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Fracture Analysis Based on the Critical-CTOA Criterion
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Abstract

An engineering method is suggested to calculate the applied load versus crack extension
in the elastic-plastic fracture. The condition for an increment of crack extension is set by
a critical increment of crack-tip opening displacement(CTOD). The ratio of the CTOD
increment to the incremental crack extention is a critical crack-tip opening angle(CTOA),
assumed to be constant for a material of a given thickness. The Dugdale model of
crack-tip deformation in an infinite plate is applied to the method, and a complete solution
for crack extension and crack instability is obtained. For finite-size specimens of arbitrary
geometry in general yielding, an approximate generalization of the Dugdale model is
suggested so that the approximation approaches the small-scale yielding solution in a low
applied load and the finite-element solution in a large applied load. Maximum load is
calculated so that an applied load attains either a limit load on an unbroken ligament or a
peak load during crack extension. The proposed method was applied to three-point bend
specimens of a carbon steel SM45C in various sizes. Reasonable agreements are found
between calculated maximum loads and experimental failure loads. Therefore, the method
can be a viable alternative to the J-R curve approach in the elastic-plastic fracture
analysis.
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Table 1 Ratio of calculated CTOD in FEM to
the CTOD of the suggested equations

foad | Dowble | S | Cooviond
P/P, Tension | 3-pt Bend | Tension
0.1 1,038
0.2 1,000 1.027 1.052
0.3 0.998 1,036 1.023
0.4 0. 989 1.025 1,005
0.5 0. 989 1,001 0. 995
0.6 0. 996 0. 980 0.994
0.7 1,042 0. 974 0.999
0.8 0.979 1,001
0.9 1.016 1.057
F=Fd AAANHY AR,
V=30 & prs (a)lln[sec(j%ﬂ (20)
A FAANEY A,
Vi=8.6m55Pif (@) In[sec(25) | (2)
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AAFZE oz ¥ o &5 whaz SM45CH
34 Z3YAYe] 545l Table 2014 o] A&
o QAAAHNA g ZAH AR & oA
F2d AgAgsl g4 FoAA ek, wEAHS
74 B=10mms} 27| 3%FF (W=10, 20, 40 mm)
olz Z7be] AlHA7)o) AEF ¥3)3 (ram) 9] F
we] FEuAL 2,5, 5.0, 10,0mmr} =A 3k
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Table 2 Mechanical properties of carbon steel SM45C

Yield stress 350 MPa Elastic modulus 207 GPa
Tensile strength 670 MPa True fracture stress 907 MPa
Reduction of area 48,3 % Fracture strain 0,66
Fracture initiation CTOD Vi/e, 6.4 mm
Crack-growth resistance CTOA I./e. 3.5
Flow stress o, 700 MPa
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Table 3 Coefficient ¢ in the limit-load equa-
tion (24) for 3-pt bend specimens of
loading contact width 2c

P/P, | ¢=0 |W=10 mm|W=20 mm | W=40 mm
mm |c=0.7mm|c=1.0mm|c=1.5mm
0.1 |1.376] 1,430 1,417 1,409
0.2 11,403| 1,451 1,435 1,426
0.3 |1.417] 1,470 1,453 1,443
0,4 {1.430] 1,493 1.473 1. 460
0,5 |1.442] 1,523 1. 493 1,479
0.6 |1.453| 1.559 1,522 1,500
0.7 11,463 1.627 1,561 1,530
0.8 |1.472| 1,741 1,639 1,583

3 YA A A FALE Wu et al™®
o o3dte] A4belole,

Po=¢0,B(W—a)?/S (24)

AN A4 & Thu o/ W o utel %EA W
& gho2 Table 3of Fojx] 9z TAlchatA] o
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Y dol8E o] &3t shF Ao Hald
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Fig. 8 Calculated load versus crack extension for a
single-edge cracked bend specimen of material
constants of Ic/e,=3.0, Vi/&10.0 mm and g,=

600 MPa
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Fig. 9 Calculated load versus crack extension for a
single-edge cracked bend specimen of material
constants of I./e,=3.0, Vi/&10.0 mm and g,=
600 MPa
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Table 4 Comparison of test (ambient temper-
tature) failure loads on 3pt-bend
specimens of carbon steel SM45C with
calculated maximum loads

B W ) 3 | Pumax(test) | Pmax(cal.)
(mm) | (mm) | (mm) | (mm) (kN) kN
10.0} 10,0 | 40.0 ) 2.7 12,03 12,11
10,0/ 10,0 | 40.0 | 3.3 10, 60 10, 36
10.0{ 10.0 | 40.0 | 4.4 7.69 7.60
10,0{ 10.0 { 40,0 4.9 6.56 6.50
10.0{ 10.0 | 40.0 | 5.5 4,98 5.29
10,0) 10,0 40,0 5.8 4,42 4,72
10,0| 10,0 40,0} 6.6 3.21 3.22
*10,0] 10,0 | 40,0 | 7.1 2,40 2.39
10.11 20,1 80,0 8,2 14,09 13.63
10,21 20,1 80,0 9.6 11,01 11.02
10.1720.1 80,0 | 11,2 7.99 8.28
10.2/20.1| 80,0 | 12,5 6.23 6.29
10,11 20.180,0{ 14,0 4,19 4,39
10.1]20.1180.0115.6 2,55 2,7
10,21 20,1 80,0 16,8 1.41 1,66
10,0 39.8 160, 0| 11,0 33,34 34,20
*10,1¢ 39,8 |160.0| 13,3 28. 69 28.71
*10, 1/ 39.8 160, 0( 15,6 24,50 24,30
10,1 40,0 160, 0| 20,5 16.73 16.15
10.17 39.9 160, 0| 24,3 11,08 10.73
10.1] 39.9 |160.0 31.8 3.59 3.4
10,11 39.9 |160.0{ 33.4 2.41 2.39
10,17 40.0 1160.0) 34,8 1.61 1.68

* Specimens used to evaluate the material con-
stants
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