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Extended Compliance Solution of ESET Specimen for Thermal Fatigue
Crack Growth Test
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Abstract : An eccentrically-loaded single edge crack tension specimen (ESET) is similar to a compact tension(CT) spe-
cimen loaded in tension-tension. The standard ESET specimen exhibits advantages over other types of cracked specimen,
such as CT, single-edge crack, and middle-crack tension specimen. The details of ESET specimen configuration, test
procedure, and calculations are described in ASTM E647 standard. However, a difficulty in attaching COD gage to the
knife-edge on the front face of the specimen can be found when the size of ESET specimen is small for rapid cooling
and heating in thermal fatigue testing. The finite element analysis is performed for the ESET specimen with projected
knife-edge on the front face and a crack-length-compliance equation is suggested for the new specimen configuration.
Calibration test are conducted with 347 stainless steel to compare the measured crack length with the calculated crack
length from the suggested compliance expression. The test results showed good agreements with those of analysis.
Key Words : fatigue crack growth rate test, ESET specimen, stress intensity factor, finit element method, compliance,
projected knife-edge
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Fig. 1. Standard Eccentrically-loaded Single Edge Crack Ten—
sion Specimen (ASTM EB47)
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Fig. 2. Configuration of notch details encircled by dotted line
in figure 1
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Fig. 3. FE mesh for ESET specimen when aW=05
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Table 1. Results of FE Analysis in the ESET specimen atta-
ched with projected knife-edge

W EBVyP EPVi/P F
0.15 24634 2.6534 2.03328
0.20 35109 3.7708 242851
0.25 4.7868 5.1293 2.85764
0.30 6.3840 6.8197 3.34091
0.35 8.4368 8.9830 3.9072%
0.40 111375 11.8213 4.58143
045 14.7805 15.6431 5.41678
0.50 19.8230 20.9270 6.47382
0.55 27.0178 28.4602 7.83578
0.60 37.6144 39.5441 9.64508
0.65 53.8717 56.5373 12.14068
0.70 80.2019 84.0385 15.74376
0.75 126.0634 131.9036 21.27995
0.80 214.6494 224.2888 30.55064
0.85 415.2967 4333821 48.30042
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