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Abstract 
Austenitic stainless steels (ASS) are widespread in primary and auxiliary circuits of PWR. Moreover, 
some components suffer stress corrosion cracking (SCC) under neutron irradiation. This degradation 
could be the result of the increase of hardness or the modification of chemical composition at the grain 
boundary by irradiation. In order to avoid complex and costly corrosion facilities, the effects of 
irradiation on the material are commonly simulated by applying a cold work on non-irradiated material 
prior to stress corrosion cracking tests. Slow strain rate tests were conducted on an austenitic stainless 
steel  (SS) AISI 304L in PWR environment (360°C). Particular attention was directed towards pre-
straining effects on crack growth rate (CGR) and crack growth path (CGP). Results have demonstrated 
that the susceptibility of 304L to SCC in high-temperature hydrogenated water was enhanced by pre-
straining. It seemed that IGSCC was enhanced by complex strain paths.  
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1. Introduction 
Austenitic stainless steels (ASS) are characterised by a good resistance to general corrosion at 
elevated temperature, permitting their widespread use in primary and auxiliary circuits of 
Pressurised Water Reactors (PWRs). However, some components suffer stress corrosion 
cracking (SCC) under neutron irradiation. This degradation could be the result of the increase 
of hardness or the modification of chemical composition at the grain boundary by irradiation. 
In order to avoid complex and costly corrosion facilities, the effects of irradiation on the 
material are commonly simulated by applying a strain hardening on non-irradiated material 
prior to stress corrosion cracking tests. Numerous studies have demonstrated the susceptibility 
to stress corrosion cracking (SCC) of ASS in boiling MgCl2 solution [1] and in Boiling Water 
Reactor (BWR) environment [2]. Most of SCC tests have been made in order to find the 
threshold values for SCC occurrence and to clarify the effect of plastic pre-deformation. 
Particularly, transgranular SCC (TGSCC) in boiling MgCl2 solution initiation appears when 
the amount of elastic energy reach a threshold value, making the strain hardening essential for 
the initiation and the propagation of SCC [3, 4]. Furthermore, it seems that susceptibility to 
SCC is not a monotonic function of pre-straining in that environment [5]. In BWR 
environment, intergranular SCC (IGSCC) is also deeply correlated to strain hardening : crack 
growth tests have shown that the crack growth rate (CGR) increases with the yield strength in 
several ASS [6]. On the other hand, SCC of ASS in PWR environment is relatively poorly 
known, mainly because of the restricted conditions for the occurrence of the phenomena in 
that environment. Currently, the main cause of initiation of SCC in PWR environment is 
related to materials sufficiently pre-strained [7, 8 , 9, 10, 11]. Authors have tried to understand 
the effect of a pre-straining on SCC in PWR environment using cold pressed humped 
specimens. But the interpretation of slow strain rate tests (SSRTs) with this kind of specimens 
is not obvious, because of the combined influences of the mechanical parameters (pre-strain, 
stress, strain rate). In this context, this study has been conducted to highlight the effect of pre-
shear hardening and strain path on initiation and propagation of both IG and TGSCC of AISI 
304L in PWR environment at 360°C. Pre-shearing is not the most common and straight 
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forward method used to pre-harden materials prior to SCC tests. But this method has allowed 
to reproduce on flat specimens the sequential deformation at the intrados of cold pressed 
humped specimens where initiation of SCC has been widely observed. 

2. Experimental 

2.1 Material 
The material is a sheet of 30 mm thick. The chemical composition and mechanical properties 
of the austenitic alloy 304L tested in this work are given in Tables 1 and 2 respectively. 
Mechanical properties are isotropic in the plane of the sheet as shown by tensile tests in roll 
and transverse directions. Non sensitized 304L is solution annealed at 1150°C and water 
quenched. The resultant microstructure is characterized by a grain size of about 60 µm with 
no evidence of any carbide precipitate in the matrix and along the grain boundaries. The 
austenitic grain size was measured through metallographic etching (standard ASTM E 112 
[12]). It contains less than 5% of residual δ-ferrite and is subject to strain-induced martensite 
transformation (Ms = –133°C, Md30 = –3°C) as predicted by Angel [13]. The quantity of δ-
ferrite measured by X-ray diffraction is higher in the middle of the sheet than near the skins.  
 

Table 1. Chemical composition (wt%) of studied 304L. 

C Si Mn S P Cr Ni Co Ti Cu Al Mo N Fe 
0.026 0.52 1.49 0.002 0.027 19.23 9.45 0.07 <0.005 0.17 0.033 0.24 0.064 Bal. 

 
Table 2. Mechanical properties at 360°C of studied 304L. 

YS (MPa) UTS (MPa) El.  (%) HV0.1 
160 450 40 160 

2.2 Pre-shear hardening of the material 
Pre-shearing tests at 25°C were used to raise the yield strength of the material prior to SCC 
tests. Similarly to tensile test, we can considered that shear tests lead to an homogeneous 
strain-hardening with a fair approximation, without any localisation of the strain. Two 
samples (1 × 200 × 200 mm) have been cut in the middle of the sheet of 304L SS. Samples 
were silk-screen printed with a 2 mm step grid, in order to control the homogeneity of the 
shear at the end of the pre-strain hardening test. Grids were eliminated prior to SCC tests. Pre-
shearing were conducted with a frame composed of a fixed body where a mobile tie were 
sliding at its centre. The shear rate at the ambient air was 2.5 10–3 s–1 and the shear amplitudes 
were respectively 0.2 and 0.4 for the first and the second samples. Pre-shearing led to the 
formation of α’-martensite (5-7% measured by X-ray diffraction for γ = 0.4) and to an 
increase of hardness (respectively 320 and 340 HV0.1 for γ = 0.2 and 0.4). Each sample had 
two gage lengths (1 × 40 × 200 mm) in which secondary specimens have been cut for SCC 
tests after pre-shearing, for 3 directions defined by φ = 45°, 90° and 135° (see Figure 1). 
Consequently, three strain paths were followed during subsequent SCC tests consisting of 
tensile tests.  
Extensive studies concerning sequential deformations have already been published [14, 15]. 
Schmitt [16] have proposed a scalar parameter β to characterize a two-stage strain path. In our 
study β was defined as the double contracted tensor product between the plastic shear mode 
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For a β value close to 1 (φ = 45°) the strain tensors were almost identical leading to a pseudo-
monotonic test (no important changes were seen in the stress-strain curves). For a value close 
to –1 (φ = 135°), a reverse test, or pseudo-Baushinger test, was obtained. For a value close to 
0 (φ = 90°), the strain tensors of the two sequential deformation paths were perpendicular, i.e.  
the double-dot product of these tensors is zero. Then, the sequential deformation path led to a 
cross effect. The micro-mechanical aspects of strain path changes are not dealt in this paper. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 – Machining of secondary specimens in pre-sheared materials in air at 25°C. 

2.3 Specimen preparation 
Two types of specimens were used in this study. Specimens with 79 mm gauge length (type 
A) were used for SSRTs on non-pre-strained material. These 2 mm thick specimens were cut 
in the middle of the sheet, in its transverse plane. The shape and dimensions of type B 
specimens (1 mm thick) employed for SSRTs are shown in Figure 2. These secondary 
specimens were cut in pre-sheared samples (see previous paragraph). In the middle of the 
gauge length of type B specimens, a double notch was machined by electron discharge 
machining. The radius and depth of the notches were 150 µm. 3D calculations by finite 
elements have allowed to determine the strain, stress and triaxiality in the notches vs. the 
elongation of the specimen. 

 

 

 

 

 

 

 
Figure 2 – Type B specimen for SSRTs on pre-sheared and non-pre-strained 304L SS. 
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2.4 SSRT procedure 
Specimens were ultrasonically rinsed in ethanol and then in distilled water. Tests were carried 
out in Hastelloy (C-276) autoclaves. Specimens were isolated from the autoclave by oxidized 
zircalloy to avoid galvanic coupling. Experiments were conducted under open circuit 
conditions. The environment was primary water (1000 ppm B as boric acid, 2 ppm Li as 
lithium hydroxide) at 360°C. Solution was previously de-aerated by evaporating 20% of the 
initial volume at 125°C, then an hydrogen overpressure was introduced (30 cc/kg) and 
controlled using a Pd-Ag thimble. SSRTs, were conducted with an apparent applied strain rate 
( ap�� ) of 5 10–8 s–1. For notched specimens, ap��  was defined as [Ln(1+ δl/l0)]/τ, where δl was 

the elongation of the specimen, l0 the initial length and τ the duration of the test. During 
SSRTs the load was measured vs. elongation. At the end of the tests, specimens were rinsed in 
distilled water and then microscopically examined in order to find any SCC. The depth of the 
main crack was measured on the fracture surface of failed specimens, using a scanning 
electron microscope (SEM), or on cross-sections in the case of interrupted tests. The average 
crack growth rate was estimated by dividing the maximum crack depth by the duration of the 
test.  

3. Results 

3.1 Initiation and propagation of TGSCC in non pre-strained specimens 

Five tests have been carried out, four tests were interrupted before the rupture of the 
specimen, for various elongations, allowing to establish a relationship between the depth of 
the main stress corrosion cracks and the strain hardening of the material resulting from the 
SSRT in PWR environment (Figure 3). The observation of the fracture surface of test #657 by 
SEM permitted to identify a purely transgranular stress corrosion cracking. Cracks were 
initiated and propagated on every faces of the specimen. Furthermore, a large amount of 
cracks was equally observed on the gauge surface (≈130 cracks.mm–2). More generally, 
cracks were uniformly distributed for elongations higher than 17%. For short elongations (< 
17%), the identification of the crack path may have been difficult, because depths were 
systematically lower than the grain size. Very short cracks (2 µm) were detected for 0.10 
strain, while the transition from initiation to propagation was observed for a crack depth of 50 
µm after 0.27 strain. At the rupture of the specimen (test #657), the elongation (0.34 strain) 
was rather close to the elongation observed in inert gas. The aTGSCC – ε  curve allowed to 
propose, for an apparent strain rate of 5 10–8 s–1, a slow crack growth rate in the initiation 
stage, for a strain in the range 0.10 – 0.27, and a “rapid” CGR in the propagation stage for a 
strain above 0.27. The following CGRs were calculated from the slope of the two 
corresponding segments represented on Figure 3 : 
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The accuracy of the CGR proposed for the initiation stage was clearly higher than for the  
propagation stage. Further tests will be necessary to precise the depth of the transition and the 
CGR in the rapid propagation stage (with CT specimens). Crack depth versus the strain 
hardening resulting from SSRTs is shown on Figure 4. Strain hardening was quantified by 
Vickers micro-hardness measures near the initiation areas. Thus, a micro-hardness threshold 
for initiation was found close to 250 HV0,1 and close to 310 HV0,1 for propagation. However, 
it was assumed that micro-hardness did not evolved in the vicinity of the edges of the cracks 
during the propagation stage, except at the crack-tip. So, this hypothesis led us to consider 
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that the micro-hardness measured at the end of the test was representative of the strain 
hardening for initiation. Similarly, the evolution of crack depth versus the equivalent Von 
Mises stress have been represented on Figure 5, on which initiation corresponded to a stress 
of 430 MPa (0.10 strain) and the transition to propagation to a stress of 700 MPa (0.34 strain). 
Additional tests associated to finite element calculations should precise the value of the 
transition stress during this kind of test. This stress threshold was above the stress measured 
by RX diffraction at the room temperature at the apex of RUBs where no initiation has been 
observed after 15000 h. Consequently, the overshoot of these thresholds (stress and strain 
hardening) is not a sufficient condition for initiation and propagation of SCC of SS, at least 
for short duration tests in laboratory.  
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Figure 3. Initiation and propagation stages during SSRTs with non-pre-strained specimens 

(type A) in PWR environment (360°C). Depth of the main crack vs. strain at the end of the test.  
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Figure 4 – Micro-hardness threshold for initiation and 

propagation of SCC during SSRTs in PWR 
environment (360°C, ε� = 5 10–8 s–1). 

Figure 5 – Stress threshold for initiation and 
propagation of SCC during SSRTs in PWR 

environment (360°C, ε� = 5 10–8 s–1). 

3.2 Initiation and propagation of SCC during SSRTs with pre-sheared specimens  
Type B specimens were used in this part of the study. Except one specimen (test #549), all 
specimens were double-notched. Above all, pre-shear hardening associated with complex 
strain paths allowed to reproduce with flat specimens and a perfect homogeneous pre-strain, 
the mechanical state followed at the intrados of cold pressed humped specimens. The use of 
flat specimens also permitted a quantitative approach of the effect of strain hardening on SCC, 
by contrast to the use of cold pressed humped specimens implying contact problems, friction, 
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high heterogeneity and weak reproducibility of the strain hardening. Nevertheless, the section 
of the specimen was limited to 1 mm thick because of technological considerations. Two pre-
shearing levels were employed (γ = 0.2 and γ = 0.4) and three strain paths were followed :  
pseudo-monotonic (β = +1), reverse or pseudo-Baushinger (β = –1) and cross test (β = 0).  
A cross test with a pre-deformation of 0.20 in simple shear and a subsequent tensile led to a 
necking similar to that resulting of a pseudo-monotonic test subsequent to a  0.4 pre-shearing. 
After a 0.4 pre-shear, the necking of specimens were restricted during the subsequent tensile 
tests whatever the strain path. Consequently, specimens had a limited capability of 
deformation. In Figure 6 elongations to rupture of SCC specimens are shown as a function of 
pre-shear and strain path. The equivalent cumulated strain (x-axis) was the sum of the 
equivalent pre-shear (25°C) and the equivalent strain at the end of the SSRT (360°C). 
Comparing the monotonic test with a test in inert gas at 360°C (not represented on figure) it 
could be assumed that elongations to rupture were fairly reduced because of SCC. Thus, 30% 
of reduction was observed for {γ = 0.4 ; β = –1} with SCC < 140 µm while an elongation of 
22% was noted for the monotonic test due to highest SCC (300 µm). Finally, the effects of the 
strain paths on yield stress were minor for γ = 0.4, but significant for γ = 0.2. More precisely, 
stress-strain curves of reverse tests have confirmed that the material presented a Baushinger 
behaviour. 
Figure 7 describes the main stress corrosion crack depth initiated at the notch of specimens as 
a function of their elongation and strain path. On the whole, a strong effect of pre-hardening 
on SCC was observed and described in the following paragraphs. Dots corresponding to {γ = 
0.2 ; β = 0} were in agreement with those corresponding to {γ = 0.2 ; β = –1} : the shortest 
elongation to rupture was observed for the cross test (β = 0), which was the most severe 
mechanically. CGRs were calculated in the initiation and propagation stages when possible. 
Thus, the trend of the curve in the case {γ = 0.2 ; β = –1} indicated a CGR transition. 
Therefore, it was possible to evaluate the CGR, considering tests relating to reverse and cross 
test with 0.2 pre-shear and considering an elongation rate of 4.7 µm.h–1. The following CGRs 
for the initiation and propagation stages were obtained : 
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These CGRs were clearly higher than those measured in non-pre-strained specimens, with a 
factor 4 for the initiation stage and a factor 12 for the propagation stage. Therefore, strain 
hardening clearly led to an increasing of CGR for any stage. 
 
Effect of strain localisation on SCC 
In SSRTs, specimen often fails early after the initiation of the cracking and little information 
on crack propagation is obtained, especially in pre-strained materials. That’s why SCC was 
focused at particular locations by the use of double notches in the gauge section of the 
specimen. The effect of strain-localization during SSRT appeared comparing two specimens, 
one with notches and on the other without notch (tests #549 and #583). Pre-strain hardening 
and subsequent strain path, characterised by {γ = 0.4 ; β = –1}, were identical. Results 
showed that notches favoured initiation of SCC and especially TGSCC. Indeed, observations 
of fracture surfaces revealed a multitude of intergranular short cracks (< 40 µm) initiating at 
the surface of the smooth specimen and a main transgranular stress corrosion crack (80 µm) 
for the notched specimen. In the notched specimen, a lot of intergranular short cracks were 
observed outside the notches. In brief, 0.4 pre-shear hardening associated with a subsequent 
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reverse SCC test was favourable to intergranular initiation, but the presence of the notch 
mostly enhanced TGSCC (Figure 7). 
 
Effect of the strain path on the CGP 
Pre-shearing had different implications for trans- and intergranular crack depths. In fact, the  
intergranular crack depth was an increasing function of pre-shear hardening for complex 
strain paths (see Figure 8). Moreover, for reverse and cross SCC tests, the IG crack depth was 
independent on the strain path for 0.2 pre-shear. In return, for 0.4 pre-shear, IG crack was 
clearly deeper for the most mechanically severe strain path (cross test or β = 0). 
Consequently, it could be concluded that a pseudo-monotonic strain path do not significantly 
favour initiation of IGSCC whatever the pre-shear hardening level. Secondly, it could be 
assumed that IGSCC was enhanced by severe strain paths. 
Figure 9 show the effect of strain path on transgranular stress corrosion cracks. First, it could 
be noticed that TGSCC initiated whatever the strain path. For a pseudo-monotonic strain path 
(β = +1) the depth of transgranular cracking was independent of the level of the pre-shear 
hardening (≈ 400 µm). It means that CGR in a pre-strained material (γ = 0.4) was clearly more 
rapid than in the non-pre-strained one (γ = 0), since the durations of the tests were radically 
different (respectively 537 h and 1368 h for γ = 0.4 and 0). Then the case of complex strain 
paths was observed. A significant reduction of the crack depth for {γ = 0.4 ; β ≠ 1} was 
noticed, compared to the pseudo-monotonic strain path (γ = 0.4 ; β = +1). Thus, the depth of 
transgranular cracks were 5 times less important for a complex strain path than for a pseudo-
monotonic strain path. It was assumed that a complex strain path associated to a significant 
pre-strain hardening reduced the propagation of transgranular cracks. For γ = 0.2, the two 
complex strain paths have been distinguished. TGSCC was favoured by the pre-strain for β = 
–1, the cracking reached 1 mm depth. The moderate 0.2 pre-shear significantly increased the 
CGR. For the most severe strain path (β = 0), the depth of crack did not exceeded 400 µm : it 
could be concluded that a mechanically severe strain path (β = 0) limited the propagation of a 
transgranular crack. 
 
Stress and strain hardening thresholds for SCC 
The whole results conducted with type B specimens were plotted on Figure 10. The first 
conclusion was that for a complex strain, the micro-hardness threshold for propagation of 
TGSCC was above 315 HV0,1, which was close to the value estimated with SSRTs on non-
pre-strained 304L. As for the propagation threshold of IGSCC, it was less than 345 HV0,1. 
Considering the strain hardening characterised by {γ = 0.2 ; β = –1}, we could be assumed 
that the stress threshold for apparent initiation was close to 470 MPa and the stress threshold 
for propagation was below 680 MPa. These values referred to TGSCC, which was the 
deepest, and were in a good agreement with those founded on the non-pre-strain hardened 
material. On the whole, representative points related to complex strain paths seemed to be 
fitted by a curve increasing rapidly with the true equivalent stress, in the range 600 – 800 
MPa. 
 
Effect of Triaxility 
The deepest transgranular cracks were observed for the highest values of the stress triaxialty. 
Especially, the reverse strain path {γ = 0,4, β = –1} was considered, it could be noticed that 
both TGSCC and IGSCC increased significantly with triaxiality. Nevertheless, data were still 
missing to conclude on the effect of triaxiality and to propose any possible threshold for 
initiation or propagation of SCC. 
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Figure 6 – Stress-strain curves of SSRTs in PWR environment for several strain paths 
(360°C, ε� = 5 10–8 s–1). The equivalent stress and the equivalent cumulated strain are 

considered. γ is the pre-shearing and β is the strain path. 
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Figure 7. Crack depth versus elongation for several strain 

paths. SSRTs on notched type B specimens.                            
(360°C, ε� = 5 10–8 s–1) 

Figure 8. Intergranular crack depth versus pre-shearing for 
several strain paths. SSRTs on notched type B specimens. 
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Figure 9. Transgranular crack depth versus pre-shearing for 
several strain paths. SSRTs on notched type B specimens. 

(360°C, ε� = 5 10–8 s–1) 

Figure 10. Vickers micro-hardness threshold for SCC 
initiation and propagation for several strain paths. SSRTs on 

notched type B specimens. (360°C, ε� = 5 10–8 s–1) 
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4. Discussion 
First, SSRTs have supported the primary idea that strain hardening was a prerequisite 
condition for SCC initiation and propagation. Several curves have led to propose thresholds 
for both initiation and propagation. No SCC has been observed for micro-hardness below 240 
HV0.1, and no propagation under 310 HV0.1. Likewise, an equivalent stress close to 700 MPa 
seemed necessary for propagation. Nevertheless, the overstepping of these thresholds was not 
a guarantee for SCC initiation or propagation as demonstrated by sequential tests.  
 
Second, SSRTs have demonstrated the important effect of the strain path on SCC mechanisms 
and more precisely on the crack growth path. Briefly, the monotonic strain paths led to pure 
TGSCC while complex strain paths (reverse and cross SCC tests) favoured IGSCC. 
Furthermore, IGSCC was an increasing function of strain hardening while TGSCC was first 
favoured by strain hardening, then decreased when the strain hardening became too important. 
Therefore, some mechanical considerations about the strain path changes could put in light 
some SCC aspects. During plastic strain, the most highly stressed slip systems were activated, 
leading to the dislocation motion in these planes. After a sufficient amount of monotonic 
deformation (β = +1) the dislocation structures evolved toward steady-state configurations as 
cell block boundaries (CBBs), where dislocations were stored. Generally CBBs were formed, 
in fcc structure, along the most active {111}-cristallographic slip planes. In a reverse test (β = 
–1), most of the slip systems that were active during the pre-strain were also active during the 
second loading, but were operating in the opposite sense. According to Hu [15], the beginning 
of the reverse loading lead to the rapid disappearing of unstable dislocation pile-ups, giving 
rise to an asymmetry of slip resistance. In a cross test (β = 0), the active slip systems from the 
first deformation path remained latent while new slip systems were activated. A high 
resistance to dislocation motion was obtained, because the CBBs formed during the first stage 
operated as obstacles for the new slip systems. Consequently, changes of strain paths could 
have two major effects on SCC : first, CBBs formed during the pre-deformation could lead to 
strong obstacles to dislocations motion and increase SCC in agreement with corrosion 
enhanced plasticity models [1]. Second, short transient behaviours as Baushinger effect 
(decreasing of yield strength on reloading in a reverse sense) or cross effect, resulting from 
micro-plasticity, could have major implications on the enhancement of SCC mechanisms in 
304L. One of the noticeable features was that the effects resulting from reverse and cross tests 
appeared to vanish after an equivalent tensile strain of 0.15-0.20. Afterwards, the initial 
plastic anisotropy was totally replaced by the anisotropy induced by the new deformation 
mode. In accordance to SCC observations, it could be assumed that TGSCC was dramatically 
reduced in the cross SCC test because the motion of dislocations into the grains, during the 
second strain, was slowed down by the dislocation forest induced by the pre-strain hardening. 
Furthermore, TGSCC could be favoured by planar glide at the crack-tip, while IGSCC would 
rather be enhanced by the strain incompatibilities. Additional tests and observations should be 
carried out to strengthen this hypothesis. 
 
Comments could finally be made about the transition from initiation to propagation of SCC, 
observed during SSRTs. SCC of alloy 600 in primary environment had shown that transition 
from initiation to propagation stage depended on a critical default, related to a critical stress 
intensity factor KISCC. This notion originally defined in the LMF was adapted to the case of 
environmentally assisted cracking. KISCC has been interpreted as the KI threshold above which 
SCC mechanism produced a local plasticity at the crack-tip, to auto-supply the SCC 
mechanism with necessary dislocations for depassivation of the material [17]. KISCC value 
currently admitted for alloy 600 in PWR environment was close to 9 MPa m  [17]. 
According to the LMF theory, KI values were valid only under very strict conditions (plane 
deformations, plane default with a critical size, localised strain). Finally, KI could not be 
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calculated from short cracks propagating in SSRT specimens where the plastic strain was not 
localised and where the stress increased during the test. However, this transition could have 
another origin, as a morphological barrier (grain size). Indeed, the depth of transition 
corresponded to the grain size of the material. Therefore it could be assumed imagine that 
cracks initiate and slowly propagate until a strong obstacle (grain boundary) was reached, that 
could be over passed with a collective effect only (coalescence of short cracks to cross the 
barrier). Further tests and observations should be conducted to understand the significance of 
this transition (different loadings, grain sizes, etc.). 

5. Conclusions 
Series of test was conducted with two types of specimens to make clear the initiation and 
propagation stages in a non-pre-strain hardened and pre-strain hardened 304L SS. Pre-
shearing tests were used to clarify the effect of the strain path on SCC and more precisely on 
CGP as suggested by previous studies conducted with humped specimens. The main 
conclusions were following : 

• Pre-straining was necessary for SCC 
• There was a strain path effect on the crack morphology 
• A monotonic strain path led to TGSCC 
• A complex strain path led to IGSCC 
• TGSCC depth was not a monotonic function of the pre-straining 
• IGSCC depth was an increasing function of the pre-straining 
• No stress effect was observed on crack morphology 

 
The benefit of sequential testing was to reduce incubation time to the onset of cracking in 
susceptible materials through the application of the dynamic plastic straining during the first 
sequence. Additional sequential tests could be carried out with different constant stresses, pre-
straining or strain paths. Besides, efforts could be done to clarify the effect of the strain path 
and the cold plastic deformation on the environment-sensitive cracking of austenitic stainless 
steels. In particular, the role played by austenite transformation, the internal stresses and the 
substructure of the dislocations should be investigated.  
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