHUWHEH� HWNLOHULQ� J|]|Q�QH� DOÕQPDVÕ� LOH� SODVWLN� NHVLWOHULQ� ROXúXP�
VÕUDVÕQGD�ED]Õ� IDUNODU�PH\GDQD�JHOGL÷L�� DQFDN�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQGDNL�YH�
VD\ÕVÕQGDNL�GH÷LúLPLQ�oRN�N�o�N�G�]H\GH�ROGX÷X�EHOLUOHQPLúWLU��� 

 

 

 

 



 125 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����������-NDWOÕ�oHUoHYHGH��birinci ve ikinci mertebe elasto-plastik analiz 
���VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ 
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.DSDVLWH�H÷ULOHUL� LQFHOHQGL÷LQGH�� � ikinci mertebe�HWNLOHULQ�J|]|Q�QH�DOÕQPDVÕ�
LOH�EHNOHQGL÷L�JLEL���oHUoHYHOHULQ�\DWD\�NXYYHW�WDúÕPD�NDSDVLWHOHULQGH�D]DOPD�ROGX÷X�
J|U�OP�úW�U��ùHNLO��������� 
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ùHNLO� ����¶GHNL� PRGDO� SHUL\RWODUÕQ� VLVWHPGHNL� SODVWLNOHúPH� LOH� GH÷LúLPOHUL�
LQFHOHQGL÷LQGH���ikinci mertebe�HWNLOHULQ�J|]|Q�QH�DOÕQPDVÕ�LOH�EHNOHQGL÷L�JLEL��E�W�Q�
SHUL\RWODUÕQ�E�\�G�÷��J|U�OP�úW�U��6LVWHPGH�SODVWLNOHúHQ�NHVLW�VD\ÕVÕ�DUWWÕNoD� ikinci 

mertebe etkiler de artmakta ve özellikle birinci moda ait periyotta önemli mertebede 

DUWÕúODU�J|]OHQPHNWHGLU�� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO���������-NDWOÕ�oHUoHYHQLQ��birinci ve ikinci mertebe elasto-plastik analizlerinde 
��������������������SHUL\RGXQ�SODVWLNOHúPH�LOH�GH÷LúLPOHULQLQ�NDUúÕODúWÕUÕOPDVÕ 

0

1

2

3

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

$GÕP�QR

P
e

ri
y

o
t 

(s
)

ikinci mertebe

birinci mertebe

 

0

5

10

15

20

25

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

$GÕP�QR

3H
UL\

RW�
�V�

ikinci mertebe

birinci mertebe

 

0

1

2

3

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

$GÕP�QR

P
e
ri

y
o

t 
(s

)

ikinci mertebe

birinci mertebe

 

1. mod 

2. mod 

3. mod 



 129 

  

 

 

5. 6218d/$5�YH�g1(5ø/(5   

 

%X� oDOÕúPDGD�� \�NVHN� PRGODUÕQ� HWNLOL� ROGX÷X� ELQDODUÕQ� GHSUHP� \�NOHUL�
DOWÕQGDNL�OLQHHU�ROPD\DQ�GDYUDQÕúÕQÕQ�EHOLUOHQHELOPHVL�DPDFÕ\OD��etkin bir Çok Modlu 

8\DUODPDOÕ� <�N� $UWÕPÕ� <|QWHPL� �d08<$<�� JHOLúWLULOPLúWLU�� *HOLúWLULOHQ� \|QWHP��
%|O�P����¶GH�YHULOHQ�NRúXOODUÕ�VD÷OD\DQ�E�W�Q�\DSÕ�VLVWHPOHULQH�X\JXODQDELOPHNWHGLU� 
  

*HOLúWLULOHQ�\|QWHPGH�JHRPHWUL�GH÷LúLPOHULQLQ�GHQJH�GHQNOHPOHULQH�HWNLVi ve 

malzemenin elasto-plastik� GDYUDQÕúÕ�J|]|Q�QH� DOÕQDUDN�� VLVWHPLQ�EHOLUOL� VDELW�G�úH\�
\�NOHU� YH� DUWDQ� PRGDO� \DWD\� \�NOHU� LoLQ� DQDOL]L� \DSÕOPDNWDGÕU�� 3ODVWLN�
úHNLOGH÷LúWLUPHOHULQ� plastik kesit� DGÕ� YHULOHQ� EHOLUOL� NHVLWOHUGH� WRSODQGÕ÷Õ�� EXQXQ�
GÕúÕQGDNL� E|OJHOHUGH� GDYUDQÕúÕQ� lineer-elastik� ROGX÷X� YDUVD\ÕOPDNWDGÕU�� <|QWHPGH��
VDELW� G�úH\� \�NOHU� LoLQ� KHVDS� \DSÕOPDVÕQGDQ� \DUDUODQDUDN� � ikinci mertebe etkileri 

OLQHHUOHúWLULOPHNWHGLU�� $NPD� NRúXOODUÕQÕ� LIDGH� HGHQ� H÷ULOHU� GH� GR÷UX� SDUoDODUÕ� LOH�
LGHDOOHúWLULOHUHN�OLQHHUOHúWLULOPHNWHGLU�� 

   

<|QWHPLQ�\XNDUÕGD�NÕVDFD�LIDGH�HGLOHQ�|]HOOLNOHUL�QHGHQL\OH��SODVWLN�NHVLWOHULQ�
ROXúXPX� DUDVÕQGDNL� OLQHHU� GDYUDQÕú� E|OJHOHULQGH� \�N� DUWÕPÕ� X\JXODQPDVÕQD� JHUHN�
NDOPDGDQ�� KHU� SODVWLN� NHVLWLQ� ROXúXPXQD� NDUúÕ� JHOHQ� \DWD\� \�N� DUWÕPÕ� YH� GDYUDQÕú�
E�\�NO�NOHUL� �NHVLW� WHVLUOHUL�� \HUGH÷LúWLUPHOHU�� SODVWLN� úHNLOGH÷LúWLUPHOHU� YE���
GR÷UXGDQ� GR÷UX\D� EHOLUOHQHELOPHNWHGLU�� � %|\OHFH� d08<$<� LOH� \DSÕODQ� DQDOL]GH�
SODVWLN� NHVLWOHULQ� ROXúXPXQXQ� YH� \DSÕ� GDYUDQÕúÕQÕQ� GHWD\OÕ� RODUDN� L]OHQHELOPHVL�
VD÷ODQPDNWDGÕU���� 

   

 *HOLúWLULOHQ� \|QWHPGH�� KHU� SODVWLN� NHVLW� ROXúXPXQGDQ� VRQUD� R� NHVLWWHNL� ELU�
SODVWLN�úHNLOGH÷LúWLUPH�ELOHúHQL�\HQL�ELU�ELOLQPH\HQ�RODUDN�DOÕQPDNWD�YH�SODVWLNOHúHQ�
NHVLWWHNL�DNPD�NRúXOXQX�LIDGH�HGHQ�\HQL�ELU�OLQHHU�GHQNOHP�PHYFXW�GHQNOHP�WDNÕPÕQD 
LODYH� HGLOPHNWHGLU�� %|\OHFH� KHU� \�N� DUWÕPÕQGD� �KHU� SODVWLN� NHVLW� ROXúXPXQGD��
GHQNOHP�WDNÕPÕQÕQ�\HQLGHQ�NXUXOXS�o|]�OPHVLQH�JHUHN�NDOPDGDQ��\HQL�ELOLQPH\HQH�
DLW� VDWÕU� YH� NRORQXQ� LQGLUJHQPHVL� LOH� SODVWLN� úHNLOGH÷LúWLUPH� ELOHúHQLQL� GH� LoHUHQ�
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çözüm etkin olarDN�HOGH�HGLOPHNWHGLU��$\UÕFD� Lo�NXYYHW�GXUXPXQXQ�DNPD�NRúXOXQX�
VD÷ODGÕ÷ÕQÕ� LIDGH�HGHQ�LODYH�GHQNOHPOHULQ�NXOODQÕOPDVÕ�LOH�ELOHúLN�H÷LOPH�HWNLVLQGHNL�
SODVWLN�NHVLWOHUGH�H÷LOPH�YH�X]DPD�úHNLOGH÷LúWLUPHOHUL�YH�EXQODU�DUDVÕQGDNL�HWNLOHúLP�
GH�J|]|Q�QH�DOÕQPÕú�ROPDNWDGÕU� 
 

<|QWHPGH� \�NVHN� PRG� HWNLOHULQL� J|]|Q�QH� DOPDN� DPDFÕ\OD� DUGÕúÕN� LNL�
SODVWLNOHúHQ�NHVLW� DUDVÕQGDNL� OLQHHU�GDYUDQÕú�E|OJHVLQGH��GDYUDQÕú�VSHNWUXPX�DQDOL]L 
HVDVODUÕQGDQ� \DUDUODQÕOPDNWDGÕU�� � %XQD� J|UH�� KHU� SODVWLN� NHVLW� ROXúXPXQGDQ� VRQUD�
sistemin de÷LúHQ� PRGDO� |]HOOLNOHUL� YH� |QFHNL� DGÕPGDNL� ELULP� PRGDO� \DWD\� \�N�
GD÷ÕOÕPODUÕ�J|]|Q�QGH�EXOXQGXUXODUDN�EHOLUOHQHQ�ELULP�PRGDO�\DWD\�\�N�GD÷ÕOÕPODUÕ�
LoLQ� KHVDS� \DSÕOPDNWDGÕU�� � +HU� DGÕPD� DLW� ELULP� PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕ� LOJLOL�
DGÕPODUD�DLW�HODVWLN�VSHNWUal ivmeler ile ölçeklenmekte, böylece deprem özellikleri ve 

PRGODUÕQ�ELUELULQH�J|UH�HWNLQOL÷LQLQ�SODVWLNOHúPH\H� �SODVWLN�NHVLW�ROXúXPXQD�� �ED÷OÕ�
RODUDN�GH÷LúLPL�GH�J|]|Q�QH�DOÕQDELOPHNWHGLU� 
 

dDOÕúPDGD�� JHOLúWLULOHQ� \|QWHPLQ� EHWRQDUPH� ELQDODU� �]HULQGHNL� VD\ÕVDO�
X\JXODPDODUÕQD� RODQDN� VD÷ODPDN� �]HUH� 0(3$5&6� DGÕ� YHULOHQ� ELU� ELOJLVD\DU�
SURJUDPÕ�JHOLúWLULOPLúWLU���%X�SURJUDP�LOH�G�]OHP�EHWRQDUPH�oHUoHYHOHULQ�d08<$<�
LOH�OLQHHU�ROPD\DQ�VWDWLN�DQDOL]L�HWNLQ�ELU�úHNLOGH�\DSÕODELOPHNWHGLU����� 

 

*HOLúWLULOHQ� d08<$<¶QGHQ� HOGH� HGLOHQ� VRQXoODUÕQ� GH÷HUOHQGLULOPHVL�
DPDFÕ\OD���o�GH÷LúLN�GHSUHP�\HU�KDUHNHWL�ND\GÕ�LoLQ�IDUNOÕ�SHUL\RW�E|OJHOHULQL�WHPVLO�
HWPHN� �]HUH�� |UQHN� RODUDN� HOH� DOÕQDQ� ��� ���� ��� YH� ��-NDWOÕ� EHWRQDUPH� oHUoHYHOHU�
üzerinde,  ÇMUYAY ile LOSA, Lineer Olmayan Dinamik Analiz (LODA), 1. mod 

HVDVOÕ�JHOHQHNVHO�/26$���)(0$����¶GD�|QHULOHQ��QLIRUP�YH�PRGDO�GD÷ÕOÕPODUÕ�LoLQ�
/26$� \DSÕOPÕúWÕU�� /2'$� VRQXoODUÕ� NHVLQ� o|]�P� NDEXO� HGLOHUHN� NDUúÕODúWÕUPDODU�
\DSÕOPÕú� YH� d08<$<� GH÷HUOHQGLULOPLúWLU�� 'H÷HUOHQGLUPHOHU�� NDW� \DWD\�
yerdH÷LúWLUPHOHUL�� J|UHOL� NDW� |WHOHPHOHUL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHUL�� NDW�
NHVPH� NXYYHWOHUL�� NDSDVLWH� H÷ULOHUL� YH� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕ�
LQFHOHQHUHN�\DSÕOPÕúWÕU�� 

 

dDOÕúPDGD�D\UÕFD��JHOLúWLULOHQ��\|QWHPGH�VSHNWUDO�|OoHNOHPHQLQ��PRG�VD\ÕVÕQÕQ�
ve  ikinci mertebe�HWNLOHULQLQ�DQDOL]�VRQXoODUÕ��]HULQGHNL�HWNLOHUL�GH�LQFHOHQPLúWLU� 
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dDOÕúPDGD� LQFHOHQHQ� ELQDODUÕQ� DQDOL]� VRQXoODUÕQD� J|UH� \DSÕODQ� JHQHO�
GH÷HUOHQGLUPHOHUL�DúD÷ÕGD�YHULOPLúWLU��� 

 

øQFHOHQHQ���YH���-NDWOÕ�oHUoHYHOHUGH�\DSÕ�GDYUDQÕúÕQGD����PRGXQ�HWNLQ�ROPDVÕ�
QHGHQL\OH�� d08<$<� YH� GL÷HU� PRQRWRQ� DUWDQ� GD÷ÕOÕPODU� LoLQ� \DSÕODQ� /26$�
VRQXoODUÕQÕQ�ELUELUL\OH�YH�/2'$�LOH�ROGXNoD�X\XPOX�ROGX÷X��DQFDN�\�NVHN�PRGODUÕQ�
HWNLOL� ROGX÷X� ��� YH� ��-NDWOÕ� oHUoHYHOHUGH� GHSUHP� |]HOOLNOHULQH� GH� ED÷OÕ� RODUDN�
soQXoODUÕQ�|QHPOL�RUDQGD�IDUNOÕODúWÕ÷Õ�J|U�OP�úW�U���� 

 

���PRG�DWDOHW�NXYYHWL�GD÷ÕOÕPÕQÕQ�JHQHO�RODUDN�\�NVHN�PRGODUÕQ�HWNLQ�ROGX÷X�
ELQDODUGD�����YH����NDWOÕ���DOW�NDWODUGD� L\L�VRQXoODU�YHUGL÷L���VW�NDWODUGDNL�J|UHOL�NDW�
|WHOHPHOHULQL��PDNVLPXP�NLULú�SODVWLN�G|QPHOHULQL�YH�SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQÕ�
EHOLUOHPHGH�\HWHUVL]�NDOGÕ÷Õ�J|U�OP�úW�U���� 

 

)(0$� ���¶GD� \�NVHN� PRG� HWNLOHULQL� J|]|Q�QH� DOPDN� DPDFÕ\OD� |QHULOHQ�
ELUOHúWLULOPLú�PRGDO�NDW�NHVPH�NXYYHWOHUL�LOH�RUDQWÕOÕ�GD÷ÕOÕPÕQ�\�NVHN�PRGODUÕQ�HWNLOL�
ROGX÷X�ELQDODUGD�����YH����NDWOÕ����VW�NDWODUGD�ROGXNoD�L\L�VRQXoODU�YHUGL÷L��DQFDN�DOW�
NDWODUGDNL�J|UHOL�NDW�|WHOHPHOHULQL��PDNVLPXP�NLULú�SODVWLN�G|QPHOHULQL�YH�VLVWHPGHNL�
SODVWLNOHúHQ�NHVLW�GD÷ÕOÕPODUÕQÕ�EHOLUOHPHGH�oRN�\HWHUVL]�NDODELOGL÷L�J|U�OP�úW�U��� 

 

FE0$� ���¶GD� |QHULOHQ� �QLIRUP� GD÷ÕOÕPÕQÕQ� E�W�Q� ELQDODUGD�� �VW� NDWODUGDNL�
J|UHOL�NDW�|WHOHPHOHULQL��PDNVLPXP�NLULú�SODVWLN�G|QPHOHULQL��NDW�NHVPH�NXYYHWOHULQL�
YH� SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕQÕ� EHOLUOHPHGH� \HWHUVL]� NDOGÕ÷Õ�� DOW� NDWODUGD� LVH� NDW�
kesme kuvvetlHUL�GÕúÕQGDNL�E�\�NO�NOHUL�ROGX÷XQGDQ�oRN�\�NVHN�YHUGL÷L�J|U�OP�úW�U���
$QFDN�����)(0$����¶GD��QLIRUP�GD÷ÕOÕPÕQ�YH�PRGDO�GD÷ÕOÕPÕQ�VRQXoODUÕQÕQ�ELUOLNWH�
GH÷HUOHQGLULOPHVL� JHUHNWL÷L� EHOLUWLOPHNWHGLU�� %XQD� J|UH�� KHU� LNL� GD÷ÕOÕPGDQ� HOGH�
HGLOHQ� HQ� HOYHULúVL]� GXUXPODU� ELUOLNWH� GH÷HUOHQGLULOGL÷LQGH�� �VW� NDWODUGD� PRGDO�
GD÷ÕOÕP�� DOW� NDWODUGD� LVH� �QLIRUP� GD÷ÕOÕP� HWNLOL� ROPDNWDGÕU�� � %XQD� ED÷OÕ� RODUDN����
)(0$����¶GDNL�GD÷ÕOÕPODUÕQ�NXOODQÕOPDVÕ�LOH��VW�NDWODUGD�L\L�VRQXoODU�HOGH�HGLOLUNHQ��
DOW�NDWODUGD�ROGX÷XQGDQ�oRN�E�\�N�VRQXoODU�HOGH�HGLOGL÷L�J|U�OP�úW�U������ 

 

%X�WH]�oDOÕúPDVÕQGD�JHOLúWLULOHQ�d08<$<¶QLQ�NDW�\DWD\�\HUGH÷LúWLUPHOHULQL��
J|UHOL� NDW� |WHOHPHOHULQL�� PDNVLPXP� NLULú� SODVWLN� G|QPHOHULQL� YH� VLVWHPGHNL�
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SODVWLNOHúHQ� NHVLW� GD÷ÕOÕPODUÕQÕ�� PRQRWRQ� DUWDQ� GL÷HU� �o� GD÷ÕOÕPGDQ� HOGH� HGLOHQ�
VRQXoODUD�J|UH�ROGXNoD�L\L�EHOLUOH\HELOGL÷L�J|U�OP�úW�U�� 

  

d08<$<� YH� GL÷HU� PRQRWRQ� DUWDQ� GD÷ÕOÕPODU� LoLQ� \DSÕODQ� /26$¶OHU� NDW�
NHVPH� NXYYHWOHULQL� YH� NDSDVLWH� H÷ULOHULQL� EHOLUOHPHNWH� JHQHO� RODUDN� \HWHUVL]�
NDOPDNWDGÕU����$QFDN��JHOLúWLULOHQ�d08<$<¶QGH�\�NVHN�PRGODUÕQ�NDWNÕVÕ�QHGHQL\OH�
daha iyi sonuçlar elde edilmektedir.   

 

*HOLúWLULOHQ� d08<$<¶QGH� PRGDO� \DWD\� \�N� GD÷ÕOÕPODUÕ� LOJLOL� DGÕPD� DLW�
HODVWLN� VSHNWUDO� LYPHOHU� LOH� |OoHNOHQPHNWH�� E|\OHFH� GHSUHP� |]HOOLNOHUL� YH�PRGODUÕQ�
birbirine göre eWNLQOL÷LQLQ�SODVWLNOHúHQ�NHVLW�VD\ÕVÕQGDNL�DUWÕP�LOH�GH÷LúLPL�J|]|Q�QH�
DOÕQDELOPHNWHGLU�� dDOÕúPDGD� HOH� DOÕQDQ� |UQHNOHUGH� V|]NRQXVX� PRGDO� HWNLQOL÷LQ�
GH÷LúLPL� LQFHOHQPLúWLU�� %XQD� J|UH�� VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� VD\ÕVÕ� DUWWÕNoD� ���
moda ait periyot ve spekWUDO� LYPH�� GL÷HU� PRGODUD� RUDQOD� oRN� E�\�N� GH÷LúLP�
J|VWHUPHNWHGLU��%X�QHGHQOH�VLVWHPGHNL�SODVWLNOHúHQ�NHVLW�VD\ÕVÕQD�ED÷OÕ�RODUDN�ELULQFL�
PRGXQ� HWNLQOL÷L� D]DOPDNWD� YH� \�NVHN� PRGODUÕQ� VLVWHP� GDYUDQÕúÕQGDNL� HWNLQOL÷L�
DUWPDNWDGÕU�������� 

 

 *HOLúWLULOHQ� d08<$<¶QGH�� J|]|Q�QH� DOÕQDQ� PRG� VD\ÕVÕQÕQ� GDYUDQÕú�
E�\�NO�NOHUL��]HULQGHNL�HWNLVL� LQFHOHQHUHN�DQDOL]GH�NXOODQÕOPDVÕ�JHUHNHQ�PRG�VD\ÕVÕ�
EHOLUOHQPLúWLU���%XQD�J|UH��JHOLúWLULOHQ�d08<$<�LOH�G�]HQOL�oHUoHYH�\DSÕODUÕQ�OLQHHU�
olmayan statik analizinde en fazla ilk üç mRGXQ�J|]|Q�QH�DOÕQPDVÕQÕQ�\HWHUOL�ROGX÷X��
GL÷HU�\�NVHN�PRGODUÕQ�HWNLVLQLQ�LKPDO�HGLOHELOHFHN�G�]H\GH�NDOGÕ÷Õ�EHOLUOHQPLúWLU���� 
 

*HOLúWLULOHQ� d08<$<� LOH� ikinci mertebe� HWNLOHULQLQ� \XNDUÕGD� EHOLUWLOHQ�
GDYUDQÕú�E�\�NO�NOHUL�YH�VLVWHPLQ�SHUL\RWODUÕ��]HULQGHNL�HWNLOHUL� LQFHOHQPLúWLU��%XQD�
J|UH��J|UHOL�NDW�|WHOHPHOHUL�YH�PDNVLPXP�NLULú�SODVWLN�G|QPHOHULQLQ��ikinci mertebe 

HWNLOHULQLQ�J|]|Q�QH�DOÕQPDVÕ�LOH�DOW�NDWODUGD�DUWWÕ÷Õ���VW�NDWODUGD�D]DOGÕ÷Õ��NDW�NHVPH�
NXYYHWOHULQLQ� GH� EHNOHQGL÷L� JLEL� E�W�Q� NDWODUGD� D]DOGÕ÷Õ� J|U�OP�úW�U�� $\UÕFD��
VLVWHPGHNL� SODVWLNOHúHQ� NHVLW� VD\ÕVÕ� DUWWÕNoD� ikinci mertebe etkileri de artmakta ve 

ELULQFL� PRGD� DLW� SHUL\RWWD� |QHPOL�PHUWHEHGH� DUWÕúODU� J|]OHQPHNWHGLU�� � %X� QHGHQOH��
GDYUDQÕú� E�\�NO�NOHULQLQ� YH� PRGDO� |]HOOLNOHULQ� EHOLUOHQPHVLQGH� ikinci mertebe 

HWNLOHULQLQ�J|]|Q�QH�DOÕQPDVÕ�JHUHNPHNWHGLU���� 



 133 

*HOLúWLULOHQ� d08<$<� LOH� \�NVHN� PRG� HWNLOHUL� YH� SODVWLNOHúHQ� NHVLWOHULQ�
QHGHQ� ROGX÷X� \DWD\� \�N� GD÷ÕOÕPÕ� GH÷LúLPOHUL� J|]|Q�QH� DOÕQPDNWD�� D\UÕFD� DQDOL]�
ER\XQFD� W�P� SODVWLN� NHVLWOHULQ� ROXúXPX� D\UÕQWÕOÕ� ELU� úHNLOGH� L]OHQHUHN� KHU� \�N�
DUWÕPÕQGD� |QFHNL� DGÕPODUGDQ� ED÷ÕPVÕ]� \�N� GD÷ÕOÕPÕ� NXOODQÕPÕQD� YH� EX� \�N�Q�
LVWHQLOHQ� úHNLOGH� |OoHNOHQPHVLQH� RODQDN� YHULOPHNWHGLU�� d08<$<� LOH� \DSÕ�
GDYUDQÕúÕQGD�\�NVHN�PRGODUÕQ�HWNLVLQLQ�GH�J|]|Q�QH�DOÕQGÕ÷Õ��PDO]HPH�YH�JHRPHtri 

GH÷LúLPOHUL� EDNÕPÕQGDQ� OLQHHU� ROPD\DQ� VLVWHPOHULQ� ikinci mertebe elasto-plastik 

KHVDEÕ�� SODVWLN� úHNLOGH÷LúWLUPH� ELOHúHQOHULQL� GH� LoHUHQ� WHN� ELU� JHQLúOHWLOPLú� GHQNOHP�
VLVWHPLQLQ� NXUXOPDVÕQD� YH� EX� GHQNOHP� VLVWHPL� LOH� DOW� VLVWHPOHULQLQ� o|]�P�QH�
indirgenmiú�ROPDNWDGÕU�� �%|\OHFH�EX� WH]�oDOÕúPDVÕQGD�JHOLúWLULOHQ�\|QWHPGH��\�NVHN�
PRGODUÕQ� HWNLOL� ROGX÷X� ELQDODUÕQ� GHSUHP� HWNLOHUL� DOWÕQGDNL� OLQHHU� ROPD\DQ� GDYUDQÕúÕ�
HWNLQ�ELU�úHNLOGH�EHOLUOHQHELOPHNWHGLU��� 

 

�����������d08<$<¶QLQ�JHOLúWLULOPHVL�LOH�LOJLOL�|QHULOHU�DúD÷ÕGD�YHULOPLúWLU� 
  

*HOLúWLULOHQ� \|QWHPGH� KHU� SODVWLN� ROXúXPXQGDQ� VRQUD� ELULP� \�N� DUWÕPÕ� LoLQ�
KHVDS�\DSÕOPDNWD��E|\OHFH�KHU�\�N�DUWÕPÕQGD�|QFHNL�\�NOHUGHQ�ED÷ÕPVÕ]�\�N�GD÷ÕOÕPÕ�
NXOODQÕOPDVÕQD�YH�EX�\�NOHULQ�LVWHQLOHQ�úHNLOGH�|OoHNOHQPHVLQH�RODQDN�YHULOmektedir. 

<|QWHPGH� PRGDO� GDYUDQÕú� E�\�NO�NOHULQLQ� EHOLUOHQPHVLQGH� HVDV� DOÕQDQ� VSHNWUDO�
|OoHNOHPH� NRQXVXQGD� GDKD� NDSVDPOÕ� oDOÕúPDODU� \DSÕOPDVÕ� YH� HODVWLN� ROPD\DQ�
GDYUDQÕú� VSHNWUXPX� NXOODQÕPÕ� YE�� \DNODúÕPODUÕQ� DUDúWÕUÕOPDVÕQÕQ� \DUDUOÕ� RODFD÷Õ�
G�ú�Q�OPHNWHGLU. 

 

  ���%X� oDOÕúPD� NDSVDPÕQGD� JHOLúWLULOHQ� d08<$<� G�]OHP� VLVWHPOHUL�
LoHUPHNWHGLU���$QFDN�\|QWHPLQ�HVDVODUÕ�JHQHO�ROXS��o�ER\XWOX�VLVWHPOHUL�GH�LoHUHFHN�
úHNLOGH� JHOLúWLULOHELOLU�� � <|QWHPLQ� EX� \|QGH� JHOLúWLULOPHVL� LOH� EXUXOPD� HWNLVLQGHNL�
ELQDODUÕQ�GD� HWNLQ�ELU� úHNLOGH� oRN�PRGOX�X\DUODPDOÕ� OLQHHU�ROPD\DQ� VWDWLN� DQDOL]LQH�
RODQDN�VD÷ODQDELOHFHNWLU�� 
    

d08<$<� LOH� E�\�N� úHNLOGH÷LúWLUPHOHU� \DSDQ� VLVWHPOHULQ� DQDOL]LQLQ� GH�
\DSÕODELOPHVL� DPDFÕ\OD� SHNOHúPHOL� YH� JHYúHPHOL� Lo� NXYYHW-úHNLOGH÷LúWLUPH�
ED÷ÕQWÕODUÕQÕ�GD�LoHUHFHN�úHNLOGH�JHOLúWLULOPHVL�|QHULOPHNWHGLU����� 
 

 �������d08<$<¶QLQ��J|]|Q�QH�DOÕQDQ�GHSUHP�LoLQ�\DSÕQÕQ�JHQHO�\HUGH÷LúWLUPH�YH�
GD\DQÕP� WDOHSOHULQL� EHOLUOH\HFHN� \|QGH� JHOLúWLULOPHVL� |QHULOPHNWHGLU�� � %X� DPDoOD��
d08<$<¶QGHQ� HOGH� HGLOHQ� oRN�PRGOX� NDSDVLWH� H÷risinden veya her bir moda ait 

NDSDVLWH�H÷ULOHULQGHQ�\DUDUODQDELOHFH÷L�G�ú�Q�OPHNWHGLU������� 
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