Arcagg\@ff SID
Silwpglio b Bl g slo ) o Cusiis SS90 (o
(S Qoo S 30 oo 5lgo 59V o8 (ghail gty j Lo

X5 y oo ;
$32°9 sogars oyl 03] jpams ook

s LS

i g o 03, S s O ) i gla gl ahe 51 5 2 slapazinn 53 03 8 b 4 ) (3 gl Ol
i 53 (3l 8 ol 45 s e DL 08 3 4S5 edowme SVUL ol e Gl gla 428 58 2308 gladyl 4
oy o3ls s Sl 3 Ll (g3l pslia 5 il Slalllan o3 ool s 15 5 e iy 5 IS
[I-UD}J_Juiq_;tL_.i:Jl SLQ:,—_;L_gUJJJC_m:P_uA_g.l;}e»L;)l{JﬁjJJ SV O O gl ) kg dlis ol oo
A i S ol sl S il S Ll T (g ) s Ll S )5 anlliae 390 il
s wilalllae ol 53 o 0l ey Jas b Bow b DR ol S Sl S8 el vl Ol
s a6 s () e o g o Soliud (slgllos < ASCE 5 APIGS0 e 3 jane (slaaslinnl ity JL3)
Free )le.-p'v‘_};-'.I:Jl.:.-;U_I.t‘lj:JI &jﬁﬁJJL!qSM:JaJL:JLg:JyQM&;@Lﬂ o 85 a3l 30 (_Jas )
L 5 S5 o 4 gl o b Ojloue e 335 00 (g 3 e Sidesne] st gl plii Ao WY 2 (Board
2l o @Sl anllian 3590 3l 350 53 55500 ol (glad ge il Sl a JULL (H/DZ1) S b (5 5ls

1SS olls

ful Ii__1:1*-05 |J17|L; b,'_.-l..f q_;;l..-f,al-i.- |.||_-;_',-_l-'l-;l._.-;—-lI q_-;}\JJ’ :..'_;15'!6

Evaluation of Seismic Failure Modes and Strengthening Methods of
Unanchored Cylindrical Steel Liquid Tanks in an Oil Complex

Naghdali Hosseinzadeh , Amin Massoumi Goudarzi

ABSTRACT

Cylindrical steel above ground tanks extensively used in oil refinery complexes and oil depots in Iran. Past
earthquake experiences in Japan, U.S.A, and Turkey show that these tanks are very vulnerable to strong
ground motions and the study of the vulnerability and strengthening of these tanks are very important. In this
paper, 5 steel above ground tanks with different ratio of height to diameter (H/D) have been studied and
different failure mechanisms including elephant foot buckling ., diamond elastic buckling . failure of roof due
to fluctuation of fluid , sliding , overturning , up lift and unsymmetrical settlement were assessed using
nonlinear analyses. International documented references such as ASCE and AP1650 standards and static,
modal, spectral (linear) and time history (nonlinear) analyses is used in this study. Results of the analytical
study show that the minimum freeboard of tanks should be 13 percent of the tank Height to avoid of roof
damage during an earthquake. In addition, tanks with a height to diameter ratio greater than 1.0 are unstable
with the problem of overturning. Other failure mechanisms mentioned above are not dominant in the case
studied tanks.
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