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Stress Distribution in the Vicinity of a Crack Tip in a Plate under Tensile Load Using

Displacement Data of Finite Element Method
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Due to the complexity of the engineering problems, it is difficult to obtain directly the stress field
around the crack tip by theoretical derivation. In this paper, the hybrid method is employed to
calculate full-field stress around the crack tip in uni-axially loaded finite width tensile plate, using the
displacement data of given points calculated by finite element method as input data. The method
uses complex variable formulations involving conformal mappings and analytical continuity. In order
to accurately compare calculated fringes with experimental ones, both actual and reconstructed
photoelastic fringe patterns are two times multiplied and sharpened by digital image processing.
Reconstructed fringes by hybrid method are quite comparable to actual fringes. The experimental
results indicate that Mode | stress intensity factor analyzed by the hybrid method are accurate
within a few percent compared with ones obtained by empirical equation and finite element
analysis.
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Fig. 1 Conformal mapping of a crack in the physical

Z -plane

Z — plane into a unit circle in the {-plane
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Fig. 2 Finite-width uniaxially loaded tensile plate
containing a central crack
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Fig. 3 ABAQUS discretization of one-quarter plate
(2,227 elements and 4,704 nodes) of Fig. 2
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Fig. 4 (a) Original isochromatic fringes around a crack
tip in the dark-field setup circular polariscope (b)
Two times multiplied isochromatic fringes (c)
Sharpened fringes
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Fig. 5 Two times multiplied and sharpened actual fringe
pattern (left half) and reconstructed image (right
half)

Table 1 (a) Comparison of input and calculated
displacements  (dinp,  drca)  and

percentage error

No x y einp Aycar E-x
(mm) | (mm) (mm) (mm) (%)
1 0 11.4 | -0.00843 -0.00843 0.16
2 1.73 11.4 | -0.00815 -0.00810 -0.73
3 3.41 11.4 | -0.00724 -0.00734 1.33
4 4.88 11.4 | -0.00665 -0.00663 -0.41
5 6.29 11.4 | -0.00592 -0.00605 2.00
6 7.68 11.4 | -0.00559 -0.00556 -0.52
7 9.07 11.4 | -0.00513 -0.00518 0.87
8 9.07 9.79 | -0.00411 -0.00409 -0.87
9 9.07 8.19 | -0.00292 -0.00302 3.15
10 9.07 6.59 | -0.00206 -0.00206 -0.71
11 9.07 44 -0.00104 -0.00104 -0.33
12 9.07 22 -0.00041 -0.00041 0.38
13 9.07 0 0.00000 0.00000 0

Table 1 (b) Comparison of input and calculated
displacements  (dyinp,  dyca)  and
percentage error

No x y Ayinp dycal E-y
(mm) | (mm) (mm) (mm) (%)
1 0 11.4 | 0.00000 0.00000 0
2 1.73 114 | 0.00274 0.00284 3.58
3 3.41 114 | 0.00584 0.00574 -1.88
4 4.88 11.4 0.00823 0.00833 1.17
5 6.29 11.4 0.01090 0.01077 -1.02
6 7.68 114 | 0.01308 0.01311 0.13
7 9.07 11.4 0.01547 0.01537 -0.75
8 9.07 9.79 | 0.01621 0.01623 0.18
9 9.07 8.19 | 0.01735 0.01730 -0.27
10 9.07 6.59 0.01849 0.01852 0.16
11 9.07 44 0.02017 0.02017 0.01
12 9.07 2.2 0.02146 0.02146 -0.11
13 9.07 0 0.02197 0.02192 -0.15
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Table 2 Variation of standard deviations and stress
intensity factor obtained from hybrid method,
FEM and empirical equation

B Stress Intensity Factor
m | SDx | SDy (K, loym)
Hybrid | FEM | Equation
3 231 0 1.24 1.086
5 1.21 1.27 1.083 1.061 1.066
1.35 1.18 1.089
1.23 1.16 1.090
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Fig. 6 Variation of standard deviations with different

number of terms (m) in stress function
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Fig. 7 Variation of stress intensity factor obtained from
hybrid method
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Fig. 8 Normalized axial stress distribution from point ‘A’
to ‘B’ along line A-B of Fig. 2
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Fig. 9 Normalized axial stress distribution from point ‘B’
to ‘C’ along line B-C
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Fig. 10 Normalized axial stress distribution from point
‘D’ to ‘C” along line D-C
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