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sDU}U ẁv wO |=Q@ =y|B |OwQw ?=DW |=yxir-wt |x@U=Lt Ov}=Qi VN@ u}= QO
%OwW|t x�=Q= |B

&xOQDUo |B sDU}U =@ |=yxR=U "1
"OQivt |B sDU}U =@ |=yxR=U "2

xOQDUo |B sDU}U =@ |=yxR=U |OwQw ?=DW "1"2
?U=vt |Ov@hqm =@ "?1 pmW Ovv=ty OQivt |=y|B R= |}xawtHt xm|DQwY QO

|=yCmQL R= ,qwtat |}xRQr C=m} QLD R= |W=v =yxR=U |m}t=v}O MU=B u}}aD |=Q@
QO u}= "OwW|t xO=iDU= =yxR=U |m}t=v}O |Q=PoQ=@ Qw_vtx@ O=R; u=O}t QO u}tR
VvmsyQ@ Q=F; R= |W=v ,qwtat '?rY |xOQDUo |B =@ |=yxR=U |=Q@ xm CU= |r=L
|B |=yCmQL w u}tR O=R; u=O}t |=yCmQL u}@ |yHwDp@=k Cw=iD 'xR=U w l =N
C=}YwYN x@ \ki xv VvmsyQ@ u}= u=R}t w C}y=t xm [2w1]'OQ=O OwHw =yxR=U
VvmsyQ@ xJv=vJ "OQ=O|oDU@ R}v|B O=a@= w|DNU x@ xmr@ 'xR=U w l =N|m}t=v}O
VvmsyQ@� x@ OW=@ xR=U w l =N |m}t=v}O C=}YwYN QO Cw=iD R= |W=v \ki
VvmsyQ@� x@ OW=@ \w@ Qt xR=U |BC}@rY w |UOvy pmW x@ xJv=vJ w �l}t=v}O
C=Q}}eD R= |W=v xR=U w l =N l}D=tv}U VvmsyQ@ [6�3]"CU= hwQat �l}D=tv}U
|xOQDUo |B =@ |}xR=U xm|t=ovy '`k=wQO "CU= O=R; u=O}t QO u}tR CmQL |v=mt
l =N x@ C@Uv |B C}@rY p}rO x@ 'OwW|t xDN=U u}tR K]U |wQ Q@ ?rY
R= |v}ov=}t xR=U |B 'O=R; u=O}t CmQL =@ l =N j@=]D C}r@=k sOa w VQw=Ht
CmQL� 'xDi=} Q}}eD CmQL u}= x@ xm Ovm|t x@ QHD =Q l =N O=R; u=O}t |=yCmQL
|Ot=U@ |=wDLt Vy=m Ea=@ l}D=tv}U VvmsyQ@ C=QF= "Ov} wo|t �|B |OwQw
|=yCmQL O}rwD x@ QHvt w |B |OwQw |r=kDv= |=yCmQL |q=@ |=yOt=U@ VN@
x@ QHvt Ov=wD|t l}D=tv}U VvmsyQ@ wQ u}= R= "OwW|t xR=U |x}=B QO |v=QwO
Q}}eD u}= "OwW �Ovr@� x=Dwm w CNU |=yxR=U |}xRQr |=yMU=B �V}=Ri=� Vy=m

pw�Ut xOvU} wv �
"1389 9 2 VQ}PB '1389 6 3 x}LqY= '1388 12 10 Ci=} QO %M} Q=D

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

"""QO
xR=U

wl
=Nl

}D=tv
}UV

vmsy
Q@Q=

F;|
UQQ

@

QO u}tR |DmQL |=yxir-wt ?}DQDx@ fkxp; kyp; kzp; k�xp; k�yp; k�zpg w
xO=iDU= =@ "OvDUy s)=pVt =@ Q_=vDt |=y|DNU w xR=U |rY= |=yQwLt |=DU=Q
hQYt |SQv= u} QDtm u; |=R= x@ xm |B CmQL u} QDxv}y@ '|SQv= |xv}tm pY= R=

%OwW|t x@U=Lt 3 |x]@=Q CQwYx@ 'OwW
@E
@uFx

= @E
@uFy

= @E
@uFz

= @E
@�Fx

= @E
@�Fy

= @E
@�Fz

= 0 (3)

j@=]t |B |OwQw |=yCmQL |x@U=Lt \@=wQ '3 |x]@=Q R= pY=L CqO=at pL =@
%OvwW|t x@U=Lt 4 |x]@=Q

5 \@=wQ j@] [K] |B |xYNWt T} QD=t |rY= Q]k |wQ |=yx}=QO u; QO xm
%=@ OvQ@=Q@

Kx =
NX
p=1

kxp K�x =
NX
p=1

�
k�xp + z2

pkyp + y2
pkzp

�
Ky =

NX
p=1

kyp K�y =
NX
p=1

�
k�yp + z2

pkxp + x2
pkzp

�
Kz =

NX
p=1

kzp K�z =
NX
p=1

�
k�zp + x2

pkyp + y2
pkxp

�
(5)

%=@ CU= Q@=Q@ 6 |x]@=Q j@=]t R}v '[K̂p] s)=p OQivt |B Q}F-=D T} QD=t wh
K̂p

i

=

266666666664

kxp 0 0 0 0 0
0 kyp 0 0 0 0
0 0 kzp 0 0 0
0 �kypzp kzpyp k�xp 0 0

kxpzp 0 �kzpxp 0 k�yp 0
�kxpyp kypxp 0 0 0 k�zp

377777777775
(6)

=@ wp}=t Qw]x@hr=1pmW =@j@=]t xrRrR G=wt= Q=WDv=?r=eCyH xm|DQwYQO p=L
O=ODt= QOu}tRCmQLpO=at|=DU=QCU=|i=m 'OW=@ xR=Ux QwLt x@C@Uv'|x} w=R
u=O}t�u}tR|DmQL|=yxir-wt Qo = Qw_vtu}=|=Q@ "OwW x@U=Lt xR=U|rY=|=yQwLt

"xOW xDiQo Q_vQO |xR=U w |B pOt "1 pmW
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9>>>>>>>>=>>>>>>>>;
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�uFx (i!)

�uFy (i!)
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��Fx (i!)
��Fy (i!)
��Fz (i!)

9>>>>>>>>>>=>>>>>>>>>>;
=

8>>>>>>>>>>>>><>>>>>>>>>>>>>:

TFx (!) � �ugx (i!) � e�i 'Tx (!)
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TF�z (!) � j�ugy(i!)j
j��gz (i!)j � ��gz (i!) � e�i 'T�z(!)

9>>>>>>>>>>>>>=>>>>>>>>>>>>>;
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Q_vOQwt |xR=U l} QLD |=Q@ u=wD|t =yu; R= xm 'Ov};|t CUOx@ |B |OwQw |v=tR

"OQm xO=iDU= |Q=PoQ=@ Qy QO xR=U |=[a= MU=B u} QD|v=QL@ u}}aD w
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�Uqs
o

=

8>><>>:
�uqsx
�uqsy
��qsz

9>>=>>; =

8>>>>>>><>>>>>>>:

NP
p=1(

�ugxp+h1 ��gy)
N

NP
p=1(

�ugyp+h1 ��gx)
N

k
K�

NP
p=1

�h
�ugyp + h1 ��gx

i�xp+
h
�ugxp + h1 ��gy

i�yp�+ k�
K�

NP
p=1

�
��gzp
�
9>>>>>>>=>>>>>>>;

(14)

w CU= x}=B R=QD R= xR=U ?rY so =Qi=}O =@ pw= |xk@] `=iDQ= h1 u; QO xm
NP
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�
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p + k�
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T qsj (!) =

8>><>>:
�
T qsxj (!)

�2�
T qsyj (!)

�2�
T qs�zj (!)

�2

9>>=>>; =

8>>>>>>>>><>>>>>>>>>:

1+h2
j!
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zx(!)/V 2

A
N2 AN
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j!

2r2
zy(!)/V 2

A
N2 AN26664

r2
k
��1 + h21!2r2

zy (!)
�
V 2
A
� �Ax

+
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zy (!)
�
V 2
A
� �Ay�

+
r2
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!2(1+r2

xy(!))
4V 2
A

AN

37775

9>>>>>>>>>=>>>>>>>>>;
(18)

R= s)=j |xk@] `=iDQ= R}v hj w xR=U |xk@] |xQ=tW Qou=}@ j T} wvQ} R u; QO xm
CmQL |=yxir-wt u}}aD |=Q@ u=wD|t 18 |x]@=Q R= ?}DQD u}= x@ "CU= x}=B R=QD
|B sDU}U |wQ Q@ QkDUt w ?rY hm so =Qi=}O |=Q=O |=yxR=U C=k@] l}D=tv}U
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VN@ u}= QO '|v=QwO w |r=kDv= |=yxir-wt Q@ |B |UOvy pmW w ẁv Q}F-=D x@ xHwD =@
=@ |=y|B |=Q@ '=yxR=U |OwQw Q@ l} QLD CyH w =y|B |O=a@= C@Uv 'pw] C=Q}F-=D
|=Q@ "Ov=xOW |UQQ@ xrRrR |xir-wt 6 Q}F-=D CLD '1 pwOH QO xOWxO=O C=YNWt
xOW xO=iDU= F w E 'C 'A |=y|B R= '=y|B |OwQw Q@ |O=a@= C@Uv C=QF= |UQQ@
|=Q@ u}vJty "OvDUy 4 w 3 '2 '1 ZQa x@ pw] C@Uv |=Q=O ?}DQDx@ xm CU=
|UQQ@ Qw_vtx@ w 'B w A |=y|B |OwQw '=y|B |OwQw Q@ Oa)@ pw] C=QF= |UQQ@

"Ov=xOW xU}=kt sy =@ D w C |=y|B |OwQw R}v G=wt= Q=WDv= CyH
ZQi |}xRQr G=wt= Q=WDv= |rY= CyH =@ =DU=Qsy x QwLt xar=]t u}= QO
w u}tR CmQL |v=mt C=Q}}eD u}tND |=Q@ '19 |x]@=Q QO |�=Qosy `@=D R= w xOW

[10]%CU= xOW xO=iDU= 'u}tR K]U |wQ q w p |x]kv wO u}@ |oDU@ty
pq (x; y; i!) = jpqj exp

�
� i!x
VA

�
= exp

h���1 (!)x2 + �2 (!) y2�!i exp
�
� i!x
VA

�
(19)

hqDN= w |oDU@ty u=Oki Qou=}@ ?}DQD x@ exp(�i!x=VA) w jpqj u; QO xm
%w CU= q w p |x]kv wO u}@ R=i

�l(!) = al
ln(!) + bl

! � 0 314 rad=s l = 1; 2 (20)

"xOW|UQQ@ |=y|B C=YNWt "1 pwOH
F |B E |B D |B C |B B |B A |B =y|B C=YNWt
80 60 20 40 40 20 Dx �m
20 20 40 20 40 20 Dy �m
8 6 2 4 4 2 Nx

2 2 4 2 4 2 Ny

16 12 8 8 16 4 N
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Abstract
As seismic waves pass through foundations, high fre-
quency waves of free-�eld motions will be �ltered by
them. To obtain these �ltered motions, called founda-
tion input motions (FIMs), the e�ects of kinematic inter-
action between the foundation and surrounding medium,
due to the spatial variation of earthquake ground mo-
tion (SVEGM), should be considered. For the struc-
tures supported on the large mat foundations, consid-
ering the e�ects of kinematic soil structure interaction
may lead to �ltering of the high-frequency components
of the translational response and signi�cant rotational

motions. Therefore, the contribution of rotational com-
ponents may be detrimental in the seismic response of
structures, such as vertically irregular structures, short-
period (sti�) structures such as nuclear reactors, and
even secondary systems or equipment mounted on struc-
tures that are sensitive to high frequency components of
motion.
The main objective of this paper is to present a new pro-
cedure for evaluating all six input components of struc-
tures supported on two foundation systems: rigid mat
and single foundations. To achieve this objective, at
�rst, the transfer functions of foundation input motions
are derived. Then, a parametric study is performed on
the rigid mat foundation system, in order to estimate
the e�ects of the geometrical shape of such a founda-
tion system on the foundation input motion. More-
over, a numerical study is performed on the two dif-
ferent foundation systems; mat and single, in order to
compare relations between input rotational and transla-
tional components in the structural loading. The results
imply that the input translational and torsional acceler-
ations of structures with rigid oor diaphragms, which
are supported on the single foundation system, are ap-
proximately equal to the same structures with rigid mat
foundation systems.

Key Words: rotational components, phase velocity, prin-
cipal axes, coherency, kinematic interaction.
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