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¬gs

i²!Hì X1.1

i²áÅz�;] X1.2

i}ÅZ0+gzã‚|# X1.2.1

Ri}Å‚|# X1.2.2

ÀòS:] X1.3

i²ßVÅ�Zð X1.3.1

i²áâLÆeä X1.3.2

i²áÆçZ] X1.3.3

i²áÆZW,Z] X1.4

Åw•ZzgiF̂Zg¬l (Fault) i}ÆU~ŠgZh X1.4.1

èZzg',sÆÂŠzV»¤/** X1.4.2

X1.4.3

i}»(wƒY** X1.4.4

Î**ò X1.4.5

i²áÆç}ÅYõ7,@*w X1.5

ZzgeöÆ‡°} (Attenuation) i²áÅf X1.5.1

(Deterministic Methodology) ç»§i»g X1.5.2

8ZöZÝZ}§i»g X1.5.3

âèÆgkgeÐi²áÆ¿ÅYõ7,@*w X1.5.4

ZgMC¥â]Ði²áÆ¿ÃY" X1.5.5

i²áÆç}Æ‹t~"D»ZÈw X1.5.6
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0*ÎyÅRi}Å‚|#Zzgi²ßV»Zky X2.1

X2.2

0*ÎyÅdwŠgZh, X2.3

0*Îy~gzúƒäzZáP(,}i²á X2.4

i²!iŠ{´̧VÆ'ZzgZ¹¯äÅãCŠ X2.5

Ü X2.5.1

0*ÎyÆ(,}Ãuc*ŠgZh, X2.5.2

X2.5.3

i²áÆç}ÅYõ»§i X2.5.4

§i»g PSHA X2.5.4.1

ÈÅ{�È~ X2.5.4.2

i²áÅƒZg»{� X2.5.4.3

x¤‰Ü X2.5.4.4

ô)zZ] X2.5.4.5

Æ}ò PSHA X2.5.4.6

i²áÆê X2.5.4
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¬gs X3.1

MÃ]ÆZOxÆQßw X3.2

Zëï]ÃãCŠ~(Šb / ãCŠ~ X3.2.1

vyÅuÃic*Š{ZÌŠb X3.2.2

ÀòF,ªCµ1V~̂zm,»Z+Cå
E

EEZ[ X3.2.3

	YÑZ• X3.2.4

ˆzm,ÅËq / Zµ/Y] X3.2.4

MÃ]ÆZOxÆãCŠ~ZbZY X3.3

ç{ X3.3.1

¢g5+k,~ X3.3.2.1



Kã¢g5+k,~ X3.3.2.1

	YzçÙ¢g5+k,~ X3.3.2.2

vy»Zky X3.3.4

MÃ]ÆZOx»6 X3.4

MÄÐ¬ X3.4.1

MÄÆŠzgZy X3.4.2

MÄÆˆ X3.4.3

0*Îy~MÃ]ÆZOxÆÂx»:è© X3.5

0*Îy~̧òÂx',ZñZOxèMÃ] X3.6

F,Áï] X3.6.1

ZŠZg{YCZzg‡âãZOâ] X3.6.1.1

¸òçZ]Zzg¢g5+k,~ÅYõ7,@*w X3.6.1.2

½zF,šMZzgMÇ„ X3.6.1.3

MÃ]ÐzZhv**]Æç{ÆZOxÅµ/‚i~ÃF,¹Šb X3.6.1.4

',ZŠg~Zzg£òR6,vyÆç}~¶»µ/È~ X3.6.1.5

¼ŠMÃ]ÅZ’Zðç}ÅZ:q X3.6.1.6

MÄÐzZhv**]Æç}~¶ÃF,¹ÆãCŠ~ŠJg}~Ñ** X3.6.1.7

uò�Z!»gzZð»Âx X3.6.1.8

MÄÆÅ̂!*ic*!Æn&¢AaZ™** X3.6.1.9

MÄÆÅ̂!*ic*!c&¢AaZ™** X3.6.1.9

MÃ]ÐzZhv**]ÆZOx»eJç X3.6.2

¸òR6, X3.6.2.1

ß!*ðR6, X3.6.2.2

IR6, X2.6.2.2.3

0*Îy~MÄÆvyÆç}Åßg�w X3.7

i²á X3.7.1

È‚à X3.7.2

c[ X3.7.3

èÆÂŠzV»¤/** X3.7.4



Î**ò X3.7.5

«g~îÃy X3.7.6

',Ãã*VÆËYäÐMäzZÑc[ X3.7.7

',ÃãÂŠzV»¤/** X3.7.8

fgZùMæzgÄZzgQqŠU*] X3.7.9

à~ZzgÍ]ÅMv X3.7.10

0*Îy~wÅMÃ]Ågzl X3.8
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Z’Z× X4.1

i²áÐvy X4.2

0*Îy~qgÂVÅâÎ X4.3

àzVÅÀò§ȳ X4.3.1

ŠŒÂVÅÀò§ȳ X4.3.2

qg' (Marginally Engineered) Zzg',Zñ**xZbe  (Non-Engineered) )Zbe X4.3.3

Z§Z°yZ]Åi²à¢g5+k,~ X4.4
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(»ZN[ZzgQkÐ0WÇ„ X5.1

i}ÐÝÂqŠU*]Ð0¥â] X5.1.1

iF̂æZfÐ0ãCŠ~!*' X5.1.2

yÐ0¢zg~@Zc*] 5.1.3

qgCeJ‘Å̂Ô‚|#Zzgñiz+M X5.2

qgÂV»ãCŠ~eJç X5.2.1         

4æZ¢š-ö
EG¿ÆRZßw X5.2.2       

�Û4Ä X5.2.3

Š¸´̧V~“WzZák**]Ð0@Zc*] X5.2.4

Àò§iyÔZyÆgœ¿ÆZîZgZzgQyÐ0@Zc*] X5.2.4.1

#-,ç EGEÔ»Å,çEZzgZ�hzV~u-VÅbzc*] X5.3



qg]Æ)eJ™ð8zõ O X5.4

µ7lÔZ0*–ZzgqgZ]Ð0Šv8zõ O X5.5

iF̂RZzgZ7šw�Û*»g* X5.6
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Z’Z× X6.1

ôD+ZÛÆU X6.2

(Seismic Vulnerabilities)  i²!Zzg$zgŠÃ¦&& X6.3

qgÂVÅI^Y^Ð0ãCŠ~WÇ„ X6.3.1

I^Y^ÅÂz�;]ZzgQy»]åLO!*[ X6.3.2

(Vulnerability Assessment)  $zgŠÃ¦&6VÅYõ7,@*w X6.4

$zg~ŠÃ¦&6VÅYõ7,@*w»´‡ðâew X6.4.1

ASCE-03 Z%kÎwZb8-Î‚Ì»œâew X6.4.2

I^Y^»DgqgÂVÅŠN¸w X6.5

Z’Z× X6.5.1

I^Y^ÅâÎÔZmz�;]ZzgÂZ−ZŠ~D+ZÛ X6.5.2

5qgZ]ÅyÐ0ÀòWÇ„ X6.6

¢g5+k,qgZ]~ZºZ¦D+ZÛ X6.7

HÔYVZzg“? X6.7.1

¾ŠgzÅZºZqÅYñ? X6.7.2

£òR6,c*®ÐöOR6,ZºZq? X6.7.3

qg]ÅÃ́»g™ŠÏ(,Jã°Šì? X6.7.4

)ZbeŠŒCkâVZzgZAVÐ¶k**]~ZºZ¦D+ZÛ X6.7.5

g"3©ð GEEĝèf$ÅqgÂV~ZºZq X6.7.6

qgCR6,ZºZ¦Õi X6.7.6.1

ZÐZŠ~R6,ZºZ¦Õi X6.7.6.2

ºt̂zm, X6.7.6.3
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Z’Z× X7.1

»g~Ôigœ¿Ôbà X7.2

»g~ X7.2.1

igœ¿ X7.2.2

bà X7.2.3
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Effective Depth »gWæ�Zð Acceptable Risk ‡.ÞèJw
Earthquake Risk i²áÆ¢gÆ}.�á] Acceleration gëgÅÑb
Earthquake Hazard i²á»ç{ Asset Management ZU*OZOxzZ¾Zx
Earthquake Response i²áÆjZ!Ðigœ¿ Bedrock Motion ¬"yÅw•
Fault ŠgZh Building Response qg]»æZ|gœ¿
Enforces Ÿ‚**Ç™äzZÑ Brittle ™ZgZc*)
Flexible EŠZg Bracings !*0+·V
False Ceiling ¡¦Z0+gzã> Bending &×**
Floor e.g 1st Floor «2w Bar Bending utÅ'ç NHZy
Flexure Strength EÆjZáÐæZ¢š-ö

EG¸] Built Environment Z§Z°yZ]
Flexural Deformation EÆjZáÐƒäzZÑ Cracking #
Function Loss Lvy Concentric ë%œ/
Geologist ZgMCâCÙ Cladding µ7l
Inertia Forces ßgC—h Columns Ties 2yc*»ÝÅahc*V
Insurers Ý™äzZá Codes & Specifications ¸ZZ+zçZ*Zzg¥%]
Joggle in Column §Š~̧' Cyclic Šzg~
Bars MðÆut~d| Community ¡
Jacketing «zZázz} Captive Columns ¸gc*Z§»Å,çE

Liquefaction of Soil Š−àßg] Deformation ßg]»—h
Lateral Force Z|¸] Dynamic Analysis w»C‹t
Long and Slender ¥ Ductility 5'.3ï J

GG

Longitudinal Bars in

Beams

Ó»8̈ut Diagonal Bracings Wh~!*0+·V

Longitudinal Steel for

Columns

»Å,çE~Mð»ut Dimensions B#Ö

Lateral Stiffness Z|¸]ÆjZáÐJYã Dyanamic Response Zg¬ÙZÖg
Lateral Strength Z|¸]ÆjZáÐæZ¢š-ö

EG¸] Dowels utÆ•}�Zq-�Ð
ïá‰ƒV)eZzw(

Earthquake Shaking i²àZg¬l Dampers Z,WÑ]�i²à�lÃ$åOî
™MhƒV

Dampers Z,MÑ]�i²à�lÃæë™MhƒV ConstructionEngineered µ!y



Seismic Separation i²àŠgZh, Manufactorers Ùg
Stiffness J6 Movement Gaps wÇÜY
Strength ¤‰Ü Mass âŠ{ÅlZgc*S
Shear »R Marginally or Semi-

Engineered Construction

ËuJ-Zbey

Seismicity i²á»´‡ð$›å GOŠ Non-Engineerd

Construction

)Zbey

Seismic Slits i²àÜY Opening in Slabs ò~Éîc*ÜY
Short Columns My~gN*»Ý Owners â´ky
Seismic Isolation i²àeÏ Operators ¿¦/Zg
Seismic Dampers Z|i²à̧]Ã$åOî™äzZáWá Offset aç Mu
Shear Strength 6,ÂVÆôÐ0æZ¢š-ö

EG¸] Pressure and/or

Stresses

Š!*îc*]g

Stability ÂZiãqª Perimeter =Í
Shear Deformation 6,CèÐƒäzZÑßgC—h Pitch 6ŠZgut»ŠgxãÃ,
Social and

Economic Cost

çÑCZzgçÙ7&yp Peak Ground

Accelaration

—F,+iF̂ZuZq

Seismologist i²!Ùk Quantity Surveyors qgC(Ùk
Torsion &×zh Reinforcement Rings utÅahc*V
Tension °î Re-entrant Angle Z0+gÅ§siZzt
Temperature Steel wZgCut Risk }.˜
Vulnerability $zgŠÃ¦&¢A Rigid "E
Weak Beam-Strong

Column

$zgÓZzg¤!g»Ý Soil Subsidence èÅµò

Weak Story $zg2w Soil Displacement è»u)
Seismic Hazard i²!Ðn„»Zky Surface Ground Motion iF̂w•
Soil-Structure

Interaction

i}ZzgQk6,µqg]»g* Site Response iF̂gœ¿

Seismic Retrofitting i²àZºZ¦D+Û Stirrups or Rings ÓÅah~
Spiral Reinforcement 6ŠZgut
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i²!i}ÅZe7-w•ìTÐ"âV~¦”{ÂZ**ð{g`ƒCìZzgi²áÅØ,aZ™CìXtYñz̧·Ð!*CÙÅY+$Ä�Zzg
i}~Zg¬laZ™C�X

iiii²²²²ááááÅÅÅÅzzzz����;;;;]]]]???? XXXX1.2

i²!ik,i}Š}ÃVÅØzV»Zq-%1oŸZzgi}ÅR6,w•ì��"èZgnÆZ0+gŠgCúZïÐz̧q5+k,ƒ@*ìX
c*

i²áW×gëgÆz{úZï��i}ÆZ0+gZg¬laZ™D�Xi}ZKZ’ZYÆz‰Ü¤/x¶ZzgZkÆˆÐÚQ~ƒg„ìXi}Æ
Q}ƒä»¿i}Å6,ÂV~w•»!*)̄ƒ@*ìZzgtw•i²!BCìX

i²á»maèi}ÆZ0+gzã{Ðƒ@*ìZkzzÐZkÆ0'×h+¥â]qÝ™äÅ¢zg]ìX
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‚0ZâVÆ_.°æO{èZgnÅ&+ƒC�X»f™Šg`fsìX

""""èèèèZZZZggggnnnncccc****™™™™†††† ZZZZ³³³³XXXX
i}ÅƒÐÛzãR¢lç

GI
LZgnBCìX¢lç

GI
LZgn×ÑZzgJƒCìXic*Š{F,i²á¢lç

GI
LZgn~zZµƒD�Xt8~î OZ˜kîg6,<v~

(Asthenosphere) B@*ìX‚0Zy¢gnp��i}Æ<v~Æn�sèi}~$h45é
E

EGMMßZzgÃuIì�Z$o-£45é GG
GE^©2.ç

E
GJ (Lithosphere)

B@*ìX‚³¥â]Æ_.t8~î O×$zgƒ@*ìXZÌZk8zõ O6,'×h+¥â]qÝ™äZzg»x™äÅ¢zg]ìX
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i}ÅZ6,' ::::2 ¦¦¦¦kkkk,,,,

(Mantle) ����ssssèèèèiiii}}}} [[[[XXXX
³¢añK4̂k"âVÅZq-Z•ð¤/xµìX 2900 ¢lç

GI
LZgnÆnZzgi}Æ%œ/~<J-;ƒZ¸�sèi}B@*ìX�sèi}½"5é GEMM

³¢an(�sèi}»z{8~î Oì�!*<m3,xZzgEZgƒ@*ìXìwHY@*ì�i}»J"ãc*v~8~î O 50-100 ¢lç
GI

LZgnÆ4,Šq-)½"5é GEMM

�½i}6,WoÆ‚B¾@*gLìc*z{ÚÑÑw•~ƒ@*ìX



 (Core) %%%%œœœœ////~~~~<<<< `̀̀̀XXXX
�sèi}Æni}»%œ/~<ƒ@*ìXi}»%œ/~<Šz�VÅ̂~ƒ@*ìX~ÐZq-âùÛzã<ZzgZq-̂kZ0+gzã%œ/~

<B@*ìX¢lç
GI

LZgnZzg%œ/~<ÆŠgxyic*Š{ŠgzwZg]ZzgŠ!*îÆ�ÛtÅzzÐZ0+gzã¤/x8zõ OZzgÛzãÁ¤/x8zõ OÆŠgxy¤/Šl™@*gL
ë�XZz6,ÒyÅˆ¤/Šli}ÆZ0+gzãz~@*•g~âŠzVÆÚIUZzg)ä (convectional current) ìZk¤/ŠlÃ

ÐqÝƒäzZàwZg]ÅzzÐƒCìXÍc*ZÙwèwZg]ÅzzÐ�sèi}»»ƒZ8~î OCÙz‰Ü¤/Šl~gLìX (disintigration)

RRRRiiii}}}}ÅÅÅÅ‚‚‚‚||||#### 1.2.2

6�ÒyHY[ì"Zgn�½i}6,¾@*gLìZzg¼:¼SŠOQŠOØÌgLìXi}ÅR‚](,~6,ÂVc*W-V6,ŒƒCìX
ÑÑÑÑààààZZZZ%%%%OOOOWWWW~~~~ XXXX1

††††!!!!ZZZZ%%%%OOOOWWWW~~~~ XXXX2

ZZZZ††††ggggeeeeWWWW~~~~ XXXX3

ZZZZ����ÛÛÛÛjjjjWWWW~~~~ XXXX4

WWWW7777wwww~~~~WWWW~~~~ XXXX5

----ggggzzzzZZZZµµµµWWWW~~~~ XXXX6

ddddZZZZÃÃÃÃIIIIWWWW~~~~ XXXX7

((((XXXX 4 ))))¦¦¦¦kkkk,,,, Zy‚]W-Vc*6,ÂV~ZÒI^YÌ̂zZµƒCgSìTÅzzÐ¹ÏgKgK6,'c*Wc*Vz�Š~WYC�



t6,'Z4VZzg',Z',zZà6,ÂVÆ£«~ZgëgÐw•™C�XLrgZ#£.Þ6,]W×ƒCìÂ×Å6,]W™ZkÐ
”ZYCìZzgZk§bNhú0*D�XŠzu~§sLrgŠz6,'Zq-Šzu}ÐŠzgw•™C�ZzgZyÆŠgxyŠgZh,aZƒC�XZq-
Šzu~ßg]~Šz6,'Zq-„‚~c*#³4V~‚B‚Bw•™C�XZyÐVZlxÅ6,ÂVÆ!*b¿Ã!*nKM%6Ô»`Zzg!3¨Òï EGE

u,ë�X)¦k,5( (convergent, divergent and transform)



ÀÀÀÀòòòòSSSS::::]]]] XXXX1.3

iiii²²²²ááááÆÆÆÆòòòò

»Ç¿Zq-(,}i²áÅßg]~¼ (rupture) Zzggëg~zZµƒD�XZ$i¨é EIGt  (frequency) i²áÆòZZlxÆ$›å GOŠ
ÐaZ”{i²áÅñã¼Š²zVÐá™¼œVJ-Yg~g{$Ë�X (rupture) ²zVÐá™Zq-4J-g{YìX®ZZ$i¨é EIGt

Zzg (primary) Æ!*)̄ƒCìXZ�òØ,ªZ’Zð (surface waves) ZzgÒØzV (body waves) i}ÅêêZ?ØZ�òØzV
³¢a°‚ÅgëgÐ 6 �½ã (primary waves) Ø,i}ÆZ0+g!Zg¬lÆ‚BŠZ4ƒC�XZ’ZðØ, (secondary) U*â~

ZkgôÐx/ (secondary waves) w•™C�Z,òaZ™C�XÅzzÐqg'Zz6,ZzgnÅ§sw•~WC�XU*â~Ø,
³¢a°‚ÅgëgÐw•™Dƒñ$h45é

E
EGMM!%V»!*)̄k�� 4 w•™C�&Zq-§sÐñ™e,-Å§bw•Š~YñXt½"5é GEMM

~Ï�X®Zt(,}eä6,n„»!*)̄ƒC�XU*â~Ø,À$éMMZ•ðn{ÁƒC�XaèÒØ, (side ways) ZzgZyÐqg'Z|‚
i}ÃÀŠ~ZzgZ|4V~hC�XtEŠzgZ#/õ EGÅØ,—qgÂVÃh™gÄŠî�XÉÎZz‡]i²áÆ%œ/Ðic*Š{ÃA6,ƒäÆ!*z�Š
W!fízV~ÑñãÌaZ™Šî�X



iiii²²²²ßßßßVVVVÆÆÆÆ%%%%ZZZZœœœœ////ÅÅÅÅ����ZZZZðððð XXXX1.3.1

Ð300 i²áÆ%œ/Å�ZðÔØzVÅS:]ZzgZyÐaZƒäzZávyÃF,KMŠ¶ÆaZq-ZëKìX%œ/Å�ZðZ¤/ic*Š{ƒÂz{
³¢ac*ZkÐÌÁƒ$ËìX�}%œ/zZái²á�áfz**Šg„n{ÁƒD 60 ³¢ac* 300Ð60 ³¢aJ-�~ƒCì²Šgxã�Zð 700

�YèØzV»$›å GOŠRJ-íí(,~uJ-$zgƒY@*ìXÁ�}%œ/zZái²áic*Š{¬xƒD�ZzgRÐ4,Šq-ƒnzzÐZ•ðn{Á
U*"$ƒD�X

iiii²²²²!!!!ââââLLLLÆÆÆÆeeeeääää XXXX1.3.2

(seismograph) i²áÅ”]¥x™äcÀ$éMMŠzeäZEwGYD�Xi²áÐaZƒäzZàÂZ**ðÃZq-W!Ðâ0*Y@*ì&i²!e
(logarithm) ë�Xte:Zq-‚0ZyegÖg·.çHä¯c*åXZkW!Æfg=i²áÆ%œ/ÐW!ÆÃAÃÑg~Ñc*Y@*ìXgË»e:ßÇgŠx
wc*7.5 (X: 10 kH(,|YCì)¦k, 30 kHZŸ†™ŠêìTÅzzÐÂZ**ðÅlZg~½"5é GEMM 10 ÅãCŠ6,»x™@*ìXtW!i}Åw•~

w»i²!gN*F,+i²!ƒ@*ì 3 kHÂZ**ðƒCŠ3@*ìX 900 wÆi²áÆ£«~ 5.5 kHZzg 30 wÆi²áÆ£«~ 6.5 ”]»i²!
(Zzg 1969 )ZÑeÔ 9.25 �ZK̈y¬xîg6,CkÌ7™DptW!Zy»ZˆkÌŠÑŠêìXƒÐ(,}i²á�ZkÂx~Šg̀K‰�z{

(~WäzZái²á�X 1960 )¬Ô 9.5



(Zq- 11 Zq-Šzu~n»e:�i²!Å”]ÔZW,Z]ZzgZkÅYñz̧·Ã**èìZÒZEw~W@*ìXZÐKÆntVw¢zg~ì�)¦k,
zZ^ÅÂZ**ð{g`™@*ìgzÝÅ®�C2~ 100 zZ^Æ¢ÅgzÝ4,ŠO£x6,ZkÐŠzgzZá£xÅÚic*Š{ƒÏXZ¤/p¢ 100 

zZ^(i²áÅ”]Å§bìZzgË£x 100 â8YCìËÌ£x6,¢ÆzZ^Zzg£xÆ¢ÐÃA6,«ƒCìXŒV¢»‚,̂)
~âg'**ò‚0Zyä¯c*�Zq-Z¤ß~i²!ÙkåXZkeäÃ 1902 6,¢Å®Zk£x6,Zg¬lÅ§bìXZkn»MZÑEwe:

Šzg].h+Æ_.aZ™äÆaF,ç™Æ(,Jc*ŠHìXZÐF,ç”{âg'e:¹Y@*ìXi²áÅ”]Æ�ZW,Z]ÔZ�ÛZŠÔqgZ]Zzgi}Å
(1 J-ÅlZgzV~ªCÙ™@*ìX)].zw 10Ð1 R6,ƒD�ZyZW,Z]Ã

::::FFFF,,,,çççç””””{{{{ââââgggg''''””””]]]]»»»»eeee::::XXXX 1 ]]]]....zzzzwwww

ÍÍÍÍZZZZ{{{{ÆÆÆÆxxxx@@@@ZZZZ]]]] ˜̃̃̃zzzzggggËËËË»»»»wwww ââââgggg''''””””]]]]

¼ßÍVÃCkƒZXox@{Æ‡.Þ 2.0Ð1.0 I

¼ßÍVÃ!*<mZz6,~2ßV6,CkƒZ 3.0Ð2.0 II

yÆZ0+gx@{Æ‡.Þ!*<mZz6,~2ßV6,1Zq-i²!Æîg6,)Ù|#”{ 4.0Ð3.0 III

yÆZ0+gFßÍVÃCkƒZX¼Ã!*CÙZq-¸g~R,uÆ¦/gä6CkƒYì 4.0 IV

ŒÛãCÙZq-ÃCkƒZX¼ßv’ÐYv‰XgKq,w•~WNXŠg|#ZzgìIMh� 5.0Ð4.0 V

CÙZq-ÃCkƒZX9}gxÂåX¼¸g~öÔ™(Vw•~WNÔŠ-Zg»¼ö,QF,ŠHX£VÃ
ðhZ¹vyƒYìX

6.0Ð5.0 VI

RyW!*Š́¸V~ZŠÌqgZ]Ã©àÐŠgxãŠgz»vyX**³y”{qgZ]»‡.Þf™vyX¼
Š-Zg,¤/$Ë�X

6.0 VII



i²áÐôp¯ðˆqgZ]ÃðhZvyXZŠÌqgZ]Ã‡.Þf™vyX**³y”{qgZ]Ã”h+
vyX¼Š-Zg,¤/$Ë�X

7.0Ð6.0 VIII

{mîg6,¯ðˆqgZ]Ã‡.Þf™vyXqgZ]ZKãCŠzVÐ¹IXi}~Ù|#”{ŠgZh,
WIXzWeä6,n„ÔèÆÂŠzV»¤/**X

7.0 IX

FZAVZzgeJç6,Œqg'ZzgZyÅãCŠ,n{ƒIXi}~',~§bŠgZh,WIXèÆÂŠzV
»¤/**XzWeä6,n„

8.0Ð7.0 X

ån„XÜs¼qg'9~g{ÃX>Þn{ƒ‰Xi}~¤Š{ŠgZh,XØ,i}6,Š@I 8.0 XI

ån„XØ,i}6,Š@IXq,ƒZ~QhIX c*(,} 8.0 XII

iiii²²²²ááááÆÆÆÆççççZZZZ]]]]zzzz}}}}....����áááá]]]] XXXX1.3.5

»w•™**ZzgiF̂Zg¬l�XU*â~çZ]~i}»—hÔè»(w0Y**ÔèZzg (fault) i²ßVÐzZhãCŠ~çZ]Ôi}ÆU~ŠgZh
',sÆÂŠ{»¤/**Ô«gÅZ•ðZzœØ,ZzgÛÆ0*ã~Z@*gmJî�áï�X

iiii²²²²ááááÆÆÆÆZZZZWWWW,,,,ZZZZ]]]] XXXX1.4

ÅÅÅÅwwww••••ZZZZzzzzggggiiiiˆ̂̂̂FFFFZZZZgggg¬¬¬¬llll (fault) iiii}}}}ÆÆÆÆUUUU~~~~ŠŠŠŠggggZZZZhhhh XXXX1.4.1

i}ÆU~ŠgZhÅw•pZ{̄g~ƒc*’góÔŠgZhÆgK6,c*ZkÆ4,Šq-ñ�ŠqgÂVÅãCŠzVÃn{™Šîìc*i}Ãw•Zk§bŠ}$Ëì
TÐNhc*VZzgzZŠc*V0YC�XiF̂Zg¬l{mîg6,y”{âjwÆaic*Š{zWeä6,n„»!*)̄ƒ@*ìXn„Åui²áÅ”]ÔR
Åi²áÆ%œ/Ð4,ŠO"âVZzgèÅi²áÅ”]ÃÁ™äÅ¤‰ÜZzghðYäzZàqgÂVÅnÐ_“gBbìXU*â~ò�Zq-i²á
Æ(,}òÆŴD�z{âò̂BD�t'×h+vy»!*)̄ƒMh�XZ,òZ’ZðzZ§ÆˆàVZzg©�‚ßVJ-WMh�X

iiii²²²²ßßßßVVVVÆÆÆÆZZZZWWWW,,,,ZZZZ]]]]



èèèèZZZZzzzzgggg'''',,,,ssssÆÆÆÆÂÂÂÂŠŠŠŠzzzzVVVV»»»»¤¤¤¤////******** XXXX1.4.2

ezZV»V»)Lƒ**ZÒi²ßVÆŠzgZyèZzg',Ãã
ÂŠzVÆ¤/ä»:Lƒ@*ìX¹ic*Š{eyyÔ$zgè
Zzgè~0*ãÅñ�ŠÏèÆÂŠzVÆ¤/äÆçZ]

~çzyƒD�XeyâV6,è»(w0Y**n{Á
è»:L0YìXi²áÆ!*)̄èÆÂŠzVÆ
¤/äÐ"âV»¤/**ZzgÙqgÂVÆn¹vy
Š{ƒ@*ìXi²áÆZg¬lÆ!*)̄qgÂVÆnè

Šc*k̂ƒ™Ö$ËìXºmZlxÅè‰c!èc*
0*ãÆ‚BË™Wðƒðµdge$»i²áÆŠzgZyZq-ŠxÖY**ic*Š{áµìX

::::13 ¦¦¦¦kkkk,,,,
YÆòÆi²áÐ¤/äzZáèÆÂŠ} 2005



¡M!*ŠZzgZsxM!*ŠÃ5äzZá�áCÙZ{ ::::14 ¦¦¦¦kkkk,,,,

!*ÑÃ^Zzg¡M!*Š~¤/äzZáèÆÂŠ} ::::15 ¦¦¦¦kkkk,,,,



XXXXiiii}}}}»»»»((((wwwwƒƒƒƒYYYY******** 1.4.4

i²áÅzzÐi}»(wŠ−à‚0Y**Zq-§b»yZã—hì�Zkz‰Üƒ@*ìZ#è0*ãÐ§Z[ƒXZ+èZK¤‰ÜÅŠîìZzgËYCìc*(w

Æi²áÆŠzgZyi²áÆ'×Z3qgÂVÆnyZy(w0ŠH)Ë~qg'ÌIc*ËZq-UÅ§sÌ 1964 0YCìX¦ëY0*y~

IXZq-Šzu~n»yZã—h�i²ßVÆË~ƒYìi}»Šcc*Z|îg6,nÅ§sÖY**ìXt¿è~0*ãÆŠ!*îÅzzÐzZµƒ@*ìX

YÆ¦ëÆi²áÆŠzgZyèÆ(w“WÅzz 1964 ::::18 ¦¦¦¦kkkk,,,, YÆÈ`Æi²áÆŠzgZy(wiŠ{i} 2001 ::::17 ¦¦¦¦kkkk,,,,
ÐqgÂVÅn„

XXXX««««ggggÅÅÅÅZZZZzzzzœœœœØØØØ))))ÎÎÎÎ********òòòò(((( 1.4.5

Ã'çOz`îg6,«g~æzbgÅØë�pŠg|Zy»¬x«g~æz (Tsunami) ìXÎ**ñV LLLLLLLLÈÈÈÈggggÇÇÇÇ{{{{ÅÅÅÅØØØØóóóóóóóó Î**òZq-Y0*ãÂìT»È
bgÐÃðm7XtñãZÒŠzgŠgZiÆ‚ÖV6,ZW,Z0+ZiƒC�Zzg«gÆnc*‚i6,i²áÅzzÐèÆÂŠ}¤/äZzgW>]VÆÔ
ÐÀg�XZk»:L�Ìƒp«g»0*ãZq-õuw•Ð¬ZK(Ðú¡CìZzgZ•ðZz™ƒY@*ìZzgWy»gxn„Å¤‰ÜÆ

ßÍVÃhuHX 230,000 ˜´~½"5é GEMM 14 Ãdy~õui²!Zq-Î**ò»!*)̄¯Tä 2004 Šc26 ‚BŠz!*g{i}6,m|Y@*ìX

(Courtesy:   www.wikipedia.org))  Y~Î**òÆoø 2004 Šc :::: 18 ¦¦¦¦kkkk,,,,



(Courtesy:   www.wikipedia.org)  Y~Î**òÆZW,Z] 2004 Šc ::::19 ¦¦¦¦kkkk,,,,

(Courtesy:   www.wikipedia.org)  Y~Î**òÐn„Æoø 2004 Šc ::::20 ¦¦¦¦kkkk,,,,

(�ñyÆ‚i6,”ZäzZà 2 0*ÎyÆ‚́´ºÌ!*<m�ñy~(Zy»‚i«gÅZzœØzVÐ”h+OW,ƒñ�n)].zw
@*g]jZßVÐÎ**òÅ,Cðˆ�X



::::0000****ÎÎÎÎyyyy~~~~((((ZZZZyyyyÆÆÆÆ‚‚‚‚́́́́÷÷÷÷ÐÐÐÐ””””ZZZZääääzzzzZZZZàààà««««ggggÅÅÅÅZZZZzzzzœœœœØØØØzzzzVVVVÅÅÅÅzzzz„„„„ 2 ]]]]....zzzzwwww

@@@@****WWWW,,,,ZZZZ]]]] YYYYããããvvvvyyyy ÈÈÈÈÅÅÅÅ¢¢¢¢ggggêêêê
GGGGLLLL iiii²²²²áááá»»»»wwww ‚‚‚‚wwww ����ÑÑÑÑgggg

lz6»d~ÚZn{ƒZ ? i²! ? I[ 326 1

(,~Ø,aZƒNMVä¼˜izVÃn{™Šc*ZzgZy
Æ)�ÛzVhuƒ‰

1000 i²! ? 100 B 2

6,&¿.ç
GY

GE~d~Ú}äŠJ.Þ~«gÅZzœØ»f™Hì ? i²! ? 1524 3

ôzVHT�ñyÆ‚i6,%Š{0*ðˆ ? W>]ã ---- 1897 4

ÆzZ§Æˆdèy~Šzu~$Î**ò 2004 Šc26 4000 i²! 8.1 1945 5

XXXXiiii²²²²ááááÆÆÆÆçççç}}}}ÅÅÅÅYYYYõõõõ7777,,,,@@@@****wwww 1.5

i²!Æç}»‹t¤‰Üzgi²!ÐyZyÅw•ËÌÉ(6,zZµƒ**áµƒCì¸ZkÅeö»(ìX'×h+tZk(6,5qg]Æ
i²áÆ'×Z3»u%A$™äÆÑÆac*Zëñ�Š{yZ]‰�ÈÔ�CÙ~¤‰ÜÆö.$ÔE0*^Æ&ÿFNÔZzœqg'Ôz){ÆDÆ

éÆaÌ¢zg~ƒ@*ìXi²áÆ0Zb~Zzǵ_·ÆyZy~i²áÆç}ZzgvyÆZkyÆŠgxy�Ût™**Zq-gzZ`
0ŠHìqÑèZyŠzâV„VÅs~̈Zq-ìXi²á»ç{Ë(6,yZyÅw•Å”]Ã}òÆ%Òy™ä~ZEwƒ@*ì²

vy»Zky}òÅ§sZ�ág{™@*ìX

iiii²²²²áááá»»»»çççç{{{{
i²!ÐzZhÃðÌª�ßÍVÅ¬x̂z5]6,ZW,Z0+Ziƒ$Ëìtªi²á»ç{BCìXZkª~R»ÐYÔyZy»ÎÔèÆ
ÂŠ}»¤/**Ôè»(w0Y**Ôi}Åˆ~p~Ô«gÅ)©àZzœØZzgÛÆ0*ã~Z@*gmJî�áï�X

iiii²²²²!!!!ÆÆÆÆvvvvyyyy»»»»ZZZZkkkkyyyy
6,zZµƒ@*ìÂZkÆË~qgÂVÅÂn„M®ZŠ~ƒCìTÅzzÐZñZ]ÔiÂZ�ÛZŠÅ (fault) Z¤/i²!i}ÆU~ËºmŠgZh

®ZŠic*Š{ƒä»Zkyƒ@*ìX

i²áÆ¿Ô¢lç
GI

Li}Å‚|#ÆDÔDZgM]Zzǵ(~i²áÅØzVÅ”]~fÅS:]6,ñ�ŠñZŠÃ$åLÃgÄ™i²áÆ
ç}Æ‹tÃqg]ÅyÅ(6,Zk(ÆaºmiF̂w•Æu»(½™äÆaZEwHY@*ìXç{Æ‹t»Zq-ZëZEw
¬xZEwÆai²!ÅIÈ~»u»g™**ìXiF̂w•ÃÒy™äzZàËlZgÆwc*Zq-(,}àc*gc*„Æå´‘6,Œ«i}6,



Æfg)IÈ~Æ'»g (contour) 4,ŠOÃA6,Îñ‰èo6,i²áÆZW,Z]»(Î™',Z',Æç}ÐŠzegU*â~´̧VÆLg
KYMh�XZ,'¬xZlxÅqgÂVXÆnZyÅ–™Š{(ÆjZáÐºmï™**e:ƒi²áÆ'×Z3u~Æîg6,ZEw
ƒD�XIÈ~Æ'i}ÆZEwÆµ"ÔZ−ZŠ~D+ZÛÅ¢zg]Æ‹tZzgwÆi²ßVÆŠzgZyÂçÙv**]ÆéÆ
aÌÆ�X

i²áÆç}ÅYõ~ªŠx"i}Å‚|#ÆDZzgi²áÆ¿ZzgiF̂w•ÆÚƒÆ0ZŸ°ãCŠ~ñZŠZ‰™**ìX…
ç}ÅYõÆ§i»g»ê™**e34/õ XJG��Z745é EGEg~)$›4è

G
GOE”{(c*ZÈà)ªkÆ_.(ƒYìX

i²áÆç}ÅYõÆŠzãCŠ~Ãb�XªZq-Z745é EGEg~ZzgŠzuZZÈàXZzZwZ™̄Z•ðÂi²áÆau¯äÅ?m,ìTÅ¥zÐ
Zk(»u¯**ì˜V”h+iF̂w•ƒ$ËìX̧yZ™̄Zk!*]ÅzŸs#™@*ì�zZµƒäÆZkyÃZk|Æ7èÃÌ6,´e34/õ XJG

�ËÌqg]Åi0+ÏË(,}zZ§ÆŠz!*g{zZµƒäÆz²VÅÚ¹ÁƒCìX

Z745é EGEg~ÃtŠ*ÆZ”éV~Z§hV©�ZZEwÅ»V~¬x‡°{Æîg6,ZEwHY@*ìXZKƒÐ¬xZEwÅ̂
¢aÆ 300 ~Z745é EGEg~§iƒÐ¬i²áÆCÙÈ)Z’ZðYñz̧·(ÐzZhƒÐic*Š{ei²áÅ”]ÅËqg]Å(Æ¤/Š

ŠZ],}Æ´º~Yõ™@*ìXQt�Ûn™Æ�Zy~ÐCÙi²!Z+(6,zZµƒ@*ì�ØzVÆZ̀g‚iÃ́(ÐÂuJ-4,Šq-g‚r
ƒc*iF̂w•ÆZ(g~ômc*ËZzgñizV2ÃZEw™Æ7ÍðÅYCìX

³¢aÆÛ¢(~i²áÆ¿Ð 300 i²áÆç}»ZÈà§i»gZq-Òy™Š{i0+ÏÆzMÆŠzgZyË´(Æ´º)½"5é GEMM
áµÉ¤!gw•ÅlZgÆZq-ºmŠgz»‚o™äÆZk**]Ãæ™ä6,ŒìXt§iZŸ°ãCŠ~¥â]ZzgZkÆ´z{iF̂w•
ÅlZgzVÅôS:]~ñ�Š¡~"F,v�Ô"DZzgZ_Og6,̈g™äÆ‡.ÞìXZkatÒy™Š{½z?ÆŠgZ):(,"»Zky(
Æ‚BiF̂w•»(Š¶Æ‡.ÞìX

Z745é EGEg~ZzgZÈàŠzâV§hV~¬xîg6,¤!gw•ÅlZgzV»Z(g~ô©]Ð��i²áÅ”]ÔÃAZzgèZzǵ(ÅZgMCqpV
Åßg]~ƒD�ÔÐ(Îc*Y@*ìX˜VWÑ]ÐôpÅƒð¥â]:ƒVz;V¤!gw•ÅlZgzVÆÚƒÃ́(Å”])Vw
Æîg6,F,ç”{âg'(ÆeäÆîg6,ÌZEwHYYìXZkat¢zg~ì�Z•ðgëgÅÑb~p~ZzgøuÆ…3§öG

E
;î��¤!g

w•ÅlZg,�ZyÃuYCøu…3ýGÃqÝ™äÆaÀ$éMMZEwHY@*ìÆnfZzgÚƒÆ©]ÃÒyHYñX

ãCŠ~îg6,Z745é EGEg~§i»ÑZ•ðewZzgZkÐzZ$iIî EÃ,�́(6,ƒÐZz‘ŠgzÅiF̂w•aZ™@*ìÔ»!*ëg*¥x™**ìXŠzu~
Y+$ZÈà§iÅãCŠZq-Òy™Š{i0+ÏÆz9~åáµi²áÆ¿)Z”]Æi²ßVÆ®ZŠ(ZzgZyÅ´(6,Šg„„6,ìX



ZZZZzzzzggggeeeeööööÆÆÆÆ‡‡‡‡°°°°}}}} (attenuation) XXXXiiii²²²²ááááÅÅÅÅffff 1.5.1

Ë(6,i²áÆç{ÅlZg¥x™äc*i²áÅIÈ~ÆuÃ»g™äÆaZk(6,i²áÅZlZgzVÅÃAÔi²áÆwZzg
ZgèqpVÅÚÐfZzgÚƒÅ¢zg]ƒCìXZ¤/pˆÅ@*gõÆZÈà¡]Æ7èÃgëgÅÑb~p~Å@*gõiF̂w•Å

ƒÐic*Š{å’k,½™CìXô©]Ã',Z{gZ„ZyÐ»g™**e7ìXZkaZz²V6,ôZW,ÅˆÆa',Z{gZ„Úƒ

Æ©]»gG‰�X

XXXXZZZZ777744445555éééé EEEEGGGGEEEEgggg~~~~§§§§iiii»»»»gggg 1.5.2

Z745é EGEg~§i»g»Ñ´(6,ZgŠ¤/ŠÆ´º»i²áÐzZh"èi}ÆZOxÃZzg´º~âèÆi²ßVÆŠø7[ñZŠÃ$åLÃgnp
³¢aÆÛŠZ],}Æ´º~ 300 ƒñZk(6,ƒÐ(,~eiF̂w•Ã¥x™**ìXZkÑÆaƒÐ¬CÙ́(Æ¤/Š

Ù|#”{i²!Æ$43šð EEV)i}ÆUÅŠgZh,c*i²àß"(ÆaƒÐ(,}Âi²á)&ƒÐ(,Zxi²!Ìë�(Æw»(
Îc*Y@*ìXCÙÈ~ƒÐic*Š{w»´(ÐƒÐe4,ŠOÃ,6,zZµƒ**�ÛnHY@*ìXÓx$43šð EEV~Ð´(6,wZzgÃA»!*ë
g*�iF̂w•»ƒÐ(,ZêŠêìZ745é EGEg~c*

$›4o-ö
G

GE
§i~ZEwHY@*ìXZkaZ745é EGEg~§i»g~ƒÐZëUCÙi²áÆÈÆ

Zzg (deterministic) »(Î**ìXZ%zz§hVÃŠzãCŠ~ŠgzÈ-V~¦HYYì:Z745é EGEg~ Mmax aƒÐ(,Zw

��Šg`fs~Z"gÆ‚BÒyK‰�X (probabilistice) ZÈà

(((((deterministic) »»»»ZZZZ777744445555éééé EEEEGGGGEEEEgggg~~~~ Mmax

Ô¥x™ä»Z745é EGEg~§i��ZÒz9ZEwHY@*ìz{”]Zzg¢lç
GI

Li}Zzgi}ÆU~ŠgZhÆŠZ],Ó»g Mmax ƒÐ(,}wÔ

ÅlZgzV!5Õä IMMMðÔOW,{´‘ZzgÈîZsYÆŠgxyZ(g~Zz‰lZgÆ©]6,«ìX (parameter)

(((((probabilistice) ÈÈÈÈàààà »»»»ZZZZ Mmax

¥x™ä»ZÈàZ0+ZiZ•ðŠgÑgc*]»ZEwìX Mmax

XXXX8888XXXXZZZZööööXXXXZZZZÝÝÝÝXXXXZZZZ}}}}§§§§iiii»»»»gggg 1.5.3

Z745é EGEg~§i»gÆ}òX»É™Š{(ÐZq-ºmÃA6,zZµƒäzZáZq-zZui²!6,ŠZgzæZgìXÓxqgZ]��$›å GOŠÅzWuÃw�c*
Zy6,ŒƒC�ÔÆaôp(ÃåD¯äÆ‡.Þ7�XZkaË(6,i²!Æç{»‡.ÞZ±g(qÝ™äÆat¢zg~ì

�́(ÆZgŠ¤/ŠZ”ÂVÆi²ßVÆZW,Z]»ZyÅŠg„„Æ‚B̈gHYñXi²áÆç}»ZÈà‹t)8XZöXZÝXZ}(Zq-
Òy™Š{ç{ÐXîÆz9~åáµi²áÆZW,Z]Zzgi²áÆz̧qÅ"F,KM¡]ZzgÃAÆ‚Bi²áÅØzVÅf6,̈g™ä
Æ§j½™@*ìX



8ZöZÝZ0+Zí(6,Òy™Š{ç}Ð"XîÆzMÆŠzgZyZk(ÆZgŠ¤/Š́º~åáµi²áÆ¿ÅzzÐÉ™Š{¢o
w•ÅlZgÆa%“ZÈwè„Å7ÃÒy™ä6,«ìXZkÑÆaegnÅ¥â]�CðYC�Šg`fs�:X

³³³³¢¢¢¢aaaaÆÆÆÆÛÛÛÛ¢¢¢¢ÆÆÆÆZZZZ0000++++gggg(((( 300 çççç}}}}~~~~ççççzzzzyyyyiiii²²²²ááááÆÆÆÆÈÈÈÈ))))VVVVwwwwÆÆÆÆîîîîgggg6666,,,,́´́́((((ÆÆÆÆZZZZggggŠŠŠŠ¤¤¤¤////ŠŠŠŠ (1

CCCCÙÙÙÙÈÈÈÈ»»»»ááááµµµµååååiiii²²²²áááá»»»»¿¿¿¿ (2

((((ÅÅÅÅSSSS::::]]]]))))VVVVwwwwÆÆÆÆîîîîgggg6666,,,,ZZZZggggMMMMCCCCZZZZzzzzggggiiiiˆ̂̂̂FFFFqqqqÑÑÑÑ]]]]((((ÔÔÔÔZZZZzzzzgggg (3

ZZZZkkkk!!!!****]]]]»»»»ZZZZÈÈÈÈwwww����iiii²²²²ááááÆÆÆÆ””””hhhh++++wwww••••ÅÅÅÅllllZZZZggggZZZZqqqq----{{{{mmmmiiii²²²²ááááÆÆÆÆzzzz̧̧̧̧qqqqÆÆÆÆzzzz‰‰‰‰ÜÜÜÜZZZZqqqq----ÒÒÒÒyyyy™™™™ŠŠŠŠ{{{{RRRRÐÐÐÐ((((,,,,||||YYYYññññÏÏÏÏ (4

XXXXââââèèèèÆÆÆÆññññZZZZŠŠŠŠÐÐÐÐiiii²²²²ááááÆÆÆÆ¿¿¿¿ÃÃÃÃYYYY"""" 1.5.4

6,«ƒ@*ìTÆ_.Zq-ºmÈÆ (recurrance) âèÆi²ßV6,ñ�ŠZ°ZŠzÑgÃZEw™Æi²áÆ¿ÃY"¬xîg6,ƒZg~m
ÒyÅY$ËìX N(M) Æ',Z',c*(,}wÆi²ßVÅ‚Ñ:Ñb M I~

ƒZg~z²VZzg”]ÆaÀ$éMMi²áÅ-zZZEwÅYC�X6,æZäiâä~**»°WÑ]ÅzzÐ‡.Þ½z?i²áÅ”]qÝ™**½"5é GEMM
**eåZ%ñ�Š{ZŠzZg~tX»ƒŠHìXpl¬ÐƒZg~z9FÎ‚wƒYìXi²áÆ‡.Þ½z?w»(qÝ™**Zq-ÂZ%ìX

XXXXZZZZggggMMMMCCCCZZZZ°°°°ZZZZŠŠŠŠzzzzÑÑÑÑggggÐÐÐÐiiii²²²²ááááÆÆÆÆ¿¿¿¿ÃÃÃÃYYYY"""" 1.5.5

Óx8ZöZÝZ}ZgMCZ°ZŠzÑgÃZEw™Æi²áÆ¿ÃYi6,Z®g™D�Yèi²áÅ”]ZzgZmf(,~uJ-ZgMCqpV6,«
ƒCìX

XXXXiiii²²²²ááááÆÆÆÆçççç}}}}ÆÆÆÆ‹‹‹‹tttt~~~~))))DDDDßßßßgggg����wwww 1.5.6

8ZöZÝZ}Æ®Í/õGZ¥â]ÅlZgzV��i²áÆ¿ZzgiF̂w•ÅfÆÒyÆaZEwƒC�Ô~ñ�Š"F,KM¡]Ð
zZh)Dßg�wÆaˆ[ÎD�XVwÆîg6,i²áÅƒZgÅ"F,KM¡]ÔZkÅ”]Ôz̧qÔZq-ÈÆI~i²ßVÅå®ZŠ
Å„ZzgiF̂w•ÅfX¥â]ÅlZgzVÅZk§bÅ"F,KM¡]ÃÔ�i²áZzgiF̂w•aZ™äzZáâŠ~æZg`~¡~�ÃÔ
)Dßg�w¹Y@*ìXZkaZyÃåîg6,gŠ7HYYXZ¤/pteì�ic*Š{ZzgZhp!»ñZŠZ‰™ÆZ¹Á™Šc*YñX



2 !*[�
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)0*ÎyÆi²ßVzZá”V»@*g]:è©(
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0000****ÎÎÎÎyyyyÅÅÅÅRRRRiiii}}}}cccc****ŒŒŒŒÛÛÛÛllllÅÅÅÅ‚‚‚‚||||####ZZZZzzzzggggiiii²²²²ßßßßVVVV»»»»ZZZZkkkkyyyy 2.1

0*ÎyIZi„Æyz*yÆZk8zõ O~zZµì˜VÐZ’ZðŠzg~ZģyÔ-g¨ÆêÅ§sW×W×uug;åXZk»gc¼Z(å
ÆnÅY+$Ô‚i(ZyÅ§sYg;åX Arabian plate �t

::::0000****ÎÎÎÎyyyyÅÅÅÅ''''ZZZZ5555ðððð7777iiiicccc))))ZZZZ’’’’ZZZZððððŠŠŠŠzzzzgggg~~~~((((  2.1 ¦¦¦¦kkkk,,,,

» (Gondwana land) c*Uë�Í&+zZ**C tertiary 6�W\ÃDƒÇ�Zģyz*yZq-z‰Ü~&Z˜kîg6,i}ÅŠ~µ
8~î Oå)Í&+zZ**Cù¦îg6,i}ÆZkZ’Zð8~î OÃë�T~W7´ÔZ�Ûiìui}è²[Ô†!Z%MZzgÚ†!Æ8Šõ

EO�áï¸(XZk
Šzg~Zģy!*¹Z¨ðèVªÍ&+zZ**CÐ‘Í-Cå GW{ƒZXZÏŠzgZV¸yZk‘ÑCå WÏÆz‰Ü´z{ŠvZ.ðèVÆZ�ÛiÆ‚i6,zZµ

Æ‘Í-Cå GW{ Madagascar 6,Zã!*]ìXZ#� 210 Ma ÐÌ].ZƒZXZkqª~¸y»gcÑwætÅY+$åZzgtÃð Madagascar

¦/g‰�XÍc*ZkÆu1c*ÑwætÅY+$u1ÅgëgZZz‡]~ZƒCg„ìXìwHY@*ì�Zk  84 Ma ƒñƒñ½"5é GEMM

ÆŠgxyXtÐ 98MaÐ72 Ma ZzgqyÆŸYÃ{Ð”Zg;å½"5é GEMM Zargos Z’ZðŠzg~Zģy»WÐÅ§suÂƒZ8Iî EOÑwf!8~î O

¬”Zc*åX 100 - 90 Ma eìZzgŒÛ+ªkÐÌ¥xƒ@*ì�ÃÚy»Z̧Ïw•ÅzzÐz�Š~Wc*XÃÚyZzg†!-g¨Ð½"5é GEMM



(www.watershed3.tripod.com/gondwana.JPG) ::::ÍÍÍÍ&&&&++++zzzzZZZZ********»»»»¸̧̧̧ 2.2 ¦¦¦¦kkkk,,,,

130-150 mm/y ZLZ’ZðŠzg~ZgnèyÑwætÅY+$u1Æ´z{#³{~zZg¥c6,x̃g;åTÅzzÐQmgëgZq-‚w~
Ð”Zc*ŠHXZgM]ÅZ˜b~ti}ÆQkŠgxã Eurasian g{̂XZzg!*ÑìyZgnèyuÈuÈ-gµP 40-60 mm/y Ð•™

~-g¨ÅPÐ”Zc*TÅzzÐÃ{øD»Ÿz�Š~WŠHX¸zzì�Ã{øD»ŸµŠZg"âV (Cretaceous) Šzg
6,ŒìX'×h+t�tŸyz*ãPÆZz6,Ìm|ŠHìXZgnèy»f[Å-gµPÐ”ZîŠg}F,Y (Sedimentary rocks)

2.3 ë�XŒÛlyÅqgz!*ÑÒy™Š{w•c*u1»¿¦k,� Ornach/ c*gê6,z̧q5+k,ƒZTÃm fault åZzgti}Å6,]ÐZk
~Š3c*ŠHìX

::::ZZZZggggnnnnèèèèyyyy»»»»ÑÑÑÑwwwwææææ¹¹¹¹YYYY++++$$$$uuuu1111»»»»¿¿¿¿ 2.3 ¦¦¦¦kkkk,,,, ::::ZZZZ&&&&++++++++PPPP»»»»----ggggµµµµPPPPÐÐÐÐ””””ZZZZääääÆÆÆÆˆ̂̂̂ 2.4 ¦¦¦¦kkkk,,,,
(http://courses.science.fau.edu) ŸŸŸŸÃÃÃÃ{{{{èèèèøøøøDDDD»»»»zzzz����ŠŠŠŠ~~~~WWWW********

«g¹Y@*ìXZkÆ†[Å‚+?ç ELyåX Neo-Tethys ZgnèyZzg-gµPÆ”ZîÐ¬ZyŠzâVèVÆŠgxy«gzZµå&
Owen  Â»ƒŠHpZgnèyÆúdyahZƒ@*ŠHZzgZyƒÆË~ Neo-Tethys ZgnèyÅw•c*u1ZzgZkÆ”ZîÆ³~



»%æEO (Andean type) ¬ÉåOZcÔâg*yZzg¥JgÆ8Šõ
EOÌz�Š~WñXTÅzzÐZh+n 40 Ma aZƒZX½"5é GEMM Fracture Zone 

ZWz�Š~WŠHX

(Main Karakorum 8‹0î
EJyc*Z&+MPÆ-gµPÐïYäzZá7g}Æ7g}êÃÃ{èŒÛZŒÛxÅo9LÐ}ŒÛZŒÛxê†

ë�XâCÙ+èZgM]Æ_.ŒÛZŒÛxÆNh~e»z�ŠZÏ”ZîÆË~aZƒZXtÌìwHY@*ì�Z&+MPZzg-gµ Thrust)

ƒÇXZyŠzâV.VÆ”Zî»Zq-o]Zk§bÌMì�Òy™Š{5\c*”ZîÆz‰Ü%æEOWW0*uzy» 50 - 55 Ma PÆYÆz‰Ü
°‚wÆˆ[ÐWÐÅ§s(,|g;åXZ#�ZkÆ£«~W7´ZzgZ¤Cge 15 cm/y 7gZ¸Zkz‰Ü.e$u®)Æ‚B

Ðñ�Š{ŠzgJ-%æEOWW0*uzyÑwÅY+$$h45é
E

EGMMÁgëgÐÑwÅY+$w• 53 Ma ¬ƒZƒÇXÍc*  80 Ma ½"5é GEMM (Antarctica)

Æµn¶X 4 - 6cm ™gì¸XìwHY@*ì�ZyÅtgëgZq-‚w~

ÃÚyZzgÉåOZc Tethys sea Z#ÃÚyZzgÉåOZc»¸-gµPÐY5Ô�W`ÌZyèVÆÑwÅY+$zZµ�ÂZyÆŠgxyqb
ÆèVÅµ~ŠZ4ƒ™¸T$ƒŠHX

Main Ðƒ@*ìXŸYÃ{èøDÆ†!‚ÅI^Y^ Main Mantle Thrust (MMT) ÃÚyZzgÉåOZcÆ”Zî»ZÖg
(Plateau) ZzgÃÚyÅR%E (Potohar) Ðƒ@*ì²ÑàŸYÃ{ÅI^Y^ZzgZk»Š!*î7Y;g Boundary Thrust (MBT) 

nÆƒäÆ‚B‚BZÌJ-0*ãÐF,¶Zzgûè}Åâ#¶XZgnèyz0*ÎyÅPÃ¬x (Sedimentary) ÆZz6,å�Zkz‰ÜgÎ!
 ÅMð~;ƒZìZzgt(ZyÆ%6  850 km mÐ».ÞJ-½"5é GEMM fault c*mŠgZh¹Y@*ìXtŠgZhc* chaman fault îg6,

´‘ZzgÃ{èøDÆÑà8~î OÃZq-Šzu}Ð5@*ìX (convergent)

6�¬Ìi}Å6,ÂVÅw»]Æe~ÒyHY[ìiF̂6,ÂVÅZÏw•Æ:LW`Ì0*ÎyÆ‰8{ð OV~i²á»!*)̄ƒC
iF̂I^Y^»z{´‘�(ZyÅui}ÐDÙZg{ZzgòJ-;ƒZìÔQk»z�ŠÌ0*uzyPZzg²[z-gµPÆ£Šx»³  �X

ìX8‹0î
EJ(Zy»z{8~î O�R«gÆnzZµìz{ÌÑwÅY+$Zk%æEOWp6,]TÃ²Î-gµP¹Y@*ìÔÆnÅY+$`ŠHìX

0*ÎyÆ%œ/ZzgÑwÅY+$�ŠgZhzZµìz{Ì0*uzyZzg-gµ.VÆ”ZîÆË~aZƒðìX

@*g]îg6,ZzgZyØZ@Æfg=�Šzg].h+ÅïÅzzÐtìwHY@*ì�0*Îy~i²áW`ÌèÃg{!*Ñ6,ÂVÅw•~z�Š0*D�Xp
Zki²áÅªZzgâÎ0*ÎyÆZ´̧V~ZƒCìX0*ÎyÅui}6,zZµ¹Ïz{ŠgZh,�Rèi}ÆŠg}4,Šq-zZµ�Ô
ZyÅ¶K0+„‚0ZâVÆ¯ñƒñ&VÐƒYCìXZk§b0*Îy~ñ�Š{Šzg~WäzZái²ßVZzgZyÅŠgZhzVÆzZW»Z±gÌ

ËuJ-¥xHY[ìX@*ëËZq-i²áÆòÃËºmŠgZhÐzZh™**ZÌÂìZzgZkÅ{mzztì�‰Á�~ŠgZhzVÐZ[

J-åîg6,¥â]qÝ7�XpQÌ0*Îy~WäzZáz{i²áX»uZzgŠv¥â]ÐËuJ-Zk!*]»ZÏsƒY@*ì�



i²!0*Îã6,]ÅÁÁŠgZhzVÅzzÐzZµƒZìX

Z1ZÁZ`‰(,}‚0Zyäui}è0*ÎyÃ(,}(,}i²ßVzZá´̧V~„HìTÅzzÐÈ™àª6,§qÝcÅY$Ë
(XqÑèZk§bÅ„~¼{xVÌ�TÅzzÐÈ™wÅÝ]ZzgZkÅâÎ»7gZ7gZZÏsƒ**ÂìX¾qwt 2.6 ì)¦k,

„ÔÁZiÁ¬gèîg6,„�Ôi²ßVÅÆ¥â]Æn{mæŠÇgU*"$ƒðìX

((((ZZZZyyyy»»»»8888IIIIîîîî EEEEOOOO 1

0*ÎyÆ†[~zZµ(ZyÆêZzgZk,ZyÆ†[æ¹8Šõ
EO„CÙz{´º��ZK',Z',zZàiF̂6,]Æn

²Ÿø
YN

‰�X(Zy»¸8Iî EO

»8Iî EOÌ¹Y@*ìXt8Iî EO!~Æ‚B subduction ŠgZÝi²ßVÅiŠ~ìXëZÐ(Zy»È™à8Iî EOÌÈMh�XwZkÈ™à8Šõ
EOÃ

',Z',zZà6,]ÆnŠZ4ƒg;ìX

YÅŠ;ð~z̧q5+k,ƒñÅ̧5éEMMqgz!*Ñw•Ð„m 1940 ù¦îg6,t8Iî EO5ww•zZÑ8Iî EOìX‚iè(Zy6,qDWäzZái²á�
aZƒZTÅzzÐ‚i (Tsunami) ÃzZµƒZZzgZkÅzzÐZq-(,Z«g~îÃy (Ms=8.0)1945 âÞ  27 gBbìXZy~ÐZq-

~7Wc*XZyŠzâVi²ßV»%œ/ 1945 Z~ 5 (Ms=7.3)  ÆŒÛd$zZµ¹ÐAQ(zZáNhw•~W‰XŠzuZzZ§
ÅqD‚³ïÐÌ¸ªCÙƒ@* (S. Lodi) ZzguzlßŠ~ (R. Bilham) ½"5é GEMMZq-„£x6,zZµåXZàyÆgZ̀&Ð:ê EX (epicentre)

ì�tŠzâV&Ò54ø FGHX»Zz6,f™HŠHìZq-Šzu}6,m|YäÆOñZq-Šzu}Æ‚BZzgŠÁZ0+Zi~Zq-Šzu}Ðg¥/3g„�X

Figure 2.6: Seismotectonic provinces of Pakistan. The heavy lines outline the various seismotectonic 

provinces. The numers corres-pond to the numbered sections inthe text. (Geodynamics of Pakistan,

Abul Farah and Keed A. DeJong, Geological Survey of Pakistan, Quetta 1979)



cccc****%%%%}}}}»»»»QQQQ¸̧̧̧gggg Murray Ridge 2

**òŠgZhŠgZÝQk!*î&+g~ÑíÅ owen %}»Q¸g»È™à´‘Qy'æZ5ðS:]Ðmg‚rì�ìï²[~zZµ�X%}»Q¸ge
¶K0+„™Cì�Z&++Zzg²Î.VÅŠgxãuÃªCÙ™@*ìXñ�Š{iâ:c*Šzg~ŒVÅÈ™àª%}ÅQ¸gÆ:LaZƒðìZ¤/p

Ðic*Š{¤‰Ü»7ƒ@*X 6.0 ŒVi²!Å¤‰ÜÁŠgzÅƒCì�À˜

™™™™ZZZZcccc»»»»††††[[[[ææææ¹¹¹¹‚‚‚‚́´́́´́́́‘‘‘‘ 3

Zk´‘ÅÈ™àÝ]»DZÌJ-**»°ìXZk´‘~i²áÅzzÐaZƒäzZàw•¼Šgz¶Å§sƒCìXqÑèZ[J-(,}Šgz
¢aÅ—~6,Zk(zZµƒZ˜VZhx$Ã«  7-9 Y~W[ìXäizgÀŠ~‚~ 1819 �y 16~(Ran of Kutch) »i²!U¼

ñ�ŠìXÍc*Z[J-XŠgZhzV»ØÎìz{æ¹‚~„zZµ�Í�tÑwÅY+$Zq-¸kÅ̂Z(g™gìXëÈ (fault scrap)

Y»i²!aZƒZåX 1819 Mh��tZkŠgZhÆáZi~ìTÅzzÐ

ÃÃÃÃ{{{{èèèèPPPPÁÁÁÁ»»»»††††!!!!ŸŸŸŸ 4

Ô"ìFE»ŸÃ{Zzg†!0*Îy~zZµñgNh~e (Khude Range) qgz!*Ñi²à´‘FNh~ÎV!5Õä IMMPÁÆNhÔpŠ}ÅNh~
Æig&yZã´ºJ-; (Indus Basin) Ð¤ky ornach - Nal ÌZk„´‘»8~î O�Xtf[ÅY+$ (More Range)

(XZk´‘ÅÈ™àª¼Á„ìXZk~ŠgxãŠgzÅ&¢AìpZ[ 2.6 ƒZìX̧yZ™̄´‘ZkÆæt~zZµì)Š¶¦k,�
w»]»Z[J-ÃðD7ì: Teleseismic J-Zk´‘~Ãð(,Zi²!z̧q5+k,7ƒZìXqÑèZkÅÒŠgZhzV»è`c*Y[ìp

6,Wc* 26.29°N, 66.54°E ~Wc*åZkÅ¶K0+„ƒmì�z{ 1974 ZÆ', 4 Z[J-ZkÆWU*g„ÃWñ�XZ[J-ZkÆZq-i²á»�
åX

PPPPÁÁÁÁ»»»»ÑÑÑÑàààà]]]]ÒÒÒÒhhhhÒÒÒÒ0000îîîîJJJJÃÃÃÃ{{{{ 5

(XZkÈ™à´‘Æf[~mÅŠgZh 2.6 ŒVPÁÆÑà]ÒhÒ0îJÃ{Ð%ZŠz{8~î OìT»¥cÃ@Ðìï²[ÅY+$ì)¦k,
ZzgætÅY+$Šgc*ñ�|»yZã´‘�áï�X (Chaman fault)

 ÐmgBbì�ZkÆÑwæ¹‚~zZµ�XZy~ÐZq-%œ/~',Zƒ~ŸYÃ{ (faults) Zk´‘ÅÈ™àª»Z®gZyŠzŠgZhzV
Zzg™ZcÆ4,Šq-yZã´‘Ðmg‚rìXtuzŠuŠgzæ¹Y+$ìZzgZkÅw•»Ÿ0*uzyP (Central Bravie Range)

Ms=7.4 ~Wc*åZzgTÅ¤‰Ü 1931 Z~ 27 Zzg-gµPÐmg‚rìXZkŠgZhÆ‚tzZÑ8~î OZq-(,}i²áÅzzÐaZƒZ�
¶XZk´‘~Zq-ZzgŠgZhÌñ�ŠìX

ÌŠgc*Äƒðì�ÑàPêŸYÃ{ÆáZi~ìXtŠgZhÃ@Ð†[ÅY+$!]J-#ƒðìXZkŠgZh6,Zq-  ZÏ§bÅZq-ZzgŠgZh



³¢a¶TÐZkÅw•Æ®ÿ N´‘»Z0+Zi{ƒ@*ìX 150 Y~Wc*åZzgZkŠgZhÅMð 1935#30 ¶Ô Ms=7.5 i²!TÅ¤‰Ü

ÃÃÃÃ@@@@QQQQ||||ÈÈÈÈ™™™™àààà´́́́‘‘‘‘ 6

Ã@»ti²à´‘ætÅY+$“ƒñZkNh~e~zZµì�Ã@ÐÃ{ÑyÆ†!8~î OJ-özŠìXtŠgZhzVZzgiF̂qV»z{8~î Oì
X»m0*uzyZzg-gµ.VÐ!3}ÿ

GOìXZyÅÑwÅY+$“ƒä»:LÅ̧5éEMMz{qŠXìT~6,]ÆZk8zõ OÅI^Y^»³ì
ZzgÃ@ÆQ|´‘~zZµìXI^Y^ÆZk8zõ O»f™WÐ−ÒyHŠHX (Central Ranges) �Ñwf!‚~%œ/~NhzV

g„¶X 7.0 qgz!*Ñi²à´‘z{¸ìT~—ŠgzÅw•ŠÚ~WðìXqÑèZk´‘~Ri}6,WäzZàÈ™àØzVÅ¤‰ÜÜs
ÆŠgxy¶X 6.4 - 6.8 (Ms) Y~&i²áW`�XÅ¤‰Ü 1966 Ã@ÆÈ™à´º~gL(,}Fi²á¥zúƒ`�X!5Õä IMM

YJ-¼Ñ¤‰ÜÆòÌCkƒñ¸X 1931 ¶XZyÆ´z{ 6.4 ~Šz'×h+òZk´‘~WñXÅ¤‰Ü 2008 ZÆ', 29 ZkÆˆ

ÃÃÃÃ{{{{èèèèÑÑÑÑyyyy»»»»ŸŸŸŸ 7

tŸÃ@Ææ¹Q|Y+$ÐÑwætÅ§s;ƒZìXZkeÐmgppzZÑÈ™à´‘Ã{èCÅŠgZhJ-;ƒZìXtŠgZh0*Îã
(XÃ{èC~zZµtŠgZh0*uzyÆI^Y^zZá8zõ OÐYQìX 2.6 uzŠ~zZµì)¦k,

ñ�Š{iâä~ZkêÅÈ™àw»]ætÅY+$zZµŠgZhzVJ-#ƒð�XZk´‘~WäzZái²ßV~Z[J-ƒÐ(,ZÔ
~CkƒZXÍc*Z[J-Zk´‘~ŠgxãnÆò„WDgì�Zzg°ZÒw¸ZyÅWy~u¥xƒCìX 1931

XXXXmmmmÅÅÅÅŠŠŠŠggggZZZZhhhh»»»»´́́́‘‘‘‘ 8

Æ´‘6,ŒìXt†!0*ÎyÐÑzqƒ™Ñw 800-900km mÅŠgZhZq-(,~ŠgZhì�!*NY+$”ZCƒð¼F,hƒCƒð½"5é GEMM
J-#ƒðìXZk»ÚZãE´‘6,;ƒZƒ**ÔZkÅ.e$�{Zzg™s‚|#ÅzzÐZkŠgZh (Chariker) ~ZjjîyÆ´‘ln

ÃZq-‘Í-Cå GW{i²àÅ̧wŠ~YCìXZkÃ«c*ŠgZh6,gL(,}c*ŠgxãŠgzÆi²áWDgì�XÍ�ñ�Š{iâä~Zk~i²ßVÅ
¤‰ÜŠg}ÁŠgzÅg„ìXZÏŠgZhÅzzÐmàÆÑwætÅY+$i²áWñ�XZÏÅzzÐ&ŠgxäZzg(,}i²áÌZÏŠgZh

YÐ¬L7**8̂X 1900 ÐzZ$iIî EGYD�XpZyÅ̧]

(Ornach-Nal Fault Zone) ZZZZzzzzgggg7777----9999ÅÅÅÅŠŠŠŠggggZZZZhhhhzzzzZZZZÑÑÑÑ´́́́‘‘‘‘ 9

J-;ƒZìZzgZnˆ 160km **òŠgZhqbìXZk»îw½"5é GEMM Ornach-Nal †!PÁÅNh-VZzg(ZyÆi²à´̧VÆŠgxy
ZzgmÅŠgZh,F Ornach-Nal Zk»¥cÑwÅY+$ƒY@*ìXZkÅzzÐ„Å̧5éEMM!*NY+$ÆZ|ZzgÀŠ~È™àw»]aZƒC�X

Z±gÐZq-Šzu}ÐQQ�XŠzâVÆŠgxy«o9LÂtì�tNh~Q¸gÃ7Vîg6,»3�XZzgŠzâVZi²àZ6b



Æ´̧VÅuzŠ³™D�X (Sectomic style)

¿z�Š~ Teletectonic ¿ÐtzZ$iIî E�c*ZézzÐŠzgq¢»ÃðÌ Teletectonic t!*]ÂÐ½Y$Ëì�ñ�Š{ŠzgÅÃðÌ
(Ornach-Nal Wc*ìX²FZi²ßVÆ%œ/ZkŠgZhÆ4,Šq-zZµgì�Xt!*]ÌzNt÷B7½Y$Ë�ËÌi²á»ZkŠgZh

ÐÃðmÌg;ìc*ZkÆ4,Šq-zZµËZzgŠgZhÐÌZy»mg;ìX Fault)

ÐËÌi²ác*i²Zàw•»Ãðm7g;pZyÅñ�ŠÏÐt¢zgªCÙƒ@*ì�âèÆË8~î O~Zy»m Ornach-Nal Fault qÑèZ[J-

Z,£x6,zZµì�ZkÅzzÐZ&++Ô-gµZzg²Î²Ëz‰Ü†[ÅY+$uu_�c*_ Ornach-Nal Fault i²ßVÐg;ƒÇX¾qw
Z+(6,ñ�Šì�̃VÐÅ̧5éEMM(ZyÆ',Z',zZà6,]ÆnßYä»Zzg†!‚~−Yä»:L¯ƒX Ornach-Nal Fault ƒVÏX

¤¤¤¤////ŠŠŠŠmmmm,,,,ÔÔÔÔ))))ggggZZZZzzzzggggÃÃÃÃ{{{{èèèèCCCCÅÅÅÅŠŠŠŠggggZZZZhhhhzzzzVVVVÆÆÆÆ´́́́ºººº 10

(X¤/Šm,ÅŠgZhçãÆâZb~mÅŠgZhJ-zZµ 2.6 ¤/Šm,Ô)gZzgÃ{èCÅŠgZhzV»ŸætÅY+$».Þ)Zjjîy(J-;ƒZì)¦k,
ìXZ#�)gÅŠgZhZkÃ«Ð°wW!*ŠÆætÐf[J-¬YCìZzgQk»Yñz̧q¤/Šm,ÅŠgZhÅ§b»„ìXZkÆ',ÜsÃÓC
ÅŠgZhætÅ§s¥cGƒñ0*Îy~DÙZg{Æ´ºJ-¬YCìXptçãZzg°wW!*ŠÆŠgxyÜsWŠñÃAJ-V™»ƒYC

~Wc*ZzgZkÅzzÐ¤/Šm,ÅŠgZh»Z0+gzã8~î OI^Y^ŠHX 1842 ìX@*gõ~Z[J-ÜsZq-i²!�ŠgxãZzg(,}ŠgzÆŠgxy»å

0000****÷÷÷÷XXXXŒŒŒŒÛÛÛÛZZZZŒŒŒŒÛÛÛÛxxxx»»»»´́́́‘‘‘‘ 11

0*÷XŒÛZŒÛx»´‘-gµPÆ¼ÃAJ-ZkÅ†!8~î O6,zZµìX'×h+t�ŠgZhZ&+k^ð NlÑíÆÑwÅY+$zZµìX´z{Zi,‚,$Å
§b.Þ3c*ƒZZq-Q¸g0*uzyÅ6,]Zzg-gµPÆŠgxyƒW@*ìXŒÛZŒÛxÃ«)ŠgZh(ÅZq-{¤tÌì�tZq-(,~ŠgZhÅâ#

J-0*÷Ã«Æ4,Šq-WˆìX 200-250km Ã«̂~½"5é GEMM Strike slip Šg}ŠZNY+$Zq-

ŒÛZŒÛxÆ´ºzZài²ßVÅªÁZiÁŠzgq¢~7V7gSXuÆi²à´‘Åu¤/ò5wÐ—ŠgzÅS:]ÅqïìX@*ëZk
(Å(,~Ð(,~u¤/òZ[J-ŠgxãŠgzÅ„g„ìX

DDDDÙÙÙÙZZZZgggg{{{{»»»»´́́́‘‘‘‘ 12

c*µƒ™ƒYäzZá8zõ OÅ§s� faults DÙZg{Æ´ºÅi²àuzŠ¹uJ-özŠ́º~ìXZkÆZW,Z]Àòîg6,NhzVÆZy
Æ´‘�ÔÑà0*Îy~zZµ�XZk´º~�Ì—hc*I^Y^ƒðìz{ãCŠ~îg6,Nh~RÅZk»^Y.$ (fault) �DÙZg{ÅŠgZh

ÅzzÐzZµƒð�0*uzyZzg-gµ.VÆ”ZîÆË~%ŠZgƒZìXZk8zõ O~u¤/òZ[J-ŠgxäŠgZÐ—ŠgZÆŠgxyg„
ìX@*ëŠzgèq¢~Zk´º~ÃðÌ(,~u¤/òŠÚ~7WðìX



‚‚‚‚««««ggggffffcccc****ÃÃÃÃ{{{{èèèè####»»»»NNNNhhhh~~~~¸̧̧̧ 13

(zZµ�X‚«gfZq-'ç NH}ƒñ 2.6 tNh~¸DÙZg{Æi²Zà´‘J-;ƒZìXZkÆf[~Ã{èÑyZzgæt~Ã{èøD)¦k,
XZkÅtqªŠgZÝ (foreland thrusts) Ã«Åâ#ì�Þ½Å§bƒäÆ!*z�ŠZ0+gJ-0*uzyÅP~ŠvZzgIN*YN*ƒZì

ZkNh~eÅ-gµPÐ£ŠxÅzzÐƒðìX

gzúƒ$Ë�XZzg¸ZkÅZq-ÚìXqÑè (activity) ZkÆZŒ¥cÆ—hc*I^Y^ÅzzÐZk¸~ÜsŠgxãŠgzÅw»]
0*ÎyÆŠzu}ê�ZkÅ§bZŒ¥c6,zZµ�Zy~t{¤70*ðYCXZk)̧‚«gf(~qDŠzg~ÃðÌ(,Zi²!zZµ7ƒZ

(salt 7g}Æ7g}‚«gf (mb < 4) ìX@*ëgLeä6,ÅYäzZàïÐZk|Å¶K0+„ƒCì�−ŠgzÆi²á
ìX (active) ~WDgT�X‚«gf»À{̧mîg6,ZkÅf~a‹Vc*f~8~î O˜VZq-F,hÏŠgZhì{Ãu range)

ÃÃÃÃ{{{{èèèèøøøøDDDD 14

øDÆê»ÑgZyZÍA´̧V~ƒ@*ì�0*uzyZzg-gµ.VÆ”ZîÆË~aZƒZìXtNh~ŸDÙZg{ZzgòÆ5\zZá8zõ O

Zk¸~ŠgxãŠgzÐá™—ŠgzJ-Æi²áWäÅS:]ñ�Š�X@*ët  (X 2.6 ÐÑzqƒ™†[ætÅY+$;ƒZì)¦k,
Óxw»]ù¦îg6,ZkÆZŒI^Y^zZá8zõ O~WäÆZk**]ic*Š{�XtŸYÃ{Zk7g}êÆÑwÆæt~zZµì˜Vyz

Å̧5éEMMZÏ (Ms = 8.0) »z{(,}Šgz»i²!&»õ{»‚¢¹Y@*ì 1905 0*uPL-gµPÐ”Zð¶ZkÆáZi~“ƒñ�X
~i²!Wc*åXZk£x6,˜VDÙZg{òê»!*b 2005 ³¢aJ-MåZzgòÆZk´ºÐY5å˜V 250 ê~zZµƒZZzgZk~½"5é GEMM

Z%ozZµìXz;VZk»¥c†[ætìÔ†[f[Å§sƒŠHåX@*ëi²ázZÑºm8~î OZzgz;VzZµŠgZhTÅ**\�Z[J-ÅY_
³¢aJ-DÙZg{ò5\zZáêÐWÐ@lŠHìX 100 ìQkÐZki²á»mŠ3ð7ŠêÉtZŒ

����||||¤¤¤¤kkkk 15

�|¤k0*uzyPÃ{èøDZzg‚«gfÆ†[~zZµìXZkÆÑwÅY+$0*ÎyÆZNhzZµ�X�|¤k~i²áÅ
Ý].e$Á�XqÑè‰z!V~ŒVWäzZái²ßVÐ´‘Ã¹vyÌàìXøDÆ†[ÅY+$}}i²áÅªaZ

Æ(salt range) ³¢aìXt́‘Ã{è# 200 ½"5é GEMM frontal thrust ƒCì@*ëti²à´‘ÌZq-¦|~zZµìZzgZk´‘ÅMð
áZi~zZµìXpZkÆZzgÃ{è#ÆŠgxy¹ic*Š{Ã,7ìX�|¤kÆ´‘~�Ìw•i²áÅÏƒCìz{†!PêÆe

c*ŠgZhzV»ÃðuÌ»g7HŠHìXZkÅ (faults) ÆÑw~ƒCìXZ&+kBc*�|¤kÆ´‘~Z[J-R6,zZµƒäzZáÃu
|¼-VÌƒ$Ëì�Zk´‘~Šgc*ñ�|Åœ-VÅÑðƒðèäZyŠgZhzVÃ0*^Šc*ƒX

0000****ÎÎÎÎyyyyÅÅÅÅddddwwwwŠŠŠŠggggZZZZhhhh,,,, 2.3

Y~ 1979 ÔZ1ZÁZ`Zzg0ä Quilttmeyer zWeä6,WäzZái²ßV»ÒyZk’k,ÆèÃg{!*Ñ8zõ O~HŠHìz{E+™{ìTÅãCŠ



Mineral g¿¶Xp’k,ÆZk8~î O~ZÏªÃŠg}!*gq-|Æ‚BÒyHŠHìXãCŠ~îg6,Zk»xÅZ’ZYZÚZä
Y~Å¶̂X¦k,� 1972 Æik,ôZã Advisory GroupÆDevelopment of the CENTO Economic Committee

~Óx(,}nÅŠgZhzVÅ¬]Š~ˆ�X@*ëZkE+™}ÃŠzgq¢Æ»çVÐëW}™äÆnP™{§jÆ´z{ŠvfgZù 2.8

ÐÌ»x1ŠHìX

mmmmÅÅÅÅŠŠŠŠggggZZZZhhhh 1

mÅŠgZh»D«!*gQkz‰ÜƒZZ#m~Zq-(,Zi²!z̧q5+k,ƒZXZkŠgZhÅâÎZ+ì�‰"yÃizgÐé™%zhŠc*ŠHƒXu‚i~
Æ¿Å?Ï™CìX (geodynamic) éìX0*Îy~tiF̧̂] 200 ÆŠgxy 30°E Zzg 10°N Æfg=t¥xƒZ�ZkÅMð

ZZZZzzzzââââcccceeeeððððwwwwÅÅÅÅŠŠŠŠggggZZZZhhhh 2

Y~Šgc*ÄÅ¶XZzgZk»¥c(,~uJ-ÑwÅY+$ìXt$h45é
E

EGMM5ŠgZhìX�mÔ 1960äThe Hunting Survey Corp. tŠgZh
~ZkŠgZhÆ´z{‚] 1960äThe Hunting Survey Corp. Zzg**cŠgZh~pÅzzÐaZƒðìc*ZkÂx»Zq-8~î OìX

(X faults 3-10Ô2.8 '×h+ŠgZh,ÌŠgc*ÄX�$h45é
E

EGMMgK‰)¦k, (7)

((((££££ÕÕÕÕääää EEEEOOOOeeeeððððggggÅÅÅÅŠŠŠŠggggZZZZhhhh 3

éìX 20 Ð¦/gCìZkÅMð½"5é GEMM kirdagap Å§sìXtzZŠ~Ð(£Õä EOeðgÆæ¹Y+$ NNE-SSW ZkŠgZh»¥c

::::0000****ÎÎÎÎyyyyÅÅÅÅ&&&&????ççççOOOOuuuuŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»»»»»©©©©uuuu 2.8 ¦¦¦¦kkkk,,,,
(Pakistan ((Geodynamics of Pakistan, Abul Farah and Keed A. DeJong, 

Geological Survey of Pakistan).



7777åååå NNNN7777ŠŠŠŠggggZZZZhhhh 4

éÆÃA6,ìX|tì�ŒVÅŠgc*ð)XèÆ´º~ŠzZzgŠgZh,Zq-Šzu}Æ 20 tŠgZh**wŠgc*ÆÑwÅY+$.Ð½"5é GEMM
Å"âVÃ»¦ƒð½"5é GEMMe:éÆÃAJ-¬YCìX Turbat Group áZi~ñ�Š�X†[ÅY+$tŠgZh

ZZZZzzzzZZZZggggZZZZyyyyÅÅÅÅŠŠŠŠggggZZZZhhhh 5

éÆÃAJ-ZkàÆÑwf[ÅY+$zZµìX 9 ÆáZi~ìZzgZzZgZyàÐ½"5é GEMM regional strike tÑwætÐ†[f[

)))),,,,ŠŠŠŠZZZZggggÅÅÅÅŠŠŠŠggggZZZZhhhh 6

),ŠZgÆŒÛd$ŠzŠgZhz~Åñ�ŠÏ»Ø`c*ŠHì�ñ�Š{ŠzgÅŠgc*ð)XèÆfí}Ã»¦ƒð¦/gg„�XZy~ÐZq-Â),ŠZgÆÑwÐ
éÆÃA6,ZkÆ†[æt~zZµ 4 ¦/gCƒðZkÆÑwætÅY+$zZµ�áCÙZ{Å§s’YCìZ#�Šzu~ŠgZh),ŠZgÐ½"5é GEMM

ìX¾ßg]ŠzâVŠgZhzV»¥cÑwætÐ†[f[Å§sìX

ÍÍÍÍÄÄÄÄîîîîŠŠŠŠggggZZZZhhhh 7

qw„~ÍÄîÆÇîV~ŠzŠgZhz~»Ø`c*ŠHì�ZkÆ†[f[ÅY+$zZµ�XZy~ÐZq-ÍÄîÆ†[f[~½"5é GEMM
éÅMðJ-¬ˆìXZ#�Šzu~ŠgZh 6 éÆÃA6,zZµìXZk»¥cÑwÐ†[Å§sìXtñ�Š{ŠzgÅŠgc*ðèÃ»¦ƒð 8

éÅMðJ-H 16 Å§sìXZk»Ø WNW-ESE éÆÃA6,ìZzgZk»¥c 27 ÍÄîÆ†[f[ÅY+$ZkÐ
YYìX

®®®®ÐÐÐÐ----....çççç
NNNN

GGGG<<<<LLLLÅÅÅÅŠŠŠŠggggZZZZhhhh 8

ZzgŠzu~ŠgZh» (EW) tŠzŠgZh,��Šgc*ð)Xè~zZµ�XZzgt®ÿ N÷<LÆŒÛd$„zZµ�XZyŠzâV~ÐZq-ŠgZh»¥cætf[
Å§sìX (NS) ¥cÑw†[

ZZZZ££££zzzzZZZZwwwwŠŠŠŠggggZZZZhhhh 9

Å§sìZzgtŠgZhÆÑà8~î O~qD¦”{Šgc*ðèÃ NE SW tŠgZhZ£zZwÆgw}ZøÐ†[f[ÅY+$zZµìXZk»¥c
»¦ƒð¦/gCìX

ÃÃÃÃ{{{{ÑÑÑÑyyyyÅÅÅÅŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»´́́́‘‘‘‘ 10

Æfg)Èˆ�ñyÆ´ºÅ£zk,ÐŠzŠgZhzV»Ø`ì�%zh3ðƒðÏŠgZh,¥xƒC�XtZZnKMÃ{èÑyÆÎV 7 Z7ß
Æætzf[ÅY+$ZÏNh~eÆŒÛd$0*ðˆ�XZy„£zk,ÐtÌªCÙƒ@*ì�ZkŸYÃ{6,0*õŠgZh,Z+Ì��ZkÆZz6,Ð



(ìXZ#�Šzu~ 10aÔ2.8 ŠzâVY+$Zk§b#ƒð�‰�Ãð¿Ë³ZyÅ#6,´ƒ@*ìXZy~ÐZq-»**xaŠJyŠgZh)¦k,
(Æ**xÐñÎxHŠHìXtŠgZhezrZÆÇîVÆŒÛd$f[ÅY+$#ìX 10bÔ2.8 )¦k, (Domanda fault) ŠgZhÃezrZŠgZh

(XZy~ÐZq- 10cÔ2.8 ZyÆ´z{&ŠgZh,�ZK343ï XJGGÆZ±gÐ.Þ3ðƒðCkƒC�ÃÓÑyÆf!uÆ0*kzZµ�)¦k,
ZzghÃ^ (Manikhawa) ŠgZhT»**xªèÑyŠgZhìz{+Bï

GEGLÑyÅaKÆf[ÅY+$ZkNh~aKÐ¹„4,Šq-ìXâã{z{
ÅŠgZh,Ì+Bï

GEGLÑyÆf[ÅY+$ZkaKÆ¹4,Šq-0*ðYC�X (Moghulkot)

(Mekhtar-Kohlu fault zone) ÞÞÞÞÃÃÃÃÛÛÛÛÅÅÅÅŠŠŠŠggggZZZZhhhh»»»»´́́́‘‘‘‘ 11

‚~¬YC�XZy~ÐegŠgZh, ENE - WSWÐWNW - ESE ›!*rÆ†[æt~zZµŠgZh,ñ�Š��Qyƒ™
(dwnÅŠgZh,¦gÅYC�T»Di²ßVÆ%œ/»Zy 11dÔ2.8 (Zzg4ZŠgZh)¦k, 11cÔ2.8 XÆ**xÞŠgZhÔÜÄŠgZhÔÃŠŠgZh)¦k,

ŠgZhzVÆ4,Šq-ƒ**¦gHY@*ìX

UUUU¼¼¼¼ÅÅÅÅŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»ŸŸŸŸ 12

~Zq-i',Š„i²!Wc*åTÅ 1819 ÅY+$ìX¸z{(ì˜V (E-W) t&VÆ_.Zq-‘onÅŠgZhìT»¥cætÐf[
~È`~ 2001 ¢3ï

E
GH�ZðJ-»´‘OW,ƒZåXZki²á»¥cætzf[Å‚~åX†g~ 20 éMZzg 50 zzÐi}»ŠkéahZÔ

WäzZÑi²!ÌZÏŠgZhÅw•ÅzzÐaZƒZåXU¼Ã£òZÖp~ZvÈ»**xŠc*Y@*ìX

jjjjzzzz[[[[ÅÅÅÅŠŠŠŠggggZZZZhhhh 13

tŠzŠgZhzV6,ŒŸ¸kÅâ#jz[Æf[Zzg°¢ZvÆÑw~;ƒZìXtZq-Šzu}ÆáZi~�XZy~ÐZq-ŠgZh
(Chukhan (6gÅNh~Ææ¹uÅY+$ìZkÃ6hÅŠgZh¹Y@*ìZ#�Šzu~ŠgZh»**x7ÀŸè FErZŠgZh 13aÔ2.8 )¦k,

¹Y@*ìXtŠgZhzZŠ~Ð7
ÀŸè FEÃ0*g™Cƒð6gŠgZhÆáZi~1ZkÆÑwÅY+$YCìX Manda)

CCCCÙÙÙÙ********ððððÅÅÅÅŠŠŠŠggggZZZZhhhh 14

tŠgZh�ágrZzgCÙ**ðzZŠ~ÆÑwæt~zZµìX

(The Barkan Fault) '''',,,,»»»»yyyyÅÅÅÅŠŠŠŠggggZZZZhhhh 15a

tŠgZh',»yÆàÆ4,Šq-ìZzgZk»¥cÑwætÐ†[f[Å§sìXZk´º~0*õ'×h+ŠgZh,Ì�i¥c',»yÅŠgZhÆ
áZi~ìX



±±±±5555¾¾¾¾ææææ
EEEEYYYYHHHH~~~~ÅÅÅÅŠŠŠŠggggZZZZhhhh 15b

¥c6,zZµìXZzgt',»yŠgZhÃ»¦ƒð¦/gCìXZzgZyŠzâVŠgZhzVÆZ£w6,i²ßVÆ¼Š%Zœ/ NNW-SSE tŠgZh±5¾æ
EYH~ÇîVÅY+$

zZµ�X

››››••••ÂÂÂÂÅÅÅÅŠŠŠŠggggZZZZhhhh 16

tŠgZhÃ@àÆ4,Šq-›Zzg•ÂNh~ÎVÆætÅY+$zZµ�Zzgiâ:Š*~WäzZái²ßVÆgkgeÆ_.tÃuŠgZhìXt
Y~Ã@à~WäzZái²áÆˆZkzZŠ~~Zq-{àMð~#ƒð 1955 ŠzâVŠgZh,ZÏzZŠ~~Zq-Šzu}Ð$ÑBþ

NƒYC�X
ÅY+$åZzgTÅMðZq-éÐ¼ic*Š{¶XÃ@»ƒZðZeZZkŠgZhÆ4,Šq-„zZµ NE-SW NZzg!*gq-ÏŠgZhŠ3ðŠ~¶T»¥c

ìX

óóóóÅÅÅÅŠŠŠŠggggZZZZhhhh 17

ÅY+$ìX NE-SW Zzg NW-SEÔN-S óàÆ4,Šq-&ŠgZh,ñ�Š�XZy»¥cZZnKM

����‚‚‚‚ÅÅÅÅŠŠŠŠggggZZZZhhhh 18

Å§s¥cGƒñìX NNE-SSW tÃw7gZzg�‚ÆŠgxy

ççççZZZZÈÈÈÈÅÅÅÅŠŠŠŠggggZZZZhhhh 19

Qg**c**wÅŠgZhzVÆeÐïYCìX / Å‚~ìX†[ÅY+$tm NNE-SSW ţi{ÈPŠZ‹Æ´‘~ìZzgZk»¥c

ŠŠŠŠZZZZÉÉÉÉ44445555åååå EEEEEEEE++++ÅÅÅÅŠŠŠŠggggZZZZhhhh 20

ÅY+$ìX ENE-WSW tzZŠ~ÐŠZ^+~zZµìZzgZk»¥c

−−−−‚‚‚‚ÅÅÅÅŠŠŠŠggggZZZZhhhh 21

Æ¥c6,zZµìXZkÆ4,Šq-„&ZzgŠgZh,Ìñ�Š��ZkÐPéÆÃA6,�X E-W tŠgZh°−‚Æ0*k

EEEE@@@@°°°°ææææ
YYYYNNNNÅÅÅÅŠŠŠŠggggZZZZhhhh 22

¥c6,zZµìXt7gZ´‘**vÅW!*Š~Ðƒ@*ƒZmÅŠgZhÐYMìX E-W tÇhZzgE@°æ
YNÅW!*Š-VÆ0*k



÷÷÷÷[[[[ÅÅÅÅŠŠŠŠggggZZZZhhhh 23

Å§s¥cǴW!*ŠZzg÷[Æ4,Šq-zZµìXætÅY+$t̃äƒð!h¼-ö
IJ

¥ŠÆáZi~ƒYCìXZzg½"5é GEMMŠz E-W tŠgZḩkÅâ#
ìT»Ñà8~î OZz6,ÅY+$'ç NH Thrust fault éJ-ÅMð~#ƒð¥xƒCìXƒYì�WÐţi{ÈÐïYCƒX„CÙt (200)

g;ìX

ffff!!!!((((ZZZZyyyyÅÅÅÅ‚‚‚‚́́́́ŠŠŠŠggggZZZZhhhh 24

éÆÃA6,ic*Š{úc*VÃWCìZzg 8-10 (ZyÆf!‚iÅY+$FÃuŠgZh,zZµ�XZy~ÐZq-ŠgZhUÍZŠgÆÑw~½"5é GEMM
éJ-ZkÅñ�ŠÏŠ@Y$ËìX 30 ¥c6,½"5é GEMM E-W

QQQQhhhhââââgggg{{{{ÅÅÅÅŠŠŠŠggggZZZZhhhh 25

Å§s¥cGƒñìX E-W tQhâg{ÆÑw~

ÎÎÎÎ''''....5555éééé EEEE
GGGGããããÅÅÅÅŠŠŠŠggggZZZZhhhh 26

Å§sìX NW-SE 1g~Î'.5é E
GãÆ´º~ŠzŠgZh,�X»¥c

""""ììììFFFFMMMMEEEEÅÅÅÅŠŠŠŠggggZZZZhhhh 27

ÅY+$¥cGƒñìX NNW-SSE t"ìFEÆNh~eÆ

ŒŒŒŒeeee{{{{ÅÅÅÅŠŠŠŠggggZZZZhhhh 28

ÅY+$ìX E-W tŠgZhe©I~Œe{ZzgŠe{�yÆÑw~zZµìZzgZk»¥c

zzzzZZZZŠŠŠŠ~~~~ÐÐÐÐòòòòÅÅÅÅŠŠŠŠggggZZZZhhhh 29

ZkzZŠ~ÐFŠgZh,*gC�XZÏ´º~i²ßVÆF%Zœ/ÌzZµ�X~PZkŠgZhÐzZ$iIî E�X

____5555½½½½5555éééé IIIIEEEE
GGGGgggg~~~~ŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»´́́́‘‘‘‘ 30

¥c6,ŠgZhzVÅñ�ŠÏ»Ø¸ìXXÅzzÐZVÆ·îZzgi}ÅZz6,~RÆ\»:LaZƒZìXt N-S _5½5é IE
Gg~ÔZPMW!*ŠÆ´‘~
ŠgZh,æ¹_5½5é IE

Gg~Zzgf!_5½5é IE
Gg~ÅŠgZh,BC�X



FFFF,,,,IIIIÅÅÅÅŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»´́́́‘‘‘‘ 31

¥c6,#ƒð�X N-S tŠgZh,(,~�#ÖzZà�ZzgŠgc*ñ�|Æ0*kF,IÆ£x6,

????zzzzggggÆÆÆÆ¤¤¤¤kkkkÅÅÅÅŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»´́́́‘‘‘‘ 32

Æ¥c6,ñ�Š�XƒY ENE, WSW ?zgÆ¤k»¥cÔZk~ÕzZà0+-VZzgZVÆ¥c6,ìXt¥xƒ@*ì�Zk´‘~FŠgZh,
ì�Zy~Ð¼iâ:YqwJ-ÃuÌg„ƒVXZk@*k~i²ßVÆF%Zœ/ZÌJ-ñ�Š�X

ââââàààà{{{{))))ZZZZ³³³³((((ZZZZzzzzgggg±±±±5555åååå NNNNEEEEHHHH))))[[[[((((ÅÅÅÅŠŠŠŠggggZZZZhhhh,,,, 33

Æ4,Šq-tŠgZh,ñ�Š�XZy»z̧qZS-Æf[~zZµNh~ÎVÆ‚B‚B (rest house) âà{ÅW!*Š~zZá´‘,ÅWgZxÇ{
ÅY+$ìX  E-W ìXZy»¥c

ZZZZSSSS----ZZZZzzzzgggg¤¤¤¤////ŠŠŠŠzzzzââââZZZZqqqqÅÅÅÅŠŠŠŠggggZZZZhhhh,,,, 34

Å‚~#ƒð�X (E-W) (~ætÐf[ 34bÔ2.8 (ZzgÑw)¦k, 34aÔ2.8 tÀŠzŠgZh,��ZS-Æ†[)¦k,

yyyyÅÅÅÅŠŠŠŠggggZZZZhhhh 35

‚~zZµ�ZzgZyÅñ�ŠÏ»Ø¡W!*ŠÆÑw~Šgc*ñyZzgÑà¡W!*ŠÐyàJ-ñ�Š (N-S) tŠgZhŠgc*ñyÆáZi~Ñw†[
ìX

¨̈̈̈ÅÅÅÅŠŠŠŠggggZZZZhhhh 36

Æ¥c6,zZµìX NNE-SWW ẗÛÆ4,Šq-y¨Æ´‘~

®®®®ÎÎÎÎææææ OOOO¹¹¹¹ggggÅÅÅÅŠŠŠŠggggZZZZhhhh 37

¥c6,ẐwÐ4,Šq-zZµ®Îæ O¹gÛÆŒÛd$Ð¦/gCìXZk´‘Å"âVÅI^Y^ WNW tZq-(,~ÏŠgZhì�Ã{è#Ã0*g™Cƒð
Ðt¥xƒ@*ì�tZq-(,~ŠgZhìX®Îæ O¹gÛÆWk0*kZzgÌgKŠgZh,zZµ�Zzg-V4ìtÛpŠÌZq-Ã«c*ŠgZhìX

QQQQYYYYààààŠŠŠŠggggZZZZhhhhzzzzVVVV»»»»´́́́‘‘‘‘ 38

ÃÓ#Æ0*kPgKgKŠgZh,·gŠg·g#ƒð�XZyŠgZhzVÆ4,Šq-zZà"3I^Y^»Dgƒð�XZyŠgZhzV~ÐZq-
QYàÛÆ4,Šq-ÌzZµìX



»»»»ÑÑÑÑ!!!!****rrrrÅÅÅÅŠŠŠŠggggZZZZhhhh 39

tZq-úc*Vîg6,®ƒZ´‘ì�»Ñ!*rÆ4,Šq-zZµìXŒVÅ)XŠgc*ðè~ÌZkŠgZh»uZrMìXZk8zõ O~Ìi²ßVÆPZq-
ÅY+$ìX NNW PŠgZh,ZzgÌ�X»¥c (en echelon) %Zœ/0*ñYD�XŠgZÝZyŠgZhzVÐµ

""""3333ðððð EEEEEEEEOOOOVVVVÆÆÆÆ¤¤¤¤kkkkÅÅÅÅŠŠŠŠggggZZZZhhhh,,,, (40 & 41)

"3ð EEOV»¤k½"5é GEMMÍw§~Åâ#ìTÆegzV§sgKgKNh-V»ŸzZµìXZyNhÏ"âVÅW:~”ZäÆ¹ÏzZã
ÞŠ'Q�XZyNh-V~"3ð EEOV¤kÆ4,Šq-F(,~ŠgZh,zZµ�XÆ_·Ðt¥xƒ@*ì�tâè~Ãug„ƒVÏXZyŠgZhzV

North Bannu ZzgŠzu~�ác"3ð EEOVÆ¤kÆÑwæ¹qí6,zZµìXt (South Banuu Fault) ÅZq-�ácÑw†!qí6,
BCìXZy»;îùðîg6,Ñwf[ÅY+$ìXZyŠzâVŠgZhzVÆ4,Šq-i²ßVÆP%Zœ/X�X Fault

»»»»šššš////yyyyZZZZ‚‚‚‚yyyyÅÅÅÅŠŠŠŠggggZZZZhhhh 42

»š/yZ‚yÆ´‘~Šz(,~ŠgZh,ŠÚ~Wð��›!*rÆÑw~zZµ�XZy»¥cÑwf[ÅY+$ìZzgZyÆ4,Šq-i²ßVÆF
%Zœ/ñ�Š�XÅzzÐ¥xƒ@*ì�tŠgZh,LÃug„ƒVÏXZyŠgZhzVÃ!*nKMÑà»š/yZ‚yZzg†!»š/yZ‚yÆ**xÐñÎxH
ŠHìX

PPPPêêêêÅÅÅÅŠŠŠŠggggZZZZhhhh 43

PêÅNh~eÆKY+$c*µ~&Z+ŠgZh,ñ�Š�X»¥cÑw†[ÅY+$ìXZyÃZZnKMÑwÔæ¹Zzg†!ŠgZh,¹YY

ìXZk´‘~i²ßVÆ¼Š%Zœ/ñ�Š�Xt!*<mÑh»:Æf!´‘~zZµ�X

aaaaçççç NNNNYYYYyyyyÅÅÅÅŠŠŠŠggggZZZZhhhh 44

Ã0*g™CìXìwHY@*ì�âèŒÛd$~tŠgZh Quater-deposits ¥c6,tŠgZh N-S Ñh»:àÆf[Zzgaç NYyÅNh-VÐµÔ
Ãug„ƒÏX

9999....2222....çççç
EEEEFFFFGGGGÅÅÅÅŠŠŠŠggggZZZZhhhh 45

zZŠ~Yè
9.2.ç
EFGÆf[ÅY+$tŠgZhÑwÆ¥c6,WÐ¬YCìXtŠgZhâèÐŒÛd$~Ãug„ƒÏYV�Zy~i²ßVÆF%Zœ/zZµ�X

WWWW¨̈̈̈ggggÅÅÅÅŠŠŠŠggggZZZZhhhh 46

¥c6,x@{HŠHìX NNE-SSW ZŠ**wÅŠgZhÆ†!‚1ZkÆáZi~ZkŠgZh»



¦¦¦¦kkkk5555yyyyÅÅÅÅŠŠŠŠggggZZZZhhhh 47

tŠgc*ñ45½ð XEYwÐŠg}ŠzgZq-zWÃ«ì�WÍgŠgZhÐx¹gBbìX‚́÷ÆÑwÅ§s¹ƒðWÐ¬YCìXŒVÅ̧5éEMMZq-Zzg
(,~ŠgZhÆWU*gñ�Š�X

5555ggggzzzzŠŠŠŠÅÅÅÅŠŠŠŠggggZZZZhhhh 48

¥c6,FŠgZh,zZµ�XZy~Ð(,~zZàŠgZhÍÄîŠgZhÆŒÛd$„zZµìX NE-SW 5gzŠzZŠ~ÆáZi~�Zzg

~Š3c*ŠHìXpZ¹ZÌJ-Ãð�c***x7Šc*ŠHìX 2.8 qgz!*ÑŠgZhzVÆ´z{Ì¼ŠŠgZhzVÅñ�ŠÏ»DƒZìXZyÃ¦k,�

0000****ÎÎÎÎyyyy~~~~MMMMääääzzzzZZZZááááPPPP((((,,,,}}}}iiii²²²²áááá 2.4

i²ßVÆZ±gÐ0*ÎyÅui}(,~ÃuzZµƒðìXëœ-V~Zk~F(,}n{Ái²áW`�X

YYYY»»»»óóóó~~~~WWWWääääzzzzZZZZÑÑÑÑiiii²²²²!!!! 1931

¶XQkz‰Üt́‘',¤â~y~�áïåp 7 Y~óÆ´º~Fi²áWñX~ƒÐ(,}i²áÅ̧]gIZÏ6, 1931 Z~
Z[t0*Îy~zZµìXZki²áÆjZáÐZq-‡.Þf™!*]tì�¢ogsÅðc*V�(,~ZôoÆ‚BZôm,zVä¯ð‰%æEN~§b

Q9IX´z{Zi,Zk´‘~zZµgw}Æ5i}Åg;öÇ�Ì',!*ŠƒITÆˆZöXZs¾g**òZq-â�ZyZbÃZ+5qg'
¯ä6,âñgHŠH�i²áÆ%VÐôpg$Æ‡.ÞƒVX

YYYY»»»»ÃÃÃÃ@@@@~~~~WWWWääääzzzzZZZZÑÑÑÑiiii²²²²!!!! 1935

éJ-Æ´ºøw 100 6,Zq-n{±è NEi²!Ã@~Wc*TÅzzÐ:ÜsÃ@ÉZkÆ†[f[~ 3:40 Y~½"5é GEMMð 1935#31

�yÃWc*XZq-Z0+Zi}Æ_.i²áÆ¬ò 2 !]%æEN~§bOW,ƒñXti²!&4Ckƒ@*g;XZkÆî²á»Zq-ZzgÔZÏ‚w
Z�ÛZŠ̂YZV0‰XÓ#Ö',¤6äZÏgziZq-Z´ð�áùHXT~Cc*ŠHå�‚gZÃ@',!*Šƒ[ìXZzg7g}n{ 30,000-60,000~

1,20,000 ”{àÃ̄`ä=Í}~á1åX̄`Ã¢zg~WZô…',î}»gÑäÅ@Zc*]ÌŠ}Š~I�XZkZ´ðÆ_.½"5é GEMM
Z�ÛZÅÑ/åÆnŠ®ƒ_�XYèXßÍVÃn{”{mÐïw1ìQkÆˆP™{!*ÑZ�ÛZŠÅÑ/ï%»»xe7ìX'×h+t�

)gZbZJ RAF Z�ÛZŠiÂ�i0+{$n�XZzgÍḡ;îkÆ´z{ÓxOW,{qgÂVÃi}1k™Šc*ŠHìX 400 Z�ÛZŠX~ 10,000 ½"5é GEMM

X¤/YyZzgWg%i'Ìn{ƒ`�X Murree Brewery ¯gk(»´‘Ì%æEN~§bOW,ƒZì˜VÓx̄YÛXn{ƒ_�X%~',zg~
0V~bZ+qª~��ZyÃŠg„HYYìXñ�Š{»bgzeZzgZ6s»ÒÃÃð 27 L¯gw}»´‘Ìn{ƒŠHìZ#�À

vy7àX@*ëŒÛ[z�ZgÆÓxŠŒ]–z**1Šƒ‰�ZzgZyÅW!*Š~»ÌÃðD7ìX!]Zzg̃8-i}Šziƒ‰�Zy~g$
zZßV»ÌÃðD7ìXZÏ§bÃ@Zzg!]ÆŠgxyzZµÇîVŠŒ]Ìn{z',!*ŠƒñX



::::ññññ����ŠŠŠŠ{{{{»»»»bbbbggggzzzzeeee»»»»©©©©nnnn„„„„ÐÐÐÐ¬¬¬¬ZZZZzzzzggggˆ̂̂̂~~~~ 2.10 ¦¦¦¦kkkk,,,,
åååå»»»»iiii²²²²!!!!

ZK̈âVÅ 4000 Y~åÆŒÛd$.e$n{±è NEi²!Wc*ZkÅzzÐ(ZyÆ‚i6,Î**òƒðZzg‚i(Zy6,ZkÅzzÐ½"5é GEMM 1945 âÞ 28

Moment ¶X1Ze 7.8 Y3‹ƒNXZÏÎ**òÅzzÐZk,ZyÆ‚iÔZzâyZzgf!y6,Ìn„ƒðXgIZÏ6,Zm¸]
CðˆXZki²áÆz̧q5+k,ƒäÆZW,Z]Š‹Ô®ÔÃŠZð)wJ-CkK‰Xi²á 8.0 ÅïÆẐkÅ̧] Magnitude (Mw)

zZáÓx´̧V~ZkÅ̧]Zq-ÜCðYCìX

²J-ZkÆòCkG‰X0Šh+ÍZƒV» 30 ZkÆi',Š„ZW,Z]Åh45Õä EGZzg�ñyÆŠv´̧V~ÌCkG‰X©�™Zc~Ì
Iì�izgÐZ�ÛZ_Ðn¤/‰Zzg9ÅÆjILZzgŠgzZizV~Ì99Z?ØCkÅX™ZcZzgZzâyÆŠgxywƒZvZk§b

OW,ƒZ�ŠzâVàzV»gZ‚ØƒŠHXëhZÆÑV$;îkÃÌZkÐvyàXZkÆZW,Z]E@°æ
YNZzgÁ7gJ-ãX¹Y@*ì�(ZyÆ‚i6,

zZµNhzV~TÐWvÆOñA!*CÙQ’gSìZk~Ì!~zZµƒðXZki²áÅzzÐ‚́´º~egbk,}ÌZ½WñX
¢3ï
E

GH(¶XZkÅzzÐ‚i6,zZµŠŒ]ÃÌvy 40 ¢a)½"5é GEMM 13 Å—~ tsunami ~WvÆ?FÎ¢aJ-&Ò5å ENE¸X‚iè(Zy6,
¶X 4000 àZzg7gÃ̂ÌX%äzZßVÅ®ZŠ

6,ÌŠ@IXÎ**ò» 8.15 Zzg 7.15 Wð%ŠZgƒNZzgQ 5:30 ¢3ï
E

GH—Ø,Z�XZ:¬]Æ_.tØ,¬ 6.5 ™ZcÆ‚i6,Ì
¥c’Zzg¦/Zg~Å§såXp‚i6,TñäzZà¯VÃvy:àXpåZzgZzgâh{~{àn„ƒðTÅ¬]¥x7Å
YÃXåÆ´‘~u»g~qgÂVZzg8¯yÆPVÃvyàXÎ**òÅzzÐyz*y~|Z]Ô›ZzgZkÆŒÛd$zZµ‚́ô̧

ÉZk,ZyZzgZzâyJ-Ì%æEN}ZW,Z]%A$ƒñX " �ƒ " Ç{

YYYY»»»»óóóó»»»»iiii²²²²!!!! 1974

¤‰Ü)gIZÏ(Æi²áCkG‰Xi²á»%œ/Zk£xÐÑwÅY+$ 6.2 ~0*ÎyÆÑà´ºDÙZg{ZzgÎZ]~ 1974 Šc28

53,000 ~zZµåXZk%œ/Å�ZðÁ¶pZkÅzzÐ¼ŠòCkG‰Xu»g~fgZùÆ_.½"5é GEMM 72.9 e¤/~ZzgætÅY+$ 35.1



Z�ÛZŠi²áÐOW,ƒñXtn„ic*Š{F,óÆŠŒÂV~ 97,000 YiÂƒñXZkÅ´z{Ì½"5é GEMM 17,000 Z�ÛZŠÅ§.0î
G

JZVƒñZ#�
éŠzgJ-ŠÚ~WðXZ#�ó»ÇîVåîg6,n{ƒŠHX 100

::::óóóóÅÅÅÅnnnn„„„„»»»»©©©© 2.11 ¦¦¦¦kkkk,,,,

YYYY~~~~ÈÈÈÈ`̀̀̀»»»»iiii²²²²!!!! 2001

yz*yÆß/|Z]~ðÆz‰ÜWc*XZ·tÐtyz*y»-x/gt»ŠyåXZÐŠ*Æn{±è NEi²ßV~ÑgHY@* 2001 †g~ 26 ti²!
Z�ÛZiÂƒñXZkÅzzÐ"yƒäzZáZ�ÛZŠÅ 166,000 Z�ÛZŠhuƒñX² 19727 ìXyz*ãu»g~Z:¬]Æ_.Zk~


Z�ÛZŠ 15.9 ÃvyàXyz*ãu»gÆ_.½"5é GEMM 844,000 qg'n{ƒNZzg 348,000 )bÑÄ(¶Z#� 600,000 ®ZŠ½"5é GEMM

t1.3 ñ7Ìâg}‰XZk§bÀçÙvy»( 20,000 
¶XZãZ�ÛZŠÆ´z{½"5é GEMM 37.8 OW,ƒñ²Zk´ºÅ®ÿ NW!*Š~
teZ°iÆŒÛd$åX 5 eZ°i»Cc*Y@*ìXp‰Z0+ZizVÆ_.Àvy»w

»ZK(»uuY**Cc*ŠHìX�Zq-¢aÐeg¢aJ-OˆpZkZ0+gzãR Kutchh Mainland Fault (KMF) Zki²á»ñZ#

²J-i²áÅi',Š„ØÆ*°iCg„XZ#�i}ÅZ0+gzãRF4J-°iCg„XZ£W!*ŠZzgÎg]Æ 85 Æ´z{i}ÅÛzãR
²J-i²áÅzzÐÏg„XZzgZkÅtªyz*yÆŠzu}´̧V~ÌZâŠk,J-CkÅˆX|Z]Æ´z{Šgc*ñ 90 4,Šq-Åi}Â

ZñZ]ƒNX©gW!*ŠÅ 18 6,ÌZkÆ{áZW,Z]CkG‰X©�™ZcZzg©gW!*Š~Ìi²!Wc*ZzgZkÅzzÐ�|~ Delta �|Æ
‚]2!qg]T»**ẍšZ0*g¹åi}1kƒ̂X©gW!*Š~ik,i}¯Zg}Åâ#Q.Þ7,ZX0*ãÆ‚Bge$ÅÌQðÅªŠÚ~
WðX



I©gM!*ŠZzg$++~v**]»© ::::2.12 ¦¦¦¦WWWW,,,,

YYYY»»»»òòòò»»»»iiii²²²²!!!! 2005

Y~z̧q5+k,ƒZXti²!.e$n{±è NEåZzgZkÆò0*ÎyÔyz*yZzgZjjîy~ÌCkG‰XëZq-œ~ 2005 ZÆ',Åð 8 ti²!
Z�ÛZŠhu 80,000 ~WäzZái²ßVÐtƒÐ(,Zi²!åXZzgZkÅzzÐ(,~n„ƒðXqDZ0+ZizVÆ_.Zki²áÅzzÐ½"5é GEMM

iÂƒñXtvy0*ÎyÆik,èZOxòZzg§VÆ´‘~zZµƒZXZk~DÙZgzVqg'n{z',!*ŠƒNX 50,000 ƒñXZ#�ÁZiÁ
0*ÎyÆ´‘~zZµò»à¡W!*ŠZkuJ-OW,ƒZ�ZkàÅ½"5é GEMMWŠSqg'n{ƒIXyz*yÆ=£ò~Ì¹ÏZñZ]zZµ

ÆW!*Š́‘~ŠÚ~Wc*X´z{Zi,ZsxW!*ŠZzggZzf~~Ì¹ÐßvÅ§.0î
G

J (Uri) ƒNX"ÑgßviÂƒñXZk»ƒÐic*Š{izgQh~
åÔ¤/™n{ƒÏZzgqg]ÆÓxßvhuƒ‰XZsxW!*ŠZzggZzf~ Margalla Tower ZVƒñXZ#�z;VZq-Šk2!qg]T»**x

ÆpÃ]~(,~n„ÆZk**]0*ñ‰X

âgŠN*zg)ZsxM!*Š(Ån{”{qg] ::::2.13 ¦¦¦¦kkkk,,,,

6,ZsxW!*ŠÆÑwætÅY+$½"5é GEMM N34.402o, E73.560o Æz‰ÜWc*ZzgZk»%œ/ (UTC) 08:50:38 Ãð 2005 ZÆ', 8 ti²!
³¢a6,zZµåXZzgZkÆZW,Z]ZsxW!*ŠÆ´z{ÑƒgZzgŠ‹~ÌCkG‰Xi²á»%œ/$h45é

E
EGMMÁ�Zð6,zZµåTÅzzÐZkÅ¤‰Ü 90



³¢a¶ZzgZÏzzÐZkÐ(,~n„zZµƒðX 10 Æuz}Æ_.ZkÆ%œ/Å�Zð USA Zzg”]ic*Š{¶X
HgH 7.7 åXp!*syZk»ù¦w 7.8 0*ÎyYñA]ZzgY0*ãYñA]Æ_. 7.5(U.S. Geological Survey)7.6 »w moment ZkÆ

]Ĵ-MDgìX 18 ¶Zzgtò¬òÆˆ 4.5 - 6.3 Ø,z¢5é GGMM¯¢5é GGMMaZƒCg�XÅ̧] 20 ŠHXZki²áÅzzÐ½"5é GEMM

Yòi²á»%œ/ 2005  :2.14 ¦¦¦¦kkkk,,,,

òi²áÅn{»g-VÆPoø ¦¦¦¦kkkk,,,,::::

YÆòi²áÅi',Š„n{»g~ 2005::::2.15 ¦¦¦¦kkkk,,,,



YYYY»»»»iiiicccc****gggg]]]]»»»»iiii²²²²!!!! 2008

YÃWc*Xt́‘Ã@ÆÑwætÅY+$zZµìXªÔ£òz‰Ü 2008 âÞ 29 »ÔçZzgic*g]ÆI~ Mw=6.4 Zq-)©àw
300 ³¢a¶XOW,{Óx´‘Nh~âÎ»ìXZkÅzzÐ½"5é GEMM 15 åZzgZkÅ�Zð 23:09 6,Wc*tz‰ÜYZ*KÆ_. 4:09 Æ_.ð
Warchum, Wam, Kala China Z�ÛZŠÅZñZ]qg'¤/äZzgCsàÅzzÐzZµƒNXƒÐic*Š{OW,ƒäzZá´º
land � Kawas, Ahmadun, Gogai, Tangai, Spezanda, Khushab, Balozia, Khanozai, Rodh Malazia

ÅzzÐn{ƒ}X slide 

Stacey ä¯c*XZk~Ei~C-Eg;Å field study team ic*g]zçÆ”]zZá´‘»u��ñy-Eg;Æ ::::2.16 ¦¦¦¦kkkk,,,,
Å”]ÐWðX VIII äÌ»xHXƒÐic*Š{”]%œ/6,ì� Martin

YÆic*g]~WäzZái²áÐqg'Ô>Þz){n{ƒñc*ZyÃ”h+vyà 2008 ::::2.17 ¦¦¦¦kkkk,,,,



Table 2.1: List of earthquakes in Pakistan: (www.wikipedia.com)



iiii²²²²!!!!iiiiŠŠŠŠ{{{{´̧́́́¸̧̧VVVVÆÆÆÆ''''ZZZZzzzzggggZZZZ¹¹¹¹¯̄̄̄ääääÅÅÅÅããããCCCCŠŠŠŠ 2.5

ÜÜÜÜ 2.5.1

0*ÎyaèZ&++Zzg-gµ.VÆŒÛd$„zZµìZknti²ßVÅiŠ~gLìXtRyM!*Š́‘ìZknZK̈ãYâVÆç}Æ7è
Pakistan Building Code~ 2007 ÃŒVZ+qg'¯**¢zg~��i²áÆ%VÐ!*W‚ãôpg{ÃXZk|Æ7èÃ

¯c*ŠHXZķZ°zçZ*Åú~0*ÎyZb8-Ã±äqg'em,Zí™äzZáZbiZzgi²ßVÆâCÙ+ÐæŠàXâCÙ+ÆZk¤/z\ä
¬i²ázZá´̧VÅ¶K0+„ÅZzg‚Bt¥xH�ŒVi²ßVÅic*Š{Ðic*Š{”]XƒZ™CìXZzg¸Šz›ëŠgZÝ0*Îy¤8-Zzg

~Š3ðˆ�X@*ëZkÅðh~¹¬]Šg`fs�:X Appendix A uÅãCŠ,��

i²ázZá´̧V»u¯ä»Z®gƒÐic*Š{ÂZy¥â]6,FFì�øg}´ºÆi²ßVÅ@*gõÐU*"$ƒ@*ìZzgŠzxZk´‘~iF̂
6,]Å‚|#Zzg¯z^Åª6,ìXZkÃeÃiY)zäÆn0*ÎyÆWk0*kzZµ”VZzgèVÅ‚|#ÃÌ$åOèÃg3ŠHìX
qgz!*Ñ|Ã7™äÆnŒV6,ÂVÅ‚|#Ô´̧VÅi²àwH]Zzgi²áÐŸîg6,ZW,Z0+ZiƒäzZá´̧VÅ¥â]Ã*g
§iY»gZEwHŠHìX

0000****ÎÎÎÎyyyyÆÆÆÆ((((,,,,}}}}ÃÃÃÃuuuucccc****ŠŠŠŠggggZZZZhhhh,,,, 2.5.2

i²ßVÆZ±gÐui}è0*ÎyZ,´̧V~�áïì˜VŠgxãŠgzÐá™(,}(,}i²áWMh�XZkÅ{mz�;]yz*yÆ
´̧VÅwH]ÔøwZ&++Zzg-gµ²ZzgÃ{èøDZzgŠvNhzV»§i¿Zzg§i¿c*w»]�X

~Òy™Šc*ŠHìQÌ0*ÎyZb8-Ã±äZke~X¤/z7VÃãCŠ 2.12 Zzg 2.1 !*z�Št�i²ßVÐmgppzZá´̧V»f™!*[
¯c*ìz{ÌŒV�áïÅYg„�:X
1X0*ÎyÆÑw~Ã{èøD»i²àwH]zZÑ8Iî EO

Å÷ thurst-fold 2XÃÓÑyZzgPê»
»´‘ Trasform Fault 3XmQg**Å

4Xf[~zZµ(Zy»z{´‘c*6,]�Šzu~6,]Æn¬ˆì
5Xgy¼Æ†[æt~zZµi²ázZá´º

0*÷yz¿i²ßVzZÑ´‘0*ÎyÆ´‘ùZwÆ4,Šq-zZµìptZjjîyZzg@*’yÆZz6,Zk§bmJƒZì‰{ÎZgŠzâVY+$c
\d™̃h}ÅÎZg~™@*ìX

~0*ÎyÅ(,~ÃuŠgZhzV»f™HY[ì@*ë0*ÎyZzgZkÆWk0*kzZáz{´ºXÅzzÐi²ázZµ 2.3 qÑèZkÂ[Æv



ƒD�ZzgX»f™0*ÎyZb8-Ã±ÆâCÙ+äHìZyÅz„Zq-!*gQŠg`fsŠ~Yg„�X

Main Karakoram Thrust

Raikot Fault

Panjal-Khairabad Thrust

Riasi Thrust

Salt Range Thrust

Bannu Fault

Chaman Transform Fault

Quetta-Chiltan Fault

Pab Fault

Allah Bund Fault

Hoshab Fault

Makran Coastal Fault 

Main Mantle Thrust

Main Boundary Thrust 

Himalayan Frontal Thrust 

Jhelum Fault 

Kalabagh Fault  

Kurram Fault 

Ornach-Nal Transform Fault

Kirthar Fault

Kutch Mainland Fault

Nagar Parkar Fault

Nai Rud Fault 

iiii²²²²ßßßßVVVVÅÅÅÅwwww••••
ÅæŠÐ»gƒZZzgZk»x~qgzfsZŠZgzVäz1X regional data catalogues Zk´‘Æi²ßVÐ0¥â]

* International Seismological Centre (ISC)

* National Earthquake Information Centre (NEIC) of USGS, and 

* from earthquakes recorded by local networks of Pakistan     

Meteorological Department, Pakistan Atomic Energy Commission

(PAEC) and Water & Power Development Authority.

iiii²²²²ááááÅÅÅÅnnnn{{{{»»»»gggg~~~~»»»»ZZZZ0000++++ZZZZiiii{{{{ÎÎÎÎ********
Ã�áï™DƒñZkÅ”]ÃZyÆ Source Zone i²ázZáCÙ́‘ÃZq-{m£xJ-ZµHŠHìXZyÓxZ’Zð´̧VZzgÓxZ’Zð
ÅlZgÃW:~5™qÝHŠHì Sources Ã+VÃ‚tgnpƒñÁHŠHXi²áÅn„Åù¦¤‰ÜZkÆni}Åw•ZzgZ

Ã¥xHŠHìX Probabilistic Seismic Hazard Assessment ªPSHA ¾ni²áÅ¤‰Ü



iiii²²²²ááááÆÆÆÆçççç}}}}ÅÅÅÅYYYYõõõõ»»»»§§§§iiii 2.5.4

i²áÆç}ÅYõZzgqgÂVÆ̧Z°zçZ*)Ãe(Æni²áÆç}Æ&VÅyÆnŠø7[ÎZŅ̃ZòZßßVZzg@Zc*]Æ
»§i0*ÎyÆi²áÆç}Æ‹bÆnZEwƒZìX (PSHA) _.i²áÆç}ÅZÈàYõ

§§§§iiiiYYYY»»»»gggg PSHA 2.5.4.1

ZÈàç}ÅYõ~i²áÆÈ)Ñíc*gK(Åi²!ÐzZhw•Zq-ƒZg~mÆfg)ÒyÅYCìX��CÙ‚w7WäzZázZu]

Åù¦®ZŠÃ”]Æ!*W.ÞÒy™@*ìXÈÆ´º~i²ßVÅMæÃ7VZzgz‰ÜÐWiZŠ�ÛnHY@*ìX

)‹b»ZßwËŠpÆ´º6,Zk´ºÆZgŠ¤/ŠË(,}zZîÆ7WäÅßg]~iF̂w•ÅËlZg)VwÆîg6,i}ÅgëgÅ
Ñb~ƒÐ(,~p~Å�ÛnÅˆlZgÐ(,|YäÆZÈwÅYõ6,ì(Xt§ii²áÆw)ƒZg~m(Æ�ÛèwÐ(,"Æ
ZÈwZzǵºÐi²áÆ%œ/ÆÃAÆZÈwÃW:~�h**ìX

i²áÆCÙÈÃŠpÆ´ºÐËºmÃAJ-‚Š{F,+”V~„™Šc*Y@*ìXCÙ{~ÃAÆ‚BôZW,Z]ÃæÃgnpƒñ
ZãCŠ~”VÆZW,Z]Ã¦™Æ&À)ÿ

G
ÅYCìXÓx$43šð EEVÆZW,Z]Ã¦™Æ!*Ñyåç{Å,qÝÅYCìX)i²áÆŠz!*g{

Wä»z9ËŠ~ˆiF̂w•ÅRÆ(,"Å‚Ñ:lZg»wkì(X

i²áÆç}»{�i²áeðÐzZhi}Æ"Å@*;ÐqÝ¥â]ÅãCŠ6,úŠc*Y@*ìXi²áÆç}»{�i²!eðÐ
zZhi}Æ"ÆèVÆ¦g6,FFìXi²áÆÈ»CÙ̧7Vi²áZzgi}Æ"ÅS:]��ZgèÔi}Æ"Zzgi²áÆZ°ZŠzÑg
ÐZ~.G‰¸Æîg6,ÒyHY@*ìXZyèVÅ¬uÈ~ÅYCìXZzgQZy~ÐCÙZq-êÆnZq-ƒÐ(,Zi²!Zzgi²áÅ
ƒZg~)zZ]¯ðYCìX

i²áÆÈÆZèVÐzZhi²áÅlZg,t�:Zq-ƒZg~m��Òy™Š{zM~7WäzZázZu]Å®ZŠÃ¤‰ÜÆ‚B
Ý™@*ìXƒÐ(,Zi²!��ê~Âi²áÅ¤‰ÜÅ!*Ñðu³™@*ìÔZzgZq-ôm��ÃAÆ‚Bgëg~p~ÅÑb~¶Ã

ªCÙ™@*ìX

ÈÈÈÈÅÅÅÅ{{{{����ÈÈÈÈ~~~~ 2.5.4.2

i²áÆ$43šð EEVÆn0*Îy»‚gZgK"ZgnZzgi²áÅS:]ÅãCŠ6,ZgèÔ"i}Å‚|#ZzgÈÆCÙ̧~ZkÐzZhi²áÅ”]
èV~„HŠHìXZy,{~ÐWJ0*ÎyÆÑà”V~�ªyz¿Ô0*÷ÔÃÚyÔDÙZg{ÔøDÔ‚«gfX 17 ÃæÃgnpƒñ
ê†!´º~�ªÑyÔd-öEOÔPêÔ™xÔmÔŠgc*ñ�|»´‘ÔgyWs¼ÔayyXê»õZÔe©Zzg(ZyX 9 7̂;gÔŹzgº[X



¢aàˆìâÎZñº[Æ 10Ð5 aèi²áÆç}Æn4Òi²áic*Š{Zë�ZknÓx$43šð EEVÆni²ßVÅÁZiÁ�Zð
³¢aàˆìX 70 ³¢aìXZÏ§byz¿Æ´ºÆnÁZiÁ�Zð 20 ˜Vi²ßVÆêÅÁZiÁ�Zð

iiii²²²²ááááÅÅÅÅƒƒƒƒZZZZgggg»»»»{{{{����))))ââââeeeewwww(((( 2.5.4.3

i²áÅƒZg»{�¯äÆnŠg`fs)zZ]ZEwÅˆìX
N (m)  =  f (m,t)

Zy»ŠzgZ6ìX t ÆRÆ',Z',c*(,}i²ßVÅ®ZŠìXZzg m,N (m) Zk)zZ]~

0*Îy~ZzgZkÆZgŠ¤/ŠÆ´̧V~WäzZái²ßVÅZq-Yìz„»gÅˆT~CÙÈÆn¢zg~Z°ZŠzÑg½K‰�X

YÆi²áÆZ°ZŠzÑg~i}ÅÒØzVÔic*Š{�ZðÅØzVZzgi²áÅ¤‰ÜÅZlxÅßg]~¤‰ÜÅŠg,ñ�Š 2006 YÐ 1904

�XaèCÙômÅãCŠ¤‰ÜÅZlx6,g¿ˆZknZq-n»ZN[™**¢zg~ìXi²áÆç}Æ‹b~ZEwƒäzZáZ°ZŠzÑgÃ
~psHŠHìX (MW) ZEw™äÆnÓx¤!VÃŠg`fs)zZÂVÅæŠÐ£gZW,)ñ4(Å¤‰Ü

~p~Šg`fs)zZ]Æfg)Å̂X MWÐmb Zzg MS

~p~Šg`fs)zZ]Æfg)Å̂X MWÐmb Zzg MS



i²á»£gZW, Mo £gZW,Å¤‰ÜZzg MW i²áÅ£ò¤‰ÜÔ ML ÒØÅ¤‰ÜÔ MS ic*Š{�ZðÅØÅ¤‰ÜÔ mb Zy)zZÂV~
�X

YÐ¬Æi²ßVÅözŠ®ZŠ�áïìZzgZy~ÐÜs¼Ã¤‰ÜÅŠgŠ~ˆìX0*ÎyÆnñ�Šù¦ 1960 i²áÅYìz„~
Å¤‰ÜÆi²ßVÆåZ°ZŠzÑgŠø7[�XZkni²ßVÆˆÆ%VÃgh™ 4.5 YÆˆ 1960 Z°ZŠzÑgÆ‹bÐØ¸ì�

ÎÅzJÅæŠÐCÙÈÆ8Šõ
EO~WäzZá GIS YÆŠgxãzMÆn£gZW,Å¤‰ÜZEwÅˆìX 2006 YÐ 1961~PSHA

i²ßVÅe{z„»gÅˆZzgCÙÈÆni²áÅ¤‰ÜZzgÒ]ÆâÆfg)ÐCÙgÕÅnÆÈÆnÁZiÁ¤‰Ü»OîHŠHX

xxxx¤¤¤¤‰‰‰‰ÜÜÜÜ 2.5.4.4

¤‰Ü»ZŸ†™ÆCÙÈ 0.5 @*g]i²áÆgkge~ñ�Š{i²!ÆƒÐ(,}$›å GOŠc*WÑ]ÅæŠÐâ9‰i²áÆZ0+gZ`Å”]~
ÆnZq-ƒÐ(,~Â¤‰ÜÒyÅ̂ìX

ôôôô))))zzzzZZZZ]]]] 2.5.4.5

¢oiF̂w•Æ»°Z°ZŠzÑgÅ¶ÅzzÐ�¤!VZzgÃ+VÆzWe»Zq©™,Ô†!Z¨ðêÆnZÌJ-ô©]Åú
(ô)zZ]~ÐCÙZq-Ã 4 ÆŠzgZyZîC»ñVÐú”{eg) 2004Ð1996 7ƒmìXç}ÆZÈà‹bÆn

æ‚ziyÅãCŠ6,ZEwHŠHìX

ÆÆÆÆ}}}}òòòò PSHA 2.5.4.6

»Ñ PSHA ‚Åz*ç}ÆZÈà‹bÆnZEwHŠHìXaè EZ-FRISK Z%M~‡ìÃßgZezÅg‹Zb8-»»g™Š{
(bZEwHŠHXZkb Gridded- Multisite »¤/ei+R‚"3ïJGH) EZ-FRISK i²áÆç}ÅuzŠÃªCÙ™äzZÑu»g™**åZÏn

~Qk´ºÅu~T»u¯**ƒZq-lYàÆCÙy6,ç}»ZÈà‹tHY@*ìX‹bÅW‚ãÆn_¬Æ´º)0*Îy
8{ð OV~„™Æi²áÆç}»ˆ[HŠHZzglYà)ù¦îg6,½"5é GEMM¾{DÙZgéy(ÆCÙ 6 ZzgZkÐ!*CÙZq-e¤/~6,Œ(Ã

(gÕÅnÆ$43šð EEVZzgZVKŠgZh~$43šð EEVÆnŠg»glZg,‚ÅzJ 14 e¤/~zMÆˆiF̂w•ÅlZgqÝÅˆXÓxaŠ{) 0.1

³¢aÆÛ¢~ñ�Š{�È~G‰i²áÆÓx 300 ~eZàIXCÙéy6,ç}Æ‹bÐqÝ”{}òÃéyÆZgŠ¤/Š
‚w»ƒZg~ 475 ‚ZÈwÐzZh) 10 ‚ßV~�ÛèlZgÐ(,"Æ 50 $43šð

EEVÐqÝ”{åç}Åßg]~7HŠHX
Æ(PGA) ÎÅzJÆfg)iF̂w•ÅÑbÅZ•ðŠg GIS e¤/~ÆzM6,qÝ”{}òÐ 0.1 z9(iF̂w•CÙéy6,ïàˆX

‚w»ƒZg~z9(Åßg]~}òÃ7HŠHìX 475 ZÈw)ª� 10% ‚ßV~�ÛèlZgÐ(,"Æ 50 é'»gG‰Zzg
~Š3c*ŠHìX 2.18 »éun¦k, PGA



0*Îy»iF̂w•ÅÑbÅZ•ðŠg»u :::: 2.18 ¦¦¦¦kkkk,,,,
iiii²²²²ááááÆÆÆÆêêêê 2.5.4

Å§i6,0*õi²áÆ8‹ð
ELV~„HŠHìXZy8‹ð

ELVÅu,Šg`fsÅ UBC ÐqÝ”{ŠgzVÐ0*ÎyÃ PSHA ÅãCŠ6, PGA

ãCŠ6,ÒyÅ̂�:X
0.05 to 0.08g :1¸
0.08 to 0.16g : 2A ¸
0.16 to 0.24g :2B¸
0.24 to 0.32g :3¸

0.32g < 4 ¸
Æˆ[ÐËZq-i²áÆ8Šõ

E
L~g3ŠH 2.19 ~Š3c*ŠHìXCÙyÅ(Ã¦k, 2.19 ZkãCŠ6,ú”{0*Îy»i²áÆ8‹ð

ELV»u¦k,
Šc*YñÇX Z Æ_.i²áÆêÐzZhZq-°Š 5-I ~Š�‰].zw 5 Æ0*Îy¤8-ÃeÆ!*[ 2007 ìXCÙqg]Ã

0*Îy»i²áÆèV»u ::::2.19 ¦¦¦¦kkkk,,,,



3 !*[�
XXXXXX

¬¬¬¬ggggssss 3.1

WÄZq-Ze7-vyŠ{c*Z•ð$+ëzZ§ƒ@*ì��ZK̈âVÆ‚B‚BŠg½VZzgYâgzVÃ"uvyà@*ìXWÃ]!~ÐÔ̄g~Zzgš
ZqÐi7WC�XtzZu]pZ{ŠgCƒVc*ZK̈yÆaZ™Š{Zq-ºmŠzgZ#/õ EGÆZ0+g‡.Þè',ŠZ“uÐ(,|YD�ZzgZL‚B_“ÃÂ
¯D�XtâwZzgYGZŠÆvy»!*)̄‘W�ZzgZyÆË~i0+ÏD`ƒ™g{YCìXtzZu]ZK̈ãçÑ}~WÃ]»!*)̄“W
zZáŠgCâj1Cq]Ã”h+OW,™D�XVwÆîg6,i}Å.VÅZe7-w•i²áZzgW>]ã·î»:LƒCìÔÚÈ‚à�

�îsZ=]µ‚à»:Lk�ìÔc[Ôcð"ìÔZ	ãZ�x»”Zîz){X

WÃ]åÐ''VÆ²z`zizZwÆ‚BzZhg„�X¢-ö
EEO7gÄÆ‚BF,ªCW¸iÆË~)·ãCŠ~eJçZzgxZU*PaZ

ƒñ�XZq-§sâŠ~F,¹äZK̈yÃ’góŠg]ÐŠzgHZzgŠzu~§sZK̈ãW!*Š~Æ�Z]~ZŸ†HXWÃ]ÆË~Yãzâàvy
~ÚZŸ±Zzgâjw6,vyŠ{ZW,Z]äÎZŅ̃Zò',ZŠg~ÃWÃ]ÆZOxÃZq-6Úø~ŠÚ6,6gH��ÎZŅ̃ZòuzVÐâzgZY

ZZlxÅWÃ]ÃªCÙ™CìX 3.1 ìÔÂçZ]Å7|™@*ìZzgZ’Zð%µÐWÃ]»iï%Æ‡.Þ¯@*ìXfs~Š~ˆ¦k,

ZZlxÅMÃ] ::::3.1 ¦¦¦¦kkkk,,,,

Ãðç{6�c[Ôi²!c*W0+S��øuzZ§ƒ@*ì(,}�Z])6�z+VÅ**»°Š,kÔFgZzg1hñßvZzgWÇ„Å¶z){(Æ‚B
ï™"Z•YãZzgâàvy»:L“WzZàWÃ]»!*)̄ƒ@*ìXVwÆîg6,Zq-i²!ZK”]ÐsÃË"W!*ŠõZ~WÄ¦g7HY



YXi²!ÜsZkz‰ÜWÄ~psƒ@*ìZ#tßÍVÔZyÅZ5uZzgZyÅu¤/ñVÃOW,™@*ìXZknWÃ]ÜsZÏz‰ÜzZµƒC
',ZŠg~ZzgâjwÅWÃ]»‚o™äÅic*Š{&¢AÆË~ç} / �Z#çZ]Zzg¢g5+k,~W:~ïYNX1t!*]&4øFG

I
LÃgì��ÛŠ

ÆZW,Z]ÁƒYD�XZknWÃ]ÆZOxÅãCŠ~™Æn…oƒVßVÐZy&(,}ZbZYÃKÅ¢zg]ìX

WWWWÃÃÃÃ]]]]ÆÆÆÆZZZZOOOOxxxxÆÆÆÆZZZZßßßßwwww 3.2

Æò 2005 ŠgCWÃ]ÆË~aZƒäzZáv**]!~Ð(,|gì�XZzg7Z0+ZiG‰gD**]**‡.Þ',ŠZ“uJ-ic*Š{�X
»Ã"»i²!Š*ÅPF,+ŠgCWÄ~Ñgƒ@* 1995 Æi²áÃ(,~uJ-0*ÎyÅ@*gõÅPF,+WÄŒYYìXZÏ§bY0*y~

ìXZ%MÆZ”VZzg‚g~Š*~WÄÆ}.ÚÅlZgp+uuJ-ic*Š{ìXtìw’góañg;ì�ic*Š{izgçZ]Åf6,Šc*Y**
e34/õ XJG��gzZ§§jÆÜsì�ic*Š{izg�Z!g›¿ZzgWÄÐXî6,ŠêìX
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F,Áï]Æ¤/Š̃OìX6,̧òÔß!*ðÔVZzg',ZŠg~ÅR6,¿ŠgWæHYg;ì: 9 ÂxŠg`fs DRM

ZZZZŠŠŠŠZZZZgggg{{{{YYYYCCCCZZZZzzzzgggg‡‡‡‡ââââããããZZZZOOOOââââ]]]] 3.6.1.1

¸òWge¼',ZñZOxèWÃ]zÃ¹Ôß!*ðZzgVR6,WÃ]ÆZOxÆZŠZg}Zzgz‡ì™ä»6,izgŠêìXZkzÃ0*ŒŸ™ä»
Åú DDMAs Z(gìZ#�ZŠZg}ÔÎfZzggZÆÆ!*iz�XzZzgZŠZg}',Zņ̃òZzgß!*ðZOxèWÄúŠ�Y`�XZÏ§b

»¬Yg~ƒ[ìXZkF,Áb~‡âãç5]ÔgÉðZzg§i»gÅúZzgZyÆZUîV6,¢-ö
EEOˆVÅúÅµ/È~Å̂ìX

¸̧̧̧òòòòççççZZZZ]]]]ZZZZzzzzgggg¢¢¢¢gggg5555++++kkkk,,,,~~~~ÅÅÅÅYYYYõõõõ 3.6.1.2

WÃ]ÐzZhv**]Æç}ÆZOx6,!*µ̧/È~ÔÕèiZzg6,z¤/ZñVÅ»g~Æn0*ÎyÆZ´̧VÅŠÃ¦$zg-VÆ
'ÅÂ[»gÅYñÏXZk~ç}Æ'Ì�áïƒVÐ��oÆZ8{ð OV~vyÆç}ÅRÆ_.)ÁÔŠgx:Ô”h+(
ZçZ]Å(Å¶K0+„™,ÐX'ÅÂ[~W!*Š-VÔyzVÔZëãCŠ~eJ‘Zzgâj1Cz‚bÅŠÃ¦$zg-VÆ‹bÌ�áïƒV
ÐXZkÆ´z{WÃ]ZzgŠÃ¦$zg-VÆgD**]Æ‹}~œªÆnWÃ]ÅZq-åz„Ì»gÅYñÏX

FFFF,,,,ššššMMMMÔÔÔÔ½½½½ZZZZzzzzggggWWWWÇÇÇÇ„„„„ 3.6.1.3

F,šMÔ½ZzgWÇ„Æ6,z¤/ZñV~Zˆ�áïƒVÐX6�u»g~5i}ÔzÃ¹Zzgß!*ðÔ̧òZŠZg}',ZñZOxèWÃ]Æ5i}Ô¢-ö
EEO

ZŠZg}ÔZ̧Zxè�{Æ5i}Ô)u»g~°ÔfgZùZšrÔ(+ZyZzg',ZŠgc*VX¢g5+k,~~¶ÔçZ]ÅfZzguò�Z!»gzZðÆZOx6,

F,›VÆ´z{̂lZzgæŠÔZ’ZðWZæZŠÔWvuäÔÜkãÔÐÎäÆZOâ]ZzgZæZŠÅ„‰ç5]~ÌºmF,ÎŠ~Yg„�X



WWWWÃÃÃÃ]]]]ÐÐÐÐzzzzZZZZhhhhvvvv********]]]]ÆÆÆÆçççç{{{{ÆÆÆÆZZZZOOOOxxxxÅÅÅÅµµµµ////ÈÈÈÈ~~~~ÃÃÃÃFFFF,,,,¹¹¹¹ŠŠŠŠbbbb 3.6.1.4

Åµ/È~WÃ]ÐzZhv**]Æç}~¶Ô»g~ÔŠg„z‰Ü6,Zzg%1o�Z!»gzZð (Disaster Risk Management)DRM

Æfg)WÃ]Æ%æEN}ZW,Z]ÃÁ™äÆnÑiòìXZkÆ´z{Zq-̧òµ/',Zñ�Z[èWÃ]Å»g~»µ/¯c*ŠHì��zÃ¹ziZÂV
øwWiZŠ§VzòZzgÑà DMAs ÔZŠZgzVZzgŠzu}VVÅ̧òR6,WÃ]Æ�Z[ÆmÐf)ŠZ-VZzg™ŠZgÅzŸs#™}ÇXÓxß!*ð

DDMAs(Distr ic t Disaster Risk Managemetn µ"»g™n�² DRM ´‘Y]ä¬„ZLß!*ð
£òRÆµ"»g™äÆ¿Ð¦/gg„�X Authorties)

'''',,,,ZZZZŠŠŠŠgggg~~~~ZZZZzzzzgggg££££òòòòRRRR6666,,,,vvvvyyyyÆÆÆÆçççç}}}}~~~~¶¶¶¶»»»»µµµµ////ÈÈÈÈ~~~~ 3.6.1.5

t!*]'Šg„ƒÇ�',ZŠg~ÅR6,6,z¤/Zx»ÎfWÃ]ÐzZhv**]Å¶ÅÕiÆŠwÅwg‚rìYèWÃ]ÐzZhv**]Æ
CBOs çZ]ZLZW,Z]ÆsV~¹uJ-£ògT�ZknZy»�Z[Ì£òƒ**e’XZÏzzÐ£òÇ{ŠZgzVZzg',ZŠg-VÔ

)ñã{MgkH,̂c(ÔzgzVÔaZgzVÔš-VÔZ‚E+{ZzgeZËzVz){Å&¢A(,JäÆn',ZŠg~ÅRÆZŠZâ]Ã̧òRÆÂx
ä•Zzg$++)�|(ÔÃ@Zzg¼)�ñy(Ôâù{)uu(Zzg¡W!*Š)WiZŠ§Vzò(~ñTÅRÅ NDMA ~¹ZÌŠ~ˆìX

u¤/ñVÆ¬%µ»W¸i™Šc*ìX

¼¼¼¼ŠŠŠŠWWWWÃÃÃÃ]]]]ÅÅÅÅZZZZ’’’’ZZZZððððçççç}}}}ÅÅÅÅZZZZ::::qqqq 3.6.1.6

úŠc* (EWS) µ‚àÅZ’Zðç}ÅZ:qÅ&¢AÃ(,Jc*Y¨ZzgƒZÆîÃyZzgÎ**òÅWÃ]ÆnZ’Zðç}ÅZ:q»Âx
YñÇXç}ÅZ:qÃ;ä~4~ÆnfgZùZšrÆ™ŠZgÃÌ(,Jc*YñÇXZÏ§bñ‹ÃZç}ÅZ:qŠ¶zZáZŠZgzV
Æ‚B�hZYñÇ@*�z{z‰ÜÐZzg‡W,Z0+Zi~gœè¿Š3äÆ‡.ÞƒVX

WWWWÄÄÄÄÐÐÐÐzzzzZZZZhhhhvvvv********]]]]ÆÆÆÆçççç}}}}~~~~¶¶¶¶ÃÃÃÃFFFF,,,,¹¹¹¹ÆÆÆÆããããCCCCŠŠŠŠ~~~~ŠŠŠŠJJJJgggg}}}}~~~~ÑÑÑÑ******** 3.6.1.7

ÃF,¹ÆãCŠ~ŠJg}~Ñä»ÑZk!*]Å¢Š;ã™**ì�WÄÆ~yiŠ{´̧V~¼ŠŠgCZzgZK̈yÆaZ™Š{çZ] DRR

Æ£«~Zi£gÆ'×Z›ãCŠ~eJ‘ÅyƒnXtÑv**]Æç}Zzg¢g5+k,~ÅYõÆ6,z�Åµ/È~Æ%µ~
¸òz',Zñµ/È~ZzgâàZñgÅziZg]Æ‚Bï™»x™}Ç@*�WÃ]ÐzZhv**]Æç} NDMA �áï™ÆqÝHYñÇX

~¶Ã̧òµ/',ZñF,¹ZzģòÕi',Zñ¾"$Sî~æHYnX¼Z’Zð6,z�ç}~¶ÃãCŠ~ŠJg}~ÑäÆnÉ
ziZgÂVÆ‚Bï™ÑzqGYNÐX

uuuuòòòò����ZZZZ!!!!»»»»ggggzzzzZZZZðððð»»»»ÂÂÂÂxxxx 3.6.1.8

ÅæŠ™} PDMAs ß!*ðZzgVTV6,uòqªÆ»xÆ%Zœ/Æªx~ NDMA Æ´z{ (NEOC) ¸ò%œ/',ZñuòqªÆ»x
uòqªÆ»x™äzZáZŠZgzVÆnZ’Zðç}ÅZ:qzßw™äZzg¢zg~@Zc*]Yg~™äÆn%œ/Æîg6,»x NEOC ÇX



™}ÇXtOW,{´̧V~ZæZŠ~»gzZÇVÆngZÆZzgZOâ]ÅÌôZã™}ÇXzÃ¹Ôß!*ðZzg£òZŠZgzVÆuòqªÆ�Z[~
‘YñÇX (SOPs) �áïƒäÆn»x™äÆºm§j

WWWWÄÄÄÄÆÆÆÆˆ̂̂̂ÅÅÅÅ!!!!****iiiicccc****!!!!ÆÆÆÆnnnn&&&&¢¢¢¢AAAAaaaaZZZZ™™™™******** 3.6.1.9

!*ic*!Å¢zgc*]ÅYõZzg¼Š‡VÆa NDMA WÄÅ!*ic*!Æ6,z¤/ZñVÆ‡W,ZOxÆa¢zg~ì�ÂxZzgZOâ]ñ�ŠƒVX
!*ic*!Æ6,z¤/ZñVÅµ/È~ZzgZOâ]Æn@Zc*]»g™}ÇZÏ§bWÄÆˆÅ!*ic*!Æµ1VÅ»g~ZzgZy6,¿ŠgWæÆjZá
Ð´ziZgÂVZzgŠzu}�ÛhVÆn‡I³™äzZáZ½¬]»ZOxHYñÇX

WWWWÃÃÃÃ]]]]ÐÐÐÐzzzzZZZZhhhhvvvv********]]]]çççç}}}}ÆÆÆÆZZZZOOOOxxxx»»»»eeeeJJJJçççç 3.6.2

ÆeJ‘ÅÂ}ZzgZkÅZ:t™Šc*ŠHìX DRM Å<VÅgzÝ~̧òÔß!*ðZzgVR6,Šg`fs NDMO Ó#Ö0*Îyä

¸̧̧̧òòòòRRRR6666,,,, 3.6.2.1

(NDMC) ¸̧̧̧òòòòzzzz'''',,,,ZZZZññññZZZZOOOOxxxxèèèèWWWWÃÃÃÃ]]]] 3.6.2.1.1

WÃ]ÐzZhv**]ÆZOxÆnµ/È~ZzgŸ™äzZÑƒÐZdZ(gCZŠZg{ NDMC ç6,ÍÆîg6,zik,ZWÅu',Z„~
»ç}c*Zk»úÒ{ÔñZ&]ÔŠÃqÔâàZñgÔZñg{gzÔ¡Ô JCSC ìX6JéZ{»Íg3,ÔWiZŠ§Vzò»zik,WWÔÑà´‘Y]»Íg3,Ô

»ç}ÔÎwÎ‚Ì»úÒ{ZzgFŠzu}|Z]X»½gc*Oîç6,ÍäHƒ NDMA ZñgèŠZ¼Ô	Y‹ŠmzgzVÅ½ÅzÃ¹ziZg'Ô
Æµ1VXÃzÃ¹Ó#ÖÅziZgÂVc*VVä»gHƒÅ DRM 6,ÕqV¯äZzg@Zc*]»g™äÔ DRM Æ0*k NDMC �áï�X

ZYi]Š¶Ô¦V»ZOxZzgŠN¸wZzg(,~WÃ]ÐOW,{Šzu}”VÃZæZŠ½™ä»Z(gÌìX

(NDMA) ¸̧̧̧òòòòZZZZŠŠŠŠZZZZgggg{{{{'''',,,,ZZZZññññZZZZOOOOxxxxèèèèWWWWÃÃÃÃ]]]] 3.6.2.1.2

ÃWÃ]ÐzZhv**]Æç}ÆZOxÅÕ<V6,¿ŠgWæ~ËqaZ™äÆaZq-%œ/~NZzggZ*»gZŠZg}Æîg NDMA

ÆZ(gZ]Zzg»xŠg`fs�: NDMA 6,‡ìHŠHìX
ÆÎfÔgZ‚»g~ZzgYõÆZŠZg}Æîg6,»x™**X DRM 1X

µ/»g™** DRM 2X¸òzÐàg~Æn¸ò
µ"»g™äÆn@Zc*]»g™**X DRM 3XZziZÂVc*VVZzgß!*ðZŠZgzVÅ§sÐ

4X¸ò0*ŒÆÎfÔgZÆZzgÎfÅôZã™**
Ã¢zg~¢-ö

EEOæŠ½™** PDMAs µ1VÅ»g~Æn DRM 5Xß!*ð
6XËŠg7MÄÅßg�wc*MÄÆz̧q5+k,~Æˆ�Z!»gzZðÆagZ‚»g~™**



ÆjZáÐ¬x½ZzgWÇ„ÅF,zó™** DRM 7X

8XZ,»xZ5xŠb�̧òzZ5xŠ¶Æn¾

ßßßß!!!!****ððððRRRR6666,,,, 3.6.2.2

(PDMC) ßßßß!!!!****ððððzzzz'''',,,,ZZZZññññZZZZOOOOxxxxèèèèWWWWÃÃÃÃ]]]] 3.6.2.2.1

ÆŠzu}Zg»yÅ**'×ŠÏ PDMC »u',Z{ƒ@*ìZzgŠzu}Zg»y~‡Z+èxƒZ%sZzgZk»**'×Š™Š{Zq-�ÛŠ�áïƒ@*ìX PDMC zik,Zd
ÆZ(gZ]Zzg»xŠg`fs�:X PDMC zik,èZdÆZ(g~ìZÏ§bz{Ë¥ÁÃ**T$ç6,ÍÌHg™YìX

ÕèiÅú™** DRM ´‡ð / 1Xß!*ð
µ"ÅÂ}™** DRM 2X

3Xµ"ÆÎf»Y,̂{¢8
4Xß!*ð‡VÆF,ªCµ1V»Y,̂{¢8ZzgZk!*]Å¢Š;ã™**�vyÆç}~¶ÆZŠZâ]ÃZy~æ™Šc*ŠHìX
5XvyÆç}~¶Zzg»g~ÆZŠZâ]Æng¶ÆÈznÅôZã™**X

(PDMA) ßßßß!!!!****ððððZZZZŠŠŠŠZZZZgggg{{{{'''',,,,ZZZZññññZZZZOOOOxxxxèèèèWWWWÃÃÃÃ]]]] 3.6.2.2.2

Æ»xZzgZ(gZ]Š`fs�:X PDMA »u',Z{Zq-eZ],I¾wƒ@*ìT»½gß!*ðÓ#Ö™Cì PDMA

Åàg~qÝ™** PDMC Õi¯**Zzg DRM 1X

Õ<VZzgµ1VÆß"~ÎfÃD¯** DRM 2X

¸òÕiÔ̧òµ/Zzgß!*ðµ"ÆÎfÅôZãZzggZ‚»g~™**X  3X

4Xß"ÆZ8{ð OV~áµWÃ]Ð¢g5+k,~ÃY"ZzgD+Zguc*fÆZŠZâ]?m,™**
µ1VÅ»g~Æn@Zc*]Yg~™** DRM 5Xß!*ð‡VZzgVZŠZgzVÆn

‡VÅ»g~Zzg�Z!»gzZðÆZOâ]ÅYõ™**X / 6Xß!*ðR6,úZxZÅ5éEOkZzg̃ZŠZgzV
7XWÄÆzZîÆŠzgZy�Z!»gzZð~gZ‚Y»gÆîg6,»x™**X
8XËß!*ðˆc*ZŠZg}ÃWÄÆ�Z[~n‰ZŠZâ]Æ!*g}~@Zc*]ŠbX
9XZk!*]ÃD¯**�ñZ&]ÆÂxŠg„»x™gì�ZzgWÄÆZOxÅ¼!*‡°{ƒg„�X



VVVVRRRR6666,,,, 3.6.2.2.3

(DDMC) VVVVZZZZŠŠŠŠZZZZgggg{{{{'''',,,,ZZZZññññZZZZOOOOxxxxèèèèWWWWÃÃÃÃ]]]] 3.6.2.2.3.1

Æu',Z{ƒD� DDMAs Åú6,{™izgŠêìXV**¸ DDMAs Wge¼',ZñZOxèWÄu»g~Š*zm,~Zy»Z0+gZ`™Æ
)¡(ZzgVÓ#ÖÅ§sÐHg™Š{ÃðVR»ZfZkÆZgZW EDOs ÔDPOs ÔV7:ZfZyÔ DCS ÔDCOs²

Æ»xZzgZ(gZ]Šg`fs�:X DDMAs �X
ZŠZâ]Åµ/È~ÔgZ‚»g~ZzgZy»Îf™**X DRM Å§sÐŠ~ˆ@Zc*]Æ_. PDMA Zzg NDMA 1X

ZzgVR6,uòqªÅ�!»gzZð»µ/»g™**X DDRMP 2XVµ/',ZñWÃ]ÐzZhv**]Æç}»ZOx

3XZk!*]ÃD¯**�vyÆç}Æ~yzZá´̧VÅ¶K0+„ƒ̂ìZzgD+ZguZzgfÆZŠZâ]™n‰�X
Å§sÐ½G‰�Zy6,ÓxVRÆ‡VÅ PDMA Zzg NDMA 4XZk!*]ÃD¯**�D+ZguÔfÔ»g~Zzg�Z!ZŠZâ]6,�

§sÐ¿HŠHìX
5XWÃ]ÆZOxÆµ1VÆn@Zc*]Šb

µ1VÆÎfÅôZã™** DRM 6XV‡VÅ§sÐ»g™Š{
F,šMÆ6,z¤/ZxF,KMŠbZzgZyÆngZ‚»g~  DRM 7XVÓ#ÖÆZfZyÔ',ZŠg~ÆZgZWZzg',ZŠg~ÅãCŠ6,‡ì™Š{¡VÆn

™**X
8XZ’Zðç}ÅZ:¬]Zzg9¥â]ÅßÍVJ-g‚ðÆ§hVÃ‡ì™**Ô',ŒÛZgǵÔ‹t™**Zzg4¯**
9XVRÆ�Z!»gzZðÆµ"Zzg@Zc*]Å»g~Ô‹tZzg4~
01XæŠZzgXîÆ‚ây»fí{™**
11XZk!*]ÃD¯**�ñZ&]ÆÂx»x™gì�ZzgWÄÆZOxÅ¼!*‡°{ƒC�X

0000****ÎÎÎÎyyyy~~~~WWWWÄÄÄÄÆÆÆÆvvvvyyyyÆÆÆÆçççç}}}}ÅÅÅÅßßßßgggg����wwww 3.7

0*ÎyÃŠg]äegñÈVZzg–q'Z5ðS:]gppzZá´̧VÐâZiZìXËÌŠzu}oÅ§bZk~ÌW!*Š~~pwWÄÆ
~yiŠ{´̧V~%µ/È~ÆF,¹ÔW!*Š~ÆZ8{ðOVÆ¢g5+k,~Zzg¾"$ñ�Š�túZïŠgCúZï6,"C{Š!*îeZs�ZzgWÄ

ÆvyÆZOx6,WÇ„~¶ÅãCŠ�X

ŠgCWÃ]Ð0*ÎyÆOW,ƒä»ŠgzŠgxãÐ”h+RÆŠgxyìXŠgCWÃ]øw',sÆÂŠzV»¤/**ÔƒZÆîÃyÔÈ‚àÔi²á
Ôz!*ðZ%ZnÔc[Ô',Ãã*V»ËY**ÔèÆÂŠzV»¤/**Ô'Z]ZÑgn»úÔŠgc*»¥c$+ÜZzg«gÅZzœØ0*ÎãçÑ{ÆnçZ]aZ

™D�XZK̈âVÅaZ™Š{ZnÅWÃ]ÌçÑ}ÔuZzgâjwÆnç{�XZy~QÔfgZùÜzÜÔ%»ËY**ÔàZzgkÅ
WvÔ{:mZzg',ZŠg-VÅZ0+gzyèoÜkã�áï�Xic*Š{F,ÁWÃ]ZKZ,®)ZzgZW,Z0+ZiƒäÆeäÆjZáÐŠg`fs�:



i²áÔÈ‚àÔc[ÔƒZ»îÃyZzgèÆÂŠzV»¤/**�âè~zWeä6,n„»!*)̄¶�XŠg`fs~ZyZëçZ]X»0*ÎyÃç{
ì»Zq-¬gsŠc*ŠHì:X

iiii²²²²áááá 3.7.1

i²áÅz�;]Zzg}òÔZ1Z[~ÒyÅˆ�XZ%6�ëY…��Z&++PT6,0*ÎyÔyz*yZzg{CwzZµ�ÚÑwÅ
§sw•™g„ìZzg-gµPÆnßg„ìTÆË~i²áWgì�Zzgø1ðNh0gì�XÑyÔyz¿ZzgŒÛZŒÛxÅ
Nh~ÎVÆŠgxyß/6JéZ{~Ñà´‘Y]ZzgùZw»IÔòøw¡W!*ŠZzgÃ@Ô�ñy~mÔd-öEOÔjz[Ô8}å EZgÔŠZwÈ+Ô
(Zy»‚iøwÍZŠgZzgå(,}c*¹(,}vyÆç}Æ´̧V~zZµ�XZsxW!*ŠÔ™ZcZzg?zgZz‘ŠgZÆvyÆç}

»(ZyÆ‚i»i²!0*Îy~ 1945 »Ã@»i²!Ô 1935 (X�~œ~~eg(,}i²áøw 3.4 Æ´̧VÆ)g}6,zZµ�)¦k,
zZµƒñ�X

Y( 2007 0*Îy~i²!Æ´̧V»u)0*Îy¤8-Ãe ::::3.4 ¦¦¦¦kkkk,,,,

ÈÈÈÈ‚‚‚‚àààà 3.7.2

È‚àÆzZu]0*Îy~(,|gì��pgZuÆDÔñ7ÔigZ®)Ô0*ãÆz‚bÔâjwZzgW!ð6,”h+ZW,Z]eZs�X!*glÅ¶Zzg
‚’ÑgHŠHìT~‚Ñ:ŠzÎB¢aÐÁ!*glƒC 60 ŠgzYwZg]~”h+p~0*ÎyÆñŠS:]»{�XåiF̂´º»½"5é GEMM

ìXZë’´̧V~ayyÔe~Y{yÔe~W~{yÔÃÚyÔê0*g™Zzgf!�ñy�áï�X�ñyZzg�|Æß1V~‚Ñ:Zz‰!*gl
B¢aìXZñÈV~ƒäzZà!*glÅp~Ì{à 160 B¢a£«~½"5é GEMM 630 B¢aZzgß/6JéZ{Å 400 º[Æß"Å

ic*Š{ìXf~†!{6,ŒoÆWŠñ{ÅñÌÅ{¤’ZzgZ•ð’ìXCÙê~¼´ºÈgT�ZzgZ•ðÁZz‰!*glÐ
Ð&‚wÅÈ‚à»DgƒD�X 2 åÈ‚à»DggT�X¼´ºCÙ‚}~



YÆZ!x6,È‚àÅßg�w 2000 :Šc 3.5 ¦k,

cccc[[[[ 3.7.3

‚±gÕ6,;ƒZìÀ$éMMŠgc*ñ�|~(,}c[¤/ñVÆWy)�ÑðÐm( 70 ‚8~î O0*Îy~zZµì�½"5é GEMM 56 Šgc*ñ�|»
~WD�XZ#†!Z¨ð8Šõ

EO~¸g~ñyÎyÅ!*g/ƒC�XŠgc*ñ�|ÆZz6,~ZzgŠgxã”V~yZzgO[c[»!*)̄‘W
Ñwf[Ðƒ@*ƒZ0*Îy~ / �X(,}c[À$éMMñyÎyÅÁƒZÆŠ!*îÅzzÐWD��UXw~aZƒ@*ìZzgyz*y~f[

ŠZ4ƒ@*ìXŠgc*ðc[!*<mº[Zzg�|~WD�Z#�Nh~c[ß/6JéZ{ÆNh~´̧VZzg�ñyZzgÑà´‘Y]6,ZW,

Z0+ZiƒD�Xß/6JéZ{~eg‡{Ô%ŠZyâè{Zzg?zgÆIŠgc*ñ».Þ~WäzZác[ÐvyÆç}»‚o™D�X”h+
!*gØVÆ:LWäzZác[º[ÆNh~´̧VÃÌ”h+OW,™D�XÆ:LèÆÂŠ}¤/D�ZzgvXËYC�X!*glÆ

~ƒZ(ÔgZzf~ÔZsxW!*ŠÔy~ÌWMh�X0*Îy~c[ÈIUÐÌWMh�XVw 1996 îÃyÐWäzZác[Ñƒg)6�
~�áŠ~Ã^ÈÆIUÐå~WäzZÑc[X¦/¸‚ßV~(,}àzVÅc[Ð¢g5+k,~~ZŸ†ƒZìX 2005 Æîg6,�Ûzg~

Ðo 1947 àzV6�™ZcÔÑƒgZzggZzf~Ã¸g~!*gØVÆ!*)̄ïÏM[ÆÂxÅZ¦ZŠ~¶Æ!*)̄c[»‚o™**7,ZìX
teZ°âqÅn„îðìX 6 (,}c1Vä"Z•vyZzg 14 ~WäzZá

Šgc*ñ�|Æc[iŠ{´º ::::3.6 ¦¦¦¦kkkk,,,,

0*Îy~Šg`fs´º!*gØVÆ!*)̄WäzZác[ÅiŠ~�ury:E{Ô“¸ç
EEÔZ2ZgÔuZzgZhŠzX6JéZ{:eg‡{Ô?zgÔ



%ŠZyÔe~Wð{yÔÎZ]Ôâù{Ô!*Ñðzik,*yŠk,ZzgùZwXWiZŠ§Vzò:¡W!*ŠÔïÔ!*rÔÃ©ùX�ñy:´ÔÍÎÔ1ÑyÔ¼
ÔÍZŠg{gZy!]ÔTZgZzgÅh45Õä EGX�|:ŠZŠzÔ -.ç

G
EÔßZŠÃ^ÔÑh»:Ô™ZcÔ©gW!*ŠÔ‚¦Zzg$++ZzgCÙÒy™Š{àzV6�™ZcÔ©gW!*ŠgZzf~

ZzgÑƒgà~c1VÐ¢g5+k,~´º~�X

:™ZcZzgÑƒg~c[Åßg�w 3.7 ¦k,

èèèèÆÆÆÆÂÂÂÂŠŠŠŠzzzzVVVV»»»»¤¤¤¤////******** 3.7.4

òÔÑà´‘Y]Æ´ºZzgß/6JéZ{Æ¼{!*<mèÆÂŠzV
Æ¤/äÆçZ]ÐŠzeg�XNh~´̧VÅ'Z5ðS:]Zzg$zgiF̂
nÆ´z{!~ÐÜƒð',sèÆÂŠzVÆ¤/äÆzZu]~!~»
:L�XgLeä6,èÆÂŠzVÆ¤/äÆqŠU*]Zz6,Òy™Š{´̧V

~Ò]ÐƒD�XèÆÂŠzVÆ¤/äÅÑbw~(,|$Ëì
7 0 0 0 ‚‚Ñ:Æˆ[Ð•g;ì)t 3 . 1 YèÍ]»gK

Z�‚Ñ:Áƒ@*Yg;ì(X 9000Ð

WiŠ§Vò~!*rÔ!ÔïZzg¡W!*ŠÔury~Z2gÔŠc*÷ÔuÔvœÔ6JéZ{~»¸yÔ**gZyZzgùZwz{I��èÆÂŠzVÆ
¤/äÐ¢g5+k,ŒYD�X

ÎÎÎÎ********òòòò 3.7.5

0*Îy~«gÅZzœØÅWÃ]Ì@*gõ~ñ�Š�X(ZyÆ‚iÆ
YÎ**òWðZkØä 1945 âÞ 28 ¤‰ÜÆZq-i²áÅzzÐ 8.3 ‚B

¢aZzœñãaZXXÆ:LåZzg1´̧V~ÁZiÁ 15Ð12

³¢aŠzgåÔ~ 450 ßvhuƒñX™Zc��i²áÆ%œ/Ð 4000

ÅZzœ«g~ØWðXTäÈgÇ{Åœ1]ÃOW,HXZk|Æ$åOè 6

Ã�™Zc‰àwÆ(,}Z0+gzyè«gi²ßVÆ%œ/Ð4,Šq-zZµ

YÆòÆi²áÆè̂ÆÂŠzV»¤/** 2005 ::::3.8 ¦¦¦¦kkkk,,,,

:(Zy~«g~ÅZzœØ»@*g]ˆ[ 3.9 ¦k,



�Xt¢zg~ì�Î**òÆzZu]Ðv**]~¶Æn£òR6,WÃ]~¶Å&¢AÔZ’Zðç}ÅZ:qZzg�Z!gœè¿Ã¢o¯ä
Å§sÂzŠ~YñXÍZŠgX́Ô™ZcÔ$++Zzg¥«gÅZzœØÆ~yiŠ{I�X

««««gggg~~~~îîîîÃÃÃÃyyyy /ƒƒƒƒZZZZ 3.6

ÆŠgxy 2000 Zzg 1971 0*ÎyÆ‚´´º!*<m�|ƒZÆîÃyZzgZkÆË~WäzZá«g~îÃyÐ(,~uJ-¢g5+k,�X
ƒZÆîÃyŠg`G‰�XƒZÆîÃy�|Zzg�ñyÆ‚´ 14

´̧V~(,}eä6,v**]»!*)̄ƒMh�X¥Zzg$++Æ
W!*Šc*V™Y�Ð 73 ~WäzZáƒZÆîÃyä 1999 ^V~

ÑÄ 6 ñwVÃhuHXZkÐ½"5é GEMM 11000 ßÍVZzg 168 SŠ,Zzg
¯VÃ 642 gKZzg(,~¯VÃn{HZzg 1800 ßvOW,ƒñZkä


gz9»vyƒZXãCŠ~eJ‘Ã 380 bz~vyàc*TÐ

gz9åXñŠS:]Åp~îÃâVÅ”] 750 v**]»(

ZzgÒ]~ZŸ†™$ËìXZzgZyÆgZ2V~p~Ñ$ËìXZ¤/p
0*Îã‚iÆ‚BîÃâVÅÒ]Áìz{Z#ÌWD�”h+vy

àD�X

(Tä(,}eä6,n„îðZzgßÍVÃà{à™**7,ZX!*ßZôv**]» 3.10 ~ÍZŠgÆg;$h4ð
JIGVäÍâîÃy»‚oH)¦k, 2007 �y /#

ÐZq-Z0+Zi{Îc*YYìX 3.11 Ãðˆ[7Îc*Ye1¦k,

YÆÍâîÃy~MäzZán„)Ä»[†Zv¢y( 2007 ::::3.11 ¦¦¦¦kkkk,,,,

'''',,,,ÃÃÃÃãããã****VVVVÆÆÆÆËËËËYYYYääääÐÐÐÐWWWWääääzzzzZZZZÑÑÑÑcccc[[[[ 3.7.7

Zq-ZzgÂßg�w��7W$Ëìz{Šgc*ñ�|~Zz6,Å§s¤/òÅØÆË~',ÃãÛ»ËY**ìXZk¿Ã',ÃãÛÆÕzZÑc[

Âîg6,ç**u�Zzg',ÃãÛÆc[»!*)̄ 52 ',Ãã*V~Ð 2420 ë�XZq-qD_¬ÐØ¸ì�Šgc*ñ�|~ñ�Š
ƒ$Ë�TÆË~”h+Yãzâàv**]ƒMh�XZk_¬ÐtÌØ¸ì�™z~Z‚ÛZöwZg]w~Â«g~ÛÆc[

ÆçZ](,J$ËìXuÔry~Z2gÔuZzgvœ',ÃãÛÆc[ÐƒÐic*Š{~yiŠ{ŒYD�X

ÍâîÃy»gZ3 ::::3.10 ¦¦¦¦kkkk,,,,



'''',,,,ÃÃÃÃããããÂÂÂÂŠŠŠŠzzzzVVVV»»»»¤¤¤¤////******** 3.7.8

0*Îy~òZzgÑà´‘Y]xãCŠzV6,',ÃãÂŠzVÆ¤/ä»‚o
™D�Xç}Æ´̧V~g$zZáßvZzg_5éGObZkç}Ð¢g5+k,

~zZ4+ZÆG‰_¬ 1985-89 �X6,z�',Zñ',Ãã0*ãÆâ*
äÂ',ÃãÂŠzVÆ¤/äÆgZ2VÅ¶K0+„ÅX

ZñZ]Šg`Å 8 ÅuŠ-V~',ÃãÂŠzVÆ¤/äÐ 2008 IùZw~
IXury~Z2gÔuÔvœÔ½gÔZhŠzZzgZkÆ´z{ß/6
JéZ{~ùZw',ÃãÂŠzVÆ¤/äÐ¢g5+k,ŒYD�X

ffffggggZZZZùùùùWWWWææææzzzzggggÄÄÄÄZZZZzzzzggggQQQQqqqqŠŠŠŠUUUU****]]]] 3.7.9

0*Îy~fgZùWæzgÄÆqŠU*]Zq-©w»¿�X!*<mgs»Âx
”ZîÆn�gìXcðZzgvuÆqŠU*]Ì¬x�X™ZcZzgÍZŠgÅ

Y~Zq--**ã% 2003 ÈgÇ�ÌqŠU*]ÆçZ]ÐŠzeg�XZ~
Æ˜ikyZ4^ÐÕzZá%ä™Zc~»gz!*gÔÈgÇ{Æ5i}Zzg

H28000 1W!*Š-VÆnâj1CvyZzg¡ÆçZ]aZGX½"5é GEMM

%ÈgÇ{Æ´º~ËŠHTä(,}eä6,W!i0+ÏÃOW,HX

àzV6�ßW!*ŠÔÍ̀ZâZ!Ô™ZcÔ©gW!*ŠÔÃ@ÔÑƒgÔ(È^Ô?zgZzg
Y~È0*wgi+c*ð 1985 Šzu}àzV~à~W!*Š~ÆŠgxy(,fƒðQF,¹(,~QZzg6ðW:V»:L0$ËìX7,zÏoyz*y

ØzVÆZyZ`ÐOW,ƒZT~0*õ
DÙZgßvhuƒñZzgÈ0*wÆà-V
ä”h+¡Æ)b»‚oHX

™ZcÅÈgÇg~kyZ4^ ::::3.14 ¦¦¦¦kkkk,,,,
TÐ(,}eä6,%»ZyZ`ƒZ

0*Îy~!*pgZzg(`Æ',siZg ::::3.12 ¦¦¦¦kkkk,,,,

',ÃãÂŠ}Æ¤/ä»© ::::3.13 ¦¦¦¦kkkk,,,,



àààà~~~~ZZZZzzzzggggÍÍÍÍ]]]]ÅÅÅÅWWWWvvvv 3.7.10

CÙo~(,_ƒñàZzgQF,¹Æ¿Æ‚Bà~WvÆçZ](,|‰
Zø‡ìG‰�Zzg’ywZEwÆn CNG �XÓxà~´̧V~

gLZ:gzV6,Ì�Ûz|#ÅYCìXàzVÆg;›´̧V~ðz@
¡¬]Å�Ûz|#¬xìXt¿à~´̧V~WvÆ(,}çZ]aZ™D
�XZ#�à~}.â]ÆZŠZgzVÆ0*kZyçZ]»£¨™äÆn
œ1]**»°�X

0*Îy~ZZlxÆÍ]���†[~$45¾æ GE
Y

zÐá™Ñw~Z1íÆÍ]J-“ƒñ�X0*ÎyZzgWiZŠ§VòÆÑà
´ºÍ]ÅWvÐ~yiŠ{�X

Šg`fsZHbkÅWvÐ~yiŠ{�X6JéZ{~ÎZ]ÔùZwÔ1.ÔÃ;^Ô45½ð XEYÔCÙ~7gÔº[~ẐwÔZS-ÔyÔp�á[Ô9Ôu
ry~íkZzgWiZŠ§Vzò~zZŠ~YïÔzZŠ~YyZzg!*rX

0000****ÎÎÎÎyyyy~~~~wwwwÅÅÅÅWWWWÃÃÃÃ]]]]ÅÅÅÅggggzzzzllll 3.8

WÃ]ÐzZhv**]ÆçZ]Å¢g5+k,~ZzgÃuŠ!*î»‹tç}Æ~yiŠ{´̧VZzgZ§Zs~g$zZáßÍVÆnZq-¦k,zZã
™@*ìX(,fƒðW!*Š-VÅzzÐç}Æ~yiŠ{´̧V~5W!*Š-VÅyÅYg„ìXtgzlWäzZá‚ßV~$+F,ƒ$ËìYè

‚ßV~ŠztƒäÅÂµìXŠzu~§s¼ºmWÃ]Å”]ZzgÒ]~ZŸ†ƒg;ìXVwÆîg6,È 30Ð25 0*Îy~W!*Š~
‚àÔc[Ôi}»SZzgèÆÂŠzV»¤/**��ñŠS:]Åp~ZzgâjwÅn„ÆË~ƒD�XZyqÑ]~t³Z~.HYYì�

w~WÃ]{]ƒVÏZzgZyÆ	YÔçÙZzgâj1CZW,Z]¬Æ£«~¹ic*Š{ƒVÐXz{´º��¬¼ºmçZ]

)VwÆîg6,È‚àÔc[(Ð~yiŠ{7¸Ôw~Zy»‚o™Mh�X

™Zc~QMv»© ::::3.15 ¦¦¦¦kkkk,,,,



4 !*[�

iiii²²²²ááááÐÐÐÐvvvvyyyy»»»»((((zzzz‹‹‹‹tttt
ZZZZ’’’’ZZZZ×××× 4.1

i²!ZK̈y»ƒÐ6,Z**ŠÔì‰iâ:Š*ÐZZŠzZgzZz‡]~i²ßVäâbèZK̈ãÃn„ÐŠzegHXGi²áÆvy»fc*Š{Z0+Zi{Zy
»V6,ƒ@*ì˜VZK̈yW!*ŠƒV‰ZzgZ+Ç˜VZK̈yW!*Š¸z;V6,i²áÐWäzZàn„ÆZW,Z]øg~@*gõ~Ë:ËîgïYD
�‰Z¤/fgZŒÛd$Æiâä~ŠBÂŠ*à‰R,Zñ8øEL»E+™{-**ãŠZ*âV~MìZzg0*Îy~Š*W!*Š-V~ÂÅn„Ì¹Y@*
ì�i²áÅ%ƒÈ5¶‰QkÆˆÆiââV~$4h45é GGEÔß�áyÔIYZzg‚y�ÛZÆƒ„i²áÅn„»DgƒñX

)W!*Š́¸V~n„aè',ZÓgZ„ZW,Z0+Zi7ƒCZ=À˜Š*iââV~özŠigZùÅ¯Y¹Ði²ßVÐ0WÇ„QkâÎÅ7ƒ$Ë
¶�W`Åd7gÄÅ¯Yeì‰Šzu~§sZK̈ãW!*Š~CÙ9(,|g„ìZzgi}Æz{8Šõ

EO˜VLW!*Š~»**xz¶KyÌ7åZK̈yÆi%æGL

4ƒ‰�‰ŠŒÂVÐàzVÅY+$Zq-ZjŠ;xì�(,JYg;ì‰i0+ÏÆßZiâ]ä*g8-ZzgeàZC1ìTÅ¯YË8Iî EOi}6,
WäzZáÈ™w»ZW,Ë:ËîgZK̈âVÃZLŠZ],ÓZW,~ág;ì‰Zyƒ»Ñiò³i²ßVÆjZáÐd7gÄÅ¢zg]»Zˆkå

TäµâbZK̈yÃZy›ëÃY+ÅÃÒ~ÎŠc*�i²ßV»:L‘W�‰�,œ~~ZK̈yÅÎ@*gÃÒäËuJ-Sk‡.Þ™Šc*�
i²ßV»:LZzgiF̂w•Åz�;]ÃK~Š‰Ü:g„‰Z[ëÃt¥xì�i²áÃð"¾»g¦/Zg~»³7�ÉSk™øOZgn6,gzúƒä
zZàp=VÆ³~i}ÆZ0+gfí{ƒð̧ÂV»ZyZ`ìZzgTÆ0Óx¥â]ZkÂ[Æ¬!*[~oƒ,ÐCŠ~ˆì‰

HìZzgSk»(z‹t™ä»§iHì‰ (Seismic Hazard) ¬!*[~tÌCŠc*ŠHì�i²á»ZÈw

Zk!*[~�!*]Z[CäÅg{YCìz{tì�i²áÐ�vyƒYìz{Hì?

6�¬¹Y[ìZK̈ã¢zg]Ð0�ÌqSki}6,¯ðYñÏz{i²áÐn{ƒä»�á<gBbì‰Zå,œ~~�áh+„Ãð8Iî EO

i}ƒ˜VZq-(,}i²áÐvy»Z0+6:ƒZkn�ZK̈yZLÓxF,ßZiâ]Æ‚BZy8‹ð
EOV~:Üs',Z)yìÉZm®ZŠ~Z

z�;]Å¯YxZŸ†ƒg;ì‰

6�¬!*[~Cc*ŠHìi}ÅZg¬ÙâÎ6,«ì�iF̂‚|#Ôi²áÆ£xÔQm�Zð (Seismic Hazard) i²á»ZÈwª
ZzgiF̂.VÆZq-Šzu}Æ£«~w•Å¯YZLZW,»ŠZ],{»g(,JCì‰Z´̧V~SyÓx!*ÂVÐ0¢zg~¥â]Ã&V6,

F,KMŠc*Y@*ìTÐQki²àZÈwÅ»g¦/Zg~»ØµY@*ì‰Z[Š9tƒ@*ì�Zki²à Seismic Hazard Map Z@*g™Qk´º»
:ÜsQk8Iî EOLi}6,µ (Seismic Risk) ë�‰$¨45é GGGESti²à¢g Seismic Risk ZÈwÐË´º~±øLZ0+Zi»vyVYìXZkÃ

ƒðqzVÅZK¯z^ÔOÅ¤‰ÜZzgvyÆZ0+Zi6,«ƒCìÉSk6,Ì«ƒCì�tZÈw±øL]åIO]zâÎ»ì‰



ZknâCÙ+äi²à¢gÃ**&4/õ E
FEc*Zk»(ÎäÆn�ZßwzäHìz{nŠØ‰ˆ!)zZ]ÐCc*ŠHìX

¢g5+k,~ x i²àZÈw = i²à¢g
ª

Seismic Risk =  Seismic Hazard  x  Vulnerability

~−!*]ÅY_ìZ=Z[Zk!*]6,ÂzÅ¢zg]ì�¢g5+k,~HìZzgQkÃ±ø L§bÐ¥xHY@*ì‰ 1 aèi²àZÈw6,!*[�
~SkÃQÐÜsqgÂVÆjZáÐ6,3YñÇ1Zk!*[~Àòîg6,Zk6,!*]ÅYñÏ‰ 6 Í!*[�

iiii²²²²ááááÐÐÐÐvvvv********]]]] 4.2

i²à¢gÆ(ÆnCc*Y[ì�¢g5+k,~Zzgi²àZÈw»¥xƒ**¢zg~ì‰i²àZÈwŠgZÝËi²áÆË´º~Ëz‰ÜWäÆ
Zky»ZÖg™@*ìZzgi²à¢g5+k,~i}ÆZ0+gc*Zz6,ZK̈ã;ðVÐµËÌqÆvyÆZÈw»e:ì�Ëi²áÅ¯8,ƒXSk§b
Ði²à¢gŠgZÝQkÓxvy»(ì�ËÌµƒðqÃWäzZáz‰Ü~VYƒ‰tµƒðq,qg'Ìƒ$Ë�ZzgQk´º~
i}ÆZ0+gc*Zz6,µƒðŠvyZ]‰>ÞÔvXÔðÅÓ]Ô0*ãÆf{],Ô0*ãÅF,−ÆjZáÐ0*–z){z){‰Zkvy~
ZK̈ãi0+Ï{mZÌÅqïìZkn¢g5+k,~»Zq-Ñiòbzì‰

aèZkŠ*~�¼ÌZv¬\ä¯c*ìz{|‹ZK̈yÅ#bz‹ŠZzgQkÅW‚öÆn�ÛZëHìZknZK̈ãYyÅZÌCÙÒpÐZëì
Zzg�¼Ì»z/ZK̈y™g;ìz{ÌZK̈âVÅ#bz‹ŠÆn™g;ì‰øg}Z§Zs~�Ìœ1]�z{ZK̈ãi0+ÏÃfc*Š{Ðfc*Š{
W‚́½™äÆn„�‰àzV~aè̂gCu¤/xVfc*Š{ƒC�Z=z;V6,fc*Š{W‚UV»0*c*Y**Ãðª]Å!*]7XZknàzV
ÅY+$ŠŒCW!*Š~»(,−Z[Zq-¬@gDy~eRŠHì‰ZK̈ãW!*Š~»ƒÐªXg;öìZknqgZ]ÔyZzgyz0+}zZ�ÛlZg
~8Iî EOèZgn6,0*ñYD�Zzg¸i²áÆŠzgZyZK̈ãYâVÆMq»ƒÐ(,Z:L�‰Z¤/¬@R6,Š¬YñÂi²áÐ%äzZßV

‚~i²á~Wv•ÆzZu]ÔÇh-VÆqŠU*]Ôi}Æu1»ç{Zzg 25 ‚Z�ÛZŠqgÂVÆ¤/äÅzzÐhuƒñ!*¹ 75~
Šv�áï�‰SkÒpÐƒÐfc*Š{¢g5+k,qgZ]jC�‰

Z¤/i²àZÈwÆuY]ñ�ŠƒVÂàzVÃöy™äzZáQyÆjZáÐi}ÆZ0+gZzgZz6,“WzZàZëÓ]ÃZ,´̧VÐU™¯he
Ð¢g5+k,~ÆZk**]ÃözŠ™Mh�X1˜VZK̈ãW!*Š~ƒz;V6,qgÂVZzgZkÐ0ŠvßZiâ]Æn¢zg~ì�¢g5+k,~Ð0
Óx›ë¥xƒV@*�qgÂVZzgSyÐ0ßZiâ]Ãi²áÅæZfÆ‡.ÞCc*Yn‰5qgÂVÃ¾eKÚZzgeàÐ¯c*YñZkÃ(,~

~Šc*ŠHì‰Zk!*[~Z[tŠÙ�� 6 ~Cc*ŠHìZzg¬ÐµqgÂV~ñ�Š¢g5+k,~ZzgQk»]åLO!*[!*[� 5 ,Ð!*[�
0*Îy~qg'Àòîg6,±ø L§izâÎÅƒC�‰



0000****ÎÎÎÎyyyy~~~~qqqqggggÂÂÂÂVVVVÅÅÅÅââââÎÎÎÎ 4.3

0*ÎyZq-ig¦oìZzgZk»1~ÂxËiâä~ÂŠ*½~4+Âx¤/ŠZ**Y@*å‰W`ÌWBÙÆjZáÐ0*ÎãZŠZg}Š*~ŠgÅ
ó{ÐŠAYD�‰SÏn0*ÎyÅ9W!*Š~ŠŒÂV~g;ö5+k,ì‰Šzu~§sß/6JéZ{Zzgº[zß/6JéZ{Æ5\6,
Nh~´ºÔò~Nh~eZzg�ñyÆ¬c´ºZzggŠã´̧V~…zZáZLZLg‚›ÆÒpZzgZKçÙqªiZgÅãCŠ
6,ŠŒ]~ZK§iÆyK‰kâV~g;ö5+k,�‰àzV~ŠzZzg&2!qg'Â0*Îy“WÐ¬„Åñ�Š�1!~Ð(,f
ƒðW!*Š~Å¯Z[—z!*ÑqgZ]Åy»gsyizgñg;ì‰0*ÎyÆàzVZzgŠŒÂV~±ø LnÅ§iyZzggs**]�ZkÃY+Ænn
F,KMzZg,Š~Yg„ì:

ààààzzzzVVVVÅÅÅÅÀÀÀÀòòòò§§§§¯̄̄̄yyyy 4.3.1

�Z=Àòîg6,(,}(,} 6�¬¹Y[ì�àzV~Àòîg6,Å»gÔç0*g~ÔuâtŠZgÔâ™~&ZzgWÎŠ{qwßvg;ö5+k,ƒD
yZzgZzœqg'ŒV»{ìX6!2.çHGsZzgqgCyÆ6gs**]ÌŒV�Ûzr0*D�‰

¬xîg6,yZzgqg'èf$~¯ðYC�XŠ-Zg,Z%!-ö
HOÅZAVÅƒC�c*QòZzgge$Æšu¯ñYD�‰�|Æ(,}(,}

àzV~òÆšuZEwƒD�Zzg‰‰ß/º[ÅY+$(,_YD�–Å5!-ö
HOÅZAV»ZEw¬xƒ@*Y@*ì‰Z¤/kyŠz

2wÐZz™7ìÂÜsŠ-ZgzVÅOð6,„¿eZwŠ~YCìÔ1(,}àzV~tgsyZ[½ã»ƒ@*Yg;ìZzgZkÅ(g"3©ð GEEĝ

èf$ág„ì‰

Zzœqg'¾qwg"3©ð GEEĝèf$„ÐyÅYg„�eìŠ-Zg,òÆšuÅƒVc*Q–ÅZAVÅX™Zc~ZAV»Ãðgsy7
ì²oÆÓxŠzu}àzVZzgŠŒÂV~–ÅZAV»„ZEwƒ@*ìXg"3©ð GEEĝèf$ÅqgÂVÐ0§qÝcWÐÆZ1Z[

~ñ�ŠìX

àzV~Zq-gsyZzgizgñg;ì�»gWVÆ**xÐT**Y@*ìXèf$Æ¤/egZzgò»g”{ïYD��egŠ-Zg~y™ÆQk6,gÄ
ŠØYD�‰Z,k**]À˜QyßÍVÆƒD��àzVÆZ§ZsÅW!*Š-V~gT�Zzg�'×Šzg~Zzg»xÆe~oÆŠv8{ð OV

ÐW™g;ö5+k,ƒD�‰àzV~g$zZáWÎŠ{qw{0+ZâVÃyÆ»x»`Zzg!*iZgzV~ZZ»kzVz!-VÆnZ,¹Ð
ßÍVÅ¢zg]ƒCìÔgZ`'×Šzg~™äzZáÔegZÇg|Z]ZzgŠv{qZ�ÛZŠÅZq-(,~®ZŠàzV~ÂìZzgaèZyÅWæãözŠƒC
ìZknZ,Z�ÛZŠZyÅW!*Š-VÃ�ÛzrŠï�ZzgZq-!*Ç5âÎÅyz�Š~MYCì�Ë};BÐ7¦/g~ƒC‰fc*Š{¾d$ßv»g
WVÆOñ”Å¿ZLyzV6,eZwfe�X

(,}àzV~Zkn˜VZq-§s—z!*Ñqg'ÔWÎŠ{qwßÍVÆƒ�g"3©ð GEEĝèf$~¶ƒñƒD�z�6,ÅW!*Š-V~Z
§bÆk**]ÃWD�X~»gWVÐá™”ÅWVÐ'×+ZAVÆ›6k**]Zq-Ðu7™gìƒD�‰t{�



0*ÎyÆCÙ(,}à»ì�ÛtÜs§ȳ»ìZzgZAVÅZâÎ»‰t¢zgì�ñŠÒpÃÅº{§gÄ™¼àzV~WVÆZz6,!-ö
HOÅ½Zð

c*',Ãã´̧V~|\zZà>¢zg]0YC�‰

g;›qgÂVÆk**]Æ´z{1-VÅy~Šz§bÆgsyX�ÔZzgÀ˜0*ÎyÆÓx´̧V~Zq-„§b»gsyìªc*Â®ÐöOîg6,
Å>Zzg!*¹â0+{»xg"3©ð GEEĝèf$»‰ (Truss) g"3©ð GEEĝèf$»ZEwìc*QZ®Æ¤/egZzgZ®Å8

WÐŠ~ˆ£zk,ÅæŠÐ0*ÎyÆàzV~Å̂Àò§ȳZzg“WzZàqgZ]Ægs**]6,gzÝeZàYg„ì@*�Zk!*[ÆZkvÅŠƒnX

/à~´̧VÅqg'
�| ß/ ����    

™ZcZzg©gW!*Š *

:g;›qgÂVÅÀò§ȳÔyZC!2.çHGsg"3©ð GEEĝèf$ZzgòÅZ• 4.2 ¦k,
~oƒ(6,™WñÇ‰ 6 À˜iF̂8~î O~Š»3ƒC�c*»g0*gåZknZq-§bÅ¢g5+k,~»}.g̃Lì�!*[ �

:CVÅÀò§ȳÔyZC!2.çHGsg"3©ð GEEĝèf$ZzgòÅZ• 4.1 ¦k,

‚tÆ8zõ O~̧]æZf:ƒäÅ¯Yi²á~¤/ä»Zky0*c*Y@*ìX �



:W~ZzgŠzu}#̄ZEwÅqg'ƒ„g"3©ð GEEĝèf$ZzgòÅZAVÐk�� 4.3 ¦k,
À˜qgÂV~Zz™ðÔahZðZzgMð~aç MuYC�Zzgt)áZiyÌƒ$Ë�XÅãCŠ6,¢g5+k,~šgWCìX �

:à~´̧VÆ!*iZgzV~0*ðYäzZàqgZ] 4.4 ¦k,
ZyqgÂV~Š»âV6,(,}(,}1geii²á~Yãvy»!*)̄‘W�‰ �

:à~qgÂVÅWV6,8ñ"5»4jè
EGGIEN*zgi 4.5 ¦k,

tN*zgiÀ˜Ëoƒ‹c*C¿Ð¦/g}%¯ñYä6,Zq-(,Zç{�‰ �



ß/º[ ����    

ÑƒgÔZsxW!*ŠZzggZzf~ *

:gZzf~~Zq-@ 4.6 ¦k,
qg]Ð!*CÙ†ƒñ8zõ OZzgZz™ð~aç Ou¢g5+k,~»ñZ#‘W�‰ �

:ZzœqgÂV»ÀògsyÔZsxW!*Š 4.7 ¦k,

:ÑƒgÅZq-g;›Zzg#̄qg]Àòy»ØŠ}g„ì 4.8 ¦k,



ß/�ñy ����    

yÆ6gs**]    :4.9 ¦k,

:6,Zã§ȳ�À˜ÍḡÅqgÂVÆnZEwƒC� 4.10 ¦k,

:Àòy6,Zq-¤],Z:Ã 4.11 ¦k,



ß/6JéZ{ � � � � 

:×6,Zã§iÅ¤8- 4.12 ¦k,

:6yZCgs**] 4.13 ¦k,

:Àò§ȳ 4.14 ¦k,



ŠŠŠŠŒŒŒŒÂÂÂÂVVVVÅÅÅÅÀÀÀÀòòòò§§§§¯̄̄̄yyyy 4.3.2

0*ÎyÆŠ¸´ºZÌJ-W!*Š~»fc*Š{1úZVñƒñ�XÍŠW̧!*Š~Zz�;]Å¯6,àzVÅY+$x7Šò™g„ì1çÙ
67-70 ZPxWäZzgig¦%~Šg»gÂzƒYä6,0*ÎyÅŠW̧!*Š~ZÌÌŠŒÂV~g$ÃF,ßŠîìX¾qwñ�Š{ßg�w~Ì½ã

‚W!*Š~Š¸´̧V~g;ö5+k,ì‰

fgZùWæzgÄÅ¶Ô‚âyÅF,−~g»z›Ô}'g]:ƒäÆ',Z',ZzgçÙ$+qàÅãCŠ6,Ş̌´̧VÆk**]pŠZki1Vqà»gz**gzgì
�‰Š¸´̧VÆ¬xk**]z�6,0*ñYäzZáyZC‚âyÐ‘W�XZknvk5ƒZÇgZZzgZÏÇg}ÅŠð\~2ðˆZ•Ô!*÷Ô
Ç~Æ**F,Zæ{d-@.ç

IGXGÔfc*Š{Ðfc*Š{–6,åðˆ!-ö
HOÅZ•Ô´º~Šø7[**F,Zæ{ßtÀò‚âyì�Š¸´̧VÆkâVÅy~

ZEwƒ@*ìXQkÆ´z{À˜yyÆ%ŠpŠ„Z5xŠï�c*Z,gZ`'×Šzg�Zy„´̧V~y»Š/gnp�Ôz{Zk»xÃZ5xŠï�X

Sk§bÐÀòîg6,Zq-2!kyTÅŠ-Zg,ÔZAVc*ßzVÐµƒC�ZzgZyÆŠgxy)X!-ö
HOc*ò»ÇgZ½Zƒ@*ìŠ¸´̧V»¬x

§ȳì‰çÙîg6,4ßv–Å5ZAVÃZEw~áWD�²¾!*Y!-ö
HOÅÎ¿ZAVÔÇg}c*Q!*÷z"ÇVÐZCÑ;ZW!*Š™

fe�‰

Š-ZgzVÅÀòßg�wÂ½ã0*ÎyÆÓxŠŒÂV~7V„ìZ%WVÆjZ!ÐZß1V~Zgsy0*ñYD�‰˜V6,
Šg|#ÅÇ~!*W‚ãïYCìz;VŠ-ZgzV6,Šg½VÆàVÆ\;2.ç

IXG
G¯™”c*Z"54h4ð GEGHkÅ¿eZwàYCìz¤/:Ç~ÆF,Zæ{d-@.ç

IGXG!*iZgÐ
á™Zy6,”ÅWVÐ»x`c*Y@*ì‰

ÍZ[‚âyÅF,−ÆñZµ(,|YäÅzzÐqgCuc*ÔòZzgŠvÀòyZC‚âyZ[ŠŒÂV~Vg;ìZknZk»ZEwÌZ[

ƒäÎìZzg>z){ZzgZy6,îÆni¶g"3©ð GEEĝèf$Æ“WÑ�X}'g]aè:ƒäÆ',Z',ìZknZL„‹tÆ&ÿEM

$ðEND6,Zy»ZEwƒ@*ì�¾qwz‰ÜÆ‚B‚BZzg',ãÆ¯YZy»gvzVÆŠ/~ZŸ†™@*ì1ù¦ßg�w¸ì�CÙqŠXÆẐy

k**]ÃZ¯uâ‡.Þg;ö¯**ŠŒCi0+Ï»Zq-x¿ì‰çÙqÑ]ÌŠN¸wZzgZyk**]Å%#ÖÆZkyÃözŠ™D�ZknÀò
qªËÌÒpÐZh7½Y$ËXGÓxyZ]Zki%}~7W'Ô1Àòßg�w¸ìX

}'g]aè½ã:ƒäÆ',Z',ìZèknÀòyÕ÷Ð½7gìZzgi²áÅæZfÆZ±gÐ"Z•Y**oƒ‰Zk»ZÖg
Æi²á~¹Zh§bƒ[ì‰0*ÎyÆŠ¸´̧V~Àò§ȳÆjZáÐP£zk,7ÅYg„��Zz6,Cðƒð!*ÂVÅ 2005

ÞŠ]Š}g„�X



/Š¸´̧VÅ§ȳ
�| ß/ � � � � 

:Š¸´ºÅy6,Zq-¤],Z:Ã 4.15 ¦k,

:ÓäZŠZg}Åqg] 4.16 ¦k,



ß/º[ ����    

:º[ÆŠŒ]»Zq-Àò© 4.17 ¦k,

:º[ÆŠŒ]ÅÀò§ȳ 4.18 ¦k,



ß/�ñy ����    

:Š¸�ñy»Zq-© 4.19 ¦k,

:�ñyÆŠŒÂVÅÀò§ȳ 4.20 ¦k,



ß/6JéZ{ � � � � 

:NhzV6,y»Àò%: 4.21 ¦k,

:Nh~zZŠ-VZzgŠZð~y»Àò%: 4.22 ¦k,

qqqqgggg'''' (Marginally Engineered) ZZZZzzzzgggg'''',,,,ZZZZññññ********xxxxZZZZbbbbeeee (Non-Engineered) ))))ZZZZbbbbeeee 4.3.3

)Zbeqg]ÅZ˜bŠgZÝQyqgÂVÆnZEwƒCì�Zb8-Æ%ÍzZßßVÃZEw~Ññ%ÜsZLx@{ÐqÝ™Š{
}òÃ‚tgÄ™yÅYNZzgZyÅ̧]æZfÅ!*‡Z+{îg6,Yõ™Æˆ!̧Z2ÆjZ!Ðy:HYñ‰Sk§bÐCÙz{qg]�Zz6,Š~
ˆ°pÐ{g`ƒVz{ƒ)ZbeyÆi%}~MNÏeìz{ŠŒ]~yƒg„ƒVc*à~‰

Zz6,Š~ˆ°pÅgzÝ~t!*]™Wä~Šk,7Aec�Š¸´̧VÅ9y)ZbeyÆi%}~WñÏZzgZSbi²à̧]ÅæZf
»ZkyZ+y~:ƒäÆ',Z',ìZzgi²á~ZyqgÂV»¤/**ÃðÜ½©w!*]:ƒÏ‰6¬¹ŠHì�i²!ZK̈yÅÜsYy„7©8



Æi²áäZk!*]Ã 2005 Éqg'Ìg�ÂtZ0+Zi{Îä~ÃðÂ7ƒãec�ZK̈ãYâVÆMq»±ø LŠgZÈw0*c*Y@*ìZzg
sU*"$Hì‰

Æi%} " ',Zñ**xZbe " Šzu~Y+$Z+yT~Ëîg¼}»g¦/Zg~ÅˆìÍ̧]æZf»‹t™ä»ÃðZßw7Îc*ŠHZ+qg'
~�áïÅY$Ë�X‰àzVÅÅW!*Š-Vc*Š¸´º~WÎŠ{qwßÍVÆk**]T~à~§ȳÆ¼UŠ/ÅãCŠZzg!2.çHGsÆ
ZEw‰»gWVÅzzÐðh~uJ-æZf™äÅ&¢AgBb�Ô1ù¦îg6,Zk6,qz~:ƒäÅ¯Y¤/äÆÓxZk**]gBb�1�áh+

¼YâVÆ$YäÆZk**]Æ‚B‰Z+yZ]~Ì¢g5+k,~Æ(,ñƒñZky0*ñYD�Zzgi²!Åßg]~Zy»gœ¿)
ZbeÆ£«~�áh+¼„4ƒX

',Zñ**xZbe " -VÂ„CÙZ+yT~Ë}âCÙ»;BÎƒZzgTäi²à̧]æZf¥x™äÆ%Íz̧Z2»–gZ1ƒFz�;]Å¯Y
Æi%}~�áïƒ$Ë�Z¤/}âCÙñ�Š{d¥â]Ð"¾{ƒÔc*Qy™äzZác*™zZäzZá$+Šc*-$ƒVZzguY]~ "y

gœ$+wÆ%>ƒñƒV‰àzV~$+¬ÐZzœqgÂVÆjZáÐZ(ƒg;ìZzgZk§btqg'Z§Z°¢g5+k,~~ZŸ†™g„�‰
i²áÆ´̧V~yÆjZáÐZ(HY**Zq-**‡&ÿELˆ°̀xìZzgSkÆ%>ZK̈ãYâVÐögì�‰eZËÂZKêc***Š/
»g~ÐZq-z‰Ü~Zq-„YyáYì1Z+qg'Zq-œ~%zV{0+ZâVÃZYhŠî�‰

i²áÆ´º~qgÂVÅy±ø L§bƒãecÔZzg¬Ðñ�ŠqgÂVÅ¢g5+k,~ÅøáÆˆZy~±ø LâÎÅZºZ¦D+ZÛÅ
~(,~,ÐWÇ„�ÛZëÅˆì‰ 6 Zzg 5 ¢zg]ìZk6,Z1Z[

)ZbeyÐ0P£zk,û{Æ‚BŠ~Yg„�:

:)ZbeyÅZq-Vw 4.23 ¦k,
tÓxyÇgZ!-ö

HOÔ!-ö
HOÅ

²AöF
OZAVc*–ÅZAVÐ¯ðˆ�ZzgZyÃ´‡ðg‚›Æ_.£òßÍVäyHì�i²à´̧VÅyÆ �

ZßßVÐ**zZI�‰



:ùZw~)ZbeZzgZbey»%: 4.24 ¦k,
Zz6,Š~ˆ¦k,~Zz;B6,£òZ�ÛZŠ»»g™Š{kyì�£òßzVÃ"F,v�Ð)X!-ö

HOÐ�h™¯c*ŠHì‰Zk~i²àæZfÆ �

Zßw**a�‰¦ñ;B6,ZÏ§ȳÃ$åLÃgnpƒñi²àæZ¢š-ö
EG

ZßßVÃZEw™Æy™zZðˆìTÅzzÐZy~»°uJ-æZf
aZƒ̂ì‰t»xZkÂ[ÆZq-'Åi%æGLôZãZ5x0*c*X

Æi²á~n„ 1991 :ùZw~)ZbeyÅ 4.25 ¦k,

:ùZw~Zb8-ÆZßßVÆ_.»xÅZ5x 4.26 ¦k,
Š„Ô�ZkÂ[ÆZq-'Åi%æGLôZãZ5x0*c*



ZZZZ§§§§ZZZZ°°°°yyyyZZZZ]]]]ÅÅÅÅiiii²²²²àààà¢¢¢¢gggg5555++++kkkk,,,,~~~~ 4.4

Zv¬\äÎÌ‘tSki}6,aZÅìz{Zki}„Ða~ƒðìÔŒVJ-�cY~ZhäzZá6,0+}ÌZKZ¾ZnÐ6,zZi³zZ:

ZK(6,ZF,WD��Ë:Ëîgi}ÐmgBb�Xi²!aèi}~„È™wÑ@*ìZkni}6,ÎÌq,�z{QkÅiŠ~ƒC
ì‰Š*~9i²áaè«g~WD��pŠZk™øOZgn»8~î OìZ=ZK̈ãYâVÆnZãvyŠ{7ƒDÎZñZkÆ�z{Î**ò
~psƒYNX

�V�VŠ*ÅW!*Š~~ZŸ†ƒg;ìàzVÅ§sW!*Š~»¥c&×@*Yg;ìXñ�Š{ŠzgäZK̈ãW‚UV~"C{ZŸ†™Šc*ìZzgÔz!V
ÆZK̈yÆ£«~W`ÆZK̈yÅi0+ÏÆßZiâ]Ì"C{(,|‰�‰SkZŸ±äi²áÐvyÆ(ÃÌŠzP™Šc*ì‰

ZK̈ã¢zg]~ƒÐic*Š{8~î OqgZ]»ìZzgSy„ÅzzÐi²ßV~ZK̈ãYâV»MqÌìZknqgÂVÅ¢g5+k,~6,ƒÐfc*Š{
~Sk6,c.çGLqÝWÅˆìÔ1ZkÆ´z{ÌF§bÅZ§Z°yZ]��i²!~æZf 6 Zzg 5 ÂzŠ~ˆìZzgZkÂ[~Ì!*[�

Å¤‰Ü:ƒäÅzzÐn{z',!*Šƒ$Ëì‰ZyÅn„Z¤/ÜsâàvyÅßg]ƒÂ�áh+QÌ‡&ÿELJwƒ1Zy~¹ÏZ+yZ]��:
ÜsZK̈ãYâVÆnç{~eR‰�É!*¹aƒñiPVZzgŠzu}i0+{$YäzZßVÆngêZ0+Zi~ÆZ,gz\eJw$Ë�
�ZyÆÌ%äÆZk**]ƒYD�X

fgZùWæzgÄ~vuÆÖYäc*aç MuYäÐ�áh+¼Çh-V»vyƒc*PZ�ÛZŠiÂƒYN1Z,&ÿFN�Šz2!ƒVc*Zq-Šzu}ÆZz6,
Ð™Zk™gìƒVÂZyÆ¤/äÐYãvy»ZÈwFkHƒYì‰ZknZ+¦/gÇ�eìz{¬xÇh-VÆnƒVc*gw}ÆnZy
Å¢g5+k,~ÅYõ¹¢zg~ƒYCìXtGZq-}'g]»»xìZzg¬xZ7šZbÌ�áh+Zk'g]ÐYõ:™nT§bÐZq-
âCÙ',`Zb™YìX

Sk„§bW!f{],eìz{Zq-@*Ñ[Å̂~ƒVc*e*Å̂~ÔZy»²£ÿ NY**c*I^Y**rT$~FkHZŸ°™Yì‰Zk»4+iÂt
ì�Z,f{],åZ+(6,¯ñYN˜Vi²àZg¬lÁÐÁƒX{mîg6,e*Ãi²à´º~y™**ƒÂ{µSkÐ0âCÙÅ}.â]
¢zg~�X

¹ÏZ+Ó]�ZK̈ãi0+ÏÆnZ¯u¢zg~�QyÅZÌqŠXÆF̂kH(,|YCì‰ðÅ�ÛZbÆjZáÐÓ]‰ZyÆqŠX
»DgƒYäÅ¯6,:ÜsYâV»MqƒYìÉZyÐƒäzZàF,−Æ{ƒä6,hßV»ÂxŠgë',ëƒYì˜ViÂZæZŠÆ³
ƒV‰ðÆìaèÞZzgEƒD�Z=i²á~!*W‚ã°æ

YLMh�ÉZL‚BQy@*gzVÃ�QyÐÈñ�-™6,.ã~FkH
ZŸ†™Mh�‰Zy~¹ƒð',¹gzÃ¾qw{HYYìZ¤/i²áÅ»g~Æe~oƒ7gÄÅˆƒ‰{m™˜VÐð½Å
Yg„ƒz;V6,oƒZOx¢zg~ìZzgÓ]Æ�hzVÃZk§bÐ�hZYñ�é@*yÅzzÐz{7åENZ:ƒV:I›XSÏ§bÐ’Å
�ÛZbÆn0*–Ä{meàÐ�h}YNZzg0*ãÅF,−Æ0*–bo-,çHEÌ�hzV6,ÂzeT�‰tz{ÓxÓ]��Ñ̀Ñí



BCìZzgSyÅ¢g5+k,~{mÂzeSì‰

ñ�Š{iâä~ñZ&]ÆÂxäZq-6Šzg»W¸i™Šc*ìTä˜V"C{¯ZZ+$4lç GOò�z�Zq-¢g5+k,~ÃÌÀŠc*ìZzgz{ì
qgÂV6,8ñ"5»4jè

EGGIEN*zgi‰À˜){qzVÆ;ðV—qgÂV6,Zy»Zq-ZjŠ;xgzi',zi(,kYg;ìXWV6,Zk§bÆN*zgiZq-5§i»
ç{7™gì�‰Z,„&ÒðFNVÆZz6,(,}(,}Ey‚íZzgƒgegÌ6çzVÅ´#Ö‘WYgì�‰(,~�áCÙZƒV6,(,}(,}ƒgeg
�i²!ÂŠzgÅ!*]ìfc*Š{!ƒZÆjZ!ÐÌ¢gg‚VÃWD�‰ZyƒÆnJ¸Z2¯äÅ¢zg]ìZkn�tÀ˜}âCÙzVÆ
ŒÛd$ÐÌ7¦/g}ƒDZzg¬x»gvZK&¢AZzgŠ/ÅãCŠ6,t»xZ5xŠï�‰ZyÅzzÐW!*Š~Æ´̧V~Z§Z°¢g5+k,~~"
C{ZŸ†ƒ@*Yg;ì‰

YÆŠŠ/Æq̂gÂVÆjZáÐÂ{§pZ{»xƒg;ì1ZÌZkY+$Ã7ˆì�Z§Z°¢g5+k,~ÃÌZâ„ZÌŠ~Yñ 2005

ZzgZ=Z[Zk!*]Å¢zg]¬Ðfc*Š{ìaèlZg~gKqÎZz‡]ZLZW,Z]~¹(,~ƒCìZzgZ§Z°¢g5+k,~Zy~ÐZq-
ì‰

i}ÅZK‚|#ÆjZáÐ�ƒÐZë¢g5+k,~ìz{‚́´̧V~i²áÆŠzgZyg·i}»AúàCìT~-VCÙÒpÐñizV
qg]7g~Å7g~n{YCìXŠ*~Z+¹ÏVBñ�Š�Zzg0*v,!*[~ZkÆ!*g}~¼!*]Åˆì‰

tÂ[aèZyÓx»Zq©™äÅZq7gBbìZ=ŒVÜsqgZ]Å¢g5+k,~6,fc*Š{ÂzŠ~ˆì�ƒÐfc*Š{ZK̈ãYâVÆMq»
:Lk��‰qg]ÆZ0+gZzg!*CÙ)eJœ8{ð OVÅ¢g5+k,~Æ0Ìoƒ(6,¼Cc*ŠHì‰Zk§bZ§Z°yZ]Åi²à¢g5+k,~Ð
0!*]D6,»™D�X

iiii²²²²ááááÐÐÐÐzzzzZZZZhhhhvvvvyyyyÆÆÆÆçççç}}}}ÅÅÅÅµµµµ////ÈÈÈÈ~~~~ZZZZzzzzggggZZZZOOOOxxxx 4.3

ÂÂÂÂxxxxÆÆÆÆÚÚÚÚøøøø~~~~ 4.3.1

0*ÎyZq-(,ZoìTÆ0*kZLzÐic*Š{ŠgCçZ]Wñ�VwÆîg6,È‚àÔc[Ôi²áZzgƒZÆîÃyZkÅ@*gõ~
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 (Foundation Conditions) ããããCCCCŠŠŠŠzzzzVVVVÅÅÅÅªªªª (g)
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(Hand Book of Concrete Engineering Edited by: Mark Fintel)



 (Structural Shear Wall) ZZZZ7777ššššwwww¥¥¥¥zzzzZZZZwwww (c)
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nnnn{{{{nnnn{{{{eeeeJJJJ™™™™ðððð8888~~~~îîîî OOOO����ZZZZkkkkÂÂÂÂ[[[[~~~~CCCCññññYYYYggggìììì����zzzz{{{{tttt����::::XXXX

ÓÓÓÓÅÅÅÅÀÀÀÀòòòò::::ææææEEEEEEEENNNNzzzzcccc****]]]]ZZZZzzzzggggQQQQkkkkÆÆÆÆ����hhhh (a)

»»»»ÝÝÝÝÐÐÐÐ0000ÀÀÀÀòòòò::::ææææEEEEEEEENNNNzzzzcccc****]]]]ZZZZzzzzgggg����hhhh (b)



¥¥¥¥zzzzZZZZ²²²²ÐÐÐÐ0000ÀÀÀÀòòòò::::ææææEEEEEEEENNNNzzzzcccc****]]]]ZZZZzzzzgggg����hhhh (c)

ººººtttt����hhhh (d)

ÓÓÓÓÅÅÅÅÀÀÀÀòòòò::::ææææEEEEEEEENNNNzzzzcccc****]]]]ZZZZzzzzggggQQQQkkkkÆÆÆÆ����hhhh (a)

Ó~Šz§bÆutƒD�˜V°îƒ@*ì‰�Šz»Ý6,g¿ƒðÓÆ−8~î O6,Ô!*CÙhƒðÓÆZz6,Æ8~î O6,c*QF»Å,çE6,g¿ƒðÓ
ÆÖ@Æ8~î O6,nZzg»ÝÆZz6,~8~î O6,Zz6,°îƒ@*ìz;Vuc*Å¢zg]7,Cì‰‚B„ÓÆZ0+gSygeƒñu-V~açO-VÅ

fc*Š{ÃA6,F,KMÐ6,zðYC  6,zðYC��»ÝÆ4,ŠO8~î O~ÁÃA6,ZzgQkÐ4ï XMH™  (Stirrups or Rings) ahc*V)ÓÅah~(
~Zq-Ó»‚tÐ{�Š3c*ŠHìT~t!*'â™̂äÅ�‰ 5.48 ì‰¦k,

::::ÓÓÓÓ»»»»‚‚‚‚ttttÐÐÐÐ{{{{����TTTT~~~~ggggeeeeƒƒƒƒññññuuuu))))õõõõ GGGGOOOOZZZZzzzzgggguuuu!!!!îîîîGGGGOOOOÅÅÅÅaaaahhhhcccc****VVVV¯̄̄̄ððððˆ̂̂̂���� 5.48 ¦¦¦¦kkkk,,,,
(Taken From Working Drawings of Mushtaq & Bilal Consulting Engineers)

ZZZZõõõõÐÐÐÐffffcccc****ŠŠŠŠ{{{{ÆÆÆÆÃÃÃÃAAAA6666,,,,::::ƒƒƒƒXXXX 2 ««««aaaahhhh~~~~ ����

»»»»ÝÝÝÝÆÆÆÆŒŒŒŒÛÛÛÛdddd$$$$SSSSyyyyaaaahhhh----VVVV»»»»ŠŠŠŠggggxxxxããããÃÃÃÃ,,,,ÁÁÁÁƒƒƒƒÔÔÔÔZZZZzzzzggggttttÁÁÁÁÃÃÃÃ,,,,ÅÅÅÅaaaahhhhcccc****VVVV))))aaaahhhh----VVVVÅÅÅÅ̂̂̂̂ÆÆÆÆnnnnŠŠŠŠ¶¶¶¶¦¦¦¦kkkk,,,, ����

((((»»»»ÝÝÝÝÐÐÐÐÁÁÁÁZZZZiiiiÁÁÁÁÓÓÓÓÅÅÅÅ����ZZZZðððð»»»»™™™™kkkkHHHHJJJJ----ƒƒƒƒããããeeee����XXXX 5.49

ÅÅÅÅ̂̂̂̂ (Stirrup) ::::ÓÓÓÓ~~~~aaaahhhh~~~~ 5.49 ¦¦¦¦kkkk,,,,
(Design of Reinforced Concrete Structures By: Nadim Hassoun and Brookings, S.D)

»»»»ÝÝÝÝÆÆÆÆŒŒŒŒÛÛÛÛdddd$$$$ÆÆÆÆ8888~~~~îîîî OOOO~~~~aaaahhhh----VVVV»»»»ŠŠŠŠggggxxxxããããffffcccc****ŠŠŠŠ{{{{ÐÐÐÐffffcccc****ŠŠŠŠ{{{{ÃÃÃÃ,,,,nnnnŠŠŠŠØØØØ‰‰‰‰~~~~ÐÐÐÐ����ƒƒƒƒÐÐÐÐggggNNNN****ƒƒƒƒzzzz{{{{ƒƒƒƒ********eeeeccccXXXX ����

ppppƒƒƒƒððððsssscccc»»»»¢¢¢¢ìììì((((XXXX "db" ïïïïwwww™™™™ììììZZZZzzzzgggg ½db + ŠŠŠŠggggZZZZÝÝÝÝÓÓÓÓÅÅÅÅ����ZZZZðððð~~~~ÐÐÐÐèèèèffff$$$$»»»»ÃÃÃÃgggg "d" ))))ŒŒŒŒVVVV d/4 (1)



XXXX8db ±±±±5555éééé
YYYYNNNNEEEEªªªª 8 ƒƒƒƒÐÐÐÐggggKKKK‚‚‚‚^̂̂̂,,,,ÅÅÅÅppppƒƒƒƒððððssssccccÆÆÆÆ¢¢¢¢»»»» (2)

aaaahhhh~~~~ÆÆÆÆuuuucccc****»»»»¢¢¢¢((((XXXX "ds")))) 24ds ±±±±5555éééé
YYYYNNNNEEEEªªªª 24 aaaahhhh~~~~ÅÅÅÅssssccccÆÆÆÆ¢¢¢¢»»»» (3)

ZZZZõõõõ 12(4)

~~~~ŠŠŠŠ3333cccc****ììììXXXX 5.50 ÐÐÐÐffffcccc****ŠŠŠŠ{{{{::::ƒƒƒƒ‰‰‰‰ttttffffcccc****ŠŠŠŠ{{{{zzzzZZZZääääîîîîgggg6666,,,,¦¦¦¦kkkk,,,, d/2 !!!!****¹¹¹¹ÖÖÖÖ@@@@ÆÆÆÆ8888~~~~îîîî OOOO~~~~aaaahhhh----VVVV»»»»ŠŠŠŠggggxxxxããããÃÃÃÃ,,,, ����

ÓÓÓÓÅÅÅÅaaaahhhh----VVVVÅÅÅÅ»»»»ÝÝÝÝÆÆÆÆ0000****kkkkZZZZzzzzggggÖÖÖÖ@@@@~~~~ŠŠŠŠggggxxxxããããÃÃÃÃ++++VVVVÐÐÐÐ0000WWWWÇÇÇÇ„„„„ :5.50 ¦¦¦¦kkkk,,,,
(Concrete Structures & Earthquake Regions Edited by: Edmund Booth)

ÐÐÐÐÁÁÁÁ::::ƒƒƒƒXXXX 1/3 »»»»ÅÅÅÅ,,,,ççççEEEEÆÆÆÆŠŠŠŠggggxxxxyyyyÓÓÓÓÆÆÆÆ8888~~~~îîîî OOOO»»»»nnnnÎÎÎÎƒƒƒƒZZZZaaaaççççOOOObbbbÔÔÔÔ»»»»ÅÅÅÅ,,,,ççççEEEEÆÆÆÆZZZZzzzz6666,,,,zzzzZZZZáááá8888zzzzõõõõ OOOO~~~~ZZZZzzzz6666,,,,ÑÑÑÑuuuubbbbÆÆÆÆ ����

ZZZZõõõõƒƒƒƒ********eeeeccccZZZZzzzzggggÁÁÁÁZZZZiiiiÁÁÁÁŠŠŠŠzzzzssssññññZZZZzzzz6666,,,,ZZZZzzzzggggŠŠŠŠzzzznnnnƒƒƒƒããããeeee����XXXX ½ ÓÓÓÓ~~~~ZZZZzzzz6666,,,,ZZZZzzzzggggnnnnppppƒƒƒƒññññaaaaççççOOOObbbbÅÅÅÅssssppppVVVV»»»»ÁÁÁÁÐÐÐÐÁÁÁÁ¢¢¢¢ ����

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 5.52 ¦¦¦¦kkkk,,,, ZZZZzzzzgggg 5.51 ÓÓÓÓÆÆÆÆuuuu))))õõõõ GGGGOOOOZZZZ####WWWWyyyy~~~~»»»»ÝÝÝÝ6666,,,,qqqqÂÂÂÂZZZZ7777ññññhhhh™™™™»»»»ÝÝÝÝ~~~~eeeeZZZZÜÜÜÜeeeecccc6666¦¦¦¦kkkk,,,, ����

::::uuuu))))õõõõ GGGGOOOOÆÆÆÆ»»»»ÝÝÝÝ6666,,,,ÓÓÓÓÆÆÆÆnnnnƒƒƒƒññññuuuuttttÅÅÅÅ&&&&××××ZZZZyyyy 5.51 ¦¦¦¦kkkk,,,,
(Building Requirement for Structural Concrete (ACI 318-08 and Commentary)



::::uuuu))))õõõõ GGGGOOOOÅÅÅÅ&&&&××××ZZZZyyyyÐÐÐÐ0000¼¼¼¼WWWWÇÇÇÇ„„„„ 5.52 ¦¦¦¦kkkk,,,,
(Taken From Working Drawings of Mushtaq & Bilal Consulting Engineers)

~~~~ŠŠŠŠ3333ññññ‰‰‰‰����XXXX 5.53 aaaahhhh----VVVV~~~~TTTT§§§§bbbbÆÆÆÆ3333ëëëëXXXXNNNN¯̄̄̄ññññYYYYMMMMhhhh����zzzz{{{{¦¦¦¦kkkk,,,, ����

::::aaaahhhh----VVVVÆÆÆÆ3333ëëëëXXXXNNNNÐÐÐÐ0000WWWWÇÇÇÇ„„„„ 5.53 ¦¦¦¦kkkk,,,,
(Taken From Working Drawings of Mushtaq & Bilal Consulting Engineers)

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 5.54 ZZZZ¤¤¤¤////uuuucccc****7777gggg~~~~MMMMððððÆÆÆÆ::::ƒƒƒƒVVVVcccc****ËËËËzzzzzzzzÐÐÐÐuuuu----VVVV»»»»»»»»RRRRttttggggzzzz))))7777,,,,gggg;;;;ììììÂÂÂÂuuuu----VVVVÆÆÆÆ����hhhh6666,,,,ZZZZŸŸŸŸ°°°°aaaahhhhcccc****VVVVzzzzððððYYYYNNNN6666¦¦¦¦kkkk,,,, ����

::::ggggeeeeƒƒƒƒññññaaaaççççOOOO----VVVV»»»»����hhhhÔÔÔÔ¥¥¥¥))))ZZZZzzzzggggQQQQkkkk((((6666,,,,aaaahhhh----VVVVÐÐÐÐ0000WWWWÇÇÇÇ„„„„ 5.54 ¦¦¦¦kkkk,,,,
(Proceeding of a Workshop on Earthquake Resistant Reinforced Concrete Building Construction 1977, Edited by V.V. Bertero)



ZZZZõõõõƒƒƒƒ********eeeecccc6666 12 cccc****24db ZZZZqqqq----uuuucccc****ZZZZ¤¤¤¤////ŠŠŠŠzzzzuuuu}}}}ÐÐÐÐ!!!!****0000++++JJJJYYYYgggg;;;;ƒƒƒƒÂÂÂÂzzzz{{{{ÁÁÁÁZZZZiiiiÁÁÁÁ ����

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 5.54 ¦¦¦¦kkkk,,,,

8888~~~~îîîî OOOOÁÁÁÁZZZZiiiiÁÁÁÁÓÓÓÓÅÅÅÅMMMMðððð»»»»aaaaååååðððð 1/3 WWWWyyyy~~~~»»»»ÅÅÅÅ,,,,ççççEEEEÆÆÆÆaaaaçççç LLLL}}}}6666,,,,ZZZZzzzz6666,,,,ÎÎÎÎcccc****ŠŠŠŠHHHHÓÓÓÓÆÆÆÆaaaaççççOOOOtttt»»»» ����

XXXX5.54 WWWWÐÐÐÐJJJJ----ááááYYYYcccc****YYYY********eeeeccccŠŠŠŠ&&&&ÀÀÀÀ££££4444////õõõõ GGGGGGGGJJJJ¦¦¦¦kkkk,,,, (L/4)

““““WWWWÐÐÐÐvvvvÆÆÆÆnnnnZZZZŸŸŸŸ°°°°uuuuttttSSSSkkkk§§§§bbbbÎÎÎÎcccc****YYYYññññ6666¦¦¦¦kkkk,,,, (Hinge) »»»»ÅÅÅÅ,,,,ççççEEEE~~~~4444----÷÷÷÷
XXXXEEEE

EEEE ����

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 5.55

::::»»»»ÝÝÝÝ~~~~4444----÷÷÷÷
XXXXEEEE

EEEE““““WWWWÐÐÐÐggggzzzz1111ÆÆÆÆnnnnZZZZŸŸŸŸ°°°°uuuuttttÐÐÐÐ0000WWWWÇÇÇÇ„„„„ 5.55 ¦¦¦¦kkkk,,,,
(Concrete Structures & Earthquake Regions Edited by: Edmund Booth)

ÐÐÐÐ!!!!****0000++++JJJJYYYY@@@@****ììììcccc****ÁÁÁÁZZZZiiiiÁÁÁÁ&&&&ÓÓÓÓ4444----ôôôô FFFFEEEEGGGGÅÅÅÅ (Tie Beam) ããããCCCCŠŠŠŠzzzzVVVVÃÃÃÃÌÌÌÌZZZZqqqq----ŠŠŠŠzzzzuuuu}}}}ÐÐÐÐNNNN****ððððÓÓÓÓ ����

CCCCwwww6666,,,,NNNN****ððððÓÓÓÓÎÎÎÎððððYYYYCCCCìììì‰‰‰‰ææææuuuu))))õõõõ GGGGOOOOÓÓÓÓÆÆÆÆZZZZzzzz6666,,,,ZZZZzzzzggggnnnnÆÆÆÆ8888~~~~îîîî OOOO~~~~ƒƒƒƒDDDD����ZZZZãããã„„„„uuuu))))õõõõ GGGGOOOO»»»»ÝÝÝÝcccc****ããããCCCCŠŠŠŠÐÐÐÐïïïïÆÆÆÆããããCCCCŠŠŠŠÃÃÃÃèèèèffff$$$$™™™™1111YYYY@@@@****ìììì‰‰‰‰QQQQZZZZyyyy††††
ZZZZõõõõÂÂÂÂ††††„„„„ƒƒƒƒääääeeee����‰‰‰‰ 24 ¹¹¹¹YYYY@@@@****ììììÓÓÓÓÆÆÆÆuuuucccc****ÐÐÐÐ!!!!****0000++++||||ŠŠŠŠcccc****YYYY@@@@****ìììì‰‰‰‰ttttuuuubbbbããããCCCCŠŠŠŠcccc****»»»»ÝÝÝÝÐÐÐÐÁÁÁÁZZZZiiiiÁÁÁÁ (Dowel) ƒƒƒƒññññaaaaççççOOOO----VVVVÃÃÃÃXXXXÃÃÃÃeeeeZZZZzzzzwwww

~~~~tttt„„„„CCCCcccc****ŠŠŠŠHHHHììììXXXX 5.56 ¦¦¦¦kkkk,,,,

::::NNNN****ððððÓÓÓÓ����ããããCCCCŠŠŠŠcccc****»»»»ÝÝÝÝÐÐÐÐÈÈÈÈSSSSƒƒƒƒ 5.56 ¦¦¦¦kkkk,,,,
(Proceeding of a Workshop on Earthquake Resistant Reinforced Concrete Building Construction 1977, Edited by V.V. Bertero)

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììÂÂÂÂ4444ttttƒƒƒƒ@@@@****ìììì��������ÓÓÓÓùùùù~~~~YYYYgggg„„„„ƒƒƒƒQQQQkkkkÆÆÆÆuuuu))))õõõõ GGGGOOOO 5.57(a,b) ¦¦¦¦kkkk,,,, ZZZZ¤¤¤¤////ZZZZqqqq----ÓÓÓÓŠŠŠŠzzzzuuuu~~~~ÓÓÓÓÆÆÆÆùùùù~~~~YYYY™™™™¥¥¥¥uuuugggg„„„„ƒƒƒƒ6666ÅÅÅÅ ����

ŠŠŠŠzzzzuuuu~~~~ÓÓÓÓ~~~~ZZZZSSSSbbbbÐÐÐÐññññhhhh,,,,YYYYNNNN6666ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììÂÂÂÂññññffffcccc****ŠŠŠŠ{{{{4444ƒƒƒƒCCCCììììXXXX



::::ÓÓÓÓÐÐÐÐÓÓÓÓÆÆÆÆ5555\\\\6666,,,,aaaaççççOOOO----VVVVÆÆÆÆ0000WWWWÇÇÇÇ„„„„ 5.57(a,b) ¦¦¦¦kkkk,,,,
(Taken From Working Drawings of Mushtaq & Bilal Consulting

Engineers)

ZZZZyyyyÓÓÓÓxxxx!!!!****ÂÂÂÂVVVVÃÃÃÃ$$$$ååååOOOOÃÃÃÃggggÄÄÄÄ™™™™ZZZZ¤¤¤¤////YYYY^̂̂̂,,,,{{{{1111YYYYññññÂÂÂÂaaaaççççOOOO----VVVVÅÅÅÅ::::ææææEEEEEEEENNNNzzzzcccc****]]]]¼¼¼¼----VVVVƒƒƒƒYYYYññññÏÏÏÏÜÜÜÜ¦¦¦¦kkkk,,,,
ZZZZkkkk»»»»ÝÝÝÝÅÅÅÅìììì����!!!!****CCCCÙÙÙÙÅÅÅÅŠŠŠŠ----ZZZZggggÆÆÆÆÖÖÖÖ@@@@»»»»»»»»ÝÝÝÝ 5.58 ~~~~ŠŠŠŠ3333ððððˆ̂̂̂ìììì‰‰‰‰¦¦¦¦kkkk,,,, 5.59 ZZZZzzzzgggg 5.58

QQQQkkkk»»»»ÝÝÝÝÅÅÅÅìììì����ZZZZ0000++++gggg»»»»ììììZZZZzzzzgggg 5.59 ZZZZ§§§§ZZZZssssÐÐÐÐ####----,,,,çççç EEEEGGGGEEEEWWWWgggg„„„„����ZZZZzzzzgggg¦¦¦¦kkkk,,,, 3 ììììZZZZkkkk~~~~
eeeeggggzzzzVVVVYYYY++++$$$$ÐÐÐÐ####----,,,,çççç EEEEGGGGEEEEWWWWgggg„„„„����‰‰‰‰

::::!!!!****CCCCÙÙÙÙÅÅÅÅŠŠŠŠ----ZZZZggggÆÆÆÆÖÖÖÖ@@@@»»»»»»»»ÝÝÝÝZZZZzzzzggggQQQQkkkk~~~~QQQQƒƒƒƒððððTTTTVVVVÆÆÆÆuuuutttt»»»»{{{{���� 5.58 ¦¦¦¦kkkk,,,,
(Proceeding of a Workshop on Earthquake Resistant Reinforced Concrete

Building Construction 1977, Edited by V.V. Bertero)

::::ZZZZ0000++++ggggÆÆÆÆ»»»»ÝÝÝÝZZZZzzzzggggQQQQkkkk~~~~QQQQƒƒƒƒððððTTTTVVVV»»»»{{{{���� 5.59 ¦¦¦¦kkkk,,,,
(Proceeding of a Workshop on Earthquake Resistant Reinforced Concrete

Building Construction 1977, Edited by V.V. Bertero)



JJJJ----WWWWÐÐÐÐ((((,,,,JJJJƒƒƒƒXXXXŠŠŠŠ¶¶¶¶ L/4 ]]]]ÒÒÒÒ2222....ççççGGGGEEEEEEEE~~~~ÌÌÌÌZZZZkkkk!!!!****]]]]»»»»ììììwwwwgggg3333YYYYññññ����˜̃̃̃VVVVÓÓÓÓÐÐÐÐ5555\\\\ƒƒƒƒzzzz;;;;VVVVÆÆÆÆuuuu))))õõõõ GGGGOOOOññññhhhh}}}}YYYYNNNNZZZZzzzzgggg{{{{mmmmîîîîggggÐÐÐÐZZZZzzzz6666,,,,»»»»uuuuttttÁÁÁÁZZZZiiiiÁÁÁÁ
‰‰‰‰5.60 ¦¦¦¦kkkk,,,,

::::òòòòÆÆÆÆuuuu----VVVVÐÐÐÐ0000{{{{���� 5.60 ¦¦¦¦kkkk,,,,
(Building Requirement for Structural Concrete (ACI 318-08 and Commentary)

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 5.61 ZZZZ¤¤¤¤////òòòò~~~~ÉÉÉÉîîîîƒƒƒƒÂÂÂÂÉÉÉÉîîîîÆÆÆÆZZZZ§§§§ZZZZssssZZZZSSSSbbbbÆÆÆÆuuuutttt»»»»YYYYwwwwƒƒƒƒ))))ññññNNNN****ððððÆÆÆÆZZZZzzzz6666,,,,~~~~ZZZZzzzzgggg−−−−8888~~~~îîîî OOOOŠŠŠŠzzzzââââVVVV~~~~((((6666����¦¦¦¦kkkk,,,, ����

::::òòòò~~~~ÉÉÉÉîîîîcccc****ÜÜÜÜYYYYÅÅÅÅßßßßgggg]]]]~~~~uuuuttttÅÅÅÅ::::ææææEEEEEEEENNNNzzzzcccc****]]]] 5.61 ¦¦¦¦kkkk,,,,
(Taken From Working Drawings of Mushtaq & Bilal Consulting Engineers)

»»»»ÝÝÝÝÐÐÐÐ0000ÀÀÀÀòòòò::::ææææEEEEEEEENNNNzzzzcccc****]]]]ZZZZzzzzgggg����hhhh (b)

ë�ŠzuZah-VÅ§b»ƒ@*ì1 (Longitudinal Steel) »Ý~ÌŠz§bÆubƒD�Zq-ÂMð~ƒ@*ìTÃMð»uc*
¹Y@*ì (Spirals) ë�ZzgZ¤/Íw»Ý~ƒVÂ6ŠZgN*K  (Ties) Z7»Ý~N*K



����MMMMðððð»»»»uuuucccc****
ZZZZõõõõ¢¢¢¢ÐÐÐÐÁÁÁÁ::::ƒƒƒƒVVVVXXXX ½ uuuu))))õõõõ GGGGOOOO���� 6 ZZZZõõõõƒƒƒƒ********¢¢¢¢zzzzgggg~~~~ììììÔÔÔÔZZZZzzzzggggZZZZ¤¤¤¤////ÍÍÍÍwwwwƒƒƒƒÂÂÂÂÁÁÁÁZZZZiiiiÁÁÁÁ ½ ZZZZ¤¤¤¤////»»»»ÝÝÝÝaaaaÃÃÃÃggggƒƒƒƒÂÂÂÂCCCCÙÙÙÙÃÃÃÃääää~~~~ZZZZqqqq----ZZZZqqqq----uuuuttttTTTT»»»»¢¢¢¢ ����

ÐÐÐÐffffcccc****ŠŠŠŠ{{{{::::ƒƒƒƒXXXX 6% ÐÐÐÐÁÁÁÁ::::ƒƒƒƒZZZZzzzzgggg 1% ÁÁÁÁZZZZiiiiÁÁÁÁuuuutttt����MMMMðððð~~~~eeeeZZZZÑÑÑÑYYYYññññzzzz{{{{»»»»ÝÝÝÝÆÆÆÆvvvv»»»» ����

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHH 5.62 ÅÅÅÅƒƒƒƒZZZZzzzzggggtttt»»»»ÝÝÝÝÅÅÅÅMMMMððððÆÆÆÆÖÖÖÖ@@@@~~~~ÂÂÂÂhhhhZZZZYYYYññññ6666����¦¦¦¦kkkk,,,, 60db ÃÃÃÃÒÒÒÒttttƒƒƒƒ����ZZZZ¤¤¤¤////MMMMððððÆÆÆÆuuuuttttÃÃÃÃÂÂÂÂhhhh********7777,,,,}}}}ÂÂÂÂÁÁÁÁÐÐÐÐÁÁÁÁÈÈÈÈJJJJððððŠŠŠŠzzzzuuuu}}}}uuuuttttÐÐÐÐ ����

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 5.63 ìììì‰‰‰‰ZZZZ¤¤¤¤////tttt™™™™ääää~~~~ÃÃÃÃððððŠŠŠŠØØØØZZZZgggg~~~~ƒƒƒƒÂÂÂÂÁÁÁÁZZZZiiiiÁÁÁÁããããCCCCŠŠŠŠÐÐÐÐ»»»»ÝÝÝÝ»»»»����8888~~~~îîîî OOOOZZZZJJJJgggg;;;;ƒƒƒƒzzzz;;;;VVVVÂÂÂÂCCCCÙÙÙÙqqqqwwww~~~~QQQQjjjj»»»»ÝÝÝÝÆÆÆÆÖÖÖÖ@@@@~~~~ÂÂÂÂhhhhZZZZYYYYññññ6666����¦¦¦¦kkkk,,,,

::::»»»»ÝÝÝÝÆÆÆÆMMMMððððÆÆÆÆuuuu))))õõõõ GGGGOOOOZZZZzzzzggggNNNN****KKKKÅÅÅÅ::::ææææEEEEEEEENNNNzzzzcccc****]]]] 5.62 ¦¦¦¦kkkk,,,,
(Taken From Working Drawings of Mushtaq & Bilal Consulting Engineers)

::::»»»»ÝÝÝÝÆÆÆÆÂÂÂÂhhhh}}}}‰‰‰‰uuuuttttÅÅÅÅÈÈÈÈJJJJððððããããCCCCŠŠŠŠÆÆÆÆ0000****kkkk 5.63 ¦¦¦¦kkkk,,,,
(Earthquake Risk Reduction by: David J. Dowrick)



(Column Ties) ����»»»»ÝÝÝÝÅÅÅÅNNNN****KKKK
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Šzu~§sZ¤/QyÃeJç»8~î O¯**°Š:ƒÂQZyŠ-ZgzVÃZF,ZIÐŠJ‘Ð7åENZǵƒ@*ì‰7åENZ™äÆnÌ»°@Zc*]ñ�Š�
ZÂ1V~‰yZC»x™äzZßVÃec�qÑ]Åo9LÐZyÐZjŠ{™,‰Z+„Zq-?m,ZyŠ-ZgzVÅCðˆì�!*CÙÆ

‰5.81 ”V~Ñå0*gŸÆnì‰¦k,

::::ÑÑÑÑåååå0000****ggggŸŸŸŸÅÅÅÅbbbbzzzzcccc****]]]]@@@@****����ttttŠŠŠŠ----ZZZZggggããããCCCCŠŠŠŠ~~~~ŠŠŠŠJJJJ‘‘‘‘ÐÐÐÐ::::””””ZZZZññññ 5.81 ¦¦¦¦kkkk,,,,
(Earthquake Risk Reduction By: David J. Dowrick)

~Cc*ŠHì‰ 5.82 Z¤/Š-Zg,øg};VÅ§bƒVÂ?m,tì�SyÃeJçÐXz‰ÜfgZ(,JzZŠbec6�¦k,

øøøøgggg}}}};;;;VVVVÅÅÅÅ§§§§iiiiÅÅÅÅŠŠŠŠ----ZZZZggggzzzzVVVVÃÃÃÃeeeeJJJJççççÐÐÐÐ7777ååååEEEENNNNZZZZ™™™™ääää»»»»§§§§iiiiZZZZzzzzggggQQQQkkkkÆÆÆÆÃÃÃÃääääÅÅÅÅbbbbzzzzcccc****]]]] :5.82 ¦¦¦¦kkkk,,,,
(Earthquake Risk Reduction By: David J. Dowrick)



~Cñ‰�‰ 5.83 Zz6,Å§sÐÌZ+Š-ZgzV»7åENZgppÅ¢zg]ìZzgQkÆ¼§i¦k,

ŠŠŠŠ----ZZZZggggÃÃÃÃZZZZzzzz6666,,,,ÐÐÐÐ7777ååååEEEENNNNZZZZ™™™™ääääÅÅÅÅ¼¼¼¼̂̂̂̂zzzzmmmm,,,, :5.83 ¦¦¦¦kkkk,,,,
(Earthquake Risk Reduction By: David J. Dowrick)
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ZZZZ####ŠŠŠŠzzzz0000****UUUU$$$$WWWW::::~~~~::::ææææEEEENNNNHHHH,,,,ÂÂÂÂZZZZyyyy~~~~WWWWÐÐÐÐúúúúƒƒƒƒääääÅÅÅÅRRRRöööögggg¿¿¿¿YYYYññññXXXX
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����WWWWVVVV6666,,,,0000****ããããÅÅÅÅ""""5555½½½½5555éééé HHHHEEEEGGGGVVVVZZZZûûûû9999~~~~::::ÅÅÅÅYYYYNNNNÉÉÉÉËËËË§§§§bbbbZZZZkkkkÃÃÃÃZZZZ7777šššš»»»»8888~~~~îîîî OOOO¯̄̄̄™™™™ZZZZhhhh§§§§bbbbÐÐÐÐbbbbzzzzcccc****]]]]»»»»YYYY^̂̂̂,,,,{{{{1111YYYYññññXXXX
����¨̈̈̈ÉÉÉÉVVVVÆÆÆÆnnnn'''',,,,¹¹¹¹eeee~~~~\\\\::::ÎÎÎÎññññYYYYNNNNYYYYèèèè¸̧̧̧((((iiii²²²²ááááÆÆÆÆŠŠŠŠzzzzggggZZZZyyyyåååå3333ÅÅÅÅƒƒƒƒCCCCììììÔÔÔÔ¨̈̈̈ÉÉÉÉVVVVÃÃÃÃ%%%%1111ïïïïÐÐÐÐZZZZ7777ššššÐÐÐÐ����hhhh********eeeeccccÔÔÔÔÀÀÀÀ˜̃̃̃ÜÜÜÜYYYY
~~~~TTTT~~~~¨̈̈̈····VVVV¯̄̄̄ððððYYYYgggg„„„„ƒƒƒƒVVVVZZZZêêêêZZZZ§§§§ZZZZssss~~~~TTTTVVVV»»»»YYYYwwwwiiii²²²²!!!!ÅÅÅÅZZZZ||||̧¸̧̧]]]]ÃÃÃÃZZZZ7777ššššÆÆÆÆŠŠŠŠzzzzuuuu}}}}8888~~~~îîîîGGGG}}}}JJJJ----ààààääääÆÆÆÆnnnn¢¢¢¢zzzzgggg~~~~ììììXXXX
����¿¿¿¿6666,,,,¶¶¶¶ƒƒƒƒññññŠŠŠŠzzzzuuuu}}}}####}}}}ZZZZzzzzgggg^̂̂̂VVVVzzzz)))){{{{ƒƒƒƒZZZZkkkk§§§§bbbb¯̄̄̄ððððYYYYNNNN����qqqqgggg]]]]ÆÆÆÆŠŠŠŠJJJJ‘‘‘‘ÆÆÆÆ‚‚‚‚BBBB±±±±ggggöööö LLLLuuuuJJJJ----ÈÈÈÈSSSSƒƒƒƒVVVVZZZZzzzzggggZZZZyyyyÃÃÃÃZZZZ++++((((¯̄̄̄cccc****
YYYYññññ����qqqqgggg]]]]»»»»ÂÂÂÂZZZZiiiiyyyy'''',,,,ŒŒŒŒÛÛÛÛZZZZggggggggììììXXXX
����¿¿¿¿ÐÐÐÐnnnnÔÔÔÔZZZZ****,,,,ccccÆÆÆÆ0000****UUUU$$$$zzzz)))){{{{ÃÃÃÃÖÖÖÖääääÆÆÆÆnnnnöööö7777WWWWsssscccckkkkÅÅÅÅ��������9999>>>>¯̄̄̄ððððYYYYCCCC����zzzz{{{{ZZZZzzzz6666,,,,ÐÐÐÐ¢¢¢¢ïïïïÐÐÐÐÈÈÈÈSSSSƒƒƒƒVVVVZZZZzzzzggggZZZZyyyyÆÆÆÆ

~~~~ZZZZ++++„„„„����9999WWWWVVVVÐÐÐÐ0000bbbbzzzzcccc****]]]]CCCCððððˆ̂̂̂����XXXX 5.84 ¤¤¤¤////ääääÐÐÐÐßßßßÍÍÍÍVVVVÆÆÆÆiiiiÂÂÂÂƒƒƒƒääää»»»»}}}}....˜̃̃̃::::ƒƒƒƒ‰‰‰‰nnnnŠŠŠŠ~~~~ˆ̂̂̂¦¦¦¦kkkk,,,,

::::¹¹¹¹ffffcccc****ŠŠŠŠ{{{{IIIIVVVVZZZZzzzzggggŠŠŠŠ----ZZZZggggzzzzVVVVÐÐÐÐ::::””””ZZZZääääÐÐÐÐ0000yyyy¿¿¿¿ÅÅÅÅbbbbzzzzcccc****]]]] 5.84 ¦¦¦¦kkkk,,,,
(Earthquake Risk Reduction By: David J. Dowrick)
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(Aspects of Earthquake Disaster Mitigation-Special Reference to Non-Engineered Construction, S.F.A. Rafeeqi, Technology Update

Journal, College of Engineering, Angeles University Foundation, Phillippines, Vol.2, 2005)

~gzÝeZàY_ìZzgaèSkÂ^~fc*Š{F,ÂzZb8-ÆU6,%ÃiÅˆì 6.1 ‰.ÞCw6,ZW,Z]Å]åIO]~¶ÆUîV6,eg^

~Zk!*]ÃZY¤/HŠHì�} 6.2 Üs}UîVÅZzgzŸs#ÆnŠc*Yñ‰nŠØ‰eg^ 6.2 Z=oƒtƒÇ�Zq-eg^

U±ø LÒpÐZq-Šzu}Ð7åENZƒMh�Zzgö)™äzZáZ�ÛZŠ±ø L§bZyUîVÆÒpÐZLö4,%"ìGOE™Mh�‰eg^¾qw
Üs‚¢Ð¬ÆUîVÅ¶K0+„™g;ì‰Z\ö L§i6,‚¢Æˆ»egÌ̂%A$HYYì‰eg^»;îQÜsqgZ]zk**]J-

özŠHŠHìZ=�ŒVZkÃ%A$™äÆUîVÃZY¤/™**°Šì‰

ZW,Z]Å]åIO]~¶Æ{mU
(Mitigation Aspects)

 (Social Aspects) 	YU     (Technical Aspects) }U

(Awareness) WÇ„
ÿÿÿÿ‚‚‚‚¢¢¢¢ÐÐÐÐ¬¬¬¬þþþþ

(Prediction)
&4jè FGIEÍð

ÿÿÿÿ‚‚‚‚¢¢¢¢ÐÐÐÐ¬¬¬¬þþþþ

(Preparedness) »g~    

ÿÿÿÿ‚‚‚‚¢¢¢¢ÐÐÐÐ¬¬¬¬þþþþ
ÃeiÔÇàÑÙZzg¥%]

ÿÿÿÿ‚‚‚‚¢¢¢¢ÐÐÐÐ¬¬¬¬þþþþ  (Codes & Specs)

6,.ãz¤Ð5]Å»gzZð     

ÿÿÿÿ‚‚‚‚¢¢¢¢ÆÆÆÆˆ̂̂̂þþþþ (Relief Operation)  

(Rehabilitation) bàqgZ]zÓ]

ÿÿÿÿ‚‚‚‚¢¢¢¢ÆÆÆÆˆ̂̂̂þþþþ

 uòßg�w»ZOxzZ¾Zx
ÿÿÿÿ‚‚‚‚¢¢¢¢ÆÆÆÆˆ̂̂̂þþþþ (Emergency Management)

qgC–g»‹t
(Strength Assessment)

vyiŠÏÅ%#Ö
(Repair to Damage)

 (Recovery Plan) bà»¿
ÿÿÿÿ‚‚‚‚¢¢¢¢ÆÆÆÆˆ̂̂̂þþþþ

qgC–gÅ̧]~(,Jî
(Strengthening/Retrofit)

z',h+  eƒñ8{ð OVÅs
(Demolition Techniques)
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iiii²²²²ááááÆÆÆÆ´́́́ºººº~~~~qqqqgggg]]]]ÅÅÅÅyyyy»»»»ããããCCCCŠŠŠŠ~~~~ZZZZßßßßwwww

¢¢¢¢zzzzgggg~~~~ìììì����WWWWggggµµµµ555544445555½½½½ïïïï GGGG
HHHH

GGGGHHHHzzzzggggZZZZbbbbÆÆÆÆŠŠŠŠggggxxxxyyyyÑÑÑÑzzzzqqqqŠŠŠŠyyyyÐÐÐÐggggZZZZ‚‚‚‚‡‡‡‡ììììƒƒƒƒYYYYññññ



tZknÌ¢zg~ì�F,KMzZgem,ZíÔª¬Wgµ545½ï G
H

GH»${ð
GOg~{�T~Z7šÆ}.z{w»ZÖgƒz{¯c*YñZzgQZ7šwZbÃQÏ

H (Parallel Design) {�Åo9LÐˆ!¿Æ¦/Zg**Ôti²á~¯ñYäzZàqg]Æni8çXL‡LÞì‰Zkn‚B‚Bem,Zí
Y**ãCŠ~ZßßV~Ðì‰tÌYy¢8¢zg~ì�¬@R6,gZòZß‰Ü¥%]ZzģZZ+zçZ*»ZEwHYñ‰tÌìwgì�Àòîg6,
tŒY@*ì�i²áÆnG‰em,Zí~Ñ†~"Z0+Zi{(,JîWY@*ìÔ²Ñ†ŠgZÝö)ÆZîZgZzgZ7šÆem,ZíZzg‹c*C
§hVÆZEw6,«ƒCìZzgâegy§hVäZkÑ†ÃÁÐÁF,™Šc*ì‰

SkÐ¬Æë¢g5+k,~Åz�;]6,gzÝeZBtYy¢8ec�¢g5+k,~Å]åIO]ŠgZÝSk!*]6,«ƒCìÅqg]i²áÆ±ø L8Iî EO

~0*ðYCì‰Z%kÃeÆˆ[Ðtizy¼Zk§bÐ!*Œ‰�‰�nCc*Yg;ì‰aè0*Îy~ÌàzVZzge7œ/Ã (Zone)

SÏ§bÐ!*†ŠHìZknCÙ¢g5+k,~ÃZk„ÒpÐ6,3YñÇ‰

 i²áÅ]åIO]Æˆ[ÐZ8‹ð
EOVÅ„ŠgZÝi²áÐn„ÆZk**]Å¶�Ð0ìÔZzgç{Åfc*ŠCZzg¶ÆÒpÐ

6,»ƒ@*ì‰tZq-™ 1 ZzgQ’góÁƒ@*ƒZizy 4 »ƒÐfc*Š{Zkyƒz{izy (Hazard) iz4,~!*†ŠHì˜Vç{ 4 Zzg 3,2b,2a,1

( Peak ground §i¢zgì16§i�Z[Z%M~gZò�ZzgWäzZáz!V~0*Îy~ÌgZòƒfz{—F,+iF̂ZuZq
ÅãCŠ6,8‹ð

EOVÅ„Ð0�Zzg�fc*Š{oƒÌ�1tQkz‰ÜJ-e7Z#J-�øg}0*k»°lZg~ZL acceleration)

´ºÐ0ñ́ZŠñ�Š:ƒ‰

~¹Zi§iÐCñY`�‰WØZ[F,KMzZg¢g5+k,~ÅÂ 2 0*ÎyÆZàZzge7u±ø Lizy~0*ñYD�z{!*[�
z�;]ŠÙ�Zzg‚B‚B„QkÆ]åLO!*[Ð0WÇ„ÌqÝ™D�‰

               (Structural Irregularities) ZZZZ7777ššššwwww""""FFFF,,,,vvvv���� 1.

z{qg'�8jè NEÂZiyÔöZzgZLZz6,7,äzZáziyÃ–gäzZáeJ™ð8{ð OV~g*Ð¬g~ƒC�Qy»7,äzZà̧]Ã–gä»
~ËjZáÐ»°W 5 øsZzg¿"¾ƒY@*ì‰t"F,"545é GGEGVeìqg]ÅZz™ð~c*Mðc*ahZð~ƒV‰Zke~!*[�

ƒðì‰ËÌqg]~¢g5+k,~¥x™äÆnnŠ~ˆ!*ÂVÃâ™̂**e’@*�Zk»]åO!*[HYn:

qqqqgggg]]]]»»»»iiiiˆ̂̂̂FFFFuuuu÷÷÷÷ììììÔÔÔÔQQQQkkkk~~~~}}}}MMMMyyyyaaaahhhhZZZZyyyy~~~~ffffcccc****ŠŠŠŠ{{{{����ÛÛÛÛttttÂÂÂÂ7777???? (a)

ZZZZqqqq----‚‚‚‚ÆÆÆÆ»»»»ÅÅÅÅ,,,,ççççEEEEZZZZÜÜÜÜzzzzuuuu}}}}ÅÅÅÅ¦¦¦¦||||~~~~��������7777???? (b)

qqqqgggg]]]]ÆÆÆÆööööyyyy~~~~ÉÉÉÉîîîî±±±±øøøø LLLL§§§§iiiiÆÆÆÆ����ZZZZzzzzggggzzzz{{{{ÂÂÂÂZZZZiiiiyyyyÂÂÂÂ7777————hhhhggggìììì???? (c)

»»»»ÅÅÅÅ,,,,ççççEEEEZZZZzzzzggggÓÓÓÓ~~~~))))©©©©ààààaaaaçççç MMMMuuuuÂÂÂÂ7777???? (d)

********ooooƒƒƒƒZZZZzzzzgggg¹¹¹¹ffffcccc****ŠŠŠŠ{{{{††††ƒƒƒƒññññ!!!!****iiiizzzzÂÂÂÂ7777???? (e)

ZZZZzzzz™™™™yyyy~~~~¹¹¹¹ffffcccc****ŠŠŠŠ{{{{2222ZZZZyyyyÂÂÂÂ7777???? (f)



qqqqgggg]]]]ÆÆÆÆZZZZzzzz6666,,,,ZZZZzzzzggggnnnnÆÆÆÆ8888~~~~îîîî OOOO~~~~¹¹¹¹ffffcccc****ŠŠŠŠ{{{{aaaaçççç MMMMuuuuÂÂÂÂ7777???? (g)

nnnnZZZZzzzzggggZZZZzzzz6666,,,,ÆÆÆÆ»»»»ÅÅÅÅ,,,,ççççEEEEZZZZzzzzgggg¥¥¥¥zzzzZZZZ²²²²ÆÆÆÆ‚‚‚‚^̂̂̂,,,,zzzzVVVV~~~~********ooooƒƒƒƒ¶¶¶¶zzzz����ÂÂÂÂ7777???? (h)

»»»»ÅÅÅÅ,,,,ççççEEEEZZZZzzzzggggÓÓÓÓ))))ëëëë""""ggggÂÂÂÂ7777???? (i)

ããããCCCCŠŠŠŠzzzzVVVVÐÐÐÐ³³³³ZZZZzzzz6666,,,,JJJJ----ÓÓÓÓxxxx»»»»ÅÅÅÅ,,,,ççççEEEEZZZZzzzzggggiiii²²²²ááááÅÅÅÅZZZZëëëëŠŠŠŠOOOOzzzzZZZZàààà¥¥¥¥zzzzZZZZ²²²²))))ööööÂÂÂÂ7777cccc****ZZZZyyyy~~~~********ooooƒƒƒƒÉÉÉÉîîîîcccc****aaaaçççç MMMMuuuuÂÂÂÂ7777???? (j)

ZyÓx¢gg‚V!*ÂVÃ™zg™äÆ¢zg]ƒÏÔZkn�SyÅzzÐ)©àZ|e|ÔËZq-(6,vy»¦ƒ**Ô)¢zg~Š!*î»(,−
Zzgqg]ÃZnÆvyÐŠzegƒä»Z0+6(,|YñÇÔŒVJ-�qg]Æe—>î XYä»}.ƒ̃Ç‰Ziz4,~ßg�w¼ZSbƒÏ:

ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
i0+ŠHV»ƒä»Šgx:Šgz»Zky �

qg]Ã¹fc*Š{vy»}.˜c*åîg6,{à™zZ** �

  4 izy

i0+ŠHV»ƒä»Šgx:Šgz»Zky �

qg]Ã¹fc*Š{vy»}.˜c*åîg6,{à™zZ** �

3 izy

i0+ŠHV»ƒäÆÁŠgz»Zky �

qg]ÃŠgx:vyî»Zky �

2b izy

qg]ÃÁvy»Z0+6 � 1 Zzg 2a izy

Z+qgÂVÃQkizyÅo9LÐi²áÅZkã¸]Ã–gäÅ̧]�ÛZë™äÆn»°uâtÅ¢zg]ƒÏZzgqg]~¥zZ²Îäc*
6»Å,çE?m,™äƒVÐ‰aètÂì�ÓxF,)b»iZq-„ƒZknZiZ7šZb‹t™ÆÂi?m,™ÃÐ‰tÂ[Zk
,Å37ƒ$Ë�CÙÂi6,cÅYn‰

(Load Path) iiii²²²²àààà̧̧̧̧ÂÂÂÂVVVVÅÅÅÅÃÃÃÃ»»»»ggggZZZZ3333 2.

Ãfh@*ì�Z|§Š~̧'aZ™@*ìXqg]»eJ™ð8~î OZyZ|¸ÂVÃi}~v™@*ì‰ (Mass) i²!ŠgZÝ‚Á7,}ƒñâŠ{ÅlZg
~Šz!*g{ŠÚ6,W\ÃZz6,½!*]fc*Š{™~WñÏ‰ 5.5 ¹Y@*ì‰0*v,!*[~¦k, load path �gZ3ţ'Z(g™'�ZkÃ

Z#Zy̧ÂVÃZq-oƒc*¦JgZ37MÂt"F,v�ÐZ›OZ™Oezr�ZzgZ,~gZ5~WäzZá$zg8{ð OVÃ"ŠgŠ~Ð|:™
Å¯Y"Ñgqg'i}1kƒ'�‰À˜Zz™ð~»Å,çEÆ¦|~:ƒäÅ¯6,YÌƒ$Ë�Ôc*Qqg] load path Šî�‰**oƒ

~Š3c*ŠHì‰ 5.6 Ð!*CÙ†ƒñ8{ð OVÐ»Å,çEÆZVŠ¶Å¯YÌ6�0*v,!*[~¦k,



t(,~!*gq-|ÐY,̂{hezZÑ»xìZzgZq-ZYZb„Zk»xÃZ5xŠ}Yì‰Sk»Y,̂{hezZáÃqgzfs!*ÂV»Š·yǵec:

ZZZZzzzz™™™™ðððð~~~~»»»»ÅÅÅÅ,,,,ççççEEEEZZZZzzzzgggg¥¥¥¥zzzzZZZZ²²²²~~~~ööööƒƒƒƒ********eeeeccccXXXX (a)

»»»»ÅÅÅÅ,,,,ççççEEEEööööyyyy~~~~####----,,,,çççç EEEEGGGGEEEEÆÆÆÆ‚‚‚‚BBBB%%%%1111ooooƒƒƒƒVVVVZZZZzzzzggggÓÓÓÓZZZZzzzzgggg»»»»ÝÝÝÝ~~~~aaaaçççç MMMMuuuu::::ƒƒƒƒXXXX (b)

ööööyyyy~~~~ZZZZ¤¤¤¤////ÉÉÉÉîîîî����ÂÂÂÂ¸̧̧̧ÂÂÂÂVVVVÃÃÃÃiiii}}}}JJJJ----îîîî»»»»ÃÃÃÃððððŠŠŠŠzzzzuuuuZZZZffffgggg====ññññ����ŠŠŠŠƒƒƒƒXXXX (c)

]]]]ÒÒÒÒ2222....ççççGGGGEEEEEEEEÅÅÅÅññññNNNN****ððððZZZZzzzzggggTTTTVVVVÐÐÐÐgggg****ooooƒƒƒƒƒƒƒƒXXXX (d)

~**åße0*B»%:7HYg;ì‰ 6.3 ¦k,

::::********ååååßßßßeeee0000****BBBB»»»»ZZZZqqqq----%%%%:::: 6.3 ¦¦¦¦kkkk,,,,
(Photo Courtesy Melvyn Green)

~Š3c*ŠHì‰ 6.4 Z¤/ße0*B**åƒZÂQT§b»‚¢7WYìz{¦k,

(Photo courtesy US National Geophysical Data Center)                   (Photo courtesy Patrick Murphy Corella)     

1999 ÃZûÔF,Å~i²!                                                            i²!  ñgzÃ~  ZÛ™Ô   2004                



::::********ååååßßßßeeee0000****BBBBÅÅÅÅ¯̄̄̄YYYYqqqqgggg]]]]»»»»ZZZZ5555xxxx 6.4 ¦¦¦¦kkkk,,,,

**åße0*BÅ¯YZiz4,~ßg�w¼ZSbƒÏ‰

ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
ÅâÎÆZ±gÐi0+ŠHV»ƒäÆŠgxäŠgZc*Zz‘ŠgZÆZky ZŠðg}6 �

qg]Ã”h+vyî»Z0+6 �

4 izy

ÅâÎÆZ±gÐi0+ŠHV»ƒäÆŠgx:Šgzc*ÁŠgzÆZk**] ZŠðg}6 �

qg]Ã¹fc*Š{c*ŠgxäŠgZÆvy»Z0+6 �

3 izy

i0+ŠHV»ƒäÆÁŠgzÆZky �

qg]Ãvyî»Šgxäc*ÁŠgz»Zky �

2b izy

qg]Ãvyî»ÁŠgz»Zky � 1 Zzg 2a izy

(Soft Storey)    5555ììììââââ!!!!cccc****2222wwww 3.

5ìâ!c*2wqg]ÅQk**iÅÃ¹Y@*ìT~qg]Æi²áÅZ|¸]ÆnæZ¢š-ö
EG8{ð OV~ññ�Š:ƒ‰Z+ßg�wCÙQk¤8-

~0*ðYCìT~¥zZ²c*»Å,çE~ö:ƒªc*Â7g~Zz™y~iF̂2wÆ´z{Zz6,J-¥zZ²Yg„ƒVÔc*»Å,çEÔZ+ßg]qw
~iF̂2w5ì2wBñÏ‰Ï§bËÌ2w6,5ì2w0$ËìZzgQkÃ¥x™ä»§itì�:

" ‚‚‚‚ÁÁÁÁƒƒƒƒ 80 2222ßßßßVVVVÅÅÅÅùùùù¦¦¦¦ññññÐÐÐÐ 3 ‚‚‚‚ÁÁÁÁƒƒƒƒcccc****QQQQZZZZzzzz6666,,,,cccc****nnnnÅÅÅÅ 70 CCCCÙÙÙÙzzzz{{{{2222wwwwÔÔÔÔ5555ìììì2222wwwwBBBBññññÏÏÏÏTTTTÅÅÅÅZZZZ||||ææææZZZZ¢¢¢¢šššš----öööö
EEEEGGGG

ññññZZZZLLLL¯̄̄̄ggggUUUUZZZZzzzz6666,,,,zzzzZZZZàààà2222wwwwÐÐÐÐcccc****ÂÂÂÂ "

aç Mu»Å,çE6,~ (cyclic) 5ì2wÅñ�ŠÏ~»Å,çE%æEN~§bI^Y^»DgƒD�Zkn�qg]ÆZz6,Æ8zõ OZzgi}ÆŠgxyŠzgZã
~iF̂ 6.6 Z|ñ»e:ì‰¦k, K ~ZzgzZäHŠHì˜V 6.5 ¤g~™ŠîìZzg-VteZâZŠzwƒ™À˜ÖYCì‰ZkZßwÃ¦k,

2w6,5ì2wŠ3ðˆìZ=�¥zZwZz6,2ßV~ñ�Šì1iF̂2wÐ¸T$ì‰øg~9qg'iF̂2w~Çh-VÅ0*gåÅ
œªc*Q(,}(,}Øgz'×ÅzzÐZk§i6,¯ðYg„ì‰



::::5555ìììì2222wwwwÅÅÅÅYYYYõõõõ»»»»§§§§iiii 6.5 ¦¦¦¦kkkk,,,,
(Earthquake Resistant Design of Structures, 

Pankaj Agerwal and Manish Shrikhande)

::::5555ìììì2222wwwwÅÅÅÅææææZZZZddddCCCC¿¿¿¿»»»»ZZZZÖÖÖÖgggg 6.6 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for

Engineeris, Architects, building Owners and Authorities By Hugo

Bachmann)

~5ì2wÆæZdC¿~¶Æ!*)̄Ôqg]Æ¤/ 6.7 ¦k,
Yä»{�Š3c*Yg;ì‰

::::5555ìììì2222wwwwÆÆÆÆZZZZ5555xxxx»»»»%%%%:::: 6.7 ¦¦¦¦kkkk,,,,



~%æGNÅZzgZO~µqgÂV»Z5xŠ3c*ŠHì�Zk5ì2w»%ƒÈ5ì‰ 6.10, 6.9, 6.8 nŠ~ˆ£zk,

YYYY1999 ::::ZZZZiiii####ÖÖÖÖÔÔÔÔFFFF,,,,ÅÅÅÅ 6.8 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for Engineers, Architects, building Owners and Authorities by Hugo Bachmann)

 1999 ::::ZZZZiiii####ÖÖÖÖÔÔÔÔFFFF,,,,ÅÅÅÅ 6.9 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for Engineeris, Architects, building Owners and Authorities By Hugo Bachmann)

1976 ::::����ÛÛÛÛZZZZîîîîwwwwÔÔÔÔZZZZOOOO 6.10 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for Engineeris, Architects, building Owners and Authorities By Hugo Bachmann)



~�{� 6.11 ¢zg~7Å5ì2wÜsiF̂2wƒÉ6¬¹Y[ì�ËÌ2w6,ƒ$ËìZzgÃÒÅYãec�tñ�Š:ƒ‰¦k,
ìz{¸ZßwÒy™g;ìÆ5ì2wËÌ2w6,7ƒãec‰

::::ŠŠŠŠ~~~~2222wwww6666,,,,5555ìììì2222wwwwÅÅÅÅññññ����ŠŠŠŠÏÏÏÏ 6.11 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for Engineeris, Architects, building Owners and Authorities By Hugo Bachmann)

" 5555ìììì2222wwwwÐÐÐÐCCCCÙÙÙÙqqqqwwww~~~~XXXXYYYYññññ "           ítc*Šǵec�

ZZZZiiiizzzz4444,,,,~~~~5555ìììì2222wwwwÅÅÅÅññññ����ŠŠŠŠÏÏÏÏ±±±±øøøø LLLL§§§§bbbbÆÆÆÆvvvvyyyyÐÐÐÐŠŠŠŠzzzzeeeegggg™™™™$$$$ËËËËììììzzzz{{{{nnnnCCCCññññYYYYggggìììì����‰‰‰‰

ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
YâVÆMq»”h+}.˜  4 izy
YâVÆMq»”h+}.˜  3 izy

YâVÆMq»ŠgxäŠgZ»}.˜ �

qg]Ån„»”h+}.˜ �

2b izy

YâVÆMq»Á}.˜ �

qg]Ån„»ŠgxäŠgZ»}.˜ �

2a Zzg 1 izy

 (Weak Storey) $$$$zzzzgggg2222wwww 4

$zg2w5ì2wÐZqìŒV6,OñZ|æZ¢š-ö
EG

ñÆ2wÆz{8zõ O�Z|¸]»‚o™D�QyÅ¤‰Ü»ñZi:HY@*ì‰$zg
2wŠgZÝ¥zZ²Ô»Å,çEZzgWh~!*0+ÉVÅ‘åOŠ~¤‰ÜÅ$zg~»ZÖg™Cì‰$zg2wÅñ�ŠÏ~Zk2wÆ{æZf™äzZá

8{ð OV~•zZà̧]»%œ/0YD��Qk8zõ OÃ$zg™Šï�ŒVJ-�qg]¤/7,Cì‰



ËÌ2wÅZ|¤‰Üqg]ÆQyÓxZ¡IYÅù¦¤‰ÜÃÑg™ÆqÝÅYCì�i²áÅZ|¤‰Ü»‚o™D�Ô‰»Å,çEÔ¥zZ²
ZzgWh~!*0+·V‰Zk¤‰Ü~¶„ŠgZÝZq-$zg2wÅ¶K0+„™CìZzgz{Zk§bÐ¥xÅY$Ëì‰nCc*Yg;ì‰

" ‚‚‚‚ÐÐÐÐÁÁÁÁƒƒƒƒ 80 $$$$zzzzgggg2222wwwwQQQQkkkk2222wwwwÃÃÃÃ¹¹¹¹YYYY@@@@****ììììTTTT~~~~ZZZZ||||¤¤¤¤‰‰‰‰ÜÜÜÜZZZZzzzz6666,,,,ÅÅÅÅ2222wwwwÅÅÅÅZZZZ||||¤¤¤¤‰‰‰‰ÜÜÜÜÆÆÆÆ " 

" $$$$zzzzgggg2222wwww¤¤¤¤‰‰‰‰ÜÜÜÜÐÐÐÐNNNNììììZZZZzzzzgggg5555ìììì2222wwwwZZZZkkkkÅÅÅÅññññÐÐÐÐ " Z=Zk!*]Ãf‚d™1Yñ�:

ŠzâV„1Zz6,ZzgnÅ¤‰Üc*ñ~�ÛtÅzzÐz�Š~WC�ZknŠzâV»ö¹¢zg~ìz¤/:Z5x˜7-ƒYì‰

$zg2wzZàqgÂV»Z5xÌ½ãz„ƒ@*ì�5ì2wzZàqgÂV»1QkÆ>ƒä»Z0+ZiŠvƒ@*ìÔZknZiz4,~$zg2wÅzz
ÐƒäzZávy»}.Ỗ5ì2wzZàqg]„Æ].zwÐ¥x™Mh��¬Šc*Y[ì‰

(Vertical Discontinuity) ZZZZzzzz™™™™ðððð~~~~°°°°xxxxöööö 5.

qg]ÅZz™ð~Šz§bÆ°xö0*ñYMh�ÔZq-ÂQkÆZ|¸]ÅæZf™äzZáZ¡IY~°xöÔŠzuZZ|¸]ÅæZf
c*‚,̂~°xö‰ (dimensions) ™äzZáZ¡IYÆB#Ö

~zZäÅYg„ìÔ˜VÍ¥zZwZz6,ZzgnÅ2w6,ñ�Šì1ZµZµ(6,ìÔ 6.12 ƒÐ¬xVw¥zZ²Zzg»Å,çEÅ°x$hÒhÐö
G

Ð�¦k,
ªZz6,zZà¥zZwãCŠJ-7Yg„ìÉZ|¸]ÃZCgZ3$+w™¬2wÅ¥zZwÆnÆ»Å,çEZkÐ”h+OW,ƒMh�B#ÖÐ0°x

~Z+qgZ]Å¶K0+„ÅYg„ìX 6.13 öŠgZÝZq-„qg]~¼8{ð OV»fc*Š{Zz™ðJ-Y**Zzg†qg]»ÁZz™ð6,g{Y**‰¦k,

::::ZZZZzzzz™™™™ðððð~~~~°°°°xxxxööööÅÅÅÅVVVVwwww 6.12 ¦¦¦¦kkkk,,,,



::::BBBB####ÖÖÖÖÆÆÆÆjjjjZZZZááááÐÐÐÐ°°°°xxxxöööözzzzZZZZààààqqqqgggg'''' 6.13 ¦¦¦¦kkkk,,,,
(Earthquake Resistant Design of Structures, Pankaj Agerwal and Manish 

Shrikhande)

B#ÖÆÒpÐ°xöA$aZƒ@*ìZ#qg]ÆË8~î OÆæZ¢š-ö
EG

‚fc*Š{ƒ‰tzZä 30 Z¡IY»Z|²n‚BzZá8~î OÅ2wÆZ|²nÐ
»–gZ1ŠHì‰ 6.13 ™äÆn¦k,

Sk§bÆ°xöÅ¯Yqg]»Zg¬ÙZÖguŠgzOW,ƒ@*ìZzgZ|¸]ËZq-(%Ãiƒ™¤!g“{ð
E

Lqg]Ãvyà$Ëì�qg]Æ¤/
Yä»:L0$Ëì‰

ŠbìªSkqg]ÃŠz8{ð OV~7åENZ™Šb@*� (Seismic Seperation) Sk§bÅßg‹qwÐ.ë»zZugZ3qg]ÆŠgxyi²àÜY
ŠzâV»Zg¬ÙZÖgZµZµƒYñ‰

ŠzâV§bÅ°x$hÒhÐö
G

Å¯YZiz4,~vyÆ}.�á]¼-V�:X

ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
YâVÆMq»Šgx:Šgz»Z0+6 ZK̈ã �

qg]Ã”h+vyî»Z0+6 �

 4 izy

YâVÆMq»Šgx:Šgz»Z0+6 ZK̈ã �

qg]Ã”h+vyî»Z0+6 �

 3 izy

YâVÆMq»ÁŠgz»Z0+6 ZK̈ã �

qg]ÃŠgx:Šgz»vyî»Z0+6 �

2b izy

qg]ÃÁvyî»Z0+6 � 2a Zzg 1 izy



(Mass Ireegularity) ~~~~""""‡‡‡‡ZZZZ++++ÏÏÏÏ (Mass) ââââŠŠŠŠ{{{{ÅÅÅÅllllZZZZgggg 6.

âŠ{ÅlZg~"‡Z+ÏÐ%ZŠtì�Z2ßV~âŠ{ÅlZg~Sk§bÅ¶z�
ƒ�Z7šÆæZ¢š-ö

EG¿~"‡Z+ÏaZ™Š}‰qg]~âŠ{ÅlZgQkÆZL
Z¡IY»®ÿ NâŠ{ZzgQk6,WäzZàŠ-ZgzVZzg‚iz‚âyÆâŠ{Ðï™áCì‰˜V6,Ì
2ßV6,Zq-Šzu}Æ£«~âŠ}ÅlZgZƒÏÂ)baZƒVÐ‰ËÌ

‚Ð(,JƒZ7ƒ**ecÔzg:ZK̈ãYâVÆMqZzgqg]Ã 50 ßg]~t�Ût
~âŠ{ÅlZg~"‡Z+ÏÆjZáÐCc* 6.14 ”h+vy»Z0+6(,|Y@*ì‰¦k,

ŠHì‰

~~~~ââââŠŠŠŠ{{{{ÅÅÅÅllllZZZZgggg~~~~""""‡‡‡‡ZZZZ++++ÏÏÏÏ¥¥¥¥xxxx™™™™ääää»»»»ZZZZßßßßwwww 6.14 ¦¦¦¦kkkk,,,,
(Earthquake Resistant Design of Structures, Pankaj Agerwal and Manish 

Shrikhande)

À˜�Š!*Cw/qg]Å̧] t¬Cc*Y[ì�i²à̧]»Z®gqg]ÆÀâŠ}ÅlZg6,ìAtâŠ{(,ñÇi²à̧]~ZŸ†ƒ@*YñÇ‰
æZfÅYõ»ZEwHY@*ìÔZkÆãCŠ~Gz£Å¯6,âŠ{ÅlZg»Z2ßV6,�Ût‹c*C³6,ZW,Z0+Ziƒ@*ì‰Z=ËÌ2w6,âŠ{Å

‚Ác*fc*Š{:ƒ6�Zz6,Cc*ŠHì‰âŠ}ÅlZg~t°xÂZiyqg]ÆZg¬ÙZÖg~p~Ñ™ 50 lZgZLZz6,zZàc*nzZà2wÐ
æZ¢š-ö
EG

Z¡IY~ÂhYh™Yì�ZkâÎÅƒ$Ëì�qg]”h+vyÐŠzegƒYñ‰

SSbù¦îg6,âŠ{ÅlZg~°xÂZiyqgzfsßg�w7™YìX

iiii²²²²ààààZZZZ||||¤¤¤¤‰‰‰‰ÜÜÜÜ~~~~ZZZZŸŸŸŸ††††ƒƒƒƒYYYYììììXXXX (a)

""""‡‡‡‡ZZZZ++++{{{{ææææZZZZ¢¢¢¢šššš----öööö
EEEEGGGG¿¿¿¿ZZZZzzzzggggëëëë{{{{ZZZZgggg¬¬¬¬ÙÙÙÙZZZZÖÖÖÖggggƒƒƒƒYYYYììììXXXX (b)

ZZZZ¤¤¤¤////ZZZZzzzz6666,,,,ÅÅÅÅ2222ßßßßVVVV~~~~ââââŠŠŠŠ{{{{ÅÅÅÅ""""CCCC{{{{ffffcccc****ŠŠŠŠCCCCÐÐÐÐÂÂÂÂZZZZ||||iiii²²²²àààà̧̧̧̧ÂÂÂÂVVVVÆÆÆÆ̀̀̀̀ZZZZgggg‚‚‚‚iiii~~~~pppp~~~~ƒƒƒƒ$$$$ËËËËììììXXXX (c)

âŠ}ÅlZg~°xÂZiyÅ¯6,Ziz4,~vyÃ}.�á]¼-VƒVÐ:X



ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
YâVÆMq»Šgxã}.˜ ZK̈ã �

qg]Ãvyî»”h+}.˜ �

 4 izy

YâVÆMq»Á}.˜ ZK̈ã �

qg]Ãvyî»”h+}.˜ �

 3 izy

YâVÆMq»Á}.˜ ZK̈ã �

qg]Ãvyî»Šgxã}.˜ �

2b izy

qg]Ãvy»ÁŠgz»}.˜ � 2a Zzg 1 izy

ÅÅÅÅññññ����ŠŠŠŠÏÏÏÏ  (Torsion) qqqqgggg]]]]~~~~&&&&××××zzzzhhhh 7.

qg]~&×zhÅzzÐ"‡Z+ÏQkz‰Üz�Š~WCìZ#±gö L2àò�Z|¸]Ãoƒ§iÐÓxŠzu}Z¡IYJ-àäÆ»x
ƒV1ÀŠ~îg6,9ZZ¡IYMVäZ|i²à̧]Ã|ƒV‰»Å,çEZzg¥zZ²z{£˜EZgƒV‰ (rigid) WD�z{pŠÂ¹"E

&×zhÅzzÐ"‡Z+ÏnŠ~ˆz�;]Å¯Y6,i%æGL¨gÑã¢zg~ƒYCì‰

~~~~CCCCcccc****ŠŠŠŠHHHHììììXXXX 6.15 ‚‚‚‚ffffcccc****ŠŠŠŠ{{{{ƒƒƒƒÔÔÔÔ6666����¦¦¦¦kkkk,,,, 20 2222wwwwÆÆÆÆZZZZqqqq----ÃÃÃÃääää~~~~ŠŠŠŠzzzzuuuu}}}}ÃÃÃÃääääÆÆÆÆ££££««««~~~~ (drift) ZZZZ####ffffcccc****ŠŠŠŠ{{{{ÐÐÐÐffffcccc****ŠŠŠŠ{{{{ŠŠŠŠggggzzzzÈÈÈÈ2222wwww····îîîî (a)

::::%%%%zzzzhhhhÅÅÅÅzzzzzzzzÐÐÐÐ""""‡‡‡‡ZZZZ++++ÏÏÏÏ0000****ññññYYYYääääÅÅÅÅzzzzzzzz 6.15 ¦¦¦¦kkkk,,,,
(Earthquake Resistant Design of Structures, Pankaj Agerwal and Manish Shrikhande)

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììXXXX 6.16 ‚‚‚‚WWWWƒƒƒƒððððƒƒƒƒÔÔÔÔ‰‰‰‰¦¦¦¦kkkk,,,, 20 ZZZZ####ââââŠŠŠŠ{{{{ÅÅÅÅllllZZZZgggg»»»»%%%%œœœœ////ËËËË2222wwww~~~~qqqqgggg]]]]ÅÅÅÅEEEEÆÆÆÆ%%%%œœœœ////ÐÐÐÐ (b)



::::%%%%zzzzhhhhÅÅÅÅzzzzzzzzÐÐÐÐ""""‡‡‡‡ZZZZ++++ÏÏÏÏ0000****ññññYYYYääääÅÅÅÅzzzzzzzz 6.16 ¦¦¦¦kkkk,,,,

ÅÅÅÅ̂̂̂̂»»»»ƒƒƒƒXXXX T cccc****L ZZZZ¤¤¤¤////qqqqgggg]]]]»»»»ööööyyyy (c)

À˜%zhÅzzÐ!*‡Z+ÏZ+qgÂV~0*ðYCì�8jè NELÂZiyÐ¬g~ƒVZzgQyÆæZf™äzZáZ¡IY~ÂZiyÅ¶0*ðYCƒ‰

%zhÅñ�ŠÏ~»Å,çEZzg¥zZ²6,pZ(Z{»Š!*î(,|Y@*ì�òÆ˜tÅzzÐz�Š~W@*ì‰fc*Š{&×zhzZàqg'i²áÆŠzgZyZK
»g™ŠÏŠ3äÐ‡ÜgS�‰Zzgqg]Æ!*CÙzZàuzŠ~Ñ»Å,çEÃ"Z0+Zi{Š!*î',ŠZ“™**7,@*ìZzgZ¤/Qy»øsZYi]7ŠêÂqg]Ã

~Š3c*ŠHì‰ 6.17 ”h+vyÐŠzegƒ**7,@*ì‰%zhÐe—>î XYäzZàqg]»Zq-%:¦k,

((((1999 ))))@@@@****ÇÇÇÇZZZZyyyyÔÔÔÔeeeeZZZZààààÔÔÔÔ»»»»ððððDDDD»»»»ðððð~~~~iiii²²²²!!!!
::::%%%%zzzzhhhhÅÅÅÅ""""‡‡‡‡ZZZZ++++ÏÏÏÏÅÅÅÅzzzzzzzzÐÐÐÐqqqqgggg]]]]»»»»ZZZZ5555xxxx 6.17 ¦¦¦¦kkkk,,,,

(Photo courtesy Japan-Hong Kong Reconnaissance Team, U. of Kyoto)

%zhÐ0Ziz4,~vyî»}.˜n7HYg;ì‰



ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
}.˜ ”h+ YâVÆMq» ZK̈ã �

qg]Ã”h+vyî»}.˜ �

4 izy

YâVÆMq»ŠgxãŠgz»}.˜ ZK̈ã �

qg]Ã”h+vy»Z0+6 �

3 izy

YâVÆMq»©à}.˜ ZK̈ã �

qg]Ãvyî»ŠgxãŠgz»}.˜ �

2b izy

qg]ÃÁvyî»}.˜ 1 Zzg 2a izy

(Adjacent Building) qqqqggggÂÂÂÂVVVVÅÅÅÅŒŒŒŒÛÛÛÛ""""$$$$ 8.

Z#Šzqg'W:~¹ŒÛd$ƒVÂvyÆjZáÐSk§bÆ}ò‚tWD�:X

iiii²²²²ááááÆÆÆÆŠŠŠŠzzzzggggZZZZyyyyZZZZqqqq----ŠŠŠŠzzzzuuuu}}}}ÐÐÐÐ””””ZZZZîîîîŠŠŠŠzzzzââââVVVVqqqqggggÂÂÂÂVVVVÃÃÃÃvvvvyyyyàààà@@@@****ììììXXXX �

~~~~ŠŠŠŠ3333cccc****ŠŠŠŠHHHHììììÔÔÔÔªªªªŠŠŠŠzzzzââââVVVV2222ßßßßVVVVÅÅÅÅ 6.18 ZZZZ####ŠŠŠŠzzzzqqqqgggg''''����ZZZZÜÜÜÜzzzzuuuu}}}}ÆÆÆÆ'''',,,,ZZZZ'''',,,,cccc****¹¹¹¹ŒŒŒŒÛÛÛÛdddd$$$$ƒƒƒƒVVVVZZZZzzzzgggg‚‚‚‚BBBB„„„„QQQQyyyyÅÅÅÅyyyy¼¼¼¼ZZZẐ̂̂̂xxxxçççç LLLLbbbbÐÐÐÐƒƒƒƒ‰‰‰‰¦¦¦¦kkkk,,,, ����

ZZZZzzzz™™™™ðððð~~~~����ÛÛÛÛttttƒƒƒƒÂÂÂÂiiii²²²²ááááÆÆÆÆŠŠŠŠzzzzggggZZZZyyyyŠŠŠŠzzzzââââVVVVZZZZÜÜÜÜzzzzuuuu}}}}ÆÆÆÆ»»»»ÅÅÅÅ,,,,ççççEEEEÆÆÆÆùùùù~~~~‰‰‰‰hhhh}}}}ÐÐÐÐ'''',,,,‚‚‚‚DDDD��������””””hhhh++++vvvvyyyy»»»»ññññZZZZ####ƒƒƒƒMMMMhhhh����XXXX
ZZZZÜÜÜÜzzzzuuuu}}}}ÐÐÐÐ””””ZZZZääääÆÆÆÆ¿¿¿¿QQQQyyyyqqqqggggÂÂÂÂVVVV~~~~ZZZZzzzzggggÌÌÌÌzzzzZZZZããããƒƒƒƒYYYY@@@@****ììììTTTT~~~~ŠŠŠŠzzzzââââVVVVqqqqggggÂÂÂÂVVVV»»»»ZZZZgggg¬¬¬¬ÙÙÙÙggggœœœœ¿¿¿¿ZZZZÜÜÜÜzzzzuuuu}}}}ÐÐÐÐ]]]]....ZZZZƒƒƒƒÔÔÔÔZZZZzzzzgggg����ÀÀÀÀ˜̃̃̃ƒƒƒƒ@@@@****ììììXXXX ����

ZZZZ¤¤¤¤////ZZZZqqqq----qqqqgggg]]]]ŠŠŠŠzzzzuuuu~~~~qqqqgggg]]]]ÐÐÐÐŠŠŠŠgggg}}}}ZZZZzzzzœœœœììììÂÂÂÂÁÁÁÁZZZZzzzzœœœœqqqqgggg]]]]ZZZZzzzzœœœœqqqqgggg]]]]»»»» ����

––––ggggZZZZcccc****gggg»»»»zzzz^̂̂̂kkkk����ììììZZZZzzzzggggÁÁÁÁZZZZzzzzœœœœZZZZ,,,,~~~~))))©©©©ààààZZZZ||||¤¤¤¤‰‰‰‰ÜÜÜÜZZZZKKKK§§§§ssssKKKKzzzzwwww™™™™ggggìììì
TTTTÆÆÆÆnnnnZZZZkkkkÆÆÆÆeeeeJJJJ‘‘‘‘~~~~ææææZZZZ¢¢¢¢šššš----öööö

EEEEGGGG¸̧̧̧]]]]ññññ����ŠŠŠŠ7777ƒƒƒƒCCCCXXXX
ggggssssÇÇÇÇhhhh~~~~ÅÅÅÅ§§§§iiii6666,,,,aaaa~~~~aaaa~~~~qqqqggggÂÂÂÂVVVV~~~~WWWWyyyy~~~~uuuu}}}}ÅÅÅÅqqqqgggg]]]]ÃÃÃÃ””””hhhh++++vvvvyyyyZZZZVVVV******** ����

7777,,,,@@@@****ììììÔÔÔÔ²²²²����ááááhhhh++++ÖÖÖÖ@@@@ÅÅÅÅqqqqgggg''''ZZZZÜÜÜÜzzzzuuuu}}}}~~~~ôôôôƒƒƒƒääääÅÅÅÅ¯̄̄̄YYYY¼¼¼¼ÁÁÁÁvvvvyyyyÐÐÐÐŠŠŠŠzzzzeeeegggg
ƒƒƒƒCCCC����XXXX

::::'''',,,,ZZZZ'''',,,,9999~~~~qqqqgggg''''ZZZZzzzzggggZZZZyyyy»»»»ggggœœœœ¿¿¿¿ 6.18 ¦¦¦¦kkkk,,,,



Ziz4,~qgÂVÅŒÛ"$Å¯YvyÆZ0+6»ZÖgtnCc*Yg;ì‰

ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
Z0+6 ”h+ YâVÆMq» ZK̈ã �

qg]Ã”h+vyî»Z0+6 �

4 izy

YâVÆMq»ŠgxãŠgZ»Z0+6 ZK̈ã �

qg]Ã”h+vyî»Z0+6 �

3 izy

YâVÆMq»©àZ0+6 ZK̈ã �

qg]ÃŠgxãŠgz»vyî»Z0+6 �

2b izy

qg]Ã×Ávy»Z0+6 1 Zzg 2a izy

(Captive Columns) ¸̧̧̧gggg»»»»ÅÅÅÅ,,,,ççççEEEE 9.

¸g»Å,çEÔ»Å,çEÅQkªÃë��T~¤8-»»ÝZK7g~Zz™ðÆjZáÐZ7šwˆ[Ðem,ZíƒZƒ1yÅâÎÆ:LQkÃ
~Sk§b»Zq-»Ý�i²!~ 6.19 Z§ZsÐŠ-ZgzVc*Šzu}Z¡IÐqg]ä¼Zk§bÐ̧g™1ƒ�Qk»¼8~î O„{àg;ƒ‰¦k,

”h+vyÐŠzegƒZìŠ3c*Yg;ì‰

::::¸̧̧̧gggg»»»»ÝÝÝÝ»»»»%%%%::::ZZZZzzzzggggiiii²²²²áááá~~~~QQQQkkkk»»»»ZZZZ5555xxxx 6.19 ¦¦¦¦kkkk,,,,

0™g{Y@*ìÔZzgZk»̧g8~î Oi²áÅZ|¸ÂVÃZK§sZL (short column) ¸g»ÝSk¯6,ZLZ!zZá8~î O~Zq-gN*»Ý
øsÐfc*Š{é©8ì‰Zk»Z!9}g{YäzZÑ8~î OZyZ|¸ÂVÆi%æGLZW,±g.hé™c*:æFN'ç NZ™g{Y@*ìSÏnt¹Y@*ì�Zz™ð~»Å,çE

~CðYg„ì‰ 6.20 ÆŠgxyÅ(c*Â7g~§bÐ½~Yñc*{àghŠ~YñÔbz~îg6,:½~YñÔ¸!*]¦k,



::::bbbbzzzz~~~~îîîîgggg6666,,,,ŠŠŠŠ----ZZZZggggÅÅÅÅ½½½½ZZZZððððZZZZzzzzggggZZZZ7777šššš»»»»ggggœœœœ¿¿¿¿ 6.20 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for

Engineeris, Architects, building Owners and Authorities By

Hugo Bachmann)

Z+ßg]Z(g™äÅzzÐWCƒðZ|¸ÂVÃ�»Å,çEÆøsÐfc*Š{ƒC�ţg»Ý–gäÅÈ7g‚rZzgpŠÃ”h+vyÐŠzeg
™äÆq̂g]Æ®ÐöOîg6,¤/ä»7ÐÌ0Yì‰

~i²áÅ¯Y̧g»Å,çE~”h+âÎÅ 6.22 Zzg 6.21 ¦k,
sz',h+zZäÅ̂ì‰

::::¸̧̧̧gggg»»»»ÝÝÝÝÅÅÅÅ¯̄̄̄YYYYqqqqgggg]]]]ÆÆÆÆ¤¤¤¤////ääää»»»»}}}}....˜̃̃̃ 6.21 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for Engineeris, Architects, building Owners and Authorities By Hugo Bachmann)

::::¸̧̧̧gggg»»»»ÝÝÝÝÃÃÃÃƒƒƒƒääääzzzzZZZZÑÑÑÑvvvvyyyy 6.22 ¦¦¦¦kkkk,,,,
(Seismic Conceptual Design of Building-Basic Principles for Engineeris,

Architects, building Owners and Authorities By Hugo Bachmann)



Ziz4,~̧g»Å,çEÐîzZávy»(nŠc*Yg;ì‰

ZZZZ0000++++$$$$ppppîîîî GGGGIIIILLLLvvvvyyyy iiiizzzzyyyy
YâVÆMq»ŠgxãŠgZ»Z0+˜ ZK̈ã �

qg]Ã”h+vy»Z0+6 �

4 izy

YâVÆMq»ŠgxãŠgZ»}.˜ ZK̈ã �

qg]Ã”h+vy»Z0+6 �

3 izy

YâVÆMq»ÁŠgZ»}.˜ ZK̈ã �

qg]ÃŠgx:ŠgZÆvy»Z0+6 �

2b izy

qg]Ã−ŠgZÆvy»Z0+6 1 Zzg 2a izy

Zz6,Cðˆ¢g5+k,~×fc*Š{ZÌÅ¢g5+k,~Æ−%}~WC�‰Zn´z{Zzg¹Ï¢g5+k,c*V��ÚÁYâVÆMq»ñZ#k��
Zzgqg]Æn{n{8{ð OVÃvyÐŠzeg™C�ÔZkÆa¢zg~ì�¼Z7š~Z°ZŠzÑgÐZmYõÅYñ‰tYõqg]ÆeJ‘
ÆZ8{ð OVÅZqÐi~îg6,6,ppÐqÝƒCìZzgSn0Y+ÆnâCÙZ7šwZbÅ}.â]¢zg~ƒYC�‰

Zz6,Š~ˆÓx!*ÂV»Z¤/ìwg3ŠHXZkÆ_.yÅÅˆZzgqg]Å7g~i0+Ï~ŠN¸wÅˆÂZyìÅqg]WäzZái²!Ã\>î XheÅ
¤‰ÜgÇÏ‰Z¤/¬ÐµqgÂVÅ¢g5+k,~Šø[ìÂZz6,Cðƒð!*ÂVÆ´z{�Šv!*'f‚~gppÅ¢zg]ìz{t�:X

qg]~0*ñYäzZáŠzu}Õ÷‰èf$~¼ÔŠgZh,Ô£òI^Y^i²áÅßg]~¢g5+k,~Ã(,JC�X �

qg]~0*ãÅïÏ»9ZOx:ƒ**Ô0*=V»=™**c*yÔ\ƒñ0*U$ðÅÓ]Ã**³§iÐÎ**z){Ì¢g5+k,~Ã$+gz �

(,J$Ë�X
qg]Æ‚tÆ8zõ O~(,}(,}\ƒñ1geiZzgi8-WßŠ!2.çHGs»ZEwg"3©ð GEEĝèf$Æni8çXL‡LÞ�Ô\ƒñ1gei �

i²á~ZK̈ãYâV»Mq“W~çzyƒD�X
y~**³!2.çHGs»ZEw!*syŠzu}ÒpÐÇqg]Æn¢gg‚VìX �

~tÃÒÅˆì�qg]Ð0Wg
µ545¼?ç G

H
GFZzgZ7šw)bÃQyÆÂZ−ZŠÆ‚B7HYñ@*�Zz6,Š~ˆ!*ÂVÃ:Üs 6.2 nŠØ].zw

ÚYñÉQyÆ]åLO!*[Æ§hV»DÌƒX



ZZZZ−−−−ZZZZŠŠŠŠ~~~~????mmmm,,,, ZZZZ7777ššššÐÐÐÐ0000XXXX WWWWgggg
µµµµ555544445555¼¼¼¼????çççç GGGG
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GGGGFFFFÐÐÐÐ0000XXXX
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Yñ

qg]~ZceÅ¸]~ZŸ†ÔŠgzÈ2w·î(,"»
Z0+6ÔãCŠÆ)áZiyƒYä»}.˜

qqqqgggg]]]]ÅÅÅÅZZZZzzzz™™™™ððððZZZZzzzzggggaaaahhhhZZZZðððð �

~~~~¹¹¹¹ffffcccc****ŠŠŠŠ{{{{����ÛÛÛÛtttt
qg]Ã8{ð OV~!*]Cec Z|¸ÂV»)©à(,|Y** qqqqgggg]]]]»»»»¹¹¹¹((((,,,,JJJJƒƒƒƒZZZZggggKKKK �

qg]Ã8{ð OV~!*]Cec =Í~0*ñYäzZá»Å,çE6,)©àZ|¸ÂV»%Ãi
ƒ**ÔŠzâVY+$ÅZ|¸ÂV~fc*Š{�Ût7,Y**ÔiF̂

Zg¬lZzgiF̂ˆ~p~»Zky

qqqqgggg]]]]»»»»uuuuÐÐÐÐ((((,,,,JJJJƒƒƒƒZZZZMMMMðððð �

ZZZZzzzzggggaaaahhhhZZZZðððð»»»»ÚÚÚÚƒƒƒƒ

eJ‘~¼ZzgZ¡IY»ZŸ†™** &×zh»aZƒ** qqqqgggg]]]]ÆÆÆÆ====ÍÍÍÍÆÆÆÆ»»»»ÅÅÅÅ,,,,ççççEEEEÅÅÅÅ �

¸̧̧̧]]]]ZZZZzzzzggggññññ~~~~����ÛÛÛÛtttt
Àz){Å¥zZwÃqg]Ð7åENZ™**c*QÀÅ
zZwÃ¥zZwÅw:Šb

&×zh»aZƒ** 8888jjjjèèèè NNNNEEEELLLLÂÂÂÂZZZZiiiiyyyyÐÐÐÐ¬¬¬¬gggg~~~~»»»»ÅÅÅÅ,,,,ççççEEEE �

ZZZZzzzzgggg¥¥¥¥zzzzZZZZ²²²²»»»»ZZZZEEEEwwww
qg]Ãz;VÐ7åENZ™** %zh»aZƒ**ÔZkiZztÆÃä~Š!*î»¹(,|Y** ZZZZ0000++++ggggÅÅÅÅ§§§§ssssiiiiZZZZzzzztttt �

(Re-entrant Angle)

æZ¢š-ö
EG¸ÂVÆ%œ/ZzgâŠ{ÅlZgÆ%ÃiÃŒÛd$Ñ** &×zh»aZƒ**ÔŠ!*î»Zq-(%Ãiƒ** ââââŠŠŠŠ{{{{ÅÅÅÅllllZZZZgggg»»»»))))ááááZZZZiiiiyyyyƒƒƒƒ******** �

cccc****eeeeJJJJ™™™™ððððFFFF,,,,KKKKMMMM::::))))bbbbZZZZzzzzggggiiii‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰YYYYgggg~~~~ìììì ˆ̂̂̂ ::::qqqqggggCCCC 6.2 ]]]]....zzzzwwww
(Arhold and Elsesser, 1980)
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HHHH
GGGGFFFFÐÐÐÐ0000XXXX
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qg]ÆZ8{ð OV»ZZg¬Ùgœ¿Ôò~
Z|¸ÂV~Z_OgÔZ8{ð OV~Š!*î»%Ãiƒ**

qqqqggggCCCCZZZZzzzz™™™™ððððÔÔÔÔMMMMððððZZZZzzzzggggaaaahhhhZZZZðððð �

¥zZ²Zzg»Å,çEÎNYNZzgz{TVÆ‚B%1o
ƒV

T2w6,tñ�Šìz;V6,Ze7-ñ»ÁƒY** 5555ìììì2222wwww �

ÃÒÅYñÅZ,Z7šwÄÃZ¯uâY™Yñ
Zzg�ÛtSc*Yñ

fc*Š{ñÅ§sâb»Å,çE~Z|¸ÂV»(,− »»»»ÅÅÅÅ,,,,ççççEEEE~~~~ññññ~~~~¹¹¹¹ffffcccc****ŠŠŠŠ{{{{����ÛÛÛÛtttt �

»Å,çEÃfc*Š{¤!g¯äÅ¢zg]Ôc*Q¥zZ²
ÎNYN

T2w6,tñ�ŠìQk2wÅ¸]',ŠZ“~
úc*V�Ût

$$$$zzzzgggg2222wwww �

{m™nÅ2wÆ»Å,çE6,ÂzÅ¢zg]ìZzgQy
TVÃÌYiÅ¢zg]ì�»Å,çE6,:g¿ƒV

ziyÅÃÆgZ3~p~gzúƒä»Z0+6Zzg
Z¡IY~Š!*î»%Ãiƒ**Ô{m™¹fc*Š{ziy
ZVäzZá»Å,çE6,

¥¥¥¥zzzzZZZZ²²²²~~~~°°°°xxxxöööö �

qg]Å7g~Zz™ð~¥zZ²ÎðYNc*Q
¤!g#-,ç EGEÃËîg»Å,çEÐ].ZHYñ

»Å,çE»ÓÐ¬>ƒY**ÔģZzggL»Å,çE»ZK
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Íge$ZzgßpŠÀ˜Ë6ð¿ÆjZáÐ"¢gƒD�1ZyÅR6,Z,¤]¢zgñ�ŠƒD��ò~ñ�ŠZbZY÷B6ð¿
Å&¢Agnp�‰Z=ÃÒtÅYCì�ge$ZzgßzVÆ•zVÃZyZbZYÐ0*ug3Yñzg:èf$Ðµqg]Sy6ð¿Å¯6,I^

Y^»DgƒYCì‰

òÆZbZY�ãCŠ~îg6,!-ö
HOZzgNh~"âVÆ%“Ã¹(,ñƒñŠgzwZg]6,Zq-Yy™Æ̀sÅ̂~eJÑY@*ìÔz{0*ãÆ

‚BZq-6ð¿Ð¦/g™ZyßÆ•zVZzge$ÃZq-Yy™ŠêìÔZÐèf$ë�X

èf$Z#¯ðYCìÂ0*ãÅzzÐZq-ÕzZág±âŠ{Å̂ÅƒYCìZ=W‚ãÐQÐT^~eìeJÑYYì‰0*ãeZs
„òZq-6ð¿Ð¦/g@*ìZzgQk~ÐwZg]{g`ƒCìZzgtW×W×ñZ(g™@*Y@*ì‰Zk6ð¿Å$+zª�6ZbZYÀfe
�z{òÃñZzģ]ÂÚ„�1¼ZbZYZ,ƒD��ˆ~!*CÙÐWäzZáŠzu}6ðâœzVÐï™Z,%“¯D��èf$Ã

¹Y@*ì‰ZzgtÓxq,èf$Ðµ Corrosion ÎZz‡]ÈÐ~ps™Šï�ZzgÎZz‡]ßìÅspVÃ3YD�TÃ
qgÂVÆni8çXL‡LÞƒC�‰Z=èf$»g™Dz‰ÜT!*ÂV»Àòîg6,ìwHY**ecz{t�:

0000****ããããÅÅÅÅllllZZZZggggÁÁÁÁÐÐÐÐÁÁÁÁgggg¿¿¿¿YYYYññññ����ZZZZââââƒƒƒƒ����WWWWggggZZZZxxxxÐÐÐÐèèèèffff$$$$ÃÃÃÃ5555cccc****YYYYnnnnZZZZzzzzggggQQQQZZZZKKKK((((JJJJ----àààà™™™™QQQQyyyy8888{{{{ðððð OOOOVVVVÃÃÃÃ!!!!****WWWW‚‚‚‚ãããã½½½½ZZZZYYYYnnnn‰‰‰‰ZZZZ¤¤¤¤////ZZZZ((((::::HHHHŠŠŠŠHHHHÂÂÂÂèèèèffff$$$$ ����

ÆÆÆÆzzzz����ŠŠŠŠ~~~~{{{{ààààÇÇÇÇgggg{{{{YYYYNNNNÏÏÏÏ����ˆ̂̂̂~~~~))))bbbbaaaaZZZZ™™™™$$$$ËËËË����‰‰‰‰

ZZZZ¤¤¤¤////qqqqgggg]]]]ZZZZ++++((((¯̄̄̄ããããƒƒƒƒ˜̃̃̃VVVVccccYYYYÐÐÐÐcccc****iiii}}}}ÆÆÆÆZZZZ0000++++ggggÐÐÐÐ&&&&WWWWääää»»»»ZZZZ0000++++6666ƒƒƒƒZZZZzzzzgggg‚‚‚‚BBBB„„„„ccccYYYYZZZZzzzzggggiiii}}}}~~~~ZZZZ,,,,¤¤¤¤]]]]ƒƒƒƒVVVV����òòòòÆÆÆÆ‚‚‚‚BBBB6666ðððð¿¿¿¿ ����



™™™™ääääÅÅÅÅ&&&&¢¢¢¢AAAAggggnnnnppppƒƒƒƒVVVVÂÂÂÂQQQQQQQQÏÏÏÏÆÆÆÆÒÒÒÒppppòòòòQQQQkkkk~~~~ZZZZEEEEwwwwHHHHYYYYññññ‰‰‰‰

ttttcccc****ŠŠŠŠgggg3333YYYYññññ����èèèèffff$$$$¹¹¹¹8888hhhhéééé OOOOkkkk!!!!2222....ççççHHHHGGGGssssììììZZZZzzzzggggZZZZKKKKiiii0000++++ÏÏÏÏÆÆÆÆCCCCÙÙÙÙŠŠŠŠzzzzgggg~~~~ZZZZmmmm̧¸̧̧]]]]ææææZZZZffffZZZZƒƒƒƒCCCCììììZZZZ,,,,„„„„‰‰‰‰ZZZZ¨̈̈̈KKKKyyyyââââiiiiZZZZGGGGÏÏÏÏÐÐÐÐ¦¦¦¦////gggg™™™™����ZZZZããããZZZZzzzzgggg ����

((((,,,,JJJJ9999~~~~ŠŠŠŠxxxxgggg‚‚‚‚rrrrììììZZZZzzzzggggQQQQZZZZKKKKiiii0000++++ÏÏÏÏ¦¦¦¦////ZZZZgggg™™™™ggggZZZZ„„„„°°°°xxxxƒƒƒƒ@@@@****ìììì‰‰‰‰ZZZZzzzzggggCCCCÙÙÙÙ%%%%7777ÏÏÏÏîîîîLLLLiiii0000++++ÏÏÏÏ~~~~ZZZZKKKKQQQQkkkkÆÆÆÆ¼¼¼¼ZZZZ““““ÆÆÆÆZZZZîîîîZZZZgggg$$$$++++ssssggggTTTT����‰‰‰‰SSSSÏÏÏÏ§§§§bbbbèèèèffff$$$$
~~~~ZZZZKKKKiiii0000++++ÏÏÏÏÆÆÆÆCCCCÙÙÙÙŠŠŠŠzzzzgggg~~~~ZZZZKKKK¼¼¼¼ZZZZ““““eeeeSSSSìììì‰‰‰‰èèèèffff$$$$~~~~ŠŠŠŠ!!!!****îîîîOOOOÅÅÅÅ̧¸̧̧]]]]ÂÂÂÂ$$$$++++ggggzzzzZZZZ''''êêêê

GGGGNNNNññññ����ŠŠŠŠƒƒƒƒCCCCìììì1111zzzz{{{{°°°°îîîîOOOOÅÅÅÅ&&&&¢¢¢¢AAAA½½½½ãããã::::ƒƒƒƒääääÆÆÆÆ
'''',,,,ZZZZ'''',,,,ggggBBBBbbbbììììÔÔÔÔSSSSkkkk„„„„nnnnqqqqgggg]]]]ÆÆÆÆZZZZZZZZ¡¡¡¡IIIIYYYY~~~~˜̃̃̃VVVV}}}}ÌÌÌÌ°°°°îîîîÅÅÅÅªªªª»»»»‚‚‚‚ooooƒƒƒƒzzzz;;;;VVVV6666,,,,ßßßßììììÅÅÅÅssssññññeeeeZZZZààààYYYYCCCC����@@@@****����ttttQQQQkkkk°°°°îîîîÃÃÃÃèèèèffff$$$$ÆÆÆÆ
OOOOññññppppŠŠŠŠ'''',,,,ŠŠŠŠZZZZ““““™™™™,,,,‰‰‰‰

aèqg]ÆCÙ{~ß;7eZÑYYZ=Z¤/Ë¯YÌQk8~î O~°îaZƒÂèf$~ŠgZh,7,YC�‰tŠgZh,Z¤/©àâÎÅÌ�Â
tcYc*i}ÐZ,¤]ÃZ0+gYä»gZ3�ÛZë™Šî��Z0+gŠZ4ƒ™òÐ“WzZáZbZYÐ6ð¿Ð¦/g™Z,%“¯Šï�
�èf$~Zzg°îaZƒ@*ì�’góŠgZhzVÃc*ÂZÚ(,Z™Šêì�qg]»z{z̧]–gäÅ&¢AÅÍìc*QßìÆub6,ú

Æ¿ÐŠzeg™ŠêìT~:Üsßì»¢xîg6,Áƒ@*Y@*ìZzg‚B‚Btuc*Y%Ì4ìZzgZk{  corrosion ™ÆQj
Ã"Z0+Zi{°îÐŠzeg™Šêì��èf$Ð¶ƒñ{ÃMheZmìZzgQk�~Zk§bÅI^Y^ƒYCì�z{ZLZz6,7,ä
zZáziyÃ–gäÅÓx̧]ÐøzxƒY@*ìZzgqg]Ã¤/YäÅ7ic~ÌÑYì‰

SkÆ´z{ò~Z,ZbZYÌƒD�z{{mnÆßzVÐÌ6ð¿™äÅ&¢Agnp�ZzgZ,¿Ðèf$Zq-ÈÐÅ̂
Z(g™gìTÆZ0+gËnÅ̧‹æZf!*¹7gS‰

«g~´̧V~“WzZàqgÂV~Ì¸Z(gsy0*c*Y@*ì�i}ÆZ0+gZzgcY~0*ñYäzZá¼¤]èf$Ð¶ƒñZ¡IYÃc*
Æ%n~2™Šï�c*èf$Ã3,}ÈÐ~ps™Šï�‰ corrosion Â

²n¹„™Ô0*GZgZzg×ÁÑ†ÆZk!2.çHGsÃZ¤/ZmZÝˆẑzßg]~ǵƒÂ¢zg~ì�ZnCÙŠzgi0+Ï~Qk»ìwg3
YñZzgx¼Z“ÅYñzg:t̂k!2.çHGsZ0+g„Z0+g²£ÿ

Y
N™Zq-ŠyZKi0+ÏÐ;gY@*ì‰

ZkÆ´z{Zzg¹Ïfc*Š»V�ZK̈yZkÆ‚B™@*ìQy~QkÅ–gÅ¤‰ÜÐfc*Š{Zk6,ziyÑŠŠêìÔQkÆ‚B$+|ÅÆK~
Ì¹Ï!*'WCìÔ‰0*ãÅïÏ»9ZîZg:ƒ**Ô0*=VÐ{mîgÐ†gî"$»g‹Ô1-V~!Z!uV»ZyZ`Ôziã‚ây»
:ÔQk~i8-WßŠ1«Ð(,}(,}1ge\d**ÔZzgSk„§bÆ¹ÐŠzu}|u�èf$Ð¶Z¡IYÅi0+ÏÃÁ™ä~
çzyU*"$ƒD�‰

ÃÀŠî corrosion cY~0*ðYäzZà™‰»g0W‚àz){tÌèf$Æ)ñVÐŠZ4ƒ™Z0+gÅcYÃ!Z!™Šîì�šWy
ì‰Zyƒ!*ÂVÐ�(,~¿îg6,ÒyÅˆ�qgzfs}òqÝƒD�‰



èèèèffff$$$$ZZZZqqqq----8888hhhhéééé OOOOkkkk!!!!2222....ççççHHHHGGGGssssììììTTTT»»»»ZZZZKKKKiiii0000++++ÏÏÏÏÆÆÆÆCCCCÙÙÙÙŠŠŠŠzzzzgggg~~~~QQQQkkkkŠŠŠŠzzzzggggÅÅÅÅoooo9999LLLLÐÐÐÐŠŠŠŠNNNN¸̧̧̧wwwwÅÅÅÅYYYYãããã¢¢¢¢zzzzgggg~~~~ììììzzzz¤¤¤¤////::::zzzz{{{{ZZZZKKKK$$$$ååååOOOO]]]]iiii0000++++ÏÏÏÏ7777gggg~~~~7777 ����

™™™™$$$$ËËËËZZZZzzzzggggZZZZ¤¤¤¤////™™™™CCCCÌÌÌÌììììÂÂÂÂIIII^̂̂̂YYYY^̂̂̂»»»»DDDDggggggggSSSSìììì‰‰‰‰

ZZZZ¤¤¤¤////qqqqgggg]]]]~~~~±±±±ggggöööö LLLLÌÌÌÌââââÎÎÎÎÅÅÅÅIIII^̂̂̂YYYY^̂̂̂ƒƒƒƒÏÏÏÏÂÂÂÂGGGGiiii²²²²ááááÅÅÅÅññññ����ŠŠŠŠÏÏÏÏ~~~~ZZZZeeeeggggœœœœ¿¿¿¿zzzz{{{{7777ƒƒƒƒYYYY����ZZZZqqqq----™™™™ssss____~~~~ZZZZzzzzgggg0000****GGGGZZZZggggqqqqgggg]]]]~~~~ƒƒƒƒÇÇÇÇ‰‰‰‰ ����

ZkÒpÐ&Zë!*'Š·y~ǵƒ4‰

----VVVVÂÂÂÂCCCCÙÙÙÙqqqqgggg]]]]ÔÔÔÔ1111ZZZZ¤¤¤¤////qqqqgggg]]]]iiii²²²²áááázzzzZZZZáááá´́́́ºººº~~~~ƒƒƒƒÂÂÂÂZZZZmmmm¼¼¼¼ZZZZ““““»»»»ZZZZqqqq----xxxxÂÂÂÂxxxxzzzzZZZZ¾¾¾¾ZZZZxxxxƒƒƒƒ********¢¢¢¢zzzzgggg~~~~ìììì‰‰‰‰ (a)

qqqqgggg]]]]ÅÅÅÅ¢¢¢¢gggg5555++++kkkk,,,,~~~~ÅÅÅÅøøøøáááá™™™™DDDDzzzz‰‰‰‰ÜÜÜÜZZZZmmmmññññ����ŠŠŠŠ{{{{qqqqªªªª»»»»çççç¢¢¢¢zzzzgggg~~~~ììììZZZZ====����qqqqgggg]]]]ÅÅÅÅ¢¢¢¢gggg5555++++kkkk,,,,~~~~ÅÅÅÅŠŠŠŠgggg~~~~ZZZZŸŸŸŸ††††ƒƒƒƒYYYYññññÇÇÇÇ‰‰‰‰ (b)

qqqqgggg]]]]~~~~********ooooƒƒƒƒggggœœœœzzzz$$$$++++wwwwÌÌÌÌÔÔÔÔŠŠŠŠzzzzuuuu}}}}ZZZZ¡¡¡¡IIIIYYYY~~~~IIII^̂̂̂YYYY^̂̂̂»»»»ññññZZZZ####ƒƒƒƒMMMMhhhh����ZZZZ====ggggœœœœzzzz$$$$++++wwwwÌÌÌÌŠŠŠŠNNNN¸̧̧̧wwwwÐÐÐÐ™™™™ääääÅÅÅÅZZZZ””””¢¢¢¢zzzzgggg]]]]ìììì‰‰‰‰ (c)

5555qqqqggggZZZZ]]]]ÅÅÅÅyyyyÐÐÐÐ0000ÀÀÀÀòòòòWWWWÇÇÇÇ„„„„ 6.6

ÔŠzZ1Z[ª0*v,Zzgz!*[~:ÜsqgÂVÅyÆãCŠ~ZßßVÅ¹,ÐzŸs#ÅY_ìÉg"3©ð GEEĝèf$ÅqgZ]~
ÀòI^Y^ÅâÎZzgÂz�;]6,ÌËuJ-,CðY_ì;Z¤/Qy6,7g~§bÐ¿cZƒZYñÂQ5qgZ]ÅyÆnÃð
Šzu}6Zßwzä™äÅ¢zg]!*¹g{7YC‰'Sk!*]»ìwgì�i²áÅ´ºÐ0Óx¢zg~¥â]ƒãe454è

XGGZzgQâCÙ
Wgµ545½ï G

H
GHZzgâCÙZbÅ}.â]qÝ™ãe454è

XGG@*�qg]ÅyQyÓxZßßVÆ_.ƒn�?m,G‰�‰

¢¢¢¢gggg5555++++kkkk,,,,qqqqggggZZZZ]]]]~~~~ZZZZººººZZZZ¦¦¦¦DDDD++++ZZZZÛÛÛÛ 6.7

HHHHÔÔÔÔYYYYVVVVZZZZzzzzgggg““““???? 6.7.1

6�Ô”V~Cc*ŠHì�qg]Å¢g5+k,~¾§b¥xÅYCìXZ[¢zg]Zk!*]Åg{YCì�qÝ”{¢g5+k,~Ã±ø L§b»
Ô(Lateral Stiffness) ÔQmñYã (Lateral Strength) HYñ‰tÌCc*Y[ì�qg]i²áÅZ|¸]»ŠÃq™äÅ¤‰Ü

~¶ƒCìTÐz{¢g5+k,BCì‰Sy~ÐËZq-Ãc*ƒÃ(,JäÅ¢zg]Z¤/7 (Integrity) Zzg%1ï (ductility) 5'.3ï J
GG

ÐñÎxHY@*ì‰ (Seismic Retrofiting) WCìÂSkÃi²àZºZ¦D+ZÛ

Z[fgZZzg�Zð~Y™ŠÙ��¢g5+k,~ÆÒpÐ�D+ZÛ�Qy~�Àò¶ƒCìz{HìZzgZºZ¦D+ZÛÐQy~±ø Ln»�Ût7,@*ì‰

t0*õU�XÃÀ˜Š¬Y@* Integrity Zzg Stability ÔDuctility ÔLateral Stiffness ÔLateral Strength 6¬HY[ì�
ì‰QyÃPˆŠv}ŒV6,Œc*Yg;ì‰

(Lateral Strength) iiii²²²²ááááÅÅÅÅZZZZ||||¸̧̧̧]]]]»»»»ŠŠŠŠÃÃÃÃqqqq™™™™ääääÅÅÅÅ¤¤¤¤‰‰‰‰ÜÜÜÜ (a)

ŠgZÝqg]Åz{æZ¢š-ö
EG

¤‰ÜƒCì�i²áÅZ|¸ÂVÃËÌ‚~',ŠZ“™Cì‰Àòîg6,qg'Zz6,7,ä Lateral Strength



zZáziyÃ',ŠZ“™äÅ¤‰ÜÆjZáÐyÅYC�1i²áÆ´º~Sk~i²áÅZ|¸ÂVÃ',ŠZ“™äZzgæZf™äÅ
A ~Zk!*]ÃzZãHŠHì�ZºZqÐ¬ZzgZºZqÆq̂g]ÅæZ¢š-ö

EG¸]~±ø Ln»ZŸ†ƒZ‰qg] 6.23 ¤‰Üƒãec‰¦k,
ZºZqÆ‚B‰ B ZºZqÆ%ìZzgqg]

%ZºZqÆ̧]»ZÖg™g;ì² A Z¤/i²áÅZ|¸]Zzgqg]Å',ŠZ“Ã¿Åaç MuÆ£«~¤/Zs6,vHYñÂ¤/Zs~â
~ZºZqÅˆìZkÅ̧]æZf~{§pZ{ZŸ†ÃWg;ì‰ẗgÔ!*]ì�ŠzâVqgÂVÅJ B ZºZqÆ»̂‰Tqg]ª Bâ
½ã',Z',��ŠzâVèoÃèoÆÑzqÆ8~î O~Zq-Šzu}ÆZz6,ƒäÅ¯Y¥xƒg;ì‰ZÏ§b Lateral Stiffness Yãª

ŠzâVqgÂVÅ5'.3ï J
GGZq-ìaè5'.3ï J

GGŠgZÝâÆZz6,~ª̀fc*Š{Ðfc*Š{̧]Æ̀6,îÆẐ|‚~âÆYg~g$Ð¥x
ƒ@*ì‰

::::ZZZZ||||̧¸̧̧]]]]ZZZZzzzzggggaaaaçççç MMMMuuuuÆÆÆÆŠŠŠŠggggxxxxyyyyññññZZZZiiii::::����ææææZZZZ¢¢¢¢šššš----öööö
EEEEGGGG¸̧̧̧]]]]ÆÆÆÆ((((,,,,""""»»»»ZZZZÖÖÖÖgggg™™™™gggg;;;;ìììì 6.23 ¦¦¦¦kkkk,,,,

(Hand Book on Seismic Retrofit of Buildings, Central Public Works Department, Indian Building Congress, IIT, Madras)

(Lateral Stiffness) iiii²²²²ááááÅÅÅÅZZZZ||||¤¤¤¤‰‰‰‰ÜÜÜÜÅÅÅÅŠŠŠŠÃÃÃÃ¦¦¦¦JJJJYYYYãããã (b)

ìªi²áÅZ|¸]ÆOÆjZáÐJYã‰JYãŠgZÝi²áÅZ|¸ÂVÆi%æGLZW,qg]Å Lateral Stiffness ŠzuZZëU
ZK(Ðaç MuÅ¶K0+„™CìÔ�¹Ïz�;]Å¯6,Zq-{mu~g$e�‰Z¤/taç Mu¹fc*Š{ƒÏÂŠ-ZgzVz){Æ¤/ä»}.˜ì
ZzgŠzu})eJ™ð8{ð OV~i',Š„I^Y^ƒä»ZÈwì‰tÀ˜¿Åaç Mu)qg]Åjãqª(Zzgqg]ÅZz™ðÅÚ

T~¥zZwìQkÆ¤/Zs~��Ût D ~¥zZ²7�ZzgQk»¤/ZsZzgqg] C ~qg]~ 6.24 Ð**xY@*ì‰¦k, (Ratio)

Å̧]~ÌZŸ†ƒZìÔQkÅJYã~ÌZŸ†ƒZì1QkÅ5'.3ï J
GG~¶Wðì‰Z[Z¤/t¶**oƒìÂ D �z{&�‰qg]

»â¤/ZsÆÀŠ~âÅY+$9Ÿ¹é ENƒZ D ¼Zzg™**ƒÇÔŒV¾qwtC**°Šå�qg]ÅJYã»Z0+Zi{Sk!*]ÐÎc*YYì�qg]
»â¤/ZsÆÀŠ~âÐŠzggìÔ�̧ÛtŠgZÝJYã»ZÖgì‰ C ìªQkÆŒÛd$ì²qg]



ÅÅÅÅJJJJYYYYãããã((((,,,,""""»»»»ZZZZÖÖÖÖgggg™™™™gggg;;;;ìììì D ::::ZZZZ||||‚‚‚‚ZZZZzzzzggggaaaaçççç NNNNuuuuÆÆÆÆŠŠŠŠggggxxxxyyyyññññZZZZiiii::::����qqqqgggg]]]] 6.24 ¦¦¦¦kkkk,,,,
(Hand Book on Seismic Retrofit of Buildings, Central Public Works Department, Indian Building Congress, IIT, Madras)

(Ductility) 5555''''....3333ïïïï
JJJJ

GGGGGGGG    (c)

„ƒÂtZq- (Deformation) i²á~Z¤/qg]ÃSkÒpÐyHYñ�Qk~ËnÅÃðÂhYh:ƒZzg:„QkÅßg]~Ën»—h
¹µÎŠZƒÇ‰aèi²!ÅŠz!*g{%ŠZgƒä»ZÈw‚ßV6,”ƒ@*ìTÆ£«~qg]Åi0+ÏÁƒCìZ=Qk6,¹ic*Š{ya™**
¹W~7ZknÃÒtÅYCìY3Ÿù:ƒVZzg¼ÂhYhZzgßg]Æ—hÃJw™1Yñ‰Z,~qg]Å5'.3ï J

GG»U‚tW@*
~5'.3ï J

GGÆ 6.25 ìZzgZk¯Y6,Z¤/qg]~5'.3ï J
GGÅ¶ƒCìÂQZ+ZºZqÅYCì�5'.3ï J

GGZâqÝƒYñÎŠg»gì‰¦k,
�g"3©ð GEEĝèf$ F �g"3©ð GEEĝèf$Æ�Û*Æ%ìQkÆgœ¿»¤/ZsZzgqg] E jZáÐqg]ÆgŠ¿»ZÖgC**°Šì‰qg]

»¤/ZstCg;ì�Íqg]Åi²áÅZ|¸]ÃOÅ¤‰ÜŠzâVqgÂV~Zq-ì F Æ�Û*Æ‚BìQkÆgœ¿»¤/Zs7åENZìZzgqg]
ñ�Šì‰ (Energy) Å5'.3ï J

GGfc*Š{ìZzgSkqg]~i²áÅ–gÆnfc*Š{ÂZ**ð F 1qg]

::::ZZZZ||||̧¸̧̧]]]]ZZZZzzzzggggaaaaçççç MMMMuuuuÆÆÆÆŠŠŠŠggggxxxxyyyy5555''''....3333ïïïï
JJJJGGGGGGGGÐÐÐÐ0000ZZZZÖÖÖÖgggg 6.25 ¦¦¦¦kkkk,,,,

(Hand Book on Seismic Retrofit of Buildings, Central Public Works Department, Indian Building Congress, IIT, Madras)



(Stability) ÂÂÂÂZZZZiiiiyyyy (d)

i²áÅZ|¸ÂVÆi%æGLZW,qg]ÎZz‡]:ÜsÑrìÉQkÆZ¡IY~—hÆ´z{ZK(Ð\»¿ÌƒYìZzgqg]<Ì$Ë
ǵ (Margin of Safety) ì‰ZyÓxjZßVÐÂZiyÃ‡ìgppÅ¢zg]ƒCì‰ZkÂZiyÃ',ŒÛZggppÆnZY{D»âgX

¢zg~ƒ@*ì‰

   (Integrity)   %%%%1111ïïïï (e)

qg]ÆZZ¡IY~Z¤/g*7ƒÇZzǵîg6,%1o:ƒfÂi²áÅZ|¸'Sk)Z�Š~6ÐÃZ+{ZV™Zy�hzVÃÅwŠ,ÐZzgQ
eìZLZLÒpÐZ¡IYeìÄÌ¤!gƒVz{Zk)Z�ŠÅ¯6,Z!„ZëŠÃë’ÐZzgªCÙì�æZ¢š-ö

EG
¤‰ÜÅ¶Å¯YÈ;g$

Ð‰Sk„nÓx�h(,~ZôoÐ!*0+−¢zg~�‰

i²àZºZ¦D+ZÛZ(g™ä»Z®gF!*ÂV6,ì‰z{qg'�(,~ZÌÅqïƒVQyÃÂ¢zgÇ™**ƒ@*ì‰¬xqg'XÃÇHÂY**
ec1�áh+¼‡&ÿELJwç{Æ‚BZ=�ZyD+ZÛ6,¹Ñ†WäÅ¯YZzgZyÅ®ZŠfc*Š{ƒäÅ¯Y�áh+tZq-¹fc*Š{¸g~½Á»xƒZzg
�áh+¹Z÷̃Ì́SkÃZ5xŠ¶Ð‡ÜƒV‰Z=¢zg~ƒ@*ì�tðHYñ�Hç{ñw1YYìZzg±ø LZ0+Zi»ypƒg;ì‰

~tCäÅÃÒÅ̂ì�ZºZ¦D+ZÛÅYNc*7? 6.26 ¦k,

kHfc*Š{ 20 ‚ìÂSk~ç{Ô£g~ç{Æ£«~ 33 ìªt‡&ÿELJwç{ìÂZ¤/Ëqg]ÅŠÃ¦̧]Üs SR Z¤/£g~ç{
‚ìÂSk~ç{Ô£g~ 67 kHfc*Š{ìÔZzgZ¤/ŠÃY̧] 10 ‚ìÂSk~ç{Ô£g~ç{Æ£«~ 50 ìÔZ¤/ŠÃ¦̧]

‚ÐÁƒX 70 kHfc*Š{ì‰À˜ZºZ¦D+ZÛQkz‰ÜZ(gÅYCìZ#qg]ÅŠÃ¦̧] 3 ç{Æ£«~

::::iiii²²²²àààà̧̧̧̧]]]]ÅÅÅÅ££££ggggÅÅÅÅ––––ggggZZZZzzzzggggqqqqgggg]]]]ÆÆÆÆ¤¤¤¤////ääää»»»»çççç{{{{ 6.26 ¦¦¦¦kkkk,,,,
(Hand Book on Seismic Retrofit of Buildings Central Public Works Department, Indian Building Congress, IIT, Madras)



Z¤/âàßg]qwÅ¯6,™õD+ZÛZ(g7ÅYg„ÂëÃfc*Š{ç{Æ‚BS**ƒÇÔ1ªCÙìZ+qg]ÃËîg6,ÌW!*Š»g~ÅZYi]7Š~
Y$ËÔZzgZ#âàqÑ]ÇƒYNÂD+ZÛZ(g™àYN‰Z¤/ypZÚfc*Š{ì�5qg]yÅY$ËìÂªCÙì6,Zãqg]Ãi}1k™**„
4ìÔÎZñQyqgÂVÆXÅÃð@*g]wƒ‰

±±±±øøøø LLLLŠŠŠŠggggzzzzÅÅÅÅZZZZººººZZZZqqqqÅÅÅÅYYYYññññ???? 6.7.2

‚J-ŠÃ¦̧](,JðYñc*SkÐÁ6,ÌZrYHYYì‰Zk 100 tÌZq-Zë%³ì�t¥xHYñ�HZºZ¦D+ZÛZ+ƒV�
!*]»�Z[QZy„!*ÂVÐïYì�qg]ÅZÌHìÔ@*g]Z±gÐZzgZK¦/Zg~ƒði0+ÏÆÒpÐÔQk6,•zZàÑ†ÅâÎÆ

100 ÒpÐZzǵºÅiF̂7ÆZ±gÐ‰G@*g]ZzgŠzu~Zëqg'‰ZjwÔhwÔƒZðZ!}ZzgŠzu}úZò%Zœ/Å¤‰ÜÂ
~�̂zm,Š~Yg„�QyÃZ(gHY**e34/õ XG

J‰ 6.27 ‚(,JðYãe34/õ XJGZzgÀòqgÂVÆn¦k,

::::qqqqgggg]]]]ÅÅÅÅ!!!!****¹¹¹¹»»»»ggggWWWWææææiiii0000++++ÏÏÏÏZZZZzzzzggggŠŠŠŠÃÃÃÃ¦¦¦¦̧̧̧̧]]]]‚‚‚‚~~~~ 6.27 ¦¦¦¦kkkk,,,,
(Hand Book on Seismic Retrofit of Buildings Central Public Works Department, Indian Building Congress, IIT, Madras)

‚J-ŠÃ¦̧]Ã(,J**ecÔZzgSÏ§bŠÃ¦̧] 70 ‚z‰Ü¦/Zg_ìÂQkÅÁZiÁ 50 tCg„ì�Z¤/qg]ZKi0+Ï» 6.27 ¦k,
‚!*¹ì‰ 90, 80, 70, 60 ‚J-(,J**e34/õ XG

JZ¤/QkÅi0+ÏZÌ 90,89,84,77 Ã

££££òòòòRRRR6666,,,,cccc****®®®®ÐÐÐÐööööOOOORRRR6666,,,,ZZZZººººZZZZqqqq???? 6.7.3

tZk!*]6,«ì�ZºZqÅÃ́ÕiZ(gÅYg„ì‰ZºZq£òªqg]ÆZZ¡IYÅR6,c*7g~qg]ÅR6,ÅY$ËìÔ;

Õi¹Y@*ì‰ÍZq-c*ŠzâVÕi‚BÌZEwÅY$Ë�1ŠzâVÅÑ†~�Ûtƒ@* (Global) c*®ÐöOª (Local) £òª
ìZzgtZ7šwZb6,«ì�qÑ]Åo9LÃ́ÕiZ(g™@*ì‰tÕiŠgZÝ)ZbeqgÂVÔZbeqgÂVÔZAVÅqg]Ô
g"3©ð GEEĝèf$Åqg]ÔßìÅqgÂVZzg@*g]qgÂVÆÒpÐ7åENZ7åENZîg6,ZCðYC�‰



qqqqgggg]]]]ÅÅÅÅÃÃÃÃ́́́́»»»»gggg™™™™ŠŠŠŠÏÏÏÏ((((,,,,JJJJãããã°°°°ŠŠŠŠìììì???? 6.7.4

6¬Cc*Y[ì�Õi¯äÐ¬tY'¢zg~ì�qg]ÅÃ́»g™ŠÏ(,J**°ŠìªÜsQkÅZ|¸]Æ–gÅ̧]Ã(,J**
~t„CäÅÃÒÅˆì�»g™ŠÏÆ 6.29 Zzg 6.28 ì�Zm5'.3ï J

GGÃ(,J**ì�ZmñYãÃ(,J**ìc*Qƒ„Ã(,J**ì‰¦k,
ÒpÐZºZ¦¿Ð¦/gEZàqg]Zzg%ZºZqÅqg]~±ø LâÎ»�Ûtƒ@*ì‰

::::qqqqgggg]]]]ÅÅÅÅiiii²²²²áááá~~~~»»»»gggg™™™™ŠŠŠŠÏÏÏÏ 6.28 ¦¦¦¦kkkk,,,,
(Guidelines for Seismic Retrofit of Existing Reinforced Concrete Buildings-2001, English Translation, 

The Japan Building Disaster Prevention Association)

::::qqqqgggg]]]]ÅÅÅÅiiii²²²²áááá~~~~»»»»gggg™™™™ŠŠŠŠÏÏÏÏÆÆÆÆjjjjZZZZááááÐÐÐÐ¦¦¦¦ggggZZZZCCCC{{{{���� 6.29 ¦¦¦¦kkkk,,,,
(Guidelines for Seismic Retrofit of Existing Reinforced Concrete Buildings-2001, English Translation, 

The Japan Building Disaster Prevention Association)



~qg]ÅZ|æZ¢š-ö
EG¸]Zzg5'.3ï J

GGÆŠgxy¤/Zs~IKÑÅVzZÑâqÝÅYäzZà»g™ŠÏCg;ìXZ[T§bÅ»g™ŠÏ 6.28 ¦k,
~6.29 ecª¸]~(,Jîc*5'.3ï J

GG~(,JîÂZkÆèoŠ3ñ‰��±ø L§bÆƒVÐ‰¸!*]fgZŠzu}Z0+Zi~¦k,
Š3ðˆì‰

))))ZZZZbbbbeeeeŠŠŠŠŒŒŒŒCCCCkkkkyyyyZZZZzzzzggggZZZZAAAAVVVVÐÐÐÐ¶¶¶¶kkkk********]]]]~~~~ZZZZººººZZZZ¦¦¦¦DDDD++++ZZZZÛÛÛÛ 6.7.5

ZkÆ!*g}~»°˜åJ-0*v,!*[~!*]ƒ_ìÔc*ŠŠ;ãÆntYy¢8¢zg~ì�qg]ÆZZ¡IY%1ïÐZq-Šzu}Ð
ÈñƒñƒV‰À˜Š-ZgzV~MðZzgahZð~ßìÅspVÃZAVÆgœzVÆŠgxygÄ™kyÆÃâVJ-Ñ™!*0+|Šc*Y@*ì‰Zk
§i»gÃ±gö LuJ-0*v,!*[~Cc*ŠHìÔ�ÛtÜsZÚì�t»xµƒðqg]~HY@*ìÔTÆnfc*Š{Š/»gš-VZzgy~»x
™äzZá»g0+zVÅ¢zg]ì‰ZÏ§b»Zq-»x�ZKâÎÆZ±gÐ0*Îy~«%ûƒZìZzg�Z+DZ~De~-Eg;ÅšäH

äZyZjßVÆçÍÆˆt?m,H ERRA Æi²á~ZPMW!*Š~¹ÐZjwn„»Dgƒñ 2005 ìz{ŒVÒVHYg;ì‰
�Z,ZjwX~¹fc*Š{I^Y7̂ƒðìQy~Sk§bÐZ¯uâZºZqÅYñ�ËŠzu}i²á~ZyÆ¤/äÆ}.�á]»
ƒYN‰Z+DZ~De~-Eg;ÅšT~ëŠzâV%"54è

GEGELÂ[Ì�áïÃ̧t»xŠc*ŠH@*�Zq-Z,§i»gÃzäHYñ�Šzu}ZjßV6,
7åENZ8{ð OV6,Œq̧g'Šz 3 ¯kgz'×̧� 4 ÆÂ‰ÐëJ-àå‰SkZjw~ NGO ÌW‚ãÐZEwHYn‰t»xŠgZÝZq-

·ßzVÐµƒð‰XÆŠgxyÜYå‰tŠ-Zg,Üsqg]ÆZz6,ziyÃ–gäÆ‡.Þ‰XÅãCŠ,ÌßÅ]Òð LVÐyÅˆ
~6.30 ZzgZy6,ßìÅegŠg,‰‰¦k, (Truss) ‰‰qg]-V¢o¶1i²áÅ̧]Ã–gäÐ¬g~¶‰¿6,Ç~Å8

‰ ~Š3c*Yg;ì 6.32 ~ZjwÅ̄IŠ3ðˆìZzgŠ-ZgÅy»ñ�Š{%:¦k, 6.31 ZjwÅqg]ÅöyŠ3c*ŠHìÔ¦k,

::::ZZZZjjjjwwwwÅÅÅÅqqqqgggg]]]]»»»»ööööyyyy 6.30 ¦¦¦¦kkkk,,,,



::::ZZZZjjjjwwwwÅÅÅÅqqqqgggg]]]]»»»»¯̄̄̄IIII 6.31 ¦¦¦¦kkkk,,,,

::::ŠŠŠŠ----ZZZZggggÅÅÅÅññññ����ŠŠŠŠ{{{{yyyy»»»»%%%%:::: 6.32 ¦¦¦¦kkkk,,,,
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ZkÓxÕiÃQÛR,6,âew™ÆZkÅ»g™ŠÏÃY™
ŠHZzgZSbÐtZjwZ[Z+qg]~eRŠHì�
Z¶KYZvTÅæZf™äÆntÕiZCðˆÔ
Qk¸]Æi²áÃt!*W‚ãÛYñÇ‰

Ô~ZZ§ZsÐZºZ¦?m,Ã 6.33(a,b,c) ¦k,
iY)zDƒñŠ3c*ŠHì‰

::::ZZZZººººZZZZ¦¦¦¦ÕÕÕÕiiii»»»»iiiiîîîîgggg6666,,,,ZZZZqqqq----iiiiZZZZzzzzttttÐÐÐÐ¦¦¦¦kkkk,,,, 6.33(a) ¦¦¦¦kkkk,,,,



::::ZZZZººººZZZZ¦¦¦¦ÕÕÕÕiiii»»»»iiiiîîîîgggg6666,,,,ZZZZqqqq----iiiiZZZZzzzzttttÐÐÐÐ¦¦¦¦kkkk,,,, 6.33(b) ¦¦¦¦kkkk,,,,

::::ZZZZººººZZZZ¦¦¦¦ÕÕÕÕiiii»»»»iiiiîîîîgggg6666,,,,ZZZZqqqq----iiiiZZZZzzzzttttÐÐÐÐ¦¦¦¦kkkk,,,, 6.33(c) ¦¦¦¦kkkk,,,,

gggg""""3333©©©©ðððð GGGGEEEEEEEEgggĝ̂̂̂èèèèffff$$$$ÅÅÅÅqqqqggggÂÂÂÂVVVV~~~~ZZZZººººZZZZqqqq 6.7.6

aèøg};VàzV)ZzgZ[ÂŠŒÂV~Ì(g"3©ð GEEĝèf$ÅqgÂVÅc]ìZknic*Š{-!*]Zy„qgÂVÐ0ÅYñÏ‰
¬ÂtŠNfe�qg]Å¢g5+k,~¥xƒYä6,Zzgtð0*Yä6,�±ø LnÅ»g™ŠÏ(,JäÅ?m,ìÂQ¥xHY@*ì�ZkjZáÐÃ́

~ZkjZáÐÓx¥â]ÅàðYg„�‰ 6.5 ZºZqoƒƒÏZzgZkZºZqÃ±ø L§iÐ0*tŠJ-àc*YYì‰eg^



ñ�Š{qg
]Å»g ™ŠÏ(,J

äÅ̂
zm,

¸]æZfZzgJYã(,J**

5'.3ï J
GG(,J**

vyÃZq-(%ÃiƒäÐX**

qg]6,•zZài²áÅ̧]~¶Ñ**

qg]ÅãCŠzVÃ¢ï�ÛZë™**

A

B

C

D

E

::::iiii²²²²ááááÆÆÆÆjjjjZZZZááááÐÐÐÐ¢¢¢¢gggg5555++++kkkk,,,,~~~~ŠŠŠŠzzzzgggg™™™™ääääÆÆÆÆ§§§§hhhhVVVVÅÅÅÅŠŠŠŠggggzzzzÈÈÈÈ~~~~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰YYYYgggg~~~~ìììì 6.5 eeeegggĝ^̂̂
(Guidelines for Seismic Retrofit of Existing Reinforced Concrete Buildings-2001, English Translation, 

The Japan Building Disaster Prevention Association)



A

Š-Zg,(,J**»Å,çEÆŠgxy5Š-Zg,¯**
Š-ZgzVÅñN*ð(,J**
Š-ZgzVÆŠgxãÜYÃ6,™**c*È™**
Š-ZgÆú%æFMúŠ-Zg,¯**

qg]Æ!*CÙ~8~î O~ßìÆ¤/egÎ**¤/egÆ�Û*¯™Î**
¤/egÆ}è¯™Î**
¤/egÅ!*0+·VÎ**

qg]~6�Û*¯**Š-Zg~	c*–g}Î**
Z0+gZzg!*CÙÆ»Å,çEÆŠgxy¤/egÆ�Û*Î**

…úŠ-Zg,¯**

ZzgŠzu}§i¥zZ²Î**�Z^ÅƒVc*¬Ð»g”{ƒV

B

g"3©ð GEEĝèf$Æ«zZázz}zNGƒñu-VÅah-VÆZz6,èf$
@*gzVÅYàÐ«™Zz6,Ðèf$

ßìÆ«zZázz}
ßìÅaÃgk),Ð«
ßìÅÍw0*U$Ð«

Ð« angles ßìÆ

(FRP) Ã$g"3©ð GEEĝö8Å"545é FHGGV
Å"545é FHGGV• FRP

Ð¶ƒñk),Zzg0*U$ FRP

C

qg]ÆZg¬ÙpZmÃ4™**Z|¸]ZzgSÐ%œ/~Šzg~»™**
JYã~"‡Z+Ï»™**

¹fc*Š{)Z¡IY~5'.3ï J
GGÑ**

qg]Æ�h6,”ZîÆgsyÃÁ™**

ßìÅÍw0*U$Ð«
Ð« angles ßìÆ

::::iiii²²²²ááááÆÆÆÆjjjjZZZZááááÐÐÐÐ¢¢¢¢gggg5555++++kkkk,,,,~~~~ŠŠŠŠzzzzgggg™™™™ääääÆÆÆÆ§§§§hhhhVVVVÅÅÅÅŠŠŠŠggggzzzzÈÈÈÈ~~~~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰YYYYgggg~~~~ìììì 6.5 eeeegggĝ^̂̂
(Guidelines for Seismic Retrofit of Existing Reinforced Concrete Buildings-2001, English Translation, 

The Japan Building Disaster Prevention Association)



::::iiii²²²²ááááÆÆÆÆjjjjZZZZááááÐÐÐÐ¢¢¢¢gggg5555++++kkkk,,,,~~~~ŠŠŠŠzzzzgggg™™™™ääääÆÆÆÆ§§§§hhhhVVVVÅÅÅÅŠŠŠŠggggzzzzÈÈÈÈ~~~~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX¦¦¦¦////¸̧̧̧ÐÐÐÐkkkk3333 6.5 eeeegggĝ^̂̂
(Guidelines for Seismic Retrofit of Existing Reinforced Concrete Buildings-2001, English Translation, 

The Japan Building Disaster Prevention Association)

qqqqggggCCCCRRRR6666,,,,ZZZZººººZZZZ¦¦¦¦ÕÕÕÕiiii 6.7.6.1

Z¤/qg]~”h+âÎÅ¢g5+k,~0*ðYCìÂQqg]Ã®ÐöOR6,JYyZzg¤!g¯äÅ¢zg]ƒCì‰Z+ßg�wÐ.ëÆnZŸ°
Z¡IYÎä7,D�@*�i²áÅZ|¸]ÅæZfƒn‰À˜»Å,çEÆŠgxyZŸ°Š-Zg,Ô¥zZ²Zzg!*0+·VÎã7,C�ZzgtÀ˜qgC

z{qg'X~iF̂R6,zZµ2w~»Å,çEÆŠgxy({àƒz;V¥zZ²Î** ‰(Global Retrofit Strategy) R6,ZºZ¦ÕiBCì
6.34 ZzgZŸ°Š-Zg,Î**‰Z¤/»Å,çEÅãCŠ,Zq-Šzu}Ð#-,ç EGEÐÈSƒð7�ÂZŸ°Š-ZgÅãCŠÃ»Å,çEÅãCŠÐ!*0+−ec6�¦k,

~Š3c*ŠHì‰ 6.35 ~Š3c*ŠHì‰Zk„§bZ¤/¥zZ²ÎðYg„�ÂÌQkÅãCŠ»Å,çEÅãCŠÐ!*0+SYñ6�¦k,

D

âŠ{ÅlZgc*SÃÁ™**Zz6,Ðziã0*ãÅ"5½5é HEGVU**

#zVÆZEw~gœz$+w™**Zzg�ÛlÆZz6,Ñ
ƒñ!2.çHGsÃÁ™**z){

qg]Æ8{ð OVÃ7åENZ™**c*e{™**

¼2ßVÃÂhŠb

eJ™ðgœ¿Ã‡1~™**

Z|¸]Ãæî™ä»W!
(Active Mass Damper, AMD)

Z|¸]Ãæî™ä»W!
(Tuned Mass Damper, TMD)

qg]Ãi}ÅCw6,ãCŠzVÐe{™**
qg]Ãi}ÆnÐãCŠzVÐe{™**
qg]ÅË2w6,e{™**

(Metalic Damper)    Z|¸]Ãæî™ä»ŠJCW!

Z|¸]Ãæî™ä»W!T~%ZEwƒ
(Oil Damper)
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