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* Develop a Implicit algorithm for GIMP
based on Implicit MPM*

* Benchmark the algorithm using exact
solution to a dynamic problem

« Extend the algorithm for large deformation
problems

*J.E.Guilkey and J.A.Weiss. Implicit time Integration for the material point method:
Quantitative and algorithmic comparisons with the finite element method. Int. J.
Numer. Meth. Engng. 2003; 57: 1323-1338
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« Extrapolate mass, velocities, accelerations (from time t) and
external forces (at time t+At ) from material points to nodes
(standard MPM). Initialize displacement of node for first iteration

ug(t+ At) =0

« Newmark approximations for displacement, velocity and
accelerations of nodes at time “t+At”. For iteration k,

. At ,
ug (t+ At) = - (Vé(t + At) 4 vy(t))

vi(t+ At) = v, (t) + % (ab(t + At) + a,(t))

4 4
k k
ag(t + At) = Eug (t + At) — Evg(t) — ay(t)
*J.E.Guilkey and J.A.Weiss. Implicit time Integration for the material point method: Quantitative
and algorithmic comparisons with the finite element method. Int. J. Numer. Meth. Engng. 2003;
57: 1323-1338



THE UNIVERSITY OF ALABAMA

« Assemble internal forces and element stiffness matrix. The material
points will act as integration points within each cell

4
Fil(t+ At) = Z/BTadV K"1t+At)—Z BTDBdV+pM

* Solve for Au, and update incremental displacement for timestep
“t+At”

_ 4 4
KM (t+At) Auy = Fexe,—Flol (H+A1) —M, ( A us T (t 4 At) — Kvg(t) (t))

(t + At) = u Wt + At) + Au,

de), =

l\Z)Ir—L

(Vul(t+ At) + (Vul(t + At))")  where, Vul (t+At) = ZGpgug(t-l—At)
€

eb(t+ At) = €,(t) + de,

o =D. ¢

k
P P~ p
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 lterate until residuals are minimized (recommended error norms:
displacement and energy])

 Interpolate displacement and acceleration from the grid to material
point. Update position, velocity and acceleration of MP and proceed

to next time step
u,(t+ At) = Z Siput (t + At)
a,(t+At) =) Syal(t+ At)
X, (t + At) = x,(t) + u,(t + At)

Vol + A1) = v, (1) + 5 () + 8yt + A)
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* In GIMP, any continuous data
f(x), can be represented as

f(x) = Z o Xp(X)

« Consider the Integral:

> / B D (x)BdS.

K =

g

- Z /Qe BT (Z Dpxp(x)) BdS2,

_ ZZDP///Q B'BdQ,

If N; and N, are Interpolation functions
to node | and node j, respectively (S
is the grid shape function)
Ni(z,y,2) = S7-5/-5
Nj(z,y,2z) = S;-Sj-S;

p
0 r<x;,—L"
SI_< 1_’_'—:1:, $i—LI<$SLE,’_
T ) < o L
T < T <T;+
\ O T > €T; -+ LI
Then we have for example for a two-dimensional

problem,

// ON; 8th dady
ox

x dS?
dy
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F(t) = Fy u(t) [u(t) is unit step functionl
L = 30 mm (for infinite span beam)

b (thickness) =1 mm X

h=0.5 mm |

E = 200GPa, v=0.3, p=7.8 g/cc h - F(t)
F,=1N L

’U, a

_ SKL )yt (2'r — )mx (2r—1)m | EFA
1—c t
~ T°EA Z (27‘ —1)? 2L T Ve

*L.Meirovitch. Fundamentals of Vibrations
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u {(Exact)
—_——— = u{IMPM)

Ji ] BE-05 2E-05 0.0001
time (in sec)

4E-05

2E-05

u (Exact)
—_——— = u {IMPM)

[ . BE-05 8E-05
time (in sec)

4E-05

2E-05

SOEO¢ p—

(ww w) wawadeidsig

0.0001

u (Exact)
———— u(IGIMP)

- _ BE-D5 SE-05 0.0001
time (in sec)

4E-05

2E-05

u (Exact)
—_—— — — u(IGIMP)

DDEHD
u]

(Wi w) swadedsiq

05 BED05 SE05 0.0001
time (in sec)

TE-05

SE05.

S0ED04 —

(ww ui) uawadedsiq

at x=L/2

=L

at x



Displacement (in mm)

Displacement (in mm)

SOEO¢ p—
B u (Exact)
- — — — — u(EMPM)
SO0EO¢
40EO0¢
20E04¢
i L " 1 i L " i 1 " ]
posan 2E-05 3E-05 BE-05 8E-05 0.0001
time (in sec)
S80ED4 =
u (Exact)
— — — — u(EGIMP)
GO0ED4
40E-04
Z0ED04
DEs0D L1 P .Y N P T 1
0 2E-05 4E-05 6E-05 SE-05 0.0001

time (in sec)

at x=L

Dsiplacement {in mm)

Displacement (in mm)

{0EO¢

30EO¢

20E04

10E0+

u (Exact)
——— = u{EMPM)

O0E+00

40ED4 —

30ED4

20ED4 |~

10ED4

time (in sec)

u (Exact)
— — —— u(EGIMP)

DDE+O

time (in sec)

at x=L/2
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4.0E-04

3.0E-04

2.0E-D4

Displacement {(in mm)

00E+HIO

S0E-D4

B.0E-D4

40E-D4

Displacement (in mm)

20E-D4

0.0E+00

1.0E-D4

— — = — u(FEA)

——————— u (IGIMP)
———— u(IMPM)
u (Exact)

time (in sec)

————— (FEA)
------- u (IGIMP)
———= u(IMPM)
u (Exact)
"Il
i/ ‘} l
R
/NN /
) )

1
4E-05

time (in sec)

at x=L/2

at x=L



a,, {in MPa)

o, (in MPa)

o

'
-

. o {IGIMP)

- ———- 5, (IMPM)

n = - o(FEA)

L N ,ri Ig “ 3! } I

- i TR 1 i

B [ I by [

g | i : ‘ _
Y ! of l : ks B ,' “ ,:- ﬁ T A5 : I at X—LIZ
"" ?f : {iad ¥ i fi “; If y Il

B § ) i i _I

: i) ik g A AW .

- ¥ ";'--f i o - ; ‘ [ ,b Li i

u- 3205 05 505 0 50001

time (in sec)

5 {IGIMP)
—_——= o, (IMPM)
——— - oI (FEA)

T at x=L

fF Wy Ty

1 1
0 2E-05 4E-05 ] 6E-05 8E-05 0.0001
time (in sec)
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F(t) = F, sin(w t) applied at f(t)
distance “a” from the edge 2 y |
L=10m h
b (thickness) = 1 m A
h=0.5m L
E = 200GPa, v=0.3, p=7.8 g/cc <
Fo,=-4N, w=150 Hz —
3 2 gin (272) qin (2rx
w(x,t) = 27£OELI o (4L )(Slj (2L ) [sin(wt) = sin(nwt)
n=0 n* — E
Lo n’m? [EI
L2\ pA

*E.Volterra and E.C.Zachmanoglou. Dynamics of Vibrations
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—_——— = v{IMPM)
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6E-05

v (Exact)
— — — — Vv (FEA)

\NmAAA M

4E-05
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Displacement (in mm)
m
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Conclusions and Future Work

Implicit algorithm for GIMP seems to agree
well with Implicit MPM as well as Explicit
MPM

*Discrepancies were observed between exact
solution and MPM solutions for dynamic
benchmark problems

Extend the IGIMP algorithm for large
deformation problems
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