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Models ,:and,;]mpile:'m'eritati,on's 

Defrnition: 
A material ,model iimplemertatipn is a ~aterfal 
!l1odel l,tha~~~,has; been ,,~Igor,thmlzedti,and \C!ld,~d 
In a .prbgraimmlng lan~U~gel< as a ~ubrout,ne 
(tYPicallY) th~~ a code eltf1er~a~ drlver or a 
parent a.naIY~ls cqde II . 
ABAQUS/Standa~d~ Adagio; ALE3DJ , o~ . 
·Pr~r.aDY,n) ' .~an ca'il to upcfate the relevant state 
variables. 
A',l11b~el imp.lerhentatiO'n depe.nds on the 
c~lllng ~ode:s argum~nt~ (v~rlable~), j • ' . 

dlmen~l,o.nallty" and' kln.el!1~t.I~s ~(how are finite 
deform'atlons and rotatlons'"·,handled·?) 
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e lfor Codes 

• Lagrangi or LE 
- Eulerian requires advection of;state varia1Jl1JS, so 

the bestt'nodels may become inaccurate in t 
"1 

framevlork (elastic-plastic may ~urn out to be 
for~' ~ase, limi~ to ~o~otonicl( loadi~g cases~ 

granglan best fidelity If mesh tartt.11 
avoided 

- ALE is 'promising, as our materials 
rubble by the time we achieve enou 
deformation to require remappiljlg 
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Existirfl'g 
• Elastic-Plastic fits 

- May be okay at higher nrAClCl 

- Available in 
- Certainly an 

few MPa) 
rsimplification f~r most energetics at moderate p ...... ure. (below a 

- Will almost c~inly produce bad unload-reload behavior 

• ViscoSCraM 
- Based on statistical treatment of Linear Elastic Fracture Mechanics 

include viscoelasticity 
for more rubbery materials or materials that show substantial 

Irrecoverable strains 

• 
- , New model 

- Based on viscoplastic theory with elastic damage---no viscoelastic 
- Needs documentation, followed by implementation, verification, 

Only model of this list that produces observed dilatation under 

Los Alamos 
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Relev.ant 
Characte 

iaxial Compression TestVclf ': :ctifferent temperatures, rates, 
pressures 'r-'I 

- Provides pressure de(endenc~ of strength and strain at failure 
measures as f~n~s of strain rate and temperature 
Give~bn l of stiffnes~ dependence on strain rate and 
temperature 
Can ~rify plasticity depenaelilce on pressure 
Bettefif unload/reload phases are included 

entify damage and/or plasticity as active mecha 
Pressure may prevent damage fropl accruing ( 
develop), allowing better characterJzatlon-:0' 

osed as they 
ity 
response • May help to clarify pressure effects on vi 

- Issues: Sleeve effects, measuliement of 
temperature range, few facilities (S 

I strains, accessible 
DEC, LLNL-air), rigid 

platens! 
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PBX 9502 Deviatoric Compression at 40 C 
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Relevari'f Mecha"ni 
J "Cha'racte)ri,iation Tests 

• . Dyriamic Me~hanic~j Analysis (OMA) Test~ 
different ~emp~ratLftes/ 'strain ranges, and 

~ . , " ._, 
frequencies': 

I ~, ~ 

- Measure m'igQitude and phase of~rnodulus as a fun~tion of 
frequen~cy ari~ tem .perat~re (and, wheh asked for, strain 
range) 

- Usu~lIy' used to identify glass transition, crystalli"nity 
~hanges, and phase changes 

- , C~n , be used Ito fit viscoelastic properties and time­
temperature shift functio,ns if material behaves l,near1Y 'over 

in~,range tested 
- Can be used to identify d~mage an'(t -plasticityeffects if raw 

data is' accessible 
I I I:' 

- Very~limited-dataset so Ifar 
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Constant" load, ri1easut~ strair;l,v~. time 
j .... Jill 

~e very sparse set data set fQr 9~~01, sligh!!y better 
(C~pningham, LLNL) 
Reqbires good temperature contro~~~narelia~te strain 
measurement over very long periods and-tying up valuable 
ftoor sp~!~e! ~e_rificatior)!.J9,f applie~load~ is important. 

- ct1~~ge our~vvay of doii~g this~st 
• . Just like monb tonic tests, without'doing recbvery mechanisms are 

indistinct---howrruich is recoverable? Is there damage? 
Plasticity? 

• .' Recovery i~mpo'rtant to identifY recoverabie part of creep strain 
which has everything to do with measured l ontours! 

- Suggestion: Creep and recovery by decaQes 
» 1 00 seconds creep, 100 seconds recovery 
» 1 000 seconds creep, 1000 sQconds reGovery, 
» Etc. -··~91 .v~ .~ 
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-~" ffxtr~a:ne 'd~~~~ences in ~!'1aterial . proeerties 
- ~nistro'pic p'I1~.Js.e 'ptoperties 

J:" • ( 

- Com'plex rate and · temperatu~Ef deperiderit 
11 ..... _ _ .. c 

:behaviors 
~ -J' -' ~.f ' r 
. . . ,. ; '..r - _ , i !' 

Damage (cracking), in .~constituents 
1. ~ ", f ,", '7" 

- Debonding,I'a.t the hlterf~ces an~~_~$'sociat~d \;frictional sliding 

- .. ~~ V~ ~ 
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- "Uricertainty.-quantification 
. \".~ , . ~. • '!,~ 

.~'lr.'I0de~ p~~ainetets 

Exoerimental data 

• S'Oitabilityof t!1~ ~~~eriment~t~~~~~~~~lli!hat~cterization 
·-Tomo~rapt'ly and thei~~r~nslat,~q~~~t9~Lijfodel I~put 

• ~.on~""iq'ti~r,less of uhidirec~tional t_ting 
- ynified mJfttscale mod~flrig~cap-(ble of co~_ling different modeling 

approacpes effectively 

• ;-iI/I icrp7rr-o~ng9f' phases 
· ,··ONS 

- .. ~~ V~ • 
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an~lyse~~when 
ing to·develop· 
el models 
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- r Relevant rates and temperatures (can !"we go Jas\er a 
~ c: 

- , Cyclic for highest information~ content V ). .. !!, •. ,.r,~ . ,"J; 

m.MA;fof.lvisaJelasticity pr.6perties 
- Relevanftemperat.ures, d~termiJle if TTS carf,expand time scale of 

!.lI .. 'SA 
LA-UR-11-XXXXX 



Title ecn 

11th U.S. National Congress on Computational Mechanics 
Mlnlsymposium Proposal Submission 
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Su.mma.ry 

ThiS~j is a' hard problem, which is why it has not yet been 
.1 

solved.", One model will riot work for all energetic materials. 

Developin"g good mechanical mocks may allow more to ~work 
r _.." 

on the right set of tests arid micromec"nanical modeling 
synthesis to pr6duce better models for these materials. 

Ultimately, ttle "best" tests will" nleed to be conducted on tlie 
, I . 

actual materials offinterest. 
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