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|v}tRQ} R |=yxR=U |}xRQr \@=w[ u}}@D CtU x@ u=QoWywSB R= |Q=}U@ xHwD OW
|L=Q] w p}rLD hrDNt |=yVwQ R= |}xYqN u=QoWywSB |NQ@ "OwW hw]at
xU}=kt sy =@ =Q =yVwQ u}= R= pY=L G}=Dv w |UQQ@ =Q |v}tRQ} R |=yxR=U |}xRQr
`}Uw Qw]x@ xDWPo QO '|v}tRQ} R |=yxR=U |}xRQr OQmrta xm OvJ Qy [4]"OvOQm
|@=} RQ= x@ |mOv= C=ar=]t 'u}= OwHw =@ =t= [6w5'2]&CU= xDiQo Q=Qk xar=]t OQwt
ẁkw s=ovy x@ CU )U |}xU=t l =N QO uwiOt |v}tRQ} R |=yxR=U |}xRQr OQmrta

Q=DiQ Q@ sm =L w QF-wt sR}v=mt x@ QDsm R}v =yv; QO xD@r= xm [10�7]&Ov=xDN=OQB |}=Qou=wQ
w xOvQw;OwHwx@ pt=wa u}}aD u}vJty w =Qou=wQ l =N QO |v}tRQ} R |xR=U |}xRQr
xOW xHwD OQmrta T=U=Q@ |}xRQr |L=Q] OQm} wQ =@ =ysR}v=mt u}= |xOvvmO}OWD
u}}aD w |@=} RQ= CyH |mOv= |y=oW}=tR; C=ar=]t uwvm =D 'u}= Q@ xwqa &CU=

|D=}L |=yu=} QW R= |tyt VN@ |xrRvtx@ |QyW |v}tRQ} R C=U}U-=D xRwQt=
xO=iDU= OQwt OwN u=vm =U hrDNt |=yR=}v OQw;Q@ CyH xm 'OvDUy KQ]t =yQyW
'R=o '?; p=kDv= \w]N x@ u=wD|t |v}tRQ} R |=yxR=U u}= |xrtH R= &OvQ}o|t Q=Qk
"OQm xQ=W= wQDt |=ypvwD uwJty |t}HL KrUt uD@ |v}tRQ} R |=yxR=U |DL w
O}=@ '|QW@ `t=wH C=}L |xt=O= QO =yxR=U p}@k u}= Q}otWJ C}ty= x@ xHwD =@
|}=U=vW =yxR=U p}@k u}= QO CQ=UN |xOvQw;OwHwx@ |a}@]Q}e w |a}@] pt=wa
CQ=UN u=R}t Vy=m =} w `iQ OOY QO |UOvyt |Q=my=Q R= xO=iDU= =@ w OvwW
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'QDU@ nvU R=QD QO xOWC@F 11|x@ wm |xrRrR �|@ wvH � |r=tW� |ki= |xir-wt
nvU R=QD QO |ki= |OwQw CW=ov?=DW u=wvax@ pkF ?=DW Q@=Q@ 0 3 T=}kt =@
u}= x@ \w@ Qt s�=k |xir-wt R= ut[ QO &CU= xOW p=ta= �|v=DLD CtUk� QDU@
u=Wv 2 pmW QO xrRrR u}=CW=ov?=DW Q=Owtv "CU= xOW Q_vhQYCW=ov?=DW

"CU= xOW xO=O

"uwt=Q}B l =N x=Qty x@ |v}tRQ} R |xR=U |=Q@ ZwQit O=a@= "1 pmW

xO=iDU= uB=S QwWm QO R=@ |xWv=QD CQwYx@ xm 'CU= xR=U u}= |ak=w O=a@= =@ j@]vt
[9]"OwW|t

|v=}t uwDU O=a@= 'OyO|t u=Wv 1 pmW QO A-A VQ@ xm |Qw]u=ty
|v=DLD w |v=kwi |=yp=O x@ p=YD= pLt QO O=a@= u}= xm CU= QDt 0 7�0 8
x@ p=YD= pLt QO u; O=a@= xm |Qw]x@ 'O@=}|t V}=Ri= 450 |x} w=R =@ G} QODx@
=@ |v=}t uwDU p=YD= 'u; |xH}Dv QO xm &OwW|t QDt 0 7�2 1 =@ Q@=Q@ =yp=O
|v=}t |=yuwDU u}@=t Xr=N |xrY=i "Ow@ Oy=wN Q=OQ}o |v=kwi w |v=DLD |=yp=O
x@ xHwD =@ "CU= QDt 4 2 =@ Q@=Q@ �QDt 5� xOW|Ov@Vt \}Lt Ct=N[ x@ xHwD =@
u}=Q@=v@ 'OQ}o|t CQwY �3D� |Oa@ xU CQwYx@ xOWs=Hv= |OOa |xar=]t xmv}=
�1 =@ Q@=Q@ |v}tRQ} R |xR=U |=Q@ �z w 'y 'x� C=yH |t=tD QO |Q=PoQwD=tQ; OYQO
CU= xOW pOt x}q wO CQwYx@ l =N \}Lt 'u}= Q@ xwqa "CU= xOW xDiQo Q_v QO
|v=DLD |x}q |wQ Q@ |}=Qou=wQ p}Uv=DB =@ QDt 19 Ct=N[ x@ |v=kwi |x}q xm
|wQ Q@ R}v |v=DLD |x}q w OQ=O Q=Qk |}=Qou=wQ p}Uv=DB uwO@ QDt 5 Ct=N[ x@
R= |v}tRQ} R |xR=U |v=kwi CtUk u}@=t Xr=N |xrY=i "CU= `k=w QDU@ nvU
4 5 =@ Q@=Q@ ZQiV}B CQwYx@ u; |Q}oQ=mx@ |ak=w \}=QW =@ j@=]t u}tR K]U
Q_v QO |HQ=N Q=@ p=ta= uwO@ Q=wty w h=Y u}tR K]U "CU= xOW Q=}DN= QDt

"CU= xOW xDiQo
QO ,qt=m |v}tRQ} R |xR=U =yp}rLD |t=tD QO 'ZwQit C=YNWt x@ xHwD =@
VRer w V}=OH xvwo Qy |R=UpOt Qw_vt x@ xm 'CU= `k=w |}=Qou=wQ OaDUt l =N
xOW xO=iDU= l =N w xR=U u}@=t 8|U=tD u=tr= R= uwt=Q}B l =N w xR=U u}@ |r=tDL=
300 |}=Qou=wQ p}Uv=DB =@ l =N |rN=O l =m]Y= |x} w=R xmv}= x@ xHwD =@ "CU=
uwt=Q}B l =N w xR=U u}@=t `k=w |U=tD u=tr= l =m]Y= |x} w=R T=U= u}= Q@ 'CU=
xOW xDiQo Q_v QO 210 =@ Q@=Q@ 'tan�1[(2 3) tan�] '?trwm O=yvW}B =@ j@=]t
|oOv@UJ '|}=Qou=wQ p}Uv=DB =@ l =N |=Q@ ZwQit C=YNWt x@ xHwD =@ "CU=
w uD@ |m} R}i C=YNWt '1 pwOH QO "CU= xOW ^=Lr QiY l =N w xR=U u}@=t
C=YNWt '2 pwOH QO "CU= xOW x�=Q= |v}tRQ} R |xR=U QO xO=iDU=OQwt QwD=tQ;

"CU= xOW x�=Q= l =N hrDNt |=yx}q |m} R}i
|=Q@ xOW |iQat C=YNWt 'OwW|t xOy=Wt 2 pwOH QO xm Qw]u=ty
x@ \w@ Qt |v=DLD |x}q |=Q@ w CU )U |}xU=t l =N x@ \w@ Qt |v=kwi |x}q
=@ Q@=Q@ |@Uv sm =QD u=R}t '|v=kwi |x}q |=Q@ "CU= sm =QDt |UQ � |}xU=t l =N
VvmQOv= w O@=} V}=Ri= |v=kwi |x}q |}=Qou=wQ p}Uv=DB =D CU= xOW ?=NDv= �30

17



"""|
}xRQr

Q=DiQ
QOQ

F -wt
|=y

sR}v
=mt

|O
Oa

|xa
r=]tQO l =N |=Q@ |m}D=DU= p}rLD l} '=yp}rLD |x}rm QO |}xRQr |=yQ=@ p=ta= R= p@k

VvD Q}O=kt =D OQ}o|t CQwY uwiOt |v}tRQ} R |xR=U x=Qty x@ xOW|WmyR\}=QW
pm QO |R=Ux}@W |=yl =N |=Q@ x}rw= QF-wt VvD w '?; l}D=DU=wQO}y Q=Wi 'pm
x}rw= \}=QW u=wvax@ '|m}D=DU= p}rLD R= pY=L G}=Dv &OvwW u}}aD |Ov@Vt \}Lt
|=yVvD Q}O=kt |rmQw]x@ "OvwW|t ?wULt |Oa@ s=o QO |m}t=v}O p}rLD |=Q@
E=OL= pL=Qt x@ xDU@=w Ov=wD|t uwiOt |v}tRQ} R |xR=U Qw=Ht l =N QO OwHwt
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22

"



|Ot
Lt|

v=]r
UO

waU
tw

|O
=@;Q}W

tO}
aU |=R= x@ |v}tRQ} R |xR=U |WQ@ pmWQ}}eD |xv}W}@ w CUWv |xv}W}@ ?}DQD x@

xOW xO=O u=Wv xOW|WmyR \}=QW QO CU )U |}xU=t l =N hrDNt |@Uv sm =QD
"CU=

l} QLD CLD u; |@v=H u=mtQ}}eD 'xR=U uwt=Q}B |}xU=t l =N uOWsm =QDt =@
R}v u; =@ Qw=Ht |v}tRQ} R |xR=U |@v=H pmWQ}}eD u; `@Dx@ w O@=}|t Vy=m |}xRQr
Oy=wN Vy=m R}v |v}tRQ} R |xR=U CUWv u=R}t u; |xH}Dv QO xm &O@=}|t Vy=m
l =N |@Uv sm =QD V}=Ri= =@ 'OwW|t xOy=Wt 12 pmW QO xm |Qw]u=ty "Ci=}
,=@} QkD xOW|WmyR C}a[w QO |v}tRQ} R |xR=U |WQ@ pmWQ}}eD w CUWv u=R}t
|v}tRQ} R |xR=U |}xRQr |=yMU=B T=U=Q@ 'u}=Q@=v@ "O@=}|t Vy=m |]N CQwYx@
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|t=Rr= xR=U |@v=H pmWQ}}eD "2 'u}vJty w xR=U Q} R QO |}xQiL ?; Q=Wi
|WQ@ pmWQ}}eD 'xR=U uwt=Q}B l =N QO |}=Qou=wQ ẁkw =@ 'u}= Q@ xwqa "CU=
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l =N QO xR=U |}xRQr |=yMU=B QO |Dw=iDt C=QF= |v}tRQ} R |xR=U uRw Q}}eD �
O}=@ xm 'OQ=O x=Qty x@ xOW|WmyR w xOWv|WmyR \}=QW |=Q@ CU )U |}xU=t
l =N QO |v}tRQ} R |xR=U |}xRQr |L=Q] lqt u=wvax@ C}a[w u} QD|v=QL@

"OQ}o Q=Qk xHwD OQwt |}=Qou=wQ OaDUt
|=yMU=B '|v}tRQ} R |xR=U uwt=Q}B|}=Qou=wQ OaDUt|}xU=t l =N sm =QDV}=Ri= �
CU )U |}xU=t l =N hrDNt \}=QW |=Q@ =Q |}xRQr l} QLD CLD u; |}xRQr

"OWN@|t Ow@y@
p@=k Q}F-=D |v}tRQ} R |xR=U QO OwHwt QwD=tQ; C@Uv 'ZwQit \}=QW =@ j@=]t �
"OQ=Ov CU )U |}xU=t l =N hrDNt \}=QW |=Q@ xR=U |}xRQr Q=DiQ QO |yHwD
|�RH V}=Ri= =@ QwD=tQ; C@Uv Vy=m xOW|WmyR \}=QW |=Q@ xm OvJ Qy

"CU= x=Qty |v}tRQ} R |xR=U CUWv w |@v=H u=mtQ}}eD

"u; QwD=tQ; C@Uv Q}}eD =@ |v}tRQ} R |xR=U s�=k pmWQ}}eD "14 pmW

�|oOWOvr@� ẁkw C}a[w QO |v}tRQ} R |xR=U s�=k pmWQ}}eD '14 pmW QO
"CU= xOW xO=O u=Wv xR=U QwD=tQ; C@Uv Q}}eD =@ �CUWv� |}=Qou=wQ ẁkw sOa w
ẁkw =@ l =N QO |v}tRQ} R |xR=U |@v=H pmWQ}}eD Q}O=kt xmv}= x@ xHwD =@
CU= u; uwt=Q}B l =N |@v=H u=mtQ}}eD R= |W=v |wQ}v p=ta= p}rO x@ |}=Qou=wQ
1 2 ,=OwOL� CU= R}J=v hr=13 pmW =@ j@=]t Q=Okt ^=Lr x@ u; Q}O=kt xm
OwHwt QwD=tQ; OYQO Q}}eD u; `@D x@ w OQ=O |]N Q=DiQ xR=U u}=Q@=v@ &�QDt|Dv=U
|oOWOvr@ Q@ sm =L sR}v=mt =@ j@=]t "OQ=Ov u; |@v=H pmWQ}}eD QO |Q}F-=D xR=U QO
xm OwQ|t Q=_Dv= xR=U |@v=H pmWQ}}eD QO Q}}eD sOa OwHw =@ |v}tRQ} R |xR=U
xOW xOy=Wt hr=14 pmW QO Q=DiQ u}= xm 'Ovmv =O}B Q}}eD R}v u; |oOWOvr@ u=R}t

"CU=
'xR=U QwD=tQ; C@Uv Vy=m =@ 'OwW|t xOy=Wt ?13 pmW xm Qw]u=ty
C}a[w x@ xHwD =@ "CU= xDi=} |�RH V}=Ri= |v}tRQ} R |xR=U |@v=H pmWQ}}eD
Q=@ u; x@ �xOW|WmyR CU )U |}xU=t l =N� |v}tRQ} R |xR=U uwt=Q}B l =N
xHwD =@ "OwW|t p=ta= |@v=H Q=@ Q@xwqa |vwt=Q}B |=yl =N uRw R= |W=v |Q=Wi

=yCWwv=B
1. Alaska and Niigata earthquake

2. Hyogoken-Nanbu earthquake
3. Daikai station
4. Chi-Chi earthquake
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5. Duzce earthquake
6. Masing's rule
7. Kronecher's delta symbol
8. interfacial element
9. solid
10. Isoparametric
11. Kobe earthquake
12. laminar boxes
13. fully undrained state
14. negative dilatancy
15. rigid-body deformations
16. ratcheting
17. buoyancy force
18. rigid-body rotation
19. inertia force
20. relative density
21. cyclic behavior
22. standard penetration test (SPT)
23. e�ective vertical stress
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