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A 3D LATTICE SPRING MODEL FOR SIMULATION ON DEFORMATION AND FAILURE OF ROCK-LIKE
MATERIALS

NISHIMURA, Tsuyoshi
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An alternative three-dimensional lattice spring numerical model, in which
matter is discretised into a system of mass points, is developed for the study of rock-like
materials. The model includes a normal spring and a shear spring for each pair of lattice points.
The deformation of the shear spring is evaluated by using the local strain. In this method, to
obtain the local strain, the rotation-related term in the relative displacement vector is calculated

by the Euler equation for the rotation of imaginal rigid sphere. Relationships between the
stiffness of the springs and the macro material elastic constants of the matter, e.g. the Young
modulus and the Poisson’ s ration, are derived. The explicit-finite difference scheme is adopted to
solve the system of equation of motion. Numerical examples are presented to show the abilities and
properties of this method in modeling for simulation of deformation and failure of rocks and
concrete.



D

)

©)

v>0.25

Ks

Hc:NcC/'Y

kn, ks

(0%



Nc:

4
v>0.25 ks
1)
Kn, ks
1NC mdm2 mypm mypm mpm mpm m myAgm2Zypmpmpepmpm
Cijkl :VZ; ksTb(lj Ik 5" +Ii Ik 5j| +|j II 5ik+|i II 5jk)+(kn _ks )db 2Ii Ij Ik I| ] (1)
Cijkl: dbm5 &j:
aurY (-t 0 2= (YY),
Aup | =| uf —uPt |- —(zp2 - zpl) 0 x| o, @
Au;" Ufz - Ufl ypz _ ypl _(sz _ Xpl) 0 @,
-1 Type 2 ko, ks Eo, w0
__ By _ (1— 4V0)Eodo
o 51-2v,) ® = v, Yo 2vg) @
4) ks<0 -1 Type
3
Type 2
3%
< ..: u“’l
il
7 -‘:_,"'
‘:&.«b;:;\“".\‘
-2 =39 (b) Type?2

(c) Type 3



o
[
o
[

=S ? 0o, ® Numerica § Ce, o ® Numerica
4 — e —— Theoretical ——_  ® 4 |~ Theoretica
g 008 ~* T g 008 ~ e
£ - %, : AGA!
< 006 .670,,:9 < 006 . <
4)\\ ° (e % . N () (2
g %00, 5, %' <) %0ee 7 o &
= .1I. g0, E %, .79, \
g PO %S 7 b R RN e °
g o fo \--* £ 002 X \
5 \s \ . 5 A \ .
2 ] ° b \ ) )
0 \ H . 0 .
0 002 004 0.06 008 01 0 002 004 0.06 008 01
Normalized wave number k d, Normalized wave number k d,
(Typel (b) Type 2
-2
(©)
Hc:NcC/'Y Nc:
-3
G
-3
-4
FEM
-4
R=94%
0.3sec
(4)
v>0.25 Ks

)



10000steps 20000steps 30000steps

— — _— -

15 15(x10%m) A5 15(x10%m) 15 15(x10%m)

R=94%

mdm2 mpm mpm
ksz" I+ 1 (5)
m=1




28
2018
1-6
DOI
Tsuyoshi Nishimura and Masanori Kohno 4
Numerical simulation on progressive failure in rock slope using a 3D lattice spring model 2019
Proceedings of the Rock Dynamics Summit in Okinawa 454-459
DOI
Tsuyoshi Nishimura, Masanori Kohno and Kenichi Fumimura 3
Numerical simulations on failure and stress wave propagation in solid materials using a 3D 2018
lattice spring model
Proceedings of RocDyn3 213-218

DOl

53

2018




(KOHNO Masanori)

(60640901)

(15101)




