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Abstract 

This paper analyzes the role of fatigue pre-cracking in the stress corrosion behaviour of high strength 

pearlitic steel subjected to localised anodic dissolution and hydrogen assisted cracking. The effects of 

crack-tip plastic straining and crack-tip residual stresses of a compressive nature, generated by fatigue 

loading, are elucidated by using both a simple theoretical estimation and a high-resolution numerical 

modelling of the near-tip stress-strain field during the previous cyclic loading and the posterior 

monotonic loading. It is shown that cyclic crack tip plasticity improves the stress coirosion behaviour of 

the steel in the two regimes of cracking. In the respective cases, the effects are supposed to be due to 

accelerated local anodic dissolution of the cyclic plastic zone (cumulative damage region) producing 

chemical crack blunting or to the delay of hydrogen entry into the metal caused by compressive 

residual stresses, thus increasing in both cases the fracture load in aggressive environment. 

Keywords: stress corrosion cracking, crack-tip residual stresses, cyclic plastic zone. 

1. INTRODUCTION 

Stress corrosion cracking (SCC) of metals and alloys is evaluated in laboratory testing of 

pre-cracked specimens III. Thus, a pre-crack in the specimen is required, and it is usually 

generated by fatigue (cyclic) loading in air environment. Fatigue pre-cracking inevitably 

produces a substantial redistribution of stresses and strains in the near-tip zone, which may 

affect the posterior stress corrosion behaviour 111. 
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The influence of pre-loading on SCC has been studied in several works /2-4Λ Pre-cracking 

at higher values of the stress intensity factor range ΔΚ = K m a x - Kmjn , where K m a x and Kmin 

are respectively the maximum and minimum values of the stress intensity factor Κ during 

fatigue, produces a retarding effect on SCC. This is explained usually by the action of 

compressive residual stresses produced near the crack tip at load reversals due to accumulated 

plastic deformation. 

This paper offers an analysis —both theoretical and numerical— of the mechanical aspects 

of the effect of the fatigue pre-cracking regime on the posterior SCC in a high-strength steel. To 

this end, the rising load SCC experiments are considered in combination with a simple 

theoretical estimation and a high-resolution numerical modelling of the elastoplastic stress-strain 

field in the vicinity of the crack tip subjected to fatigue pre-cracking and subsequent monotonic 

loading up to the points of fracture in SCC tests. 

2. EXPERIMENTAL 

The aim of this paper is to analyze the consequences of fatigue pre-cracking on the posterior 

stress corrosion behaviour of the high-strength steel. Different zero-to-tension cyclic loading 

levels were used in the experiments, the key variable being the maximum stress intensity factor 

at the last stage of the pre-cracking Kmax, whereas Kmin = 0 in all tests. Four different fatigue 

programmes were performed with KMAX/Kic= 0.28, 0.45, 0.60 and 0.80, where KJC is the 

fracture toughness in the absence of harsh environment. 

A high-strength steel was studied whose chemical composition and mechanical properties 

are given respectively in Tables 1 and 2. The SCC experiments were slow strain rate tests 151 

with pre-cracked specimens in aqueous solution, as described in detail elsewhere 111. The tests 

were performed at anodic and cathodic potentials to evaluate the two main mechanisms of SCC: 

localised anodic dissolution (LAD) and hydrogen assisted cracking (HAC). Fig. 1 shows the 
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Table 1 Chemical composition (wt %) of the steel 

c Mn Si Ρ S Cr Ni Mo 

0.74 0.70 0.20 0.016 0.023 0.01 0.01 0.001 

Table 2 Mechanical properties of the steel 

Young mod.Yield Stress UTS Toughness Ramberg-Osgood ε=εε+εΡ=σ/Ε+(σ/Ρ)η 

Ε σ γ σ κ K IC Section I (εΡ< 1.07) Section II (εΡ> 1.07) 
(GPa) (MPa) (MPa) (MPam·«) P, (MPa) n, P„ (MPa) n n 

195 725 1300 53 2120 5.8 2160 17 

Κ / Κ max IC 

Fig. 1: SCC test results in terms of respective fracture loads in aggressive and inert 
(laboratory air) environments at the anodic regime (-400 mV vs. SCE: LAD) and at 
the cathodic regime (-1200 mV vs. SCE: HAC). 

experimental results of the failure load in solution Fscc (divided by the reference value at 

rupture in air Fc) as a function of the ratio Km ax /K[C . For both regimes of cracking, the 
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mechanical effect of fatigue pre-cracking is beneficial for the SCC resistance of the steel, since 

the fracture load in aggressive environment is an increasing function of Kmax-

These phenomena may be caused by the development of the cyclic plastic zone and the 

presence of compressive stresses (cyclic residual stresses) in the vicinity of the crack tip as a 

consequence of the fatigue pre-cracking procedure. The crack tip is pre-strained (and in a 

certain sense pre-stressed) by fatigue: the higher the cyclic load level, the more pronounced is 

the pre-straining/stressing effect which delays the environmental damage process (metal 

dissolution or hydrogen entry in respective cases of LAD and HAC) and improves material 

performance. 

To ascertain the mechanical effects of the pre-cracking regime on SCC, it is desired to know 

the evolution of certain mechanical variables associated with the environmentally assisted 

cracking processes. The items of primary interest are the variations of the plastic zone (Fig. 2) 

and the stress distribution beyond the crack tip affected by cyclic pre-loading. In particular, 

hydrostatic stress σ plays a fundamental role in HAC processes driven by stress-assisted 

hydrogen diffusion 161. To represent the theoretical and numerical results, the two usual 

coordinate systems —cartesian and polar— attached to the common origin at the crack tip were 

used, as shown in Fig. 2. 

3. THEORETICAL MODELLING OF NEAR-TIP FIELDS 

In the previous analyses /4,7/, the superposition approach by Rice /8/ was applied to 

elucidate these matters. Restricted by crucial simplistic assumptions, it captures roughly some 

trends but misses substantial features of the near tip elastoplastic stress-strain field evolution. 

The next section of this paper offers a high-resolution numerical modelling of these cyclic 

residual stresses in the vicinity of the crack tip after loading-unloading the specimen, and an 

improved calculation of the evolutions of plastic zone and stress-strain distributions in the 
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y 

X 

Fig. 2: Scheme of the coordinate systems attached to the crack tip and characteristic 
dimensions of the plastic zone. 

vicinity of a crack tip subjected to rising load SCC tests. However, the simple Rice model may 

be used as a first approach to obtain a fast and easy theoretical estimation. 

Fig. 3 offers a schematic representation of the monotonic (for K=K m a x ) and cyclic (for 

K = K m j n ) stress distribution ahead of a crack tip which has been subjected to cyclic zero-to-

tension loading, according to the superposition considerations of the Rice model for an elastic 

ideally plastic material /8/. On adapting this model for the plane strain case by using an effective 

(constrained) yield stress σγ* /8/ as modified by the stress triaxiality according to the Irwin 

estimate of the near tip plasticity constraint factor (cf. /8,9/), it is possible to obtain the depths 

xPZ(R) and Δχρζ(Κ) of, respectively, the forward (or monotonic, at K m a x ) and reversed (or 

cyclic, at Km in) plastic zones beyond the crack tip in a perfectly plastic solid (with no strain 

hardening) as follows: 

(1) 
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ÄxPZ(R)(AK) = — ( — ) = j xpz(R) (ΔΚ) 
1 / Δ Κ \ 2 1 

(2) 
3π ^ 2 σ γ ; " 4 

where σ γ is the tensile yield stress, and the superindex (R) refers to the Rice estimation. In the 

tests presented in this work, K m j n « 0, and therefore ΔΚ » K m a x . With the mentioned plane 

strain plasticity constraint factor after Irwin, the extreme normal stress in the crack plane a y y 

alternates between ±σγ*, i.e., its maximum absolute value is the effective (constrained) yield 

stress σγ*=Λί3σγ (cf. 191), as shown in Fig. 3. The hydrostatic stress cycling proceeds between 

±σ*, where σ*= 8/(3V3)oy ~ 1.54σγ (see Fig. 3). The plastic zone itself "pulsates" within the 

range from Δχρζ ( Κ ) at Km i n to xpz (R) at K m a x . In addition, it is clear from Fig. 3 that Δχρζ (Κ) 

represents the depth of maximum compression next to the crack tip at K m j n , whereas xpz (R) 

Fig. 3: Monotonie (for K=Km ax) and cyclic (for K=Km in=0) stress distributions ahead of a 
crack tip which has been subjected to cyclic zero-to-tension loading, according to the 
Rice model for an elastic ideally plastic material /8/. The schema shows the 
distributions of both hydrostatic stress σ and uniaxial stress a y y (normal to the crack 
plane) and their maximum levels. The forward (or monotonic) plastic zone is lightly 
shadowed, whereas the reversed (or cyclic) plastic zone is densely shadowed. 

G , Gyy 

Κ = Kmin = 0 

X 
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gives the depth (measured from the crack tip) of the maximum hydrostatic stress point in both 

monotonic (Kmax) and cyclic (Kmin) loading. 

4. NUMERICAL MODELLING OF NEAR-TIP FIELDS 

4.1. Description of the numerical procedure 

A more accurate approach to the problem of fatigue precracking by cyclic loading in real 

structural materials is performed by taking into account strain hardening effects in the material 

and modelling in detail the near-tip area in which the evolution of stress and strain is 

fundamental. In this section, the effect of fatigue pre-cracking is analyzed by high-resolution 

numerical modelling of the stress-strain state near the crack tip in a rate-independent 

elastoplastic material with von Mises yield surface and power-law strain hardening. A 

combined isotropic-to-kinematic hardening rule is used, which captures the effect of hysteresis 

loop stabilisation associated with cyclic stress-strain behaviour /10/. The mechanical 

characteristics of the material correspond to the steel used in the experimental programme (cf. 

Table 2). 

Stress-strain fields in the close vicinity of the crack tip are known to depend substantially on 

the crack blunting /11,12/. To reveal them, finite deformation analysis of a plane strain crack 

subjected to mode I (opening) load was performed, confining the study to the small scale 

yielding situation, which allows a consideration of the stress intensity factor Κ as the only 

variable governing the near tip mechanical situation irrespective of a particular geometry of a 

cracked solid and applied load (cf. /9,11/). The crack was modelled as a parallel-sided round-tip 

slit with initial height (twice the tip radius) bo = 5 μηι, which is in agreement with experimental 

data reported for fatigue cracks in steels /13/. The applied loading history consisted of several 

(up to ten) zero-to-tension cycles in accordance with most of the experimental fatigue 

programmes, namely, at K m a x / K i c = 0.45, 0.60 and 0.80, followed by rising load 
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corresponding to the SCC testing. The nonlinear finite element code MARC /14/ was used with 

updated Lagrangian formulation. The modelling peculiarities (solid's geometry, loading, etc.) 

are the same as described elsewhere /12/. In particular, after trying several refinements of the 

finite element mesh near the crack tip, the optimum one was chosen in which the average size 

of the smallest four-node quadrilateral elements adjacent to the tip was about 0.02bo· 

4.2. Stress-strain evolution 

In contrast to the plastic zone analysis which should not be sensibly improved considering 

large geometry changes at the deformed crack tip, the near tip stress distributions must be very 

sensitive to the blunted tip geometry evolution /11,12/. Accordingly, the obtained near tip stress 

patterns differ substantially from the estimation proposed by Rice /8/. 

As a general observation on cyclic stress distributions, for all load cases the bounds of 

alternation of the hydrostatic stress σ were more than ±3.8σγ, i.e., notably above the 

mentioned estimate of about +1.54σγ of the Rice model. This stress field component is focused 

since it is of major interest for HAC governed by stress-assisted hydrogen diffusion in metal 

161. Fig. 4 shows the evolution of the hydrostatic stress distribution in the plane of the crack 

beyond the tip, σ = σ(χ), where χ is the distance in the deformed configuration of a solid, 

during monotonic loading in the SCC test after fatigue pre-cracking. 

With regard to the depth of the points of minimum and maximum hydrostatic stress during 

fatigue pre-cracking with constant amplitude K m a x , the specific depths always ranged as 

follows: 

Xo(min) < xo(max) 5 3 ΔχΡΖ (3) 

where Xa(min) and Xa(max) are respectively the depths of the historical minimum a( m j n ) 

(.minimorum, for Kmin) and historical maximum G(max) (maximorum, for Km a x) of hydrostatic 

stress, and Δχρζ represents the depth of the cyclic plastic zone (i.e., for K=Kmjn) which is 
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Fig. 4: Hydrostatic stress distributions beyond the crack tip during monotonic loading at 
SCC test after fatigue pre-cracking at Km a x /KiC = 0.45 (solid lines) and 0.8 (dashed 
lines) at progressive applied Κ levels indicated in the figures. The distance χ from the 
crack tip is measured in the deformed configuration. 
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quite lower than the Rice estimation Δχρζ(Κ). Thus, the maximum hydrostatic stress point is 

much closer to the tip than the prediction (1) of the Rice approach /8Λ 

As a consequence of the not perfectly plastic but work hardening material behaviour, the 

extrema of the hydrostatic stresses σ for the top and bottom of fatigue load cycles, 0(min) and 

tf(max)> a s w e l l a s their locations x<j(min) and Xo(max)> depend on the applied load amplitude 

K m a x and on the cycle number N: the absolute values of the σ-stress extrema increase slightly 

with a rise of either K m a x or N, whereas their depths increase with K m a x and decrease with N. 

However, these characteristics of the near tip stress-strain state should stabilise with the 

increase of Ν as soon as a steady state (stabilisation) of alternating plastic flow is approached, 

depending on the level of applied Km a x . 

With regard to the normal stress in the plane of the crack Gyy, the patterns of Gyy(x) were 

quite similar to those displayed in Fig. 4, although the absolute values of the ayy-stress were 

greater, roughly by a factor of about 1.6. Comparing the distributions of the hydrostatic and 

normal stresses σ(χ) and a y y (x) in each particular load case (i.e., fixed Kmax-value during 

fatigue), their both extrema G ( m j n , m a x ) and G y y ( m i n , m a x ) were found at approximately the same 

depths X = X0(min,max> at corresponding K( m i n ,max) respectively. 

4.3. Plastic zone development 

Fig. 5 shows the plastic zones where the equivalent von Mises stress exceeds the tensile 

yield stress (ae q > σγ) at load maxima (K = Km a x) and minima (K = Km jn = 0) according to the 

numerical solutions. These zones are nearly invariable as the number of load cycles increases 

and their shapes appear approximately self-similar with a scaling factor of (Kmax/aY)2, cf. Fig. 

5. The performed finite element analysis provides the following estimation of the depth of the 

forward (monotonic) plastic zone at Km a x : 

(4) 
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Fig. 5: Plastic zones a e q > σγ under cyclic loading at Kmax/Kic = 0.45 (top pictures) and 0.8 
(bottom pictures): (a/c) monotonic plastic zones at K m a x ; (b/d) cyclic plastic zones at 
Kmin; all figures are in the same scale whereas the grids are scaled with the factor 
(Kmax/σγ)2 so the grid spacings are 0.016 mm in (a/b) and 0.050 mm in (c/d). 

The reversed (cyclic) plastic zone at Kmin = 0 is also dependent on the previous Kmax-level 

(or, in other words, on the range ΔΚ). For strain hardening materials, the criterion based on the 

tensile yield stress (a e q > σγ) is applicable to define the actual plastic flow zone only at the first 

forward loading marking the domain where plasticity ever occurred. Because of the material's 

hardening it is natural to define the plastic flow zone at cyclic loading from the condition of 
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positive increment of the equivalent plastic strain (dejq > 0), i.e., to consider the active, really 

cyclic, plastic zone as the domain of cyclic flow and accumulation of plastic strain. Similarly to 

the stress-defined zones, these zones of active plastic flow are nearly independent of the load 

cycle number during cyclic loading at constant amplitude, and again, they look self-similar with 

a scaling factor of (Kmax/σγ)2. They are indeed the regions of cyclic plastic flow and 

accumulation of plastic strain and damage. For cyclic loading under given Kmax, the depth of 

this reversed (cyclic) plastic zone at unloading (K=Kmjn) may be estimated as: 

where it is obvious that the cyclic plastic zone at Kmin (unloading instant) depends on the load 

level represented by K m a x . According to the numerical solutions, these active plastic zones 

(where de<£, > 0) at load minima (reversed plastic zones at Km in) nearly coincide with the 

corresponding stress-defined domains (where Geq > σ γ ) given in Figs. 5b and 5d. At load 

maxima (K m a x ) the forward plastic zones shrink to 70% of their down-load counterparts, 

which clearly contradicts the estimation of the Rice model. In further sections of this paper the 

plastic zone will be stress-defined (a e q > σγ) for loading paths extending the plasticity domain 

into new regions in the material, and strain-defined or active (dejq > 0) when the previous 

condition is not achieved, i.e., when further cyclic accumulation of plastic strain takes place in 

the previously formed plasticity domain. Thus the first definition is only applicable to the 

increasingly monotonic part of the first fatigue cycle and the rising loading path in the SCC tests 

after exceeding the maximum fatigue precracking level, i.e., for K>Km a x and this concept is 

associated with the forward or monotonic plastic zone whose size is given by equation (4). The 

second definition corresponds to the domain of cyclic plastic flow comprising the forward and 

reversed plastic flow zones whose sizes are assumed to be approximately the same and given 

by equation (5). 

Δ χ ρ ζ ( Κ ™ χ ) = ο.οι (5) 
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An original and unexpected result should be emphasized here: both the monotonic and the 

cyclic plastic zone sizes in the fatigue pre-cracking period (computed by nonlinear finite element 

analysis) are nearly independent of the load cycle number, i.e., they stabilise after a couple of 

cycles and remain almost constant during fatigue, in spite of the constitutive equation of the 

material which shows strain hardening. As a consequence, the numerical results are self-similar 

with the similitude criterion of (Kmax/OY)2, in the same way as the theoretical estimations 

provided by Rice, although in the latter case the material is assumed to be elastic-perfectly 

plastic with no strain hardening at all. 

Finally, it is interesting to compare the theoretical estimations of the model proposed by 

Rice with the results of the finite element analysis. The equations (1) and (2) of the Rice model 

have the same scaling factor of (Km a x /av)2 as the relations (4) and (5) based on the numerical 

computation. However, the theoretical model overestimates the monotonic and cyclic plastic 

zone sizes, and xpz(R) and Δχρζ(Κ) are about 2.5 times the numerical values xpz and Δχρζ- The 

Rice model predictions for the sizes of the plastic zones measured in the crack plane direction χ 

are in better agreement with the corresponding maximum extensions rpz and Arpz in a radial 

direction (see Fig. 2), following the results of the numerical analysis. The ratio Äxpz(R)/xpz(R) = 

0.25 according to formulae (1) and (2) agrees with numerical data on average, whereas the 

factor 0.35 is better for the depths ratio in the crack plane direction (Δχρζ/χρζ) and 0.18 for the 

maximum extensions in radial direction (Arpz/rpz). Equation (4) is also valid for the monotonic 

loading plastic zone depth xpz (K) in the subsequent SCC test when Κ > Km a x . 

5. DISCUSSION 

To analyze the results of the SCC tests on the basis of the performed simulation of the crack 

tip mechanics, it is useful to compare the characteristic distances (the plastic zone size referring 

to LAD, and the depth of the maximum hydrostatic stress point when HAC is considered) after 
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fatigue pre-cracking and during the SCC test. With regard to the latter, the critical value of the 

stress intensity factor for S C C to proceed, KQSCC> IS evaluated from the ratio of the failure load 

in corrosive solution Fscc to the failure load in air Fe (Fig. 1) as follows: 

KQ Scc = ^ £ K i c ( a i r ) (6) 

Neglecting subcritical crack growth, KQSCC may be considered as an upper bound estimate for 

the threshold stress intensity factor KISCO and the two characteristic values KQLAD for L A D 

and KQHAC f° r H A C may be considered in each particular regime. The sizes of the plastic zones 

at the different stages of the SCC process may be theoretically estimated by the Rice model, and 

numerically computed from the reported finite element results, as explained in the following 

paragraphs, which allows a comparison of the two approaches and an explanation of the role of 

fatigue pre-cracking in the stress corrosion behaviour of the steel in both cracking regimes. 

5.1 Localized anodic dissolution (LAD) 

Figs. 6 and 7 show the plastic zone sizes during fatigue pre-cracking (monotonic for 

K=Km a x and cyclic for K=Kmjn = 0) and at the end of the LAD tests, according to the model 

proposed by Rice /8/ (Fig. 6) and computed by the high-resolution finite element analysis 

performed in this paper (Fig. 7). The similitude between the two plots is evident, and thus the 

Rice estimation provides a really easy first approach which reasonably predicts the trends, in 

spite of its not considering the strain hardening in the material. The reason for this general 

agreement between the two approaches may be found in the cyclic stabilisation of the 

monotonic and cyclic plastic zones during fatigue according to the numerical computations with 

a strain hardening material. However, the Rice approach clearly overestimates the plastic zones 

sizes, so the more detailed finite element analysis is essential to obtain a reliable and accurate 

picture of the evolution of the near-tip stress-strain fields. 
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Fig. 6: Plastic zone sizes theoretically predicted according to the model proposed by Rice /8/: 
during fatigue pre-cracking (monotonic for K = K m a x and cyclic for K = K m j n ) and at 
the end of the LAD tests (i.e., at Κ = K q l a d ) · 
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Fig. 7: Plastic zone sizes numerically computed following the procedure described in this 
paper: during fatigue pre-cracking (monotonic for K = K m a x and cyclic for K = K m j n ) 

and at the end of the LAD tests (i.e., at Κ = K q l a d ) · 

For LAD-controlled fracture, the fatigue pre-cracking regime causes a strong protective 

effect characterised by the environmentally assisted fracture load as a percentage of its 
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environmentally unassisted counterpart (Fig. 1), and thus the final plastic zone in the LAD test 

(i.e., that associated with KQLAD) surpasses clearly the cyclic and the monotonic plastic zones 

created during fatigue pre-cracking (cf. Figs. 6 and 7). Considering the mechanical factors of 

pre-cracking, the normal stress variation just at the crack tip surface may be the factor capable 

of influencing LAD processes. In this sense, comparing the crack tip (at χ = 0) stresses after 

pre-cracking at different ratios of Km a x /Kic (Fig. 4), their levels during SCC test were found 

practically insensitive to the cyclic load level K m a x considering either the hydrostatic stress 

σ(χ=0) shown in Fig. 4 or a particular component o y y (x=0). Stresses in the interior at χ > 0 

must be irrelevant here since LAD is a surface dissolution reaction. Therefore, no difference for 

LAD processes should be expected from the effects of the residual stresses produced at 

different cycling regimes, and the crack tip plastic strains created at fatigue pre-cracking must be 

taken as a potentially responsible factor. The toughening effect of the fatigue pre-cracking on 

LAD-driven SCC may be associated with accelerated dissolution of the zone of cyclic plastic 

flow due to inherently higher chemical activity of the damaged (disordered) crystalline structure 

therein, cf. /15/, producing crack tip blunting induced by the dissolution process. Thus the 

increasing size of the cyclic plastic zone with the fatigue pre-cracking level Kmax (predicted by 

both theoretical estimations and numerical computations, see Figs. 6 and 7) could explain the 

beneficial effect of fatigue pre-cracking loading on the posterior SCC behaviour: the higher the 

Kmax-level, the greater the cyclic plastic zone and the more pronounced the toughening effect 

caused by dissolution-induced crack tip blunting. 

5.2. Hydrogen assisted cracking (HAC) 

Figs. 8 and 9 show the plastic zone sizes during fatigue pre-cracking (monotonic for 

K=Km a x and cyclic for K=Kmin Ξ 0) and at the end of the HAC tests, according to the model 

proposed by Rice /8/ (Fig. 8) and numerically computed by the high-resolution finite element 
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during fatigue pre-cracking (monotonic for K=Km a x and cyclic for K=Km jn) and at 
the end of the HAC tests (i.e., at Κ = Kqhac)· 
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Fig. 9: Plastic zone sizes numerically computed following the procedure described in this 
paper: during fatigue pre-cracking (monotonic for K=Km a x and cyclic for K=Kmjn) 
and at the end of the HAC tests (i.e., at Κ = Kqhac)· 

analysis performed in this paper (Fig. 9). As in the case of LAD, the two plots show similar 

trends, although the Rice approach clearly overestimates the plastic zones sizes, if compared to 
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the more accurate predictions given by the high-resolution numerical modelling. 

It should be noted that, for lower pre-cracking Kmax-levels, the corresponding critical 

values of K q h a c > KM A X , and the active plastic zone at fracture corresponds to the monotonic 

one xpzi whereas for the strongest fatigue pre-cracking regimes (higher levels of K m a x = 0.80 

K[c) K q h a c does not exceed KM A X and the advancement of plastic straining is confined to the 

cyclic plastic zone Δχρζ (the zone where cyclic plastic flow takes place). Just when the applied 

Κ level in a HAC test overpasses the fatigue pre-cracking level (K> Km a x) , the active plastic 

zone changes from strain- to stress-defined, i.e., from cyclic to monotonic, and this change 

produces a sudden increase of plastic zone size (an "explosion" of plastic zone) which is not 

predicted by the Rice model. 

In HAC processes the global protective effect of fatigue pre-cracking loads is weaker than in 

the case of LAD (see Fig. 1), but the trend is the same, i.e., increasing fracture load in a 

hydrogen environment for rising fatigue pre-cracking level K m a x . The explanation of this 

experimental fact requires a detailed modelling of the near-tip stress-strain field and not merely a 

simple theoretical estimation. To this end, Fig. 4 provides insight into the consequences of 

fatigue pre-stressing. For an intermediate level of externally applied loading in the HAC test 

(applied K= 0.30 Kic), clear differences may be observed between the two distributions of 

hydrostatic stress (those associated with fatigue pre-cracking levels of K m a x = 0.45 and 0.80 

Kic), especially in the close vicinity of the crack tip, which implies a different rate of hydrogen 

transport to prospective fracture nuclei by stress-assisted diffusion according to which 

hydrogen is driven by the hydrostatic stress gradient da/dx 161. In the case of the strongest 

fatigue programme (Km ax = 0-80 Kic) it is s e e n i n Fig· 4b that residual stresses remain 

compressive in an extended area beyond the crack tip and, what is more important, there is a 

negative gradient of hydrostatic stress da/dx<0 which delays hydrogen diffusion towards the 

inner points, prevents hydrogen degradation of the material therein, and increases the fracture 

load in a hydrogen environment. 
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6. CONCLUSIONS 

The stress-corrosion behaviour of high-strength steel is clearly influenced by the fatigue 

pre-cracking procedure, since the cyclic loading regime affects the plastic zone development and 

controls the evolution of stress-strain fields in the close vicinity of the crack tip. 

In this paper, two approaches are explored to obtain the near-tip stress-strain fields and the 

plastic zone development for the different fatigue pre-cracking programmes, as well as their 

evolution during the posterior stress-corrosion cracking tests. 

The Rice model provides an easy and simple estimation of residual stress fields and plastic 

zone sizes after fatigue pre-cracking. However, when a more accurate and reliable calculation of 

near-tip stress-strain fields is required or the material has strain-hardening capacity, a high-

resolution finite element analysis is required. 

Both the monotonic and the cyclic plastic zone sizes in the fatigue pre-cracking period 

(numerically computed) stabilise after a few cycles and remain almost constant during fatigue, 

in spite of the constitutive equation of the material which includes strain hardening. As a 

consequence, the numerical computations are self-similar in the same way as the theoretical 

estimations provided by Rice. 

Cyclic accumulation of plastic strain and creation of the domain of compressive residual 

stresses improve the SCC behaviour through increase of the failure load in aggressive 

environment either by chemical blunting of the crack tip enhanced by accumulated cyclic plastic 

strain (in the case of LAD) or by delaying the entry of hydrogen into the fracture process zone 

near the crack tip (in the case of HAC) due to the existence of negative gradients of hydrostatic 

stress in the vicinity of the crack tip in the most severe fatigue pre-cracking programmes. 
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