
h}
QW|

Wyw
SBw

|tr
a|

xrHt
72

�59
"X

'sW
Ww

pyJ
|xQ

=tW
'13

87
OviU

= p}rLD QO �s=wO u=tR� VwQ OQ@ Q=m u=mt= |UQQ@
|Oqwi uR=Nt |}xRQr
�OWQ= T=vWQ� � QwB|v=t=U Vwv=}m

�O=DU=� |}=iw uULr=w@=
�Q=}Wv=O� |Jv�DU= uw}=ty

h} QW |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�Q=}O=DU=� |v=w}m QiaH

srat C}@ QD x=oWv=O 'u=Qta |xOmWv=O

OwHw p}rOx@ R}v w =yv; C}ty= x@ xHwD =@ 'xrRrR QF= CLD *C=a}=t *|w=L uR=Nt Q=DiQ
w u}UOvyt R= |Q=}U@ |xar=]t w xHwD OQwt '|}xR=U sDU}U w p=}U u}@ VvmQOv=

COW =@ ?=DW `@=D l} Q}F-=D CLD xR=U '�1s=wO u=tR� VwQ QO "CU= xDiQo Q=Qk u}kkLt
|=yu=mtQ}}eD w wQ}v Ov=wD|t xm |v=tR COt T=U=Q@ VOQmrta w OQ}o|t Q=Qk xOv}=Ri
Q@ xRQru}tR QF= |ovwoJ |UQQ@ xSwQB u}= hOy "OwW|t |@=} RQ= Ovm ptLD =Q xOQ=w

w APIp}@k R=� OwHwt uR=Nt |L=Q] |=yxt=vu}}; =@ j@=]t |v}tRwQ *|Oqwi uR=Nt
uR=Nt u}= Q=DiQ |xar=]t w |v}tRwQ uR=Nt QO s=wO u=tR VwQ R= xO=iDU= w �AWWA

Q}=U =@ s=wO u=tR VwQ R= pY=L G}=Dv u}vJty "CU= VwQ u}= OQ=Ov=DU= h}] Q@=Q@ QO
|}xRQr |L=Q] Qw_vtx@ VwQ u}= j=@]v= u=R}t w 'xU}=kt OwHwt |}xt=vu}}; |=yVwQ

R= Oa@ j}kLD u}= QO "OwW|t |UQQ@ |}xt=vu}}; |=yVwQ Q}=U =@ |v}tRwQ |Oqwi uR=Nt
xO=iDU= =@ '=yxt=vu}}; u}= QO xO=iDU= OQwt |m}v=mt pOt w x]w@ Qt |=yxt=vu}}; Q@ |QwQt

|xrRrR OQwmQ CLD xOWQ=yt Q}PBh=]av= uR=Nt |m}t=v}O MU=B 'OwOLt <=RH= VwQ R=
=@ |�=RH= |xr}Uwx@ p=}U w xR=U \}Lt pm Qw_vt u}= |=Q@ "CU= xOW xar=]t |OwQw

|O}k CqO=at |xr}Uwx@ p=}U w xR=U u}@ VvmQOv= w OW pOt u=mt Q}}eD |O=R; C=HQO
R= 'CU= |Oa@xU w l}vwtQ=y '|QwLt uQ=kDt CQwYx@ xm |=y} R=UpOt QO "OW u}t-=D

|wQv=Qo w |Q}PBsm =QD C=QF= w OW xO=iDU= OwHwt |}xv=wDU= uR=Nt R= |m} C=YNWt
"OW xDiQo Q_v QO uRNt uwQO p=}U �xD} RwmU} w�

kianoosh samanipour@yahoo.com
vafai@sharif.edu
stkanchi@sharif.edu
jkavani@yahoo.com

u}}; 'OwOLt u=tr= VwQ 'uR=Nt 's=wO u=tR VwQ '|}xRQr R}r=v; %|O}rm u=oS=w
"|}xRQr |L=Q] xt=v

u}W}B C=k}kLD |xJN} Q=D
1934 p=U QO "CiQo CQwY ?rY *|B x@ uRNt Q=OQ}o p=YD= w xQ=OH uOw@?rY
w |}xv=wDU= ?rY uR=Nt p}rLD w |y=oW}=tR; C=Oy=Wt T=U=Q@ VQ=Ro u}rw=
|xr�Ut '1945 p=U QO TBU "[2]OW QWDvt xrRrR |ki= CmQL QF= CLD |r}]DUt
l}Uqm pwtQi "[3]OW x�=Q=|}xv=wDU= uRNtl} QO|L]U G=wt=l}Uqm w|t}Ok

%R= CU= CQ=@a |L]U G=wt= |a}@] |=yTv=mQi x@ |@=}CUO |=Q@
!2
n = �ng

R
tanh(�n

H
R

) (1)

pw= |x@DQt pU@ `@=D jDWt |=yxW} Q �n '|a}@] Tv=mQi u}t=n '!n u; QO xm
?=DW g w uRNt `=aW R 'uRNt uwQO p=}U `=iDQ= H '�J 01(�n) = 0 %|va}�

[4w3]"CU= pkF
p}Uv=Qi}O CqO=at R= xO=iDU= uwO@ w |@} QkD VwQ l} =@ R}v 1957 p=U QO
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T=}k p@=k =Q pY=L G}=Dv xm xOW xO=iDU= |Lr=Yt X=wN R= A pOt QO

"A uRNt pOt |xUOvy w |Qy=_ pmW "9 pmW
"=ypOt |UOvy C=YNWt "2 pwOH

xQ=OH Ct=N[ uRNt `=aW hkU `=iDQ= p=}U `=iDQ= xQ=OH `=iDQ= pOt
t(mm) R(m) Hroof (m) H(m) Ht(m)

8 4 85 8 023 7 392 7 9 A

"pOt Kr=Yt X=wN "3 pwOH
Oqwi uRNt uwQO p=}U

pOtuwU=wB C@Uv|tHL sQH|v=UWm pwOt |wQv=Qo |tHL sQHlr=@ pwOt
(kg=m3) (GPa) (Ns=m2) (kg=m3) (GPa)

0 27 7800 204 0 00113 1000 2 07 A
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"""w|
}=iw

uU
Lr=w

@='Q
wB|

v=t=U
Vw

v=}m '|v=@ Q[ QF-wt sQH m01'f01 =@ Q_=vDt MU=B h}] ?=DW Sa01 'xQ=OH |W=aDQ=
"|vwoS=w Qovr M w x}=B VQ@ Q

QF= "CU= X}NWD p@=k u; |q=@ |Q}PBCmQW ?} Q[ R= f01 =@ Q_=vDt Owt
'|rY= Owt u}= R= Q}ex@ 'ptar=Tma |=ywQ}v QO xQ=OH|W=aDQ= Q}oQO |=yOwt Q}=U
f1 xm OwW|t x_Lqt 4 pwOH R= "OW xO=O X}NWD Q_vhQY p@=k w R}J=v
=yVywSB Qo}O QO xOt; CUO x@ Q}O=kt =@ ,=k}kO |Oa@xU pOt R= xOt; CUO x@
l}vwtQ=y |QwLt uQ=kDt pOt R= xOt; CUO x@ Q=Okt hqDN= w OQ=O |v=wNsy
p@=k Q=Okt `}=t u=Uwv |rY= Owt |Q}PBCmQW ?} Q[ xJQo "CU= �7 OwOL R}v
x@ xHwD =@ '�CU= sDU}U |W=aDQ= |rY= Owt R}v pm QO Owt u}=� CU= |yHwD
hm w xQ=OH |=ywQ}v w =yVvD QO VQ}F-=D 'u; =@ Q_=vDt |i}] Q=Okt uOw@ R}J=v
|Oa@xU pOt QO Owt u}= QO pmWQ}}eD "CU= Z=te= p@=k w R}J=v Q=}U@ uRNt
|W=aDQ= Q}oQO |rY= Owt pmW R}v 13 pmW "CU= xOW xO=O u=Wv 12 pmW QO

"OyO|t u=Wv =Q xQ=OH

"A pOt |=Q@ |i}] p}rLD G}=Dv |xU}=kt "4 pwOH
|Oa@xU pOt |Oa@xU pOt |Oa@ wO pOt `H=Qt QDt=Q=B

SRSS VwQ =@CQC VwQ =@ �|QwLt uQ=kDt� �29w16�
0 2996 0 2996 0 2764 0 30 f1(Hz)

0 2468 0 2468 0 2339 0 2470 Sa1 (g)

29 16 29 16 24 55 28 �m1
12 6193 12 6193 12 5237 12 5 f01(Hz)

0 7660 0 7660 0 7692 0 77 Sa01 (g)

6 81 66 81 70 66 72 �m01
3 2479 2 8921 3 034 3 267 Fx(MN)

10 2411 8 5638 8 625 10 254My(MN �m)

|QwLt uQ=kDt |Oa@ wO pOt w |Oa@xU pOt QO|v=Uwv|rY= Owt pmW "12 pmW
"l}vwtQ=y

uQ=kDt |Oa@wO pOt w |Oa@xU pOt QO xQ=OH Q}oQO |rY= Owt pmW "13 pmW
"l}vwtQ=y |QwLt

"ANSYS Q=Ri=sQv QO |UQQ@ OQwt uRNt |Oa@xU |R=UpOt "11 pmW

|=yu=tr= xm OwW |Ov@Vt |Qw] uRNt C=} wDLt |}xQ}=O `]kt O}=@ xm CW=O
=@ xQ=OH |x@r QO ut[ QO w OvW=@ xDW=O |@amt sQi R= =Q h=QLv= u} QDsm p=}U

"OvW=@ nvy=ty xDUwB u=tr= |=yxQo
uRNt |xvO@ |yQo sDU}U R= uRNt =@ T=tD |=yRQt QO p=}U |=yxQo s=tD
QO uRNt |=yxQo R= |m} =@ p=}U |=yxQo R= l} Qy T=tD |=yRQt QO w 'Ov=pkDUt
O}=@ 'K]U Q@ OwtaCyH QO p=}U xQo Qy u=mt Q}}eD "OvQ=O Q=Qk |v=mtC}akwtl}
CU= umtt "OW|t xO=O Q=Qk |w=Ut uRNt hm =} xQ=OH Q_=vDt xQo u=mt Q}}eD =@
u}vJ 'hm QO "ODi}@ j=iD= hm w p=}U =} xQ=OH w p=}U u}@ |U=tt |@Uv CmQL
Q_=vDt |=yxQo w p=}U |=yxQo u}@ s�=k u=mt Q}}eD G} wRD =@ w |oO=Ux@ |]}=QW
|}=Hx@=H u}@ |O}k CqO=at O}=@ |}xv=wDU= |xQ=OH |=Q@ "OW O=H}= uRNt hm
|}=Hx@=H xm OW|t xDWwv |Qw] xQ=OH w p=}U |=yxQo �|ki= |=yCyH� Y wX
CQwYx@ xQo Qy |=Q@ CqO=at u}= 7�7 pmW x@ xHwD =@ "OwW QiY |@Uv |a=aW

"CU= 9 |x]@=Q
UrF = UrW )
UxFCOS�+ UyFSin� =

UxWCos�+ UyWSin� (9)

"CU= xQ=OH x@ \w@ Qt W T}Ov= w p=}U x@ \w@ Qt xQo Qou=}=tv F T}Ov=

u=kkLt Q}=U G}=Dv =@ xOt; CUO x@ G}=Dv |xU}=kt
ZQi =@ xm II ẁv l =N |=Q@ 2800 |xt=vu}}; ?=DW MU=B h}] R= p}rLD u}= QO
pOt |i}] p}rLD |=Q@ h}] u}= R= "CU= xOW xO=iDU= 'xOt; CUO x@ �5 |}=Q}t
Q}O=kt "[30w29'15]OW xU}=kt u}kkLt Q}=U Q=m G}=Dv =@ xrY=L G}=Dv w OW xO=iDU= A
u}= QO |Owt QF-wt sQH w ?; K]U u=Uwv |rY= Owt Tv=mQi |=Q@ xOt; CUO x@
uQ=kDt pOt wO Qy R= "OW xU}=kt Qwv=y w QvRw=y \UwD xOW x�=Q= Q}O=kt =@ Owt
|Q=QkQ@ |=Q@ "CU= xOW xO=iDU= |@=} RQ= u}= QO |Oa@xU w l}vwtQ=y |QwLt
l}vwtQ=y |QwLt uQ=kDt pOt QO w Ov=xOW ZQi xOWQ=yt =ypOt 'xU}=kt \}=QW

"CU= xOW xO=iDU= Cos� |=yOwt R= \ki
|=yQDt=Q=B "CU= xOW x�=Q= 4 pwOH QO |i}] p}rLD R= pY=L G}=Dv |xYqN
Sa1 '`}=t u=Uwv |rY= Owt Tv=mQi f1 %R= Ov=CQ=@a pwOH u}= QO xOW xOQ@ s=v
Q}oQO|rY= OwtTv=mQi f01 '|v=Uwv QF-wt sQHm1 'f1 =@ Q_=vDt MU=Bh}] ?=DW
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"""�
s=wO

u=tR
�V

wQO
Q@Q=

mu
=mt=

|U
QQ@

xOt; CUO x@ |=y|vLvt w G}=Dv
uDW=O =@ w AWWA w API uR=Nt |}xRQr |L=Q] |=yxt=vu}}; x@ xHwD =@ =OD@= QO
uR=Nt QO OwHwt VvD w x}=B VQ@ w Qovr |x@U=Lt x@ s=Ok= 'uR=Nt C=YNWt

%s} Q=O A pOt QO uRNt |UOvy C=YNWt x@ xHwD =@ "s}vm|t xOW |L=Q]
R = 4 85m
H = 7=392m

9=;) D
H

= 2� 4 85
7 392 = 1 3122

%s} Q=O AWWA w API |=yxt=vu}}; QO xOWx�=Q= |=yQ=Owtv R= xO=iDU= =@
API code :

Graph!
8<:X1

H = 0 38! X1 = 2 809m
X2
H = 0=68! X2 = 5=027m

�Steel = 7800 kg
m3 ; �Fluid = 1000 kg

m3

Ht = 7 9m ; t = 0 008m
uRNt |xQ=OH uRw w uRNt hm uRw 'uRNt uwQO p=}U uRw |x@U=Lt x@ p=L

%s} R=OQB|t
WFluid = (�R2 �H � �Fluid)� 9 81 = 5358760 11N
WBottom = (�R2 � t� �Steel)� 9 81 = 45236 29N
WSteel = (2�R� t�Ht � �Steel)� 9 81 = 147367 70N
WT = WFluid +WBottom +WSteel = 5551364 09N

%s} Q=O AWWA w API |=yxt=vu}}; QO xOW x�=Q= |=yQ=Owtv R= xO=iDU= =@
Graph!

8<: W1
WT

= 0 67!W1 = 3719414N
W2
Wt

= 0=33!W2 = 1831950N
Graph! K = 0 59! T = K (D)0 5 = 3 328
T < 4 5! C2 = 0 75S

T
= 0 27; C1 = 0 6

%=@ CU= Q@=Q@ API |xt=vu}}; j@=]t uRNt hm QO |vwoS=w Qovr
M = ZI (C1WSXS + C1W1X1 + C2W2X2) (10)

= 3187749 91N �m
%=@ CU= Q@=Q@ API |xt=vu}}; j@=]t uRNt hm QO x}=B VQ@

V = ZI(C1WS + C1W1 + C2W2) = 985402=07N (11)

%=@CU= Q@=Q@ API |xt=vu}};j@=]t uRNt |xQ=OH QO xOWO=H}= |QwLtVvDxi=[=
b = 1 273M

D2 = 43129N
m
! ��a

= b
1000 t = 5 3911 N

m2 = 54 955 kg
cm2

AWWA code :

T < 4 5! C1 = 1
6T = 0 050 ; Rw = 4 5 (12)

|=ysQH =@ xm CU= QvRw=y |tQHwO pOt R= |v=@ Q[ w |v=Uwv QF-wt |=ysQH
QvRw=y pOt uwJ "CU= xU}=kt p@=k =Hv}= QO xOW x�=Q= |r}rLD ?r=e Owt wO QF-wt
pt=W =Q sDU}U sQH pm OYQO 100 =ysQH u}= ẁtHt 'OQ=O |O=R; xHQO 2
OwHw p}rOx@ �� |Oa@xU pOt XwYNx@ �� |r}rLD |=ypOt QO |rw OvwW|t
QDW}@ |=Q@ '[22]xOWs=Hv= |=y|UQQ@ j@] "CU}v xvwou}= 'QDq=@ |W=aDQ= |=yOwt
|v=@ Q[ w |v=Uwv pw= |=yOwt QF-wt sQH '�0=3 < H=R < 3� pwtat uR=Nt
|=Q@ sQH |xOv=t|k=@ "OvwW|t pt=W =Q pm sQH OYQO 98 =D 85 ẁtHt QO
Z} Qa uR=Nt |=Q@ w '|v=@ Q[ QDq=@ |=yOwt QO ,=DOta �H=R > 1� Ovr@ uR=Nt
xOWs=Hv= p}rLD QO "Ovm|t CmQW |v=Uwv QDq=@ |=yOwt QO ,=DOta �H=R < 1�
�OwW|t ?wULt Ovr@ uRNt l} q=@ h} QaD j@] xm � A uRNt pOt |wQ Q@
'xOv=t|k=@ QF-wt sQH �5 R= l}vwtQ=y |QwLt uQ=kDt pOt QO xm OW XNWt
xOQm CmQW |v=@ Q[ QDq=@ |=yOwt QO �3 5 w |v=Uwv QDq=@ |=yOwt QO �1 5
|v=Uwv QDq=@ |=yOwt QO �1 'xOv=t|k=@ QF-wt sQH �4 R= R}v |Oa@xU pOt QO "CU=
=t |r}rLD |=yxDi=} ?}DQDu}O@ "CU= xOQm CmQW |v=@ Q[ QDq=@ |=yOwt QO �3 w

"OQ=O Ck@=]t ,qt=m [22]u}W}B u}kkLt |=yxDi=} =@
u=vJ '�|v=@ Q[� xQ=OH |W=aDQ= Q}oQO |rY= Owt x@ \w@ Qt |=yQDt=Q=B OQwtQO
|QwLt uQ=kDt pOt p}rLD R= xOt; CUO x@ Q}O=kt 'OwW|t x_Lqt 4 pwOH QO xm
xOt; CUO x@ Tv=mQi |rw 'OvQ=O |rw@k p@=k |v=wNty `HQt C=k}kLD =@ l}vwtQ=y
|mOv= xU}=kt `HQt w l}vwtQ=y |QwLt uQ=kDt pOt x@ C@Uv |Oa@xU pOt R=
pOt =@ |Oa@xU pOt QO xQ=OH |W=aDQ= Q}oQO |rY= Owt pmW u}vJty "OvQDnQR@
QmP u}vJ u=wD|t =Q Cw=iD u}= p}rO "OQ=O Cw=iD |tm l}vwtQ=y |QwLt uQ=kDt

"OQm
|W=v x}rw= |wkrL |=yVvD '[33w32'29]Ov=xOQm xQ=W= R}v u}kkLt Q}=U xm u=vJ
Ea=@ 'xDW=Po QF= uRNt |xQ=OH |W=aDQ= C=YNWt |wQ Q@ l}D=DUwQO}y Q=Wi R=
=yVvD u}= u; QO xm |Dr=L x@ C@Uv �� uRNt Q}oQO |=yOwt Tv=mQi V}=Ri=
Cosn� |=yOwt w Ovr@ uR=Nt QO V}=Ri= u}= xD@r=� OW Oy=wN �� OvwW|tv ^=Lr
pmW 'Q}}eD |wor=p}rLD R=p@kl}vwtQ=y |QwLt uQ=kDt pOt QO .�CU= QDQ}osWJ
l}D=DUwQO}y Q=Wi R= |W=v pmWQ}}eD |wor= =Pr w OwW|t xDm}O pOt x@ Cosn�
QO |rw "OQ=Ov |}=tvOwN CYQi '(n = 0) CU= |RmQt uQ=kDt |wor= l} xm
O}=@ xQ=wty '`}=t |=yu=tr= K}LY OQmrta |=Q@ xm u}= x@ xHwD =@ |Oa@xU pOt
R= |W=v x}rw= |wkrL |=yVvD w l}D=DUwQO}y Q=Wi 'OQm OQ=w =Q pkF s�=k ?=DW
uRNt |xQ=OH |W=aDQ= Q}oQO |rY= Owt Tv=mQi uDiQ q=@ ?Hwt xm OvQ=PoQ}F-=D u;
"Ow@ Oy=wNv u=Um} Cos� |Owt pmW =@ Owt u}= QO pmWQ}}eD |wor= w OwW|t
|xQ=OH |W=aDQ= Q}oQO |rY= Owt pmW 'OwW|t xOy=Wt 13 pmW QO xm u=vJ
uRNt |m}D=DU= pmWQ}}eD Owt w Cos� Owt R= |@}mQD '|Oa@xU pOt QO uRNt
R= xOW x�=Q= G}=Dv O}}-=D ut[ q=@ QO xOW u=wva ?r=]t xm u}= xYqN "CU=
xm =Q l}D=DUwQO}y Q=Wi R= |W=v |x}rw= \}=QW uDiQo Q_v QO C}ty= '|R=UpOt

"OwW|t Qw;O=} 'OwW|tv ^=Lr ,qwtat pO=at |m}v=mt |=ypOt QO

xOWpOt uR=Nt |wQ Q@ s=wO u=tR VwQ |UQQ@
w xOWpOt |Oqwi uR=Nt |wQ Q@ s=wO u=tR VwQ QF= |UQQ@ x@ VN@ u}= QO
s}y=wN VwQ u}= x@ \w@ Qt |v=tR |xJN} Q=D |=yp}rLD R= xOt; CUO x@ G}=Dv
API uR=Nt |}xRQr |L=Q] |=yxt=vu}}; =@ |UQQ@ u}= R= pY=L G}=Dv "CN=OQB

"OvwW|t xU}=kt AWWA w
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"""w|
}=iw

uU
Lr=w

@='Q
wB|

v=t=U
Vw

v=}m

VwQ OQwmQ xU QO x}=B Qovr |xv}W}@ |=y|vLvt |v=tR |xJN} Q=D "14 pmW
"A pOt QO =yv; u}ov=}t |vLvt w s=wO u=tR

|vLvt |]N ?} QkD w x}=B Qovr u}ov=}t |vLvt |v=tR |xJN} Q=D "15 pmW
"A pOt QO AWWA w API |=yxt=vu}};\UwD xOW|v}@V}B Q}O=kt wu}ov=}t

VwQ OQwmQ xU QO x}=B VQ@ |xv}W}@ |=y|vLvt |v=tR |xJN} Q=D "16 pmW
"A pOt QO =yv; u}ov=}t |vLvt w s=wO u=tR

|vLvt |]N ?} QkD w x}=B VQ@ u}ov=}t |vLvt |v=tR |xJN} Q=D "17 pmW
"A pOt QO AWWA w API |=yxt=vu}};\UwD xOW|v}@V}B Q}O=kt wu}ov=}t

w |}xt=vu}}; Q=Okt R= V}@ uR=Nt QDW}@ Ct=N[ xm |r}qO R= |m} "CU= xOW
uRNt Ct=N[ xm CU= uR=Nt |xQ=OH QO |oOQwN |xr�Ut CU= sRq |=yxv}tm
=yVvD Vy=m x@ QHvt Qt= u}= xm OvQ}o|t |ak=w Q=Okt R= V}@ QDt|r}t 2 =D 1 =Q

"OwW|t

%=@ CU= Q@=Q@ AWWA |xt=vu}}; j@=]t uRNt hm QO |vwoS=w Qovr
M = 18ZI

Rw
(0 14(WSXS +W1X1) + SC1W2X2)

= 2936500 15N �m (13)

%=@ CU= Q@=Q@ AWWA |xt=vu}}; j@=]t uRNt hm QO x}=B VQ@
V = 18ZI

Rw
(0 14(WS +Wf +W1) + SC1W2)

= 920869 23 N (14)

Q@=Q@ AWWA |xt=vu}}; j@=]t uRNt |xQ=OH QO xOW O=H}= |QwLt VvD xi=[=
%=@ CU=

b = 1 273M
D2 = 39730N

m
!

��a = b
1000 t = 4 9662 N

m2 = 50 624 kg
cm2

d = 7 53D
�
ZIC1S
Rw

�
= 0 341m (15)

x}=B Qovr |xv}W}@ |=y|vLvt |v=tR |xJN} Q=D Q=Owtv A pOt |=Q@ 14 pmW
xO=O V}=tv acc 3 w acc2 'acc1 =@ xm CU= s=wO u=tR VwQ |=yOQwmQ QF= CLD
�|m}D=DU= Cr=L QO� QiY Q=Okt R= =y|vLvt u}= 'OwQ|t Q=_Dv= xm u=vJ "Ov=xOW
xU |W}=Ri= |xvt=O p}rOx@ Qt= u}= xm 'Ov@=}|t V}=Ri= u=tR CWPo =@ w ẁQW
"Ov=xOW ?} QkD \N l} =@ u}ov=}t |vLvt 15 pmW QO "CU= s=wO u=tR OQwmQ
C=LiY QO xm AWWA w API |=yxt=vu}}; |xOW|v}@V}B Q}O=kt u}vJty
A pOt |=Q@ OwW|t xOy=Wt xm u=vJ "Ov=xOW s}UQD R}v 'Ov=xOW x@U=Lt p@k
|x}v=F QO AWWA |x}=B Qovr Q=Okt w 13 7 |x}v=F QO API |x}=B Qovr Q=Okt
Q}O=kt xm CU= QmP x@ sRq "OvwW|t Q@=Q@ ET VwQ u}ov=}t |vLvt Q=Okt =@ 12 6
Q=Okt "OvwW |L=Q] u; |=Q@ xOWQ=yt uR=Nt O}=@ xm CU= |Qovr pk=OL xt=vu}};
|xHQO 'l =N ẁv 'xk]vt |R}NxRQr Q]N x@ xHwD =@ 's}O}O xm u=vJ 'Qovr u}=
x=oO}O R= "O};|t CUO x@ xOWQ=yt uR=Nt |=Q@ uRNt |xUOvy w uRNt C}ty=
w s=wO u=tR VwQ R= xOt; CUO x@ ?=DR=@ OQwNQ@ u=tR =D O}=@ uR=Nt u}= 'Qo}O
l} xm A pOt "OvQw=}@ s=wO ET VwQ |=yOQwmQ Q@=Q@ QO 'xt=vu}}; R= xDiQoQ@ \N
x}v=F 13 OwOL =D x}=B Qovr ptLD |}=v=wD u} QDsm O}=@ 'OwW|t ?wULt Ovr@ uRNt

"OvW=@ xDW=O =Q ET VwQ |=yOQwmQ u}ov=}t ?=DR=@ p@=kt QO
VQ@ |xv}W}@ |=y|vLvt |v=tR |xJN} Q=D Qou=Wv A pOt |=Q@ 16 pmW
VwQ |=yOQwmQ QF= CLD uR=Nt u}= xm |t=ovy 'CU= uR=Nt QO xOWO=H}= |x}=B
�|m}D=DU= Q=Okt� QiY R= =t |v}@V}B j@=]t R}v =y|vLvt u}= "OvQ}o@ Q=Qk ET

'ApOt |=Q@ "Ov@=}|tV}=Ri=|]N CQwYx@ ,=@} QkD u=tRCWPo =@ w OvwW|t ẁQW
|x}v=F QO AWWA |x}=B VQ@ Q=Okt w 15 4 |x}v=F QO API |x}=B VQ@ Q=Okt
|=ypmW "�17 pmW� OvwW|t Q@=Q@ ET VwQ u}ov=}t |vLvt Q=Okt =@ 14 3
VvDxi=[= |xv}W}@ |=y|vLvt |v=tR |xJN} Q=D Qou=Wv A pOt |=Q@ 19 w 18
"OwW|t O=H}= uR=Nt QO u}tR ?=DW Crax@ xm CU= uRNt |xQ=OH QO |Q=Wi
|=y|vLvt|v=tR|xJN} Q=D |xOvyOu=Wv A pOt|=Q@ 21 w 20|=ypmW QO
=y|vLvtu}= "CU=xOWxO=OV}=tv uRNt|xQ=OHQOxOWO=H}=|rY=VvD|xv}W}@
xOWO=H}= |rY= VvD Q=Okt =yxt=vu}}; "OvQ=O |]N Q=DiQ |rw@k p@=k CQwYx@ R}v
OwOLt 1500kg=cm2 x@ VvD u}= =yxt=vu}}; |[a@ QO \ki w 'Ov=xOQmv u}}aD =Q
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"""�
s=wO

u=tR
�V

wQO
Q@Q=

mu
=mt=

|U
QQ@"OwW|t u}}aD VvD pQDvm =@ xQ=OH Ct=N[ \ki xmr@ OvQ=Ov u; uOWOwOLt |=Q@

|@U=vt lQO =D CU= xOW sUQ �
H = 0 001=Rw \N A pOt uRNt |=Q@ =t=

"�23pmW�OwW uRNt QO xOW O=H}= |@Uv |}=Hx@=H Q=Okt R=
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OQwmQ C@F x=oDU}= s=v ẁkw p=U xrRrR OQwmQ s=v xrRrR |xQ=tW�x}v=F� OQwmQ xrRrR

�x}v=F� �QDW} Q�
0 005 40 0 0728 7 1 Point Bonita 1989 Loma Prieta 1 OQwmQ
0 01 30 0 1720 6 8 Los Angeles, Wonderland 1994 Northridge 2 OQwmQ
0 02 50 0 0802 7 5 Twenty nine Palms Park Maintenance Bldg 1992 Landers 3 OQwmQ
0 02 50 0 1488 7 5 Amboy 1992 Landers 4 OQwmQ
0 005 40 0 1047 7 1 South San Francisco, Sierra Point 1989 Loma Prieta 5 OQwmQ
0 01 60 0 0556 6 8 Wrightwood, Jackson Flat 1994 Northridge 6 OQwmQ
0 005 40 0 0828 7 1 Piedmont, Piedmont Jr. High Grounds 1989 Loma Prieta 7 OQwmQ
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