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Abstract . Based on the specified stress method, a new spatial finite element formulation for concrete cracking
was derived according to the linear elasticity theory. This formulation was used to create a calculation program
with the C++ language. The accuracy of the proposed cracking algorithm was validated through 3 numerical ex-
amples, where the theoretical results were compared with the ABAQUS XFEM calculations. Beyond convention-
al cracking algorithms, the proposed cracking algorithm has the advantage that once the stress at the cracking
integration point is specified as zero (in the cracking state), it will remain zero in subsequent calculations.
There is no need for an iterative process to adjust it to zero, which means significant reduction of the number of
iterations and the amount of data processing required in each iteration. In comparison to the ABAQUS XFEM al-
gorithm, which is limited to the 1st-order elements, the proposed cracking algorithm can utilize the 2nd-order

elements for crack calculation, and allows for a more accurate determination of the cracked regions and states
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under the same computational conditions. This work provides a new approach and algorithm for commercial fi-

nite element software to conduct more refined crack calculations with the 2nd-order elements.

Key words: specified stress methods; finite element; concrete cracking; 3D numerical simulation
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Fig. 2 The rectangular cantilever beam subject to axial tensile load (unit; mm)
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Table 1  Comparison of calculation results of finite element displacements
No. of nod ABAQUS (1 element) ABAQUS (2 elements) ABAQUS (20 elements) the present (1 element)
0. of node
U, Uy U, Uy U, Uy U, Uy
1 -3.60E-5 -6.95E-20 -3.60E-5 -3.22E-18 -3.60E-5 -1.92E-17 -3.60E-5 -1.62E-18
2 -7.45E-19 -2.43E-18 -3.05E-20 -1.61E-18 -2.03E-17 -1.99E-17 9.83E-19 8.27E-19
3 -3.60E-5 2.70E-5 -3.60E-5 2.70E-5 -3.60E-5 2.70E-5 -3.60E-5 2.70E-5
4 9.20E-19 2.70E-5 -1.12E-18  2.70E-5 -2.03E-17  2.70E-5 -9.23E-19  2.70E-5
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Table 2 The strengths of the integral points and the correponding cracking displacement loads

max i

No. strength £, /Pa cracking displacement load u, /m
6 2.14E6 7.99E-5

4 2.29E6 8.53E-5

2 2.33E6 8.71E-5

0 2.48E6 9.25E-5

7 3.10E6 1.16E—4

5 3.25E6 1.21E-4

3 3.30E6 1.23E-4

1 3.44E6 1.28E—4

F 3 4 MmE T AU IR B A R B AR

Table 3 The numbers of crack integral points and crack propagation paths four load conditions

displacement load u /m

7.90E-5 8.00E-5 1.00E-4 1.30E-4
number of crack integral points 0 1 4 8
crack propagation path - 6 6—4—2—0 6—4—2—0—7—>5—3—1
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Fig. 3 The cantilever T beam under uniform load (unit; mm)
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Fig. 4 The STATUSXFEM nephogram of the cantilever T-beam
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