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 !"#$%#µ%&'( )*$+,"(  &-%!./0 

– 123!µ"+)( #-"0 1**40%&' 

,5!"

6. 7. 89::"(

83;4+4-<( =µ<µ.  "*%-. >4,30%&50 6 ?

@3µ.3, 6:!. 2004

 

-

0 1.500750

Meters

Damage Distribution

DS0

DS1

DS2

DS3

DS4

DS5

 µ!"#$% &'' / &µ. (). *+!"!,-: 

*!./µ0# – '$,12 3%. 4%+%/3!56-

6:"-.µ4#4 (assessment) #$%#µ%&<(

#Aµ:$!%2"!9( A2%#-3µ)0/0 

&3-3#&$A50

 (7%"%#+2+0 !"8%9!#0 8.%:

 :!96+!-  !"#$%#µ%&'( $)*#+,#-(, µ! /+;<0 +2

µ!#=/2 µ!990)+.3>) ?9%?>) 3%. %70158@ 3.)$A)05

3%+,""!5/2-

 :!96+!- !7./3!5>)-!)./<A/!=) µ$./ %7; /!./µ;

   %70+#µ2/2 %)%16"!+%. /! 51./+,µ!)!-

3%+%/3!56- (7%9.6- @ 3%. )6!-)
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B1./+,µ!)!- 3%+%/3!56-

  79!.0C21#% +=) 51./+%µ6)=) 3%+%/3!5>) ($.!D)>-) 
!#)%.

– 3%+%/3!56- 705 <+#/+23%)  !%) +2) !./%8=8@
%)+./!./µ.3>) 3%)0)./µ>), <

– <+#/+23%) µ! ?,/2 7!7%9%.=µ6)05- %)+./!./µ.30A-
3%)0)./µ0A-, <="#- $.%+,E!.- 79%/+.µ;+2+%- 397. 
(/5<);+!"2 7!"#7+=/2 /+2) '5">72, F. (µ!".3@, 
G%7=)#%)

 '992).3; 3+.".%3; %7;D!µ% (/+0.<!#% 2002-3):

– 32% <="#- %)+./!./µ. 3%)0)./µ;

– 46% µ! %)+./!./µ. 3%)0)./µ; 1959

– 13% µ! H";/D. I"D"% 1985

– ! 9% µ! J'(4 - '(4

 0,.,+1(, %"3!+6- 51./+,µ!)!- 3%+%/3!56-

3%9A7+05) (/’ 6)% ?%Dµ;) +.- /A8<"0)!-

%7%.+@/!.- %)+./!./µ.3;+2+%-, 9;8= +2-

, $!2)."+'( +05-

 4+)( A:$!30-",<(:

 /5)+2"2+.3;- /<!$.%/µ;- 3%. ;79./2

 3%9@ µ0"10908#% 3%. 57!"/+%+.3;+2+%

 A7%"E2 +0.<0792">/!=) (%AE2/2 %)+0<@-  !"

$5/3%µC#%-)
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4%+280"#!- µ!D;$=) /!./µ.3@-

%70+#µ2/2-

 'µ7!.".36-

– :6D0$0. +%E.);µ2/2-

– :6D0$0. %E.09;82/2- (µ6D0$0. !"=+2µ%+0908#05)

 ()%95+.36-, 7.<.

– :! ?,/2 +.- $5),µ!.-

– :! ?,/2 +.- µ!+%3.)@/!.-

 H!."%µ%+.36-

– '"8%/+2".%36- $03.µ6-

– '7.+;705 $03.µ6-

!  !7.908@ µ!D;$05 !E%"+,+%. %7; +0 #&" 3

+2- %70+#µ2/2- 3%. +% $.%D6/.µ% µ4#2

 K.% %70+#µ2/2 /!./µ.3>) %7=9!.>) («/!),".%»)

/! 709!0$0µ.3, /583"0+@µ%+%: 

 #µ$%"&" '( ()!*"+,µ-.-()

 K.% 3%D0"./µ; 7"0+!"%.0+@+=) !)#/<5/2-:

 #µ$%"&" '( (!"=+2µ%+0908#05)

 K.% µ!96+!- !)#/<5/2- µ!µ0)=µ6)=) 3+."#=): 

 /+!01)" '( (+%$"),$21 32 "µ'()
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'7./3;72/2 $.!D)0A- 3%+,/+%/2-:

3%)0)./µ0# – 0$28#!-

 (705/.,L05) $.!D)>- 0. &2)")%#µ"* 8.% 7"0/!./µ.3@
%70+#µ2/2 – !)#/<5/2

 B7,"<05) !9,<./+0. 3%)0)./µ0# (7.<. M99%)$#%, 
&/!<#%) 8.% µ--.%".µ" 4 %70+#µ2/2

  7"0/!./µ.3@ %70+#µ2/2 – !)#/<5/2 8#)!+%. 3%+,
3%);)% /! µ--1$25&%6)" 4 ?,/2

 052%!4#$%(:

– &"07070#2/2 N2µ0+.30A 4>$.3% +05 Los Angeles
(1981) 8.% 570<"!=+.3@ !)#/<5/2 (@ 3%+!$,1./2) ;9=)
+=) 3+."#=) %7; ,0792 +0.<070.#% !)+;- 10 !+>)

– H"0!$". N.,+%8µ% Clinton (1994) 8.% 7"0/!./µ.3;
69!8<0 $2µ0/#=) 3+."#=) µ! /307; 7.D%)@ !)#/<5/2
!)+;- 6 !+>) (%7%99%8@ N2µ0/#05 %7; 3,D! !5DA)2!)

K!#µ!)% "6-7%1) 8.%  !"#$%#µ%&'

%70+#µ2/2 – !)#/<5/2

 B 6: F':( 154 (1988, 2001) [T%<A- M7+.3;-
O9!8<0-], FEMA 178 (1992) 3%. FEMA 310 (1999) 
[(*5µ?%+.3@) /!./µ.3@ %70+#µ2/2 3+."#=)], FEMA
273/4 (1997), 356 (2000) [(H"0<="2µ6)2) /!./µ.3@
%70+#µ2/2 3%. %)%?,Dµ./2]

 '1%"µ08@: F':( 154 /! >70000 3+#".% (35"#=- 
$2µ;/.%), FEMA 178 /+0 HN 1994, 3.,.

 73:/0.3: M$28#!- +2- Japan Building Disaster 
Prevention Association (1977, 1990) 8.% /!./µ.3@
%70+#µ2/2 3%. !)#/<5/2, 3 !7#7!$% !968<05
(%79; /A)D!+0)

 '1%"µ08@: '5"!#%, 35"#=- /! <%µ29, =- µ6/05
AC05- 3+#".% 3%. /<09!#%
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 1A!5:4: '5"=3>$.3%- 8, :6"0- 1-4 (1995) 
'7./3!5@ 3%. !)#/<5/2 3+."#=) M/* [69!8<0-
!7,"3!.%- µ! ?,/2 µ!.=µ6)0 1,/µ% /<!$.%/µ0A "
?"%<A+!"2 t

d
]

 '1%"µ08@: P<.

– &!9.3; /<6$.0 prEN1998-3 (2004): %"3!+6- 
$.%10"6- /! /<6/2 µ! ENV ’95!

 7-3*.3: M$28#!- GNDT (!M(*H) 8.% !3+#µ2/2
+"=+;+2+%- 3%+%/3!5>) %7; M/* 3%. +0.<070.#%, µ!
?,/2 +2 µ6D0$0 +2- %E.09;82/2- (µ6/=
!"=+2µ%+0908#05)

 '1%"µ08@: *! Friuli 3%. Umbria (G+%9#%) 3%.
Barcelona (I/7%)#%) [8.% 3+#".% %7; +0.<070.#%], 
Emilia-Romana [$2µ;/.% 3+#".% %7; M/*] 3.,.

 C)3 D4*30E.3:

– *<6$.0 M$28.>) (1996) JQJSEE ('D). '7.+".

*!./µ. :2<%).3@-) 8.% /!./µ.3@ %70+#µ2/2 3%.

?!9+#=/2 3+."#=) M/* [“/5µ?%+.3@” %),95/2]

– *<6$.0 M$28.>) 8.% &%<A M7+.3; O9!8<0 (2000)

– J!0L29%)$.3;- 4%)0)./µ;- (70+#µ2/2- (*<6$.0 

2002)

 UNIDO/UNDP (FB1): *<6$.0 4%)0)./µ0A 8.%

H"0/!./µ.3; O9!8<0 4+."#=)

 '1%"µ08@: P<. (...;)
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'99,$%

07&. 10530/3/96 890:;<0

 0 $µ=/#$%( (8.% !)#/<5/2, %99%8@ <"@/2-, 
µ!+%""ADµ./2)

– 3+#".% 7".) +2) 1-7-95: 69!8<0- ?,/!. FN1959 +
H";/D. ,"D"% 1984 + FN1954 + 4&* (1985) [8.% M/*] 
@ 3%)0)./µ0A- ?,/!. /!7 [8.% ,99% 59.3,]

– 3+#".% µ!+, +2) 1-7-95: 69!8<0- ?,/!. '(4 + '4M*

 72µ"µ2$28-.- !19!"&')21: ?,/!. 3%)0)./µ>) 705
#/<5%) ;+%) 3%+%/3!5,/+23!

 #$"$0'2+: !7.+"67!+%. !)86)!. 2 <"@/2 )!>+!"=)
3%)0)./µ>), %99, !1;/0) !#)%. /5µ?%+0# µ!+%EA
+05- (7.<. !7.+". +,/!.- @ /5)09.3@ %)+0<@)

92!/!.. 0, 0>?2000 (7%2 9!"#@'&$()

4%)0)./µ;- 8.% +2 :!96+2 '7./3!5>) 3%.

')./<A/!=) (4(J'H')

 O)%"E2 !37;)2/2- +0) M3+. 2000, %7; 17µ!9@
!7.+"07@ 705 /5/+,D23! %7; +0) M(*H

 4%9A7+!. +;/0 +2) %70+#µ2/2 51./+%µ6)=) ;/0 3%.
+0) %)%/<!$.%/µ; (!7./3!5@/!)#/<5/2)

 “Qero draft” +0 :,.0 +05 2002

 &0 7">+0 090392"=µ6)0 /<6$.0 +05 4%)0)./µ0A
'7!µ?,/!=) 353901;"2/! +0 2004

 F"./3;µ%/+! /+2 1,/2 !)/=µ,+=/2- +=) /<09#=) 
+2- «'7.+"07@- R"2/+>)»

 H"007+.3@ )% D!/7./D!# 0 4%)0)./µ;- +0 2005
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 !"#!$%µ!&' ()*+ +

1. *307;- – H!$#0 !1%"µ08@- –B70<"!>/!.- 3%. !5DA)!- 

2. F%/.36- %"<6-, 3".+@".% 3%. $.%$.3%/#!-

3. N.!"!A)2/2, +!3µ2"#=/2 16"0)+0- 0"8%)./µ0A 
51./+%µ6)05 $0µ@µ%+0-   

4. F%/.3, $!$0µ6)% %70+#µ2/2- 3%. %)%/<!$.%/µ0A

5. (),95/2 7".) 3%. µ!+, +2) !76µ?%/2

6. F%/.3, 7"0/0µ0.>µ%+% /5µ7!".10",-

7. H"0/$.0"./µ;- /5µ7!".10",- $0µ.3>) /+0.<!#=)

8. N.%/+%/.09;82/2 !7!µ?,/!=)

9. O9!8<0. .3%)070#2/2- 3".+2"#=) !7.+!9!/+.3;+2+%-

10. (7%.+0Aµ!)% 7!".!<;µ!)% µ!96+2- 

11. 4%+%/3!5@-$.%/1,9./2 70.;+2+%--/5)+@"2/2

1µ:$%!%&)( µ);"E"% -3G%0'µ4#4(

 :2"+, 5!&! )-&".)" ,: :!+, %7; !7.+;705
!E6+%/2 @/3%. µ!96+2 %"<!#=) – ?,/!=) 
$!$0µ6)=) (7.<. '*B', H09!0$0µ#%-, N@µ=)) 
+% 3+#".% 3%+%+,//0)+%. /! 3%+280"#!-
(+%E.)0µ0A)+%.) µ! ?,/2:

– S6"0)+% 0"8%)./µ; (35"#=- +0 /A/+2µ%
7%"%9%?@- /!./µ.3>) $5),µ!=))

– B9.3, 3%+%/3!5@-

– O+0- %)68!"/2- (# 29.3#%, 3%)0)./µ0#, 
3%+%/3!5%/+.36- 7"%3+.36-)

– T!µ!9.>$2 .$.07!"#0$0 (@, /5)@D=-, +0 ;<2( +05-)



8

B1./+,µ!)% .1.)4µ!)! )!*"+,µ-.-( 3+."#=):

 ATC (1985) [(µ!".3%).3;- M"8%)./µ;- '12"µ0/µ6)2-
&!<)0908#%-]: 40 +A70. 3+."#=) 3%. 38 +A70. µ2-
3+.".%3>) 3%+%/3!5>) (8615"!-, %8=80#, /@"%88!-, 
397.)

 UNDP/UNIDO (1985) [B72"!/#!- OHE] – K.% +%
3+#".% /+.- F%93%).36- <>"!-: 15 ?%/.30# +A70. 3+."#=)
(?,/!. 59.30A 3%+%/3!5@- 3%. /+%+.30A /5/+@µ%+0-), 
µ! 570$.%."6/!.- +05 3,D! +A705 7"03A7+!. /A)090 71 
3%+280"#!- (<="#- !7.""0@ AC05-, 3%)0)./µ0A)!

 RISK-UE [7";8"%µµ% +2- '']: 23 ?%/.30# +A70.  65 
?,/!. 3%. AC05- $4%65 ?,/!. 3%)0)./µ>)!

 K.% 3,D! +A70 3+."#05 7"67!. )% 0"./+!# 6)% µ')&2 )-(
.%".µ" 4( =0>=-( A-.!12 BC/=-(

,'-#&%µ./. 01#"23& 0'14 ATC (1)

H*%&' &3% E"µ%&' #I#-4µ3 6!%;µ'( "!'2/0 

I0792 +0.<070.#% (16"0)+!- +0#<0.) <%µ29, (1-3 0";105-) 

 µ6/05 AC05- (4-7 0";105-) 

I0792 +0.<070.#% /! /5)$5%/µ; µ! 79%#/.%  <%µ29, (1-3 0";105-) 

 µ6/05 AC05- (4-7 0";105-) 

 C29, (&8 0";105-) 

&0.<>µ%+% %7; M/* /! /5)$5%/µ; µ! 79%#/.% <%µ29, (1-3 0";105-) 

 µ6/05 AC05- (4-7 0";105-) 

 C29, (&8 0";105-) 

&0.<>µ%+% %7; M/* <="#- (3A".%) 79%#/.% <%µ29, (1-3 0";105-) 

 µ6/05 AC05- (4-7 0";105-) 

 C29, (&8 0";105-) 

&0.<>µ%+% %7; 079./µ6)2 +0.<070.#% (M&) <="#- 

(3A".%) 79%#/.% 

<%µ29, (1-3 0";105-) 

 µ6/05 AC05- (4-7 0";105-) 

 C29, (&8 0";105-) 

&0.<>µ%+% %7; M& /! /5)$5%/µ; µ! 79%#/.% <%µ29, (1-3 0";105-) 

 µ6/05 AC05- (4-7 0";105-) 

 C29, (&8 0";105-) 
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R%9A?$.)%  !"#$%" µ& ‘$'&(&)*+’ 

($,-.)!!/')*+) .0µ1),+ ( &(%µ&'(%.2  !"#$%") 

3"µ/!2 (1-3 )(04),+) 

 µ5$), *6),+ (4-7 )(04),+) 

 6/!2 ( 8 )(04),+) 

7"!*18%9"  !"#$%" µ& ‘$'&(&)*+’ .0µ1),+ 
(‘."'"9&µ/µ59"’  !"#$%") 

3"µ/!2 (1-3 )(04),+) 

 µ5$), *6),+ (4-7 )(04),+) 

 6/!2 ( 8 )(04),+) 

:!2$'%µ"  !"#$%" " 0 ;/< (‘."'"9&µ/µ59"’ 

 !"#$%") 

3"µ/!2 (1-3 )(04),+) 

 µ5$), *6),+ (4-7 )(04),+) 

 6/!2 ( 8 )(04),+) 

=/- !2$'%µ"  !"#$%" " 0 ;/< (‘."'"9&µ/µ59"’ 

 !"#$%") 

3"µ/!2 (1-3 )(04),+) 

 µ5$), *6),+ (4-7 )(04),+) 

 6/!2 ( 8 )(04),+) 

:()."'"$.&,> " 0 ;/< ( !/9 '?9 !,)µ59?9) 3"µ/!2 (1-3 )(04),+) 

 µ5$), *6),+ (4-7 )(04),+) 

 6/!2 ( 8 )(04),+) 

@,0µ&9" ($,9"(µ)!)-)*µ&9") .'#(%" 3"µ/!2 (1-3 )(04),+) 

A*!%9"  !"#$%"  3"µ/!2 (1-3 )(04),+) 

 !"#$%µ&'& ()#*+,$ (!)- ATC (2)

1  !"#$  2  !"#$  3  !"#$  

1 = ')%3) )%#" 1 =  3?(#+ 8%"BCµ"'" 1 =  /!0+ 

 2 = )(%B09'%" 8%"BCµ"'" 2 = !#D)% 3?(#+ .)9#"µ" 

 3 = )(%B09'%" ."% ."'".0(,4"  3 = !#D)% µ& .)9#"µ" 

    8%"BCµ"'", 3?(#+ $,985$µ),+ 4 = ')*1!" 3?(#+ ) 5+ 

 4 =  "'Cµ"'" > $'5-/ ;/< 5 = ')*1!" µ& ) 5+ 

  6 = E$%µ&9'0!%D)% 

  7 = F) !) $.,(08&µ" 

2 = ) !%$µ59) $.,(08&µ" 1 =  !"#$%) 3,'0 & %'0 ), 1 = µ& &!"4(2 8%"3?(%$'%.2 

 2 = ')%3Cµ"'" 3,'2 & %'0 ), 2 = µ& ')%3) !/(C$&%+ - ')*1!" 

 3 =  ()."'"$.&,>        3?(#+ ) 5+ 

 4 = µ%.'0 (;/<+ ')%3) )%#") 3 = µ& ')%3) !/(C$&%+ - ')*1!" 

 5 = µ%.'0 (;/<+32!,1"+)        µ& ) 5+ 

  4 = µ& ')%3) !/(C$&%+ " 0 

         '$%µ&9'0!%D),+ 

3 = 32!,1"+ 1 = 1"(* µ&'"!!%.0  !"#$%) 1 = µ& &!"4(2 8%"3?(%$'%.2 

 2 = &!"4(* µ&'"!!%.0  !"#$%) 2 = µ& ')%3) !/(C$&%+ - ')*1!" 

 3 = µ%.'0 µ& ')%3) )%#" > ;/<        3?(#+ ) 5+ 

  3 = µ& ')%3) !/(C$&%+ - ')*1!" 

         µ& ) 5+ 

4 = G*!) 1 = G*!%9)  !"#$%)

 2 = bagdadi  

E"G%90µ/$/ .'%(#?9 ."'2 UNIDO/UNDP (1985)
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E"G%90µ/$/ .'%(#?9 ."'2 RISK-UE (2003)

E"G%90µ/$/ .'%(#?9 ."'2 RISK-UE (2003) – $,953&%"
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E"G%90µ/$/

.'%(#?9 ."'2

RISK-UE

H&9%.> µ)(4> '), =/'(C),

:%D"90'/'"+ I!21/+ (=:I)

J # &8) 

I!21/+ 

J*()+ 

K&#.'/ 

I!21/+ 

L&9'(%.0+ 

K&#.'/+ 

I!21/+ 

:%D"90'/'" &µ429%$/+ &90+ $,-.&.(%µ59), & % 58), 1!21/+ $& 

59" .'#(%) 0'"9 ",'0 , 0.&%'"% $& $&%$µ0 $,-.&.(%µ59/+ 

59'"$/+ 

   VI VII VIII IX X XI XII 

1. 0 0.0 P0.0
VI 

P0.0
VII 

P0.0
VIII 

P0.0
IX 

P0.0
X 

P0.0
XI 

P0.0
XII 

2. 0-1 0.5 P0.5
VI

 P0.5
VII

 P0.5
VIII

 P0.5
IX

 P0.5
X
 P0.5

XI
 P0.5

XII
 

3. 1-10 5.0 P5.0
VI

 P5.0
VII

 P5.0
VIII

 P5.0
IX

 P5.0
X
 P5.0

XI
 P5.0

XII
 

4. 10-30 20.0 P20.0
VI

 P20.0
VII

 P20.0
VIII

 P20.0
IX

 P20.0
X
 P20.0

XI
 P20.0

XII
 

5. 30-60 45.0 P45.0
VI

 P45.0
VII

 P45.0
VIII

 P45.0
IX

 P45.0
X
 P45.0

XI
 P45.0

XII
 

6. 60-100 80.0 P80.0
VI

 P80.0
VII

 P80.0
VIII

 P80.0
IX

 P80.0
X
 P80.0

XI
 P80.0

XII
 

7. 100 100.0 P100.0
VI

 P100.0
VII

 P100.0
VIII

P100.0
IX

 P100.0
X
 P100.0

XI
 P100.0

XII
 

MDF (µ5$)+ 8&#.'/+ 1!21/+) MDF
VI

 MDF
VII

MDF
VII

MDF
IX

 MDF
X
 MDF

XI
 MDF

XII
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<'2Dµ&+ 1!21/+ -%" .'#(%" ) !%$µ59),

$.,()85µ"')+

 !"#$"%&' 

()*+,- 

./0/!12 

()*+,- 

 %"%3,"'4!#- 

1. L"µ#" - M95 "4" L'#(%" 

2. M$>µ"9'/ M =&µ)9?µ59&+ (?-µ5+ µ%.(0'&(&+ '?9 1.0-2.0mm 

)4&%!0µ&9&+ $& ."'"$.&,"$'%.5+ "'5!&%&+, )% ) )#&+ 8& 

3(>B),9 & %$.&,>+ 

3. J!"4(%2 I =&-2!&+ ."µ '%.5+ > µ&µ)9?µ59&+ 8%"'µ/'%.5+ (?-µ5+ 

µ%.(0'&(&+ '?9 0.5mm. =/ µ09%µ&+  "("µ)(4C$&%+ 

4. =5'(%" H K% !5+ 8%"'µ/'%.5+ (?-µ5+ ."% $,9'(%1> 

$.,()85µ"')+. =%.(5+ µ09%µ&+  "("µ)(4C$&%+. 

5. I"(%2 K @,-%$µ0+ '?9 (218?9 ) !%$µ)* ."% 1!21&+ $') 

&$?'&(%.0 '), $.,()85µ"')+. =&-2!), 1"Dµ)* 

$*9D!%6/ '?9 .0µ1?9. =5'(%), 1"Dµ)* µ09%µ&+ 

 "("µ)(4C$&%+. 

6. :)!* I"(%2 J =&(%.> ."'2((&,$/ '), 45()9')+ )(-"9%$µ)*. 

7. L"'2((&,$/ - L"'2((&,$/. 

./0121# (!)-')*,'&3 .45

 =& 12$/ '/9 «5µ &%(/ .(#$/» (expert judgement),  .3. 
µ/'(C" ATC-13:

– 8%"9)µ> &(?'/µ"')!)-#?9 $& 80 5µ &%(),+
µ/3"9%.)*+, -%" 9" &.'%µ>$),9 '/ 3"µ/!0'&(/, 
µ5$/, ."% ,6/!0'&(/ "9"µ&90µ&9/ '%µ> '), 8&#.'/
1!21/+ -%" .2D& '* ) ."'"$.&,>+ ."% 8&8)µ59/ N

==

– ."D)(%$µ0+ $,9"('>$&?9 ."'"9)µ>+  %D"90'/'"+
'* ), 1 -%" .2D& '* ) ."'"$.&,>+ ."% .2D& 59'"$/
."% ."'2$'(?$/ "9'#$')%3?9 =:I

 =&  )$)'%.) )#/$/ (3(>$/ fuzzy set theory) '?9 
)(%$µC9 '/+ µ".()$&%$µ%.>+ .!#µ"."+,  .3. EMS 98
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./0121# (!)-')*,'&3 .45 ('6$/78#!)

 =& 12$/ $'"'%$'%.2 $')%3&#"  "!%0'&(?9 $&%$µC9
(1!21/ – N

==
)

–  .3. Braga et al. (1982) " 0 $&%$µ0 Irpinia (1980), -%"
.'#(%" " 0 ')%3) )%#"

– Kappos et al. (1995, 1998) " 0 $&%$µ0 O&$$"!)9#./+
(1978) -%" .'#(%" ;/<

 =& $,98,"$µ0 $'"'%$'%.C9 ."% "9"!,'%.C9 µ&D08?9

– $,9>D?+ '" $'"'%$'%.2 $')%3&#" ."!* '),9 (& "(.C+) 
µ09) 1-2 &9'2$&%+ (."% 03% 0!),+ '),+ '* ),+ .'%(#?9)

– ."'2$'(?$/ )(%$µ59?9 $'/!C9 '?9 =:I 12$&%
$'"'%$'%.C9 $')%3&#?9, ."% '?9 , )!)# ?9 12$&%
"9&!"$'%.C9 "9"!*$&?9  ), &.'%µ)*9 ') 1"Dµ0 1!21/+

! " µ5D)8)+ J(&,9. ;µ28"+ M:O

5,3"62  #7%893,3%- +)*+,- $#% :30"#% µ!$*)2; <=2;-

µ! /#)23' 4>!1#%4µ?8% 4<µ&@8% µ! A.B.C. 1959

%&'(') *+ ,'-.&/ (8+ .(.0.') 

CDF VI VII VIII IX X XI XII 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.50 100.00 86.27 39.22 0.00 0.00 0.00 0.00 

5.00 0.00 9.80 49.02 80.39 0.60 0.00 0.00 

20.00 0.00 3.92 7.84 5.88 47.60 3.20 0.00 

45.00 0.00 0.00 3.92 1.96 24.40 57.30 43.30 

80.00 0.00 0.00 0.00 3.92 11.30 18.30 28.20 

100.00 0.00 0.00 0.00 7.84 16.10 21.20 28.50 

MDF 0.50 1.71 5.98 17.06 45.67 62.27 70.55 
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%1µ23456 7897:7"716

 = )(&# 9"  ().*6),9 &#'& " &,D&#"+, &#'& " 0 '"

=:I, , )!)-#B)9'"+ '/ $?(&,'%.>

–  %D"90'/'" -%" 8&8)µ59/ 59'"$/ (N), / 1!21/ 9" &#9"%  " 0

µ%" $'2Dµ/ (df) " ."µ *!/ df – p(DF df#I)

–  %D"90'/'"+ , 5(1"$/+ µ%"+ '%µ>+ '), 8&#.'/ 1!21/+

DF=df, -%" .2D& 59'"$/ N,  .3. -%" ."9)9%.> !)-"(%Dµ%.>

$,92('/$/  %D"90'/'"+

" ."µ *!/ I – p(DF df#I) (1 ."µ *!/ "92 & # &8) 1!21/+)

– µ )(&# 9"  ()$"(µ)$'&# $’",'>9 µ%" $?(&,'%.> ."'"9)µ> (CDF)

$
%
%
&

'

(
(
)

*
++
,

-
..
/

0

1

2
2

31
4 

I

0

2

X

X

X

dI
mIln

2

1
exp

2I

1
]I|dfDF[P

L"µ *!&+

'(?'0'/'"+

I – p(DF df#I)

[."'2 ATC-13] ."%

"9'#$')%3&+ '%µ5+

 "("µ5'(?9 -%"

3"µ/!2 .'#(%" ;/<

µ& µ%.'0 $*$'/µ"

 !"%$#?9-

')%3?µ2'?9
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%&'(') %);.;'%) &.'<.,-/(=*+;) (4 – 7 .(.0.') 

CDF VI VII VIII IX X XI XII 
0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

0.50 90,50 86,51 40,42 0,48 0,00 0,00 0,00 

5.00 8,76 11,49 51,34 86,21 1,40 0,00 0,00 

20.00 0,61 1,65 5,51 5,51 28,30 3,60 0,50 

45.00 0,13 0,22 1,86 3,82 60,70 69,50 27,90 

80.00 0,00 0,13 0,39 2,21 7,30 23,10 67,20 

100.00 0,00 0,00 0,48 1,78 2,30 3,80 4,40 

MDF 1,07 1,54 5,50 10,68 41,18 54,27 70,81 

0

20
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100

VI VII VIII IX X XI XII

E$)!'& (..9)

4
[:
5

>
=
;
5

/9
]

0,5

5

20

45

80

100

L"µ *!&+ '(?'0'/'"+ -%" .'#(%" µ5$), *6),+ ."9)9%.2 ')%3) !/(?µ59" 

$*µ4?9" µ& L.;.<. 1959

L"µ *!&+ '(?'0'/'"+ -%" .'#(%" ;/< µ5$),

*6),+ µ& 8% !0 $*$'/µ"

(Kappos et al. 2004)

:"!%)# L"9)9%$µ)# P5)% L"9)9%$µ)#
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K%"8%."$#" HAZUS -%" '/9 &.'#µ/$/ '),

1"Dµ)* 1!21/+ µ%"+ (', %.>+) ."'"$.&,>+

S

C

C

S S

C

M

E

M

E

M

E

:*!')&*#%)&)! ;*86$. <µ-2!3 =4> '8

0/µ!)! )*,)%)&)!3

– ;6*,?!@(- ?*1A*-µµ!)!

 “European Network on Seismic Risk, 
Vulnerability, and Earthquake Scenarios”,
7(/µ"')80'/$/: Commission of the European 
Communities / Inco-Copernicus Programme, 
(8%2(.&%": 3 5'/, 59"(G/: N)*9. 1997)

– J %$'/µ)9. , &*D,9)+ (Imperial College/M:O): 
A. Kappos

– :()Q )!)-%$µ0+ ($,9)!%.0+): 230,000 ECU

– :()Q )!)-%$µ0+ Imperial College (µ&'"45(D/.& $') 
M:O " 0 N)*9. 1999): 21,500 ECU 
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;6*,?!@(- ?*1A*-µµ!)! ('6$/7.)

 “An advanced approach to earthquake risk 
scenarios with applications to different European 
towns (Risk-UE)”, 7(/µ"')80'/$/: Commission 
of the European Communities/Environment 
Programme, (8%2(.&%": 3 5'/, 59"(G/: 1.2.2001), 

– J %$'. , &*D,9)+ ($,9')9%$'>+): L. :%'%!2./+

– J %$'. , &*D,9)+ (Eµ>µ. E(?'0'/'"+): M. L2  )+

– :()Q )!)-%$µ0+ ($,9)!%.0+): €2,500,000

– :()Q )!)-%$µ0+ M:O: €184,100 (Eµ>µ. E(?'0'/'"+: 
€47,300)

 “=&!5'/ '(?'0'/'"+ '),  )!&)8)µ%.)* 

$,-.()'>µ"')+ I0!),-P. N?9#"+” [Eµ>µ" '/+ 

=%.()B?9%.>+ =&!5'/+ '), I0!),] (8%2(.&%": 2

5'/, 59"(G/: 1.11.1995). R)(5"+ 7(/µ"')80-

'/$/+: P)µ"(3#" ="-9/$#"+. 

– J %$'. , &*D,9)+ ($,9')9%$'>+): L. :%'%!2./+

– J %$'. , &*D,9)+ (Eµ>µ. E(?'0'/'"+): M. L2  )+.

– :()Q )!)-%$µ0+ ($,9)!%.0+): 40,000,000 8(3.

– :()Q )!)-%$µ0+ Eµ>µ. E(?'0'/'"+: 5,000,000 8(3.

:*!')&*#%)&)! ;*86$. <µ-2!3 =4> –

;BB&$#(- ?*1A*-µµ!)!
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;BB&$#(- ?*1A*-µµ!)! ('6$/7.)

 “; $&%$µ0+ '/+ MD>9"+ '/+ 7-9-99: J.'#µ/$/ '/+ 

'(?'0'/'"+ $'/9  !&%0$&%$'/  &(%)3> ."% 

$*-.(%$> '/+ µ& '/9  ("-µ"'%.> ."'"9)µ> '?9 

1!"1C9 '?9 ."'"$.&,C9 " 0 ') $&%$µ0” 

(8%2(.&%": 2 5'/, 59"(G/: 5/5/01)

7(/µ"')80'/$/: ;M<:

– J %$'/µ. S &*D,9)%: I. @&.#8/+ (NE<ML) - M.

L2  )+ (M:O)

– :()Q )!)-%$µ0+: 15,000,000 8(3.

 “M )'#µ/$/ $&%$µ%.>+ '(?'0'/'"+ ,4%$'"µ59?9 

.'%(#?9 ."% "92 ',G/  ()/-µ59?9 ,!%.C9/

'&39%.C9 &9#$3,$/+   (".(?9*µ%): MTN<ENUP)

7(/µ"')80'/$/: HHJE, 8%2(.&%": 3 5'/, 59"(G/: 

1/10/03.

– <,9')9%$'>+: MD. E(%"9'"4*!!), - :"9. :"'(C9

($,µµ&'53),9 12 4)(&#+: 7 %8%?'%.)#, 5 .("'%.)#)

– J %$'/µ. S &*D. M:O : M. L2  )+

– :()Q )!)-%$µ0+: €1,875,00 (:()Q )!)-%$µ0+ J<< 

M:O: €90,000).

;BB&$#(- ?*1A*-µµ!)! ('6$/7.)
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 “M9'%$&%$µ%.> :()$'"$#" H&4,(C9 (".(?9*µ%):

M<:()H&)” 7(/µ"')80'/$/: HHJE, 8%2(.&%": 3

5'/, 59"(G/: 1/10/03.

– <,9')9%$'>+: M. L2  )+ ($,µµ&'53),9 14 4)(&#+: 8

%8%?'%.)#, 6 .("'%.)#) 

– :()Q )!)-%$µ0+: €2,000,00 

(:()Q )!)-%$µ0+ J<< M:O: €104,000)

 J90'. J(-"$#"+ 7: L"µ *!&+ $&%$µ%.>+ 

'(?'0'/'"+ &!!/9%.C9 -&4,(C9

;BB&$#(- ?*1A*-µµ!)! ('6$/7.)

 !"#µ !" #$  %"µ  &'##() *+,-.

/'*012 32(,2*34*'5#-. !2( #5*"6-
,$+12( (Risk-UE WP4)

7. 8. 90:: . (;.<.), 

=. >(*(!2?$@: 5) ., A. >(*(!@: 5) .
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 !"#$#%#&'( !)*'µ+,+- ,!.,µ.)/- 0%10+-

 B2 ‘5C1232,D.’ ,(µ:4)'. $1?$@$-$(. !2( @) 5. $ 5. #5*"6'2. ,$212(, 4. 

$4: 5. 5: ) !+#6-,(* µ' #5*35(#µ@ (*')(#$2,E* (*()4#'?* ,(2 

#$($2#$2,E* #$ 2F'+?* C)(CE* (Kappos et al. 1998, 2001)

 B1+#6-,(* 6 (5+µ-3'*2,") #$06µ'. C)0C-. (DS0 ?. DS5)

Damage 

State 
Damage state label 

Range of 

loss index-

R/C 

Central 

index (%)

Range of 

loss index -

URM 

Central 

index (%) 

DS0 None 0 0 0 0 

DS1 Slight 0-1 0.5 0-4 2 

DS2 Moderate 1-10 5 4-20 12 

DS3 Substantial to heavy 10-30 20 20-40 30 

DS4 Very heavy 30-60 45 40-70 55 

DS5 Collapse 60-100 80 70-100 85 

G5:2,D. ,(µ:4)'. 
$1?$@$-$(. !2( ,$+12( B//

Medium frame infilled '59
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G5:2,D. ,(µ:4)'. 
$1?$@$-$(. !2( ,$+12( H/G

 
2nd  Level vulnerability curves for 1storey 

Stone URM Buildings 
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2nd  Level vulnerability curves for 2storey Brick 

URM Buildings 
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9($(* µ" C(6µ 4 C)0C-. !2(  µ 2@µ 1I- D*$(#- #$-* :'12 F"

i i

tot

/(MDF V )

V

 

-

0 1.500750

Meters

IMM=8

0,00-0,01

0,01-0,10

0,10-0,30

0,30 - 0,60

0,60 - 1,00

-

0 1.500750

Meters

IMM=9

0,00-0,01

0,01-0,10

0,10-0,30

0,30 - 0,60

0,60 - 1,00

2!314.# &.( ,53/"+ )*'4.(

=01$-. :'12 F". @: 5 
D!2*' (*0)5#- $1?$@-
$-$(. + 32(,2*34*'5#-.

2!.,µ.)6 ,!314.# 
(01,!. µ.)4#783.)/- 

µ!%9*+-)-

0 1.500750

Meters

PGA (g)

High : 0,59

 

Low : 0,12
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7126µ@. ,$21+?* µ' #$06µ- 
C)0C-. DS0 ?. DS5 #' ,06' 
 2, 3. $'$10!?* !2( $  
3'3 µD*  #'*012  #'2#µ 4

 

-

0 1.500750

Meters

Damage Distribution

DS0

DS1

DS2

DS3

DS4

DS5

/5* )2,@. (126µ@. ,$21+?* 
#' ,06' #$06µ- C)0C-.

Damage 

State

Number of 

buildings

Percentage 

(%)

DS0 654 3.41%

DS1 6813 35.53%

DS2 6430 33.52%

DS3 3002 15.65%

DS4 1201 6.26%

DS5 1079 5.63%

2!314.# &.( ,53/"+ )*'4.(

>1@C)'J- ,($0$(K-. ,$21+?*:
• >10#2*(: DS0 & DS1
• 9+$12*(: DS2 & DS3
• 9@,,2*(: DS4 & DS5

/5* )2,@. (126µ@. ,$21+?* 
#' ,06' ,($0$(K- 

 

-

0 1.500750

Meters

GREEN

YELLOW

RED

Damage 

Label

Number of 

buildings

Percentage 

(%)

Green 7467 38.93%

Yellow 9432 49.18%

Red 2280 11.89%

2!314.# &.( ,53/"+ )*'4.(
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:(*(3#µ/ )6,*#5- 
!;.,)!5/-

 &'?1E*$(. D*( µD#  ,@#$ . 

':2#,'5". €700 /m2

9@#$ . =/[(Vi•MDFi]• 700 #'

,06'  2, 3. $'$10!?* 

 >1 ,4:$'2 D*( : )4 5J-)@ ,@#$ .

460 ',($. € !2( $-* 'K'$(L@µ'*- 

:'12 F" (:'1+: 5 x4 !2( $  #4* )  

$ 5 %"µ 5 &'#/*+,-.)

-

0 1.500750

Meters

COST (EUROx1000)

0 - 400

400 - 800

800 - 1200

1200 - 2000

2000 - 3500

3500 - 7000

2!314.# &.( ,53/"+ )*'4.(

 µ!"#$#%&' µ&()*)# +,#)-./010'

(µ&()*)# "$230µ+3)-)/4)5)

!  !"#$"%&'"() '* +(,,"-. $/" ,0$'"µ0!1)
+'"/2034) 5$’ 6'/ "/ µ&%"7"/ '58/)6µ*+*9

! 5$5!53'*'* * 0$/'6$"( &!0()5 (&,0-2"9 '"(
:'/!3"()

! ; 58/",6-*+* 0$/:0)'!1)0'5/ +'5 :!3+/µ5, 5$6
5)'/+0/+µ/:. <$"=*, +'"/2035

! >5 5$"'0,&+µ5'5 '*9 0$/'6$"( &!0()59
+()"=3?")'5/ µ0 +(µ$,.!4+*  !"#$µ%#&'&()&*
$"( $!&$0/ )5 &20/ +()'52%03 µ0 :5'<,,*," '!6$"
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! @<%0 25!5:'*!/+'/:6 '"( :'/!3"( 58/","-03'5/ µ µ!"
"#$%&$'!()  !"µ#$#%&! (“&*'+”) & &(,&) µ $)#
 -.+* !. $'/ "-0 "#$!& !&µ!*1 .-'2), 

-.(. “*"31-µ &"%"-*"*1” 1 “1, 2, 3, 4, …”. 

 4!  -!µ,+'/5 6"7µ'3'8% 5 "7+'%9'#$"! ":';
&$"7µ!&7';# µ *"$.33)3'/5  !"#$!% &'()$*$'% *"!
-+'*;-$ ! ) $ 3!*1 6"7µ'3'8%" $'/ *$!+%'/.

 < 6"7µ'3'8%"  %#"! ' *"7'+!&$!*05 -"+.8'#$"5, µ 
6.&) $'# '-'%' 7" "-':"&!&7 % "# $' *$%+!'

–  %#"! & !&µ!*.  -"+*,5, 1

– "-"!$ %$"! "#"3/$!*0$ +) "-'$%µ)&) (='*!µ,5, "#"3;-
& !5) 8!" #" 6+ 7 % *"$"-0&' (+ !.9 $"! (-+'& !&µ!*1) 
 #%&(/&) *"! -'!.  #%&(/&)  %#"! ) *"$"33)30$ +).

 >-.+( ! -'!*!3%" "-3?# *"! &/#7 $0$ +@# µ 70=@#
 +@$)µ"$'3'8%'/

 

Presidenza del Consiglio dei Ministri 

DIPARTIMENTO DEI SERVIZI 

TECNICI NAZIONALI   
Presidenza del Consiglio dei Ministri 

DIPARTIMENTO NAZIONALE DELLA PROTEZIONE CIVILE 

Consiglio Nazionale delle Ricerche 

GRUPPO NAZIONALE PER LA 

 DIFESA DAI TERREMOTI 

1
th

 LEVEL FORM FOR DAMAGE EVALUATION, QUICK INTERVENTIONS AN USABILITY OF 

BUILDINGS IN THE SEISMIC EMERGENCY 
(Ver. 09/98)  

 

SECTION  1  Building identification 

Provincia: _______________________________________ Surveyor   |__|__|   Form  |__|__|__|__|    Date __|__!__|__!__|__! 

Township: _______________________________________ 
Istat Reg. Istat Prov. Istat Comune N. aggregate N.  building 

Locality: _______________________________________ |__|__| |__|__|__|  |__|__|__| |__|__|__|__|__| |__|__|__|__|__|

Address 

1 " street 

2 " road 

3 " alley  

4 " square 

5 " locality 

 
|__|__|__|__|__|__|__|__|__|__|__|__|__|__| 

|__|__|__|__|__|__|__|__|__|__|__|__|__|__| 

Number   |__|__|__|__| 

Position 

1 " Isolated 

2 " Internal 

3 " End 

4 " Corner

Istat Codes 

Ref. In map 

Land 
register: 

Locality Code |__|__|__|__|__| 

Census section |__|__|__| 

N. carta |__|__|__|__|__|__| 

Foglio |__|__|__| Mappale |__|__|__| 

Particelle  |__|__|__|__| |__|__|__|__| 

Building name or 
owner of building |__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__|__| 

Use code 
|S |    |    | 

 

Photocopy of the structural aggregate with building location and identification code

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

SECTION  2   Building description 

Metrical data Age Use 

Total 
number of 
stories(1) 

Average story 
height 

[m] 

Average floor area 

[m
2
]

of building 
and 

strengthening 

Use Number of 
units in use 

Utilisation 

percentage 

Occupants 

" 1 " 9 1 " # 2.50 A " # 50 I " 1300$2100 1  % # 1919 A % Living area 1 " 1 $ 2 A "  > 65% 1 " no one  

BUILDING IDENTIFICATION CODE 

FORM IDENTIFICATION CODE   day   month    year 

SECTION  3  Typology (multi-choice with max 2 options)

A B C D E F G

Not identified ! " " " " SI
r.c. on 

masonry

Vault without tie-beams " " " " " ! !

Vault with tie-beams " " " " "
masonry 

on r.c.

Truss with deformable slabs (wooden beam with 

single layer plank, girder and voults,...) " " " " " NO !

Truss with semirigd slabs ( wooden beams with 

double layer plank, girder and flat planks,...) " " " " " ! orizzont.

Truss with rigid slabs

(R.c. slabls,...) " " " " " !

Without tie-

beams or 

stringc.

Irregular and bad quality 

masonry

(Crushed stones, not 

squared, stones, 

pebbles,..)

Regular and good 

quality masonry

(Bedstones,brick, 

squared stones,...)

N
o

n
 i

d
e
n

ti
fi

e
d

                                                       Strutture

                                                       verticali

    Strutture

    orizzontali

With tie-

beam or 

stringc. Is
o
la

te
d
 c

o
lu

m
n
s

MASONRY STRUCTURES

                                          Vertical structures        

      

        Horizontal structures M
ix

e
d
 w

it
h
 r

.c
.

Without tie-

beams or 

stringc.

With tie-

beams or 

stringc.

 

"

"

"

Not 

regular
Regular

A B

1

Plan or 

elevation " "

2
curtain wall 

disposition " "

OTHER STRUCTURES

R.C  frame

R.C. Walls

Stell frame

Regularity

 

ROOFING

1 !#Pushing and heavy

2 !#Not pushing and heavy

3 !#Pushing and light

4 !#Not pushing and light
 

 

SECTION  4  Damage to STRUCTURAL ELEMENTS and provisional interventions already carried out 

A B C D E F G H I L A B D F H L

1 Vertical structures " " " " " " " " " ! ! " " " " "

2 Horizontal structres " " " " " " " " " ! ! " " " " "

3 Stairs " " " " " " " " " ! ! " " " " "

4 Roofing " " " " " " " " " ! ! " " " " "

5 Curtain walls, partitions " " " " " " " " " ! ! " " " "

6 Pre-existing damage " " " " " " " " " !

N
o
n
e

D
e
m

o
lit

io
n
s

T
ie

-b
e
a
m

s

R
e
s
to

ra
ti
o
n
s

B
a
rr

ie
rs

 a
n
d
 

p
a
s
s
a
g
e
 

p
ro

te
c
ti
o
n
s

  

                         Level -

                         extension

  Structural -

  components

  Pre-exsisting damage >
 2

/3

1
/3

 -
 2

/3

<
 1

/3

>
 2

/3

1
/3

 -
 2

/3

<
 1

/3

>
 2

/3

1
/3

 -
 2

/3

<
 1

/3

D4-D5

Very serious

D2-D3

Serious

D1

Light

DAMAGE 
(1) MEASURES TAKEN

N
o

n
e

P
ro

p
s

(1) -  For each level provide the extent of damage only if present. If the object on the line is not dameged tick off None.
 

 

SECTION 5  Damages to NON STRUCTURAL ELEMENTS and provisional interventions already carried out

A B C E G I L

1 Detachment of plaster, coverings, false ceilings ! ! " " " " "

2 Fall of roof tiles, chimneys... ! ! " " " " "

3 Fall of cornices, parapets,... ! ! " " " " "

4 Fall of other internal or external objects ! ! " " " " "

5 Damage to plumbing, sewage or heating systems ! ! " " "

6 Damage to electrical or gas system ! ! " " "

None Removal Props
Restoratio

n

No-

access

MEASURES TAKEN

DAMAGE 

PRESENT

       

                      

                                              Interventions

    Type of damage

Barriers 

and 

passage 

t ti

 
 

,#$/-' GNDT-SSN 

 -!-,='/ A

(3 &/#'3!*. ,#$/-") 
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Bµ1µ" $/-'3'8!*15 $"C!#0µ)&)5 $'/ 

 #$;-'/ D-!-,='/ A $'/ GNDT-SSN

 

SECTION  3  Typology (multi-choice with max 2 options)

A B C D E F G

Not identified ! " " " " SI
r.c. on 

masonry

Vault without tie-beams " " " " " ! !

Vault with tie-beams " " " " "
masonry 

on r.c.

Truss with deformable slabs (wooden beam with 

single layer plank, girder and voults,...) " " " " " NO !

Truss with semirigd slabs ( wooden beams with 

double layer plank, girder and flat planks,...) " " " " " ! orizzont.

Truss with rigid slabs
(R.c. slabls,...) " " " " " !

Without tie-

beams or 

stringc.

Irregular and bad quality 

masonry

(Crushed stones, not 

squared, stones, 

pebbles,..)

Regular and good 

quality masonry

(Bedstones,brick, 

squared stones,...)
N

o
n

 i
d

e
n

ti
fi

e
d

                                                       Strutture

                                                       verticali

    Strutture

    orizzontali

With tie-

beam or 

stringc. Is
o

la
te

d
 c

o
lu

m
n

s

MASONRY STRUCTURES

                                           Vertical structures        

      

        Horizontal structures M
ix

e
d

 w
it
h

 r
.c

.

Without tie-

beams or 

stringc.

With tie-

beams or 

stringc.

"

"

"

Not 

regular
Regular

A B

1

Plan or 

elevation " "

2

curtain wall 

disposition " "

OTHER STRUCTURES

R.C  frame

R.C. Walls

Stell frame

Regularity

 

ROOFING

1 !#Pushing and heavy

2 !#Not pushing and heavy

3 !#Pushing and light

4 !#Not pushing and light
 

 

D8( !+%=!' NEHRP 8!" $)# "-'$%µ)&)

/:!&$"µ,#@# *$!+%@# (FEMA 178)

 '()*#+: E-'$%µ)&) &/8* *+!µ,#@# *$!+%@# 8!"
-!7"#1  #%&(/&) (-+'& !&µ!*1)

 ,-.(/-.# 01.(0$02(.3)(4(!+: E&:.3 !" 9@15 (8!"
&/#17) *$%+!")

 '(56.! 0$7%*#8:

– D-!$0-'/ &/33'81 &$'!( %@#

– F/µ-31+@&)  #$;-'/ – ,3 8('5 *+!$)+%@#
"-'$%µ)&)5 (GEA – 4HA)

– I)--31+@&) *+!$)+%@# (=4HA) & "-31 "#.3/&)
(='µ. &$'!( %@# 1 *"$"&* /15)

– B 3!*1 "-'$%µ)&) *"! &;#$"C) $ (#!*15 ,*7 &)5
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' 1 8 #!*0 ,#$/-' *"! 15  !=!*. ,#$/-", ,#" 8!"

*.7 $;-' *$!+%'/ (5 8!" ("3;6=!#", 3 8!" 4/F, 

2 8!" C;3!#", 2 8!" -+'*"$"&* /"&µ,#", 1 8!"

$'!('-'!%", 2 8!" 4/B) 

 9:5$824:

– J"$. $'# *"#'#!&µ0 8!" #," *$%+!" (NEHRP), 

"33. 8!" 67% $)5 & !&µ!*15 =+.&)5

– >-'3'8!&µ05 "#$'(?# &$'!( %@# *"$. $'/5

"#$%&$'!('/5 *"#'#!&µ';5 (-.(. ACI)

K#$/-' & !&µ!*15 "-'$%µ)&)5 *"$. FEMA 178 ("+(1)
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K#$/-' & !&µ!*15 "-'$%µ)&)5 *"$. FEMA 178 ($,3'5)



29

 ;0$.3/ !1#(&µ424 (6"&%9 $"! & &;#7 &)
-'!'$!*?# *"! -'&'$!*?# "-'$ 3 &µ.$@#):

– J+!$1+!' Q < C ("-"%$)&)<"#$'(15)  1

– J+!$1+!' D
E

/C
E
(308'5 & !&µ!*15 "-"%$)&)5 8!"

q=1 -+'5 =!"7,&!µ) "#$'(1)

' *+%&!µ' $' &$'!( %' µ $'# /2)30$ +' 308'

& E&$'(%" *"$"&* /15; 

' E# 0(!, ,3 8('5 8!" $'  -0µ #' *+%&!µ'
&$'!( %', *.'.*.

 F;#$"C) #'$'+,-./ ' /0'µ120 $)5 *"$"&* /15
(& &(,&) µ $)# "#$%&$'!() =!"*!#=;# /&)), 
*"7'+!&µ05 -+'$ +"!'$1$@# 8!"  -!&* /,5.

L+0$"&) 4.D. 4EFL (2000) 8!" M)µ0&!"

J$%+!"

 >!'7,$)&) 7 &µ!*'; -3"!&%'/ <LE (LM

1994) µ *"$.33)3) -+'&"+µ'81

 1#  /µ! – ;!*<+ =1(.3)+ >$0%*#+: J"$.

FEMA 154

– «6"7µ'308)&)» & !&µ!*15 !*"#0$)$"5 *$!+%@#

– 6"7µ05 <2 ' *$%+!' µ) "#$"-'*+!#0µ #' &$'#

DEJ ' - +"!$,+@ =! + ;#)&)!
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 2 !"µ# – $% &'(()&*)+" #, *-µ.&. *./ &')&µ)+"/
)+#01*.*#/:  !"# FEMA 178

– $%&'()* '*! 85% "+, -.#/&+, ")0 12 

– 2, 3.)456&* µ7-&3#.4&*! 3&.!*"8.+
-*&.&5,7/7 (3) 9:µ!)

 3 !"µ# –2'34*. 5, +#*6&*#&./

– $%&'()* 4!"# 12 - ;< '*! 85% "+, /&*/µ*4=,
-.#/&+, 4!* (!µ7%# (…;) q

– >0,!"?"7"! 3!.844%*/7@ !3? 12 , µ& 8%&'()
3!.!µ).A=/&+, 4!"# FEMA 273

 B.?"!/7 C&/µ*4)5 3%!*/D)0 (E>, B> : F3. 23?A.)

  !"#µ$%&: /"), B.)/&*/µ*4? $%&'() "+, 4"*.D+, 
")0 2BG (2004-5)

$,"03) 

FEMA154 

(2001)
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 “B*%)"*4? 3.?'.!µµ! 3.)/&*/µ*4)5 &%8'()0 
4"*.D+,, /()%&D+, 4!* ,)/)4)µ&D+, B&.*A8.&*!@ 
 &,".. H!4&-),D!@ – 17 A#/7” (-*#.4&*!: 2 8"7,
8,!.I7: 1/9/01) – >.#/7 J: B.)/&*/µ*4?@
$%&'()@ 4"*.D+, 2BG” (-*#.4&*!: 18 µ:,&@, 
8,!.I7: 1/2/04) K.7µ!")-?"7/7: B&.*A8.&*! 
 &,".. H!4&-),D!@

– 13*/"7µ. F3&5C0,)*: L. B&,8%7@ –  . <"0%*!,D-7@ – 2.
 #33)@

– B.)M3)%)'*/µ?@ 17@ A#/7@ (2001-05): 100,000,000

 !!"#$%& '()*(&µµ+,+ (-.#/0.)

 !"#$% &'%(!$()$*%+ !"!,-%+ *#$'$./ ( !"#/!#$)
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1)µ$%)2 ,3')$ %,$(24# (O567/578)
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2.(*4: 4!* 9!/*4: 

9!Cµ)%)'D! /&*/µ*4)5 

4*,-5,)0 -)µ*4=, "53+,
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B+9µ)#:µ"-" ;)µ$%<= >+9µ)!)*2+= %+,& ," µ/9)?) 

@7 AB;  – C567 (2000) µD ?D?)µ/#+ -D$-µ)3 59<#+=

0
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.0
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.0

  
3
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.5

  
4

.0

 4
.0

  
4

.5

 !"µ#$#%&! '()* (+,-. /0µ1: 1.65)

*
$
1
"
#
2

 3
/
04
&5
6

7/&40! µ8 µ,/4082 9$:982: 26 3/&40! 7/&40! µ8 µ,/4082 9$:982
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*
#
-
#
-
/
;

 (
%

)

<4!µµ031 =!$06>4;µ.-.

r=0.80
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 !"µ#$#%&! '()* (+,-. /0µ1: 0.31)

*
$
1
"
#
2

 3
/
04
&5
6

7/&40! µ8 3!/!448?-802 (34 3/&40!) 7/&40! µ8 3!/!448?-802

0
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40
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100

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

 !"µ#$#%&! '()*

*
#
-
#
-
/
;

 (
%

)

<4!µµ031 =!$06>4;µ.-.

r=0.73

 

7(4,)E&9µ$)= '()-D$-µ$%:= 

/!D*0)= -0)!D24# (C6F)

 >*!-*4!/D! + 8,"03) ! ;2<B (%D') -*!A).&"*48@

4!"7').D&@ 4"*.D+,), !%%# 4!* µ7--)µ*4: ".+"?"7"!

 2,#C&/7 8.'+, /"! 5 "µ:µ!"! B.H.

– 3.(. /") 2.B.G. (1F:  . <"0%*!,D-7@): 

µ8(.* 450 /()%*4# 4"D.*! 3.*, ") ’59, +@ "=.! 8'*,!, 

"! 110 (!3? 3 -*µ&%&D@ )µ#-&@ B.H.)

– N! /()%*4# 4"D.*! "7@ O!µD!@ &,"#//),"!* /") 

«3!48")» ")0 B!,&3. G&//!%D!@ (1F: P. B&.-*4#.7@)

 13?µ&,&@ A#/&*@: F3? /0Q:"7/7...
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 !"#$%&' & &( )%*+$ *,%!%+$ #.-.

 $ '#&%# *,%!% . : 4  /0' ,%*  &( )-%  *01%&%#& (*,%!%  2/4)

/+'#

 !"#$%&"'  !"#$ %.&. #'#!(µ)*'+  !"#'+ %.&. 

&,)-. µ' /'0123245 6,)-. 6'  !"#$ %.&.

 !"# $%&'% #'%('% )*+$",+,

789 %:9

789 %:9

789 %:9

;$( 6,(+ 1<2  !'03)+ ,=* ,2>?=*

&' µ'µ2*=µ)*$ 6.µ'>$ &' µ(#35 )#,$6. &' µ'-"!. )#,$6.

@<32+ 3=-µA* <1mm >1mm & <3mm >3mm

 ,"# $%&'% #'%('% )*+$",+,

789 %:9

789 %:9

789 %:9

;$( 6,(+ 1<2  !'03)+ ,=* ,2>?=*

&' µ'µ2*=µ)*$ 6.µ'>$ &' µ(#35 )#,$6. &' µ'-"!. )#,$6.

@<32+ 3=-µA* <1mm >1mm & <3mm >3mm

- *#%' .+ -'.%&+, #$"#'#+#/,

%( 'B=,'3(#2> ,2>?2(  !53=6.+ )?20* #$,$6#'0$6C'> $ D 2 ,2 !(*C212µ)+

@µ4$*'>+ 1($-A*('+ 3=-µ)+ 6,.* ' (4"*'($ ,=* ,2>?=*  !53=6.+ 

&'  '3> ,=6. /'0123245+ *$ ->*'( $*$423" ,.+ #$,$6#'05+ ,.+

@µ4$*'>+ 1($-A*('+ 3=-µ)+ 6,.* ' (4"*'($ ,=* ,2>?=*  !53=6.+ 

@µ4$*>E2*,$( #$,$#D304'+ $ 2#2!!56'(+ $ D ,$ 4)32*,$ 6,2(?'>$ 

@µ4$*>E2*,$( 23(ED*,('+ $ 2#2!!56'(+ $ D ,$ 4)32*,$ 6,2(?'>$ 

@µ4$*>E2*,$( #$,$#D304'+ $ 2#2!!56'(+ $ D ,$ 4)32*,$ 6,2(?'>$ 

@µ4$*>E2*,$( 23(ED*,('+ $ 2#2!!56'(+ $ D ,$ 4)32*,$ 6,2(?'>$ 

@"* 0 "3?20* 3=-µ)+ $0,)+ 'µ4$*>E2*,$(

&,.* µ>$  !'03" ,=* ,2>?=*  !53=6.+

%( '6=,'3(#2> ,2>?2(  !53=6.+ )?20* #$,$6#'0$6C'> $ D

@"* 0 "3?20* 3=-µ)+ $0,)+ 'µ4$*>E2*,$(

&,.* µ>$  !'03" ,=* ,2>?=*  !53=6.+

 !"#$% &'(: 

µ)-*%µ+,-.

"/0"1")"2.

,#+0/%/ , )$',#/# 1#%&/ &%2&*%-"./#/ , &/.%3/- ,

;8FG H@IJ98 

G 6,53(B. ,=* #(-#!(1=µ",=* #3>*',$( ' $3#5+ 789 %:9

G 6,53(B. ,=* #$µ(*"1=* #3>*',$( ' $3#5+ 789 %:9

K("423$  326$3,5µ$,$ 6,2 #,>3(2 '>*$( #$!" 6,.3(-µ)*$ 789 %:9

)/$/01$/ , 4 22%# , , 4"#%,#%&/ , ,"*+3", %, ,  )%)*/ 

789 %:9

789 %:9

789 %:9

%( 4=,(6,(#)+ ' (4"*'('+ 6,$ #!(µ$#26,"6($ )?20* #$,$6#'0$6C'> $ D :

6(1'3)*($ 0$!26,"6($ 0$!26,"6($ $!20µ(*>20

B<!(*$ 0$!26,"6($ 0$!D,20L!$

789 %:9

789 %:9

789 %:9

I$ ) ( !$ #$(/5 ,$  '3('?Dµ'*" ,20+ '>*$( #$!" 6,'3'=µ)*$ A6,' 6' 

 '3> ,=6. 6'(6µ2< *$ µ.*  )620* 789 %:9

%( *,20!" '+  20  '3()?20* ' (#>*10*$ 5 '<C3$06,$ 0!(#" '>*$( #$,"!!.!$

6,'3'=µ)*'+ 6,2 1" '12 5 6,2* ,2>?2 ($>C206'+ :.µ'>$+ ) 789 %:9

789 %:9

789 %:9

789 %:9

)/$/#+$+, %,

M'*(#5 #$,"6,$6. ,=* 6,.C$>=* ;8;G

I$ 6,.C$>$ '>*$( #$,$6#'0$6µ)*$ $ D 

I$ ,E"µ($  20 ?3.6(µ2 2(2<*,$( 6,$  $3"C03$ '>*$( $64$!'>$+

I$ ,E"µ($  20 ?3.6(µ2 2(2<*,$( 6,20+ 4'-->,'+ '>*$( $64$!'>$+

I$ ,E"µ($  20 ?3.6(µ2 2(2<*,$( 6,(+  D3,'+ '>*$( $64$!'>$+

&,$ 0$!26,"6($ #!(µ$#26,$6>=* ,$ ,E"µ($ '>*$( $64$!'>$+

I$ 4=,(6,(#" 23245+ 4$>*2*,$( #$!" 6,'3'=µ)*$

%(  >*$#'+ 1(1$6#$!>$+ '>*$( #$!" 6,'3'=µ)*2(

%( 6=!.*A6'(+ '>*$( #$!" 6,'3'=µ)*'+

%( $0,Dµ$,'+  D3,'+  03$64"!'($+ '>*$( #$!" 6,'3'=µ)*'+

I$ 'B=,'3(#" 4=,(6,(#" 4$>*2*,$( #$!" 6,'3'=µ)*$ 6,2 #,>3(2

:A32+ -($  32L!5µ$,$  20 '*,2 >6$,' #$( 1'* #$!< ,2*,$( $ D ,2 '3=,.µ$,2!D-(2 #$CA+ 

#$( $* $ $(,'>,$( , #$," ,.* -*Aµ. 6$+ , "µ'6.  $3)µL$6. 6' #" 2(2 6.µ'>2.

 !"#$% &'(: 

µ)-*%µ+,-.

"/0"1")"2. 

(3#!456+2)


