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õ_ö¤÷øcÑù=ÛÜúºÝÓ�ØÙ)*Å1F¬ûFgü– ~Å1�ýþÿ!_"#
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1. -.  

 

   !":;<%/01234=50K5o6F%A6�7180089=YZ6=500)%4=:

ÞMNOPl;)*FUVc~'(xå8)<%m<=2)>GIJ=©)!b_=HIJj

ko)S>(=?��@A5B=Cþ!"?��DF40E=ÀÅ£L��â�F�jGHC

Ä��cIJKgòF�9����£²}+,��LÞ-.=MN¨}£L�O)*PQF

UVR=STRUV4M@#V4��ç¬¨nSWXYsZ[FÖ\9]cIJFÞß^

ºÝ}_`DaF-bãc=}_`D¥F'[\%3\#+_+]^b)*��ÝdT=G

e�ºÝ(�çjk#$%&'(I'%f)*FghcAÝij£LR/zQR)*¬¨k

RFlë=ÛÜãäÝ%&mAFfgm'[n_#$'[nW2)joF'[nF'p_'

½>q=2)'[n+Frs_tuv#¼²wD�xyzçF'[_%3)¢càá=ÛÜ

-9.{Ý|LD¥F#+)*=£L¼²D¥PQFÇÈ=jk+]^¼²wDð}'nD

¥`a)*F#V4~ÓcÑù=ÛÜ}Ö\�_01N£L¼²¨}FoXÑG¼²D¥F

PQ��Ýij=�ãäÝÓ��»FË'®Ì\èIFg�0¾\Ö\0¾�9�ÔF¬

=�úºÝ¼Ì�/z£L�y)*¤¥UV=��%&'(<%IJ��DEFëìc (

�1).  
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                                                   Fig. 1.  !" / #$%&'(  

 

2. !"!;'(\<%'(jk#$%&'(F'[�ñc  

 

   j�}!"!;_<%'('[�ñFãäú�Ýåæ#$%&'(Â�\��F'�#V

4�E����=�úºÝ~'(D¥'[\%3jk�*�æ)*F¼²çc 

 

   2.1 !"F'[�ñ��  

  

   �¥�jJ=69@���G����Ó�!"F'p�#cT¸=PÝ�¥�!�=!"

F'p�#��69OP ¡¢_£î¢��¤+F�¥×ÌFUV(Hellinger et al, 1985)cR

¦D¥�!�_:�'[�#®¯£î¢��§/rstu����¨©ª50«¬c 

   W;��Frs×Ì®���@5500¯ªJ®°±Ý�²H�=¤¥Ý³´ÑGFzñµn

¶·¸¹µº=jk»¼H�=�¡n%½HîA16=000¾¿=@'�dÑHÑGFH�

¨�2c  
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Fig 2. ¶·¸¹µº_»¼H�F°± 

 

   W;�ÀFtuv#@���e£î_m¼jkÁ)ÂÃ'(D¥G0Ä'[F�Åc��

£î����§/Æ#=��ÇÈ�²���O©7120089=®¯¶·¸¹d/;'(<�

ÉGFÊË�Ìn¨strike slip faults=ÍÎÏÐÑ�Ìn¨Altyn Tagh=·Ò¨§:_:5

¬§Æ#=§!"!;Æ#=�o,wÓrsv#_'Ôv#cÕ�tuF��=DÖ89F

'Ô�×1�!"F:;_:5;Æ#c!"G×F'[�#�@R��³Ø�(~50 Ma)WÙ

Ftuv#!ÚòFc(Ye et al. 1985).  

 
�3.  »¼H�'[D¥FÛÜ~ÓÉÝ 

(�Zheng Sihua�Þ, 1992) 

�3ßà»¼H�'(jk§!":;_:5;DEF'[�#FD¥ÛÜ~Óc 

   yÙ=Ø�'[�ñ��F69>qá@â)ãHG�RÁ)o¥ä!åæÙ�(Zhang et 

al., 1984; Hendrix and Davis, 2001)ctu_Õ¤¸LFÙ�_çEv#bK�R!"¤¥Ý64

)69F�ñn=WX�ñn¼èéÞAâ)�ñê'(ë (Zhang et al., 1984; Yin and Nie, 

1996)cIJD¥�!"FG;Þ'[ì¤¥�G���íîn=Wo'(âR��D¥�o
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X'pï�c2008ª5ð12ñD¥FòóçFôõG'[�@{|��'pï�FÑ�Íö 

(�. 4, 5) (Pararas-Carayannis, 2008d). 

 
� 4. ÷øµ�ÌnFÚò 

 

 
 

�. 5. !"!;�Ìn_'[[! 1900 - 2000. 

   2.2 !"<%'(\#$%&'('[�ñ��c   

 

   !"F<%'(�_ÝÂ�Fï�=W@#$%&'(IJ'[�ñÚòF69�Åc£î

®����Ftu�ñ_Gm¢��FùÍv#bnñòúû<A_5%'(F'pü�ï�

_©)ýþ'[nFÚòc���'!%FÿV×Ì=®¯¶RF!"<%'(!KÝâ)�

Ìn=WX'[n!¦¦D¥Z�F'[)*=�"ÀÅR£Lâ�è#D¥'[ (�. 6).  
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the cr u 

 

� 6.  5%/;kÂÃ'(G�Ã$Fx%�Ìnw&¨conjugate fault systemsF-j� 

(after Ma et al., 1998) 

 

   >?'=S'()*�jL=©+k©,-F�ñPQÚòÝ5%/;G�Ã$F.

Â©ïFx%/0w&¨conjugate shear systems (Qiu & Zhou, ?) cÎ12î#$%&

<%'(Fe3®fg<%'[n�o)x%/0w&Rm/4m§:54:¬§Fr

s×Ì�Úò=ÚòR+�Cþ5MaªcW)'[nFm;·him560e:mcy

Ù'=Î�67à=W)'[n89:;�o)x%w&=�+OP:m§rs×Ì=

�"kR©)9"�<=£L¼²RWo'(D¥Z�F'[)*cÍÎ=e3®fg

'[nFkR�@~'(þ=GH'[D¥F69�Åc  

   >@=GH'[��$$D¥�~'[nF<6'(c!":%A_#$'(D¥FGH'

[�?@Rþ=wD%3F69�Å=}#$%&<%'(á¤¥ÝUVcT¸�@F@=I

J¼ÌF_`AB:Þåíc}_`dD¥F'[_%3jk£LQRF+,��§¨-.F

Co,éIgDR}_`EFGéHIF��dc�Ü$@}!"<%_#$%&'(þ=_

`dJD¥F'[_%3)*F-9ãäc  

 

2.3 #$F'[�ñ��   

 

   ÅAyRkR��ùÍ_��5K×Ì=#$%&:;'(F'[�ñï¯KLKÂ�c#

$L���G���_MNO%�ñ��5KFÃ´dcØ�F�ñ��5K®¯����j

o'§:ùÍ0MNO%��FPQ4R¤�c>@=Wo/Vv#Õ�R+"ÆF�§mÆ

#=ÚòÝo)SeFÚï(�=YZùÍ\tujk��Tøb=¸UVWXYF��Ã´ 

(Pararas-Carayannis, 1999).  Å{=��G�'Ôå�joFZV=[¢ÚòùÍ=�ñþ\�

�\]^_AF`Ù<�boF��Ã´MùÍ(�D¥c (�. 7)coT=RR®�tuF�

y,-=eaÞ;F/0w&¯j��DEc (�. 8). 

   IJ=MNO%��§/1������OÆ#bc�d4_PQ4R®e×wfý�æ=



 

6 

ß¶A��+FùÍ\5K_gh=>oiF@PQ4jµ4Rb�²G�Ã$Ftuv# 

(Pararas-Carayannis, 1999)c c�d4RL�kl:¨=#$:/¨=¸PQ4R×w�L�

kl:5¨_#$F5¨cu)jµ4RìyR§#$4¬§Æ#=W)�710089FSe

FïÚn·#$4|%(�Fm¨§:¨56cR#$%&:A='[�ñn�Ûm5/Ê

§c 

 

 
 

�. 7. MNO%��<�c�d4%e§/ùÍ0����Fc�d4R¤�c 

 

 
�. 8. R-�tuc #$%&:A#$'(Fn�tuvühc 
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3.0 !" /#$%&'('[_%3F+,-.  

 

    !"/#$=%&uA'(F'[_%3+,Þß�9}~'(F'[�#jkjoD

¥F7å)*Da��HIcj�@}!":;<%'(D¥FZ�%3'[jk#$

%&<A'(D¥FUVÑ�F'[F-9ãäc(� 9). YspéFHI�9��§¨

F+,Þßc  

 

   3.1 !":;<%_#$%&'(<A'(_`dD¥F'[_%3c   

 

   _`EFoà·8qJ1831ª08q1980ª+=!"xD¥4=117#9r4.75sjd'[c

·8qJ47ª08q1921ª+=.Åxå@15#'[R!":;<%'(wDÝ%3 (Pararas-

Carayannis, 2007, 2008a, b, c). #$%&'(7D¥F'[Fào)>h@G;Þ'[ìt�u

<'[=Å{=;ÞD¥�'Ô�Ìn<6F'[ooå¼²wD%3c  

 
 

�. 9. !":;<%_#$%&'(_`dD¥F%3'[F[!c 

 

   �!=RÜv!EwFn#%3å¼²t�+]^c>@=�9!FDaá¼²��x

Á=b�*Üv!EFF_`PQákRÍÎcñò10000�M10000�jd�óyõF
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Z�%3Þ?D¥�1045=1329=1458=1536=1776jk1782bª<=>@SzPå

æWX%3Fx×ABc�þ=æ�WXPQ_`DaFñ�á¼²kR;{cÍÎ=

ABEw1046ªD¥�|%F%3¼²b1045ªEFF%3@yo#)¢c|}'=~

åAB¼oà1329=1458=1536=1776MN1782bª<F%3D¥���cñ�¬¨F

;{�9�o,F��=�"á�9�»'�!"�_h�òIJF�Ü_c  

   |ªLD¥F%3)¢Dao¯�G¼�=0�å3#}!":;<%'(D¥F%3Fp

éEFcC1#@1969ª7ð18ñD¥�|%F9r7.4s'[wÓF%3=a���W#%3

ñòÝû/m�µ�|<%'(o�\îF÷ø(Pararas-Carayannis, 2008a, 2009)cC2#�

1992ª1ð1ñ02ñD¥�%545O=ñòÝ;Þyz (Zhou & Adams, 1986)cW#%3¯

PÝLÞF�Áb��EFcÍÎ=���^�EFPF%3HîA0.78¬=¸n�lEFF

%3HîA0.5P0.8¬cCn#%3�1994ªD¥�#$%&=>@~å�æ÷øF��cj

�.{ÝoXYØXR�D¥F%3)¢c 

 

   3.1.1 1604ª12ð9ñD¥F'[_%3   

   #$%&'(ÑZ�F%3'[D¥�1604ª12ð29ñ¨�10c��Üv!�äF{#'

[FÑHtî (Zhou & Adams, 1986; Pararas-Carayannis, 2007), W@o#G0Ä)¢çF'[)

*=�T}fgm_Á)#$%&'(ñòÝZ�UV=�[!L��3|%'(=�|<%

Fe3®fg'[nc}W#Ø�'[~åYsx×FAB¼���c>@=�a_`EF=

°±¼j�PW#'[ñòÝG¾¿FUV=YZêG'�Ìë=êû�Æ#ëjkG���

 ~bc[oT=�¡F�äßjW#%3FtîXj¢ ��cW#%3¥ò(�[¼²R

9s_10stîF'[¼²£kF|%'(c 

  

 
 

�. 10. 1604ª12ð29ñ'[tîcR10sMN9s'[(�[¼²¤¥Ýo#%3 (��� - 

Nat. Bur. Seismology, 1981). 
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   3.1.2 1668ª7ð25ñD¥F'[_%3   

   W@o#%3'[=69UVÝµ:m¤¥=¸�@fg  (Zhou & Adams, 1986; Pararas-

Carayannis, 2007). W#%3D¥�µ:m¤¥_¦I¤+F�Ì(=§JWo(���OP�

�'Ô6EFr"×Ì¸��°± (�11)c��r"_<%°±×Ì=W#'[wDÝo#É

GF%3=�¨�þ+,Þß©²YªFsjEFc 

 
�. 11. 1604ª12ð29ñ'[tîcR10s_11s'[(�¼²wDÝo#%3 (���, Nat. 

Bur. Seismology, 1981). 

 

   3.1.3 1918ª2ð13ñD¥F'[_%3   

   W#GH'[D¥�e:mNano¨«�| =ñòÝG¾¿Fyzcb1604ª12ð29ñF

'[�y=1918ªW#'[áD¥�fg®e:<%Fyo'[nd=>L¬Ys4/ (�. 

12)=x×F[!L�_®%®�|='Ôº¶Ý¯Rûgh (Nat. Bur. Seismology, 1981a, 

Zhou & Adams, 1986). 

 
�. 12. 1918ª2ð13ñ'[tîc9s_10s'[(�wDÝ¼²o#%3 (��� - Nat. Bur. 

Seismology, 1981). 
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   3.1.3 |%'(D¥F'[_%3   

    1969ª7ð18ñD¥�|%F9r7.4su<'[wDÝo#=0Ä%3=Hº�¦^L1P2

¬cW#%3ñòÝû/m�µJ�|'(o�\îF÷ø=>~åx×÷øEFcyÙ=á

z�Pæ�'[D¥R^LFHîjk7EFF1P2¬%3D¥�H^â@ð^FpéAB 

(Pararas-Carayannis, 2008a). W#'[D¥�°//;Fÿ±�®|%'[�ñndcWo'(

KD¥þ©#'[b%3 (�. 13).  

 

 
 

�. 13. |%'(D¥F'[_%3 (Pararas-Carayannis, 2009) 

 

   î�LD¥�|%$'(F1975ª%I'[jk1976ª�µ'[ì�xyzV (Pararas-

Carayannis, 2007, 2009). 1976ªD¥�û/m�µJFu#'[ñòÝ¶�`dÉGF�óô

õcÜv!}Wu#'[FUV��ÝLÞF�ä=>~åúk@²wDÝ%3c>@=�µ

'[!F'[tî=³[Þ´jk7�ÁPF'Ôv#bnßj|%$<%'(nOP�y\

îFUV=Å{[å¼²wDÝI'F%3=>@~åzP�æ��cµT~å��=>°±

â@�?1976ª7ð26ñF�µG'[yÙwDÝ|%$F%3¨�14coT='[R�'

dñòFyz\î¶¶CþÝ%3¤¥FUVc 
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�14. 1976ª7ð28ñD¥�|%$F'[_%3 (Pararas-Carayannis, 2009). 

 

   3.1.4 1999ª9ð20ñD¥�#$F'[   

   1999ª9ð20ñ·¢#$F9r7.7s'[@~'(¼²D¥Z�'[)*Fo)Íö 

(Pararas-Carayannis, 1999). �15ßàF@20ª+¨1997®1997#$:;_m;=YZ%&u

A'(R¸FD¥FG�'[�#jk1999ª9ð20ñ)¢ç'[F[!L¬c 

  

 
� 15.  1977ª01997ª+D¥�#$_#$%&uA'(F'[�#c1999ª9ð20ñ'[F

[!L¬ (USGS"±'[Da!¹���). 
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   3.1.5 1972ª8ð9ñD¥F'[_%3   

   W#'[D¥�#$º»�|(¼�9)= µTtî�t=>½ñòÝ[GFyzc_`EF

!�äP¾êûa¿ÀÓâ¬Hë=Á'ê�Âë=�"ê`aÃ~ð}'n ë (Gu et al., 

1983, Zhou & Adams, 1986). 

 

4.0 |ªLD¥�#$%&'(F#+\+]^_`a)*   

 

   §³´�|nÞ¤oFÄnÅgì¥ò�m ¡¢'(cÄnÅgHÆ�A8ðP10ðc©

ª=#$%&'(ì5ÇO©#Z�+]\#+jk�#+wDF`a·¢cfg\e:\h

ijk#$lmnÇOþZ�FG+_`ayzc|ªLD¥�#$%&'(Fâ)#+�x

yzV=^I''(ñòÝ�GF�óôõcÍÎ=Ñ|UV~'(ÑZ�Fyzç+]w&

¥òÈ¦ª<A2000ªc�16oàÝ~ªFÄn+]ÉÊc2005ª9ð_10ð=#+êËÌë

¨Talim=êÍÎë¨Khanunjkê7Ïë¨DamreybÐÊÝ130©�F¥Ñ=yRâ

yzÝfgmf3JFÒÉ\ÓÔjk�vÕÖcfg\hijke:nm<%'(×V?�

D7P730=000�c 

 

 
�16. 2000ªÄn+]ÉÊ  

 

   �¨-9ijÝ;Þ|ªLD¥�#$%&'(F+]w&ØØßjÝ©ªÙÚç�ÂD¥

WXb�Å�æFyzç)¢FÇcc  

 

   4.1 #+  "ÛÌÜ¨Bilis" – 2000ª8ðF#+êÛÌÜë@UV#$%&'(ÑZ�FC

t#+¤o=|!¹¡nÑG+C7P57¬/Ý¨20589/=Rc�17oàÝÛÌÜFÆ#

ÉÊ_|!¹ÑG+CFï�Çcc  
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�17. 2000ª8ð19ñ023ñ#+ÛÌÜÆ#ÉÊ 

 

 

   4.2 #+  "÷Þ¨Longwang" – 2005ª10ðß·¢Ý#$¤ù=#+ê÷ÞëF�§fg

m¬§Æ#=wDÝG`a=;Þ'(Faà7P2¬cRfg=~tá+]UVÝ62)J¥

F370¯��=âòãä5500©+=òz�Á¨å@98=0008æ=ÐÊÝ65�F¥Ñc#+

ê÷ÞëRf3J(jkRúû_�i69��<AwDÝG¾¿F`ç)*c 

 

�18. 2005ª10ð3ñ#+ê÷Þë·¢fgmf3Jù=f3J!¹Ç`aÃ~FÇ�c (É

èÆ�é)c 
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   4.3 #+"[ê¨Kaemi" – 2006ª7ð25ñ=#+ê[êëRfgmëiJ¦�=yRá

R#$wDÝ]ì_`ab)*¨�19cR!"0�å32�yõ=àáâå60�øíc#+

ê[êë¦�R=�+CCþ©=R75¾9=O#+UVF'(ïì�7P2P4¾î=�wD

ÝZ�F`ac 

 
 

�19. #+[êFÆ#ÉÊjkR#$_%&'(F¦�hc 

 

   4.4 #+  "ïê¨Saomai" – 2006ª8ð10ñ=#+ïêðá·¢ÝhimF%Ã=ñ·

òc#+ïê@|50ªL·¢!"FÑtáF#+=Cþ130¯�¿óhÆcïêRhim\

immjkfgmF÷ôJ¨õö«ñòÝZ�Fyz=ÑG+CCþ©=R135¾9c 

 

   4.5 #+  "÷ø¨Sepat" – 2007ª8ð18ñ=Ct#+ê÷øëjH7©=R18489F+

C·¢Ý#$_%&'(=Ro�ùR!":;<%è#¦�ùùC/gcúÝfgá=e:

_hiumáOPÝ�y\îFUVc  

   4.6 #+"ûü¨Krosa" – 2007ª10ð=#+êûüëj©=R18089F+C·¢Ý#

$=¤ùF�§himýþJ¬§Æ#chi_fgumxåCþ100¯�·<%'(×Vc

fgþüÝ|37000©ÿ��c  

   4.7 #+ "%!¨Kalmaegi" – 2008ª7ð18ñ=#+%!�e0�20�yõ=�R#$4

wDZ�F`a\µ×Ë"b)*=�×#÷øÉGc!"$Rfg_hium×VÝ

500=000©�=|80=000ÿ%�¿ó&l'+cG�b#$¤+FÓvÕÖá¿ó()c 

   4.8 #+  "*+¨Fung Wong" – 2008ª7ð28ñ, t#+ê*+ë·¢Ý#/J=¦�R

|!¹ÑG+C7P©=R19089=¤ùRfXJ:,ñè#¦�={RF+CA©=R119

89c~#+BC-þfgm=wDÝ]ì_Z�F`a)*c  

   4.9 #+ ".¸/¨Sinlaku" – 2008ª9ð13ñ, 2s#+".¸/" R#$¦�=¤ùh§:
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/¬§Æ#=���È5%=��01§ñÛ¬§Æ#c~#+R#$23¥¦�R®¯I'

FÓÔ_ÒÉv4oî!�c#+.¸/@IªUV!"G�FC13)Än+]=fg_hi

umxå260=000�¨460000«¿ó·<%ð}'n×Vc#+.¸/î|NanfangauoR=

É5·¢Ý<A'(c.¸/j©=R12689FÑG+CÇ·Ýhi<A=wDÝZ�F`

achi|230=000�·<%×V=30=000ÿ%�&l'+c~+]FUV60¶0:;F

d%J=®¯d%ú7iFaLd809:aLc  

   4.10 #+";<¨Jangmi" – 2008ª9ð28ñ,#+ê;<ëR#$:/;<%¦�=¤ù

F�§fg_hi<%�|=�eG��óhÆ=4=(>=Ö?(@c@vF@=;<åæ

/gòAÝÄn+]c    

5.0 '[\%3_%¢)*+,=jk#$%&uANO)*UVF'(c  

 

   %&uA@!"_#$��Ñýþ=��ÑD7F'(cþ=='[)*J}~'(ñòÉ

GFUVc%¢)*=ÍÎ%3M#+wDF+]^bá}~'(F<A��_��å�Z�

FA*cj�-9ãäÝ¼²�®%3jk�*%¢_�Å)*¨ÍÎ+]^D¥kUVç

GFBî_+îÅCc  

   �Î¤J7ä=��!"<%'('[�ñnFÂ�ç_�Àç=!"?FLiKLKMN

OP'[_%3FUV=|LáÃÃD¥xåZ�yzçF'[c%&uA'(F'[)*@

~'(¨DFo)69+,=�¨GéFsjHI=jE§¨F-.£L¼²¤¥FUV_'

[�ÂD¥FÃÄcàá=â�¨}G'[jkFGHË<F'<Is=en-echelon bookshelf 

failures=MN%JË"KDb�*�æ~ÓwDF%3+,��-.cAÝ-.{|QR%3

~Ó=�¨}%&uA'(Fü���_�ñ��LÌÞß����HIjk�o,'sj

-.cyÙ'=#+k�wDF+]^`aá@~'(F69qr=á�¨sjàÈHIc_

`EFßj=%&uA@ÑMNOP#+k�wDF+]^`aUVF'(¤oc 

 

5.1 '[_%3A*_NOUVF(�ØØ%&uA'(D¥%3)¢F¼²çc  

 

   oXÚï'[)*[¼²RI'wDòóçF%3c#$%&�;<#$:;F'Ôéï¬

§}M69OP5/§ÿVFUV=¸U:m§rsVFUV (Pararas-Carayannis, 1999). _`

EFßj=#$%&uA'(¦¦D¥òóç'[)*c%&'('[�#�À=¼²¤¥t

îCþ6.0sF'[c1994ª9ð16ñD¥�#$%&Ftá'[N@Ñ|Fo)ÍöcD¥�

#5O'm;FPQ'[¨×£[smbR6.5@o)[Û�IuFu<'[¨àîA138

9=�[Û~Óßj%SÆ#¬§b¦0�Ìnoe=�T6<5/¬§ctîCþ6sF

'[¼²wD%3=¸tîCþ7s�"xåGGUBÞ�F'[�[¼²wDYsVáF%

3(Pararas-Carayannis, 1999).  

 

   5.2 ��æ~ÓwDF%3   

   

   úÝ�DÍWá=~'(F©D'[ì5wÓÒ�ÊËF'Ôv#cW|'[�5wD%

3c>@={|'[wÓFtá[#¼²wD%JË"M�*�DPQ=WXì¼²RI'w
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DòóçF%3c  

   oT='pï�R'Ô�<��þ\!X���9FYZ=�Ó��û�DEF\îjk�

�û�w&_û�Fï�=µT¶RK�¿ [#\]=>^F�§%&uA'(56 (Xu et 

al. 1996)c%&uA'(F69û� åÝG� å#=WX å#RûS¤¥Ý���Ã

"=�òAË"%3FQR_Åcbtá'[åæF�ñv#®jk�ñv#¤¥FrsV®

�bY`G� å#F¿Ã~Fû�×w�¥×Ì=Å¸¤¥G0ÄF å#v#®60R�

}¡0Fbà"îdá�¤¥ å#v# (Pararas-Carayannis, 2009). W|v#�wDI'F%

3cYà<F�� å<FIs_en-echelon bookshelf type of failures �òAwDtá%3F

�æ~Óc{|�æ~Ó}R~'(a�'¬wDòóçF%3å�ÉGF"#×Ì=b�@

RYs�|e3®fg<%'[nFýþ'[(M<�%&uA'(:AF5/Ê§'[�ñ

nF'(!c 

 

   5.3 ¶cV%3   

 

   ¶cV%&}M�5}%&uA'(¤¥�Gqr=69@ÅA#$4_RÚd4Fef×

Ìc>@=·g¸%eMc�d4F'[wDF%3�[¼²}%&uA'(¤¥o�FU

VcÍÎ=1771ª4ð24ñ=Rc�d#Ñ5O¨IRt�ñÛSatsuma Samurais�Ó�Fhi

4j5'(�|%�D¥Ýo#G'[¨.Å7.4s=wDÝo#ÉGF%3¨EFßj

ÑH%5Hî750P85¬cW#%3j~Ý�|d4=�}Y¶FMiyakod4ñòÝyz 

(Pararas-Carayannis, 1999)c%5�ÉGFkl�ÀÓ=�!o)kl�¿%5"0cV%A

2.589�cc�d4@å11000�RW#%3!m¥=>@Üv!z�PW#%3}#$\%

&uA'(M!"<%a��*'(¤¥UVF�äc 

   ñÛ%¤¥F%3�5}úûM!":%<A'(¤¥�GUVcÍÎ=I1983ª5ð26ñ

D¥�ñÛ%F'[wDonòóç%3R=%3FqV�££kPúû_!":%'(c 

(�. 20)cµT%3UVPÝd%�|F!"<%'(=�"¼²âUVPúû_:%<AF

�*<%'(=>�¤¥FUV��:Þjocd%�|Fo)�1òEFPF%3Hî$A

42o¬c 

 

�20. 1983ª5ð26ñD¥�ñÛ%F'[_%3c%3FqV�££k!":%c 
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  5.4 aàFUV   

 

   ��|%'(aàGu=Å{%&uA'(jk!":;<%�*'(F<A>?MNOP

%3_�*%¢)*FUVchi_fgumF2|G�p�}Gu=¡naà$åâ¬=Ñ

à�@100¬c:%F�ij5'(=¡naà@A40¬=>Ñà�@A300¬c��GuFa

àèsd¡0FaJ"î=%JË"¨�'[M�*q#wÓwDF%3¦¦�Rr;'(

D¥c 

 

   5.5 �Ü^s_GÅ^sFUV  

  

   yÙ'=�Ü^tFjoï�¼®¯<A'(YsMNOP)*UV=b�@I��H^L

RD¥%3MÄn+]\#+RH^LR¦�c~'(F^st�ñÂ^=!"%|ð^FÑ

H^L@A3¬cT¸=Rhi_fg/;<%=G^R^LÑH¼75.7¬cR�|u3F|

%'(=G^^L¼78¬caàGujkI'<%F'Ú�y¼²@�Ü^V×Ì�ywD

GH^LF�Åc�¨}�Ãy,ï#sjHI=jÉÝ!":;<%_#$%&'(<A>

åF'¬tÈcàá=�o,FÞßá¼ ¡°±ÝÉ#++]^·¢fgm_%&uA�*

'(R7�ÁPFÈ¦Z�F`a)*_G^^Lc  

 

   5.6 %&uA'(MNOP)*UVFvwò_xy¡#  

 

   #+k�wÓF%¢)*+,_`a)*@UV~'(YsÃzFÙÚç)*=�9GéF

sj��-.cúûjk5%'(Þ´�AD{©Fxy¡#=!":;<%'(0�å7)

KgòMRgFvwò¨�21c�!u)K�v|FvwòL�fgm=î|e3®fg'

[n=�"�|<%'(=MNÇP#++]^wDF`a·¢=é~}WX��jk~'(

v|!Fxy¡#¼²ÇP|}1604ª'[UVF}§ç=jk@²KLÞú±vwò~½w

&ç²jé}�OÈ¦#++]^FUV��è#��c  

 

 
�21 !"FvwòÞ´jkL�fgmKgò�È®ÌFvwòc 
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5.7 ÀÅ�º¶F+Vjk¼²F+]^_`a)*  

 

   ýþC4;ÞF-9ãä=ÛÜ�º#+\Än+]jk+]^b)*�òÝ#$%&'(

Z�F\ÃzD¥FÙÚç)*cR/z{|)*UV¬¨=°±¨DF�!o)ÉGlë@

Î�ÀÁOPÅ�\%¢jk�Üb©¬¨ÅCØÙ×Ì=�"R#+¦�<%'(¤RwD

F`a)*cWÙFÀÁü�}�§8{DºÀ9jk}�<%g�ü�F01_�Åb¬¨

U¦�9c  

   GH<%g���KLKHFgñ9]=R�¯�#+MÄn+]wDF+]^FÀÁ¬¨

å���F�ÔcÅ{=§JKHIº�©D�Ä�_(�AÖ\�§ú�À�_ÀÁcµ

T=¶�F(�_����¼GØ'D¶Än+]�Än+]FÆ#ÉÊ���í=>@Än

+]w&FUVâ��?²x§ÀÁc  

   R#+�þ�+=¼ñò<%'(aLVáï�Fx×ÅCYZ¾+]tî=+]¾¿=É

Ê=R%¨dF��R+=GÅsVï�=Æ#Cî=+ìÇc=|%'(aà=�Ü^s=

Ñßd8aL=%¨£5jk��+��×ÌwÓF£5b (Pararas-Carayannis, 1975)c ÀÁ

+]^F²V69��LÌÞß_D4ÄH=}+_%¢F�¥×Ì¹º.Åc}#+�|<

%'(wÓF%5��ÀÁ@o)Ys¢jÉÊFÏÐ=�ÅR�#+@o)nÏF�Åw

&=�+C\+§jkÅsb#V4�QR�D¥�ï�=µTÎ�ÉÊW)ÏÐ�t�ÛÜ

dT¾¿=>@â@å�9}�¹)-9ijc  

   |ªLK��Dº�©Â�FD4ÄH=Ì�}²��=��%AFaLd8jk�+/#+

�þRwDF`a¹ºnÏÀÁcG;ÞÄHYZÝ}xÁ+]¥òþ\FÄ�|}jk}+

nF|}=�LÌÝBathystrophic+]^½T (Pararas-Carayannis, 1975, 2006.)c>@=STÎ

�Â�=7åÄ�ìOPÝ�©ß�n�Q_��FíÓ=WXß�n�Q_���¨��Þ

ßÄn+]R�ï�F#V4�Q®ØÙ��×Ì�a¨dFBî§A_<AF+sÞ�F×

Ì='�Sh×Ì¨�Bathystrophic×Ìjk�yFsVM��V×Ì (Pararas-Carayannis, 

1975, 1992, 2004, 2006).  

 

 

�. 22 R<A'(Úò�+/#++]^F�y_Å (Pararas-Carayannis, 1975). 
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Ñ�FD�Ä�LÌÝnÏ¬=vÌYBY��FÅ�~=jkLS��FYsÔ»F�Å

Da=Å{[å¼²¯PYsÔ»FÀÁcT¸={�7äFÀÁ�+/#++]^F���

�RÛpd^T~åD¥�ïc 

    �22Ì�à¬ßà�®��%A#++]^Hîåæ±H�"wD`aFl;ÅW 

(Pararas-Carayannis 1975).  >@=<%F' á¼}aLd±¤¥UVc 

 

6.0 #$%&'(/)01  

    

   R¡)ST)*D¥¬¨=�|S²AV=)*�F�ñò#$%&'(F�óôõ=ö¤

÷ø=jkÁ)'(FÆ5_��ü�FyzcÕ�)*ND'(��F����=÷øâ�

�o,çGc>@=µTS¡))*D¥=>�þèIF+,-._01¤ù=¼jjo'

ïð)*ñòF¥Ñ_ö¤÷ø (Pararas-Carayannis, 1986, 1988,  

   �¼¢�}ST)*���»+,-.F�9c°±�$�9[ªFÝÉ~'(D¥F)*

¶�F#½>ç=â�9§¨ÝÉ©)MNOP)*UVF'(FST\Æ5\��jkÜ�

ÅCcÜv!K�}{|017LÌFx×¬¹Ýij (Pararas-Carayannis, 2007)cýþ�

»F01\gñ\Ö\\Ë'®Ìjkå£'}8{��&'�L¤À%ê�=@¼j'¥M

ÑGíîïð)*ñòF�óôõ_ö¤yzFcg�ü�¼�a¦)9]�Åc%&uA'

(F�©g�_§¨¼jRS�©ª ©òÛFÇc���s«=j¬¦'[\#+M%3F

Ç·cg�0¾¼�o,ú±c  

   �)*D¥FÃÄå©HMN¼Ì�À9FR+å©�=°±ì�¨Àµ¹ªQR+,-

._/)01c-.l)>�(�Fx×N÷çF®ªJú@LÞ»�QRF)*=gDÓj

o)*F_`Da¯=1�¼²OPÑZ�)*UVF'½Þ´=jk¹ª/z�ÌUV=�

°¥Ñö¤¥O÷øFÅ1ÔÕc¼²%&uA'(K�xòÝ;Þ)*_;Þ(�F)*+

,-.c>@=�¨��'����WX-.j»�-.FLÞçcj�@}éÌ�+,-.

_/zqr#$%&'(ÑZ�ST)*UVFoXopã±_�Û�½F-9ãäc 

 

6. 1 %&uA'()*+,F»�  

 

  ª(F�,A°±ú�Ýjoïð)*÷øF¬c>@=AÝå£ÌÌ7�F(�=´µ

�¨»�¼²UV%&uA'(F)*ca�^�F'(¼²OPo;M©;ST)*FU

Vc#$%&'(!=oX(�¼²YMNOP'[_%3FUV=¸àoX(��¼²YM

NOP#+`)_+]^`aF·¢=âåoX(�¼²OPµ×Ë"M�*'¬ç)*Fq

rc»�©)x×(�FÑZ�F)*_�æA*@R#$%&'(�E+,-.HIF´9

aÖc}�yQR)*��+,-.HI=�9LÌ�yF¬c>@=R-.~'(7å)

*FUVþ\!kR�oXxyFÅCc 

 

   6.2 gD_`)¢Da¯   

 

   R»�Ý¼²qr#$%&'(F)*¤ù=��)*+,-.HIF�o,Ö×éI@²
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þjo}~'(ñòyzF7å_`)*FDa (Pararas-Carayannis, 1986)cÎ�EF�kx

ª=�Da²þÖ×�[MNxòc°±¼ýþ�zl;�³´Ú_8xEF´ÚgD_`)

*Da¯cÎ�SzPWÙF_`AB=`µ¼·�*+î¶��¤AB=+î·�YZH

I$¸óMØ�¹º�9ý?EFbcR»�_`ABFÇc�=joF)*PQ¼ýþH

Io)(�F'p'<=®Ì¼½ç¾qCjk�*yLCÁ¿(�MÀÁª�4(�gDj

o)*FD¥n�k�Z�çF¬»�joF)*PQcÍÎ=ýþHIþ=F'[�#=

'p4±oo¼j"ÁºÂµÅC�Ã�'[#V4�Q�¹ºÀÁc©#'[ý¦5<��

ÌnÄÅÚòo;v�¬T×Ì=W;¬T×ÌjkÚòF¸V¿î�¼Ì�ÀÁ=µT�o

�²ÀÁ<��Ìn�Ì¬§F�o#'[F»0D¥R+=>0�¼jÀÁº�o#'[F

tî_L¬ (Pararas-Carayannis, 2007). 

   }_`DaAB��§¨w&ç'²þÁ½¸òFDa¯@��)*+,Þß��¼�FÖ

x=W)Da¯â¼éÌ�À9w&��×@Þß_QR)*qrÆR-.c_`)*Da¯

ÑÒ¼eaéÌ�<%(1½=Ö\�Å�Ô=&4jk)*À%b«�c¥vÇý?ÈQ

á¼ ¡Æ¶}_`)*DaF:¥�ÉÊ=Æ¶Da§�xË=éÌ�%)/)F"2�§

!c 

 

   6.3 #$%&'()*D¥FÃÄ   

 

    -.#$%&'(+,_Ó�/)01Ñ�9FÌD@»�)*�ÂD¥FÃÄc��~'

(ÍåX³xÁF_`EF=�"xå©ªFBî�ÁEF=�å¼²|}'ÀÁ)*è#D

¥FR+c>@=Î�_`EFåí=�&Å¬F×Ì��oic 

   ÏÐR�G0Äòóç)*¼²Ra�o)'hìÎåD¥=Å{I'oo»Ï¼Ì�ÀÁ

+,=Ó×)*(1FDaABc»�_`AB��ÐÑ�~åA,cÅ{=}'[\%3M

`abÎ¼)*FÀÁý¦j&Å4F¬�Òjßà=>ü�kR[GF�»�çcÍÎ=Î

�o#&ÅÀÁßàRJ�D¥þ'[�#FÓ)'(ê£L50ª¸�å90EF¼²çD¥o

#'[ë=W��²ßj7ÀÁF'[�5D¥Rj�=MN7ÀÁ'[�5º¶R50ª¤ù 

(Chinnery and North, 1975)cyÙ'=`aý¦�a&Å¬ÀÁA50ªoÔ=ÖªoÔMN

200ªoÔF)*ØØ¸PÆ¼²öjW;ÀÁ@x§;{FcoT=}�Õ1N\ÕÓ�

NjkÖ×8x}§F$¸óLi=»�Ù½R+ØpFÎ¼)*F&ÅÀÁooÓ�Pa

�×Ìc>@=}�+MÄn+]W|ÙÚç)*��&ÅÞß½²³YMNFÀÁWX)

*=¸"á¼j¹P�IÔ»c?FLi=Î�xåo)xÙF_`ABDa¯=°±Nå¼

²HIº#$%&'()*�ÂD¥F&Å¼²çc 

 

6.3 èIFË'Ì·01   

 

   RÓ�#$%&'(¼�F)*%ÕÅ1þ\!=�¨��7åÚÈA*j�°8x}§=

��\�Å\gñjk»��9����F}§_¼�ç=b�@R<%'(cÍÎ=R-.

'[A*R=éI�a'½Þ´\K»�F'[D¥ÃÄ_ÀÅ'[�ÂD¥F¼²çbÅC

»�'[�#(�c+,-.éIYZ}ÀÁÑGÆ�sCî¨peak ground accelerations

¨a¡_UBF-._Ó�èIFg�0¾cR(ÞÀÁªD¥ÃÄMÙÚçD¥ÃÄ¤+
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FtÈ®ÍÎ`XbGÅq#�æFD¥ÃÄ®jkÀÁÎ'[M%3bY�Â�F�O)*

PQR=éGé'})*�ÂD¥ÃÄ¹º.Åc (Pararas-Carayannis, 2002). 

 

6. 4 )*+,(1  

 

   ß,,-xò¤ù=¶R�¨})*+,Þß��h�=·(�_ª4FHîïðA-bÚ

�=�å£'Û²_ÌÌc+,Þß�¨�o,'-�AMN½ÉFÚ�cÅ{=¼ÌÌF_

`\&ÅMÄ�HIFÑÒò��¨R(1�F�ò!.Üº)*+,FnÏD×ï�c°±

¼jA¼²UV%&uA'(F7åST)*ÝÓ(1�c×¶)*+,\îï�ÇcF(1

�¤Þ@01\ß_�»��Ë'½FàáÖx (Pararas-Carayannis, 2002)c��WÙF(

1=¼'¥�DH+,'(=MNRH+,'(��ðýî�D=}§(�¼Ì×8{',n

7_8{×V}¬hcyÙ'=º�}§��=°±�²³[MN'»�a�'hF?+,j

k)*D¥F¼²çc 

 

   6.5 +,Fï�Çc_¼îO\î  

 

   »�%&uA'(+,Fï�Çc@01_%¾£L)*Fo)æâÅCcÍÎ=�a_`

F'[M#+�#=¼ÝÓºl)'(7kRF+,FèIF+,'�cè�Î=å4)(�

ý¦�ßbÀ�'[yz�oeF'[�#+,(�c 

   �a{|(1=¼�l'(1ÞA�xÕD¥'[yzÙ½À�F'(ã¼²ÇOG=yz

F'(ã¼²ÇO!îyzF'(ãjk¼²D¥òóç'[F'(c#+(1�¼oàº#

+F�¦ÉÊ=ÙÚçD¥ÃÄ_R+µùD¥#ß=jkþ=ÇO#+UVF'(_+]^

`aFaLHî (Pararas-Carayannis, 2002). 

 

   6.6 %&uA'()*+,ãÞ(1  

 

   µTA*(1}?×+,-.:ÞåÌ=>)*R%&uA'(<AñòyzFr'ç9]

(1�I'Fx×�QäÈ��¾åcÎ�8x¸ó_01N²³ÝÉ¼²º¶FST_��

yzjk�yF)*ÇÈ_¼²UVg�_æ@F)*�æù�=`µ*±N²³Ó�ºYª

F)*Vé_çÂÅ1cyÙ=ü�Ö\�á�9YÔ»FÞß_åæ)*ãÞ(1�FYp

éF?èj ¡*±�Åº²³�O)*UV_�*ü�çUV_#VÖéFg�ü�cW|

péF(1�})*01_/z)*¬¨U¦�9cÍÎ=R}%&uA'(>�(�¸Fx

×'[+,��-.R=�¨}[ÛFtî_'h¹º��cî��~'(xå�y#½çp

F'pêBëAo|cWÙ=��F'[}©;'p|?7¤¥FUV¼��)*F|HÞA

ìf\'¨í#Fx×|H='¨�Ì=`a=Ë"jk¼²î�b¹ºÀÁcýþWÙF(

1�=Ö\'p4±¼.Å'[�+'¨v#sVF¼²ç=·¸Ö\�¼j�ÅºÙèF�

g�ü�MN}�åg���s«Y� (Pararas-Carayannis, 2002). 

 

   6.7 »�%&uA'(ÃzD¥ÙÚç)*F}§  
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   #$%&'(@OST)*UVÑZ�F'(=b�@#+_]ì)*c§J�Rg�o)

Å�)*%°×w=Ìj�°fg_#$'(cµTR�Ù�d�ÅïÁÕÖ¬¨K�¤¯Ý

joF�E=>@â�9ýþ�sÅ��ÁòD�=Dað4_ý?w&=jkYsµ�F�

ÅÀ�_À9w&=�o,ú±%&uA'(F%¢Å�ïÁ\Þß_ÀÁ²Vc 

 

   6.8 »�8x}§  

 

   Ë'Ì·Þß!Ñ�9F@8x}§jkýþ�»01_Ë'ÌÌ»�8x}§F¬cå

æ8x}§FDEÕ_ÊÕ�¨j}l)'(x×F7åÚÈA*UVFØÙ)*+,-.

A�ac$;øå×aÓ�Ë'®Ì0�=Wo0�éI}8x}§ÓPÉG×Ìc�»F

Ë'®ÌÕ�¨ñ)R)*-.HI»�AMNO)*UV=¼²®¯;Þ��¨DA,F

'(��IJ�Dcàá=$;ø�¨Ó�×V\ß=ÿòóà=§8{ú��»F��c

�AL�+,'(Fö¤7å�_�æ@Ná�îOôõ=4ö6#�°��AéL¤Fê

�c 

 

   6.9 ýþÀ%L/z)*  

 

   %&uA'(F8x}§���OPl;)*FqrcMNOP)*UVF69�Å¼²@

})*;{F_�jk»Ï�»F01_%ÕcÅ{=bïð�óôõ_ö¤÷øyb�9F

@©)Oqr'(F�±}QR)*F_�²Vc8{F)*_�²Vj}¶�F(�ç½É

A��=��A.ÜLÛ�8{}$²³ú�}§\kRF)*À9jk"#)ù�gFÝ

É_?¹cÅ{=o÷xòÝo�)*+,-.HI=Ó�o�èIF&'Å1júH8{F

)*Ð�_}§Ô�@$º%IrF�9ø²c 

   ���9Foh@=éù½Å1éIòA~'(7ååæ;øFo��¤júFaÖ=l

;øéI�¦û�5ü=})*¬Úsj��=dTÎ�%¾QRFA,MNÎ�/z)*F

UVcWÙF;ø+Ù×U¦�9=¼jýþ½<+�¦û�5üjkÿ!)�¤+®ª:

�b¬���sàW;Ù×càá=ýþüö5=ÿ!Jº_åæ)�}Æ(æýF¼²D¥

FfùPQ����_-.cR)*D¥�+Ï°Á½§¨FEF@��Å1»Â\/z£L

)*UVFào�U¦�9FaÖcÅ{=�¨j»»�_gD?è8�ø²c 

   )*01_/z)*UVFÑÒ§�@�°8{F¥Ñö¤}§cÅ{=â�¨ýþåæ;

øgD¸;À9�\=þE�ø×@ýþå£FÀ9w&=ÌÌo0¼ÌF8x?è\ý?j

kÿ×!-ÑG¾¿'§8{Dº9�c 

 

7.0 üT  

 

   #$%&@o)��ýþ=��HîD7F'(c'[\%3\#+jk�*�æ)¢bS

T)*}~'(¼²ñò�GFUVc'[)*ÃÃD¥c%3µT��ò Gqr=>£L

kRD¥|cVòóç%3F¼²ç=��â)GHIJ"#�<%'(=�"<%'(Kg

ò_RgF����{©=Õ�ð}<%'(|ªLF��DE=ÀÅ£L%3�}~'(ñ

òYsZ�FUVcYZF å<Is=µ'Ë"=ÅaÙ# åFq#/ÞVjkG� å
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#�#b�æ~ÓFØÙ×Ìá¼²R#$%&'(wD|cV%3c£L=R#$%&uA

D¥Fbtá'[åæF�ñv#�_Î1K¿Ã~FY`G� å#F�û�×w�¥×

Ì=�¼²ñòG�F å#v#cYà<F«ü å<FIs_en-echelon bookshelf type of 

failures �òAwDYVá%3F�æ~Ó=b�@Rýþ'[nþ!F'(='[�#Yt

á= ï�#áYsoicÅ{= å#FåKjkxå�y/0V\ýîjk$îF å#

F©<#D×Þ´ì�sÝ%3D¥F¼²çc 

   G�FÅaÙ#��'['¨v#¸¤¥ÞV=b�@R|%xy¡#�|=��eD¥G

0ÄË"jk å#G0Ä�#c��#+k�wDF%¢)*©ªÙÚç�ÂD¥=}%&

'(å�ÉGFqrc�Å)*R%&uA'(¤¥F+,�9°±GéFsj-.c 
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