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A. INTRODUCTION

The study of environmentally assisted cracking (EAC) involves the consideration and evaluation of
the inherent compatibility between a material and the environment under conditions of either applied
or residual stress. However, this is a very broad, encompassing topic with many possible
combinations of materials and environments in which EAC has been investigated and documented.
EAC is also a critical problem because equipment, components, and structures are intended to be
used while exposed to various environments and conditions of stress and must resist EAC over
prolonged periods of service. Furthermore, the materials used in construction typically have a
multitude of manufacturing and process variables that may affect their metallurgical condition and
structure which, in turn, influence resistance to EAC. Testing for resistance to EAC is one of the most
effective ways to determine the interrelationships among material, environmental, and mechanical
variables on the process of EAC.

The proportions of this subject immediately limit attempts to make simplistic use of only a single
method of testing for all cases. Factors such as material type, process history, product form, active
cracking mechanism(s), loading configuration and geometry, and service environment all can have a
major impact on the type of specimen and test condition to be utilized for the evaluation of EAC. The
prudent approach to selection of testing methods is usually to start with a survey of previous
experiences from prior investigations conducted on similar classes of materials and types of
environments found by surveying the published literature. Additionally, an extensive amount of
information on standardized stress corrosion cracking (SCC) testing methods, evaluation procedures,
and experimental techniques is available in ISO 7539 Parts 1-8 [1], ASTM and NACE standards,
and existing reviews published in the literature [2].

B. BACKGROUND

To better establish a basis for understanding the role that each of the various cracking processes plays
in the selection of EAC test methods on a particular material, the applicable EAC processes must first
be identified for the specific material and environment under consideration. Mechanisms of EAC
have been debated for decades and there are still controversies over the use of specific terms and
definitions. Therefore, in this chapter the discussion of the subject will be limited to basic
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phenomenological descriptions of the various cracking processes with an attempt to discuss them in
simple but descriptive terms and in relation to important testing-related variables.

1. Stress Corrosion Cracking

Stress corrosion cracking is the formation of embrittlement whereby cracks form in a normally
sound, ductile material through the simultaneous action of a tensile stress and a corrosive
environment. In most cases, SCC has been associated with the process of active path corrosion
(APC) whereby the corrosive attack or anodic dissolution initiates at specific, localized sites and is
focused along specific paths within the material. Crack initiation often occurs at sites of local anodic
attack (e.g., pits or local crevice corrosion). In some cases, crack propagation is along grain
boundaries (i.e., intergranular SCC or IGSCC); and in other cases, the path is along specific
crystallographic planes within the grains (i.e., transgranular SCC). Quite often, SCC is strongly
affected by alloy composition, the bulk concentration of specific corrodent species or the local
concentration on the metal surface, and usually, to a lesser degree, the stress intensity. In some cases,
this latter point may make use of test methods based on fracture mechanics concepts difficult to
utilize effectively due to multiple crack initiations, excessive crack branching and tendencies for
nonplanar propagation of cracks.

Furthermore, corrosion film characteristics (i.e., passivation) and local anodic attack (i.e.,
depassivation) often serve as controlling factors in SCC crack initiation and growth. Therefore,
localized corrosion can promote SCC, making exposure geometry and specimen design important
factors. In many cases, mechanical straining or electrochemical inducements such as crevices
or controlled potential are utilized to overcome the problems and uncertainties of SCC initiation so
that the inherent resistance of the material to SCC can be obtained at reasonable test duration (see
Table 1) [3].

2. Hydrogen Embrittlement

Hydrogen is often a byproduct of corrosion and electrochemical processes and may also be a major
constituent in various service environments. During electrochemical reactions in aqueous
environments, it is common for a hydrogen ion (H + ) to combine with an electron (e ~) to form
atomic hydrogen on the surface of the material. The effects of hydrogen on cracking are contrasted to
those of local metallic dissolution in Figure 1 [4]. Depending on the solution and interfacial
characteristics, the hydrogen atoms formed by the corrosion process may recombine to form
molecular hydrogen that can simply bubble off of the specimen surface without any further
complications. However, under certain circumstances, when hydrogen recombination poisons (e.g.,
S, P, As, Sn) are present in the environment, hydrogen recombination is retarded, promoting the
absorption of atomic hydrogen into the material. Once inside the material, hydrogen can affect the
mechanical performance of materials in several ways:

1. The formation of internal hydrogen blisters or blisterlike cracks at internal laminations or at
sites of nonmetallic inclusions in low-strength materials. These internal cracks may
propagate by a process called hydrogen-induced cracking (HIC) or hydrogen blistering. No

TABLE 1. Applied Potential for SCC in Steel Exposed to
Various Service Environments

Environment

Nitrate
Liquid Ammonia
Carbonate
Hydroxide

Potential Range (mV-SCE)

- 250 to 1200
-400to > +1500

- 650 to - 550
- 1100 to - 850 and + 350 to + 500



FIGURE 1. Schematic comparison of (a) anodic SCC and (b) hydrogen embrittlement cracking (HEC)
mechanisms [3].

external stress on test specimens is usually required to examine this type of cracking
behavior. In some cases, however, these blister cracks may take on an alignment caused by
the presence of residual or applied tensile stresses which is referred to as stress oriented
hydrogen-induced cracking (SOHIC).

2. The process of hydrogen-assisted microvoid coalesce can occur during plastic straining. This
can reduce the ductility of normally ductile engineering materials while not inducing brittle
cracking.

3. An extreme case of ductility loss from hydrogen is the brittle fracture of susceptible
materials under applied or residual tensile stresses. This form of cracking, typically results in
either transgranular or intergranular cracks, depending on the material type and condition,
yield strength and processing variables, and is normally referred to as HEC.

With respect to HEC, most susceptible materials show a major effect of stress concentration (i.e.,
notches) and level of stress intensity and tend to produce failures in a relatively short time
(i.e., < 1000 h). Therefore, tension, notched, and precracked specimens and fracture methods are
widely utilized in the evaluation for HEC. Once hydrogen has entered a material, it can produce
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FIGURE 2. Crack growth versus applied stress intensity for LME of aluminum in Hg.

delayed failure (i.e., fracture resulting well after application of a constant load on the specimen).
Additionally, slow dynamic straining can be used to accelerate crack initiation and propagation.

An ancillary procedure that can greatly extend the utility of testing for hydrogen embrittlement is
the use of hydrogen flux monitoring. Methods are provided in ASTM G148 [5] and Fl 113 [6] for
determining the severity of hydrogen charging in materials from exposure to various environments.
[7, 8] Most importantly, data from hydrogen permeation tests can often be correlated to the results
of HIC, SOHIC, and HEC tests and, in some cases, can even be extended using analytical
methodologies [9] to predict the extent of cracking.

3. Liquid Metal Embrittlement

Certain materials exhibit general and/or localized corrosion and embrittlement when in contact with
certain liquid metals. Liquid metal embrittlement (LME) shows many of the characteristics of both
SCC and HEC. For example, LME is often preceded by an incubation period required for the liquid
metal to penetrate surface oxide or passive layers on the material, which is analogous to the local
depassivation or pitting prior to SCC. However, in many cases, LME shows a very strong effect of
stress intensity and a rapid transition from slow to rapid crack growth (see Fig. 2) [10] which makes it
similar to HEC. Therefore, it is common in LME tests to utilize surface-active agents or dynamic
strain to promote surface attack and thereby reducing the incubation time required to initiate
cracking thus allowing the test to focus on the cracking resistance of the substrate material. Second,
tension, precracked, or notched specimens and fracture mechanics methods are also utilized
extensively in LME testing so that the cracking response of the material can be more precisely
investigated.
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FIGURE 3. Typical smooth tension specimen in test cell.

C. CONSTANT LOAD/DEFLECTION TECHNIQUES

1. Tension Tests

One of the most common and straightforward methods utilized in EAC tests is the use of an applied
load that acts as the driving force for EAC. Typically, a tension specimen is employed and specimens
are loaded to various levels of applied stress as defined by ISO 7539-Part 4 [1], ASTM G-49 [11], and
NACE TMO177 [12]. A typical tension specimen and exposure cell are shown in Figure 3 [12]. A
distinction is usually made between the procedure of running these tests with regard to the methods
employed for applying the load. The constant load is usually applied using a dead weight fixture.
In its simplest form, a hanging weight is suspended from the specimen. This usually works well if
the loads required are relatively low. Alternately, for higher loads, a simple lever can be utilized to
magnify the applied load, similar to the type of apparatus used to perform creep or stress rupture
tests.

The stress (S) on a smooth, uniaxial tensile specimen is calculated with the following formula:
S = P/A, where P = load on the specimen and A = specimen cross-sectional area. For the case of
dead weight loading, a constant load is produced on the specimen. However, once cracking initiates
in the specimen, the cross-sectional area is reduced so the applied stress actually increases as the
crack increases in length. Therefore, in this type of test performed on a susceptible material, the
specimen often fails soon after initiation of cracking and little information on crack propagation is
obtained. The effects of the corrosion and stress can be focused at a single location by the use of a
single notch in the specimen gauge section. In many cases, multiple specimens and stress levels are
utilized to determine a threshold stress curve, as shown in Figure 4 [12].

An alternative to the constant load tensile test is the constant deflection tensile test. In this case, a
spring, proof ring, or other compliant device replaces the dead weight loading mechanisms. This
type of loading configuration is usually much simpler and easier to set up. It also allows for more
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specimens to be tested in a limited area, such as a laboratory exhaust hood, if necessary. In the case of
a constant deflection test, the load will decrease as the crack propagates through the specimen
according to the compliance of the test fixture. If insufficient compliance is available in the loading
fixture, the crack will stop prior to specimen fracture. Therefore, for deflection-controlled tests, it is
important to obtain information regarding the load/deflection relationship for the particular geometry
of fixture used and, where possible, select test fixtures having a reproducible and reasonably high
level of compliance. Normally, the important aspects of testing are as follows:

1. Check deflections before, during and after tests.
2. Examine the specimens closely for subcritical crack growth.
3. Calibrate the fixture periodically for load versus deflection.
4. If only limited compliance is available, break specimens in air after testing to locate any

subcritical cracks and determine the reduction in load-carrying capacity they cause on the
test specimen.

This latter approach is usually referred to as the breaking load test, whereby after completion of the
intended exposure period, the nonfailed specimens are pulled to failure and the load at failure
recorded and the fracture surface examined for evidence of EAC (see ASTM G139) [13]. Another
concern for constant deflection specimens occurs at high levels of applied stress relative to the yield
strength of the material (i.e., above the elastic limit). In these cases, time-dependent deformation can
result in creep and a reduction in the applied load with time. Therefore, Step 1 above is critical when
constant deflection tests are conducted.

2. Other Constant Deflection Specimens

There are a variety of specimens that can be utilized for constant deflection tests. These include

1. Bent beam specimens (two-, three-, and four-point loading) per ISO 7539 Part 2 [1] ASTM
G38 (see Fig. 5) [14], and NACE TM0177 Method B [12].

Log (Time-to-failure [hours])

FIGURE 4. Typical applied stress versus time to failure for curve.
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FIGURE 5. Standard bent beam specimens.

2. C-ring specimens per ISO 7539 Part 5 [1], ASTM G38 (see Fig. 6) [15], and TM0177
Method C [12].

3. U-bend specimens per ISO 7539 Part 3, ASTM G30 (see Fig. 7) [16].

Each type of specimen has a compliance dictated by the specimen geometry and dimensions, and
the modulus of elasticity of the material being tested. For purely elastic deflections, simple stressing
equations can be utilized to relate applied tensile stress to specimen deflection (see the above
mentioned test methods for guidance). Another limitation inherent to deflection-controlled
specimens is the nonlinearity in the stress versus strain relationship once the elastic limit is
surpassed. For determination of deflections on specimens stressed to high percentages of the
engineering yield strength (i.e., beyond the elastic limit), it is common to utilize a strain gauged
calibration specimen having the same geometry, dimensions and modulus as being used in the test.
This specimen can be used to measure the exact stress/deflection relationship for the combination
of material and specimen geometry being used. Alternately, for tests involving high precision, each
specimen can be strain gauged prior to loading and the strain gage can be removed before exposure
of the specimen to the test environment.

Once the stress/deflection relationship for the specimens to be used is determined, it is typical to
stress several specimens at various levels of stress. This allows for assessment of the susceptibility to
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FIGURE 7. Standard U-bend specimens.

cracking as a function of applied stress (Fig. 4). This can be performed either by monitoring time to
failure as a function of applied stress or by evaluation of the failure/no-failure performance at a fixed
test duration and level of applied stress. The latter technique is particularly useful in quality
assurance or lot release testing where the combination of service experience and laboratory testing
has provided information regarding the level of laboratory performance required to determine

FIGURE 6. Standard C-ring specimens.
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FIGURE 8. Comparison of SCC data for Al-alloy in tension and bent beam.

acceptable service performance. In some cases, constant deflection specimens, such as bent beams
and C rings, are not as severe as dead weight—loaded specimens. This is usually due either to
variations in susceptibility with orientation or to limited compliance reducing the driving force for
crack propagation. Additionally, it is often observed that bent beam or C-Ring specimens are not as
severe as uniaxial tension specimens (Fig. 8) [17]. This effect is usually explained in terms of the
changes in stress state produced in these specimens as a result of the crack propagation.

U-bend specimens are constant deflection specimens but are normally not stressed to various
levels of deflections or load. They are severely plastically deformed by bending a strip of material
around a mandrel to form the U shape. Usually, multiple specimens are utilized and failure/no-failure
is monitored after various durations of exposure. The plastic deformation in most cases provides a
mechanical inducement to the initiation of SCC. Therefore, it can accelerate SCC in some systems
that normally require an unacceptably long time of crack initiation on other types of specimens.

D. DYNAMIC TESTS

Slow strain rate (SSR) tests, also known as constant extension rate tests (CERT), are a modification
of the constant load tension test as shown schematically in Figure 3. In this case, the constant load on
the test specimen has been replaced by a slow extension of the specimen that produces a ramping
load (increasing stress) on the specimen until failure occurs (see Fig. 9). More detailed descriptions
of these test procedures are given in ASTM G129 [18], NACE TM0198 [19], and ISO 7539-7 [I].
The benefit of SSR testing is that it produces a result in a reasonably short time, usually within 1-2
days. Even at the slowest rates, the test is usually complete in no more than a week. The dynamic
straining reduces incubation time to the onset of cracking in susceptible materials and sustains the
cracking process. Therefore, in applications were the available testing time is limited, rapid
screening is an utmost consideration, SSR techniques can provide significant benefits.

The plastic strain used in the SSR procedure causes an accelerated disruption of surface films
thereby overcoming the initial period of incubation that can result in unacceptably long test durations
prior to the onset of cracking (Fig. 10) [2O]. It also provides a dynamic straining at the crack tip after
initiation that helps to sustain the further growth of the crack. However, in some cases, a major
concern of the SSR technique is that the plastic strain can add complications to the interpretation of
the test results because most materials are not prone to this degree of straining in actual service.
Furthermore, some material may actually show vastly increased cracking susceptibility as a result of
the plastic straining compared to tests conducted at constant load or strain.

Another benefit of the SSR technique is that it allows the evaluation of the effects of metallurgical
variables, such as alloy composition, heat treatment and processing and/or environmental parameters
(e.g., aeration, concentration, and inhibition), in a relatively short period of time resulting from the
short exposure period usually required versus conventional constant load or stress specimens.
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FIGURE 10. Disruption of surface films at crack tip by plastic deformation.

Extension rates utilized for SSR testing are typically ~l-4 x 10~6in./s (2.5 x 10 ~5 to
1 x 10~4mm/s). At this extension rate, the testing speed is ~ 0.25-1% strain per hour on a
1-in. (2.5 mm) long gauge section and failure of most engineering materials will occur within a few
days. In some cases, slower strain rates are required to produce the necessary degree of sensitivity
with the SSR technique (see Fig. 11). However, in other cases, slower stain rates reduce the measured
cracking susceptibility [19]. Therefore, tests at multiple strain rates are usually desired.

In some cases, longer exposure periods prior to testing may be necessary if longer term formation
of corrosion films is a critical step in the cracking process. The in-service corrosion potential of
metallic components may also change with time and eventually move into a range of potential where
the material is susceptible to cracking. Therefore, it may also be necessary to evaluate the
electrochemical potential to define a specific range where susceptibility to cracking can occur, for
example, film formation of water scales on austenitic stainless steels can exacerbate SCC in chloride-
containing waters as found in some heat exchange applications [21]. Additionally, Figure 12 shows

FIGURE 9. Schematic representation of constant extension rate test (load vs. time).
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FIGURE 12. Influence of electrochemical potential on SCC of steel in caustic (NaOH) solutions. Note strain
rate effect.

the influence of electrochemical potential on cracking of steels in caustic environments, which is a
major factor in SCC of chemical process equipment [22].

The SSR evaluation for susceptibility to EAC is normally obtained through the comparison of the
results of tests conducted in a corrosive environment versus corresponding data obtained in an inert
environment (see Fig. 13). An inert environment is one that has been shown not to promote EAC or
significant corrosion in the material being tested. In most cases, these baseline tests are conducted in
air. Direct examination of the specimen gage section for EAC and documentation of fracture mode is
also important to a full interpretation of the SSR test results. The SSR test results that are used
include time-to-failure, plastic elongation to failure, reduction in area, ultimate tensile strength,
fracture energy as measured by the area under the stress-strain curve. For notched tensile SSR tests,
the notched tensile strength is usually involved in the evaluation. These data are usually presented in
terms of their ratios versus the corresponding value from a test conducted in the inert environment.
Ratios in the range 0.8-1.0 normally denote high resistance to EAC, whereas low values (i.e., < 0.5)
show high susceptibility. In some cases, hydrogen can cause loss in ductility without indication of

FIGURE 11. Schematic representation of the influence of strain rate on SCC and HEC.
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FIGURE 13. Comparison of inert environment CERT test (solid line) to those in corrosive environments
(dotted line).

brittle cracking in the specimen. The slight loss of ductility is usually a less important situation than
where extreme loss of ductility (i.e., embrittlement) has been observed, particularly if the material
still exhibits a high tensile strength ratio.

In order to overcome the problems associated with cumulative plastic strain in conventional SSR
tests, a novel alternative testing methodology is the use of a cyclic slow strain rate (CSSR) testing
procedures. In this case, the extension rates are still in the range cited previously for the SSR
technique. However, for CSSR testing, the specimen is loaded to a relatively high percentage of its
yield strength in tension and the stress is then varied above and below this value. Whereas the
magnitude of the cyclic component of the stress can vary, in many cases a range of at least ± 10% of
the mean stress is used (see Fig. 14). The frequency of the cyclic loading will vary with both the load
limits and the strain rate. The benefit of this technique is that the amount of cumulative plastic strain
received by the specimen is low relative to that in the conventional SSR technique (see Fig. 15) [23].
It also retains the dynamic straining of the specimen that provides the mechanical acceleration of
crack initiation through its influence on disruption of protective surface films. The number of cycles
used in the evaluation are typically on the order of 100 to 200 and a test can take from a few days to 2

FIGURE 14. Schematic representation of cyclic slow strain rate test (load vs. time).
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FIGURE 15. Stress versus strain for a typical cyclic slow strain rate test.

weeks depending on the actual number of cycles used. This type of test is better than the
conventional SSR technique for material/environment combinations where excessive straining
produces a large increase in susceptibility to cracking. Examples of this type of behavior are the case
of ferritic and martensitic steels in hydrogenating environments and for duplex stainless steels, in
general, which by virtue of their mixed ferritic/austenitic microstructure receive a concentration of
strain in the ferrite due to its lower work hardening coefficient than that of austenite.

E. FRACTURE MECHANICS TESTS

Fracture mechanics testing techniques are typically utilized for evaluation of the effects of
metallurgical or environmental variables on EAC where the specimen contains a sharp crack. Figure
16 [24] shows many of the possible fracture mechanics test configurations. One of the most common
and relatively simple techniques for incorporation of fracture mechanics techniques for the
evaluation of EAC is through the use of constant load or constant deflection specimens in
combination with a precracked specimen. In the case of constant load specimens, a load is applied to
a fracture mechanics specimen using a dead weight load, by a hydraulic cylinder, or through a pulley
or lever system to magnify the dead weight load. These methods are generally analogous to those
used for constant load tensile specimens discussed previously. The most common types of specimens
utilized for evaluation of EAC are the compact tension (CT), precracked double beam (PDB—also
referred to as double—cantilever beam—DCB), or, single-edge notched bend (SENB) specimens
(see Figs. 17-19). Normally, they are fatigue-precracked or, in some cases, slotted using controlled
electrodischarge machining (EDM) procedures prior to exposure to the environment to produce a
crack-like defect that can successfully initiate EAC at high levels of stress intensity. The fatigue
precracking must be performed at a low enough stress intensity to minimize the plastic zone ahead of
the crack. This is usually accomplished through load-shedding techniques whereby an initially high
peak load is used to initiate the fatigue precrack and the cyclic load is then decreased as the precrack
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approaches its desired length. In the testing of precracked specimens, it has been found that excessive
initial stress intensity of precracked specimens can produce a large plastic zone that can act as a
barrier to EAC initiation. In these cases, the effect will be to produce nonconservative data.

The stress intensity at the tip of the crack can be calculated using standard equations as given in
ASTM E399 [25] for CT and SENB specimens, and in ASTM GXXX [26] or NACE TM0177-
Method D [12], for the PDB specimen. As shown for the PDB specimen, side grooves can be utilized
to assist in keeping the crack growing in a planar fashion under plane strain conditions. In some
cases, the crack will tend to grow out of plane resulting in an invalid test. The important consequence
of using side grooves is that the equations for the CT or PDB specimens must contain a correction
factor that accounts for the geometry and dimension of the side grooves.

Precracked specimen configurations for stress-corrosion testing
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FIGURE 16. Fracture mechanics test configurations.



FIGURE 18. Precracked double beam specimen. Also referred to as double cantilever beam (DCB) specimen.

Dead weight loaded specimens are often used to measure time to crack initiation by using
multiple specimens having various levels of applied stress intensity or by taking a single specimen
starting with a low stress intensity and periodically increasing the applied stress intensity in
incremental steps until cracking occurs (see Fig. 20) [27]. Alternatively, it is possible to evaluate
crack growth rate versus stress intensity K following crack initiation by varying the applied stress
intensity while monitoring the rate of crack growth. Crack growth is normally determined by
measurement of crack opening displacement and applied load, which can be related to crack length
for a particular specimen geometry using an unloading compliance technique. This technique is
defined in ASTM E813 [28]. In the latter case, however, provisions must be made to monitor crack
opening displacement at a rapid rate because the crack growth rate will tend to increase with
increasing K as the crack proceeds through the specimen. This is usually accomplished by
integrating load cell and displacement gage signals through a high speed data logger or computer-
based data acquisition system. The latter system also has the potential for combining data acquisition
and postprocessing of the data so that data display can be accomplished on a real-time basis.
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FIGURE 20. Comparison of test data for HEC from sustain loaded precracked specimens and rising step
loaded (RSL) specimens.

Alternately, if access to the specimen is difficult, a potential drop technique can be used as shown
schematically in Figure 21 [29]. In this procedure, changes in the current flow are monitored as the
crack grows thereby changing the resistance of the specimen.

One of the problems that can occurs in conducting these sophisticated crack growth tests in some
corrosive environments is the inability to incorporate electronic equipment in environments that can
be corrosive to materials used in electronic equipment. This often precludes the use of standard clip
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FIGURE 19. Single-edge notched beam (SENB) specimen.
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FIGURE 21. Schematic representation of a potential drop set up for measurement of crack growth in a fracture
mechanics specimen.

gages and displacement monitoring devices to directly monitor load line displacements in the
corrosive environment particularly those involving elevated temperatures and pressures. One
approach used effectively in this situation is to use relatively simple mechanical devices made from
corrosion resistant material (but electrically isolated from the specimen) that can be used to monitor
displacements directly on the test specimens. These mechanical devices then produce a relative
displacement outside of the test chamber where the measurement can be made using conventional
electronic devices. The main areas for concern when using these techniques are that electrical
isolation be maintained between the test specimens and any dissimilar metals. This can be
accomplished using nonmetallic components or coatings (e.g., plastics or ceramics). When used in a
load bearing manner, these materials must remain rigid and not result in excessive compliance or
time dependent deformation. Finally, the seals through which these devices must react, must be able
to handle the pressure and temperature constraints of the system while providing minimal frictional
loading.

In some materials, another problem can be encountered associated with conducting tests
on precracked specimens is that of corrosion product wedging. Where excessive insoluble
corrosion products can build up on crack surfaces, additional mechanical loading (over that
provided intentionally) can result. In the case of precracked specimens, the corrosion product build
up forces the arms of the specimen apart thereby increasing the applied stress intensity on the crack
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FIGURE 22. Influence of corrosion product wedging on results from precracked test specimen. Curves with*
show increase in SCC growth resulting from corrosion product wedging.

trip. Figure 22 [30] shows some typical cases with and without corrosion product wedging. It is
usually manifested in cases where the crack growth rate does not decrease with the applied stress
intensity or where apparent threshold stress intensity has been reached but then an increase in crack
growth activity occurs. This is a problem seen in aluminum alloys in some environments where a
volumous alumina (Al2O3) corrosion product is generated.

An attractive alternative to dead weight loaded specimens is constant deflection specimens. In
this situation, either CT or PDB specimens are loaded to an initial level of crack tip stress intensity by
deflection of the arms of the specimen. This deflection is obtained either by inserting the wedge into
the specimen or by tightening a bolt arrangement that deflects the arms of the specimen. The initial
stress intensity must be above the threshold stress for EAC, which allows cracking to initiate. Once
cracking initiates, it proceeds while the stress intensity decreases as the crack propagates through the
specimen. Thus, this type of test is commonly referred to as a decreasing K test and is extensively
utilized for evaluation of EAC in its various forms. Once the stress intensity at the crack tip reaches a
value insufficient to sustain crack growth, crack growth will stop. Therefore, the final conditions of
load and crack length can be used to define the threshold stress intensity using the appropriate
equations for either the CT or DCB specimen.

Sometimes the period required to run a decreasing K test is very long. An alternative is to use a
rising load test whereby the fracture mechanics specimens are subjected to an increasing load in a
similar manner as used in conventional CERT testing. In this case, the crack open displacement and
load are monitored simultaneously and the results are analyzed as in conventional fracture
mechanics tests. One of the difficulties in the interpretation of rising load tests is that the threshold
stress intensity obtained by this method often differs from that determined by decreasing K tests (see
Fig. 20). The dynamic strain rate in the rising load test can complicate the interpretation of the test
results, particularly if HEC or other operable cracking mechanisms are strongly dependent on strain
rate, diffusion rate of particular corrosive species or film formation or repassivation rates. In these
cases, a loading rate is usually selected that results in crack growth rates and fracture morphologies
that correlate with those obtained from applicable service experience, field testing, or laboratory tests
conducted under simulated service conditions.

R SUMMARY

It can be said that there is no single perfect testing technique for the evaluation of EAC. Therefore,
evaluation of materials typically involves the use of the specimen and testing technique that takes
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into account as many relevant aspects as possible for the particular material, environment, and
cracking mechanism under consideration. In some cases, this may mean the use of

1. More than one type of test specimen.
2. Various alternative configurations of the same specimen.
3. Alternative test techniques with the same specimen (e.g., crevices or applied potential,

constant load, and slow strain rate).

Most of all, it is important to provide linkage between the results of laboratory evaluations and
real-world service applications. This is often developed through studies involving:

1. Integrated laboratory and field or in-plant tests.
2. Correlation of laboratory data with service experience.
3. Reviews of published literature on the service performance of similar materials.

The evaluation of EAC susceptibility using laboratory testing methods provides data that can help
the investigator better define cracking mechanisms as well as the possible service performance of
materials of construction. Consequently, this information can provide a better technical basis for
using materials in engineering structures and operating equipment resulting in an increased
confidence level when materials selection decisions need to be made. This, in turn, also leads to
optimization of the materials of construction by reducing the allowance for unpredictable service
behavior resulting in a lower material cost, less downtime, and a reduction in the number of costly
failures and associated loss production.
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