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VD0UFDQDRPD4D,OD�MD'�YD�EDOD�(inertia forces) 

%D8N0SDPDX/R� MDLPDQD,ODD� KDGUR� EDVDWDW�� �\DDPDX/R� MDLPDQD,YDU� @%\DD� $VD1DD-\DD�
>PDDUW,ODD�GR.,OD�LWF\DD�SD\DDMDYD/�%D8N0SDF\DD�JDW,FDR�SLU1DDPD�MDD1DYDWDW��Q\DX7QDF\DD�

SLKO\DD�LQD\DPDDQDXVDDU, MDU,�>PDDUW�%D8N0SDPDX/R�MDLPDQD,VDK�KODOD,, WU,�>PDDUW,FDR�&WDODD�
PDDa� �\DDF\DD� PD8/� MDDJD,� LVTDU� UDK1\DDFD,� SCYD5�D,� $VDWR�� SU0WX� L%D0W,� $DL1D� VW0%D�
�\DDF\DD6D,�MDDR'ODRODR�$VDO\DDPDX/R�WR�&WDODD�$DSO\DDEDUDREDU�.RFDWDW��TDDR'#\DDW�\DDFD,�
WXODQDD�\DD�SLULVTDW,6D,�NUWD� \DR>�OD�MDRYKD�WXPK,�@%DR�$VDWD0QDD�EDVD�$FDDQDNS1DR� VDX��
KDRWR�WRYKD�WXPDFDR�SD\D�EDVDVDDREDW�KODWDW�SU0WX, WXPDF\DD�6DU,UDFDD�YDU,OD�%DDJD�$DKR��\DDFD�

LVTDW,W�UDK8QD�WXPKDODD�PDDJDR�.RFD1\DDFDD�SC\D�QD�NUWDR!!�PD8/�LVTDW,�ND\DPD�]RYD1\DDF\DD�
K\DD� SCYD5�W,ODD� MD'�YD� (inertia) $VDR� PK1DWDW�� >PDDUW,PD4\DR, L%D0W,� $DL1D� VW0%D�

VDXQDP\D�$VDO\DDNDU1DDQDR, &WDFD,�JDW,�MDLPDQD,F\DD�JDW,SR[DD�L%DQQD�$VDWR�($DN5W,��). 

$DN5W,����>PDDUW,F\DD�SD\DDODD�N0LSW�NRO\DDYDU�KDR1DDUD�MD'�YDDFDD���
SLU1DDPD 

VW0%DDYDU�$D4DDLUW�&W�$VDODRO\DD�HND�>PDDUW,FD,�NOSQDD�NUD�($DN5W,��).
$DWD�SXQKD�WXPDF\DD�EDVDPD4D,OD�LVTDW,FDR�@GDKU1D�*DR`�\DD��MDRYKD�EDVD�$FDDQDNS1DR�FDDODX�

KDRWR, �\DDYDR/,� WXPK,� PDDJDR�IRNODR� MDDWD, MD1D8NDK,�NX1D,WU,� WXPDF\DD� 6DU,UDF\DD� YDU,OD�

%DDJDDYDU�MDDRU�ODDYDODD�$DKR���\DDFDSCNDUR, MDRYKD�MDPD,QD�KODWR, WRYKD�>PDDUWVDX4GD�PDDJDR�

IRNOD,�MDDWR, $DL1D�&WDODD�EDODDFD,�$QDX%D8W,�KDRWR�KRFD, MD'�YD�EDOD KDR\D��MDU�&WDFDR�
YDVWXPDDQD� (mass)� M $VDROD� $DL1D� �\DDQDR� $QDX%DYDODRODR� �YDU1D� (acceleration) a

$VDROD�WU�Q\DX7QDF\DD�JDW,F\DD�GXVD-\DD�LQD\DPDDSCPDD1DR�FI KR�MD'�YD�EDOD�KDR>�OD�(YDVWXPDDQD

M JDXL1DODR��YDU1D a) $DL1D��\DDFD,�LG6DD�K,��YDU1DDF\DD�LYD�4G�LG6DRODD�$VDROD��$TDD�W?,

MDDVW� YDVWXPDDQD� PK1DMDR� MDDVW�MD'�YD� EDOD�� PK1D8QDFD, KOD#\DD� >PDDUW,� %D8N0SDFDR� KDGUR�
$L4DN�FDD0JDO\DD�LUW,QDR�VDKQD�N��6DNWDW�

LYD�SWRFDR�>PDDUW,0YDU�KDR1DDUR�SLU1DDPD�
>PDDUW,0F\DD� &WDQDR� $QDX%DYDODRODR� MD'�YD� EDOD� MDLPDQD,N'R� VW0%DDF\DD� PDD4\DPDDW8QD�

VTDDQDD0WLUW� KDRWR�$DL1D� �\DDPD4\DR� EDOD� LQDPDD�1D�NUWR�� VW0%DD0PD4\DR� LQDPDD�1D� KDR1DD-\DD� \DD�
EDODD0QDD� GXVD-\DD� S4GW,QDR� GR.,OD� VDPDMD8QD� *DRWD� \DR>�OD�� %D8N0SDF\DD� KDG-\DD0GUP\DDQD,
VW0%DDF\DD� GDRQD� 7DRND0PD4\DR� VDDSR[D� KDODFDDOD� KDRWR�� $DN5W,� �� PD4\DR� MDLPDQD� $DL1D�
>PDDUW,F\DD� &WDPD4D,OD� K,� KDODFDDOD� \D8� (u) \DD� UD6D,QDR� GD.LYD1\DDW� $DOD,� $DKR��

SU0WX, PDX#W�VD04D,� LPD/DO\DDVD� VW0%D�$DSO\DD� PD8/F\DD�`4YD� LVTDW,PD4\DR� \DR1\DDFDD�SC\D�QD�

NUW,OD, PK1DMDRFD, VW0%D�LYD�SWRODD�SCLWUDR4D�NUWDW�� 

VDU/� `4YD� UR<DRW� $VDWD0QDD� VW0%D� NX]ODRK,� L[DW,MD� SDW/,W,OD� EDOD� 4DDU1D� NU,W�

QDDK,W�� SU0WX, �\DD0QDD� EDODS8YD�N� YDDNYD1\DDFDD� SC\D�QD� NRO\DDVD� �\DD0F\DDPD4\DR� $0WJD�W
EDODD0FD,� @�S�D,� KDRWR�� VW0%DDF\DD� .DODF\DD� $DL1D� YDUF\DD� %DDJDDW,OD� VDDSR[D� L[DW,MD�
LYDVTDDSQD� (relative horizontal displacement) \D8� (u) LMDWNR� MDDVW� LWWNR�

MDDVW� $0WJD�W� EDOD� $VDWR� WVDRFD, VW0%D� LMDWNR� G5=� (PK1DMDRFD� VW0%DDFDD� $DNDU�

LMDWND�MDDVW�$VDROD) LWWNR�KR�EDOD�MDDVW�KDR>�OD��\DD�NDU1DDPDX/RFD, VW0%DDPD4D,OD�\DD�
$0WJD�W� EDODD0QDD�G5=WD� EDOD� (stiffness forces) $VDR� PK1DWDW��.URWU, VW0%DDW,OD�
G5=WD� EDOD� PK1DMDR� VW0%DDFD,� G5=WD� $DL1D� GDRQD� 7DRND0PD4D,OD� VDDSR[D� LYDVTDDSQDRF\DD�
JDX1DDNDUD>WNR�$VDWR��
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$DN5W,����>PDDUW,W,OD�MD'�YD�EDOD�$DL1D�VDDSR[D�JDW,�

L[DW,MD�$DL1D�`4YD� N0SQDR�

%D8N0SDPDX/R�MDLPDQD�VDYD��W,QD�LG6DD0QDD�N0SQD�SDYDWR– GDRQD�L[DW,MD�LG6DRODJDW�(�\DD0QDD�

j[Dk�$DL1D�j\Dk�PDDQD8�\DD) $DL1D�`4YD��LG6DRODJDW�(�\DDODD�j-Dk�PDDQD8�\DD) ($DN5W,��).

WVDRFD, %D8N0SDGUP\DDQD� MDLPDQD,FD,� SC�\DRN� j[Dk, j\Dk� $DL1D� j-Dk� LG6DD0QDD� VYD2US1DR� SX=R�

$DL1D�PDDJDR�(- $DL1D +) $6D,�KDODFDDOD�KDRWR��VDYD�FD�VD0UFDQDD�SCDPDX�\DDQDR�JDX��YD,\D�EDOD�

*DR1\DDF\DD� G5<7,QDR� VD0NLOSW� NRO\DD� MDDWDW; PK1DMDRFD� �\DD� YDVWXPDDQD� ‘M’ (\DDW� �\DD�

VD0UFDQDRFDD� VYDW�FDD� %DDU�$DL1D�$4\DDUDRLSW� %DDUD>WNR� YDVWXPDDQD� \DD0FDD� VDPDDYDR6D� KDRWDR)

$DL1D� `4YD�� $4DDRPDX.,� LG6DRW,OD� �YDU1D� @1DR� -D� (-Z) \DD0F\DD� JDX1DDNDUD>WNR� EDOD�
*DR1\DDVDD],� VD0NLOSW�NRODR� MDDWDW��HPD?�MD,��(Mg) \DD�$4DDRPDX.,� EDODDVD� JDX��YD,\D�
EDOD $VDR�PK1DWDW��%D8N0SDGUP\DDQD�LQDPDD�1D�KDR1DDUR�`4YD� �YDU1D�KR�JDX��YD,\D��YDU1DDPD4\DR�
LPD/YDODR� MDDWR� LN0YDD� YDMDD�NRODR� MDDWR�� VD0UFDQDRFDR� VD0NOSQD�NUWD0QDD� JDX��YD,\D� %DDUDFDD�
SCLWUDR4D� NU1\DDVDD],� VDXU[DD� JDX1DD0N� (factor of safety) YDDSU1\DDW� \DRW�

$VDO\DDNDU1DDQDR, VDD4DDU1DS1DR� $QDRN� VD0UFDQDD� `4YD� N0SQDR� VDKMDLU�\DD� VDKQD� N��
6DNWDW� 

�
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WTDDLS, L[DW,MD�SDW/,W,OD� j[Dk�$DL1D� j\Dk� LG6DRN',OD�(GDRQK,0FD,�SC�\DRN,�+

$DL1D - LG6DRW,OD) KDODFDDOD�K,� LFD0WRFDD� LYD<D\D�]UWR��JDX��YD,\D� EDODDVDD],�VD0NLOSW�
NU1\DDW�$DODROD,�VD0UFDQDD�VDD4DDU1DS1DR�%D8N0SDFD,�L[DW,MD,\D�N0SQDR�VDKMDS1DR�VDKQD�N��
6DNW� QDDK,�� PK1D8QDFD� L[DW,MD,\D� %D8N0SDF\DD� SLU1DDPDDLYD�4G� VD0UFDQDD� PDMDED8W�$VD1DR�
$DYD6\DN�$DKR� 

MD'�YD�EDODDFDD�>PDDUW,0F\DD�SD\DDS\D�0W�SCYDDK�
%D8N0SDF\DD� L[DW,MD� N0SQDD0F\DD� SC%DDYDD.DOD,� VD0UFDQDD0PD4\DR� �\DDF\DD� YDVWXPDDQDDF\DD�

SDW/,PD4\DR� L[DW,MD� MD'�YD� EDODD0FD,� LQDLPD�W,� KDRWR� (VDD4DDU1DS1DR� KR� ODDG,F\DD� SDW/,W�

$VDWDW). KR�SD6YD,�\D�MD'�YD�EDOD�(lateral inertia forces) ODDG,N'8QD�L%D0W,�$DL1D�

VW0%DD0QDD, �\DD0F\DDN'8QD�SD\DDODD�$DL1D�VDYDD�W 6DRYD7,�>PDDUW,.DOD,OD�PD5GRN'R�VTDDQDD0WLUW�

KDRWDW�($DN5W,��)� PK1D8QD, SC�\DRN�VD0UFDQDD�PDN�*D7ND0FDR�(ODDG,, L%D0W,, VW0%D�$DL1D�

SD\DD) $DL1D� �\DD0F\DDPD4D,OD� MDDR'1D,FDR� VD0NOSQD� $6DD� LUW,QDR� NU1DR� $DYD6\DN� $DKR�
M\DD\DDRJDR��\DD0F\DDPD4D,OD�MD'�YD�EDOD�KR�VDXUL[DWS1DR�VTDDQDD0WLUW�KDR>�OD� 

L%D0W,� $DL1D� VW0%D� KR� MD'�YD� EDOD� VTDDQDD0WLUW� NU1\DDF\DD� G5<7,QDR� $LW6D\D�
PDK�YDS81D�� *D7N� $DKRW�� SU0WX, SDU0SDLUN� EDD04DNDPDDPD4\DR� ODDG,� $DL1D� WX/>�F\DD�
VD0NOSQD�$DL1D� EDD04DNDPDDN'R� L%D0W,�$DL1D�VW0%DD0F\DD�WXODQDRW�MDDVW�OD[D� LGODR�MDDWR��
L%D0W,�\DD�WXODQDRQDR�NPD,�MDD',F\DD�$VD8QD�EDD04DNDPDDFD,�L]VD8/�VDDPDJCD,�YDDS�QD�EDD04D1\DDW�

\DRWDW��PK1D8QDFD�$6D,�L%D0W�MDD',F\DD�LG6DRW�\DR1DD-\DD�L[DW,MD�MD'�YD�EDODDVD�SCLWUDR4D�
N��6DNW�QDDK,��GJD',�LN0YDD�LYD7D0F\DD�EDD04DNDPDDFDR�S8YD,� -DDODRO\DD�$QDRN�%D8N0SDPD4\DR�

PDDR]R��QDXNVDDQD���-DDO\DDFDRR���LQDG6D�QDDVD��$DODR��$DKR��(@GD�, $DN5W,��$)� WVDRFD,

MD'�YD�EDOD

ODDG,WOD

L%D0W,
$DL1D�LN0YDD�VW0%D 

SD\DD

PD5GD

%D8N0S�N0SQDR

$DN5W,����MD'�YD�EDODDFDD�>PDDUW,F\DD�VDYD��VD0UFDQDD�PDN�*D7ND0W8QD�KDR1DDUD��
SCYDDK 

NPDNXYDWLU�\DD� VD0NLOSW� $DL1D� EDD04DNDPD� NRODRODR� SCEDLODW� NDA0LNC7FDR� VW0%D� GR.,OD�

LYD4YD0VDNDUN� ]�� 6DNWDW�� VDQD� ����� F\DD� %D8MD� (%DDUW) \DRTD,OD� %D8N0SDPD4\DR

W/PDMDO\DDYDU,OD� VW0%DD0F\DD� –KDVDDFD,� SLU1D,W,� $QDRN� >PDDUW,� NDRVD/1\DDW� -DDOD,�

($DN5W,��ED).  

($) �����F\DD�@�WUND6D,�(%DDUW) %D8N0SDW�$06DW��NDRVD/ODRO\DD�GJD',��
� EDD04DNDPDDF\DD�L%D0W, 

(ED) VDQD������F\DD�%D8MD�(%DDUW) NDRVD/ODRODR�SCEDLODW�NDA0LCN7FDR�VW0%D�($DL1D�����
>PDDUW)

$DN5W,����L[DW,MD�%D8N0S�EDODDVDD],�L%D0W,�$DL1D�VW0%DD0F\DD�VD0NOSQDDFDR�PDKYD��

VD0GL%D�\D�VDDLK�\D�
���FDDRSCD�H�NR��(����), 'D\DQDALPD#VD?�$ADI�V7�#FDVD��- $ SCD\DPDU, EERI 

PDDRQDDRJCDDI, $TD�#YDRN�>0LMDQD,$U,0JD�LUVDFD��>LQV77\DX7, $PDRU,ND���
���VTDDS�\D�$L%D\DD0LaN,�SLU%DD<DD�NDR6D, %DD<DD�VD0FDDODQDDOD\D, PDKDUD<7��6DDVDQD, PDX0ED>��

��

KR� SCND6DQD� $D\D?�$D\D?�7,�NDQDS8U� $DL1D� ED,�HPD?�7,�3D,�VD,�� QDYD,� LGOOD,� \DD0F\DD� PDDODN,FDR�
$DKR��\DD�VD8FDQDD� � �\DDW,OD� LYD<D\DD0PD4\DR� EDGOD�� QD�NUWD��$DL1D�\DDRJ\D�SDRFD�GR`QD�SXQDLQDPD,�W�NUWD�
\DR̀ � 6DNW,OD�� $DSO\DD� VD8FDQDD�� $L%DSCD\D� N5S\DD� nicee@iitk.ac.in \DD� >�� S�\DDYDU�
SD]YDDY\DDW�� \DD� $D4D,F\DD� � $D\D?�$D\D?�7,�NR�� ED,�HPD?�7,�3D,�VD,�� %D8N0S� VD8FDQDD�
ED*D1\DDNU,WD�www.nicee.org LN0YDD�www.bmtpc.org \DD� VD0NRWVTD/D0QDD� %DR7� G\DD����������������������������������������������
� � � ����������������������QDDRYKR0EDU������

ODR.N: VD,��YK,��$DU��PDXLW�, %DDUW,\D�SCD29DRLJDN,�VD0VTDDQD�NDQDS8U, NDQDS8U, %DDUW�
� SCD\DDRMDN: EDD04DNDPD�VDDLK�\D�$DL1D�SCD29DRLJDN,�VD0YD4D�N�PD0'/, QDYD,�LGOOD,, %DDUW 
$QDXYDDG: 6DX%DGD�$��JD'NU¡�ND\D�NDU,�$L%D\D0WD¡�VDDYD�MDLQDN�EDD04DNDPD�LYD%DDJD¡�

� PDKDUD<7��6DDVDQD 
SLU[D1D: 'DA��HPD?��HPD?��EDVDDRODR, PDDMD,�$L4DY\DD�\DDWD, YK,��$DU��VD,��>��,

QDDJDS8U $DL1D�'DA�$DRPDSCND6D�MD\DVYDDOD, VDKD\\DN�$L4DY\DD�\DDWD,
YK,�HQD?�$D\D�7,�, QDDJDS8U


