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Evaluation of Steel Fracture Toughness Based on Strain Energy Density of

Berkovich Indentation

ZONG Yuan, WANG Qianzhi
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics &. Astronautics,
Nanjing 210016, China)

Abstract: In order to improve the problem of insufficient measurement scale and accuracy in the process of
fracture toughness testing by indentation method, a method for assessing the fracture toughness of steel based
on Berkovich indentation strain energy density (SED) is proposed based on the critical indentation energy
(CIE) method. The fracture toughness of nine steels is evaluated by considering both elastic and plastic
energies and correcting the critical total pressure depth. The results show that the relative error of the
toughness measured by considering only the plastic energy is found to be in the range of 5% to 20% , whereas
the relative error of the toughness measured by considering both the elastic and plastic energies is found to be
within 5%. At the same time, determining the fitting range for the critical total indentation depth requires
avoiding the region where the elastic modulus of the material rises near the surface. These improve the
accuracy of evaluating the fracture toughness of steel based on the CIE method using the Berkovich indenter.
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Table 1 Chemical compositions of nine steels ( weight percentage) %
ok C Si Mn Mo P Cr Ni S Cu Fe
A36 0.20 0.35 0.30 — 0.045 — — 0.045 — AiE
1020 0.20 0.35 0.30 — 0.04 0.25 0.25 0.05 0.25 s
1045 0.45 0.17 0.60 — 0.05 0.25 0.25 0.05 0.25 At
1065 0.65 0.37 0.50 — 0.035 0.25 0.30 0.035 0.25 A
1095 0.95 — 0.40 — 0.04 — — 0.05 — A
304L 0.08 1.00 2.00 — 0.045 19.00 8.00 0.03 — A
316 0.08 1.00 2.00 2.00 0.045 16.00 14.00 0.03 — N
440C 0.60 1.00 1.00 0.75 0.04 16.00 — 0.03 - b
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Table 2 Initial elastic modulus, critical elastic modulus,

critical total depth and indentation energy to

fracture of nine steels

EE) E/GPa E./GPa  hi/pm  G!/(Jm ?)
A36 279 145 11.96 21.16
1020 312 162 16.04 25.38
1045 352 183 12.83 39.81
1065 290 151 66.17 91.79
1095 332 173 15.83 41.71
304L 284 148 65.97 229.89
316 283 147 45.70 160.86
440C 335 174 14.90 42.87
G8Crl5 252 131 37.79 94.62
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Table 3 Comparison of fracture toughness obtained by

critical indentation energy method, the modified

method in this study and literatures

K./ K./ FH % Ko/ FH X Kego/ FH X
g (MPas (MPas gy /| (MPas 4 | (MPa 42/

m?)  mz) A | m?) S| omp %
A36 80" 110.89 38.89113.44 42.08 78.36 1.85
1020 94" 97.90 4.15| 83.64 11.03| 90.75 3.45
1045 127" 151.99 19.98||104.94 12.55|120.72 4.71
1065 166 180.28 8.60|116.30 29.94|166.38 0.23
1095 125 132.09 5.73|135.60 14.92120.01 3.94
3041 264" 291.58 10.62|245.47 6.87260.58 1.14
316 222'% 242.32 8.04|185.13 16.62|217.59 2.00
440C 117" 137.80 18.18| 150.48 29.06| 122.21 4.81

G8Crl5 153" 167.59 9.68)177.01 15.69|157.47 2.92
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