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Our Previous Works

“Modeling Fracture on the GPU with Peridynamics” @ GTC 2014

® Frecenied by joshua Levine

“A Peridynamic Perspective on Spring-Mass Fracture” @ SCA 2014

+ Authored by Joshua Levine, Adam Bargtell, Christopher Corsi, Jerry lTessendort,
and Robert Geist

Motivation from:

+ Sllling S. Journal of Mechanics and Physics of Solids. 48(1): 1 /5-209, 2000.

§ Hhany others, ..
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Our Workflow




Our Workflow

GEOMETRY » RENDERIN

time(simulation) ~ time(rendering) >>>>> time(geometry)
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Our Modified Workflow

* We make the rendering faster;

make 1t real-time
RENDERING

* \WWe build an Interactive Visual

-xploration ool




What is
Peridynamics?
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Peridynamic Formula

© wallpaperbeautiful.com



http://wallpaperbeautiful.com

Spring Force

» [raditional spring force exerted on particles 1 by j

X
fo ==k, - x| dy) |
scalar term o
vector
d.
S

A VAVAVAVaut




Spring Force

» [raditional spring force exerted on particles 1 by j

SS
f. ==k ( xi_xjH_dzj) i
X, = x|

e




Spring Force

» [raditional spring force exerted on particles 1 by j

X
f;:—ks( Xi—xjH_dlj) l J
X, = x|

< 1 >




Traditional Spring Force & Peridynamic Force

* Peridynamic force'*

b G0

S l Jj
]Cs_ ksg

X3

x 3 —dl.].

1Silling. J. of Mechanics and Physics of Solids. 48(1): 175-209, 2000. xi ———/\/\/\/\/—— )C]
2Emmrich, Lehoucq, and Puhst. In Meshfree Methods for Partial Q

Differential Equations VI, vol. 89 of LNCSE, 45-65, 2013.




Traditional Spring Force & Peridynamic Force

» Traditional spring force » Peridynamic force'~

KX —xl|l—d.)

! J I

f.=—kwe

xi_xj xi—xj

e d, Bt X =x il g

! J I

A Y e
"_/\/\/\/\f_ j d;

1Silling. J. of Mechanics and Physics of Solids. 48(1): 175-209, 2000. X, — \—C() — O_*\ — X

l g I - "“'.v ]
2Emmrich, Lehoucq, and Puhst. In Meshfree Methods for Partial v 1 ALV
Differential Equations VI, vol. 89 of LNCSE, 45-65, 2013.




Peridynamic Particles

* Particles within radius 0 are inrtially bonded
* When a bond stretches too far;, the bond
breaks

+ |ts strain € exceeds the strain Imrt T
+ 0 —0




Particle-Particle Collision

~orce model for collision I1s guadratic repulsion

e e exerted on particle i by Jj;

F ki —x

l

| - 3
where K. is a collision constant, e.g. 10" Pa

J

AL
2)

xl.—x].

A is a minimum bond distance

Particles In same connected component don't collide

Collision applied to particles at distance less than e
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Peridynamic
Parameters

© iconfinder.co m
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Peridynamic Parameters

» A peridynamic spring constant k_is given by
18K
£ TS
+ K i1s a bulk modulus of the material
e 2o 2 Giba Tor glass, 160 GPa for steel

k




Peridynamic Parameters

» A peridynamic spring constant k_is given by

L e

0 mNA

+ K iIs a bulk modulus of the material
e =0 > (Fa for glass, 160 GPa for steel

k

+ N is a scaling integer; typically a value between 2 and 6

+ A is a minimum bond distance




Peridynamic Parameters

» A strain limit 7 is given by’

il 56 5G
\/K5 K(NA)

+ G Is the fracture energy of the material

* We also allow a user to give a specific value to It.

15illing S., Askari E.: Peridynamic modeling of impact damage. In
ASME Conference Proceedings (2004), pp. 197- 205.




Tool Design

Visual Exploration lool




Visual Exploration Tool

» Simulation takes many small time steps to compute

+ considerably small time step, e.g. 120 ns

» Record simulation data on the disk for later manipulation

» Rapid development with Python

+ using PyOpenGL with GLSL for display
+ using PyCUDA for intensive calculation




Overview:

spectral colors

forward |
backward

pause

step through .
resume

clock = 71500
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Single World
Show multiple
in same space
Front Layout




Single World:

Other Layouts

)

pisit

fi

Y




r
'
[ 4
y r
r
- -I
's
»
f
,
r
<
e
r
r
F - ¢
[l <
o '
P2
» < ..
= N
. —
= —
)
(
-
0
r
r !
1 1 .‘ » »
w
. —
. o
e <
] 3 : r C
Jl ! T
- as J% —
- p 4 q <
-
=
s r
‘ s
r
r
T
¢,
- re ;
L
R R \
. n
‘ »
—
Py | : r W. B
aassas t
o ¢
Yo rres 8 2 a
rres
YL ML
E r
,
~ s r “ . R SRty -
~ “ WU__
3 y E
3 2 ..“s.L\
»
4 . b» » v W..m( e b
b s we S ey .
: y “ 3 e Y P v
: L rr 421 . T
r ™y rr > T -
-~ - '’ b4 . ‘i
: : i S st itig s o :
- ' v . rrerers v
4 ™ T : -
3 ry 3 )
"nTr X r
P 1YL *
; . vﬁ 4% Y- 204 e
1YY «« e v U“ b e o ﬂ
: eeseeaiiisd ¥ 3% e
o " «4 e . 2.
b o & 5
i L S R
L4 . - e £ *-ree
I - . vy e e LTy
Trrres e tisassnes o poesadsaitios
i3 rrrt Cah 4 Y aqe I3LT e 4
Ieses T 3 . e \
4+ 4 ~ . s ¥ - 2
15 ™"t FRAR B, w..Invv . 3 LS RS S Ak ol
. b 4 senee : SARARPITENE N JvU..u.nJ 44 oy Ly
4 4 Y . 4 “rad v "..M.J-
L1 Yﬂ ] Yy b4 4 Y “d '}« 11.1 - ve oL
e VY rr . . STy VY Y -y o
e . YepryY ~ N > e Y §aqagens sae
AL Zzﬁ.w X - <v saqes * Y AEAARL S0 ns -y
1 ..nw S ARS . s Tty ¥ -
+ 94 > Y e ~ e 3 Y
TYYYYYYTY X ™ Lo \ > D< s
beeenes . 4 -84 & - YT rey
. Ty Q68404 T 2422 r
12 : b4 X SErTSTY 2 L8 -4
%9 1 1 Iy T LA & hd “ive Y
3 “: o . ey 1S A2 Ao Arrererit th.v
b - - ~ -
seerk : i es SEEEE A searstas il a2t aenscan:
Fhh .y v 3 RS 8 e - Srever
43T . 4 3 SR ETT I IETEs r BRI
3 e aanaliiiiiiil T L Y A T ey
ppras : 3334 sea ¥ frre “rtee PR FRL S 3 e
9 Leey 23 T T - 4 ASA 20
HHEHERH F - TIIITR Srrtiritets > e
Lv. LAAASEAA S 802 8 204 % Lelie ’ 1%
-1+ . . PR TSLT . . i
-wi M > lvw njmﬁw S as . v
e ade o o
Sassd Iz T P B * . -y -
r T r -8 PAASRAL & & b A0 T
. . . STy .
- . .
+7 . o..ﬁjuu“fﬁu .
3 - - ,Ln'v rv11 - -
(225505 - s e > a5e
P iessnn ittty 5 Avad
14499 S v ' 4 >
1499 B > '
1449 .- 4 ad
-1 19 > 3 v > e
ey 49 X 4 [ #.0 .
419 >4 - >4 . -9
1 1 - -~ - - - -
1 1 : - -
+ - - b4 - e
491 1% - . 3 -
; *1 * - x >
p 4449 . 2 - PSS -r
p 1 - , . P 4
e ...u 41 - - p 1 LA
4444 1 2 - - .1
441 g i
441 ~ry s s
49 e -~ - *rer T
441 - 4 -
: 1 p i - T
b o p oo |
ree 9 - - - X 5
. r o1 . - . .
v o % - 3 3
“ - 4 - > s
- 9 4 P - y o -
b . 1 - - s a
2 e 1 P S
- - 41 22
. * 4
4 4 be - 0
3 3
1 -
4 4 a9 S 0
- p i 2
3 44 -~
b 4= .
e .. - 14 3 + 6
L ~ . H
M1 44 e _)(tn
as 1 1 * ’ 4 > 91
- 4 S
: - =1 -
1 ++ LHL loL —_
113 b 444 no< » 23 k
e v 3 s paS.S S -
n - nf sy -
1ot P
; 20 u - - o . ’ C
s HETHI O
4
p ; - y v . :
.

ty

i

rticle Colors
particle veloc

-
o
)

S
>

=
c
s70)
©
=

Pa

a0
b=
.
'©

-
D

>




i%Eii*ﬁiﬁ%ﬁ%ﬁ‘%‘&iﬁ%}%ﬁ%ﬁﬁ&.

Multi-Viewport: IS P

e
~ A

»

Side by side LY o OB
comparison




L

. <
AaaAdendstasnisad v
auuu:WNUM Yo A R e AR AR AR R a A
T A A s i AR
) . rye : S . » . ;' B 2 7%

|
%

-.w A
1

\

oy .

¥ plisis

Y

ts at

impac

%

ltaneously

simu

Show
front and back




The "Results” of The Tool

Visualizing
The Simulation



Parameter N:
varying from

4to6

No. of particles
131,072 + 3,072

K=35 GPa

= 0.1 GPa
k@: - 10 GPa
T =0.005
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Parameter K, T: .
No. of particles ' ©=0.0050 ©=0.0050
131,072 + 1,093 o s e

N=3
k@;g__g = 0.1 GPa K =35 GPa K = 35 G_Pa ‘ = 35 GPa
k@:b—-g =10 GPa T = 0.0025 t = 0.0050 - t=0.0075
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Visualizing
connected
components

Particles: 131,072
N=3
max bonds = 122
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Conclusion and Future Directions

* Simulations are not In real time, and parameter setting can
be nontrivial

» Parallelism across multiple GPUs
* Real-time surface extraction

» Anti-aliasing on point cloud rendering

+ Screen space ambient occlusion
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