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Highlights 

• An adaptive updating scheme for cellular automata is proposed. 

• The reason for the low efficiency of the traditional cellular automata is 

studied. 

• A fast continuous-discontinuous cellular automaton method is developed. 

• Comparison for efficiency between the traditional and new method have been 

discussed. 
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Abstract: The updating scheme is very important for cellular automata, which costs 

the vast majority of CPU time of the whole calculating process and dramatically 

influences the convergence rate, and the traditional node sequence scheme is often 

ineffective. Aimed at this issue, based on the unbalanced nodal force, an adaptive 

updating scheme for continuous-discontinuous cellular automaton method is proposed 

in this paper. The cell whose unbalanced force is maximum is the first updating cell, 

and the next one is its neighbors whose unbalanced force is also maximum in all 

remain neighbors, and do the updating operation according to this scheme until the 

updating for all cells is finished. Theory and convergence of the present scheme is 

studied, then we can get the maximum calculating efficiency, and the computational 

expanse can be greatly improved. Some examples by different iteration schemes are 

shown to demonstrate that the present scheme is efficient and time saving. 

 

 

Keywords: continuous-discontinuous cellular automaton method; unbalanced force; 

discontinuous approximation; adaptive cellular updating scheme; computational 

efficiency 

 

Nomenclature 

  Variation of a function 

ε  Strain tensor 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

u , 
f  Iteration tolerance of displacement, nodal force 

  Poisson's ratio 

 , k  Distance between any point and crack surface 

σ  Stress tensor 

 , t , c  Boundary, traction, cohesive boundary 

k

if  Nodal force increment of neighbors 

if , iu  Increment of nodal force, displacement 

c

it  Increment of cohesive force 

  Calculating domain 

a , ka  Variable vector of the Heaviside enrichment 

b , l

ib  Variable vector of the crack tip field function enrichment 

b , ib  Boundary cell set, boundary cell 

fb , db  Boundary cell imposed traction, displacement 

nA , ia  Cellular cell set, cell which is the element of cell set  

bau ,,B  Matrix of derivatives of shape function 

d  The combining degree of freedom combined u , a , b  

mC  Cell set of neighbors of ma  

D  Material modulus matrix 

E  Young's modulus 

j

iE  Cellular element set 

bf , cohf  Body force, cohesive force vector 

uf , 
ba,f , cf  Nodal force related to variable u , a  or b , cohesive 

i

uf , i

ba,f , i

cf  Nodal force vector components of cell i  
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)(xlF , )( ilF x  Crack tip enrichment functions 

iF1  Component of the unbalanced nodal force vector 

iF  
The unbalanced nodal force vector 

cG  Constitutive matrix of cohesive crack 

)(H , )( kH   The Heaviside functions 

ck , 
bau ,,k  Stiffness matrix of cohesive, traditional, and enrichment 

iK  Assembled stiffness matrix of cell i  

ICK , IICK  Critical mode I, II stress intensity factor 

n  Number of nodes in a finite element 

bn  Total number of cells which are imposed boundary condition 

cn  Total number of neighbors 

nf  Number of crack tip enrichment functions 

)(xiN , )(xjN , )(xkN  The traditional FEM shape functions 

iN , k

iN  Cell set, neighbor cell set 

N
~

 The combining shape function 

N̂  The shape function of relative gap of crack surface 

P Set of the penetrated nodes 

t̂ , 
ct  Traction of boundary, crack surface friction 

T Set of the crack tip nodes 

u , 
s

u , 
s

u  Displacement on boundary, upper, bottom surface of crack 

)(xwc
 Relative displacement of crack surface 

intW , 
extW , 

cohW  Virtual work of internal, external, cohesive 

x  Position vector 
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1. Introduction 

    Cellular automata(CA) is a space and time discrete computational system, which 

have been proved useful for both general models of complexity and much more 

specific representations of non-linear dynamics in a variety of scientific fields. CA are 

composed of a finite of cells, and the update of a cell state only obtains by taking into 

account the states of cells in its local neighborhood and no actions at a distance is 

needed. The stimulus of the use of cellular automata comes from the self-organization 

theory in biology, and it can be used as simple models for a variety of physical, 

biological and computational systems.  

    CA was first proposed by Von Neumann[1] in the late 1970s, and the motivation 

of von Neumann developed the concept of CA was to extract the abstract mechanisms 

leading to self-reproduction of biological organisms[2], after that, some self-organized 

criticality were proposed by Bak et al. [3-4], Turcotte [5], later, Hergarten[6-8] 

employed self-organized criticality to solving landslides and sandpiles problems. A 

very important feature of CAs is that they provide simple models of complex systems. 

And it was first widely used in physics areas, for example, Manneville et al. [9] and 

Chopard[10] employed the cellular automata for complex physics systems, and much 

more physical-based CA modeling followed[11], particularly in the areas of lattice gas 

statistical mechanics, diffusion processes, reaction-diffusion process, phase transitions, 

electromagnetic phenomena[12], grain growth[13-14]and so on. In addition to 

physical area, CA has been widely used for biological area, such as, Markus et al.[15] 

developed a cellular automaton model including lateral inhibition of an autocatalytic 

morphogen to simulate vessel morphogenesis, in addition, Zorzenon and Coutinho[16] 

used a cellular automata model to study the evolution of human immunodeficiency 

virus(HIV) infection and the onset of acquired immunodeficiency syndrome. 

    Besides, reviewing the early work of CA, a large number of studies have applied 

CA to model a diverse number of problems, particularly in the social sciences, such as, 

Schreckenburget al.[17]proposed a discrete stochastic model for traffic flow; Green et 
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al.[18] used CA model for an interactive simulation of bushfire spread in 

heterogeneous fuel; and Gardner [19] employed the CA for artificial life exercises 

such as John Conway's Game of Life. Later, Raabe[20-22] applied cellular automata 

in materials science simulation. 

    Recently, the application of CA to problems in solid mechanics have been 

developed rapidly, and in existing literatures, the continuum have been mostly treated 

as cells connected to neighboring cells by elastic[23], for examples, Olami et al. [24] 

proposed a continuous, nonconservative cellular automaton to model earthquakes; 

Abdellaoui et al. [25] developed a cellular automata model for a contact problem; 

Canyurt, Hajela and Kim[26-27] developed a cellular framework for structural 

analysis and optimization; Ryoo[28] applied cellular automata for estimation of 

Young's modulus of single-walled carbon nanotube. For elastic and plastic solid, 

Popov and Psakhie[29]studied theoretical principles of modeling elastoplastic media 

by movable cellular automata method. In addition, Xiao[30] studied elastic wave 

propagation in this manner and carried out the analysis on a one-dimensional domain, 

and Kwon and Hosiglu[31] applied lattice Boltzmann method, finite element method, 

and cellular automata and their coupling to wave propagation problems. Khvastunkov 

and Leggoe[32] have equated a finite element with a cellular automaton and studied 

random spatial heterogeneity distribution. Besides, Rothman[33], Bernsdorf et al. [34] 

and Krafczyk[35-36] applied cellular automaton to develop the numerical models of 

fluid flow through porous media, incompressible flows in complex geometries and 

fluid-structure interaction. Psakhie et al.[37] modeled the behavior of complex media 

by jointly using discrete and continuum approaches. 

    For elastodynamics, Rothman[38] used cellular automata for modeling seismic 

P-Waves, and Leamy[39] applied a physics-based cellular automata computational 

approach to model seismic events in an idealized linear-elastic medium, soon 

afterwards, they[40] extended the triangular cellular automata for computing 

two-dimensional elastodynamic response on arbitrary domains. 

    Then, Honma and Tosaka[41-42] combined finite element method with cellular 

automata for thermal modeling and deformed austenite decomposition into ferrite. 
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Das et al.[43] combined neuro fuzzy-cellular automata based material model and 

finite element for plane strain compression. Slotta et al.[44] gave a convergence 

analysis for cellular automata applied to truss design. 

    Based above theory, Shen et al. [45] developed elastic updating rules and applied 

it to solve the solid mechanical problem. Gurdal and Tatting [46] built a lattice model 

to solve the plane lattice deformation problem, and further Feng et al. [47-48] used the 

lattice CA model to simulate the failure process of heterogeneous rocks. Soon 

afterwards, based on discontinuous simulation theory and cellular automaton, Yan and 

Pan[49-52] proposed continuous-discontinuous cellular automaton method for elastic 

fracture, contact and rock fracture problems. 

    There are two advantages of the application of CA model, one is that the 

calculation is only applied on a local cell, so no assembled stiffness matrix but only 

cell stiffness is needed, which can overcome the stiffness matrix assembling difficulty 

caused by unequal degrees of nodal freedom for different cells, and much easier to 

consider the local property of node and element. Another is that it can be easily 

extended to the large-scale simulation for its easy implementation of the parallel 

algorithm. Besides, much less computer memory requirement is achieved because of 

it local property. 

    Recent years, many researchers take their effort into cellular automata research, 

but the updating efficiency study is rare in literatures. Actually, the updating 

efficiency is very important for cellular automata, and the iteration scheme 

dramatically influences the convergence rate, and some examples are shown that the 

updating according to the nodes sequence is ineffective. The cellular updating costs 

the vast majority of CPU time of the whole CA process, actually, the proportion of 

time speeding for the cellular updating increases with the increase of the cell number, 

and numerical examples are shown that sometime more than 95 percent of CPU time 

is speeded on updating operation, so the updating operation can directly influence the 

calculation efficiency of CA.  

    Aimed at this issue, based on the unbalanced nodal force, an adaptive updating 

scheme for continuous-discontinuous cellular automaton method is proposed in the 
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present paper. In each updating step for a cell, the unbalanced nodal force can only be 

transmitted to its neighbors, so the maximum unbalanced force cell is first updating 

cell, and the next one is its neighbor whose unbalanced force is maximum in all 

neighbors, and so on, until the updating process for all cells is finished. By this 

updating sequence scheme, the maximum unbalanced nodal force can be transmitted 

to every node after doing one iteration, and the system can quickly reach the 

equilibrium. Based on this scheme, we can get the maximum calculating efficiency, 

and the computational expanse can be greatly improved. Some examples by different 

iteration schemes will be given to demonstrate the present scheme is efficient and 

time saving, and can be widely used for large scale engineering computation. 

 

2. Introduction of the continuous-discontinuous cellular automaton 

    According to CA theory for its application into solid mechanics[47-52], the CA 

model is composed of cell, cell state, cell space, failure state and history, neighbor and 

updating rules and so on, and the relation between those components can be seen in 

references[50-52]. Different from continuous cellular automata, the 

continuous-discontinuous cellular automata(CDCA) model includes the continuous 

cell, discontinuous cell, discontinuity, failure state and history for discontinuity except 

for the components that continuous CA model includes, and the discontinuous cell 

and model can be seen in references[50-52]. 

2. 1Variational formulation 

    Consider the body includes a frictional contact crack with tractions ct  along the 

crack surface c . According to frictional contact crack theory and finite element 

theory, the variational equation[50-52] is, 







  dddd

WWW

sscohb

cohext

ct

)(ˆ

int

uufutufεσ 
        

(1) 

in which the variables can be referred in nomenclature, and the superscript 
S  and 

-S  denote the upper and bottom surfaces of crack respectively. 
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    Applying enriched shape function, we can get 
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in which the Heaviside function 
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can be seen in nomenclature and the shape function of relative displacement for 

discontinuous crack surface is given as 
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Substituting Eqs. (2) and (3) into Eq. (1) , then we can get [50-52] 
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 (7) 

  dbau

T

baubau e
)()( ,,,,,, BDBk

                     
(8) 

in which the variables can be referred in nomenclature. 

    Then the system linear functions can be given as 

cbauicbaui ffffdkkdK  ,,, )(                  (9) 

Solving the above function for all cellular nodes, we can get the results. 

2.2 Cell 

    According to CDCA model, the cell can be divided into two groups, which are 

continuous cell and discontinues cell, and the former can be seen in reference[47-49], 
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and the latter can be referred as [50-52]. As the basic component for both continuous 

cell and discontinues cell, the cell consists of cell node iN , corresponding cell 

elements j

iE  and its neighbor cell nodes k

iN , in which cells include the classical 

finite element nodes, the Heaviside enriched nodes and the near-tip functions enriched 

nodes and cell elements consist of the classical finite elements, the through elements 

and the crack tip elements[50-52]. 

2.3 Cell space and its states 

    According to CA theory[47-49], cell space for two-dimensional can be 

rectangular, triangular, hexagon and so on, and in the present paper, we take 

rectangular cell space as the example. In order to describe the cell, the cell state is 

defined, and a series of physical and mechanical values can be employed to determine 

the different cell states. For the CDCA model[50-52], it is composed of the degree 

value vector of nodal freedom },,{ baud  ; Young’s modulus E , Poisson’s ratio   

and fracture toughness ICK , IICK ; cell nodal force vector },{ , cba ffff u  , in which 

the subscript u , a , b  and c  are represented the traditional, the Heaviside 

enrichment, the near-tip functions enrichment degrees of nodal freedom and crack 

surface stress respectively; stiffness matrix cbaui kkK  ,, ; level set value of 

discontinuity i  and i , cell stress σ , elastic strain e , equivalent plastic strain 
p  

and equivalent stress intensity factor IeK , crack opening displacement cw  and its 

history m

cw  , crack surface stress ct , crack surface contact state sc  and so on. 

Based on the above, the cell state can be given as Fig. 2. 

2.4 Neighbor 

    According to CDCA model[50-52], only the states of cell itself and its neighbors 

are taken into account in every updating step when the updating scheme are 

constructed, and the state of one cell can only influence the states of its neighbors, so 

the neighbor structure is the most essential character of cell space in CDCA model. So 

the relation between a cell and its neighbors is constructed in this method[50-52], 
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which can be seen in Fig. 1. 

2.5 Continuity to discontinuity model 

    In the CDCA model, the discontinuity may exist in any cellular elements, which 

can be seen in Fig. 1. The location of the discontinuity will influence the cell type, the 

cellular node type, cellular element type. And in this method[50-52], the discontinuity 

path is dynamically tracked by the level set functions. By way of the level set values, 

the cell type, the cellular node type, the cellular element type and cellular automaton 

model are determined. For a crack propagation, some cell can change from continuous 

cell to discontinuous cell, the changes of cell nodes and elements from continuity to 

discontinuity can be seen in references[50-52]. 

2.6 Updating rules 

In the CDCA model, the updating rules are the most important part of the CDCA 

model, because the updating rules will determine and change the states of the cells 

and its neighbors[50-52]. 

For simplification, consider a cell node iN  in the calculating domain, the nodal 

freedom values of this cell node can be obtained due to the effect of nodal force 

vector },,{ ,

i

c

i

ba

i

ui ffff  , cell stiffness matrix
i

c

i

baui kkK  ,,  and restrict all degrees of 

the nodal freedom on its neighbors k

iN , which can be seen in Fig. 3[44-46]. The 

relation between the incremental nodal forces and the incremental nodal freedoms can 

be reflected into two steps. Firstly, the nodal force increment },,{ ,

i

c

i

ba

i

ui ffff  of 

cell node iN  will cause cell node iN  itself to produce the nodal freedom increment

},,{ iiii bauu  . Then, the nodal freedom increment 
iu  on the cell node iN  

will lead its neighboring cell nodes to produce the nodal force increment k

if . 

Therefore, the process of the CDCA updating rules is[50-52]: the increment of 

nodal forces causes to the increment of nodal freedoms, and the increment of nodal 

freedoms can influence the crack opening displacement, the crack surface state and 

stress of discontinuity. In addition, the increment of nodal freedoms leads to the 
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increment of nodal forces of its neighboring nodes, until the system static equilibrium 

is attached, in other words, the self-organization phenomenon of 0 iu  and 

0 k

if  appears.  

So the updating steps can be given as[50-52]: 

(1) Assume that no cohesive stress and frictional stress are existed, initialize the 

stiffness matrix and nodal force vector, 
i

baui ,,kK  , },,{ ,

i

c

i

ba

i

ui ffff   with 0i

cf . 

Assume that the whole crack is opening, 0sc
. 

(2) According to the system function of cellular automaton method 
iii fuK  , 

calculate the increment of degrees of nodal freedom 
iu
.
 

(3) Obtain the nodal force increment k

if  of the neighboring cell k

iN  via 
iu  

from the following equation 
i

k

i

k

i uKf 
.
 

(4) According to results of step (2) and (3), update crack surface contact state sc , 

crack opening displacement cw , and its maximum values of the history m

cw , and 

contact stress c

it . 

(5) According to crack surface contact state sc  and contact stress c

it , update 

stiffness matrix 
i

c

i

baui kkK  ,, when crack surface is closed or cohesive stress is 

considered, },,{ ,

i

c

i

ba

i

ui ffff   when 0 c

it . 

(6) Do step (2) to step (6) on all cellular nodes, until f

k

i f , 
ui u , and crack 

surface contact state sc , crack opening displacement cw , its maximum values in the 

history m

cw  and contact stress c

it  are not changed between the last two iterations. 

 

3. Adaptive cellular updating scheme 

    As we know, there are three advantages for cellular automata(CA)[47-49], such 

as: one is no need to assemble the global stiffness matrix in the entire calculating 
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process, which can overcome some difficulties for the assembling operation, 

especially for the enriched nodes, the degrees of node freedom for those nodes may be 

different, besides, it can greatly save computational memory, because the memory for 

storing global stiffness is no need for CDCA. The second is that it is easily to consider 

the local properties of the cell, because calculation of CA is only located on the local 

cell and its neighbors, which is suitable for rock mechanics simulation. The third one 

is that it can be easily extended to parallel calculation, because its calculation is based 

on every node, and can be easily applied to the large-scale simulation of the failure 

process. 

    As we know, the cellular automaton updating is limited only on local cell and its 

neighbors, and in an updating step for one cell, the cell information can be only 

transmitted to its neighbors, then, the iterative sequence scheme is very important for 

the updating rules of CA. Actually, the cellular updating costs the vast majority of 

CPU time of the whole CA process, and the proportion of time speeding for the 

cellular updating increases with the increase of the cell number, and numerical 

examples are shown that sometime more than 95 percent of CPU time is speeded on 

updating operation, so the updating operation can directly influence the calculation 

efficiency of CA.  

3.1 Defect of original scheme 

    First, we define that an updating step is that only an updating operation on one 

cell is taken account, in other words, only the information of this cell is updating, but 

an iteration step is that take an updating operation on all each cell once according to a 

given cell sequence. 

    As description in the above, the cell information can only be transmitted to its 

neighbors in one updating step, then assume that an extreme case is that the cell with 

important information is the last updating cell in an iteration step, which can be seen 

in Fig. 4, a concentrated loading is located on cell 25, and the updating sequence is 

from cell 1 to cell 25, so the cell which is imposed on a concentrated loading is the 

last updating cell. Then after the first iteration step, the loading information is only 

transmitted to its neighbors of cell 25, in other words the nodal force can only be 
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transformed to cell 20 and cell 24. According to CA updating rules, after the second 

iteration, the information can be only transmitted to the neighbors of cells 20, 24 and 

25, and at this iteration, the nodal force can only be transformed into cell 15, 19 and 

23, and so on. According to this updating scheme, in an iteration, the information can 

only be transmitted to a few neighboring cells, and after a few iterations, the 

information can be transformed into all cells, and the efficiency is very low. 

    The other extreme scheme is that the important information cell is the first 

updating cell in an iteration step, which can be seen in Fig. 5, a concentrated loading 

is located on cell 1, and the updating sequence is from cell 1 to cell 25, so the cell 

which is imposed on a concentrated loading is the first updating cell. It can be seen in 

Fig. 5 that the information can be transformed into cell 2 and 6 after the updating 

operation is done for cell 1 in the first iteration, then when the updating for cell 2 is 

done in the first iteration, the information can be transmitted into cell 3 and 7, and 

furthermore, when the updating for cell 3 is done in the first iteration, the information 

is transformed into cell 4 and 8, and so on. When the first iteration step is finished, the 

local information can be transmitted into all cells in the calculation domain by this 

updating scheme. Compared to the above scheme, the local information can be 

quickly transformed into all cells in the calculation domain by one iteration, but by 

the above scheme, the local information cannot be transmitted into all cells by a few 

iterations 

    It is reported in Figs. 4 and 5 that the updating sequence scheme is very 

important for the cellular automaton, which greatly influences the calculation 

efficiency of cellular automaton. Then, based on this issue, we propose a new 

adaptive cellular updating scheme for the continuous-discontinuous cellular 

automaton method. 

3.2 Adaptive cellular updating scheme 

    In the last section, we can see that by those two extreme updating schemes, the 

different effect can be obtained, and then an adaptive cellular updating scheme is 

proposed in this section, which can great improve the calculation efficiency. 

    For simplification, we take the two-dimensional solid mechanics problems as the 
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example. In solid mechanics, equilibrium is kernel of the problem, and the aim of the 

calculation is that the system attaches equilibrium. But unbalanced nodal force causes 

the imbalance of the system. From the unbalanced nodal force standpoint, we define 

that the unbalanced nodal force vector for discontinuous cell is 
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in which the variables can be seen in nomenclature, and i  is the cell number. And for 

the crack tip field function enriched cell, the unbalanced nodal force vector is 
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in which the variables can be shown in nomenclature. 

    In order to compare the value of the unbalanced nodal force, a modulus of the 

unbalanced nodal force vector is defined, as 




 
m

k

i

k

i

k

i FF
1

2

*2

2

1*2 ])()[(F                     (12) 

in which m2  is the number of terms of the unbalanced nodal force vector, and i  is 

the cell number. Then a finite sequence of the updating scheme is defined as 

  },...,,,,{ 4321 nnn aaaaaaA                           (13) 

in which the variables can be shown in nomenclature. The updating scheme is saved 

in the finite sequence nA , and 
1a is the first updating cell, and na is the last updating 

cell. And the first updating cell is determined by 

},...,2,1,|{ i1 njijAaa ji

n  FF                  (14) 

And assume that the mth updating cell is ma , the neighbor cells of ma  is given as 

mC , which is 

 
cnm ccccC ,...,,, 321                               (15) 

Based on the above theory, we define a set that includes all cells that already be 
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searched for updating, which is 

 mm aaaaA ,...,,, 321
                              

 (16) 

and then the next updating cell can be given as 

}|)(){( i1 ijAaCaa ji

mimm  FF              (17) 

    Actually, for no body force case, at the first iteration, the unbalanced nodal force 

is caused by the boundary conditions, in order to improve the searching efficiency, we 

just search all cells which are imposed force boundary conditions or displacement 

boundary conditions. Generally speaking, the number of cells which are imposed 

boundary conditions is much smaller than the total cell number, then a set of b  is 

given for the cell set in which the cells are imposed force or displacement boundary 

conditions, 

 
bnbbbbb ,...,,, 321                             (18) 

The cells, which are imposed the boundary conditions, can be divided into two groups, 

one is db , which are imposed with displacement boundary conditions, or are imposed 

with force and displacement boundary condition simultaneously, and the other is 
fb , 

which are imposed with force boundary conditions, which is 

 bbbbbbb mnmf f
 |,...,b,...,,, 321                    (19) 

 bbbbbbb knkd f
 |,...,b,...,,, 321                    (20)

 

in which the displacement boundary condition is defined that zero displacement on 

one cell is constrained, and that is 0xu  or 0yu , otherwise it is looked as the 

force boundary condition. 

Then Eq. (14) can be given as 

df

i bibia  ,)max(1 F                     (21) 

According to Eqs. (14) - (17), we can get the cellular updating sequence set nA , and 

the next iteration cell, which is 

)()()()max(1 dinimi

c

n bcAcCca i  F
        (22)
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    By this way, we can quickly obtain the cellular updating scheme, and a little 

computational expanse is cost. In the present method, this updating sequence is fixed 

in the next calculation for saving searching expanse. 

 

4. Numerical examples 

    In order to certify the efficiency of the present scheme in this paper, different 

loadings, boundary conditions and specimen models are applied, which are given as 

follows. 

4.1A rock specimen with an uniform surface loading and simple boundary 

    Consider a rock specimen with dimension 10mm10mm20mm, and in this 

section, which can be considered as a plane stress problem. Young’s modulus of this 

specimen is GPaE 0.20 , and Poisson’s ratio is 20.0 , and an uniform surface 

compressive loading is loaded on the top of specimen Nq 5100.1  , the boundary 

condition is given as: all cells on the bottom of the specimen are constrained vertical 

displacement, and the left one of those is constrained horizontal displacement. The 

specimen model, the boundary conditions and loadings are shown in Fig. 6(a), and the 

convergence threshold is given as 11100.1 u . 

In this example, different cell numbers iC  are employed, which is from 72 

elements to 8192 elements. The updating numbers iN  for different cell numbers of 

the present example are given in Fig. 7(a), in which the dimensionless updating 

numbers of 0/ NN i  are employed, and 0N  is the updating number for 72 cell case. 

It can be seen that the updating numbers for applying the adaptive cellular updating 

scheme in this paper is much less than that of the traditional updating scheme and 

more than 15 percent of updating numbers are decreased when the adaptive cellular 

updating scheme is applied. Actually, one can see that when cell number gets larger, 

the updating number may not increase, that is influenced by the complexity of the 

problem, the boundary and loading conditions, updating scheme. Because the stiffness 

matrixes and nodes forces are different with different size of cells for different cell 
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number, but the physical parameters and convergence threshold are fixed, which 

produces a certain fluctuation of updating numbers. 

    The CPU time for different cell numbers for those two methods is plotted in Fig. 

8(a), in which we can see that much less CPU time are expensed when the adaptive 

cellular updating scheme is used, and almost 20 percent of CPU time is saved. It can 

be seen in Figs. 7(a) and 8(a), although the updating number for 2000 cells is larger 

than that of 3200 cells, because much more cells causes much more updating cycles, 

then CPU time for 3200 cells is still larger than that of 2000 cells. And for this 

example, the calculating platform is: CPU: Intel Core i7-4770 @3.4GHz, Memory: 

8GB, Operating System: Windows 7 professional. 

 

4.2A clamped rock specimen with a concentrated loading 

    The model in this example is given the same as section 4.1, the differences are 

the boundary conditions and the loadings, which can be seen in Fig. 6(b), a clamped 

rock specimen is considered in the present example, and a concentrated loading 

NF 510  is imposed on the middle node of the specimen. And the grids, physical 

and mechanical properties of the specimen are the same as the example in section 4.1, 

but the convergence threshold is given as 12100.1 u . 

    It can be seen in Fig. 7(b) that the updating numbers for applying the adaptive 

cellular updating scheme is much less than that of the traditional updating scheme, 

and more than 15 percent of updating numbers are decreased when the adaptive 

cellular updating scheme is applied, and the most one, more than 50 percent of 

updating numbers are reduced. The same as section 4.1, the updating number is not 

monotonous increased with the cell numbers, because that this problem is also simple, 

including the simple boundary conditions, on the same physical parameters, the 

stiffness and node forces are different caused by different size of cells, then on the 

same convergence threshold, the updating number may not monotonous increased 

with the cell numbers, another reason is that the convergence rate is very slow when 

the results are close to convergence threshold, then the convergence threshold 
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influences the updating number obviously. 

    Fig. 8(b) plots the CPU time for different cell numbers for those two methods, in 

which we can see that much less CPU time are expensed when the adaptive cellular 

updating scheme is applied, and almost 15 to 25 percent of CPU time is reduced for 

the present updating scheme. And for this example, the calculating platform is: CPU: 

Intel Xeon E5-2637 v2 @3.5GHz, Memory: 32GB, Operating System: Windows 7 

professional. 

 

4.3 A rock specimen with multiple cracks 

  The model is the same as section 4.1 with an uniform surface tensile loading

Nq 5100.1  , there are four cracks in the center of the specimen in this section, 

which can be seen in Fig. 6(c). The grids, physical and mechanical properties of the 

specimen are the same as section 4.1, and different cell numbers are considered in this 

example, from 200 elements to 8192 elements. The convergence threshold for this 

example is given as -12

u 101.0 . 

    The same as section 4.1, we can see in Fig. 7(c) that the updating numbers when 

employing the adaptive cellular updating scheme is much less than that of the 

traditional updating scheme, and more than 15 percent of updating numbers are 

reduced when the adaptive cellular updating scheme is applied, and the most one, 

more than 45 percent of updating numbers are decreased. 

    Fig. 8(c) plots the CPU time for different cell numbers for those two updating 

schemes, in which it can be seen that much less CPU time are expensed when the 

adaptive cellular updating scheme is applied, and almost more than 15 percent of CPU 

time is reduced when using the present updating scheme, and the most one, more than 

46 percent of CPU time is reduced. Besides, Fig. 9 give a comparison of Y direction 

displacement results of the present example by CDCA with the adaptive updating 

scheme and XFEM, in which we can seen that a great agreement can be achieved 

between those two methods, and it testifies that different updating scheme cannot 

influence the calculating results. 
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    It can be seen in Fig. 7 that when no discontinuity is considered, the iteration 

number is gradually increasing in the first, and then it is decreasing, finally, it is 

increasing again, the reason is that when cell number is small, the equilibrium can 

take some much more iterations, but with the cell increasing, the equilibrium can be 

easily achieved, but when crack and excavation is considered, the equilibrium path is 

different from those no discontinuity is considered. 

4.4 A rock cavern excavation 

    A deep rock cavern excavation problem is considered in this example, which can 

be seen in Fig. 10, caverns and the calculation grid are independent, and the geometry 

is: calculation domain m30m30  , the diameter of cavern 2.0m, the distance between 

those two cavern is 4.0m. Consider the symmetry of the problem, the boundary 

conditions are given as: the left edge is constrained horizontal displacement, and the 

bottom edge is constrained vertical displacement. Initial ground stresses are 

a20x MP , a20y MP . The physical property of rock is GPaE 0.04 , and 

Poisson’s ratio is 20.0 . The convergence threshold is given as 
8100.1 u  in 

this example. 

    It can be seen in Fig. 7(d) the updating numbers when employing the adaptive 

cellular updating scheme is much less than that of the traditional updating scheme, at 

least 5% iteration number is reduced when the adaptive cellular updating scheme is 

applied. Fig. 9(c) and 9(d) plots a comparison of Y direction stress results by the 

adaptive updating scheme and the traditional updating scheme, in which we can seen 

that a great agreement can be achieved between those two methods 

 

5. Conclusion 

    There are a few advantages for the cellular automata method, then it is widely 

used in solid mechanics recent years. And the cellular automaton updating is limited 

only on local cell and its neighbors, and in one updating step for a cell, the cell 

information can only be transmitted to its neighbors. Then the cellular updating costs 

the vast majority of CPU time of the whole CA process, actually, the proportion of 
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time speeding for the cellular updating increases with the increase of the cell number, 

and numerical examples are shown that sometime more than 95 percent of CPU time 

is speeded on updating operation, so the updating operation can directly influence the 

calculation efficiency of CA. 

    Based on the unbalanced nodal force, an adaptive updating sequence scheme for 

continuous-discontinuous cellular automaton method is proposed in this paper. In 

each updating step, the unbalanced nodal force can only be transmitted to its 

neighbors for one cell. So the adaptive updating sequence scheme is given as: the 

maximum unbalanced force node is the first updating node, and the next one is its 

neighbors whose unbalanced force is maximum in all neighbors, until the updating 

operation for all cells is finished. By this updating sequence scheme, the maximum 

unbalanced nodal force can be transmitted to every node in one iteration, and the solid 

system can quickly reach the equilibrium, then we can get the maximum calculating 

efficiency, and greatly save the computational expanse. Some examples by different 

iterative schemes are given to demonstrate the present scheme is efficient and time 

saving, and computational expanse can be greatly reduced, then it can be widely used 

for large scale engineering computation 
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Fig. 1 Cell and its neighbors 
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Fig. 2 Cell states for CDCA 
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Fig. 3 Local updating model for a cell and it neighbors 
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(a) The model       (b) After 1 iteration      (c) After 2 iterations  
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(d) After 3 iterations        (e) After 4 iterations 

Fig. 4 The extreme bad iterative scheme 
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    (a) The model       (b) After updating for cell 1  (c) After updating for cell 2 
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(d) After updating for cell 3  (e) After updating for cell 4 

Fig. 5 The first iteration scheme of the best scheme 
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Fig. 6 The specimen model, the boundary conditions and loadings 
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(a) uniform loading specimen 
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(b) concentrated loading specimen 
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(c) multiple crack specimen 
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(d) rock cavern excavation 

Fig. 7 The updating numbers for different cell numbers for different examples 
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(a) uniform loading specimen 
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(b) concentrated loading specimen 
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(c) multiple crack specimen 

Fig. 8 The CPU time for different cell numbers of different specimens 
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(a) The adaptive updating scheme result           (b) The XFEM result 

 

(c) The traditional scheme            (d) The present scheme 

Fig. 9 The displacement and stress results for different examples 
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Fig. 10 Model, grid and caverns for rock cavern excavation 

 

 


