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Abstract. It’s important to obtain accurate stress corrosion crack(SCC) growth rate for
quantitative life prediction of components in nuclear power plants. However, the engineering
practice shows that the crack tip constraint effect has a great influence on the mechanical
properties and crack growth rate of SCC at crack tip. To study the influence of the specimen
thickness on the crack tip mechanical properties of SCC, the stress, strain and C integral at
creep crack tip are analyzed under different specimens thickness. Results show that the cracked
specimen is less likely to crack due to effect of crack tip constraint. When the thickness ratio
B/W is larger than 0.1, the crack tip constraint is almost ineffective. Value of C integral is the
largest when B/W is 0.25. Then specimen thickness has little effect on the value of C integral.
The effect of specimen thickness on the value of C integral is less significant at higher
thickness ratio.

1. Introduction

Ni-based alloy 600 is widely used in nuclear primary pressure vessel and dissimilar metal welded
joints due to its good high temperature corrosion resistance and mechanical properties. The stress
corrosion cracking (SCC) caused by crack tip creep in high temperature water environment is one of
the important factors lead to the failure of structures [1]. Therefore, it is very important to obtain
accurate creep crack propagation rate for quantitative prediction nuclear structure life [2-3]. Influence
of the specimen thickness constraint on creep crack tip mechanical field is considered to correlate the
creep rupture mechanics parameters with the structural crack propagation rate, and evaluate the
structural integrity and the life prediction. Practice shows that the crack tip constraint has a great
influence on the mechanical properties at the creep crack tip.

The crack tip constraint is usually controlled by the specimen geometry, the crack size, and the
loading mode [4]. The influence of materials and structures fracture behavior [S] and crack tip
constraint, quantitative characterization of constraint parameters [6-8], and the law of influence and
mechanism of compound restraint on CGR [9] were studied by many scholars.

Different thickness finite element model is established by compact tension specimen using Ni-
based Alloy 600. The micro-mechanical properties of crack tip region and the main parameters of SCC
crack propagation rate are studied. The influence of CT specimen thickness on the fracture parameters
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at creep crack tip of Ni-based Alloy is further analyzed, which is of great significance for the study of
SCC crack initiation and propagation behavior.

2. Finite element modeling

2.1. Specimen model

Compact tensile specimen with prefabricated crack is used as the research object. 1T-CT specimen
geometry is shown in Figure 1, which is coincidence with the American Society for Experimental and
Materials Standards ASTM E399-90 standard [10]. The specimen width /=50 mm, the crack length a
= 0.5W, the sample thickness is B, and the value of B/Wis 0.05, 0.1, 0.2, 0.3 and 0.4, respectively.
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Figure 1. Geometry size of 1T-CT specimen

The finite element mesh of the 1T-CT global model and the local region of the crack tip are shown
in Figure 2 when the B/W = 0.05, 8-node linear brick (C3DS8) is used in simulation and total number is
138 820. To obtain a more accurate crack tip stress-strain, the mesh is refined at the crack tip and the
total number at cracked local area is 42 680.
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(a) Global mesh model (b) Mesh at crack tip zone

Figure 2. Finite element mesh model of 1T-CT

2.2. Material model
The Ni-based Alloy 600 is a power-hardened material whose constitutive relationship is usually
characterized by the Ramberg-Osgood relationship [11], and its form is as follows:

=T a2 (1)

& O O
Where ¢ is the strain, including elastic and plastic strain. o is the total stress; &y is the yield strain of
the material, oy is the yield stress of the material, and # is the strain hardening exponent of the material,

a. is the offset coefficient of the material.
The creep rate is calculated using the power law model [12-13] in the FEM calculation:
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Where &, is the creep strain rate. o is the applied stress; 4 is the power law multiplier, the value is

1.24x10™ , n is the creep exponent, and the value is 7.5.
The mechanical properties of the material is given in Table 1.

Table 1. Material mechanical property of Nickel-based alloy 600 at 343°C

Material E /MPa v oo /MPa n a
Alloy600 193 000 0.288 385 4.799 1.0

2.3. Loading and boundary conditions

Due to symmetry of CT specimen, only the half specimen was modelled. Boundary condition is
applied to the symmetry plane of the model in Y direction, and to the load application in the X
direction, as shown in Figure 2(a). Loading is applied to the load hole by using the multiple point
constraints facility in ABAQUS, which joins the hole centre to the nodes of the hole surface. The
concentlr/azlted force is applied on the reference point to ensure the crack tip stress intensity factor K;=15
MPa'm ™.

3. Results and Discussion

3.1. Effect of specimen thickness on SCC crack tip stress

The Mises stress distribution in front of the crack tip of different thickness samples is shown in Figure
3. The radius is 0.5 mm, and it can be seen that the Mises stress decreases with increasing of the
specimen thickness. The Mises stress decreases slowly as the thickness increases when thickness
ratio>0.1, that is to say, The effect of thickness on the Mises stress at this time is not so great.

3.2. Effect of specimen thickness on SCC crack tip PEEQ

The PEEQ distribution in front of the crack tip of different thickness samples is shown in Figure 4.
The radius is also set as 0.5 mm. The PEEQ at crack tip decreases with the increasing of the specimen
thickness, but the influence is not so obvious, which indicates that PEEQ at crack tip is not a
appropriate parameter to describe crack propagation.
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3.3. Effect of specimen thickness on SCC crack tip creep strain
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The creep strain distribution in front of the crack tip of different thickness samples is shown in Figure
5. The creep strain at crack tip decreases with the increasing of the specimen thickness, but the
influence is not so obvious, which indicates that creep strain at crack tip is not a appropriate parameter
to describe crack propagation.
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3.4. Effect of specimen thickness on C integral

The effect of specimen thickness on the crack tip C integration is shown in Figure 6. The value of the
C-integral decreases gradually as the thickness of the sample increase, so the constraint is larger when
specimen is greater, and the specimen is less likely to crack at this time. Compared with the thinner
sample, the crack growth rate is also smaller due to the thicker specimen being closer to the plane
stress state. Compared with the stress and strain parameters, C integral is a reasonable crack tip
fracture parameter, suitable for describing the crack initiation and growth of stress corrosion cracking.

4. Conclusions
By analyzing the influence of the thickness of the compact tensile specimen on the creep stress-straom
field at the crack tip of the Ni-based alloy SCC, the conclusions are as follows:

(1) When the sample thickness ratio B/W=0.1, the crack tip effect is almost ineffective; when
B/W=0.25, The crack tip stress, strain and C integral is the maximum, then the specimen thickness has
little effect on the C integral value.

(2) Compared with the stress and strain parameters, C integral is a reasonable crack tip fracture
parameter, suitable for describing the crack initiation and expansion of stress corrosion cracking.

(3) To accurately predict the crack propagation rate of the low-constraint nuclear welding
structure, it is necessary to consider the influence of the constraint level of the specimen on the crack
propagation rate.
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