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Summary

This paper describes the crack arrest properties of 9% nickel steel and its weldment for
LNG service applications.

Supposing the situations where the surface crack exists in the plate being uniformly applied
a constant stress and kept at a constant temperature, a possibility of restricting the potentially
extensive propagation of a brittle crack was discussed. The magnitude of stress intensity
factor in the vicinity of the pre-existing surface crack shows the maximum value at the deepest
crack tip located in the middle of plate thickness where the plane strain condition is main-
tained, and shows the minimum one at the both ends of surface crack in the plate surface
where are in the plane stress condition. Therefore, there remains possibilities of crack arrest
in the end of surface crack even if a brittle crack initiated and propagated in the bottom
region of surface crack.

In this investigation, such run/arrest event was confirmed in the modified double tension
test. This special testing technique is characterized by the specimen with the sharp notches
simulating the pre-existing surface crack. The sharp notches have an adequate length and are
located in the crack propagation part of specimen.

The crack arrest properties, K, as the material constant were evaluated by the correlation
of applied stress and arrest crack length obtained in the modified double tension test. The
dimensionless stress intensity coeflicient Y after Srawley’s numerical analysis on single-edge
crack model was used in the calculation of K,. As a result, it was determined that the low
tough 9% nickel steel used (,E_j9s=847J) and its weldment had superior crack arrest properties
of 220 and 259 MPa +/m at —170°C respectively.
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Fig.6 Instrumentation of crack detector

gauges and strain gauges

Table 1 Chemical composition of steels used

(wt. 29
Marks c Si Mn P S Nj
A [Conventional type] 0.06] 0.26| 0.45{ 0.008 | 0.005 | 9.00
C [Low (P,S), DQT type] 0.0610.26 0.59| 0.003]0.001{9.35
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Table 2 Mechanical properties of steels used
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Fig.7 Toughness level of 9%Ni steel used in
comparison with production results

Table 3 Welding conditions

Welding process Mechanized TIG

Welding position | Vertical

Welding material | Matching ferritic
filier wire

[TGSON, 1.2mm®]

Welding Current

Amp. ) 250
Arc voitage
(Volt) 12
Welding Speed 50
(mm/min)
Heat input 3.6

(kd/mm)
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Steel ; A [Conventional ]
Thickness ; 32 mm Co = 125mm

Testing temp. ; - 196 C

Applied stress ; 147 MPa
Notch type ; I

C)

Steel ; A [Conventional]
Thickness ; 32 mm Co = 125 mm

Testing temp. ; -170 °C

Applied stress ; 221 MPa
Notch type ; I

(b)

Fig.8 Examples of run/arrest event of brittle crack (Notch type I)

Steel; C Low (P,S), DQT

Thickness ; 32 mm Co=125mm

Testing temp. ; -196°C

Applied stress ; 245 MPa
Notch type ; W

+—

Fig.9 Examples of run/arrest event of brittle crack (Notch type M)
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Fig.10 An example of record
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Fig.11 Examples of crack velocity measured
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load drop with brittle crack
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Fig.13 Crack length vs. applied stress 44 YRREORE

AT OWTYIREE % 50 3 X0 250 mm i 25k X
BRI ORDe, hehsEreadlssopbEs =i, BT - RBOKEEY, Fig BIRLEXES 125
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Steel: A [Conventicnall Testing temp.; - 1770°C  Applied stress ; 319 MPa
Thickness ; 32 mm Co= 125mm Notch type I

Fig.14 Fracture appearance

Fig.15 Fracture path
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Fig.17 Crack length vs. applied stress
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Fig.18 Effect of notch configuration on
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Fig.19 Crack length ¢, vs. K values given

by Irwin-Westergaard tangent rela-
tion for the finite-width
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Fig.20 Comparison of dimensionless stress

intensity coefficients given by Irwin-
Westergaard tangent relation and
Srawley relation
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Fig.21 Comparison of load drop curves me-

asured and those calcurated using

Srawley relation
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Fig.22 Crack length ¢4 vs. K values given
by Srawley relation for the finite-
width single-edge-cracked plate
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Fig.23 Testing temperature vs. K, value of
conventional type 9%Ni steel
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Fig.24 Testing temperature vs. K, value of
conventional type 99 Ni steel weld-
ment
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