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Summary

The fatigue crack growth rate of pressure vessel grade materials 1s being
studied in high temperature pressurized water. Initially, ultrasonic monitoring
techniques were used to measure the crack growth in the 2T WOL specimens.
However, utilization of ultrasonic monitoring techniques required fixing the
test specimen to the test chamber head. It was concluded that because of the
constrainment of the head, the stress intensity "KIC" at the crack tip was not
well defined. As a result, the experiment was redesigned to utilize compliance

calibration tc experimentally measure rates of crack propagation.

Twelve (12} 2T WOL specimens fabricated from A533, Grade B, Class 1 base plate
and weldment material were evaluated in PWR and BWR water environment. It was
concluded that the water environment did not have an effect on the fatigue crack

growth rate of the materials investigated.

Background

Using the fracture mechanics approach, the effect of an environment of high
temperature primary reactor grade water on the fatigue crack growth character-
istics of nuclear pressure vessel grade materials is being studied. The stress
intensity concept of linear elastic fracture mechanics provides a parameter K
which describes the stress situation at the tip of an existing crack. It has
been shown that the cyclic range of the stress intensity factor, AK, is the
controlling stress parameter which determines the fatigue crack growth rate.
The crack growth rate da/dN of pressure vessel materials is being measured as

a function of AK_, the change in the stress intensity at the tip of the crack.

I!

NOTICE
This report was prepared as an account of work
sponsored by the United. States Government. Neither
the Unjted States nor the United States Atomic Energy
Cor_nmxssion, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
mlkes.lny ‘warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infringe privately owned rights. SISTORUTION 0F THIS BARUMENT 13 13 ’M’t’

=
L )
\



The fatigue crack growth data are being generated with 2T WOL (Wedge Opening
Loading) specimens at 550°F in an environment (excluding irradiation) typical

of Pressurized Water Reactors (PWR) and Boiling Water Reactors (BWR). The 2T

WOL specimen is illustrated in Figure 1.

Tests are being performed on A533, Grade B, Class 1 steel (HSST Plate 02) and
weld metal prepared by the submerged-arc, electroslag, and manual—-arc processes.
Material from the HAZ (heat-affected-zoie) of the weldments prepared by the

submerged-arc and manual-arc processes are also being studied.

A test chamber was designed and fabricated to operate at 550°F and 2000 psi.

The test chamber was fabricated from stainless steel. The water wus pumped

from an auxiliary tank through the test chamber. Typical water chemistry is
given in Table 1. Cycling rates were from 60 to 600 cvcles per minute for a
minimum of 100,000 cvcles. Initizlly, the ultrasonic crack growth monitoring
technique was utilized to measure the crack growth in the 2T WOL specimens.

Use of ultrasonics a5 the chosen crack growth rate monitoring technigque required
that the test specimen be clamped to the 1id of the test chamber. However, it
was concluded that because of the constrainment of the chamber 1id, the "stress
intensity K; " at the crack tip was not well defined. To correct this problem,
the experiment was redesigned to utilize compliance (LVDT gauge) to measure the

crack growth rather than the ultrasonic crack monitoring technique.

Experimental Results

Crack length "a" versus number of cycles '"N'" data were generated for twelve (12)
2T WOL specimens. In order to express the raw test data ("a" versus "N") in
terms of fracture mechanics, the data were converted to the form of crack growth
rate, da/dN versus the cyc.ic stress intensity range, AK. The crack growth rate
was established by computing the slope between successive data points on the "a"
versus "N'" curve obtained by means of compliance (crack opening displacement}.
The AK values associated with a particular crack length, and in turn the

corresponding crack growth rate was determined from the following expression:



P P
AK = K -K = v max. va _ v min.va
max. min. BW BW

where "a" is the crack length measured from the centerline of loading, Y is a
compliance constant which depends upon a/W, W is the specimen width (see Figure 1),
B is the specimen thickness, P ax and Pmin. are the maximum and minimum load per
cycle. The results are presented in Figures 2, 3, 4 and 5. Figures 2 and 3

present the 550°F fatigue crack growth rate versus stress intensity factor range
relationship for specimens fabricated from the base metal (HSST Plate 02).

Figure 2 represents data generated in PWR water chemistry and Figure 3 data

generated in BWR environment. The upper scatterband from similar data generated

by Clark(l) with A533, Grade B, Class 1 base plate is also shown in Figures 2 and

3. The fatigue crack growth rate versus stress intensity factor range relationship
for spe:imens fabricated from the weldment materials are shown in Figures 4 and 5.
Figures 4 through 5 show that there is not an effect of water chemistrv (PWR and BWR) ,
on the fatigue crack growth rate of the materials investigated (base, weld metal :
and HAZ metal) for specimens fatigue at 600 cycles per minute. However, for tests
performed at 60 cyclnas per minute in BWR water chemistry, the data fall outside
Clark’s scatterband at the low AK values. This anomalous behavior is probably ;

related to the threshold level which is outside the realm of this experiment.

Concluesions

To date, the presence of nuclear reactor grade water environment f{chemistry and
pressure) for PWR and BWR was found not to have an effect on the fatigue crack
growth of A533, Grade B, Class 1 steel base plate and waldments. Comparison
of the results obtained for each material tested at 550°F and 600 cvcles per
minute indicated that the upper scatterband of the crack growth rate data for

the base plate material at 75°F encompass all other data.



TABLE I

TYPICAL CHEMISTRY OF PROPOSED ENVIRONMENT (WATER)

(ppm)
Pressurized Wacer Reactor Boiling Water Reactor
Oxygen <0.1 0.2 -~ 0.4
Chloride <0.15 <0.2
Fluoride <0.15 <0.1
Total Suspended Solids <1.0 <0.2
Boron 0 - 4000
(2500}
Solution pH 4.2 - 10.5 6 - 6.5
(5.1)
Electrical Conductivity <1 = 40 - umhos/cm <@.1 - umhos/cm
Hydrogen 25 -~ 35 ce (STR)/KG 0.03 - 0.05
Li (OH) 0.3 x 107 0 3.2 x 15

molal
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Figure 1. "2T" WOL Type Compact Fracture Toughness Specimen
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Figure 2. Crack Growth Rate as a Function of AK for A533 Grade B Class 1

Steei Plate in PWR Environment
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Figure 3. Crack Growth Rate as a Function of AK for A533 Gracde 8 Class 1
Steel Plate in BWR Environment
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Figure 4. Crack Growth Rate as a Function of AK for A533 Grede B Class |

Weldment Material in PWR Environment
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Figure 5. Crack Growth Rate as a Function of AK for A533 Grade B Class 1
Weldment Material in BWR Environment
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