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Abstract. To understand the effect of cold working on the mechanical properties of stress 

corrosion cracking in 304 stainless steel, the influence of different cold working on the stress  

strain field near the crack front of 304SS was analyzed using ABAQUS. Results show that   

Mises stress will increase with increasing of the CW before creep. As the creep process is 

going on, the effect of cold working on the Mises stress around crack front will become weaker; 

Cold working will cause the decrease of the low-plasticity strain region at the crack front, but 

has little effect on the high plastic strain; Cold working will also cause the crack tip creep 

strain increase to a certain extent, indicating that the cold working will accelerate stress 

corrosion cracking to some extent. 

1. Introduction 

Stress corrosion cracking(SCC) is a failure mechanism that is caused by environment, 

susceptible material and tensile stress of nuclear power structural materials under high 

temperature and high pressure water environments [1]. During the manufacturing and 

assembly process under the nuclear power equipment, a certain degree of cold working will 

occur [2]. The amount of cold working will affect the stress corrosion rate and the crack tip 

mechanical state of the material in the nuclear environment. SCC caused by crack tip creep in 

high temperature water environment is one of the important factors lead to the failure of structures [3]. 

Therefore, it is very important to obtain accurate creep crack propagation rate for quantitative 

prediction nuclear structure life [4]. Many research shows that cold working has great effect on the 

creep mechanical field around crack tip [5-6].  

Finite element model is established under different cold working using compact tension specimen 

using 304 stainless steel. The mechanical properties of crack tip region are studied.  

2. Finite element modelling 

2.1. Specimen model 

The finite element analysis of the 1T-CT specimen was performed using the above material properties. 

The geometrical dimensions and the experimental procedure of the specimen confirmed to the 

ASTM399 standard [7], as shown in Figure 1. 
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Figure 1. Geometry and dimensions of 1T-CT model 
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Figure 2. Plate tensile specimen of 304SS Figure 3. True stress-strain curves under different CW 

2.2. Material model 

The plate tensile specimen used in this study is 304 stainless steel and its geometry and dimensions are 

shown in Figure 2. Its chemical chemical composition includes C-0.043%, Si-0.4%, Mn-1.18%, P-

0.033%, S-0.002%, Ni-8.04%, Cr-18.115%, N -0.046% etc. Tensile experiment was carried out in 

fatigue stretcher machine under different cold working rates, engineering stress and strain curve was 

derived and converted to true stress-strain curves. The material true mechanical curves was shown in 

Figure 3 under the amount of cold working is 0%, 10% and 20%, respectively.  

  

(a) Global mesh model (b) Mesh around the crack tip 

Figure 4. Finite element mesh model of half model of 1T-CT 

The creep rate is calculated using the power law model [8-9] in the FEM calculation: 

                                                    
mn

cr tA                                                                                     (1) 

Where cr  is the creep strain rate. σ is the applied stress; A is the power law multiplier, the value is 

1.24×10
-23

, n is the creep exponent, and the value is 7.5. 
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To eliminate the stress singularity generated by the crack tip [10], the crack tip radius was taken as 

0.5μm in the finite element simulation. Because of the symmetry of the sample structure and load, 1/2 

model was established in my study. The CPE8R was adopted in mesh type, as shown in Figure 4a. To 

obtain more detailed and accurate crack tip stress and strain, the mesh around crack tip was refined 

and its number was 15027, as shown in Figure 4b. 

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. 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 whole surface. 

The concentrated force is applied on the reference point to ensure the crack tip stress intensity factor 

KI=10 MPa·m
1/2

 [9]. Two analysis steps are set. The first one is the loading process, which produces 

elastic-plastic deformation on the sample; The other is the process of constant load, setting the creep 

equivalent time to 1000 hours. 

3. Results and Discussion 

3.1. Effect of cold working on Mises stress around crack tip  

The Mises stress distribution around the crack tip under different CW before and after creep is shown 

in Figure 5 and Figure 6, respectively. Figure 5 shows that Mises stress decreases with increasing of 

the CW before creep. Figure 6 shows that Mises stress tends to be the same under different CW after 

creep. Creep has great effect on the Mises stress. 

 
   

 (a) Cold working=0% (b) Cold working=10% (c) Cold working=20% 

Figure 5. Comparison of the Mises stress distribution around crack tip before creep (MPa) 

 

 

   

 (a) Cold working=0% (b) Cold working=10% (c) Cold working=20% 

Figure 6. Comparison of the Mises stress distribution around crack tip after creep (MPa) 

3.2. Effect of cold working on PEEQ around crack tip  

The PEEQ distribution around the crack tip under different CW before and after creep is shown in 

Figure 7 and Figure 8, respectively. Figure 7 shows that cold working has little effect on the high 

PEEQ zone near crack front, but can cause low PEEQ zone decreases with increasing of the CW. 

Compared Figure 7 with Figure 8, CW has little effect on the PEEQ. 
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 (a) Cold working=0% (b) Cold working=10% (c) Cold working=20% 

Figure 7 Comparison of the creep strain distribution around crack tip before creep 

 

 

   

 (a) Cold working=0% (b) Cold working=10% (c) Cold working=20% 

Figure 8. Comparison of the creep strain distribution around crack tip after creep 

3.3. Effect of specimen thickness on SCC crack tip creep strain 

The creep strain distribution around the crack tip under different CW is shown in Figure 9. which 

shows that creep strain increases with the increasing of CW, indicating that the cold working will 

accelerate stress corrosion cracking to some extent.  

 

   

 (a) Cold working=0% (b) Cold working=10% (c) Cold working=20% 

Figure 9. Comparison of the creep strain distribution around crack tip 

4. Conclusions 

(1) CW will increase the Mises stress at the crack tip before creep, and the stress around crack tip 

will release because of creep. As the creep process going on, the effect of CW on the Mises stress 

around crack front will become weaker; 

(2) CW will cause the decrease of the low-plasticity strain region at the crack front, but has little 

effect on the high plastic strain; CW will also cause the crack tip creep strain increase to a certain 

extent, indicating that the CW will accelerate stress corrosion cracking to some extent. 
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