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ABSTRACT

Discrete granular model in a low stress state dsaseetaining homogeneous porosity is the prerarss
foundation to obtain good results with particleflmethod. AutoCAD is used as the processing soéwar
which Polyline is used to render the scope of nmiadednd the 3dface is used to set delivery area of
particles, then the improved expansion-particle hoetis prepared for generating boundary Wall and
command flow of PFC2D automatically. Next, servaithdary is used to adjust stress state among peticl
and the porosity of model. Finally, the requirednauical model will be obtained by using the arlitra
polygon material borderline to control and divideterials into parts. It is proved that a methodhwit
visualization is useful for the construction of quex discrete granular model. It can also be useahniy

2D model building. What's more, it is less overkapd none overflow after the damage of bond strength
between particles.
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1. INTRODUCTION construction process of complex 2D discrete
granular model.

PRINCIPLE OF PARTICLE DISCRETE
ELEMENT

Discrete granular model in a low stress state
well as retaining homogeneous porosity is th&
premise and foundation to obtain good results with

particle flow method. Thgrefore, its top conditiien Discrete element method, which was put forward
how to get the computational model when granula%r '

discrete element is used in the analysis Fstly by Cundall in 1971, was a numerical method

engineering numerical modeling. At present, th%Or analyzing ~ mechanical ~ behaviors  of

; . discontinuous medium. Cundall and Strack
most common method of modeling using PFC2D i : ;
: . eveloped the program of disk and sphere which
expansion-particle method. It generates sma

particles firstly within designated areas, and theestabhshed the basis of discrete element method in

expands particle radius gradually until the pagscl Ngecx?t.or::ts ulzevl\?s tgfe n|16:)v';lio(r)1f ;ﬁ;ﬁ;ﬁ:jpl‘?ﬁ dmﬁntj;gg
are full of whole model area. However, expansiorclontact force  between contgct eIeF:nents
coefficient is difficult to be determined so that a

larger amount of overlap and higher internal forcgontlnuously. The new element contact based on

between particles are produced. When it is direct é(ilﬁqrgg r;; %Zsﬂ%r\lelriesrito?prggzlsa:?nmtgtelzalo;dn%r t;[%
used to analyze slope landslide, material failumé a . : 9 -

other dynamic mechanical behaviors’ inaccuratB °¢€sS of interaction as shown in Figure 1.

results will be caused and a large number of Granular discrete element is an explicit numerical

particles will overflow the boundary because of thealculation method. Contact force between patrticles
release of strain energy or no enough bonding in proportion to the overlap and stiffness of

strength derived from overlaps. An improvedparticles. Particle normal stiffness presents the
expansion method is proposed in this study. Helationship between total normal force and total

develops an automatic generation technique tisplacement, and particle shear stiffness presents
achieve command flow of complex discretehe relationship of shear stress-displacement
granular model with visualization operation ofincrement as shown in Figure 2.

AutoCAD, and can also greatly simplify the
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F"=K"W",AF*=-kAU* (D and Rmin, then particle number N can be estimated
. as follows.

From Eq. (1), it shows that contact force is
proportional to overlap displacement when particle N =4S(1- n/[/7( R. + 2 (2)
stiffness has been decided. Especially when the . ( )/ _(Fﬁ’"" I?hax) ] )
If particles whose radius range is [Rmin, Rmax]

stiffness is larger, if boundary constraint or biogd

strength between particles disappears, it will lead &€ generated randomly, it would be difficult to
particles flowing over the boundaries because ef tfeéach mechanics balance because of interactions

release of strain energy, which should be avoid

during process of modeling.

law of force-

(_ displacement

Boundary
conditions @
of force

Figure 1 Calculation Cycle

Boundary
conditions of
Displacement

Displacement

Newton's laws of J
motion

\ deformation is assumed

to eccur at contact point
only

Particles
generation
zone

Wall servo
direction

Figure 3 Boundary Servo Schematic Diagram

3. CONSTRUCTION OF COMPLEX
DISCRETE GRANULAR MODEL

particles. Therefore, scaling-inflation
method is usually used to realize mechanics balance
when particle number is determined. If Rmin and
Rmax are zoomed using the same proportional
scaling, the zoom factor is set as m (the valumof
can be taken as a large number), then

Rino= Run /M Ruo= R /T (D

Supposed i (i€ N+) is number of particle
delivery regions, particle number Nk in each region
can be assigned respectively according to the ratio
of single area to the total delivery region area.

N=(s/D. 9N @
Where S is area of kth (ki) particle delivery
region,X si is total area of particle delivery region.

Expansion mechanism. After Nk is assigned,
particles can be expanded gradually. It will nofpst
expanding until particles are full of the whole
model area and the designed porosity is achieved.

When particles are delivered randomly within a
complex geometric model, if the angle of adjacent
boundaries is too small or too large, it may lead t
part of particles escaping from the model area.
Therefore, model boundaries are controlled by
arbitrary polygon in this study, and its vertex
sequence is arranged counterclockwise in order to
ensure that all particles are at the left of bouieda
as shown in Figure 3.

After particles are generated randomly, if all
particle area is s, then theoretical expansion
coefficient can be defined as follows.

n=yJ@.0-n)/1.0-p)
Where n is designed porosity of model, p=1.0-
s/S,n is theoretical expansion coefficient.

For discontinuous medium, material distribution

and boundary conditions are often more complex. A 't ¢an be found easily in the process of expanding
model built rapidly and efficiently that can getthat if particle expansion time is only once pagtic

reliable results will have an important significanc &/ches emerging in great numbers will cause

to practical engineering.

particles splashing and escaping from the model
area, which will directly influence on test results

Estimate particle number. For 2D model, if Consequently, particle expanding should be adopted
conceptual model area is S, designed porosity is i, a stepwise manner. For example, it can be
the largest and smallest particle radius are Rma¢hieved in exponential form, such 8.6, n0.2,
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Boundary servo. After initial particle model is If N is contact numbers between boundary Wall
built based on above principles, stress state legtwe, g particles k'gW) is average contact stiffness, the

particles will have a great difference because of

stress concentration and particle overlap at tRériation of contact force in the unit time step
steering parts of fixed model boundary. If the@used by boundary movement can be defined as

particle model is used directly at this momentllowed.
strain energy between local stress concentration AFW = kW N (WAt
particles will release rapidly and particles will n con <)
escape when boundary conditions are imposed suchThe variation of boundary average contact stress
as removing boundary constraint. Therefore, thig
established model must be guaranteed that the w) N
particle stress state is in a low state when boynda Ao =k; Ncu( At/ A (10)
conditions are applied. Boundary servo can be used
; : Due to boundary stress must be smaller than the
to realize the construction of complex low stressb . )
; . . solute value between testing stress and thealretic
model in this study. Strain energy can be most

possibly released while particle positions arstress, if is taken as a factor of stress release,

adjusted continuously in order to promote modénen
porosity reached the designated value. The normal
velocity of boundary Wall is defined as follows.

u\r/]v - G(a.measured_ o requirej = GAg .

Among which

‘AJ(W)‘ <alho
1D

Simultaneous Eq. (9), Eq. (10) and Eq. (11), it
can be seen

k"' N.GlAg|At A<a

(12)
gmeasured — | fvfx + fvs [ A Thus, servo adjustment coefficient can be defined
y P as follows.
Where f ., fWy are contact force between G=a Al K<1W) NA D

boundary and particles in the direction of x and\y, ) ) (13)
Optimal expansion rate. After boundary servo,

is area of Wall. For 2D model, particle thickness i ) . X
taken as ‘1, and A equals to D, D is the length dhe increment of the ith boundary Wall's normal

boundary Wall. displacement is defined as follows.

. . . — 2 2
If normal velocity u: of boundary Wall is Ni =k AX +A}{ (14)

decomposed into/, and V,, in horizontal and  Where
vertical direction, then boundary servo velocity isk _ | =10, boundary vallmovesnward
defined as followed. +10,boundary vall movesoutward

v.=u'Ch,v, =U0 -
= Uy LI, v q:’ h (8 The area variation between boundary servo
Wheren_, n, are representative of the ith particle model and original model region is

boundary Wall's unit vector in the direction of x AS = ZAli @ji
and y, whose direction of normal vector points to (15
inside of model. Where d; is the length of ith boundary Wall.

When the horizontal and vertical servo velocities The expansion process is implemented in

are adjusted continuously the contact nuMbesn,nential form in this study. If the expansion
between boundary Wall and particles are account(ap(floceSS is divided into n levels, the ith level's
at the same time. Then servo parameter G for next

time step is obtained. Finally a new normal velpcitamount of particle radius’ expansionq‘s(ign), and

of boundary Wall is also calculated. Continuoushen the ith level's actual particle radius expansi
cycle and constant adjustment will be implementegbefficient m is

untii mean contact force reached the specified

requirements. m =par ™ (1< n) (16)
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If the expansion coefficient

= located in the area of specified material or not.
as/] ‘(1 +£2 +Dm}£i , then it is easy to find .
For an arbitrarily shaped polygon, if edge

that 'M < 1'0’ T'is too large, and on the contrarynumber and nodes are NP, the ith particle’s center
if 4> 1-0, Mis too small, onl)/] = 1-0, AS=0. coordinates is (xc, yc), then a ray y=ye (xc) can
And the actual particles radius expansiombe made. Whether the point (xc, yc) is in the
coefficient M is the optimal expansion rate at thig?®lygon or not can be judged by the number of
] ) intersection p between the ray and the polygon
time. However, It is hard to mak&Sequal to zero edges. If the number ‘0’ represents that the fdartic

because of existence of servo mechanism, and tRejocated outside of the polygon, the number ‘1’
problem is  transformed  into  problem epresents that the particle is located within the

about! whenAS tends to zero. 110 (OU [0,  polygon, then decision function that the point (xc,
1))is defined as the percentage of area variatioff) in or out of the polygon can be defined as

between boundary servo particle model and origin&l’”owed-

model region, then s {O , 1, is a evemumber
~ n,)= .
5:‘§x100f4=‘ - 1rﬁnnm,2 1, n,isaoddumber o
o502
S (17 t
:‘1_1_;‘ [ ™4 )| = £ (&) o '
m

Set particle materials. According to above
method, the discrete granular model in a low stress “4°
state as well as retaining homogeneous porosity can sof
determine the characteristics of model particle 0|
geometry. Then different materials attribution can [
be controlled with one or more polygon areas )

0.7 0.8 0.9 i 1 7 1.1

according to the actual material distribution. thié —
particles can be assigned at this moment through Figure 4 The Curve About~4

| The method of modeling in a low a low stress state as well as retaining homogeneous porosity
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Numerical caleulation model |

Figure 5 Flow Chart Of Complex Discrete Granular 8& Construction Method

4. THE MODELING PROCESSBASED ON delivery area, to identify the boundary normal
direction, length and other information and to

PFC2D AND AUTOCAD
generate the PFC2D code automatically. Then the
Using PFC2D and AutoCAD to build complexdiscrete granular model in a low stress state ds we

discrete granular model has a high degree af retaining homogeneous porosity can be built by
visualization and is very convenient to generatPFC. The specified process can be shown in Figure

particles, to carry out boundary servo. An integfac5.
about AutoCAD and PFC is used to set the particle
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L the scope of modeling

the delivery area
of particles

construction of complex discrete granular model
can be used excellently.

6. A COMPLEX BOUNDARY MODEL

A PFC slope model is built according to above
modeling process. Figure 6 is schematic diagram of
arbitrary polygon area, where Polyline is used to
render model area and 3Dface is used to set particl
delivery area. After using servo mechanism the
model in a low stress state as well as retaining

Figure 6 Schematic Diagram Of Calculation Modelhomogeneous porosity is achieved. The arbitrary

Figure 7 Arbitrary Polygon Material Borderline

Figure 8 Particle Flow Model

polygon material borderline is shown in Figure 7
and the particle flow calculation model is shown in
Figure 8.
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