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Abstract

The membrane type LNG tank is non self - supporting tank which consists of both primary
and secondary membrane supported through the insulation boxes by the adjacent hull struc-
ture. Although the membranes are not structural member. They are subject to periodical cyclic
loads due to the thermal expansion and other expansions or contraction of membrane.

At the design stage of the tank, an analytical and experimental approach on the fatigue
strengths of membrane and its welds is necessary in order to assist the designer and the inpec-
tor.

In this study the evaluation method of fatigue strength of membrane type LNG tank is pre-
sented with FEM analysis and fatigue test of lap welds and it contains the following :

1) The fatigue tests and preparation of design S — N curve for lap welds
2) FEM analysis of test specimens

3) Estimation of cumulative damage factor of lap welds

4) Guideline for inspection of lap welds of membrane type LNG tank

As the results of analytical and experimntal approaches in this study, the evaluation method
of fatigue strengths of membrane type LNG tank is proposed, which is expected to be useful
for design and inspection of membrane type LNG Tank.
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Table 1 Nominal Chemical Compositions of 36% Ni Steel(wt. %)

—_

C «, Si Mn “ S P \ Ni T Fe
Max.004 | Max 0.25 T 02-04 | Max 0012 | Max 0012 T 35-365 | Res. |
Table 2. Specified Mechanical Properties of 36% Ni Steel
*Temg’i LY S',(,M,Pﬁ) ijT. S(MPa) J Elgngation(?}) ‘ qu?g’s modulus(MPa) EQ‘ETPWN"“}“Jmi@i
R [ eme | om0 e [ oo T ews
196 | =680 =980 =30 138,000 J >9.78
Table 3. Mechanical Properties of 36% Ni Steel & Mild Steel
' T Meap | Melting Coefficient of / Coefficient of Young's
Material i de/nsxtzy  point(T) theermal c>§pan51on thermal conductivity ‘ modulus
I {g/em) o 4 (x10°ct) | (Jem.sec.T) 71 (MPa) |
36% Ni Steel 8.14 \ 1450 1.0~2.0 ‘ 0.084~0.147 140,000
" MildSteel | 785 | 1500~1527 12 . 05028 “'*‘l'"?déﬁo*ib” o
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Fig. 1 Test specimen for Lap weld
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Table 4 Result of elastic FEM analysis

|
| | Cl(Constramt i
MI\?del el . e2 i La, mm\ point from ‘Maxxur/n Stress,
0- i | center), mm Kg/mm'
1 40 61.469
| 60 61.039
0.65 80 61.225
0 34,144
Free 53.597
40 54.558
60 54.456
L J10l07! 13 80 54.058
‘ 0 L 21265
Free | 50045
| 40 53.123
| 60 53.373
|26 70 53.132
‘ -
0 16.264
Free 49.309
{ 0 79.092
1.0
i ; Free 117.641
‘ -
' | 0 57.822
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Table 5. Results of fatigue test and metallograph examination

53

36% Ni Steel, Auto Lap weld, 1.0/0.7mm, R=0, Room temp’, el=1.0mm, e2=0.7mm
Specimen 1. D. No E Stress Range, MPa ‘ Nf, Cycle LLocatlon Fallure [ Lt,mm | La, mm 1} P, mm rq), degree
- - e - e ; | ]
E-1 92. 49 139,114 | Root ‘ 0.8 1.65 \ 0.55 j <70
E-2 96.00 118,050 Root 0.8 2,00 ]t 0.60 | <70
, T B S S i A
E-3 99.5 2% 10" B : 0.7 I | 0.55 <70
| E-4 i 995 137,721 Toe 08 | 160 l 0.50 <70
E-5 106. 51 257 721 Toe i 0.85 1‘55 . 0.35 <70
A —— rif, —— e S S \‘ S — —
E-6 : 106. 51 334 513 Toe } 0.75 1.45 0.30 <70
E-7 ! 113.52 205 482 Root | 085 k 1.55 0.25 <70
E-8 11352 204,373 Root 0.75 | 150 035 | <70
E-9 127.53 41,439 Root 075 | 195 | 060 | <70
E-10 127.53 | 41439 | Root 0.80 . 170 | 050 <70
. e — S S ————
E-11 81.63 S U - 080 | 155 | 030
— e — S S — —— - A e — S— } e —
I E-12 78.13 >107 ' - . 065 1.30 0.25
E-13 74.63 >107 - i 0.85 1.30 0.25 l
B - T T S e e e
-14 I 0.80 | 2. 05 0.60
— : - e S S S -»#’-k’-‘
E-15 \ , 0.75 ] 1.65 0.40
E-16 ! | 0.85 Fllﬂo I 035 i
E-17 ] | i 0.6 160 | 025
E-18 : i 0.65 | 230 055
S U O U NS IS SRR U
E-19 rﬁw | 075 . L55 0.35
- - S S W fme —— |
E-20 | 0.85 ] 1.45 l 0.25
NOTE
1. '>' means no failure.
2. For test specimen 1.D No. E - 14~E - 20, the fatigue tests not carried out.
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Table 6. Results of fatigue test and metallograph examination

36% Ni Steel, Manual Lap weld, 1.0/0.7mm, R=0, Room temp’, el =1.0mm, e2:=0.7mm

Specunenl D.No - Qtress Range MPa ! Nf Cycle Locatlon qulure‘ Lt mm i La, mm = P, mm ‘ ¢, degree

_ SpecimenLD.No 4 flure | 14, mm | e
E-1 : 92.49 : 84 221 ; Root ‘ 0 60 | 2. 30 f 0 60 <70
U —— R { - - - — —— .
E-2 : 92.49 108 320 } Root ! 0.60 2 30 (\ 0 60 <70
e e L e R i - - FEREN - L. b I
E -3 | 92.49 : 48,567 : Root 0.60 2 30 0. 60 [ <70
ot S e L R N R — [N S
E 4 96 51,800 Root 075 | 230 055 | <70
E 5 96 126,486 | Root i 0.65 2 35 O 65 <70
R e — e R ‘ —— R - -y - - AT, —— [
E-6 . 99.5 ' 311,915 l‘ Root ‘ 065 | 2 35 ! 0 65 <70
b . — [ S SN S
E-7 } 101 95 1} 311 915 Root 055 2 35 i 0.5.) <70
T PR s R e e
E-8 : 106.51 19, 124 Root 060 i 245 - 060 | <70
D S R [ S S
E-9 | 106.51 57 391 Root . 0. 60 / 245 ' 0.60 \ <70 ]
R S e — L — — [
E-10 113,51 72 994 \ Root | 0 60 i 2 50 { 0. 60 <70
e - N . N Y
E-11 114.2 ! 73 121 Root | 0 60 2. 55 l 0 60 <70
- — e [ SN SR S SR U S
E-12 i 127.53 43,199 Root 0. 60 . 2 30 0. 60 ro<70
S Y S U A A S SR SN
E-13 74.63 >100 0.65 C245 1 0. 65 ]
S SO S, S . P, } - U S SO,
E- 14 71.11 >100 | 060 | 2.35 . 0.60 !
i s T b o B e | ! e
E 15 67.62 S (U | 060 | 230 ( 0.60
S R - P S .},Vi, S ,,,i_\ e
E-16 ‘ | | 0.60 2.35 0.60
e T R - — —— e e — - —— s S ‘; ,,7A_\ e
E- 17 | ‘ ‘ 065 2.40 065 |
i e ]
E- 18 : ‘ 065 | 230 0.65 |
E-19 ‘ | 065 j 2.8 35 | 065
S Y S OO S ‘ |
E - 20 | % | 0.65 2.25 | 065
NOTE
1. '> " means no failure.
2. For test specimen I.D No. E 16 ~E - 20, the fatigue tests not carried out.
B MRS Snat sy o SRR e St A L8 1 5 At s i S I 4 S ULALEL B R AL RS LR AL B AL B UL S
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Fig. 11 Cumulative damage factor(Cw) of lap weld
(Manual, 1.0 - 0.7mm)
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Fig. 12 Cumulative damage factor of lap welds at
mean stress(125MPa)
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