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A Study on Simplified Analysis for the Initial Tank Design of

Spherical Type LNG Carriers
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Spherical type LNG carrier has many advantages, but has a demerit it is more expensive than membrane type one, Therefore, when calculating
the initial estimate of spherical type LNG carrier, high accuracy calculation of tank weight has to be carried out, In this study the simplified
analysis method which is able to calculate stresses of all the tank zones is established and has special feature to deal with static and
dynamic loading, In order to verify the established method, the design results obtained through the method in this study have been compared
with those of existing ship obtained from finite element analysis, As a result, the usability of simplified analysis method has been confirmed,

Keywords : Spherical type LNG carrier(-#8 LNG 28tM), Initial estimate(Z=7| 74%), Tank weight(B83 2§, Simplified analysis(Z0[5HAd)
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Table 1 Full load seagoing condition

Loading Description
Self weight Tank system
Cargo weight 100% filling
Static Overpressure 0.25bar
Interaction force | Due to still water bending
(static) moment
Thermal load Temperature curve
Longitudinal acceleration
Dynamic .
) Transverse acceleration
) accelerations
Dynamic Vertical acceleration
Interaction force Due to wave bending
(dynamic) moment

Table 3 Tank test conditions

Loading Condition 1 Condition 2
Self weight Tank system Tank system
Cargo weight | 50% water filling Empty
Overpressure 1.2bar 2.0bar
Interaction Due to still water | Due to still water
force bending moment bending moment

2.4 F=HN gel=A
o 72 30| Faie FHo| F2| Holol FaiT
olo| SIS HHP| sk ALBEIN, 55 2218 Table 40f Lt

ERHACE

Table 4 Seagoing condition with partial filling

Loading Description
Cargo weight Partial filling
External pressure 0.05bar

2.2 vl EzA

T 7K = &, 100% H(filing) Al 50% XA Al=2
=0, MA LHES Table 201 LIERHACE

Table 2 Emergency discharge conditions

Interaction force

) Due to still water bending moment
(static)

Interaction force

) Due to wave bending moment
(dynamic)

Loading Condition 1 Condition 2
Self weight Tank system Tank system
Cargo weight 100% filling 50% filling
Overpressure | 0.5pgh + Margin pgh + Margin
Interaction Due to still water | Due to still water
force bending moment bending moment
Thermal load | Temperature curve | Temperature curve

Table 20llM 22K overpressure)2 B3 LiEol| 712 7|5H
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Table 5 Stress combination
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Table 6 Critical loading condition

Critical loading

Group condition Remark

— Emergency discharge | According to the tank
Zone 1, " ) )

— Tank test condition height and applied
Zone 2 . )

— Full load seagoing accelerations
Zone 3, |- Seagoing condition )
Zone 4L | with partial filing Buckling check
Zone 4U, :
Zone 5 Full load seagoing
Zone 6, |- Emergency discharge | According to the tank
Zone 7 |- Tank test condition height
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Table 7 Static meridional forces by full load seagoing P, = pgRay sin ¢ cos 6 (13)
condition
Position Loading Ny
Overpressur PR
e 2
Upper | Self weight | — <230 —05¢ _ p SING
Hemisphere Sy Sty
100% R? 2cos?p
Cargo P97 \1 " T cosp
weight L
Overpressur PR
e 2
. qR sinny
| L(.)WC;]F Self weight 1+ cosp + sin’p pdynamic uniform part P dynamic varing part
emisphere , . .
100% , , Fig. 5 Pressure components by horizontal acceleration
R 2cos
Cargo pg?( 1+ cos )
weight L
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Table 8 Static circumferential forces by full load seagoing
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Table 9 Dynamic forces by horizontal accelerations

Acceleration

Dynamic forces
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Table 10 Static meridional forces by emergency discharge
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Position Loading N,
Overpressure pgR*
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Hemisphere Sy i
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weight
Overpressure pgR*
. R i
Lower Self weight 1+qCOS + S.H;n
Hemisphere 7 S e
50% Cargo E(H cos’p )
weight PI—3 1+cosp

Table 11 Static circumferential forces by emergency discharge

condition
Position Loading N,

Overpressure pgR*

Upper Self weight —qRcosp— N,
Hemisphere 50% Cargo
weight

Overpressure pgR*

Lower Self weight qRcosp — N,

Hemisphere
50% Cargo 9
weight pgR7cosp — N,

Mrlet Y30 MeIgee
Wix|= o|Edel £Aloz EHaP| ofzigl T PxoIA
Ssi &2 ClolE 2SS MBI CIE M ulAEx

|
NE M43 TRDME] olpt MERIB20t Taisk Hct

AEZO| Z2, deKoz 3o MFojA= IS

~3 P:*OHHE 22 50% M

Baxo|ct w2b, Zore 12} Zone 22| FH| A

50% A= =712, Zone 62 Zone 72| S A
S

S | ol-i Al-gxl-
ES H2lslH B30l 2shs ALl &2 7F0l| ek S
X




AJAE
—_—_o

Mol

Yo 25k HEel o & MY, XS, &= S22 0l

TAOZ FHSP| 30[sid, 0|E Table 122F 130] LIEH

Table 12 Static meridional forces by tank test condition

Position Loading N,
R
Overpressure 0.2MPa < 5
UPPEr | seif weight | —qROS0 =052 _ psinf
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weight 3 1+ cosy

Table 13 Static circumferential forces by tank test condition

Position Loading N,
R
Overpressure 0.2 Pa x< >
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Overpressure 0.12MPa X< 5
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Table 14 Principal ship particulars
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Draft (Design) 11.15m
Metacentric height 7.5m
Service speed (at NCR) 19.8knots
Block coefficient 0.720

Table 15 Design accelerations in ULS condition

Acceleration No.2~4 tanks No.1 tank
Vertical (a,) 0.4659g 0.732g
Transverse (a,) 0.6089g 0.6289g
Longitudinal (ay) 0.198g 0.201g
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Table 16 Required thicknesses by simplified analysis

(No.1)
Loading condition (mm)

Region | Full load | Emergency Tank Sf;frﬁgg

seagoing | discharge test filing)
Zone 7 - 32 30 -
Zone 6 - 29 27 -
Zone 5 43 - - -
Zone 4U 49 - - -
Zone 4L - - - 57
Zone 3 - - - 46
Zone 2 44 40 39 -
Zone 1 48 41 41 -

Table 17 Required thicknesses by simplified analysis
(No.2~4)

Loading condition (mm)
Region | Fyll load | Emergency | Tank S(e;;(t)ilglg
seagoing | discharge test filling)
Zone 7 - 32 30 -
Zone 6 - 29 27 -
Zone 5 39 - - -
Zone 4U 45 - - —
Zone 4L - - - 56
Zone 3 - - - 45
Zone 2 38 40 39 -
Zone 1 42 41 41 -
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FEM: 576 + (585X3)=2331ton

Simplified analysis: 583 + (586x3)=2341ton
2Rk Akt

Error rate(%) = 10/2331x100 = 0.4%
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Table 18 Comparison of tank thicknesses by analysis

methods

No.1 tank (mm) No.2~4 tanks (mm)
R BT e BT i
Zone 7 32 32 32 32
Zone 6 30 31 29 29
Zone 5 42 43 40 39
Zone 4U 47 49 47 49
Zone 4L 57 57 57 57
Zone 3 46 46 45 45
Zone 2 44 44 39 40
Zone 1 48 48 42 42

Table 19 Comparison of tank weight by analysis methods

No.1 tank (ton) No.2~4 tanks (ton)

R T R T s
Zone 7 19 19 20 20
Zone 6 62 64 64 64
Zone 5 129 132 131 127
Zone 4U 47 49 50 52
Zone 4L 57 57 61 61
Zone 3 141 141 147 147
Zone 2 91 9N 86 88
Zone 1 29 29 27 27
Sum 576 583 585 586
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