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INTRODUCTION 

The susceptibility of high-strength wrought aluminum alloys to environ-

mentally induced subcritical crack growth under sustained static tensile stress, 

usually referred to as stress-corrosion cracking (SCC), has been recognized 

as a significant factor in the proper application of these materials. One of 

the earliest uses of high strength aluminum alloys was in the aircraft industry, 

due to the relatively high strength-to-density ratios exhibited by these alloys. 

The forerunners to the modern 7)O\-series alloys were very high strength precipi-

tation hardened A1-211-Mg alloys developed in 1923 for application in the rigid 

airship, Zeppelin, but the first shipment of fabricated parts cracked during 

transport to the airship factory. (])  The failures were attributed to SCC under 

the combined influence of residual tensile stresses and humidity. The three most 

important factors associated with this and the majority of stress-corrosion failures 

are: 1) the introduction of a new alloy with higher yield and tensile strength 

than alloys previously used, 2) residual or assembly stresses in the alloy, and 

3) exposure to the moisture of the air. 

Intergranular crack propagation is dominant in the SCC of aluminum alloys 

as a result of stress-corrosion resistance being strongly related to the local 

grain shape and orientation with respect to the applied stress. Most stress-

corrosion failures of aluminum alloys have resulted from residual or assembly 

surface tension stresses acting continuously in the short-transverse direction 

(or transverse in the case of round and square sections) relative to the grain 

structure. (2) The decrease in load-sustaining capability resulting from SCC is 

frequently related to a threshold stress,cTSCC'  which is the minimum stress at 

which SCC is observed within a given time. Mechanical, fracture, and stress-

corrosion properties for several 7M-series aluminum alloys are given in 

(l) Table I. 
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Localized dezmposition of solid solution at the grain boundaries is 

characteristic of the microstructure in tempers that are susceptible to SCC. 

In most cases, precipitation in the grain boundaries can be established, and any 

alloying addition or metallurgical treatment that affects the precipitation 

science or grain shape can influence the resistance of these alloys to SCC. 

Stress corrosion resistant tempers have been developed for the Al-2n-Mg-Cu 

system (su:h as 7C - :7 -11- 73), but other tempers (i.e., T6 type) remain susceptible 

'Lc S7C especially in the shirt transverse direction. Less success has been 

P.::± -ic . v 	in 	 st-ss-ocrrosion resistant tempers in the copper-free 

1.7c* d 	- cusceptihilitv to SCC in a wider range of 
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THEORIES 

Mears, Brown and Dix proposed a generalized theory of stress corrosion in 

metals. (3 '
4) 

Localized corrosive attack by the environment produces fissures, 

and concentration of normal components of tensile stress relative to the path of 

corrosive attack develops at the base of the fissures. The preferentially 

corroded paths may represent strata of relatively low inherent resistance to 

corrosion or they may be anodic relative to the surrounding metal. As a fissure 

grows in length and the radius of the base decreases, the magnitude of the 

stress concentration increases. Further opening (cracking) of the fissure will 

occur as a result of stress concentration at the base, exposing new metal to the 

corrosive environment. Corrosion of the freshly exposed metal surfaces is accel-

erated due to their anodic potential, and current flow from the crack tip will 

increase until protective films are reformed. Continued corrosion results in 

further fissure extension, and ultimately, the combined effects of tensile stress 

an:: corrosion result in crack growth. The paths of preferential corrosion are 

associated with grain 1-2endaries in aluminum, alloys. 

Sne:ific theories on the mechanisms of SCC are based upon a thorough urakr-

standing of the precipitation sequences in the 7XXX-series aluminum alloys, and 

the resulting effects upon the physical and chemical metallurgy of these alloys. 

Spherically shared Guinier-Preston (GP) :ones are generated during the aging of 

Al - :n -!klg alloys at temperatures up to 260°F. (3) Aging times and temperatures 

characteristic of the T6 temper (highest strength) produce GP zones with an 

average diameter of 20 to 35 A, along with very small amounts of a transition 

precipitate n',which is partially coherent on (ill) A1  planes. Strengthening 

effects have been attributed to the increased resistance to dislocation movement 
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resulting from stronger atomic bonds existing within the GP zones. When precipi-

tates are coherent or partially coherent, the slip systems of the precipitates 

and the matrix are generally coincident, and the precipitates may be penetrated 

by dislocations. Aging at temperatures higher than those that produce maximur, 

strength results in GP zone growth and greater amount of n. This transition 

phase is considerably less effective in developing strength thanthe GP zone 

size. With higher temperatures or longer aging times, n -  develops into a stable 

phase which can he n - (Mg:n,) or T Ng 3  N3Al 2 ) depending upon the composition of 

th,L alloy. 

Ccpner additions to Al-:n-Ng alloys of up to 1% do not change the basic 

pre:iptation mechanise. (3)  Higher copper contents allow greater precipitation 

ha -r.ier:ino, with some contrThution of copper atoms to zone formation. The comp os i-

tion of the o  phase in the Al-:n-!q-Cu system can vary, and it has not been estab-

lised for Al-rich alloys. Along with the heterogeneous precipitation of phases 

bou7ndries during thermal treatments of aluminum alloys, solute depl ,,:.tej 

re nay develop at the grain margins. These regions of the microstructure 7.= 

be rel a tively free of precipitate phases, and exhibit different chemical and 

when com7, ,Ired with the grain bodies and boundaries. 

s and Nutting observed that intercrystalline mechanical fracture of 

-XYX-series aluminuT alloys near maximum hardness was related to preferential 

slir in the preeipitate - free :ones (PIT.) ad j acent to the grain boundaries.
(T

'
S) 

The absence of precipitates in the grain margins was attributed to vacancy 

migration to grain boundardeL,  during quenching, resulting in a reduction of 

nucleation sites within the margin. stress concentration effects in aluminurE 

alloys usually develop at grain boundaries, and dislocation movement can occur in 
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the adjacent precipitate free zones under applied stresses less than the yield 

stress of the material. Strain in an alloy in the peak hardened condition will 

result in preferential plastic flow in the grain margins. If this strain is 

induced in a corrosive environment, preferential corrosive attack will develop 

along the regions where plastic flow has occurred. Therefore, intercrystalline 

SCC can occur under a sustained tensile stress in active environments. 

Gruhl theorized that stress corrosion crack sensitivity of an Al-53n-3Mg-

O. 3!\n-0.1.5Cr was associated with zones which are related to single phase segre-

gation in the matrix, rather than with the heterogeneous precipitates at grain 

boundaries. (3 ' 6)  Experiments performed upon this alloy by Gruhl and Cordier led 

to the theory that stress corrosion is caused by metastable redissolvable pre-

cipitates, and that precipitation of stable phases can lead improved resistance 

to SCC. 

Jacobs hypothesized that the quench-induced dislocation structure observed 

in the T6 temper was vital to the initiation of stress corrosion cracks. (3 ' 7) 

 Pitting in both the T6 and T73 develops by the dissolution of large Mg=11..)  pre-

cipitate particles in grain boundaries and grains, however, the stress corrosion 

behavior in these tempers is significantly different. Jacobs concluded that the 

critical role of dislocations was to assist in the nucleation of cracks of 

appropriate geometry for propagation. In later works, Jacobs suggested that 

the contribution of dislocations to stress corrosion susceptibility was more 

sigri -ricant when they were strongly pinned, or immobile; and that an increase in 

precipitate-particle density lowered stress corrosion resistance more than increased 

dislocation density. 

Holl rejected the views of both Thomas and Jacobs after performing electron 

microscopic examinations of the deformation behavior of an A1-5.7211-2.7Mg-O.SCu 
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alloy in various states of susceptibility to SCC. (3 ' 8) Holl concluded that the 

SCC behavior of this alloy is controlled by the mode of deformation, which is a 

function of the structural condition of the matrix. When this alloy is aged to 

contain GP zones or coherent precipitates, it will be highly susceptible to SCC. 

In this condition, slip is concentrated in well defined slip hands and disloca-

tions show a marked tendency to remain on their origin71 slip planes. The forma-

tion of non-coherent precipitates, usually through over-aging, results in the 

best resistance to SCC. In the highly resistant condition, restricted slip does 

not occur and dislocations form uniformly distributed tangles. Sprowis and Brown 

reported that, "Experience at the Alcoa Research Laboratories supports Hollis 

contention that neither the presence per se of a precipitate-free grain boundary 

rein or a quench-induced d i slocation structure governs the resistance to SCC of 

a11ovs." C3)  

In attempting to establish microstructures characteristic of susceptibility 

or resistance) to SCC, it is important to study the role of the electrochemical 

relationships of tL_ di fferc-nt phases with the environment. Materials with ricre-

stru=tures identified as susceptible to SCC fail in some aqueous electrolytes 

unaffected in other electrolytes. Hunter, Frank and Robinson studied 

c=sion cf 	In of slo -  v quenched 7075-W alloy sheet using transmissi= 

electron microscopy techniques, and observed extremely selective corrosion V.ych 

extendcd along grain margins leaving particles of grain boundary precipitate 

unattacked. 	Fink and 	observed that the partial depletion cf cc=cr, 

zinc and magnesium from the solid solution at the grain boundary regions of 

slowly quenched sheet causes the grain margins to become anodic to both the grain 

bodies and the ! 17  (A1, Cu, :n) ?  phase precipitated in the grain boundaries.
(3,Q1 

 Investigations of the effect of artificial aging on the electrochemical potential 

of rapidly quenched 707 7 5-W sheet revealed that aging at 250°F resulted in a poten-

tial shift of about 75 my in the cathodic direction after 24 to 36 hours and 
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no further change after 48 hours of total aging. (3)  However, if this alloy is 

aged for 8 hours at 350°F after aging for 24 hours at 250°F, the potential shifts 

about 35 my in the anodic direction. 

The initial potential change with aging indicates the precipitation of zinc 

from solid solution at the lower temperature. The second aging step reduces copper 

and zinc in solid solution in the grain bodies, causing the grains and grain boun-

daries to approach the same potential. This type of electrochemical response to 

aging could account for the greater resistance of 7075-T73 short transverse speci-

mens machined from thick sections compared to 7075-T6. (5)  The electrochemical 

mechanism for intergranular susceptibility in Al-:n-Mg-cu alloys appears to he 

markedly influenced by the extent of copper removal from solid solution, rather 

than by a concentration of solute elements in the precipitate-free region. The 

determination of an electrochemical model for Al-Zn-Mg alloys is controversial, 

but the two models given most consideration involve anodic components of: 1) grain 

boundary precipitates such as 	or 2) plastically strain precipitate free 

grain boundary regions - 	, 	. . 

\ theory on the mechanism of SCC in Al-:n-:\1g alloys involving hydrogen v.,: 

proposed by Haynie and Bovd. C1H  This theory was based on the absorption of 

hydrogen into grain boundary regions. The mechanically weaker depleted zones, 

in precipitation hardening alloys can plastically deform at relatively low stresses. 

The small vole of the zones, however, restricts the total amount of plastic flol, 

that can occur, and small notches may form at grain boundaries. The material at the 

notch root is in a triaxial state of stress and has a higher hydrostatic-stress com.- 

ponent than the grain that is subjected only to a uniaxial tensile stress. Haynie 

and Boyd proposed that, "The hydrostatic-stress component causes preferential 

absorption of hydrogen, which in turn causes an increase in the activation energy 
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for dissolution of the grain boundary material" (10)  

The possibility that an oxide film is always present on the corroding 

surface and that the kinetics may be controlled by the rate of diffusion of 

cations through the oxide was considered by Haynie and Boyd. (10)  Since mechanical 

rupture of the oxide film is less likely when the material is stressed below its 

bulk-flow stress, the film rupture mechanism does not entirely account for 

observed SCC behavior at this lower stress level. Electrochemical studies by 

Haynie and Boyd lead to speculation on other possible influences of hydrogen 

on SCC, which were: 1) hvrogen absorbed into grain boundaries may accelerate 

localized attack by increasing the cation gradient through the strained oxide 

filn, a lcing accelerated diffusion of alminuri ions and 2) the relative dis-

trd'eution of nrotons in the oxide at grains and grain boundaries may cause pre-

fcrent]a1 grain boundary attack. 

1-1-1\711-PT_ 

treatment of the stress aspect of SCC through a linear - elastic fracture 

invIves the stress-intensity factor, K. If a uniform tensile stress 

1- (7,  a plate of 7ctai in the presence of a short crack, the elastl_ 

stres field at the leading edge of the crack can be characterized by the single  

ter, K, which is proportional to the product of the nominal stress and the 

scre root 
	

th: crack si:e. (11)  The parameter K is a quantitative measure of 

the intensification of the stress at the crack tip. The magnitude of K increases 

with increasing stress or increasing crack size. Unstable fast fracture occurs 

when this parameter reaches a sufficiently high value, Kc , which is often called 

the fracture toughness. Values for K c  vary with specimen thickness, but at a 

certain thickness, the fracture toughness reaches a lower limiting value. 
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Specimens of this thickness (or thicker) are described as being in the state of 

plane strain when fracturing, and the limiting value of fracture toughness is 

described as the plane-strain fracture toughness, K ic . The subscript I 

indicates that the crack grows in the opening mode. 

Aluminum alloys of practical importance have sufficient ductility such 

that a stress across a crack produces a plastic zone ahead of the crack. The 

plastic zone formation produces a crack opening displacement (COD), which has 

been estimated for plane-stress conditions in telms of K, Young's modulus E, 

andyield strength c-7 by the following equation:(11 -) 

-  
opening crack displacement =  1K  

Multiplication of the right-hand term by the reciprocal of the triaxial stress-

intensification factor gives the displacement for plane strain conditions. In 

the absence of corrosion, this equation indicates a finite opening of a crack 

nc=11 to the crack plane-. 

Propagation of stress-corrosion cracks through plane-stress plastic 

is extreTxlv slow, or may not occur. (11) As a given material is tested in 

progressively thinner specimens, the plane-stress plasticity effects become 

progressively more important, until stress-corrosion cracking does not occur 

(for all practical purpose). Stress-corrosion crack growth under constant 

loading conditions is accompanied by increases in the stress intensity, and the 

plane-stress plastic zone increases in the x and z directions according to the 

equation shown in Figure 1.
(12) The reluctance of stress-corrosion cracks to 

propagate through the plane-stress plastic zone at the sample surface makes the 

direct observation of stress-corrosion crack-growth kinetics difficult. 
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In quantification of the stress intensity responsible for SCC, the thickness 

of the specimen should be sufficient for the effects of the plane-stress zone 

to be negligible. This thickness depends on the stress intensity used and the 

yield strength of the material. The most conservative recommendation is that 

the thickness should be at least 2.5 (K/cv )
2.01,12) 

One of the main purposes of fracture mechanics is to have a means for pre-

dicting the behavior of a given metal or alloy in service from small sample 

observations. A typical surface-cracked specimen is show 	 ,(11) n in Figure 	- along 

with the equation for K. This relationship provides a correlation between K IgCC 

and the various combinations of stress (c) or load (P), flaw depth (c ), and o -  

flaw shape (''„). For determining the depth of a long surface crack that would 

be sufficient for stress-corrosion crack propagation at yield-point stress 

levels, this equation reduces to: 

a 	= 0.2(  ISCC l 2
c  c-/ 

V 

,,here _ 	the critical crack depth expected to propagate SCC. In design,  c 

could he used to estimate the maximum tolerable flow size fora loading_ 

situation adequately represented by the surface-cracked specimen configuration 

and deformation mode. Numerical solutions of K1  for other practical test speci- 

mens have been established. (I1 ' 12)  

The basis and limitations for using the crack-tip stress-intensity factor, 

I' to characterize the crack-driving force in subcritical-crack growth have 

been considered by Wei. (15)  The opening mode, I, was discussed, but the con-

siderations were applicable to the edge-sliding mode, II, and the tearing mode, 

III. The stress and displacement fields associated with the opening mode in an 

isotropic elastic body are: 
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where r and E. are the radial and angular coordinates measured from the crack 

tip (Figure 3); p is the shear modulus, and v is the Poisson's ratio. These 

stresses and displacements are considered to be good approximations in the 

region where r is small compared to other planar dimensions. K 1  is the stress 

intensity factor for mode I, as previously discussed. 
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Although the linear elasticity solution for a sharp crack results in 

infinite stresses at the crack tip where the radius of curvature is "zero," the 

deformed shape of the crack assumes some finite radius of curvature and the 

stress level remains finite. (13) Reduction of the stress concentrating effects 

of the crack also occurs due to the local plastic deformation at the crack tip. 

The stress distribution as a whole will not be seriously disturbed if the zone 

of plastic deformation is small relative to the crack length and other planar 

dimensions of the body. Under these conditions, the elasticity solutions 

represent a reasonably accurate approximation of the stress and displacement 

fields near the crack tip. Containment of the small plastic zone at the crack 

tip by surrounding elastic material results in a general behavior of the region 

governed by this surrounding elastic material, and therefore characterization 

by the crack-tip stress-intensity factor, K 1 , is reasonable. The use of this 

p.-,ranter to characterise the crack driving force is "predicated on the assn::;- 

ti= of limited plasticitv." (13j  

1';2,:1- t777 presented a survey of the, "current knowledge of those aspects 

of fracture in brittle ceramics and glasses which can be understood in a unified 

1:a> - in ter s. of the quantitative science of crack behavior. -414) In this 

slow cr:q pros -Igation by stress corrosion was presented in fracture mecharl'ic5. 

tel 	Griffith theory predicts that cracks do not propagate below the critical 

stress required for rapid propagation to failure. However, slow propagation of 

cracks in glass is well established, and Charles and Hillis assumed that the rote 

of crack propagation in glass is controlled by a chemical reaction between the 

glass and the water in the environment.
(14

'
15) 

It was theorized that the crack velocity should be dependent on an activa-

tion energy which in turn should depend on stress. The relationship expressing 
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the velocity of chemically assisted crack growth proposed by Charles and Hillig 

was: (14 '

15) 

V = Vo exp(-EI  + 11 of  - Vie/p)/RT 

where E.
4 
 ' is the stress-free activation energy, b the activation volume, o t  the 

stress at the crack tip, Vm  the molar volume of the glass, ' the interfacial 

surface energy between glass and the reaction products, and p the radius of 

the crack tip. Weiderhorn and Bch:: expressed this result in terms of K I  fe•- - 

 a tvo-dimensional crack by using K1  = 0(7p) 1/2 to obtain: 

V = Vo ex: -F* + 	K /(7 ,-)]/RT 
'fr 

(14,1q - This theory successfully describes many obser- 

va .L.Dris on environmentally dependent crack growth. 

TESTING 	IODS 

cimens for testing resistance to stress-corrosion can be grouped into 

three main types, 10-:ich arc smooth specimens or precracked specimens for 

extcrr.21 loadng, and residual stress specimens.117' -)  Externally loaded smooth 

specimerls include direct tension type, bent beams, u-bends, c-rings, 0-rings and 

tuning forks. Generally, stressing by tensile loading constitutes a more severe 

test than the application of bending stress. Before fracture mechanics was 

developed and applied to the design of quantitative stress-corrosion tests, 

the conventional and more qualitative time-to-failure (TTF) test was employed 

to rate a materials susceptibility to SCC. (1)  The TTF test involved exposure 

of a smooth, stressed specimen to a corrosive environment; ultimately determin- 

ing a relationship between time-to-failure and the applied gross section stress. 

Due to the qualitative nature of the data resulting from TTF testing of smooth 
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samples (among other limitations), the testing of precracked specimens has 

become more developed and accepted recently. 

Testing of precracked specimens by external loading makes use of linear 

elastic fracture mechanics to describe the stress distribution in a specimen 

containing a crack in terms of the stress intensity factor. The procedure 

involves mechanically precracking a specimen configuration for which the stress 

distribution is understood, and then loading the specimen to a predetermined 

stress intensity during exposure to an environment of interest. 	This test 

method, offers the following advantages over TTF testing of smooth samples, 

"1) the ability to state SCC thresholds in a. form which can readily be analyzed 

in terms of resistance to catastrophic crack growth, 2) the ability to measure 

the rate of growth of stress-corrosion cracks... and 3) the ability in the 

case of some alloy systems to avoid variable and prolonged periods of incuba-

tion of stress corrosion cracks." (l7) 

One of the most convenient specimen configurations and loading modes for 

studying stress-corrosion characteristics in aluminum alloys is the double-

cantilever-beam (DCE) loaded by constant displacement to a stress intensity at 

or just below the critical stress intensity, K it... . (18) In this method, SCC will 

initiate rapidly (in susceptible materials) and proceed for a time at a fairly 

constant rate before slowing down as the crack lengthens and K 1  decreases. If 

the crack growth stops, the stress intensity can be termed the threshold for 

SCC 
(KISCC)*  The data is usually plotted as crack propagation rate da/dt 

or V vs. stress intensity (K 1 ) A typical SCC crack-growth curve is shown in 

Figure 4 for a susceptible material (7079-T651). (18) The plateau velocity may 

be considered the highest SCC propagation rate that a material will sustain for 

significant crack extension. In this type of testing, the formation of corrosion 
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products within the crack can be continuous, and it may contribute to the stresses 

at the crack tip. 

A joint Aluminum Association-American Society for Testing and Materials 

task group (ASTM G-1.06.91) has recommended a standard method of test for 

susceptibility to SCC of 7)XX aluminum alloy products (ASTM G 47-76). The 

proposed standard specifies corrosive environment and period of exposure, type 

of test specimen and method of loading, procedures for sampling various manu-

factured product folms,,and guidelines for interpreting test results. (19) The 

standard is based on extensive round robin tests performed in nine different 

laboratories and long term atmospheric exposures. The data showed that a high 

degree of variability can he obtained in stress-ccrrosion test results for a 

given material depending on the test procedure. 

The selection of the most appropriate test conditions depends on the 

metallurgy of the alloy, the mechanical properties of the product, and the 

chemistry of the test medium. Since stress is intimately involved in SCC, 

susceptibility to SCC can only he established by exposing both stressed and 

unstressed specimens to the environment of interest. 

DISCUSSION 

A number of theories and mechanisms for SCC in aluminum alloys have been 

developed, but because of the complexity of stress-induced environmental cracking 

in 7XXX-series alloys, critical data needed to establish the "true" mechanism 

of SCC remains undetermined. More than one correct theory may ultimately be 

established. Electrochemical effects, the nature of surface oxide films, and 

the heterogeneous metallurgical structure of these alloys must all be considered. 

The interactions of these factors under the influence of stress vary somewhat 

between the Al-:n-Mg-Cu alloys and the copper free alloys in the 7XXX-series, 
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and at this time, greater success in developing SCC resistant tempers in the 

copper containing alloys has been achieved. 

Holl's theory that SCC behavior of Al-Zn-Mg-Cu alloys is controlled by the 

deformation mode (and therefore the structural condition of the matrix) is 

supported by the results of research at Alcoa. Certainly the concentration of 

slip along PSE's has been established. A path of preferential corrosive attack 

may develop due to anodic potential in these plastically strained regions. 

Considerable data is available, however, that indicates the establishment of 

anodic regions due to solute segregation from the matrix in the form of pre-

cipitate phases. If grain margins were anodic to their surroundings as a result 

of solute depletion during heterogeneous precipitation at grain boundaries, 

selective intergranular corrosive attack would be enhanced without the influence 

of stress. Similarly, grain boundary precipitates with anodic potential could 

lead to intergranular attack. Protective oxide films develop rapidly in 

alurninum allovs,and the role of stress in disrupting these films certainly is 

an important factor in extending the selective attack of the environment. 

S4mificant changes in stress-corrosion crack velocity due to changes in the 

electrochemical activity of M precipitate phases as a function of copper cont ent 

have been demonstrated.( -70) 
	

One of the main advantages of copper additions 

in these alloys is copper's ability to dissolve in the matrix and enter the M 

phase, while increasing the nobility of both. 

The application of fracture mechanics to the phenomenon of SCC is still 

in a developmental stage. Some success has been achieved in predicting stress 

corrosion behavior through fracture mechanics when compared with experimental 

data. The relationship developed by Hillig and Charles for ceramic application 

is particularly useful because of the additional chemical activity and molar 
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volume terms. Application of this relationship to metallic materials seems 

reasonable. 

In general, the best approach to improving stress corrosion resistance in 

7XXX-series alloys is through heat treatments. Redistribution of solute 

elements to decrease electrode potential differences of microconstituents and 

regions is one of the main goals. Some success has been achieved through 

alloying additions such as chromium. Overaging to produce incoherent precipitates 

while sacrificing some strength is effective in improving resistance. 
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Table 1 Mechanical, Fracture, and Stress-C'orrosion Properties for Several 
Aluminum Alloys 
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Fig 	l —Forma' representation of plastic zone at the front of a throu?h-thick- 

Hess crud . in a plate. 
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Fig. 2 Typical surface cracked specimen 
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2 

Fig. 3 - Coordinates and stress components in the 

crack-tip stress fwd. 

STRESS INTENSITY•kslun 

Fig. 4 —Effect of corrosive environment on SCC propagation rate In 7079-T631 
alloy plate (23 in. (64 mm) thick). 
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