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Summary

As offshore structures are used in rougher and colder seas, the rigorous safety has
been demanded. Nowadays, it becomes more common to conduct CTOD tests for weldments
as a steel prequalification test and/or a welding procedure test. However, there have been
arguments that the CTOD criterion give a much conservative assessment.

In these circumstances, it is essential to establish the precise evaluation method for the
structural integrity from fatigue crack growth to brittle fracture in offshore structures. For
offshore structures, the most important structural members are tubular joints, where high
stress concentration takes place.

From this viewpoint, the strain distribution and the fatigue crack growth characteristics in
the hot spot area have been investigated with tubular T-joints model specimens under tensile
loading, and the brittle fracture strength of the model tests has been evaluated based on the
CTOD criterion.

The results obtained are summarized as follows.

(1) The elastic stress distribution around the connection of the tubular joint is well
evaluated by the FEM stress analysis, and the elastic stress concentration factor at the hot
spot agrees with the predicted value.

(2) The plastic strain concentration factor can be estimated using Eq. (1) as a function
of the elastic stress concentration factor and the nominal applied stress. In case where
residual stress exists, Egs. (2) to (6) can be used to analyse the effect of residual stress.

(3) The fatigue crack propagation behaviour at tubular joints can be evaluated reasonably
using the linear elastic fracture mechanics.

(4) The critical CTOD obtained from the tubular joint model test agrees well with that
from 3-point CTOD test. Therefore, the CTOD criterion can be applied to the fracture of
structural component with 3-dimensional stress concentration such as tubular joints.

(5) The brittle fracture strength of the tubular joint models can be evaluated using the
estimated hot spot strain and the proposed CTOD design curve by taking into account the
welding residual stresses.
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Table 1 Chemical compositions and mechanical properties of

steels used

Steel Specimen | Thick~ Chemical composition wt. % Mecharical Properties

EH32 |Type|AW, SR Prﬁezﬁs C {Si|[Mn P S |Cu | NilYP, MPajTS, MPa
AlNorm | I AW,SR| 20 {0.17{034{137({0018(|0004} — | — 355 510
B{TMCP | I&JI| AW 20 (0.09(026|137{0008|0003} — } — 390 500
C|TMCP | I&]Jl| SR 20 [0.09{0.25(1.43|0009;0.004: 024 028 410 510
D|TMCP | Il AW, SR| 40 [0.0910.16[1.43[{0004 0.001025 027 44¢ 510

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

WEEEYBABOMEIESEIE (G515) 435
Initial surface|Depth of fatigue crack!Fatigue Loading|Surface notch for
notch, aX2c tor fracture test max CTOD measuremant
Type [ 2X15mm ~ 5 (1/4%) 1180 kN 5x30, 5%X860mm
Type I 2X15mm ~ 5(1,/41) 2300 kN 5%30. 5X%X60mm
Type Hf 3 X 30mm ~ 10 (141 1080 kN 10X 60 mm

Crown
N\
!

h ]

Surface notch at saddle
2¢c
! | 1

a

L
Saddle

N

Fig.2 Geometry of surface notch for tubular T-joint mode!l test
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Fig.3 Finite element break down for
Type II model specimen
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Fig.4 Stress distribution in tubular joint (comparison between experiments
and FEM analysis for Type I and II specimen)
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