oy Blan % (514l giel (33l (Slo ) sy S p ol (KilKo Sk &1

3 gy Slos Slbel 5 al 53 cage 2B e OT il gn 55,0 ol 53 Soredl 5 Gl sls 05l dhar 51 Slale 6,505 Ol
Sk ol S gla (6 g ﬁTch&aﬁ@‘o&n‘sbm‘ 0L posdle d315 6 85 51 s Olms S el S ol dj
FowddE Gl 555 s BBl 0L 0jlue pl conlial (Il bl 4 3L axils ol en 4 1) oy oS 0340T Gland 310
O3e ol (635,78 655 5o 03 o3 (b 6T Jidw ol 3 Slas 1 Olbsl O3be (a5 b Coedl & a2 5 Lecpl 2 W sl 03l
b 85 5 505 3y n Wl ol AL e 6V U5 4 e o)l 05 5 Cualies LI sl sl (slls
ol sl Coad 55 Bl bl lo s 55 63Y 5 O3bue 4 S S (G p i llanil 4 4 5 b 503 S5 Jas (53Y 56 0j5en wlin Sk
O o)l s pdollanit (588l 53 b5 (B S o S (i 1l gl O3lma (slo3 ) el 55T (sl (Mo ) oSS el
—@@w@uf',d!«fﬂ'd}»p‘Q;‘aQ,J>Jp,k§)ﬁr§\>w>gvd;wyp.>};@cl)u.\slauﬂcu,’lwaucbﬁug
ww gy Slaiyl o s .;ﬁf@ (’l’ﬁ;‘}“‘ii_dtiiﬁ’ﬁ‘t’” Ol sya las i Hlid 03,557 Cuwsay <l mﬁ—cuwdw&.JﬁT
Wb s adgn jloslimal bl ol 4 8 L5 55 ¢S50 &y gmts 3 jus 4ty 5 COS 0O 5 e lade J1AJ)5 Bl 0S8 > s
Lilsy Como 5 438 wulie s s0 Slidos yle bl ol s 55T Consas 1y Glog zsm plif)) ST 5 Slasi LS Ol o0
S Obn ol (5 i Oolanil (285 5 53 b (SIS Jobe &S5 e(solgiing o Lol Sl oslisal b s oy DU & (g3lgiy s
ol s @olgtin Mo s b 0T 51 Jools Ol S35 5 (ST due pl mls 5 A8 G151 15 (GBI S o S (2 (51401 gl O3l
3450 ol coms ol sl 55 bl o (s3lgiiy (SO Je (U g BB 053 5 e 3 Shas Ly g0 57 L2 4 lie ACH 350.3-06 asl
ol 5y sllanil s 59,55 s 0T Cle &8 505 o5k sl (galgiin o 2a, L ACH 350.3-06 aslo T (slesl g 47
rmen el odd 3 8 5 5 0)lys 0 ) e 5 (S O ) 3l (SO Jie 53 e 50 il o sl T ol Lo s

S o 3 )y oyl o HTACH350.3-06 walin T 457 35 g0 0315 0L
350 caba) pl 53 3 se S Sl 4 4y b ) B 6K o S (g (g1l sl O3 gl o, ey opl pg3 ud o
bt T o sty B0 ol 3l ool sl 4l go 5 0 Jor Omn 0355 le 535 2 oS Y dlns sl 3 03,8 o0 513 b5
Jool 35T sty 32 - ey GBast g e s o S8 1y o6 ) 1 AU sl b 518 015 on 4l e ! 3l o5l
oo ¢ Mo Sy ool ESKGST L e by o0 ST 4 o gy opl Coms g okl duglie 35550 Sl b b Lailyy opl
Jm;iyu@u‘w.;.muuLw;ﬁﬂotﬂ;tdmanﬁgnﬁ@mwdwo;ﬁ&,}mojmg@jpé&
&G;j;;cgwsjﬂa& Lge &S 555 o0 4wlas ACI 350.3-06 MU&T}&}%M@W\{OTQ‘}? a5 eslgin éflg.a
(3l (SO e 4 5 b (shar o 5Lib e B G Lt s il gn S ke anlin T 4 Sl (s3lgiiy (ST Jie ) U

13 (s (gl 5 L b (3L sy CALE B Wl ol o 35 on 41 315 036 S o5

SIS Jue oy oy sy ¢ @Il gl O3ee ¢ Sl g 5Lid (gla o ks o3l mle 28Tl 1Sl Olads”

A Mechanical Model for Cylindrical Flexible Concrete Tanks Undergoing Lateral
Excitation

In this research, a mechanical model is developed for evaluating the seismic response of flexible concrete cylindrical
tanks under horizontal ground motion. For obtaining the parameters of the liquid-shell interaction of this model, a
semi-analytical approach is employed using the Rayleigh—Ritz method. In the developed analytical approach, the



vibration modes of a deformable open top-clamped bottom shell are considered. The shell is assumed to be thin and
the first-approximation theory is applied. Based on the analytical approach, a simple yet sufficiently accurate
mechanical model, in which effects of the liquid and the tank wall considered separately, is proposed for tanks
completely or partially filled with liquid. Parameters of this model are illustrated in charts easy to use for design
purposes. In this model, only the first circumferential and vertical modes are considered. Also, the time history of
sloshing wave height and its maximum are obtained. Finally, the base shear and the overturning moment, calculated
by the analytical method and proposed mechanical model, are compared with those suggested by ACI 350.3-06. The
results demonstrate that the proposed mechanical model is very successful in predicting the base shear and
overturning moment, but ACI 350.3-06 overestimates or underestimates the responses case by case. Therefore, this
model can be utilized with confidence for estimation of the design seismic loads of concrete cylindrical tanks.
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Concrete cylindrical tank, liquid-shell interaction,Rayleigh—Ritz method, seismic design, mechanical model.



