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1.1.1.1  150m
0.07MPa

1.1.1.2  CCS

1.1.1.3   

1.2.1   
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              -163ºC, 500 kg/m3,CCSS
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1.1   

1.1.1   LNG LPG
LNG 163
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Containment System CCS
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1.2.1   GTT NO 96 4 5
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1.3.1  

/ 135°
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cofferdam 50
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A
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2.1   GTT NO 96 

2.1.1   

(1)   Mastic rope Resin rope

(kraft paper)

(2)   Wedge



/ /

(3)  Insulation box

1200×1000×230mm 1140×1000×300mm
Plywood GTT 

0.1mm

Perlite

GTT 
GTT 30

Heavy box

(4)   

coupler base socket coupler rod
spring washer setting plate
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collar stud
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TIG

3~5



(5)   (membrane)

GTT NO 96 
Invar 0.7mm 500mm

36 Fe-Ni
LNG 170 +100

1.8×10-6/ LNG

  
(Invar tube)
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GTT 
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Seam resistance weld Tongue
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2.4.1  

LNG 

(1)  LNG 
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A:  Portside Pump Discharge Pipe
B: Starboard Pump Discharge Pipe
C:  Stripping Pump Discharge Pipe
D:  Radar Level Gauge Pipe
E:  Emergency Pump Discharge Pipe
F:  Filling Pipe
G: Float Level Gauge Pipe
H: High Level Alarms
J1,J2,J3: Electrical Cables Pipe(Cargo Pumps)
K: Instrumentation Cables and Sampling
M: Man Hole
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CCS
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t
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2
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3.3.2.2   

(1)  CCS 2 2 2
 

σ =120/K   N/mm2    GTT NO 96

σ =185/K   N/mm2    MARK III

K —— CCS 2 1 5

(2)  40 GTT NO 96

2
� SWVHWV σσ +

80     N/mm2

σWV, H —— N/mm2

σWV, S —— N/mm2

  

          20

3.3.2.3   

(1)  

sF (+)= �
S
Iδ

×10-2 - (+)    kN wF

sF (-)= �
S
Iδ

×10-2 - (-)    kN wF

Fw —— kN CCS 2 2
τ —— 110/K N/mm2 K

I  —— cm4

S —— cm3

δ —— δ1 δ2 δ1 δ2



δ1 =
1

1

f
t

 ,  δ2 =
2

2

f
t

 

:  t1 —— mm
t2 —— mm
f1 = 0.154 + 0.08A1/A2 + 0.1b/B
f2 = 0.346  0.08A1/A2 + 0.1b/B

A1 —— 3.3.2.3 cm2  
A2 —— 3.3.2.3

cm2

b —— m
B —— m

A1 A2

(2)   

(a)   τ

� =
1δI

SFF ws +
× 102  N/mm2

Fs —— kN 3.3.2.3
S —— cm3 S

S

Fw I δ2 —— 3.3.2.3

(b)   τ



� =
2δI

SFF ws +
× 102   N/mm2

sF S —— 3.3.2.3

   Fw I δ2 —— 3.3.2.3

3.3.3   

3.3.3.1   0.4L

3.3.3.2   

1.0MSW + 1.35MWV 243.1
UM

MSW —— kN·m
MWV —— kN·m
MU —— kN·m

3.4.1   

3.4.1.1   

3.4.1.2   0.4L

3.4.2   

3.4.2.1   0.4L t

1t 0.052s ( ) bFL 1701 +     mm

2t 4.9s dhw 85.0+        mm

s —— m
d —— m

L1 —— m 190m
Fb —— CCS 2 2 2



hw 0.2B0.66 C
L

⎟
⎠
⎞

⎜
⎝
⎛ +

82.025.0
B —— m
L —— m
C —— CCS 2 2 2

3.4.2.2   b

b 900 3.5L    mm

t

t t0 2.0  mm

t0 —— 3.4.2.1 mm

3.4.3   

3.4.3.1   0.4L

3.4.3.2  8
3.8.4.1 t

t 
165

brF
K

   mm

r —— mm
K —— CCS 2 1 5

Fb —— CCS 2 2 2

3.4.4   

3.4.4.1   0.4L t

(1)   D
4
3

t

1t 0.058s(L1+110) dF        mm 

2t 7.2s wh                mm 



s —— m
L1 —— 190m  
Fd —— CCS 2 2 2  
hw —— 3.4.2.1

(2)   D
4
1

t

1t 0.06s(L1+110) bF         mm 

2t 5.2s Ddhw 2.085.0 −+    mm 

s —— m
d —— m

Fb—— , CCS 2 2 2
L1—— 190m
hw—— 3.4.2.1

(3)   D
4
1 D

4
3

t

1t =s +( - )h      mm 11t 12t 11t

2t =s +( - )h     mm 21t 22t 21t

 =11t
Dz

Dz

s
t

25.0

25.01 ,

=

=

       =12t
Dz

Dz

s
t

75.0

75.01 ,

=

=

       =21t
Dz

Dz

s
t

25.0

25.02 ,
=

=

       =22t
Dz

Dz

s
t

75.0

75.02 ,
=

=

h=
D5.0

Dz 25.0−

——0.25D mDzs 25.0=

              ——0.75D mDzs 75.0=

      ——0.25D mmDzt 25.01, = 1t

              ——0.75D mmDzt 75.01, = 1t

      ——0.25D mmDzt 25.02, = 2t

              ——0.75D mmDzt 75.02, = 2t

   s—— m

D—— m

z——



3.4.5   

3.4.5.1   0.1D

3.4.5.2  0.4L t

1t 0.060s( 1L 110) dF     mm 

2t 0.9s 80+L             mm 

s —— m
L —— m

L1 —— 190m
Fd —— CCS 2 2 2

3.4.5.3   , , 0.5L
, ,

15
0.5L

3.5.1   

3.5.1.1   

3.5.2   

3.5.2.1   

(1)   0.4L t

1t 0.060s( 1L 110) dF     mm 

2t 0.9s 80+L             mm 

s —— m



L —— m
L1 —— 190 m
Fd —— CCS 2 2 2

(2)  0.4L t
 

1t 0.060s( 1L 105) dF   mm 

2t 0.9s 80+L           mm 

s —— m
L —— m

L1 —— m 190 m
Fd —— CCS 2 2 2

3.5.2.2   

(1)   0.4L t

1t 0.051s( 1L 110) dF   mm 

2t 0.9s 80+L           mm 

s —— m
L —— m

L1 —— m 190 m
Fd —— CCS 2 2 2

(2)   0.4L t

1t 0.060s( 1L 110) dF     mm 

2t 0.9s 80+L             mm 

s —— m
L —— m

L1 —— m 190 m
Fd —— CCS 2 2 2



(3)  0.4L t

1t 0.051s( 1L 110) dF   mm 

2t 0.9s 80+L           mm 

s —— m
L —— m
L1 —— m 190 m
Fd —— CCS 2 2 2

3.5.3   

3.5.3.1   0.4L t

1t 0.060s( 1L 110) dF     mm 

2t 0.9s 80+L             mm 

s —— m
L —— m

L1 —— m 190 m
Fd —— CCS 2 2 2

3.5.3.2   0.4L t

1t 0.060s( 1L 105) dF   mm 

2t 0.9s 80+L           mm 

s —— m
L —— m

L1 —— m 190 m
Fd —— CCS 2 2 2

3.5.3.3   0.4L (6.8L+500) mm L
m 1800mm  65%



3.6.1   

3.6.1.1   

3.6.2   

3.6.2.1   

3.6.2.2   

3.6.2.3   

3.6.3   

3.6.3.1   
2

4m

3.6.3.2    h1

h1 = 35B + 100    mm 1000 mm

: B —— , m

3.6.3.3   

t = 0.006h1 + 1.0  mm 16 mm

h1 —— 3.6.3.2

3.6.3.4   

t = 0.006h1 + 0.5  mm 16mm

h1 —— 3.6.3.2

3.6.4   



3.6.4.1   t

t = 0.006h1 + 0.5  mm 16mm

h1 —— 3.6.3.2

3.6.4.2   

3.6.4.3   

3.6.5   

3.6.5.1   W

W = 30sl2    cm3

s —— m
   l —— m 2.5m  

3.6.5.2   0.4L
3.6.5.1

90

3.6.5.3   

3.6.6   

3.6.6.1   W

W = 30sl2    cm3

s —— m
l —— m 2.5m  

3.6.6.2   0.4L
0.075L 3.6.6.1 80

CCS 2 2 2.8.5.1



3.6.6.3   

3.6.7   

3.6.7.1   

(1)   0.4L t

1t = 0.060s( + 110)1L
dF  mm 

2t = 0.9s 80+L  mm 

3t = 0.140 +eqPs  mm

s —— m
L —— m

L1 —— m 190 m
Fd —— CCS 2 2 2
Peq—— MPa IGC 4 4.3.2

(2)  0.4L t
 

1t = 0.060s( + 105)1L dF  mm 

2t = 0.9s 80+L  mm 

3t = 0.140 +eqPs mm

s —— m
L —— m
L1 —— m 190 m
Fd —— CCS 2 2 2

Peq —— MPa IGC 4 4.3.2

3.6.7.2   

(1)   0.4L t



1t = 0.060s( + 110)1L dF  mm 

2t = 0.9s 80+L  mm 

3t 0.140 += eqPs mm

s —— m

L —— m

L1 —— m 190 m

Fd —— CCS 2 2 2

Peq —— MPa IGC 4 4.3.2

(2)   0.4L t

1t = 0.050s( + 110)1L dF  mm 

2t = 0.9s 80+L  mm 

3t 0.140 += eqPs mm

s —— m

L —— m

L1 —— m 190 m

Fd —— CCS 2 2 2

Peq—— MPa IGC 4 4.3.2

(3)  0.4L t

1t = 0.050s( + 105)1L dF  mm 

2t = 0.9s 80+L  mm 

3t 0.140 += eqPs mm

s —— m

L —— m

L1 —— m 190 m

Fd —— CCS 2 2 2

Peq —— MPa IGC 4 4.3.2



3.6.8   

3.6.8.1   W

W1 = 70sl2            cm3

W2 = 560sPeql
2    cm3

s —— m
l —— m 2.5m
Peq —— MPa IGC 4 4.3.2

3.6.8.2   0.4L
3.6.8.1

90

3.6.8.3   

3.7.1   

3.7.1.1   

3.7.1.2   10

3.7.1.3   

3.7.1.4    

3.7.1.5   



3.7.2   

3.7.2.1   W

W = 7.2s(h + 1.2)l2     cm3

s —— m
h —— m 0.25D
l —— m
D —— m

3.7.2.2   0.1D
CCS

2 1 1.2.6 20
8

3.7.3   

3.7.3.1   

t1 = 2.5s PD 100+ + 2.5  mm 
01402 .Pst eq +=         mm

s —— m
P —— MPa
D —— m;
Peq—— MPa IGC 4 4.3.2

3.7.3.2   

W1 = 7.2s(h1 + 1.2)l2  cm3

W2 = 4.2s(h2 + 100P + 1.2)l2  cm3

W3 = 560sPeql2 cm3

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m 0.25D



h2—— m 0.25D
l —— m

3.7.3.3   0.1D

CCS 2 1 1.2.6 20
8

3.7.4   

3.7.4.1   

t1 = 4.0s 1h + 2.5 mm 

t2 = 2.5s Ph 1002 + + 2.5 mm 

01403 .Pst eq +=  mm

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m 0.4D
h2 —— m 0.4D
D —— m

3.7.4.2   W

W1 = 7.2s(h1+1.2)l2 cm3

W2 = 4.2s(h2+100P+1.2)l2 cm3

W3 = 560sPeql2 cm3

s —— m

P —— MPa

Peq—— MPa IGC 4 4.3.2

h1 —— m 0.25D

h2 —— m 0.25D

l  —— m



3.7.5   

3.7.5.1   

1=t
70
s × 103 mm 

2t = 4s 1h + 2.5 mm  

3t = 2.5s Ph 1002 + + 2.5 mm 

01404 .Pst eq +=  mm

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m 0.4D
h2 —— m 0.4D

3.7.5.2   

W1 = 8.4s(h1 + 1.2)l2 cm3

W2 = 4.5s(h2 +100P+ 1.2)l2 cm3

W3 = 560sPeql2 cm3

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m
h2 —— m
l  —— m

3.7.6   

3.7.6.1   t 1
3.1.2.1

3.7.6.2   10 3.10.3

3.7.6.3   CCS 2 2 13  



3.7.7   

3.7.7.1   CCS 2 2 13

3.7.7.2   CCS

2 2 13

3.7.7.3   

1 3.1.2.1

10

3.8.1   

3.8.1.1   

3.8.1.2   10

, , ,

3.8.1.3   CCS

2 2 6

3.8.2   

3.8.2.1   

2 4m

3.8.2.2   

3.8.2.6



3.8.2.3   CCS 2
2 13

t  =  0.008ho + 1.0     mm

ho —— mm

ho = 25B + 42d + 300    mm 650mm

: B —— , m
  d —— , m

3.8.2.4   CCS
2 2 13

t = 0.008ho     mm

ho —— 3.8.2.4

3.8.2.5   
CCS 2 2 13

                    t = 0.007ho + 1.0  mm 14mm

ho —— 3.8.2.4

3.8.2.6   
10

3.8.2.7    

(1)  W

W = 22sdl2       cm3

s —— m
      d —— m

l —— m

(2)  
1.5



(3)  

3.8.3   

3.8.3.1   

3.8.3.2   0.006 L + 3.2m 4.2m L

3.8.3.3  t
CCS 2 2 13

t = 0.007 +1.0   mm 14 mm

ho —— 3.8.2.4

3.8.3.4   

3.8.3.5   

3.8.4   

3.8.4.1  
S

S = 8 106

r
t

Dr
t 2

    mm 
  

t —— mm
D —— m
r —— mm

3.8.5   

3.8.5.1   1m

3.8.5.2   W



W = 11.5sdl2     cm3

s —— m
d —— 
l —— m

3.8.5.3  
    

3.8.6   

3.8.6.1   t

1t =
70
s ×103 mm 

2t = 4s 1h + 2.5 mm 

3t = 2.5s Ph 1002 + + 2.5 mm 

01404 .Pst eq += mm

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m
h2 —— m

3.8.6.2   

3.8.6.3   W

W1 = 8.4s(h1 + 1.2)l2 cm3

W2 = 4.5s(h2 + 100P + 1.2)l2 cm3

W3 = 560sPeql2               cm3

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m



h2 —— m
l  —— m

3.9.1   

3.9.1.1  

10

3.9.1.2  

3.9.1.3  

3.9.2   

3.9.2.1   t

t1 = 2.5s Ph 1001 + + 2.5  mm 

t2 = 4.0s 2h + 2.5       mm 

01403 .Pst eq += mm

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— m 0.4D
h2 —— m 0.4D

3.9.2.2   t

3/4 t  s/85    mm

1/4 t  s/70    mm

s —— mm



3.9.3   

3.9.3.1  t 1 3.1.2.1
10

3.9.3.2  t 1 3.1.2.1
10

3.9.4   

3.9.4.1   W

W1 = 3.5s(h1 + 100P + 1.2)l2 cm3

W2 = 7.2s(h2 + 1.2)l2         cm3

W3 = 560sPeql2              cm3

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2
h1 —— 0.25D m
h2 —— 0.25D m
l  —— m

3.9.4.2  CCS
2 1

3.9.5   

3.9.5.1   W  

W1 = 3.5s(h1 + 100P + 1.2)l2 cm3

W2 = 7.2s(h2 + 1.2)l2         cm3

W3 = 560sPeql2              cm3

s —— m
P —— MPa

Peq—— MPa IGC 4 4.3.2



h1 —— m 0.25D m
h2 —— m 0.25D m

    l —— m

3.9.5.2  
CCS 2 1

3.10.1   

3.10.1.1   2m 2m

3.10.1.1
CCS

b

15

b=2a a

15

b2
b1

15
15

1515

b1=2.5a b2 aa

3.10.1.2   0.8D

3.10.1.3   



3.10.1.4   

3.10.1.5   

3.10.1.6   

3.10.2   

3.10.2.1   

(a) /

(b)

(c)

3.10.2.2 3.10.2.3

3.10.2.2   

25% 40%
60%

3.10.2.3   

50%

3.10.2.4   3.10.2.4

400 mm 300 mm



3.10.3   

3.10.3.1  75mm

3.10.3.2   I

I = 0.175(
s
h

)2.4st3      cm4

h —— m
s —— m
t —— mm

h/s 1 1 h/s 3.3 3.3

3.10.3.3   I

I = 2.85l2A     cm4

I = 2l2A       cm4

l —— m
  A —— cm2

3.10.3.4   100
30

45

3.10.3.5   75mm I



I = 3l2A     cm4

I = 2l2A     cm4

l —— m
A —— cm2



4.1.1   

4.1.1.1   

3 CCS CCS

4.1.1.2    5

4.1.1.3    6

4.4.4.4    

4.1.2   

4.1.2.1    

3 3.1.8.1 1 2 5 6 12 14

4.1.2.2    

(1)   

(2)  

(3)  

(4)   

(5)   

(6)   

  

  

  



(7)   

4.1.3   

4.1.3.1    

(1)   CCS 2 1 1
L —— 
B —— 
D —— 
d —— 
Cb —— 0.6

(2)   
V —— kn
g —— g 9.81 m/s2

ρ
w
 —— 1.025 t/m3

ρ
LNG

 —— 0.50 t/m3

ρ —— ρw ρLNG

σe —— Von Mises N/mm2

σrod —— N/mm2

ReH —— N/mm2

K —— CCS 2 1 5
E ——  E = 2.06×105  N/mm2 E = 2.06×1011  N/m2

ν —— ν = 0.3

4.1.3.2   

� x
� y
� z

4.2.1   

4.2.1.1   



4.2.1.2   

4.2.2   

4.2.2.1   Msw—— CCS 2 2.2.2
4.2.4.1

4.2.3   

4.2.3.1    

Mw_sagging( ) Mw_hogging( )

)(_ += Wwsaggingw MkM          kN · m
)(_ −= Wwhoggingw MkM       kN · m

kw —— 1.0 1.1
   Mw(+) Mw(-) —— CCS 2 2.2.3 

4.2.3.2   

MH

MH = ±84kwCL2D(Cb + 0.7)×10-3    kN · m

kw —— 4.2.3.1 1
  —— CCS 2 2.2.3

4.2.3.3   

(1)   psea_side

dynamicseastaticseasidesea ppp ___ += N/mm2

psea_side 0 0

psea_static —— psea_static = 10hs  N/mm2

                                                         = 0.01hs  N/mm2;
hs —— m d
psea_dynamic —— psea_dynamic = 10kchdi  N/mm2

                                                              = 0.01kchdi  N/mm2;
   kc —— 4.2.4.1
  hdi —— i hdi = 1.36λiCfCw 4.2.3.3 1)



λi —— i 4.2.3.3

Cf  —— Cf = kf 0  
kf 0 —— 4.2.4.1
θ —— θ = 0˚  θ  90˚

λi                                    4.2.3.3

θ °

1i = 2i = 3i = 4i = 5i =

0° 0.750 0.300 0.300 0.300 0.750 

60° 0.875 0.350 0.127 -0.096 -0.333 

90° 1.000 0.400 0.100 -0.200 -0.500 

cos1.00
4
θ

−
2 cos
5 10

θ
−

3 sin
10 5

θ
−

2 4sin cos
10
θ θ− + 3 5 sin

4 4
θ−

hd5

hd4 hd3
hd2

h

h hd1

hd1 W.L.

h —— m
hd1 h hdi|i=1

(2)   _sea sidep 4.2.3.3 2



h hd1

h
hd1

hd

hs  

h —— 4.2.3.3 1

4.2.3.4   

(1)   

pitch

ψ 0.251030 ( )
b

V
L C

= ° 10°

    

3.5pitch b iT C d=      s

di —— 4.2.4.1 m

   roll

φ = φ0 λT    ° 30°

φ0 —— 

φ0
6(1.3 0.025 ){35 5 10 10.05 [1.06( ) 0.06] }i

b
dV LBdC
d

−= − − × × × −
 



 λ
0.8625 0.027

1.5375 0.027
1

roll

T roll

T
T

+⎧
⎪= −⎨
⎪
⎩

 Troll  12.5
 12.5  Troll  12.5
 Troll  12.5  

    

_2.0 roll gyr
roll

r
T

GM
=      s

rroll_gyr —— m 4.2.3.4 1
   GM —— m 4.2.3.4 1
   di ——

 GM rroll_gyr 4.2.3.4 1
GM _roll gyrr
0.12B 0.35B

0.75d 0.18B 0.38B

5

   

      2
0 m/sv v va f k a g=    

      2
0 m/slongi l la f k a g=  

 2
0 m/st t ta f k a g=    

——0a 0 2

2.4 34 600(1.09 0.029 0.47 )( )ba V C
L LL

= + − + −

vf ——
(1 2.4 )sin

cosv
v

y
Bf

k

θ
θ

+
= +

vk —— 2 2451 0.65(5.3 ) ( 0.45)v
xk

L L
= + − −

lf —— 40.35 5.0( 200) 10f Ll
−= − − ×

      ——lk 80.5l
zk

L
= +

tf —— 21.27 1 1.52( 0.45)t
xf
L

= + −

tk —— 0.35t
zk
B

= +

x —— m

y —— m

z —— m

s
s
s



(2)   

  pi

pi = 0.001ρ _ tan _ tan _ 0( )local k loacl k wave inducedg z z h p+ Δ + +    N/mm2

p0 ——

0

0 0
0

vp np p
p

−⎧
= ⎨

⎩

pvp —— (MARVS) MPa pvp  0.07   MPa
pn —— 0.025  MPa
zlocal_tank —— m

4.2.3.4 2
∆zlocal_tank —— 
a)   0
b)  

2/3 760mm
450 mm

_wave inducedh —— m

_ tan _( )i
wave induced c k local i

ah k z h
g

= + Δ

kc —— 4.2.3.3
ai —— 

0.71 [ ( ) ( ) ]i dp v v longi longi t t
l ba C w a w a w a
h h

= + +       m/s2

Cdp —— 4.2.3.4 2
av alongi at —— 4.2.3.4 1
wv wlongi wt —— 4.2.4.1
l —— m
b —— m
h —— m
∆hi —— m   



a)  ψe < 0, φe > 0

tan _ tan _ _ tan _ _ tan _sin( ) ( sin cos cos cos )i k local e ru k local e e e k local e e e k localh x C y z zψ φ ψ ψ φΔ = − + + −

—— 4.2.3.4 2 mtan _k localx

tan _k localy —— 4.2.3.4 2 m

tan _k localz —— 4.2.3.4 2 m

tan _ _k local ey —— tan _k localb y−

tan _ _k local ez —— tan _k localz

b)   ψe < 0, φe > 0

tan _ tan _ _ tan _ _ tan _( )sin [ sin( )cos cos cos ]i k local e ru k local e e e k local e e e k localh l x C y z zψ φ ψ ψ φΔ = − + − + −

——tan _ _k local ey tan _k local by δ−

tan _ _k local ez —— tan _k local hz δ−

bδ hδ —— 4.2.3.4 2 m

ruC —— 4.2.3.4 2
Cψ Cϕ —— 4.2.4.1

eψ —— 0.71Cψψ

eθ —— 0.71Cθθ
ψ ϕ —— 4.3.3.4 1

z_tank_local

x_tank_local

y_tank_local

LC

O

F.P. x_tank_local

y_tank_local ob

l

B/2
LC

y_tank_local

z_tank_local

O

  

4.2.4.1

  5



  

  —— 4.2.3.4 2

4.2.3.4 2

Cdp Cru

1b
b

 3.0 or 
1h

h 3.0 1.0 1.0

1b
b

5.0 or 
1h

h
5.0 J 0.7 1.0

0.5,min0.3
11

<
⎭
⎬
⎫

⎩
⎨
⎧

<
h
h

b
b 1.0 - 0.15

⎭
⎬
⎫

⎩
⎨
⎧

−
⎭
⎬
⎫

⎩
⎨
⎧

0.3,min
1

1

h
h

b
b

1.0

b — m

b1— m

h — m

h1— m

b1

h1

b

h

4.2.4   

4.2.4.1  
4.2.4.1 5

4.2.4.2  S +
S+D

CCS  “
” 4.2.4.1

4.2.4.3   :
              

_( )V sw cV w saM M k M+ = + + gging                      

_( )V sw cV w hoggingM M k M− = − +                      



swM —— 4.2.2

   _w saggingM _w hoggingM —— 4.2.3

   cVk —— 4.2.4.1

4.2.4.4   4.2.4.1

4.2.4.5    4.2.4.1 3

4.2.4.6    4.2.3.3 2

4.2.4.7  
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k cV
k cH

k c
k f0

k c
w v

w l
w t
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C
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 +
 

S 
+ 

D

LC
1 

1.0
 

N/
A

0.5
 

-1
.0 

0.4
0.7

5 

0.2
5 

-0
.25

N/
A

N/
A

-1
.0 

 
N/

A
0

N/
A

LC
2 

1.0
 

N/
A

0.5
 

1.0
 

0.4
-0

.75
 

-0
.25

0.2
5

N/
A

N/
A

1.0
  

N/
A

0
N/

A

LC
3 

0.7
 

N/
A

0.5
 

-1
.0 

1.0
 

1.0
  

0.2
5 

-0
.25

N/
A

N/
A

-1
.0 

 
N/

A
0

N/
A

LC
4 

0.7
 

N/
A

1.0
 

1.0
 

0.5
-0

.75
 

-0
.25

0.2
5

N/
A

N/
A

1.0
  

N/
A

0
N/

A

LC
5 

0.3
 

0.3
0.5

 
-1

.0
1.0

 
0.2

5 
N/

A
N/

A

-0
.75

0.7
5

N/
A

1.0
  

90
N/

A



LC
6 
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3 

0.
3
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0 
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0 

0.
5

-0
.2
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N
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N
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0.
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5
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N
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LC
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4 
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5
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.2

0
0.

20
0.

4 
-0

.4
0.

7 
 

-0
.7

  
60

S

LC
9 

“
”

  
—

—
LN

G
  

—
—

  
N

/A
 —

—



4.3.1   

4.3.1.1   

4.3.2   

4.3.2.1   3 No.2 No.3 No.4 /
No.3 No.4 No.5 3 4.3.2.1

3
2

l

4.3.2.2   

( )

4.3.2.3   

4.3.2.4   

(1)    1

(2)    1 2

(3)   
1 3



4.3.2.5   

4.3.2.6   
3

1

4.3.3    

4.3.3.1    4.3.3.1

(1)   

(2)   

                             4.3.3.1 

δx δy δz θx θx θx

4.3.3.3 v endM − h endM −

4.3.3.3 v endM − h endM −

     —— 
   —— 

Mh-end —— 
Mv-end —— 
δx —— 
δy—— 
δz—— 
θx —— 
θy —— 
θz —— 



4.3.3.2   

y
6 z

4.3.3.2

CL

4.3.3.3    c

nl

AE

nl

AEc
tktk

s 77.0
1

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+
=

ν
    N/mm

As —— mm2

4.3.3.3 1 2
ltk —— mm
n —— 



                  4.3.3.3(1)

                  4.3.3.3(2)

4.4.1   

4.4.1.1   3
1 2 4.4.1.1

4.4.1.2   



4.4.1.3   

“
”

4.4.2    

4.4.2.1    4.4.2.1

4.4.2.1

λy
S+D 0.90 1.0

λy
S 0.75

S+D —— +
S —— 

185 N/mm2  

λy
   0.90

λy
   0.75

0.85×235/k    N/mm2

2 λy
   0.90

λy
   0.75



(1)   

yλ
eH

e

R
�

=  

eH

rod

R
�

=  

 
                     

                      

(2)   ReH 315 N/mm2

(3)    

4.4.2.2   l/1000 l m

4.4.3    

4.4.3.1   4.4.3.1

4.4.3.2  Elementary Plate Panel
a×b

4.4.3.2

b
b

b
b

b
b

b
b

b
b

a

a

a

a

b
a

L

B

4.4.3.3   
CCS



4.4.3.1

η  1.00

η  0.90

η = 1/λ

λ —— “ ” “ ” CCS

4.4.3.4   “ ”
4.4.3.4 “ ” “ ”

 4.4.3.4

tc mm

1.5

1.0

4.4.3.5    

4.4.3.6    CCS

4.4.3.7    

4.4.4    

4.4.4.1   
4.4.4.1 1 2

Von Mises



S
S

S
S

S

S S

S

          

4.4.4.2   

4.4.4.3   

4.4.4.4   50mm×50mm
10

4.4.4.5   
1

3 60° 120°



4.4.4.6   “1 1”

4.4.4.7   

4.4.4.8    

4.4.4.9   

4.4.4.10   

4.4.4.11   

4.4.4.12    4.4.4.12

              4.4.4.12

λy  1.7  S + D

λy  1.36  S

λy  1.5   S + D

λy  1.2  S

(1)   λy —— 

235
eKσ

=   

                        
235

rodKσ
=  

S+D K 0.78

    (2)    Von Mises

                      
1

1

n

i e i

e av n

i

A

A

σ
σ

−

− =
∑

∑



σe-av—— Von Mises

  σe-i  —— i Von Mises

   Ai  —— i

     n —— 

(3)   Von Mises 4.4.3.1

Von Mises

4.4.4.12

(4)   4.4.4.4 50mm×50mm

Von Mises

(5)    /

(6)    



5.1.1    

5.1.1.1   

5.1.1.2    2

5.1.1.3    3

5.1.1.4    4

5.1.1.5    5

5.1.2    

5.1.2.1   
CCS

5.1.2.2    5.1.2.2   

Pump Tower
Trunk Deck

Inner Deck

Inner Bottom Hull Bottom

Tank Bottom

Insulation

Tank Top



5.1.2.3    5.1.2.3 5.1.2.3

                     5.1.2.3

1 l m
2 b m
3 bu m
4 bl m
5 h m
6 hf m
7 bf m
8 hu m
9 γu deg

10 hl m
11 γl deg

5.1.3    

5.1.3.1   4.1.2

(1)   

(2)   

(3)   

(4)   

(5)   



(6)   

   

   

   

(7)   

(8)   

5.1.3.2   5.1.3.1

(1)   

(2)   

(3)   

(4)   

(5)   

(6)   

5.1.4   

5.1.4.1    4.1.3.1 1  

5.1.5    

5.1.5.1  x y z 4.1.3.2
5.1.5.1

                        5.1.5.1

X
ξ1 ξ1 m ξ’

1 m/s ξ’’
1 m/s2

θ1 θ1 rad θ’
1 rad/s θ’’

1 rad/s2

Y
ξ2 ξ2 m ξ’

2 m/s ξ’’
2 m/s2

θ2 θ2 rad θ’
2 rad/s θ’’

2 rad/s2

Z
ξ3 ξ3 m ξ’

3 m/s ξ’’
3 m/s2

θ3 θ3 rad θ’
3 rad/s θ’’

3 rad/s2



5.2.1   

5.2.1.1   

5.2.2   

5.2.2.1   
5.2.2.1

5.2.2.2   
5.2.2.1

5.2.2.3    5.2.2.1

5.2.2.1
k GM

1 d k = 0.35B GM 0.12B
2 k = 0.45B GM 0.33B
3 – 2/3d k = 0.39B GM 0.24B

d —— m
k —— m

GM —— m

5.2.3    

5.2.3.1    5.2.2.1 4.2.3.4 Tp Tr

5.2.4   

5.2.4.1    Tx

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

l
h

g

lT
f

x π
π

tanh

4
  s

5.2.4.2    Ty

4

tanh

f
y

f

f

b
T

h
g

b

π

π
=

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

  s



5.2.5   

5.2.5.1   

(1)  

(2)  1 4
5%h 10 h 70 h 95 h

(3)  1 2

(4)  
25 h 30 h 40 h 50 h 60 h 80 h 90 h

5.2.5.2    

(1)  3 5.2.5.1 1 3

2 4 5.2.5.1 1 3

3 5 5.2.5.1 1 4
5.2.5.1 1 ~ 4 50 h

5.2.5.1 1 ~ 4 50 h

5.2.6    

5.2.6.1   ——

5.2.6.2   ——

5.2.6.3   ——

5.2.7    



5.2.7.1   P1

P1 = ρghL    kN/m2

P1 = ρghL    kN/m2

 
1P —— kN/m2

      tan
2 180L f
lh h πφ⎛ ⎞= + ⎜

⎝ ⎠
⎟ h

      tan
2 180T f
bh h πθ⎛ ⎞= + ⎜

⎝ ⎠
⎟ h

      ( 0.001 (4.9 /2))(32.7 8.2 ) bL C
bC eφ − += −

      0.0023(14.8 3.7 / ) LL B eθ −= +

5.2.8   

5.2.8.1   P2

P2 = P0 + Ps      kN/m2

P2 —— kN/m2

5.2.8.2    P0

P0 = ρghf        kN/m2

5.2.8.3    Ps

     
2

1.72.38 1 2 0.7 0.4 (0.39 )
350

f
s l

h l LP C gl
h L

ρ
⎡ ⎤⎛ ⎞ ⎡ ⎤⎢ ⎥= − − − −⎜ ⎟ ⎢ ⎥⎣ ⎦⎢ ⎥⎝ ⎠⎣ ⎦

  kN/m2

     
2

0.759.1 1 2 0.7 ( 0.3)f f
s t

h b
P C g GM

h B
ρ

⎡ ⎤⎛ ⎞
⎢ ⎥= − − −⎜ ⎟
⎢ ⎥⎝ ⎠⎣ ⎦

  kN/m2

0.252
01 00.9 / [1 9(1 ) ]lC x x= + −

   0 /x px T T=
   Tp —— s 5.2.3.1

   0 0
01

0 0

1
1 / 1

x x
x

x x
⎧

= ⎨ >⎩

   0.252
01 00.9 / [1 9(1 ) ]tC y y= + −

   0 /y ry T T=
   Tr —— s 5.2.3.1

      0 0
01

0 0

1
1 / 1

y y
y

y y
⎧

= ⎨ >⎩



5.2.9    

5.2.9.1    
1.5 2

3 _
168 ( 0.3) sinf

u t imp

bgP GM
B B
ρ γ= − 1C   kN/m2

3P —— kN/m2

      uγ ——

      _ 1t imp tC = C tC fh 0.7( )uh h−

     

5.2.9.2   

3 _
2201.24 ( 7.5) l imp

lP g C
L

ρ= − 2   kN/m2

1.5 2
3 _

164 ( 0.3) sinf
u t imp

bgP GM
B B
ρ γ= − 1C

C

  kN/m2

_ 2l imp lC = lC fh 0.7h

    uγ ——

5.2.9.3    5.2.9.3

    5.2.9.4     

    (1)   0.2bf 0.2l

2
3 1.42 sinP gklρ δ=   kN/m2

2
3 1.5 sinfP gbρ δ=   kN/m2

1 2
1.4 0.002 200

L
k

L L
<⎧

= ⎨ −⎩

00

    δ ——



(2)  0.2bf 0.2l 1m
0

5.2.9.5    0.15bf 0.15l

3 3
3

3

( ) 0.4 ( )
max   

( )
P P

P
P
+⎧

= ⎨
⎩

5.2.10     

5.2.10.1    l < 0.13L bf < 0.56B ±20

5.2.10.2   l < 0.13L bf < 0.56B ±20

5.2.10.3   l  0.13L bf  0.56B ±20

5.2.10.4   l  0.13L bf  0.56B ±20

5.2.11   

5.2.11.1     

(1)   

(2)    

(3)   

5.2.11.2    

x y 5.2.11.2 O0Y0Z0

oyz (y0(t), z0(t)) θ(t) θ(t) (y0(t), z0(t))



( )

Y0O0

y

O

Z0 z

5.2.11.3    

CCS
5.2.11.3

0.5 1 0.8

5.3.1    

5.3.1.1   
2



5.3.1.2    

(1)   

(2)   

(3)   

(4)   

5.3.1.3    

(1)   

(2)   

(3)   

(4)   

(5)   

(6)   

5.3.2    

5.3.2.1    

t

0.0174 p
a eH

Pt s
C R

α=    mm 

1.2
2100p

p

s
l

α = − ;

s —— mm
lp —— m
P —— P1 P2 kN/m2

Ca —— 5.3.2.1
ReH —— N/mm2



           Ca                 5.3.2.1

hg
a a a

eH

C
R
σ

β α= − maxaC −

aβ aα ——maxaC −

aβ aα maxaC −

0.9 0.5 0.8

0.9 1.0 0.8

0.8 0 0.8

hgσ ——

( ) 310NA sw
hg

v

z z M
I

σ −⎛ ⎞−
= ×⎜ ⎟
⎝ ⎠

2N / mm

z —— m

NAz —— m

swM —— kN.m

vI —— m4

eHR —— 2N / mm

5.3.2.2    

W

21.1 bdg

bdg s eH

Psl
W

f C R
=     cm3

lbdg —— m
   Cs  —— 5.3.2.2
   P   —— P1 P2 kN/m2

   s    —— mm 9 4 2.2
  ReH —— N/mm2

 fbdg   —— 
     fbdg = 12

      fbdg = 8



           Cs             5.3.2.2

hg
s s s

eH

C
R
σ

β α= − maxsC −

sβ sα maxsC −

sβ sα Cs-max

0.85 1.0 0.75

0.7 0 0.7

0.75 0 0.75

hgσ ——

( ) 310NA sw
hg

v

z z M
I

σ −⎛ ⎞−
= ×⎜ ⎟
⎝ ⎠

2N / mm

z —— m

NAz —— m

swM —— kN·m

vI —— m4

eHR —— 2N / mm

5.3.3   

5.3.3.1    

t

0.0174 p

d a

s Pt
C C R

α
=

eH

 mm

P —— P3 kN/m2

   Cd 1.3
—— 5.3.2.1

5.3.3.2    

Wpl

21.1 bdg
pl

bdg s eH

Psl
W

f C R
=       cm3



P —— P3 kN/m2

  Cs = 0.9
  fbdg —— 

( )8 1 / 2bdg sf n= +

 ns = 2.0 5.3.3.3
—— 5.3.2.2

5.3.3.3   

pl altW −

16 pl
pl alt

bdg

Z
W

f− =       cm3

bdgf ——

( )8 1 / 2bdg sf n= +

0sn = 1sn =

5.3.3.4    

Ashr

10 imp
shr

t yd

Q
A

Cτ
=    2cm

impQ —— kN 5.3.3.5

Ct = 0.9

   τ
3

eH
yd

R
=   N/mm2

  ReH —— N/mm2

5.3.3.5    Qimp

imp pt dist impQ f f F=

fpt —— 

3 20.5( 2 2)pt imp impf f f= − +

 fimp —— 



0.5 imp
imp

b
f

S
= 1.0

fdist —— 5.3.3.5
s —— m
lshr —— m CCS 9 4 2.1.5

fdist

3imp imp impF P l b=

3P —— kN/mm2 5.2.9

  impl —— m shrl

  impb —— m S

  S —— m CCS 9 4 2.1.5

5.4.1    

5.4.1.1    

5.4.1.2   

5.4.1.3    



5.4.2    

5.4.2.1   4 3

5.4.3    

5.4.3.1   

5.4.3.2   
4 2 70%

5.4.3.3    2

5.4.4    

5.4.4.1    5.4.4.1

5.4.4.2    2 5.2.4.2

5.4.4.1  

kcV kcH kc kf 0

LCA_L 2/3d
1.0

- 0.5 -1.0 0 -

LCA_T 2/3d
0.3 0.3

0.5 -1.0 90 -

LCB_L 2/3d
1.0

- 0.5 1.0 0 -

LCB_T 2/3d
0.3 0.3

0.5 1.0 90 -



5.4.5    

5.4.5.1    4 4

5.5.1    

5.5.1.1    

5.5.1.2    

(1)   /

(2)   

(3)   

(4)   

(5)   

(6)   

(7)   

5.5.1.2
y

x

Aft Trans.  BHD
Discharge Pipe

Filling Pipe

Connecting Bar

Emergency Pipe

Brace

o



5.5.1.3     

300- 304L 5.5.1.3

304L 5.5.1.3

1
170 N/mm2

200 N/mm2 -30
277 N/mm2 -160

2 485 N/mm2

3 1.93×105 N/mm2

4 0.3
5 16.8×10-6 /
6 20

5.5.2    

5.5.2.1    

5.2.2.3
5.2.5.2

5.5.2.2   

 

(1)   
�   θ1

�   

( )2 1 CT Gg Z Z 1ξ θ θ′′ ′′+ − −

(2)   

� θ2

�    

( )1 2 CT Gg Z Z 2ξ θ θ′′ ′′− + −

ZCT ZG m
5.1.5

5.5.3    



5.5.3.1    

� 

�    

IACS Rec.No34 5.5.3.1
Tz s Hs m

100000
                           IACS                   5.5.3.1

Tz
Hs 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5 18.5 SUM

0.5 1.3 133.7 865.6 1186.0 634.2 186.3 36.9 5.6 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 3050

1.5 0.0 29.3 986.0 4976.0 7738.0 5569.7 2375.7 703.5 160.7 30.5 5.1 0.8 0.1 0.0 0.0 0.0 22575

2.5 0.0 2.2 197.5 2158.8 6230.0 7449.5 4860.4 2066.0 644.5 160.2 33.7 6.3 1.1 0.2 0.0 0.0 23810

3.5 0.0 0.2 34.9 695.5 3226.5 5675.0 5099.1 2838.0 1114.1 337.7 84.3 18.2 3.5 0.6 0.1 0.0 19128

4.5 0.0 0.0 6.0 196.1 1354.3 3288.5 3857.5 2685.5 1275.2 455.1 130.9 31.9 6.9 1.3 0.2 0.0 13289

5.5 0.0 0.0 1.0 51.0 498.4 1602.9 2372.7 2008.3 1126.0 463.6 150.9 41.0 9.7 2.1 0.4 0.1 8328

6.5 0.0 0.0 0.2 12.6 167.0 690.3 1257.9 1268.6 825.9 386.8 140.8 42.2 10.9 2.5 0.5 0.1 4806

7.5 0.0 0.0 0.0 3.0 52.1 270.1 594.4 703.2 524.9 276.7 111.7 36.7 10.2 2.5 0.6 0.1 2586

8.5 0.0 0.0 0.0 0.7 15.4 97.9 255.9 350.6 296.9 174.6 77.6 27.7 8.4 2.2 0.5 0.1 1309

9.5 0.0 0.0 0.0 0.2 4.3 33.2 101.9 159.9 152.2 99.2 48.3 18.7 6.1 1.7 0.4 0.1 626

10.5 0.0 0.0 0.0 0.0 1.2 10.7 37.9 67.5 71.7 51.5 27.3 11.4 4.0 1.2 0.3 0.1 285

11.5 0.0 0.0 0.0 0.0 0.3 3.3 13.3 26.6 31.4 24.7 14.2 6.4 2.4 0.7 0.2 0.1 124

12.5 0.0 0.0 0.0 0.0 0.1 1.0 4.4 9.9 12.8 11.0 6.8 3.3 1.3 0.4 0.1 0.0 51

13.5 0.0 0.0 0.0 0.0 0.0 0.3 1.4 3.5 5.0 4.6 3.1 1.6 0.7 0.2 0.1 0.0 21

14.5 0.0 0.0 0.0 0.0 0.0 0.1 0.4 1.2 1.8 1.8 1.3 0.7 0.3 0.1 0.0 0.0 8

15.5 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.6 0.7 0.5 0.3 0.1 0.1 0.0 0.0 3

16.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0 1

SUM 1 165 2091 9280 19922 24879 20870 12898 6245 2479 837 247 66 16 3 1 100000

5.5.3.2    
Bretschneider S(ω)
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ω —— rad/s
ωp —— rad/s ωp = 2	/Tp Tp 5.2.3.1
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m Hcrest m

X

Y
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     ( )εω +⋅= taA ew sin

—— mwa
eω —— rad/s

t —— s
ε —— rad

2
2cos , (2 ) /e eV g

g
ωω ω β λ π= + = ω

ω —— rad/s

mcrestL crestH

βπ
λε

βπ
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sin2
,

cos2
== crestcrest HL   m 
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RAO
β ω
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                           5.5.4.2

1

Ty - Te Ty Ty Te

RAO(β,ω) 0.7Max[RAO(β,ω)]

β

2

Tx - Te Tx Tx Te

RAO(β,ω) 0.7Max[RAO(β,ω)]

β
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(2)   

 ωeM λM
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M
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β
ω
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M
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M HL

βπ
ελ
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ελ

sin2
,
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5.5.4.4    

( )MeMMMwM taA εωωβ +⋅= sin),(

( )ieMMMwii taRAOM εωωβ +⋅⋅= sin),(

Mi —— 
   RAOi εi —— βM ωM

5.5.4.5    
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0° 180° 15°
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(c)  
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D t
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H

H
WHDDt
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4
4

2
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: t —— mm
D —— mm
H —— mm
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(1)   
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5.5.6   

5.5.6.1    

(1)   

4

(a)   σa

(b)   σT

(c)   σI

(d)   σO

(2)   

5.5.6.1 Chord
Brace 5.5.6.1



5.5.6.1 

1 l mm
2 r mm
3 θ
4 t mm
5 T mm

6 δ mm 1 δ = 0 3 3
δ

7 d mm
8 D mm
9 τa N/mm2

10 τI N/mm2

11 τO N/mm2

12 [σ]a N/mm2

13 [σ]T N/mm2

14 [σ]b N/mm2

15 [τ]a N/mm2

16 [τ]I N/mm2

17 [τ]o N/mm2

18 [σ]e N/mm2 [ ]
2

2

2

e

Eπ
σ

λ
=

19 fca N/mm2 σa  σT

20 fcI N/mm2  σI

21 fcO N/mm2  σO

22 fba N/mm2  σa  σT

23 fbI N/mm2  σI

24 fbO N/mm2  σO

25 λ1 d/t  D/T
26 K 1.0 0.8
27 ks ks = ReH /235
28 η η = t/T
29 μ μ = d/D
30 γ γ = D/(2T)
31 λ2 λ2 = Kl/r

ReH N/mm2
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