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Estimation Method for Long-term Hydrodynamic Loads on Spherical LNG Tank

by

OKA Masayoshi, MA Chong, and ANDO Takahiro

Abstract

We investigated a simple method for estimating maximum loads corresponding to the long-term probability of exceedance
Q=10-8 due to the sloshing of a spherical LNG tank and new type tank. We conducted a tank excitation test using a scaled tank
model and verified the characteristics of the sloshing load. Regarding the sloshing load in the excitation direction, the tank load
became large near the tank’s natural frequency. The mode transition to swirling occurred when the excitation amplitude
increased, and the tank load responded nonlinearly against the excitation amplitude. We proposed a formula for estimating the
long-term maximum load that considers sloshing load characteristics by specifying the wave condition based on the severest
condition. The load could be estimated accurately compared with the conventional long-term prediction method. With our
simplified formula, we have made it possible to reduce multiple test conditions (amplitude and frequency) required by the

conventional method to just one.
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Fig.1 Coordinate system of ship motion and tank loads.
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Fig.2 Response amplitude operator of the displacement at No. 1 tank on y-direction (F,= 0.0)
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Fig.3 Spherical tank (left side) and new-type tank (right side)
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Fig.4 Tank model (Spherical tank) with the load cell for 2-directional force and horizontal excitation machine

(1) FERaM
B2 D=12m (EMRIYZ 7 EOER - #9135 OT 7 UAELE 7 W, 2o 7 RIRITEK
(FbHEy=1.0) L7z, X7 H EX 788D E D H/D Y29, 50, 65 %D & &, ZHZEHD H/D DIF
FRE AT 2 OIS 7~9 A5, ACER ORI 72 RIRNE a = 20mm, 40mm, 60mm, 80mm (a/D = 0.017,
0.033, 0.050, 0.067) CTrHZITo 7=, FINATHIT DX v 7 {RIKOEREM L, # > 7 [FFRE L OV 5
¥% Tablel KO8 Table2 (ZZFNFIURT. & o 7 [AFHEM TolZLL FOR® bRz,

T, =T, {1 ~0.462 (g - 0.65)} (2.2)

Rps coth (1.84 %)
Te=2m ="~ 5

Rps © BIRMLIZF61T % H R %

Tablel Liquid (water) mass in tank in model scale (unit: kg)

HD SP. NEW
29% 190 220
50% 460 510
65% 650 690

Table2 Tank natural period (7¢) and angular frequency () in model scale and (real scale)

W Te(s) we(rad/s)
SP. NEW SP. NEW
29% 1.40 1.42 4.49 4.42
(8.30) (8.43) (0.757) | (0.746)
50% 1.26 1.26 5.00 5.00
(7. 45) (7. 45) (0.844) | (0.844)
65% 1.13 1.16 5.58 5.44
(6.68) (6. 85) (0.941) | (0.917)
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FRAESIL TN D LITE WS, AU TRTHEIZ2MOFEIZ /2> TN D LB D, ZOREICS
WTC, S%OVETHEIAT 2 0ERD 5.

Fig.6 |2, H/D=50%D& 0% 7 WiiE 1 ORI X 2 BEEISE 23, Al IERREL (o
rad./sec. ;M RAY & o 7 Zlr—)v) , L, 27 WK Fy & 2 > 7 IRIC X 218 (=Maw?®) T
oAb LT IREECH 5. Bl v 7 LERIE X v 7 CHE 222134 U CUV7RV. Fig6 I8V T a/D 3
0.02 ZEATREL D &, XU VRPFAEEBMECRE 2 A0 vy U TINAT ) U ZICHERE T 5728, N
RO H 7 NI NFFERTEN NS S FERIBC 2 D, X 2 7 WIIE D ORI TFRICIE A e v > JfifE
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Fig.5 An example of time history of tank loads measured by model test

(155)



SP., H/D=50%

8
7 a/D=0.067
o © ——a/D=0.050
55
% ——a/D=0.033
x4
S —e—2a/D=0.017
> 3
.
2
1
0
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
w (rad/s) in real scale
(a) Spherical tank
NEW, H/D=50%
8
7
6 a/D=0.067
o
S5 —&—a/D=0.050
© 4 —m—a/D=0.033
=
> 3 ——2a/D=0.017
[N
2
1
0
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 14

w (rad/s) in real scale

(b) New type tank
Fig.6 Frequency response of tank loads (H/D=50%)
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2.4.1 82 NFARN ORISR DRSS
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Fy(w)

|[H(w)| = "

Bl) % (2.3)

X |Hy(w)| =

RN(Q23)TROTHZ 7 WK DISEBI OB (EWRFEYS & > 7 Ar—)V) % FigT \OR7. KINE &
1%, LNG TiE7e < KD HHEE])THR LTV 5. y=90deg DFTIATINKREWNZ &5, ABFFETIE y=90deg |2
FRE L TRt L7z, 70, AERNIESE SOk 202 iE 70— RRIDER Y S22 ERGE LT-.
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Fig.7 Response amplitude operator of tank loads
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AW Hs, YIRS T, OABIAREEIZ R % % > 7 NIl F, OIEHERAE Re(Hs,T2)l%, Hifi TR 7

Fy DINEBBIH(w) AT RV S(w) X W IRNTEHET 52 LN TE D, AT MWL ISSC A7 kL O
Z A=,

Rey(H, T, ) = J f H()[25,, (0)d @2.4)
0

(2.3) TR O T AN E B OB % Fig.8 1T~ .
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Fig.8 A result of short-term prediction of tank load
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DAY, Av v FRTEOIEIEENTN D . EME KA EOHEEICE L CIIIEREIC 3 D5 1E
MBI/ 5. Fig IZITIEMIBE ET D720 B I TIEY 2 AV IHR 2R OR L. ZOoFkED
FEZ LL IR
(1) NHEENE a TORMEEUEE ORKRAMEDS, MHEREE o OFREEISE 2 RWTE LIRS (Fig9 O
AT O ERIE (Fig9 OAFD) &35
(2) 2~3 18 Y ONERIE COREMA T EREZRD T, 2 b0l a51<  (Fig9 OFEHR)
(3) AFSHIR N IFAE EL L= B2 £ L, ZOMBROBIEHESR 0=108 | & DED IR 2 Z &
LT RWIR KR L7225,

FREOTFINA TR DO 7= B KA E % Tabled (2”7, FIEAS 7 DIERKREVDIL, ¥ 27 NRIKOE &
MMPRENZDTH 5.

A0y v TRFEOIERIEE 2 BB HI20T, EEONIRRE T OIS NS 570, K
OBANMRERR S DVNTEME S R = L— a3 U ETDRTIUIZR 5720, ZORITi, B 7} EE 4=
283 W OHHIRER 21T > T\ D (7272 L a/D=0.067 12O\ CIESE BB OF KA 0=10° L 0 HIR
WFESRIZ 72 5 72728 Fig 9 [ZIZFR L TR

Table3 Wave scatter diagram of North Atlantic ¥

Hs/Tz B10) 4.5 5.5 6.5 1.5 8.5 9.5| 105/ 115/ 125 135 145 155/ 16.5 175 185
16.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15.5 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0
145 0 0 0 0 0 0 0 1 2 2 1 1 0 0 0 0
13.5 0 0 0 0 0 0 1 4 5 5 3 2 1 0 0 0
12.5 0 0 0 0 0 1 4 10 13 11 7 3 1 0 0 0
11.5 0 0 0 0 0 3 13 27 31 25 14 6 2 1 0 0
10.5 0 0 0 0 1 11 38 68 72 52 27 11 4 1 0 0

9.5 0 0 0 0 4 33/ 102/ 160, 152 99 48 19 6 2 0 0
8.5 0 0 0 1 15 98| 256| 351 297 175 78 28 8 2 1 0
15 0 0 0 3 52| 270 594, 703, 525 277 112 37 10 3 1 0
6.5 0 0 0 13/ 167| 690| 1258| 1269 826/ 387, 141 42 11 3 1 0
5.5 0 0 1 51| 498| 1603, 2373 2008| 1126| 464| 151 41 10 2 0 0
45 0 0 6/ 196| 1354| 3289| 3858, 2686| 1275 455/ 131 32 7 1 0 0
3.5 0 0 35| 696| 3227 5675 5099 2838| 1114| 338 84 18 4 1 0 0
25 0 2 198| 2159| 6230/ 7450/ 4860, 2066, 645 160 34 6 1 0 0 0
1.5 0 29| 986| 4976| 7738 5570/ 2376 704| 161 31 5 1 0 0 0 0
0.5 1 134 866] 1186] 634 186 37 6 1 0 0 0 0 0 0 0
SP., H/D=50%
0.25
----- a/D=0.033
by 015 T e, a/D=0.050
2
= == Non-linear
= 0l correct.
0.05
0
0 1 2 3 4 5 6 7 8

Fig.9 Long-term prediction of tank loads. (Spherical tank)
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Table4 Tank loads of 0=10"® estimated by long-term prediction

wo f%g @=1079)
SP. NEW
299% 0.072 0. 081
50% 0.110 0.129
65% 0.125 0.137
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Vo U 72 BB BB O Mt D E(R/Hs) 2B ISR T CORKA RIS Hsouax(T=Tz) % Fe U T LI
. BLNSEE Ty COEKA R ITIIR BB R DR D 2 L3 TE, Table3 OAFETH -7
ARG AN Z AWK 5. B IR Ty T R D RAE Ruux % Fig 10 (R $. 2 OFITIE, T=8.5s T
Ry TR ERD, ZDL EDRNAEEIL, He12.5m 720D T, (Hs=12.5m, T/=8.55)7)  fx A 1S (AR
W2, 228, HD=50%LIDIENLIZHOWTHEE LIz L 25, & TOWRN TH=12.5m, T=8.55) ) i B H
WRTH-T-.

H/D=50%, a=40mm

30000
25000
__ 20000

15000

Rmax [kN
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0
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Fig.10 Maximum short-term parameter in each wave period (7%)
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Fig.11 Long-term maximum load of SP. tank estimated by long-term prediction and worst sea-state method

3.3 IEARY FILDETIVIE

BB R OB W TH v 7 NI ORKRIEEHEETE D 2 L3 yhoic. UL, Sl RZ
A—H REZRDDHITIL, Z 7 @HNIHRIC L5 EEBUSEP LI, £z, An v v T RiEOIERE
BIEET 9 I IEEONERIE COREEISENMEI /25 Z LD, IS T,

AETIE, o7 38HINRIC X 2 BEBICE 2RO D OIS ER TR 7 — A DO EEIT 5 Z L 2R L
LT, JSEARY MLOET LA RET 5.

3.3.1 BV BIKDISERRY kL
B2 DR DISEANY PV SN, IWEBEIH(0)| LAY PV Swo) 2 DT FORTESND.

S(w:Hy, T,) = [H(w)|*S,, (w: H, T,) (3.2)

N(3.2) TROTz S(w) DB % Fig 12 1R, SEEHNERD T, =8.5s TAY MVOEENRK, T7obbHE
HI/XT A —H R NEKICT2 D Z E DR TE 5.
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Fig.12 Power Spectrum of tank load (SP. tank)

3.3.2 AVURREADARY MILD=AZALE

REFINESICBIT D X v 7 NIRIRJID AT b, # v 7 [EFAEREER oc OFEETREWE—27 2R
ARy NVIEIR E 72D, Figl2 DAY ML OE—7 JEJE L Table2 (278 Lz H/D=50%CD ¥ > 7 [AlFE
WAL wc (=0.84(rad/s)) & DRNCZEN D D DI, MAEIEEN) L U 25 & 2 7 M5 AN OIS A B Hy (o) DMK
JEEMTEm< 8D 2 &, KUY, AT MV OTGRDN RS B(=20/T2) F 0 V IZFERTR T o 5 72 O IF15
JER L ©— 7 WEREER B LW S I K> TALDBGTHS.

AHANE R ORI, —MANPEATILD AT N IZI2 % DTARY MV O E— 7 A il
SR O NNSE TS, H T A—Z RIZAY MLV THENZEREOEFRTHD. AT b E
Fig.13 O £ D AR wep, 18 S D3S(0)max (= TH(@) 345 X Sy (@) yax) P = fTETILLT 2 &, T A —
X RIFRA 7D,

1
R= \]5 IH(w) |31 ax X Sw(@)max X Weps (3.3)
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Fig.13 Image of modelling of power spectrum of tank load
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5 7 NIRRT ) DA B O REEh D o KRB H (@) vax (3, & > 7 AR wc 123615 D EZ VT, BLFO
o3RO DHZENTE D,

Bwo) | y(@c)
a h

|[H(w)|max = (34

IACS Rec.34” TH- 2 BB AT VORI KNGS, (0)max 1%, FREFIEG O F-L13 F R OV
W& TINEN Ty, Hsw ERFL LT, UTOXTHZ BN,

1
SHZ, T 4\ 2 5
oS (4 -
Wmax 32m sz) P\ 7% (3:5)

LT, BT A—=F DEKRIE Ry ZU T O TEHEZbND.
Ryax = 0'1|H(w)|MAXHSW\/ TowWess (3.6)

ST O DA A EEE 04X 03~04 FRETHD. 2T, ogldifiTELLEEZLND
e, WOEBELZMZ 5. WRPELS 725 &2 7 AFEMITE S 220 7T, XB)ITHW LA M
SU@) DXL EM B R L 72D, OREMNREL 2D &, WA MLVOEEEEHEIIR 2D, 5o T,
IRIEAL TlE w2/ NE L, FHRAL Tl w0 Z REL EBHRE LB BND. AR MVOJEREGEHIA S &
T; 3B DOERICH H DT, TN TINnNERET 5.

TCO
Werf = Wegro X T (3.7)
c

oo O TeplF,  FEHE & 72 DIRALCOAZNEWEHP N O 7 > 7 [EA A TH 5. AWFSETIX H/D=50%%
ML L, ZOWNLTD wg(=ogm% 0.3 & L.

3.4 REEHBEROFYREL

RGO T, FEBEINESRONYRE M Ty 132 o 7 [FAFRE Te 2% LD EIET D, Fig10 B 15
DIV D E R HRER O R Thn=8.5s \Zxt L, %> 7 FFAJEM T=7.45s TH5H. Figl0 D Ty 7
FFAEH Te L0 SEAMIC/ 2 0L, FRFEBSEE RO X > 7 [FFBRYME X, EMAERMIC /512
ONT, ZOWEMTORRERENEL 2D THD. L, ZOFTINRBEBERIKFT D720,
R GHEETE Tl Ty =T & BRI O A L ERT 5. T78bb, B6) T T,=T=745 & L,
Z DL X Figl12 O T=7.5s DIEEART MVINDREIINT A—2 %2 RDDH 278D

3.5 REIRATEDHSZHE
AR O=108 1Y T 2 B ELY, SEEINES T, Heay } TO 1/1000 e KEIFHEIZZE L &
IS, 171000 e KEIFHEE, XG.DEHOWTUTOXTRES.

E, = 0.11H(@)|max X Hoyy Tr@ersy/2 X In(1000) (3.8)

T,y =T, Hgy = max {H|T, =T}

KEBAHZEXGYMA LT, HIEMICEYR AW EIL,
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E,(w w
E, =01 i C)xy( C)stw,/TZWweffw/z><1n(1000)

Ymax a h
(3.9)

LRIND.

3.6 RAFMEEHAET HTHRANIR L FiliZIRAMIRIRIE

T IR TORIT, RMRAHELZ R MHAAREHD LS IORShE, L, RE9HD X220
%135 12D ONHRIRIR a ORI E R SUTOR. £ 2T, SRINRER O T ans 2 VT, AR
S COASRAINMRIRIR & Sili7. TEARRAVNRINE] A3ET 5. ZNEHVS 2 LT LIREOSADN
RSB 5 RS L 2 L— 3V CRIMERMEOHEEN TR /2 5. SHTAIMRIRIE % R 5 I
ZL FICiT

3.6.1 BREEHBROFERER
& 7 BIRAIIMRIRIE O AU E %w) DR, RS0 1/1000 (AR B, Fk
RO 0 15, RERMIROR RS p 20T, BFORTRENS.

1
Q = p(st: Tzw) X M (310)

O=10* 1272 2 MRINIHRIRIEAS, 720 HEFRBIAIIRIRNE & 72 5. Z ORAIHRIRNE T OEBREISE O K fE
0, RHRAMEICHYET 5.

3. 6.2 MRANRIRNEDEINE arus
BIRIER 72 IR0 O FENE arus %KD 5.

1 (7 _ a
Arys = Tfo {a x sin (wt)}?dt = ﬁ (3.11)

KGIDIE, MHRENOBHHED S FEE, TRbbIEERAEL R 2 k5.

KGANDZ 2 7 NHREENL D ERNE apus 3720 DIFERZEDS, SRR O % o7 BT MZRL y OEERZE R,
WZELWET 5. RIX, Fig2 IR LIX v 7 RN y DISEREE AT MV OBIEERADETRD
5 ENTE, MHISEREEIL Figld O X D275, WA & O8I LM OHEEN %1% 5 72 DRI AR 2K
ETD.
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Standard deviation of y (Long-crested wave)
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Fig.14 Standard deviation of ship motion of y-direction

Fig.14 TI&, WM& y%& /"7 A =212, RERZER A& S Hs TRz 72y L TWD. apus &5
M2 S YR 22 DINE N U D A 21T, Fig14 OftOE 2 AW RN SEHE SR D.

—ﬁH 3.12
aRMS_HXS (3.12)

N

agrms
- B 3.13
Ry(Hsr TZ:X) ( )
Hy

« Hy

XU REIFIENL y 1E, y=90deg DR AR BIL L, & v 7 NIRSI ORI KB 72 B0 IRE T H
5. LER-T, KGBI3)DFFEIZIE Fig.14 Dy=90deg, T~=TclZH 5 R/Hs DIEA WS,

3.6.3 #EH5I
H/D=50%(Tc=17.45s), #RIE a/D=0.050 (a=60mm&H 2 r— v, HERK 1/35) DL &, FEWRAYZ v 7 OIE

IRIEDENEIL,

0.06m x 35
Appys = ——(—=— = 1.48m (314)

V2

Fig.14 126, T=Tc=145s DfEZ#HARL &, R/Hs0.17 £72%. Ko THEE® Hsl3,
1.48
Hy= =——=87m (3.15)

PRI IR D NIRIRIE a=60mm, % > 7 [FIFREM TolZF4 3 254 E, BFRIEE Hs=8.7m, X% JEH 7,=7.45s
LD, ZOEEMERORBMER p BIREBMER O ORD D, ek, WIRBEHHAERIERME T LN
TWA =D EAE U CRBMEREZ RO H. 2 2 CTIIHIEHITZ AV 2. Hs=8.7m, T,=7.45s DREMES O3Bl
X p=63X10°12725.
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SRR ESRD % 7 NIRRT O RAEIE, He=8.7m, T/=7.45 DEIUFLRIZI T 5 Z o 7 NFIET1D 1/1000 £
FKMEET 5. LoT, NEEE a=60mm (Z331F 5 i AABIZ ZAM 7o faf EE DR EE SR,

63 X ! }— 7.2 3.16
100000 = 1000) (3.16)

logQ = log{

L7 0, IEIRIE a=60mm TOR KL, EW0A0 O, logQ = — 7200 EICKET 5. RO TFIE
T, MOWRNL H/D K ONEIRNE o (231} 2 i E(logQ) %K % . TableS DFERMNE, 0=10° O KWl K&
% 5. 2 HNHERIEIE a/D=0.050~0.067 |28 5 Z & B35,

TableS Equivalent long-term probability (logQ) corresponding to motion amplitude (a)
Tank ", a/b
Shape 0.017 | 0.033 | 0.050 | 0.067
29% -4.2 =51 -6.6 =71

SP. 50% 4.4 -5.6 -1.2 -8.9
65% 4.7 -6.0 -1.5 -9.3
29% -4.2 -5.1 -6.5 -1.0
NEW 50% 4.4 -5.6 -1.2 -8.9
65% -4.6 -5.8 -1.3 -9.1

4. BBEEFEOREL

41 BHERICLHSRPRKFEDGTE

AT OREHE RN D, EHOAM OBIBHER 0=10% DX > 7 WIRIK ) & 3423 2 SR RDIRRIE 23780
FEEREEIF O TIL a/D=0.067 D3EVDOT, Z OHHRIRNE T & > 7 [FIFHEE OIS 2 2. iR R o
BOKAENE, Fig 151”3 X912, & v 7 [AFAEREE (0=0.843rad/s) DIEZ T 5.

H/D=50%, A= 80 mm
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Fig.15 Response amplitude operator of tank load (SP. tank) and the response level of natural sloshing
frequency (Circle).
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Fig.15 OfEfli, Fig.6 |8 LIZMRITETli/el, ¥ 7 WiRiRS) F, ZIURIENE o« TBRL7ZE TR L T
L. 29T 5HE, 232 BiCHRRIEEDIZ, FUUREFAAEEELY LEEKOERCTRWEREICRD ZENH 5.
LML, ZOMERTIE Fig2 726005 & 9 ITRESR /NS <, SR BHBE RIS 23RN
728, 0=10% DR RFE~DEGIIDIR. Lizin->T, EREZRFEEREEEORECER T 5. 5t
FUTHA LR Z OEERGTRAL TIRFBNDE, % Table 6 1277

Table6 Long-term load estimated by eq.(3.9) (SP.)
D Tov | Hsw | y(we) | B(we) | B, ..
() [ m | h |yD3Xy| yD?
29 % 83 11.5 0.64 0.025 0.100
50 % 7.5 9.9 0.48 0.046 0.133

65% | 6.7 83 0.33 0.061 0.095

Table4 ORI TR & T 5 &, H/D=65%IZ8BW\ T, EHTHIL Y SFEGHEEMO MK 2> Tins. K
GBIE, Ary T TRENAE U D Z 7 RRRJERESEOWS COMEBEEZBE L TWD 12D, T OWRMN
BEEEINERIC e 700G, RQ)OHEEMITEM FRIORKEL Y b/hE< 2%, TRbbARMIETHWZ
B IRFEBUSA L R (Table3) TIL, # > 7 [AFREM L Y & REMMCHE RS m < 25720, KA OWES ) i
AR 22 nH D, 2oL EXBY)OHEEMITEM THIE L v /N <D, 7 NREE, 2ry
TS 7 NIRIROEHE N X A EOT TR SN, BERMOERIZE W CidAa vy v/ WE
0 BEM DO IMELA D BHEINE, Z o 7 RIROEENRE VWS X, ERIXEERAIEN NS 2 v
DUTNIIDIZ WEE, HEIICKE LY, HD=65%TIXZ O FIARL 5720, K(3.9) TOHEEHA
EWITINCE2RKMEL D /NS ZeoTz. 2D, ZOXRUGEERGT LT,

TEMER AR KIT 72 DRSNS, IREBEERICB W THEREENR KT, 2o, I E I & b MO
Wg e B2 o5, AERPELEDIIRIEBIAEIE F(Table3) 2BV T, Tz=10.5s, Hs=14.5m 7 Z A% T 5.

H 27 NIRIROIEM N £ 2 BESISEIILL FORXTE 2 55,

F,
Ey = Mw? (4.1)

K(4.1)T w=2n/10.5s & LT, F/a KOVZ 7 BEFIENRL y/h % 3RD, Faux 315 L2, 0l 3RG)IZHE- 7.
FERA Table7 (/89 H/D=65%IZH\ CITEMEINC KD Fuux DJ778 Table6 (/R L72fEL W b K& < 2oz,
S HEE TETIE, X 7 WREDOREYIRAHMEL LT, Tableb D A1 v FREOHEEZ T L LIS
ERX (H3.9) TRELHRKEE, Table7 DX o V1B IOHEFE LR (X4.1) TRELHAMEOWT
N REWFEEBRATS.

Table7 Long-term load estimated by tank inertia force
F,

HD | T45) | Hym) % o ]y/yDngx
29% 0.0041 | 0.036
50% | 105 |145 |098 |00097 | o0.001
65% 0.0140 | 0.136

4.2 REAFAIE DL
S HEE FIEK ORI TN X 5 EMIR KA E & bl LT Table8 & Y Fig.16 12~ . B K &EIZyD? ©
ok E LCnd. EFITPHIEA R v o U T OIBAEIEZIT S To iR CTh D, FiEH v 7 DN Z
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TNZHARTIFENPREVDIL, BT 7 OFNZ 7 NIRIEDEENKE L, BEAINRKEL 520 TH
D, ARIRAL (H/D=29%) TiE, RHITHIE D SESHEED ST PR EOHEER R L > TWDHDNG1nD. =
i, KRN 722 EEMED VNS 720, ZORER, X 7 NRIEINCED D A0 v o v TRIEOEIGE R
<ﬁékb,&V&ﬁﬁWﬁ@ﬂ%ﬂﬁﬁ@f—yﬁjO.%@tb,ﬁ@%ﬁﬁ%ﬁwﬁ%mé<féﬁgﬁ
HDHEBEZLNDD, BUEOHERRNIZITZ OFERBE SN TN ORI HEERE R & 7e o T2, AR5
@%ﬁf&?@ﬁw%@&/ymm%ﬁmﬁ#(memﬁmﬁ;@%mémtm,%%@%ﬁf%@ﬁ&é
ZEIENEEZ LNDN, HEREAITIIEY 7 OIFNREL o TRY, XU 7R > TiX, AAE
W BEH 2 2RO B - OICEBE N B CIRiA N 22 WERH D L B2 HIVD. AR EEH DA B 725 ETE
WZOWTTAHOBEE T 5.

7o, BRADMHRIREOIZNMEZ AWV CBiMERE 5 2 2 FE0 D, EFRKMEEZRDL ZENTED.
Fig.17 1%, ZEhE% AW CR7-BibmeE 240, SABRHIMROR KM Azt v, 77717 ay FL
tﬁ%f%é.7m/%btv—ﬁ%mﬁ%éwiﬂﬁbf,Q«W@m%m&mé_kfﬁﬁﬁﬁﬁi%ﬁg
NG Z ENTE D, TORER S PR T Table8 X (N Fig.16 (IR L2, WO FEEZHANTYH, 0=108DE
R KM EOHSHENREEE X bD.

FIE A D 7R, fESHEE TE & e CTIRIRAL TR OISR TR OHEE &L 72 0, T ORER, (KIRAL
BN THRHITENIVHEER RGO TV D, AR TRE LS HE FiEL, G D TRLZERDY
VA U —DAAERELTNDN, Ay 70X 9 2 RSG5 A RANNE Tl AR A 572 2 AT EE
PERH Y, FX 7 HENCEDD A0 v o v TIREOEIRIINERN TRE L 2D O K AT I~ T- L
BEZoD. —F, FEMEEZRWDHET, BEISEIZ VA Y = 2 E LTV RW a8, ARIRAL TOHEEE
DEGHEETILELY /S0, BEMPINGEVHEEIZ/e -T2 LB 2 b5, ILEDRERIE Z 5 AH R+
DFEHNSE DAL, AREREEE & bR H D L ZZ b, SHROBRFRVEE 5.

Table8 Comparison between simplified method and long-term prediction

Simplified
Long L
Tank Simplified | method
H/D term
Type o method (based on
prediction
arwvs)
29 % 0.072 0.100 0.078
SP. 50 % 0.110 0.133 0.120
65 % 0.125 0.136 0.150
29 % 0.081 0.133 0.090
NEW 50 % 0.129 0.140 0.140
65 % 0.137 0.142 0.153
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Fig.16 Comparison between simplified method and long-term prediction
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Fig.17 Estimation of long-term maximum load utilizing the equivalent long-term probability

5. F&o

MNTRIERIE % > 7 2 4 7" B 20 LNG En I H S D LNG % > 7 WA 12 & 2 B R far s O i Sy 4
ETIEIZOWTRFZITV, LLFOfSm & 15372,

1) & > 7 BRIOEHIREERZITV, EREROHIER Y v D2A0 v v 7 ORE R Uiz, MRS e
HAIdAv v v ZHEIE, Z2 7 RFABEEMITRICRD Z L, RO, IMEREEARKE LSR5 A2T Y
YISO — NEBHE Z 5 72 ONRIRIE I U CREMES 22 2 &, T 2b oIt es A6 %
SN LT,

2) X 7 NEN ORMBEfMESE =108 IS T 2R RMEY, MEHEIEROBG CHERREL L%
~LTz.

3) FEEESOMGmEFIA LT, An vy v IR EOIERIEEZ B LI RPN KW E A2 SN HEET 5
FEERE L. ZWNRIKD DO AR S v 2 o 7 RFHBREENTES L b Z A THEEIL, £, &
KAFEZHAET 5 ABHREE & Sl BRANMRRIEZ EAT 5 Z &2k ->C, 1 BOSANMEER CEBK
KfEEZFEERSHEETEDLZ L E2R LT

4) ZAHFEAMERE S EE, RMRAWEEZ RO L FIELBRFL, 205 FIETH R HEER-ENSGD
D& EHES L.

T2, ABFTETIE, FRFHIIHIEERE C O EHEE & RN EM T D720 D, BIR K OGREINIESME 20 AT
FEIZOWTHIR L TS, AR TIRE L FEE, MSAAERE 2 7 24 7B U LNG % 7 WDk
BHIZT TR, AT IV TKERZIITHS BA v B 7%, IMRINESRIISHRFRETH D Z L0 b,
BEEEIC L ARAIFEIRA S S 2 L— g COFIFUREIZER S b D L HiIfF X 5.
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