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VARIABILITY IN CONSTANT-LOAD-AMPLITUDE FATIGUE
CRACK GROWTH RATES IN MARINE ENVIRONMENTS

S. J. Gill and T. W. Crooker

Mechanics of Materials Branch
Material Science and Technology Division

Naval Research Laboratory
Washington, DC 20375-5000

INTRODUCTION

The development and application of a reliable Navy data base on corro-
sion fatigue crack growth rates in marine environments requires standard test
methods. Experience has shown that, in the absence of common experimental
procedures, interlaboratory variability amongst the data is sufficient to
mask significant effects and cast doubt upon the basic premises of this tech-
nology. Therefore, a test method document was prepared to serve as an aid in
enhancing the value of existing fracture mechanics fatigue crack growth rate
measurement techniques for naval applications (1]. This test method document
was used as a basis for an interlaboratory test program to assess the varia-
bility in constant-load-amplitude fatigue crack growth rates in marine envi-
ronments.

OBJECTIVES

The objectives of this interlaboratory test program were to:

1. Assess the variability in crack growth rate (da/dN) versus stress-
intensity range (AK) data obtained from specimens tested in marine
environments by various laboratories according to the proposed Navy
standard test method.

2. Identify and resolve problems with the proposed Navy standard test
method.

3. Provide verification of a proposed standard test method.

APPROACH

An interlaboratory test program was planned which embodied the following
characteristics:

0 Material: HY-80 steel

Manuscript approved December 13, 1984.
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* Specimen type: I-T W0L

* Number of specimens: 2 minimum

0 Precracking: to be performed by participants

* Crack length measurement: COD method recommended but not required.
All other methods were optional.

* Load amplitude: constant

0 Load ratio: 0.1

* Waveform: sinusoidal

4 Frequency: 0.5 Hz

0 Environment: 3.5% NaCl solution (flowing or quiescent)

* &K range: approximately 25 to 95 MPa /m (23 to 86 kai /in.)

* Corrosion potential: freely corroding required (cathodic potential
optional)

* Maximum load: 23.66 kN (5300 pounds)

15 Laboratories participated and are listed below: .""°

Air Force Materials Laboratory
Army Materials and Mechanics Research Center
Battelle Columbus Laboratories
Benet Weapons Laboratory

Conoco, Inc.
David W. Taylor Naval Ship Research and Development Center
LaQue Center for Corrosion Technology, Inc.
Lehigh University
National Bureau of Standards
Naval Air Development Center
Quality Engineering Test Establishment
Southwest Research Institute &
University of Toronto
Westinghouse Research and Development Center -

Laboratory data sheets were provided to assist in the recording and
repotting of data. It was requested that these data sheets be forwarded
along with the reduced data and that da/dN-versus-AK data be reported in both
tabular and graphical forms. Copies of these laboratory data sheets are--'
included as Appendix 1. -%.

J MATERIAL ,.-'.

The broad scope of this program dictated that only one material be
tested at this time. A 552 Mea (80 ksi) yield strength BY-80 steel plate,
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manufactured by the Lukens Steel Company and donated by the David W. Taylor
Naval Ship Research and Development Center, was used. HY-80 steel was
selected because it is a material in use in marine environments and it is of
sufficiently high yield strength that the assumptions of linear elasticity
are valid over a wide range of growth rates. The chemical composition and
pertinent room temperature mechanical properties of the plate used, as given
by the manufacturer, are listed in Tables I and 2, respectively.

TEST SPECIMENS

Wedge-opening-loaded (WOL) specimens with planar dimensions correspond-
ing to the I-T configuration were used. Width W was 65 m (2.55 in.) and
thickness B was 10 m (0.40 in.). Notches were machined in the T-L orienta-
tion, that is , parallel to the final rolling direction of the plate [2].
Fig. 1 shows the specimen geometry. The specimens were machined to these
dimensions before distribution to participating laboratories. Additional
machining for the mounting of crack-opening-displacement (COD) devices was .
carried out by the participants according to their individual requirements.
Table 3 presents the specimen distribution and a summary of all the test
conditions used in this program. ...

TEST PROCEDURES

Specific instructions for testing the specimens were supplied to all
participants. Precracking of the specimens was performed by the partic-
ipants. All tests were conducted on servo-hydraulic testing machines and at
a load ratio, R (also known as stress ratio, where R - minimum load/maximum
load) of 0.1. Generally, crack growth rates in salt water tend to increase
with decreasing cyclic frequency [3, 41. For medium strength steels under
freely corroding conditions, a salt water environment generally has little
effect on crack growth rates at frequencies greater than I Hz. The frequency
of 0.5 Hz used for the tests in this investigation was chosen because it

. falls within the range of frequencies where environmental sensitivity is
known to occur and it approaches loading rates which can occur in surface
ship structures. The stress intensity expression recommended was taken from

" . the literature [5]. The applied stress-intensity factor ranged from 25 to 95
.Parm (23 to 86 ksii/E). The relatively high initial value of the applied
stress intensity factor was chosen to shorten the duration of the tests, thus
making It easier for volunteer participants to fit this work Into their
schedules. An environment of 3.5% NaCl solution was chosen because it is
easy to make and because it would vary little from laboratory to laboratory. --

The environment was to be either flowing or quiescent, according to the
capabilities and preferences of the participants. All participants were
required to test two specimens with overlapping ranges of applied stress-
intensity factor under freely-corroding conditions. Additional specimens
were made available to those participants who wanted to conduct tests with
applied potentials.

A COD technique [61 was recommended as a means of crack length measure-
ment. The crack length measurement interval recommended in the proposed
standard test method was adopted from ASTM E 647-83, "Standard Test Method
for Constant-Load-Amplitude Fatigue Crack Growth Rates Above 10-8 a/Cycle"

* (71, In which the technique cited for crack length measurement was a
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visual one. It was recognized that less precision may have been possible in
the calculation of the crack length while the test was underway in the round
robin test program. This was due to the fact that at low a/W ratios, a large
increment in crack growth corresponds to only a small increment in crack-
opening-displacement. Apart from the recommendation in the round robin test .
program that a COD technique be used, it is not always possible in corrosion-
fatigue testing to use a visual technique because corrosion products from
ferrous alloys render the environment almost opaque. In view of these
considerations, laboratories were advised to use a measurement interval based
on crack-opening-displacement. It was thought possible for all laboratories
using a COD method to measure 0.0254 m (0.001 in) of COD with ±10% accuracy
so that COD measurement intervals of 0.0254 to 0.127 mm (0.001 to 0.005 in)

were recommended to provide reasonably accurate measurements of crack length
increments without sacrificing too many data points. Since the COD increment
that will result from a given number of cycles can only be estimated before-
hand, participants were advised to aim for COD increments of less than 0.0254
mm (0.001 in) so that a large number of COD measurements will be available at P
the data reduction stage. It would then be possible to discard some of the
more closely spaced data points and to provide the maximum number of COD or
crack length increments known with a chosen degree of precision.

It was suggested that all laboratories measure COD at two loads since it
is the slope of the COD-versus-load P plot which is used to calculate the
crack length. To facilitate comparison of data from different laboratories,
these two loads were to be the same for all laboratories. Since it is only
the upper portion of the plot which is linear, the two points recommended
were Pmax and 1/2 Pmax. Laboratories were asked to report the effective
difference in COD between the P - Pmax and P - 0 conditions by reporting
twice the difference between the two COD values as measured above.

The participating laboratories were asked to record and report all of

the pertinent information associated with precracking and crack growth. .-. ,-
Table 4 presents a summary of the pertinent test conditions for all the tests
conducted in this program. Note that while all of the laborat ries were
required to use the COD technique, five used additional technies. Four
laboratories used the visual technique, two used a KRAK-GAGEO strain gage
technique and one used a potential drop technique. All laboratories
conducted precracking at a higher frequency than the 0.5 Hz required for
crack growth rate testing and some stepped down loads and frequency during
precracking. Seven laboratories measured pH and eight measured potential.

RESULTS

Participants were asked to report their results both in terms of raw OD
versus-cycles (N) data and in terms of the final da/dN-versus-AK data. This
was done to provide the opportunity to check for variability resulting from
the data reduction procedures. The raw data reported, in most cases

*Hartrun Corporation, Chaska, M 55318, U.S.A.
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COD-versus-N, was converted to crack length a versus N at NRL using a
compliance calibration from the literature [5]. This data was then reduced
to da/dN using a seven-point incremental polynomial fit [7). With the
exception of the data for the specimen tested in air, a plot of all the data
thus obtained is shown in Fig. 2. It is obvious from this plot that some S
specimens are outliers. These specimens, XI-16 and XI-18, were excluded from
further analysis. An attempt to determine why these two specimens were
outliers revealed no errors in reducing a-versus-N data to da/dN-versus-AK,
but no other conclusions could be drawn from the data on these tests.

A standard deviation approach to the assessment of interlaboratory
variability was used. This involved determining the mean value of da/dN and
its corresponding standard deviation (expressed in terms of a percent of the
mean da/dN) at several AK levels. The following computational forms were
used to estimate the mean and its associated standard deviation.

mean da/dN = Y- JYi / Z

z- I

where Yi is the ith value of da/dN at AK, Z is number of observations, and S
is standard deviation. The use of a standard deviation approach to th"e
analysis of a set of data requires that the data have a normal distribution
[8, 91. An investigation [10] into the distribution of da/dN data from 68
replicate tests within one laboratory concluded that the distribution of
da/dN-versus-AK was described as well by a normal distribution as by any of
the five other distributions considered.

A limitation of this analysis, as it applies to the as-received fatigue
crack growth rate data, is the fact that all laboratories did not report
da/dN values at exactly the same AK levels. Thus, it was necessary to either
analyze data over narrow ranges of AK, or fit lines to the da/dN points so
t'.at da/dN estimates could be obtained for any AK level.

A commercially available curve-fitting computer program for a Hewlett
Packard Model 9845 computer was modified to fit lines to the da/dN-versus-AK
data. The program attempted to fit four different types of curves to the
data; linear, logarithmic, exponential, and polynomial. Virtually all of the
data was best described by either a first order polynomial (linear) fit or a
second order polynomial fit. Therefore, the data reduction was simplified by
approximating all the data by a first or second order polynomial fit.
Specifically, the curves fit were of the form

dalog = CO + C1 (log AK) + C2 (log AK) 2

, -
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where the case C2- 0 represents a linear fit. If C2 is taken to be zero and
the constants C0 and C1 are replaced by log C and n, respectively, then this
expression, when raised to the power 10, results in the more familiar Paris
Law [11]

da - C(AK)n.

Data which violated the remaining elastic ligament criterion [71

4Kmax) 2
W-a ; (-o

W Oys

(where Kax is the maximum stress-intensity factor reached and ays is the
tensile yield strength) was excluded during the calculation of the best fit
lines. The best fit lines were used to obtain da/dN estimates only within
the AK range experienced by that specimen. Also, da/dN was not estimated for
AK levels which violated the remaining elastic ligament criterion. Table 5
presents the goodness-of-fit statistics for each of the specimens. A high
value for the F statistic indicates a good fit to the data. The goodness-
of-fit represented by a particular F number is dependent upon the degrees of
freedom associated with that data set. Therefore, direct comparisons between
F numbers for different specimens are only possible when they share the same
number of degrees of freedom. Comparison of F numbers under other circum- -

stances requires the use of tables of the F statistic. These tables and the
comparison procedures can be found in statistics texts [8, 91.

The best fit representation of da/dN was used to find fitted da/dN at
regular AK intervals. Variability in the fitted da/dN at regular intervals
of AK was then analyzed for each set of test conditions. (The term "fitted
da/dN" is used here to describe the da/dN value falling on a line fit to all
the data for a particular specimen by the curve fitting program. The da/dN
values used as input to this curve-fitting program were themselves obtained
by a seven-point incremental polynomial fit applied to the a-versus-N data.) ,
Table 6 shows the variability in fitted da/dN at regular intervals of AK for
each set of test conditions. Variability within laboratories was not
analyzed as, except for one laboratory, there were virtually no replicate
tests other than tests which overlapped over only a small range of AK.

The coefficient of variation (the ratio of the standard deviation to the
mean) was computed for all of the data in Table 6. Coefficients of variation
were used to describe scatter because, unlike standard deviation, they are
not affected by differences in mean values. This information is plotted in
Fig. 3. It is apparent from Fig. 3 that the least scatter in da/dN occurs at
a AK level of 50 MPa' (46 ksii -n). It must be noted that this result may
be an artifact resulting from the testing of specimens over different ranges
Of &K. The AK level that was most common was 60 Mfa/ (55 kai/i-n) so it is
possible that the low variance resulted from a sample size effect on the
standard deviation. In fact, the number of points included in the estimates -.-.-
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of coefficients of variation varied with both AK level and test condition.
The effects of sample size on variance are shown in Figs. 4 to 9, where
variance, number of specimens and number of participating laboratories are
plotted versus stress-intensity range level for each set of test conditions.
Figure 4 shows that the da/dN data for the quiescent 3.5% NaCI (freely .

- corroding) condition from 35 to 75 MPar (32 to 68 ksi/?3) include a rel- .. 7
atively constant number of specimens and laboratories. Over this rane,
the variance of da/dN falls to a low at a K level of 45 Wam (41 ksin)""
and then rises again. The data shown in Fig. 5 for the quiescent 3.5% NaCl
(zinc potential) condition shows the lowest variance at a AK level of 50
MParm (46 ksin) and a steady rise thereafter until the number of specimens
involved drops from four to two. The variance in da/dN for the flowing 3.5%
NaCl (freely corroding) condition is shown in Fig. 6. The lowest value for

" the variance is seen at a AK level of 50 HParm (46 ksi/in). Variance data
for the flowing 3.5% NaCl (zinc potential) condition is plotted in Fig. 7.
The lowest value for the variance is seen at a AK level of 40 Wa/m (36 ksi
/in) with higher values at all other AK levels. Fig. 8 is a plot of the
variance data for the flowing sea water (freely corroding) environment and it
shows that the variance of da/dN is a minimum at a AK level of 55 MPa/m (50
ksivIin). The variance data for all specimens taken as a whole is shown in
Fig. 9 along with the sample size for each computation of variance. The
minimum variance is seen at a AK level of 50 Wam (45 ksiyIin). Figs. 4 to
9 show that the variance, or scatter, in da/dN is at a minimum at
intermediate AK levels of 40-55 WPa/m (36-50 ksi/in) and increases almost
uniformly as AK increases or decreases beyond this intermediate range. Due
to the differences in the number of specimens and laboratories involved, it
is not possible to draw any conclusions about how the variance changes with
environment. L--

The mean values of fitted da/dN from Table 5 are plotted in Fig. 10.
It can be seen that, at the AK levels investigated, electrochemical poten-
tial, flow rate and the composition of environment have little effect on
da/dN. Above 50 Warm (46 kai-) corrosivity of the environment has no
noticeable effect on da/dN.

DISCUSSION

The finding that electrochemical potential and flow rate have little
effect on da/dN is an indication that, at the AK levels investigated, neither
one of these factors has as large an effect on da/dN as the presence or
absence of the 3.5% NaCl environment. It is also an indication that the
standard test method [71 provides a good means of reducing the scatter in the
data.

A previous interlaboratory program on fatigue crack growth rate testing
[12] also found that the scatter in da/dN was at a minimum at intermediate
levels of K. The variability found at the highest and lowest values of AK
was considered to be increased by the deviations from the model used to
describe da/dN-versus-AK.

7



During the conduct of the interlaboratory test program, several partici-
pants requested clarifications of areas of the proposed standard test method.
Available clarifications and unresolved problem areas are discussed below.

It was found necessary to take into account the COD measurement location
when converting COD measurements to crack lengths. The original document [51
from which the compliance calibration in the proposed standard test method
document was taken lists compliance calibrations for several COD measurement
locations. The proposed standard test method document mentions neither the
change in compliance calibration with measurement location nor the avail-
ability of compliance calibrations for several measurement locations.

The compliance technique requires knowledge of the elastic modulus, E.
In practice, the value of E which is used is often not -that obtained from a
standard test for elastic modulus, but rather is a value chosen to force the
compliance calibration to yield some optically measured crack length.

* Problems arise in that the value calculated for E varies with crack length ,
and load. Many optical measurements of crack length introduce a significant
degree of uncertainty into the calculation of E. Measurements made before a
test is completed do not detect or include the effects of crack front
tunnelling. If a beach mark is not available between the end of the precrack
and the point at which the remaining linear elastic ligament criterion is no
longer satisfied, then questions arise concerning the validity of the S
compliance calibration. The optically measured crack length is usually
substituted into an equation for compliance as a function of dimensionless
crack length, (a/W). The modulus can be determined from this equation
because it is the only unknown on either side of the equation. Crack lengths
are determined from compliance measurements by substituting this modulus into
an equation for (a/W) as a function of compliance. A small error arises
because the two equations differ by more than a rearrangement of terms.

The electrochemical variables of pH and potential were found to vary
with measurement location. These phenomena are not discussed in the proposed
standard test method document. In view of the observed dependence of pH and
potential on measurement location, it would seem that the minimum require-
ments for these measurements be that they be consistently made in the same
location and that the measurement location be reported.

One participant noted that pH would rise considerably over the reading
period. Since the electrodes were within 50 m (2 in.) of the specimen it
was believed that local effects rather than bulk solution properties were

- being measured. This pH rise was found to occur even when the size of the
" environmental chamber was increased from approximately 1150 ml (1.2 qt.) to

approximately 4500 ml (4.7 qt.) capacity. The final procedure adopted
involved removing a small mount of the bulk solution (approximately 50 ml)
(1.7 oz.) and measuring the pH while stirring the sample of environment.

. * Readings taken in this manner stabilized fairly readily. Another participant
obtained stable pH readings using a similar procedure in which a small amount

• of solution was sampled out of the environmental chamber.

+ :S '
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The proposed standard test method recommends that the COD gage be
mounted on knife edges which are either integral or attached. No methods of
attachment are specified. Common practice is to attach the knife edges with
screws. One participant reported that he successfully used adhesive bonding
for tests in air but that this method was unsuccessful for tests in an .-. -

aqueous environment.

In addition to the recommended clip gage, two participants used a thin-
film bondable transducer, commercially available under the name KRAK-GAGE**,
to measure crack lengths. The basic principle of the KRAK-GAGE employs an p
indirect direct current potential measurement technique. One participant re-
ported using the following procedure. A KRAK-GAGE was bonded on one side of
the specimen surface with adhesive. The gage was subsequently coated with
Petro Wax to provide protection against the corrosive attack of salt water.
A small pump was employed to continuously circulate the salt solution across -

the crack front so that the build-up of sediments on the small fractured sur-
faces of the KRAK-GAGE could be avoided, ensuring the correct measurement of
crack length. KAK-GAGE estimates of crack length were found to agree more
closely with visual measurements than with compliance estimates possibly
because compliance estimates of crack length are Influenced by crack front
tunneling, while visual measurements and KRAK-GAGE estimates are not. The
KRAK-GAGE was also found useful for automated data acquisition [131.

SUMMARY

An interlaboratory (round robin) testing program was conducted to (1)
assess the variability in corrosion fatigue crack growth rate data obtained
while using a proposed Navy standard test method document, (2) identify and
resolve problems with the proposed standard test method and (3) provide
verification of the proposed standard test method. Data on fatigue crack
growth rates in marine environments were generated for an HY-80 (80 ksi or
552 MPa yield strength) steel, and the results were expressed in terms of
linear-elastic fracture mechanics parameters. Data were generated at 15
different laboratories with 10 m (0.4 in.) thick W)L specimens. The crack
growth rate data (da/dN-versus-AK) were analyzed graphically and 8tatisti-
cally and the interlaboratory variability was determined for each set of test
conditions. Owing to the lack of replicate tests, it was not possible to
assess intralaboratory variability.

The interlaboratory variability encountered in the round robin test
program was evaluated on the basis of growth rates estimated at regular
intervals of the stress intensity factor range from a regression analysis of
log da/dN-versus-log AK. The coefficients of variation obtained for these
estimates were found to range between 0.11 and 0.37 when the data for all the
specimens except for two was considered. The larger values for the coeffi-
cient of variation were found at the two extremes of AK level, both when all
the specimens were considered and when each set of test conditions were
considered. This was In part due to the smaller number of data points

*Hartrun Corporation Chaska, iM 55318, U.S.A.
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*available at the two extremes of AK level. However, the same results wre
obtained from an analysis of the data over ranges of AK level where the

*. number of data points at each AK was constant.

An analysis of the mean crack growth rates for all the sets of test
conditions revealed no noticeable effects of potential, flow rate or
composition of the simulated sea water environment at the loading frequency
investigated. In addition, the corrosive effect of the aqueous environment
was negligible above a stress intensity factor range of 60 MPa/zi (55
ksi An. ).

The interlaboratory test program also revealed two areas of the proposed
Navy standard test method document which require expansion. The first
involves possible sources of error which could arise in the use of a
compliance calibration to estimate crack lengths. The two most common
sources of error are failing to account for the distance of the compliance
gage from the standard location and errors in the estimation of an elastic
modulus. The second area involves changes in the measured values of pH and
potential. Although the proposed standard test method document mentions the
variation of potential with time, it does not mention that both pH and
potential vary with measurement location.

CONCLUSIONS

. Variability in da/dN is a minimum at intermediate values of AK.

- The corrosive effects of the aqueous environment became negligible
when AK exceeded 60 Warm (55 ksil/1.) at a frequency of 0.5 Hz.

, The standard test method for fatigue crack growth rates should stress
the importance of compliance measurement location.

" An optimum technique needs to be defined for estimating Young's

modulus from a combination of optical and compliance measurements.

* An optimum procedure for pH measurements needs to be defined.

0 Use of the standard method for fatigue crack growth rates in air
keeps interlaboratory variability to an acceptable minimum.
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Table I -Chemical Composition of HY-80 Steel Test Plate

Element Weight Percent

Carbon .14

Manganese .28

Phosphorus .005

Sulfur .017

Copper .12

Silicon .20

Nickel 2.*21

Chromium 1.23

Molybdenum .24----

Vanadium .003

Titanium .002

Table 2 -Room Temperature Mechanical Properties of HY-80 Steel Test Plate

Yield Strength Ultimate Strength Elongation

MP& ksi mpa kel

607 88.0 692 100.3 34

633 91.8 716 103.8 35
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Table 3 -Sumary of Specimen Identifications

_________ TEST CONDITIONS ______

QUIESCENT QUIESCENT FLOWING FLOWING 'FLOWING
3.5% NaCI 3.5% NaCI 3.5% NsCI 3.5% NaCI SEAWATER
(FREELY J(ZINC (FREELY (ZINC (FREELY

LAB CORRODING) POTENTIAL) jCORRODING) POTENTIAL)* CORRODING) AIR

X1-5
A Xl141

X1- 7
B Xl-26

X1-16
C Xl-18

XI-35

D XI-36 XI-21
Xl-69

E Xl-50
X1-51

F XI-62 
wXl-63

G Xl-43 X1-27 XI-23
XI-44 XI-30 XI-37
X1-46 XI-47 XI-70
X1-68 X1-48 Xl-71

H X1-3
X1-4

I XI-31
Xl-33

J X1.49
K X1-54

L XI-57

M Xl-60

N Xl167 Xl-17
XI-72 x1-19

XI-64

Xl-13
0 Xl-15

___~ ~~~~~~~~~~~~~ .~ .* .. . .*~ . .* .. .. ..... ..- * r ;--:-;



Table 4 -Sumary of Test Conditions
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Table 5 -Statistics for Regression Lines Fit to da/dN Versus AK Data

Specmen ~ eeoen um f di Squee wi .uaqs F Line Fit Coeffctnt log IldaIdNi

EI-3 2 n 0.14 0.0"1 02m 0. UWA_____ ______________ _______COW

X14 1 3 O.m 0.0301 _____ .11 31 -6arn :auu 'Om
_1_5 I: a .m 1:= 0:: 7"f _1.4 31377 ___M j

X1_7_ I Is O___ .O 0. 00 m- 1374 -6501 1.1216 0.00W0

*XI-13 2 U 3.475 0.011 1r . I3 330 0330 -S-m 2313 34W

Xl-15 2 IM I0 = 003 3.312 ~ 0000 3.1W _____ -i&.303 413
El-iS 2 16 I 2612 03 .1 014 ILI '-1. w3 1 71.W? -1.3
XI-17 2 16 2.111 032 1.0 WON 164 W________

)(1-111 2 w; 4.m 0.14 2.177 0011 L 372 -631L 231M -eiw

I______ . 'a 11A 0. I._____ ________

El-al 2 IN 04 031 4.60 0.001 33.37 0 L-75-MM __________
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____ INCHES MM.
W 2.55 64.8

__3_2_ 81.3

a VARIABLE VARIABLE
h 1.24 31.5

H 2.48 63.0
D 0.50 12.7
B 0.40 10.2

Fig. I1 T Wedge-opening-loaded specimen
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APPENDIX I

Laboratory Data Sheets

COPROSION FATIGUE CRACK (7,ROWATH RATF ROUND PORIN

SUMMARY SHEET

Laboratory:_____________________________

Specimen ID:___________________

Material: HY-BO, Lukens Melt No. D9S62

Specimen Type: WOL

Orientation: T - L

Yield Strength NkOi: 89.9

Modulus of Elasticity (psi): where ao=____ 2ACOD z___

B (in.):

Min.):

H (in.):

a0 (in.):

Initial Precracking

Loads (ksi):_______________________________

Environment:-

Frequency:___________________________

Wave form:_________________________

Length (in.):___________________________

Frequency: 0.5 Hz

R ratio: 0.1

Flowing 3.5% NaCi in distilled wafer ECheck
Quiescent 3.5% NoCI in distilled water One

Wave Form: Haversine

Investigator:____________________________

Telephone Number.________________________
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ROUND ROBIN CORROSION FATIGUE CRACK GROWTH RATE

TEST PROGRAM - GE'ERAL INFORMATION

Laboratory ID#__ ___
Investigator._.__.-..

Telephone Number__________

I. Description of Test Machine___ ____ ___

Manufacturer Model No:

M chineCapocity___________ _____

Load Cell Capacity_ _ _ _ _ _ _ _ _

Load Cell Range Used_____________

2. Method of Measuring Crack Length_ __________

Describe Equipment Used

Manufacturer Model No:

Crack Length Precision?_ _ ___ _ _

How Was It Determined?______ ______

3. Describe Data Analysis Method__ ________

4. Additional Comments____

•4. . .r "
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