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Abstract

The objective of this paper is to investigate the dynamic strength characteristics of LNG
carriers cargo containment system under impact loads experimentally. The material
properties were experimentally obtained for individual components of MARK I insulation
system. A series of impact tests was performed using a custom-built drop experiment
facility as varying heights and weights of the drop object. Crack initiation and propagation
were measured during the cyclic dry drop experiment. The quantitative relationship between
impact load and crack initiation as well as the cycle number and crack propagation were
reported.
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Fig. 1 MARK-IIl type LNG insulation system
structural detail
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Fig. 2 Tensile test specimen for STS304L
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Fig. 3 Stress—strain cSrve for STS304L
obtained by standard tensile coupon test
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Fig. 4 Stress—strain curve for S
specimen obtained by the present tensile

coupon test

US304L

Table 1 Mechanical properties of STS304L

Cross Diagonal | Length KS
wise wise wise D3698
(MPa)| 588.75 598.53 615.88 >520
(MPa)| 249-00 257.75 275.66 2205
£ 0.63 0.63 0.63 >0.40
(Gpay| 201.57 203.31 203.36 -

Table 2 Strain—rate dependent mechanical
properties of STS304L

Strain
Rate |E (GPa) 0.2% 0y | or | Om /oy
Y (MPa) | (MPa) | (0.2%)
0.05mm/s| 0.001 | - | 21858 |547.71| 1
50mm/s 1 196.67 | 265.67 [555.33 1.21
100mm/s | 2 | 213.33 | 265.33 |539.90| 1.21
300mm/s | 6 |273.33| 327.66 |564.28| 1.50
600mm/s | 12 | 420 | 414 |59458| 1.89
900mm/s 18 446.67 § 407.67 |587.46 1.87
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Table 3 Comparison of experimental results
and reference data for plywood

9 mm thickness | 12 mm thickness

Exp. DNV Exp. DNV

Young's | Lengthwise | 11,530 | 8,888.6 | 8,047 | 8,838.6
Modulus
(MPa) Crosswise | 11,115 | 7,487 | 7,354 | 7,487

Ultimate .
Tensils Lengthwise | 84.2 39.9 62.1 399

Smggh Crosswise | 76.5 N/A 57.3 N/A

Fracture Lengthwise | 0.007 N/A | 0.0079 | N/A
elongation | rasewise | 0.007 NA | 00081 | NA

|
TN

R=635mm

Fig. 5 Experiment specimen requirement of
Plywood specified by ASTM D3500-90(2003)
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Fig. 6 Sample of uni—axial stress versus
strain curves of plywood (t=9 mm)
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Fig. 7 Standard tensile test results

Fig. 8 Standard tensile coupon specimen
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Fig. 10 Mastic fabrication and lower jig with 3
mastics for the collapse experiment
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Fig. 11 Experimental result under static

compressive loading with 3 mastics

Fig. 12 Deformed shape and failure mode of
insulation system
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Fig. 13 Custom-built dry drop impact test
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Fig. 14 Sample of measured results{(Time duration)

Table 4 Results of weight drop experiment

. No. of drops
Mastic Drop | Drop |Average| Time | for fracture
(EA) weight | height| Force |duration| initiation
/ total drop
(kgf) | (m) | (kN) (ms) nbers
0.1 2.75 6.68 13/ 40
133 0.2 6.46 6.80 4/7
0.4 7.03 9.03 2/5
2(EA)
0.1 9.57 9.91 7/ 10
2122 | 02 12.32 13.05 2/8
0.3 13.57 14.05 1/3
0.2 1.79 2.34 28 / 30
133 0.4 2.13 4.66 13/ 15
0.6 2.14 5.62 2/ 4
3(EA)
0.05 0.97 2.29 4/ 20
212.2 0.2 2.16 7.73 2/5
0.4 2.29 7.77 2/5

m2-133kgf-0.1m-0 1(force)
A=0.00674, F,_=3.94kN

> * max

£,=0.001

Force (kN)
~
i

-1 T 1

T 1
0 0.002 0.004 0.006 0.008
Time (sec)

Fig. 15 Time history of reaction force
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Fig. 16 Time history of acceleration
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