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"CU= xrRrR C=QF= |@=} RQ= |=Q@ p}rLD ẁv u} QDxv=v}@ `k=w |v=tR |xJN} Q=D VwQ
CyH QO xrRrR CyH "CU= xOW x@U=Lt 9 pmW |yQo \=kv QO Q}O=kt |xv}W}@

"CU= x

G}=Dv u}ov=}t =@ w x@U=Lt =Q =yxrRrR R= pY=L G}=Dv u}ov=}t 'xU}=kt Qw_vtx@
3 pwOH QO Q_v OQwt |=yxrRrR C=YNWt "s}vm|t xU}=kt ?=DW `@=wD R= pY=L
u=Wv � |QU w e |QU '=yxrRrR |=Q@ G}=Dv 6 |r= 4 pw=OH QO "CU= xOW xOQw;

"CU= xOW xO=O
xOW xOQw; 13 |r= 10 |=ypmW QO =yxrRrR R= |O=OaD CLD uRNt MU=B
|=yjr]tQOk |xv}W}@ u; |Owta QwLt QO xm |vLvt� s=wO u=tR |vLvt Qo = "CU=
|x}v=F QO u; Q}O=kt w OwW sUQ G}=Dv u}= �OQ=O Q=Qk u=tR u; |ki= QwLt QO w G}=Dv
CU= |}=yxrRrR |v=tR |xJN} Q=D G}=Dv =@ xU}=kt p@=k Q}O=kt u}= 'OwW C�=Qk syO

[21]"CU= xOw@ `@=wD u}= CN=U |=v@t =yv; h}] xm
xOW x�=Q= 17 =D 14 |=ypmW QO p}rLD R= pY=L s=wO u=tR |=y|vLvt
"OvDUy l} QLD COW V}=Ri= QF=Q@ uRNt MU=B OvwQ Qou=Wv =yQ=Owtv u}= "CU=

"p=}U `]kt QO |yQo \=kv V}=tv "9 pmW

"1 OQwmQ ?=DW |v=tR |xJN} Q=D "10 pmW

|OOa pOt OQmrta CLY pQDvm
=DU}= p}rLD

's=Hv= pOt |wQ =DU}= p}rLD [20�18]'Cq=kt Qo}O G}=Dv =@ G}=Dv |xU}=kt Q@ uwRi=
"OW pQDvm � p=}U w xDUwB uRw |wQ}v ẁtHt � Z |=DU=Q QO =ywQ}v CLY w
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0 005 39 6 7 1 1989 Loma Prieta LPAND270 5
0 005 29 9 6 1 1984 Morgan Hill MHG06090 6
0 020 40 0 6 8 1994 Northridge NRORR360 7

"xrRrR OQwmQ Ciy R= pY=L G}=Dv xYqN "4 pwOH
|xv}W}@ `=iDQ= w 5 xQo QO p=}U |xv}W}@ |}=Hx@=H QO xv}W}@ |yQo VvD |yQo |WQ@ VvD x}=B VQ@ xQ=tW
�QDt� ?; Gwt �QDt� xrRrR |=DU=Q QO 7 �p=mU=B=ot� xrRrR |=DU=Q �p=mU=B=ot� xv}W}@ �uDw}v=ot� OQwmQ

0 3958 0 0029 5 3552 34 1133 4 3646 1
0 6069 0 0023 4 6352 27 6824 3 5746 2
0 3600 0 0054 7 3804 41 6727 5 4017 3
0 1682 0 0049 6 0905 39 9500 5 1163 4
0 5026 0 0029 4 4554 24 1832 3 1979 5
0 3528 0 0018 4 1601 24 2287 3 1125 6
0 3756 0 0026 3 5224 19 2414 2 4987 7
0 3946 0 0032 5 0856 30 1531 3 8952 \UwDt

"syO |x}v=FQO �e |QU� ?=DW `@=D xU R= pY=L G}=Dv "5 pwOH
|xv}W}@ `=iDQ= w 5 xQo QO p=}U |xv}W}@ |}=Hx@=H QO xv}W}@ |yQo VvD |yQo |WQ@ VvD x}=B VQ@ xQ=tW
�QDt� ?; Gwt �QDt� xrRrR |=DU=Q QO 7 �p=mU=B=ot� xrRrR |=DU=Q �p=mU=B=ot� xv}W}@ �uDw}v=ot� OQwmQ

0 3800 0 0033 6 1247 39 1325 4 8925 e1
0 4100 0 0040 5 9584 38 7616 4 7210 e2
0 3980 0 0033 5 8804 35 7073 4 6850 e3
0 3960 0 0036 5 9878 37 8671 4 7662 \UwDt

"syO |x}v=FQO �a |QU� ?=DW `@=D xU R= pY=L G}=Dv "6 pwOH
|xv}W}@ `=iDQ= w 5 xQo QO p=}U |xv}W}@ |}=Hx@=H QO xv}W}@ |yQo VvD |yQo |WQ@ VvD x}=B VQ@ xQ=tW
�QDt� ?; Gwt �QDt� xrRrR |=DU=Q QO 7 �p=mU=B=ot� xrRrR |=DU=Q �p=mU=B=ot� xv}W}@ �uDw}v=ot� OQwmQ

0 9500 0 0022 4 2524 24 9290 3 1167 a1
0 9500 0 0022 4 1263 24 0730 3 0227 a2
1 0000 0 0024 4 2181 22 5561 3 0256 a3
0 9700 0 0023 4 1989 23 8527 3 0550 \UwDt
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"e |QU QO x}=B VQ@ |v=tR |xJN} Q=D "14 pmW

"e |QU QO xv}W}@ |WQ@ VvD xi=[= |v=tR |xJN} Q=D "15 pmW

"e|QU QOxrRrR |=DU=Q QOxDUwB |xv}W}@ |}=Hx@=H |v=tR |xJN} Q=D "16 pmW

"e|QU QO |Owta |=DU=Q QOp=}U |xv}W}@|}=Hx@=H|v=tR |xJN} Q=D "17 pmW

"1 OQwmQ |x}=B VQ@ |v=tR |xJN} Q=D "11 pmW

xrRrR |=DU=Q QO �5 xQo � xDUwB |xv}W}@ |}=Hx@=H |v=tR |xJN} Q=D "12 pmW
"1 OQwmQ QO

"1 OQwmQ QO �5 xQo � p=}U |xv}W}@ |}=Hx@=H `=iDQ= |v=tR |xJN} Q=D "13 pmW

|]N Q=DiQ ZQi x@ xHwD =@ "CU= xOW x�=Q= 7 pwOH QO G}=Dv |xYqN
'xO=iDU= OQwt s=wO *u=tR `@=wD QO COW V}=Ri= |]N OvwQ u}vJty w pOt
VvD w x}=B VQ@ OQwtQO "CU= |]N R}v MU=B C=Q}}eD OvwQ xm OwW|t xOy=Wt
u=mt Q}}eD x@ \w@ Qt Q}O=kt R= QDsm G}=Dv |oOvm =QB 15 w 14 |=ypmW QO
QO xm OUQ|t Q_v x@ w �17 w 16 |=ypmW� CU= p=}U |xv}W}@ `=iDQ= w
x�=Q= |@U=vt CkO u}tND `@=D xU |=Hx@ ?=DW `@=D l} R= xO=iDU= OQ=wt u}=

"OyO
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=O "e |QU w xrRrR OQwmQ Ciy G}=Dv |xYqN "7 pwOH

|xv}W}@ `=iDQ= w 5 xQo QO p=}U |xv}W}@ |}=Hx@=H QO xv}W}@ |yQo VvD |yQo |WQ@ VvD x}=B VQ@ xQ=tW
�QDt� ?; Gwt �QDt� xrRrR |=DU=Q QO 7 �p=mU=B=ot� xrRrR |=DU=Q �p=mU=B=ot� xv}W}@ �uDw}v=ot� OQwmQ

0 3800 0 0033 6 1247 39 1325 4 8925 e1
0 4100 0 0040 5 9584 38 7616 4 7210 e2
0 3980 0 0033 5 8804 35 7073 4 6850 e3
0 3960 0 0036 5 9878 37 8671 4 7662 \UwDt
0 3958 0 0029 5 3552 34 1133 4 3646 1
0 6069 0 0023 4 6352 27 6824 3 5746 2
0 3600 0 0054 7 3804 41 6727 5 4017 3
0 1682 0 0049 6 0905 39 9500 5 1163 4
0 5026 0 0029 4 4554 24 1832 3 1979 5
0 3528 0 0018 4 1601 24 2287 3 1125 6
0 3756 0 0026 3 5224 19 2414 2 4987 7
0 3946 0 0032 5 0856 30 1531 3 8952 \UwDt

"T01 = 1=f01 = 0 0794 (Sec) %=@ CU= Q@=Q@ u; Q}_v Ow} QB xm 'OW x@U=Lt
|QU ?=DW `@=D 3 u}ov=}t w xrRrR 7 u}ov=}t h}] Q=Owtv x@ Ow} QB u}= QO Qo =
u}ov=}t h}] x@ C@Uv e |QU h}] uOw@ QDq=@ 'OwW xHwD 18 pmW QO e

|OOa CQwYx@ hqDN= u}= |Dkw s}v=O@ CU= ?r=H "OwW|t xOy=Wt =yxrRrR
p=L "s}O}UQ Ow@ =yVvD w VQ@ QO xm |OOa hqDN= u=ty x@ OW x@U=Lt
|@ wN j=@]v= p=}U K]U |=yu=mt Q}}eD Q}O=kt =QJ xm OwW|t KQ]t p=-wU u}=

"OQ=O
�|v=Uwv� G=wt VN@ Tv=mQi x@ QDW}@ p=}U K]U u=mt Q}}eD xm s}v=O|t
Ow} QB u}=Q@=v@ w 'OW x@U=Lt f0 = 0 29935 (Hz) Q@=Q@ Q=Okt u}= "OQ=O |oDU@
|}x]kv QO p=}U K]U Ow} QB u}= QO "CU= T0 = 3 34 (Sec) Q@=Q@ u; Q}_v
u=tR ?=DW `@=wD u}ov=}t h}] =@ =yxrRrR u}ov=}t h}] Q=Owtv xm OQ}o|t Q=Qk
u=tR ?=DW `@=wD =@ =yxrRrR G}=Dv |xU}=kt R= TB "OQ=O pt=m j=@]v= e |QU s=wO
"OQm s}y=wN xU}=kt R}v a |QU s=wO u=tR |x}rw= `@=wD =@ =Q q=@ G}=Dv 'e|QU s=wO
x}=Bl} =Q G}=Dv CU= sRq xrRrR OQwmQ Ciy w a 'e |QU G}=Dv |xU}=kt Qw_vtx@
xU}=kt w KqY= =Q G}=Dv ?} Q[ u}= =@ w s}OQm x}=Bsy =Q x}=B VQ@ u}=Q@=v@ "s}vm
��1998� 8 OmwQw} sQ=yJ VN@� |xt=vu}�; ltmx@ x}=B VQ@ Qw_vt u}O@ "s}OQm

%OW x@U=Lt

Timp = Ci
p�Hq
S
R

p
E

(1)

Tcon = Cc
p
R (2)

Timp = 6 06
p1000� 7 392q 0 008

4 85
= 0 007721 (Sec) (3)

Tcon = 1 48�p4 85 = 3 25936 (Sec) (4)

=@ xOWxQ@}r=m xrRrR OQwmQ Ciy w e |QU G}=Dv |xU}=kt
e |QU ?}=Q[

x}=B VQ@ xm |Dr=L QO e |QU G}=Dv =@ =yxrRrR u}ov=}t R= pY=L G}=Dv |xU}=kt
|@ wN j=@]v= p=}U K]U u=mt Q}}eD Q}O=kt QO xm OyO|t u=Wv 'CU=xOWv xQ@}r=m
QO "OwW|t xOy=Wt �20 OwOL |iqDN= =yVvD w x}=B VQ@ Q}O=kt QO |rw s} Q=O
QO e |QU h}] w =yxrRrR u}ov=}t h}] Q=Owtv 'VQ@ w VvD u}@ hqDN= Q}UiD
h}] 'Q=Owtv *u}�=B |=yOw} QB QO xrtHR= \=kv |NQ@ QO xm OyO|t u=Wv 18 pmW
u=vJ "CU= QDq=@ h}] wO Q=Owtv ẁQW QO =yxrRrR u}ov=}t h}] x@ C@Uv e |QU
|i}m p}rLD QO "OQ=O \=@DQ= CNU VN@ x@ QDW}@ x}=B VQ@ w =yVvD s}v=O|t xm
f01 = 12 598 (Hz)Q@=Q@ A uRNt pOt �|v=@ Q[� CNU VN@ Owt Tv=mQi

|=yOw} QB QO u; hqDN= w e |QU u}ov=}t w =yxrRrR u}ov=}t MU=Bh}] "18 pmW
"|rY=
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}rLD"uw}U=Q@}r=m R= TB pm G}=Dv "8 pwOH

|xv}W}@ `=iDQ= p=}U |xv}W}@ |}=Hx@=H |yQo |xv}W}@ VvD |WQ@ VvD x}=B VQ@ ?} Q[ x}=B VQ@ xQ=tW?; Gwt QO 7 w 5 xQo QO xrRrR |=DU=Q QO xv}W}@ |yQo xOWKqY= KqY= �p=mU=B=ot� OQwmQ�QDt� �QDt� xrRrR |=DU=Q �p=mU=B=ot� �p=mU=B =ot� �p=mU=B=ot�
0 2571 0 0022 4 1436 26 4747 3 3100 0 6765 4 8925 e1
0 2875 0 0028 4 1775 27 1765 3 3100 0 7011 4 7210 e2
0 2812 0 0023 4 1545 25 2272 3 3100 0 7065 4 6850 e3
0 2750 0 0025 4 1584 26 2978 3 3100 0 6945 4 7662 \UwDt
1 0089 0 0023 4 5162 26 4751 3 3100 1 0620 3 1167 a1
1 0403 0 0024 4 5185 26 3608 3 3100 1 0950 3 0227 a2
1 0940 0 0026 4 6146 24 6761 3 3100 1 0940 3 0256 a3
1 047 0 0025 4 5495 25 8438 3 3100 1 0835 3 0550 \UwDt
0 3002 0 0022 4 0613 25 8707 3 3100 0 7584 4 3646 1
0 5620 0 0021 4 2921 25 6339 3 3100 0 9260 3 5746 2
0 2206 0 0033 4 5224 25 5355 3 3100 0 6128 5 4017 3
0 1088 0 0032 3 9402 25 8456 3 3100 0 6469 5 1163 4
0 5202 0 0030 4 6116 25 0307 3 3100 1 0350 3 1979 5
0 3752 0 0019 4 4241 25 7660 3 3100 1 0634 3 1125 6
0 4976 0 0034 4 6660 25 4885 3 3100 1 3247 2 4987 7
0 3692 0 0027 4 3597 25 5958 3 3100 0 9096 3 8952 \UwDt

w p=}U O=R; K]U u=Uwv OQwtQO =t= "OQ=O |@ wN j@=]D OyO|t MQ x=Dwm Ow} QB
l} QLD xm p}rO u}= x@ 'OQ=O OwHw hqDN= OyO|t MQ Ovr@ Ow} QB QO xm |OQ=wt
*̀ @=wD |QU R= xO=iDU= OQ=wt u}= QO "CU= O}OW Q=}U@ Ovr@ Ow} QB QO a |QU
|=Q@ a |QU `@=wD w O@=}|t CQwQ[ �e |QU x@=Wt� |ak=w |=yxrRrR =@ j@]vt

"OvDU}v ?U=vt Qw_vt u}=
CkO uOQ@q=@ |=Q@ X=N |=yu=tr= R= xO=iDU= w p=}U uOQmpOt CQwYQO "3
|rtaQ}e |L=Q] OY=kt |=Q@ ,=@} QkD w O=} R Q=}U@ sRq C=@U=Lt sHL 'pOt
xv}tR u}= QO Ov=wD|t sRq |=yp}rLD O=OaD Vy=m =@ s=wO u=tR VwQ "CU=

"OW=@ =Wox=Q
ẁvD w xrRrR |iO=YD C}y=t p}rOx@ xrRrR |=yOQwmQ R= s}kDUt |xO=iDU= "4
xm OQ=O |OOa C=@U=Lt R= |O=} R sHL s=Hv= x@ R=}v =yxR=U w x=oDN=U
=@ Q_=vDt ?=DW `@=wD R= xO=iDU= "OR=U|t |rtaQ}e =Q =yVwQ u}= OQ@ Q=m ,=[a@
|=Q@ u; uOQm|Y=YDN= w |rLt |=yxt=vu}}; OwHw p}rOx@ MU=B |=yh}]
O=OaD x@ C@Uv |ak=w *MU=B u}ov=}t `k=w QO MU=B h}] xm u}= w x=oDN=U

"CU= QDl}ORv pta x@ CU=yxrRrR R= |yHwD p@=k
u}ov=}t u=wD|t |ak=w |=yxrRrR =@ Q=oR=U s=wO u=tR ?=DW `@=wD R= xO=iDU= =@ "5
Gwt `=iDQ= w =ypmW Q}}eD '=yVvD ^=Lr R= =Q xar=]t OQwt uRNt MU=B
|]N Q=DiQ |xOwOLt QO |@U=vt CkO =@ hrDNt l} QLD |=yCOW QO
x@ R=}v |]NQ}e Q=DiQ |x}L=v QO `@=wD u}= OQmrta |UQQ@ "OQm |v}@V}B

"OQ=O |QDxOQDUo C=ar=]t

QmWD w Q}OkD
x=oWv=O |WywSB Cvw=at R= =Q OwN |v=OQOk w QmWD ?D=Qt xr}Uwv}O@ u=oOvU} wv
R= C}=tL p}rOx@ u=Q}= Civ u=tDN=U w |UOvyt |rt CmQW w h} QW |DavY

"Ov}=tv |t R=Q@= �NIOEC2/ER-CV/CON-EX05-00� Q[=L xSwQB

Q = (mi +mW +mr)Sa(Timp) +mcSa(Tcon)
table���! mi

m
= 0 686 ) mi = 374730 82

table���! mc

m
= 0 314 ) mc = 171524 02

fi = 12 598 2800��! Bi = 2 15815
fc = 0 29935 2800��! Bc = 0 71641
Q = 3309986 651 (N) (5)

|=y|QU s=wO u=tR ?=DW `@=wD w =yxrRrR |=Q@ x}=B VQ@ uOQmT=}kt R= TB
|xt=vu}}; h}] Q@ j@]vt xm 'a |QU |=Q@ x}=B VQ@ ,qw= xm OW xOy=Wt a w e

CU= u; Qt= u}= p}rO "OQ=O |m}ORv =DU}= |x}=B VQ@ Q=Okt =@ 'CU= u=Q}= 2800
"CU= xOW xO=iDU= 2800 |xt=vu}}; h}] R= =DU}= |x}=B VQ@ |x@U=Lt |=Q@ xm
QDW}@ |r}N e |QU w =yxrRrR x@ C@Uv a |QU QO ?; O=R; K]U u=Uwv Q=Okt ,=}v=F
2800 |xt=vu}}; =@ xm CU= hQ=aDtQ}e Ovr@ Ow} QB QO a |QU COW =Q} R CU=
Oa@ OQ=wt Q}=U QO "OvDU}v Q=oR=U |ak=w |=yxrRrR =@ |rm Qw]x@ w CU= Q=oR=U u=Q}=
pY=L G}=Dv 8 pwOH QO "OwW|t xOy=Wt |@ wN j@=]D x}=B VQ@ uOQmx}=Bsy R=

"CU= xOW xO=O u=Wv uw}U=Q@}r=m R= TB =Q =yxrRrR w a |QU 'e |QU

|Q}oxH}Dv
|QU l} QO ?=DW `@=wD R= l} Qy R= xOt; CUOx@ G}=Dv |]N |=yp}rLD QO "1
|]N |xOwOLt QO u=wD|t ptaQO OUQ|t Q_v x@ "OvQ=O |@ wN j@=]D sy =@
?=DW `@=D l} p}rLD G}=Dv R= |QU l} QO ?=DW `@=D xU R= xO=iDU= |=Hx@

"O}UQ x}rw= |L=Q] |=Q@ ?U=vt |@} QkD G}=Dv x@
QO xJv; Qy ,qwY= w xDUwB VvD w x}=B VQ@ Q}O=kt QO a w e |QU ?=DW `@=wD "2
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1. convective(sloshing)
2. impulsive
3. American petroleum institute
4. Euro code 8 part 4
5. endurance time method
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