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Abstract

To mitigate the impact of earthquakes on the risk of tank failure, this study focuses on a 10,000 cubic meter large vertical steel tank
and proposes a coupled Monte Carlo simulation and ADINA finite element method to investigate the evolution of the tank's seismic
performance under random corrosion. A fluid-structure coupled finite element model of the tank-liquid storage system is established
to generate random corrosion morphologies and perform stress and acceleration time-history analysis. The results indicate that
corrosion pits weaken local stiffness, induce stress concentration and local acceleration increase, and exacerbate the deterioration of
the tank's dynamic performance and resonance risk.

Keywords
vertical storage tank; corrosion; numerical simulation; fluid-structure coupling

BEMLIE 3t 32 U FEfL =

SERM R AR FB2T
FGERE R AR TR, E - L7 Ak 116650

RE HY 2 MM A 35

=

AT RV RE ST TR R R et Hrh, AT RV 7 KA 5 XARNEHE A *F %, 3 24F-Fis4 5 ADINA A FRTAB A
Trik, WA AR T AHEFE AL R, & S MR R B A% 6 A IR A, AR ARG 3, THR R ) Rdmik
BRI, G RERVIBIRIE R BN LA, HE R NP5 A mik EIE, mBGEEES) AL S LS R,
ES k|

AEEE; Ak BAEAERL; AEASA

BRSPS SRERL , TR
SCRMERTICT A, ERIREA IR D0
RS, ERRISIL, M ESRETR e ot
BRI e TS b e SR AT o e D/ PO AR, el
L R T mmce . HRET, RS T
KRBT, RORTR RIS o

SR SN V=L BT

BRI F R BRI AUFTST G 1, 76 KRR N

e (e e T  SIS F b el i, %
ST RS BRSSPI RTINSy o ) o, I isbmsons . b ST
. SR K R S BRI T

CERINIEE SN A, INEHBRR (R R JmTREME 7 %
KGR RIENURE P A RET LR MERE R SEMTRIEE, AWToT
KM ADINA AERITHTERA:, A S i BEN R Rl i fi
TR RS A B, RGN RIS h T i 1
RIS DMRARFE . R AR MU ERE (O, AR

135|5

[(EEWH ] RNERBEAZFOFCLIIZRTXI (IBERS:
202512026151) o
[fEE-T] FRW (2004-) , 5B, Wik, PEWES

BN, A, MBADINAGIRTTRHAHIN ABEINETFT.
C&@RfEE] 18 (1989-) , 5B, PEFRLINISLA,
BT, i, MSHWBRITRELBPIE, REEZRN
SHRPEHR.

40

RSN e N e
IR S
2 fEFEAR B 3T

RS AEYA RO BUR St R 75 RO 5,



MEEIHETIE-$£03%5 - 5045 - 2026 £ 04 A

A BRI S R TV, BRIt 1 55
BRI E M B REI T T . ANH ST Se B (i
K AIREE Y, HAEARsE H=11 K, #EREE D=17
K, WZRSHAETIN | TR RTE K. AR
T, fiEmEMEEE Fifn NS BRIEREIY 1.0, 0.8, 0.5710.4
K, RERARIEARERC, EEREA 1.0 B, %460
KA, TEETWRE R, B 1 RN TR UAE &
N8

B 1 LA RS E

2.1 BT BV IR TR B i 51
K F ADINA GBRRICOHTE A AT EHER A BRI DAY
TR SLE T, IR R, fER R T
JG, Wl 2 RO 3 Bl Mg S BRER P EREE N L R
T R A48 S FEEN UGS T SRS v, T R
T hae i e i 2 H B BN S RS, B R
EBALRYE PR EE S0 T SRR R IR T R T R A
B, DLRWAIE oy 76 (ORI 5 AT e : ™, sk
SERE TR O AN IA] 4 R
A
D
]
N
A

B 2 kBT

B 3 fEEEE AT

A
D
1
N
A

B 4 fEERE AR R

2.2 RIS A RE S SRR L

BT SR RIEIAE ADINA Bl thS kL L
R, HRaE TRIBN )R, AT eARE, FFRE
ET RN PR RS . ASGREES 1T 28774 El-centro
HIRER, MRS SIS IR FIBIYTNE , AR
BTN . IR DBEINBIYI A 3 o 120 r A il A
TE RN ST SEAER, PR i ERER T R
MoUHIR D, MR 5 Fow.

HEFE m/s?
S b o = =S = ~ w FS

0 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

BE /S

& 5 El-centro JEETFE %k

AIFFSERGT/KENTE TER BEHLES i R EH R 2
MR 3T S TERERE R B 2 E 0L N Ar e, FENUE Tk
FAREFTR. RIS 0%, 20%, 40%. AHEREE
AT EERE AR AR R A S A A — B B A
LIRS NIRRT, (AR IR NE S8, &%
PR R O RERER, DR O BhR, FERRGE T TR

s »Z~-0p

B 6 K& e

PZ=-0P>

B 7 [EihE A 20% HIfEEE

41



FHRBIF S TIE - £ 03% - 504 - 2026 &£ 04 A

»Z2~-0>

8 SR H 40% HyRERE
2.2.1 BARJE AR R ) RAABHE 3 45 R

B o AREmIER TEE, HiE, HELAE

MIE 9 HETDIEH, RRES th b (91 SR 17 0 5341 )
EEE, MEEMEEEM 0% 27 2 40%, fEEEERE
FEWUN, WIESARBRE D N, FEGER (0~2m, BE
lem) DXARARIAL, IRA AR DB B ET S, o o
BE (2~11m, BRI A 0.8cm. 0.5cm. 0.4cm ) BN J350AH
WEB T8 ok I R el SR i AR e A IR 7, s D X 3y b7
Ji&, HARAIR I B T AR ,20% BTk Tt N E IR
JIUEE(EZER 1200kPa, HEK T HERE R RS e AR AR X
o ENAMFREL AR T iy RN E
Hrof Y, XSARMHRER . BRI T — S hnE
ORGP S KRR R, AR T 15%,  JRHD
AN XY REE SR, Hom sk, B
RIS ERS S PEINRIN B R . B AR TR,
B8 AR R HE D S SR R RN, VBRI RE X s
%, BEEE AR

42

2.2.2 Jmik FE AT AR

B 10 intEE S EmEE T LS

ME 10 FETUEH, REB MRS, fEREDTE AR
1S RS S IR A AT . TORS T A
eI, EEESINIER R BRI, B e P R T 2 T (S
RIS Th (20% ) [HECHBNIE R, B, HE
TR AR, RETULREA R s MR ; BT
JE (40% ) #HE—PINEIEEARIEE TR0, RN R (E R
=F i, TEGEEENE AN RE, WS GRS IR,
BRI EE RS

3 &g

FENE PR ERER 0 R A S TR, 20% I 1hS | A& Bl h
JIEE, 40% FEEI PR EAL . KSR X, B
PR R DI R O RRRERELS | I (EDTRE .
R SAERERD DR EAR S, BERS TR, JEES
DR S R B e RIS R E O, BETS) (G ERe st
W5, LSRN TR R B RN T2 28 AR
JE YT BRI S, AN BT SR IR
FETHE, AR . PEIREE S, DBl EESh o
BEDIL SR
Sk
(1] XUMS. 7 A A I S 2 0 B ek o3 B R ST 3T [ 1] A A 3
R,2025,32(11):26-28.

[2] 2 E L AEEIR RS M SR &6 T,2013,40
(21):165-171.

(3] Bk 2T, 50, 5 B N AR R T E R H R i n A
R[] 75 6%12,2021,40(01):84-89.

[4] ZE9XEPREE 4% 15 5 s R & I S s st SRz 5y
W] TRE)%,1-12[2026-03-10]

[5] WIS 211, A, . 37 A T R R AR R s P 75
[0 TR S TAEPR40,2006,(03):138-141.

(6]

(7

[8]

9]

el ESBE, 28 i, S A RE S AR T B R S PN s
TR RE S 2T (1] R PHRES1R,2026,47(02):205-212.
QbR R AR, el A 5 [ R 1 PR (i M R R (5%
WA ] HOE T RE41,2017,39(04):592-599.

AR5 DR, T 5 S R AR A TR AR AR AR R I R
FEHAL2#117,2023,44(02):20-28.

=B, B AR 1T S S M AR IR B K T [D]. B KA
52,2004



