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Discrete analysis method for fracture simulation using structural elements
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This paper proposes a new discrete analysis method for fracture simulation using structural elements based
on the discrete element concept. The suggested structural elements are suitable for fracture simulations be-
cause the element stiffness is evaluated by means of relative displacements at the interface between discrete
elements (particles). We first formulate the structural elements in consideration of the position and the angle
of interface between discrete elements and discuss the integration of element stiffness. The fundamental
properties for elastic problem are examined in chapter 3. The eigen-values and eigen-vectors of stiffness
matrix are analyzed to investigate the relationship between basic deformation mode and integration order.
Also the accuracy of the structural element for beam bending problem is assessed. Finally, after explaining
the modeling of fracture in this paper, two representative numerical examples are presented to demonstrate

the applicability to fracture simulations for structures involving multiple cohesive cracks.
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Q O : particle (discrete element)

o——o : structural element

Fig. 1 Discrete element modeling and structural element
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(a) Definition of degree of freedom
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(b) Normal and shear springs at joint-position

Fig. 2 Definition of DOF and element stiffness
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(c) Axial relative displacement
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(d) Shear relative displacement

Fig. 3 Relative displacement in local coordinate
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(b) Angle between local and global coordinates

Fig. 4 Definition of angle @ and 8
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(a) Length of element and section area of joint-surface in 2D
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(b) Gaussian integration points along joint-surface

Fig. 5 Element length and Gaussian integration
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(b) Voronoi particle model

Fig. 6 Discrete models with structured and unstructured mesh
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Fig. 7 Discrete models for eigenvalue analysis
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Fig. 11 Extension of integral boundary and numerical results
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Fig. 12 Discrete model for beam problem
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Fig. 13 Error versus number of DOF in beam problem

BRRDID, Avvat A ABLIONY—VDRED 55
DETNERNT 5.

L0 OBGHAR & LT DICEEL, 130 O ZEBLE L
BN, WEEERIZBITD E, & E 1 3v VR E——oxt
ST BHLDOTIEARW., 2T, E,=E, =1L L7KET IV
2R LT, —BhRTEOEUEERR ATV, BRI D o 7R
ZRETS. ZLT, 2OV 7REMNTIIY OB RN E
RHIL, MOEERIC K DHMEM - ORELFRT 5.

MIEERORE B EH L RAEDBRE R Lz b D% Fig. 13
(T fENC 31T D ERLOFRFE Ry 1E, RAUT KV ER
L7z.

=3
<
o
IS
: :
P K> 2
(98]
\ 2
3
— E—
110 mm
En Es fl:I Gf
20 GPa 20 GPa 1 MPa 0.01 N/mm

Fig. 14 Structural elements for uniaxial tensile fracture
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