ﬁ—éé;‘l"éaj’_%:/Jl%_%z(%i]g]?/‘;,‘%ﬁ_miﬁ_‘%(ﬂnifiﬂ "ﬁ;‘(_‘

(unsteady) 2 2t g+ (irrotational) s -2 & » s 48 % ZE & ¢t Bernoulli
Equation:

a¢ 3
p +p—|+2V¢ Vé+g(z—H)=0 (A1)

B pEianonflagR o p &R A -
LR E - MOl B FIE T BRL B Vv T L L

BAAD N I 1L p B Y e

p.%ﬂomg( ~H)=0 (A.2)
p__pl%_plg( H):O (A3)

FE B d RGBS p0 o FH(A)ET R 5 o Lepgl-t)-0 0 TER i

i 3%(2.1-4c). -
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4B
d (2.1-8) 5

= +—=—+—= —
R or? Ror 7 oz2 9602

* 2R RS e ¥ B oW Beis 1T (B ARE

2 ~20 5 2 A23 2 A
ro‘R roR r°o°z _169 (B_]_)

P ¥ -8 (2.1-8): B A T 5 2 5N

2 52R S 2 A25

rOR TR 207 ©2)
R or RO 7 oz

2A ~

296;+,u620

I—;:] ;‘7:“ *@&’hﬂl"g’? 4}3 —{tﬁﬁ 't:':_ ’ ,L,I /’T‘k{t}‘i”ﬁ ¢(r,2,0,t)=¢(r,z,9+2ﬂ',t) 5 _l}‘]ll_b é(e) VA 3E
vt or 3 W i Sl o 4 Rle)-0lokang) 0 RS R EE 0 R B

SRR I TERIRE LV

45C

0

= Zﬂn (t)cos(n@)d, (kr)cosh(kH)=0

z=H n=1

g 5 (2.1-45a)%

F AR BcoshkH) & E T E

cosh(x) ¥ % 71 40 F

e KH | q—kH 2kH
COSh(X)=% > F] P cosh(kH) =2 +2e _¢ 2+1>0

b TR RN R s R R R

e o B Z AR R e
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(2.1-53b)

¢, ='I:2(t)c050%=0 (D.1)

d (2.1-54c)

S (ool

r=R i—
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fEz o pufka)ons g
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m=0
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m=0 et
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0

ol
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% 4.1 % " Revithoussa LNG &4 % 1 F12) &4 % 14 S 4 54

#r B A (m) 32.5
g 2 () 34.5
B 1 B % & (kg/m3) 7850
% k8% A& (kg/m3) 135
i3 15 & & (M) 0.05
T AR Lt 204

4042 BpE G KR

# % g (m) 1
LET S S 0.05
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% 4.3 # " Revithoussa LNG &% 5 1 p 73 4= ##f & (H=5cm)

-+ 2
X

ET

h=5cm I = ™ FPS [f & 18

Bk 5 (Hz) | re Rt (%) | 475 (Hz) | 12 i (%)
1 0.1095 0 0.1095 0
2 0.1959 0 0.1959 0
3 0.2480 0 0.2480 0
4 0.2904 0 0.2904 0
5 0.3272 0 0.3272 0
6 0.3602 0 0.3602 0
7 0.3904 0 0.3904 0
8 0.4185 0 0.4185 0
9 0.4447 0 0.4447 0
10 0.4695 0 0.4695 0
11 5.5702 2 0.6346 0
12 8.6556 1.43
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# 4.4 % "8 Revithoussa LNG &% 3 # 15 &% p R 4= & 4F 5 (unit = Hz)

shell liquid
H/R 1st 1st 2nd 3rd 4th 5th
0.81 - 0.1095 | 0.1959 | 0.248 | 0.2904 | 0.3272
Rigid tank 0.5 - 0.0981 | 0.195 | 0.2479 | 0.2904 | 0.3272
0.1 - 0.0491 | 0.1369 | 0.2064 | 0.2637 | 0.3109
0.81 | 55702 | 0.1095 | 0.1959 | 0.248 | 0.2904 | 0.3272
h=5cm | 0.5 |18.4767 | 0.0981 | 0.195 | 0.2479 | 0.2904 | 0.3272
0.1 |19.6611 | 0.0491 | 0.1369 | 0.2064 | 0.2637 | 0.3109
0.81 | 3.2042 | 0.1095 }:0.1959 | 0.248 | 0.2904 | 0.3272
Non-rigid
h=4cm | 0.5 |18.1899 | 0.0981 |* 0:195 | 0.2479 | 0.2904 | 0.3272
tank 0.1 |19:6611 |10.0491 | 0:1369 | 0.2064 | 0.2637 | 0.3109
0.81 | 0.14587}70:2095 | 0.1959 | 0.248 | 0.2904 | 0.3272
h=3cm | 0.5 |17.7198| 0.0981 | 0.195 | 0.2479 | 0.2904 | 0.3272
0.1 |19.6611 | 0.0491 | 0.1369 | 0.2064 | 0.2637 | 0.3109
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# 4.5 % " Revithoussa LNG &% 3 # I& & {5 p R 4= & 4F 5 (unit = Hz)

shell

liquid

H/R

1st

1st

2nd

3rd

4th

5th

isolated

mode

Rigid tank

0.81

0.1095

0.1959

0.248

0.2904

0.3272

0.6448

0.5

0.0978

0.1949

0.2478

0.2903

0.3272

0.5934

0.1

0.0491

0.1368

0.2064

0.2636

0.3108

0.5189

h=5cm

0.81

8.6556

0.1095

0.1959

0.248

0.2904

0.3272

0.6346

0.5

21.467

0.0981

0.195

0.2479

0.2904

0.3272

0.5861

0.1

22.265

0.0491

0.1369

0.2064

0.2637

0.3109

0.5172

Non-rigid
h=4cm
tank

0.81

5.7053

0.1095

0.1959

0.248

0.2904

0.3272

0.6377

0.5

20.686

0.0981

0195

0.2479

0.2904

0.3272

0.5881

0.1

21.774

0:0491

0.1369

0.2064

0.2637

0.3109

0.5177

h=3cm

0.81

1.7364

0.1095

0.1959

0.248

0.2904

0.3272

0.6408

05

19.704

0.0978

0.1949

0.2478

0.2903

0.3272

0.5902

0.1

21.270

0.0491

0.1369

0.2064

0.2637

0.3109

0.5181

54




% 4.6 R\ 5E 75 2 El Centro 0.34g 21 % # I & 2% it (h=5 cm)

El Centro PGA=0.34g
P Femite | 378 Fw
M) & S 5
76.21 76.30 -0.12
(cm)
B4 BB
9.23 3.90 57.70
( KN/m?)
B ART A
13238 5543.9 58.12
(kN)
BB AE
106250 49003 53.88
(KN-m)

F A7 ZR|)MERE T & Kobe'0.83g 3 & 5 e A kat (h=5cm)

Kobe PGA=0.83g
FR®™ | R | ITFETF%
B R B
57.66 108.37 -87.94
(cm)
B BB
27.17 16.26 40.14
( KN/m?)
B ART A
30575 20318 33.55
(kN)
MR E
230760 | 143410 37.85
(KN-m)
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% 4.8 zh| 1275 H) & Northridge 0.84g # & #, 5 # I & »<it (h=5 cm)

Northridge PGA=0.84g
RRF | R | A%
B S B A
122.82 201.48 -64.05
(cm)
B Bk
29.77 20.11 3243
( KN/m?)
ot AT
30237 24556 18.79
(kN)
B MR A E
214890 168470 21.60
(KN-m)
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B 1.2 AL 1909 SR BB R(5 Y E)
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Bl 4.1 # " Revithoussa LNG & 5 #
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0.4 —
El Centro
- PGA=0.34¢g

0.2 —

Ground Acc. (g)
|
=

-0.2 —

-0.4
\ \ \ \

0 10 20 30 40
Time (sec)

B 4.2 El Centro = 2 4¢ s RAFBF 25 45 (PGA=0.34Q)

16 —

| El Centro
PGA=0.34g

12 —

Ground Acc. (g/Hz)
o]
\

0 \\\\\\‘ \\\\\\‘

0.1 10

1
Frequency (Hz)

Bl 4.3 El Centro # 2 4ci& & % 4% 3 (PGA=0.34g)
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Ground Acc. (g)

-05 —

0.5 —

Kobe
PGA=0.83¢g

W\J\MJ\/WVMWWW

10 20 30
Time (sec)

] 4.4 Kobe ¥ &de iz K i P5se £-(PGA=0.830)

Ground Acc. (g/Hz)

30 —

20 —

10 —

Kobe
PGA=0.83¢g

0.1

1 10
Frequency (Hz)

B 4.5 Kobe ¥ & 4vit & 5 = 47 3% (PGA=0.83Q)
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i NorthRidge
PGA=0.84g
05 —|
5 |
5}
<
s 07
c
>
=t
[©) |
-05 —

-1
\ \ \ \ \

0 4 8 12 16 20
Time (sec)

] 4.6 Northridge #1% ¢ & & P+ 2o 8-(PGA=0.849)

20 —

i North Ridge
PGA=0.84g

16 —

-
N
\

Ground Acc. (g/Hz)
[ec]
\

0.1 1
Frequency (Hz)

Bl 4.7 Northridge ¥ 2 4c i & 5 47 2 (PGA=0.84g)

63



100 —

El Centro PGA=0.34¢g
rigid tank
_ sloshing displacement
fixed
isolated
50 —
3
N2
‘E -
[}
IS
[}
Q
8 0
[=%
0
©
o
£ B
<
(%]
o
7
_50 1
-100
\ \ \ \
0 10 20 30 40

Time (sec)

B 4.8 B|1&E 5 # % sagk 4 fE P (El Centro PGA=0.34Q)

100 —
El'Centro PGA=0.34g
Non-rigid tank
i sloshing displacement
fixed
isolated

50 —
€
L
E ]
)
1S
O
Q
ke 0 —
Q.
R
©
(@]
£ -
<
[%]
i)
%]

_50 1

-100

\ \ \ \
0 10 20 30 40

Time (sec)

B 4.9 2R R2 05 % o L # 4% fr P (El Centro PGA=0.34Q)
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12 —

El Centro PGA=0.34g
rigid tank
- Dynamic Pressure
fixed
isolated
6 —
&
S
£
zZ _
=
g
>
20—
0]
S
o
Q
e -
[
c
P
a)
6 —
-12
\ \ \ |
0 10 20 30 40

Time (sec)

B 4.10 B4 655 R & KR 4 B R (El Centro PGA=0.340)

12 —
El Centro PGA=0.34g
- Non-rigid tank
Dynamic Pressure
fixed
6 — isolated

Dynamic Pressure (kN/m2)
o
|

12
\ \ \

0 10 20 30 40
Time (sec)

B 4.11 24w iE 5 A & KR 4 5 (El Centro PGA=0.340)
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20000

El Centro PGA=0.349g
- rigid tank
Base Shear
fixed
10000 —j isolated
z
=3
3
Q
<
n
?
oo
m
-10000 —
-20000 ‘ ‘ ‘ ‘
0 10 20 30 40
Time (sec)
B 4.12 kHEeE ) 2 & 34 A P (El Centro PGA=0.349)
20000 —
El Centro PGA=0.34g
- Non-rigid tank
Base Shear
fixed
10000 —j isolated
> il
<
@
)
=
n
?
©
m
-10000 —
0 10 20 30 40
Time (sec)
B 4.13 2Lk 1Rk 4 A & T 4 P (El Centro PGA=0.349)
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200000 —

El Centro PGA=0.34g

rigid tank
- O.T.M.
fixed
isolated
100000 —j

£

pz

<

=

=

@]

-100000 —

-200000

\ \ \ \
0 10 20 30 40
Time (sec)

B 4.14 W|1255 5 H v B 4 &4 P (El Centro PGA=0.34Q)

200000 —
El Centro PGA=0.34¢g
= Non-rigid tank
O.T.M
fixed
100000 —| ———— isolated

O.T.M (kN-m)

-100000 —

-200000

0 10 20 30 40
Time (sec)

Bl 4.15 2-h| 1k 5 # 5 & 4 <85 F¥(El Centro PGA=0.34g)
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0.01 —

El Centro PGA=0.34g
- Non-rigid tank
shell displacement

fixed
0.005 —1 isolated
IS
A i
-
c
(0]
£
(0]
Q
3
o
L
©
= _
<
2]
-0.005 —|

0 10 20 30 40
Time (sec)

-n\

Bl 4.16 2R 82 05 28 IR 4% A P (El Centro PGA=0.34Q)

0.4 —

El Centro PGA=0.34g
Non-rigid tank
shell acceleration

fixed

B —— isolated

shell acceleration(g)
o
\

-0.4

0 10 20 30 40
Time (sec)

B 4.17 2R 6% 05 1 W 378 3840 i & pF (El Centro PGA=0.34Q)
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El Centro PGA=0.34g
= non-rigid tank
base displacement

base displacement (cm)
o

-4
\ \ \

0 10 20 30 40
Time (sec)

B 4.18 2Lk 1525 ﬁ; A\ﬁ fhad ﬁ; ETE*(EI Centro PGA=0.34q)

50000 — ;
El.Centro PGA=0:34g
| Non:rigid tank
————— Friction + Restoring Force
From hydrodynamic pressure

25000 —
~—~ —
Z
=
S
©
2 0 —
[9)]
()
%)
©
m —

-25000 —

-50000 ‘ ‘ ‘ ‘

-4 -2 0 2 4

Base Displacement (cm)

Bl 4.19 2uB|{Eik s & A T 4 — = &% i B(El Centro PGA=0.34g)
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150 —

KOBE PGA=0.83¢g
1 rigid tank
sloshing displacement
100 — fixed
—— isolated

3
L 5 —
c
o)
£ i
% /\ /\/\
— 0 — e, U~
a \ J v—/
o
2 | I
c
% 50 —
g -
w

-100 — U

-150 ‘ ‘ |

0 10 20 30
Time (sec)

Bl 4.20 BI{E5E 75 1 i ok B+ = 78 PF(Kobe PGA=0.83g)

150 —
| KOBE PGA=0.83g
Non-rigid tank
sloshing displacement
100 7 ﬂ fixed
—— isolated
3
L 50 —
c
)
e i
©
3
s 0
0
©
> i
£
<
% -50 —
o
»
-100 —
o0 | | |
0 10 20 30
Time (sec)

Bl 4.21 2B 555 4 % 5 L # 24 PF (Kobe PGA=0.83)
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Dynamic Pressure (kN/m2)

& 4.22

Dynamic Pressure (kN/m2)

Bl 4.23 2Lk

-15 —

-30

30 —

15 —

-15 —

KOBE PGA=0.83¢g
rigid tank

Dynamic Pressure
fixed
isolated

-30

Lp

30 —

15 —

10 20 30
Time (sec)

M2 T R B -k R 4 pF (Kobe PGA=0.83g)

KOBE PGA=0.83g
Non-rigid tank

Dynamic Pressure
fixed
isolated

k

10 20 30
Time (sec)

1k 5 3 R Bs kR 4 P (Kobe PGA=0.83g)
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40000 —

Kobe PGA=0.83¢g
rigid tank

Base Shear
fixed
20000 — ——— isolated

Base Shear (kN)
o
;

-20000 —

-40000

Time (sec)

Bl 4.24 W1 iE 5 A &S, 4 A P¥ (Kobe PGA=0.830)

40000 —
KOBE PGA=0.83¢g
- Non-rigid tank
Base Shear
fixed
20000 — ——— isolated

Base Shear (kN)
o
;

-20000 —

-40000 ‘

Time (sec)

Bl 4.25 2ok [3ik s 4 & &R T 4 frp¥ (Kobe PGA=0.830)
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300000 —

i KOBE PGA=0.83g
rigid tank
O.T.M.
150000 fixed
isolated
£
Z
=
= 0 —
=
=
O —
-150000 —
-300000 ‘ ‘ ‘
0 10 20 30
Time (sec)

B 4.26 W14 iE 5 ¥ B A 48 A P¥ (Kobe PGA=0.830)

300000 —
KOBE PGA=0.83g
= Non-rigid tank
O.T.M
fixed
150000 —| ———— isolated
e
zZ
s
= 0 —
=
=
@]
-150000 —
-300000 ‘ ‘ ‘
0 10 20 30

Time (sec)

B 4.27 2ER|1 25 H R 4 42 PF (Kobe PGA=0.830)
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0.015 —

B KOBE PGA=0.83g
Non-rigid tank

0.01 —| shell displacement
fixed

isolated

0.005 —

-0.005 —

shell displacement (cm)
o
;

-0.01 —

-0.015 ‘ ‘ ‘

Time (sec)

Bl 4.28 2ok 130k 5 4 278 25 4 f P¥ (Kobe PGA=0.83g)

0.8 —
i KOBE PGA=0.83¢g
Non-rigid tank
shell acceleration
fixed
0.4 — —— isolated
G
= il
RS
©
]
o 0
Q
(&)
I
© il
e
(2]
-0.4 —
0.8
\ \ |
0 10 20 30
Time (sec)

Bl 4.29 2k 1k s 1 1 278 2540 52 B Fr pF(Kobe PGA=0.83g)
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40 —

KOBE PGA=0.83g
non-rigid tank
base displacement

20 —

base displacement (cm)
o
|

-20 —

-40 ‘ ‘

Time (sec)

B 4.30 2Lk 15k 5 A i 5 f PF (Kobe PGA=0.83g)

200000 —
Kobe PGA=0.83g
Non-rigid tank
|- Friction + Restoring:Force
— From hydrodynamic pressure
100000 —
= _
=3
S
]
2 0 —
[9)]
O
%)
©
m —
-100000 —
-200000 ‘ ‘ ‘ ‘

-40 -20 20 40

0
Base Displacement (cm)

B 4.31 2uhlik st AR T 4 — =4 &% i B (Kobe PGA=0.83g)
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200 —

NorthRidge PAG=0.84g

7 rigid tank

sloshing displacement
fixed

100 — —— isolated

\\~ \\\/

sloshing displacement (cm)
o
\
1
{
\

-100 —

-200
\ \ \ \ \

0 4 8 12 16 20
Time (sec)

B 4.32 W55 W e A& = # A pF (Northridge 0.849)

200 —
NorthRidge PGA=0.84¢g
Non-rigid tank
N sloshing displacement
fixed
isolated

100 —
3
e
I i
o)
1S
o)
8
s 0
2
©
[@)]
£ .
<
[%2]
o
w

-100 —

-200

\ \ \ \ \
0 4 12 16 20

8
Time (sec)

B 4.33 ZLh|HEE 5 Rk o L B =4 B PF(Northridge 0.849)
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30 —

NorthRidge PGA=0.84g

! rigid tank

Dynamic Pressure
fixed

15 — —— isolated

Dynamic Pressure (kN/m2)

-30
\ \ \ \

0 4 8 12 16 20
Time (sec)

B 4.34 KA &5 1K B2 -k B 4 g pF (Northridge 0.840)

30 —
NorthRidge PGA=0.84¢g
- Non-rigid tank
Dynamic Pressure
fixed

15 — — isolated
&
£
=z _
=
g
=]
2 o
g
o
Q
IS _
]
c
>
@)

-15 —

-30

\ \ \ \ \
0 4 12 16 20

8
Time (sec)

B 4.35 Zup |k T AR B K& 4 5 pF(Northridge 0.84Q)
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40000

NorthRidge PGA=0.84¢g
_ rigid tank
Base Shear
fixed
20000 isolated
= _
<
3
re 0
[9)]
[0}
0
©
m —
-20000
-40000 ‘ ‘ ‘ ‘ ‘
0 4 8 12 16 20

Time (sec)

B 4.36 kfEiE T A AdL A PF(Northridge 0.84g)

40000
NorthRidge PGA=0.84g
- Non-rigid tank
Base Shear
fixed
20000 isolated
= _
=
I
2 0
[7p]
[0}
1]
@
m
-20000 —
0 4 8 12 16 20

Time (sec)

B 4.37 LR MR A K T 4 B pF(Northridge 0.84Q)
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300000 —

NorthRidge PGA=0.84g
| rigid tank
O.T.M.
fixed
oo isolated
£
Z
4
~ 0 —
=
=
o _
-150000 —
-300000 ‘ \ \ \ \
. . 8 12 16 20

Bl 4.38 K|

th

2
|

%

Time (sec)

4. 45 i ¥ (Northridge 0.849)

300000 —
NorthRidge PGA=0.84¢g
- Non-rigid tank
O0.T.M
fixed
150000 — isolated
£
P
4
N—r O f—
=
=
]
-150000 —
-300000 ‘ ‘ ‘ ‘ ‘
0 4 12 16 20

B 4.39 ZEB| ik

7, =

lgz}

8
Time (sec)

% + 4E P (Northridge 0.849)
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- NorthRidge PGA=0.849g
Non-rigid tank
shell displacement
fixed

isolated

shell displacement (cm)

-0.01 —

-0.015 ‘ ‘ ‘ ‘ ‘

8 12 16 20
Time (sec)

B 4.40 24k T W RS54 A pF (Northridge 0.84Q)

0.8 —
NorthRidge PGA=0.84g
N Non-rigid tank
shell acceleration
fixed
0.4 — —— isolated

shell acceleration(g)

0.8
\ \ \ \ \

0 4 8 12 16 20
Time (sec)

Bl 4.41 2|82 H H BE %40 i & A PF(Northridge 0.84g)
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40 —

20 —

base displacement (cm)
o
|

-20 —

-40

NorthRidge PGA=0.84g
non-rigid tank
base displacement

B 4.42 2

200000 —

100000 —

-100000 —

-200000

Base Shear (kN)
o
\

(2

8 12 16 20
Time (sec)

BE 3 1 AL i 45 i pF (Northridge 0.849)

NorthRidge PGA=0.84g
Non-rigid tank
————— Friction + Restoring:Force
— From hydrodynamic pressure

-40

-20 0 20 40
Base Displacement (cm)

B 4.43 ARG A KT 4 — =45 &% B (Northridge 0.849)
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100 —

El Centro PGA=0.34g
Non-rigid tank
i sloshing displacement
fixed
isolated

50 —
3
o)
E -
4]
e
[
Q
< 0 —
[=%
R
o
(@2}
£ B
<
[%]
o
»

-50 —

-100
\ \ \ \
0 10 20 30 40

] 4.44

12 —

Dynamic Pressure (kN/m2)

-12

Time (sec)

B EGE T 4E i% 5ok B 4% (h=3cm)

El Centro PGA=0.34g
Non-rigid tank
Dynamic Pressure

fixed

isolated

Bl 4.45 2

10 20 30 40
Time (sec)

IR Y 1 A Bk R 4 (h=3om)
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Base Shear (kN)

O.T.M (kN-m)

20000 —

El Centro PGA=0.34g
7 Non-rigid tank
Base Shear
fixed
10000 —j —— isolated
-10000 —
-20000 ‘ | | |
0 10 20 30 40
Time (sec)
Bl 4.46 2Lk ismdg A AT 4 (h=3cm)
200000 —
El Centro PGA=0.34¢g
= Non-rigid tank
O.T.M
fixed
100000 — —— isolated
0 —
-100000 —
-200000 ‘ | | |
0 10 20 30 40
Time (sec)

Bl 4.47 2h|15E 5 H R 4 22(h=3cm)
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0.01 —

0.005 —

shell displacement (cm)

-0.005 —

El Centro PGA=0.34g
Non-rigid tank
shell displacement

fixed

isolated

-0.01 ‘ ‘

0 10 20
Time (sec)

30 40

R i+ #% (h=3cm)

0.4 —
El Centro PGA=0.34g
Non-rigid tank
shell acceleration
fixed
- isolated

G

c

RS

5 |

[}

© 0 — |

o

Q

IS

©

<

(2]

-0.4
\ \ \ |
0 10 20 30 40
Time (sec)

B 4.49 ZLRHGE T AR 2T

84

4vig & (h=3cm)



El Centro PGA=0.34g
non-rigid tank
base displacement

1S
o) |
<
(O]
IS
8 o
©
(=X
i)
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