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Abstract: We use the finite element method to analyze the seismic design of a liquid storage tank for a polar
crane at a nuclear power plant. We obtained the natural frequency and vibration modes by modal analysis,
and we evaluated the seismic stability by response spectrum analysis. Furthermore, the seismic analysis of the
tank was accomplished by analyzing not only the forces applied to the wall by the sloshing of the liquid,
but also the safe-shutdown earthquake condition for the tank. We propose a seismic-design process and a
seismic-analysis method for liquid storage tanks based on the commercial finite element analysis program,
ANSYS.

. M E TEE AA T skl dxE dHAE dF

= e g Wabs oy A 7E A A Sl

AT Widds Be oAt HEH glo AL otw 97 wlio] wAA U] ZHED

M AE A Ee wlE el BAR W o azmse 979 W dAE avsta 9

wol dojupar, g A oAt sl . AR 7171352 A 8l A (seismic analysis)

A AR AR gl dejubs @gent I Al (seismic test)e] T 7FA HOoR T

AR oz Qg A= Az, Az As)e] 4t Bl 2 9@ B3 9z Wi J|7]=

RE Fo]7] ‘?4'5‘]1"1 TE=olu 77159 Azl ASMEZE®] o5l A7, A% 2 AZS o

ek b gEIE FaAl Hal A3 A Q)

Aol diw 48 SRsk 7 s el 8 AT E 944y wdze Ed Ae9le

_ FHerdfM s T U HdAde HS5staAt

§ o mES dA7IARS 20104% RAXS EA Ak edslE T AdekFol o FaUA

gt ] 5] (2010. 5. 7., Alghd)) LR =Ed A A Bz e
AELECNA 1L ar s

* Corresponding Author, cjr@hhu.ac.kr o
© 2011 The Korean Society of Mechanical Engineers AAZRAE F&35HA4 &8 F Jr:E 3=




318 SRR L

Rolth. fraai
d#E o]83F M_’ﬂ_

81412 ANSYS 11.09] #A] =
R R RS ] o - P P
(SSE : safe shutdown earthquake) 3}5S 123}
e st ek R =34 (modal analysis)

2 Sastel B4 542 stelstn, 44 Ao

2 AAE SH2=FEH (response spectrum)S O]
&3 SHAAEHNA S Tt Ayl
Uzl tAAdS kel

Eok A 7AA T AAAFR A =3

A3 #AAste] YWHHIES s, ole
&2 7] 3| X (sloshing analysis)= &3l HA|7F &

Bl FaEe] Ve GBS PSR,
2. WHHIIE St REeas4l ol

21 BE slAM o=
SRR 9 W (A} E W AFE

A|2Elo] @=HlA Ao o w) ZEL‘:}.M)
[dx @]+ [ i@+ (K ix@}= {70} ()

A7IA (M), [C], [K]= 242 A= H(mass
7+2] & H (damping a4
(stiffness matrix)S  LERH AL, {5((75)}, {X(t)},
@}, {F}= 244 A-d3 7Ex, £, |
A, 28 st WEHE YEdt 2= A4S
sto] 91o] Ao A AP o HEE A
gt Axls Aladlo® YElE o5 2

matrix), matrix),

jgjg

X+ (K] {x(®)}= {0} @)

22 SEHAHEY A 0|
AR 2e BARTA o@ FEES 4
T TEEe] AfdeTrIer AE 5o 5
Sxo) whebd A wedth Adskzel
Ae F¢ FxE TG e WY, £, VS
YHAGE, AERAE 59 S5 Ato] 3|
A1 (time history analysis)ol] &3t AA=E 4 3]
tho Rk oz A HA Al A g s Eaf
ARl stgo] i FEEol heixivh. whEkA
4Ee M-S AsiME ARG FAdN FE=2
HEgHs Falok gt 1eu o= B AIRE
7 o] A8 Y] wite] HAStHAE HlaH
At 3 7 F de SHEIERNY W
o] wol ALgH L, B o2 gy gd

SR ek

oftt

{0 b+ [+ TR i (0)=— [M]{x,(D } (3)

AEEERE

g4 gt g
Miéi(t)_F 2#1‘@)2‘%(0"; pawiq(t)=— CzXq(t) “)

7| A,
W = {QP}ZT[M} {®},, 2p¢w; = {@}ZT[ ClH{o},,
pw; = {2} [ K1{2},, ¢ = {2}/ [K]{2},

o7 AHoslu

5 A~
T 3

> Ji’]qq%k qj,max% ]:1—-%34— ZE]_O]

displacement)©] 3L

Hol B {xt max e T 2ol 72 5 Sk

s
{Gb}i%‘,max - {Q}z L

i

{X}i., max Sd(wﬁ 51) (6)

FolA T 2 wEel Ao 2gE] 9
A LWt o Z SRSS(Square Root of Sum of
Squares) RS Wo] AFE3}o], SRSS WHES A}
48 AA &9 R F ol REE FEF

o o3 2

By = 3| 25 (Dchimas)” ™
Su<wi’£i>: W?Sd(wiv fz) 3

o714 S, S, S, Spectral acceleration,

velocity, displacement ©]T}.

3. E2F Fele w7

rot

oA @

3.1 siA 2 MAH At
WRF7FE 93 A Axk= Figo 13 o] |
A B R ALSE dEeta, FREY +dxd



AR/ AA AAS BAH WA 319

Table 1 Boundary conditions

Restraint X Y V4
MawriatandB.C. A - Fixed | Fixed
y Bridge B - Fixed -
Modal Analvsis
T wheels C Fixed Fixed Fixed
| S | g = D Fixed | Fixed -
pectrum Analysis
E Fixed Fixed Fixed
r———
Output Results L—k Modify Design Trolley F - Fixed Fixed
wheels G Fixed Fixed Fixed
H - Fixed Fixed
Strength Analysis
of Parts
Bridge
Allowable

ondition
YES

End Ties

END

Fig. 1 Analysis and process
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Table 2 Materials summary

Operating .
Stress o SSE condition
condition
o, 0.50, = 166.7 0.90, = 300.0
. 0.50, = 166.7 0.90, = 300.0
. 040, = 1333 0.50, = 166.7

» 3rd mode shape at 4.803 Hz » 4th mode shape at 7.148 Hz

Fig. 4 Results of modal analysis
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Fig. 5 North-South direction reference response spectra
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Fig. 6 Vertical direction reference response spectra
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ANSYS 11.0
NODAL SOLUTION
STEP=999%

RA0CNAE ;i

CHMCL,_SSE

» Maximum von Mises stress in Bridge : 96 MPa

Fig. 7 Distributions of stress in bridge
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#» Maximum von Mises stress in Trolley : 137 MPa

Fig. 8 Distributions of stress in trolley
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Fig. 9 Mechanical model of a flexible tank
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Table 3 Input data

Height (mm) 637.5
Radius (mm) 830
Thickness (mm) 10
Mass (kg) 1392
Sas (2) 0.38
Gmax (g) 1.28
Sar (g) 0.4
Allowable  Stress
0.21
(MPa)
AN
= i H,
H
H /4

Fig. 11

Schematic diagram of applied sloshing loads
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Fig. 12 Results of sloshing analysis
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