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PRE I,.,I MI NAN I ES

ABSTRACT

This report is a con_t)lete user's manual for KDhgqA, the Eartti
ScieIlees version of DYNA2D, Because most features of Dh_NA2D have been

retained in KI)YNA much of this manual is identical to the DYNA2D user's

ma __u a I.

1NTRODUCT I ON

I)YNA2I) is a veetorize, d, explicit, two-dimensional., axisynnletric

a_l_l plaIle strain t'ixliie elemellt, code for analyzing tlm large de forma l i on

d3,11anli_, alid hydrodyllanlic response of inelastic solids. A.contac. l-
impact algoritlml permits gaps and sliding with friction along mat, erial

interfa(,es, h specialization of this algorithm can handle the case of
zoxle._ _)f different sizes rigidly joined at a material interface 'with no

11_,ed for t.|'a|lsitioll regioIls. Spatial discretization is achieved with

4-zlode solid elen_ents, and the. equations of motions are integrated by
tile cel,tral di i'fel,..',lee method, An interactive rezoner eliminates the

l_,-'ed to terminate the calculation wt_,n the mesh becomes too distorted,

Instead .the mesh can be rezoned dur ng the run and the calculation
continued, The command structure _or the rezoner is described and

illustrated with an example.

KI)YNA is a version of DYNA2D specially adapted for simulating

explosiozls in holnogeneous or layered geological media, First, these

simulations require modeling of the pressure cavity region where very

lloI gas:._,,.s are expanding and heating the rock around them, Second, they

re,ttaire ,,,qua{ions of state for rock in shocked states spanning solid,
l iq_id, a_ld ttaseous pllases and for rock of diverse compositions,

Si,_,¢.ial n_aierial models are required to address pore collapse, cracking,

l'ri¢.t io_al failure:, and plastic flow of rock which remains solid at

di sta_ce_ far from the high energy source, Shock effects i_ partially

saturaI('d porous media require modeling of interactions among air,

_aie,', a_d solid substrate. Finally, static overburden loading must be

_,o!_._idered in model i_g tt_e response of roc,¢ buried deeply underground.

KI)YNA fulfills the requirements of these simulation problems.

Cavity pressure is specified for the small central region where rock

is vaporized during the explosion, A "p-a" material model, which

addresses t.he compaction of hot rock through molten and vaporized

stages, ul, i lizes a three-phase equation of state which accesses an
ext.er_al data base. Rock fraet, ure is predicted with a constitutive





HISTORY OF SOLUTION METttOD

DYNA3I) [-I] was develop_,d ten ),ears ago and lias since been apl_lied

in tlJe allalysis of a larRe lmmber of problems. Originally, DYNA21) had

a vari,_,t) ' of elements ill_'ludill R nine-node Lagrange elements, constanl.-

pressure variable-node elenleIlts wit.h four iiltegration l)oints, and

_'ollstallt-stress quadrilat(,rals witll single-poiI|I integration. Three

solut toll s_,ltelm!S wer(_ avai lal_le:

o finite element. (Galcrkiri)

o finite element. (Petrov-Galerkin)

o 1'tiwi le di fference [_3.

Tile first sctJeme, wllieh included the variable-node elements, was

eliminated because {.lie radial weighting ii1 axisymmetry caused

di l'fieul Iies at the c,enlerline izl large-deformation, hydrodynalnie

_,alc_llat i<_11s. Furttlermor_'., variable-node elemerlts proved to be very

_,Xl)e]_._;ix'_, _'elalive to til_-' col_sl, ant.-stress four-node elements, alJd,

<,<_z,,_,,,t_,_,l,t 15', w,,r,, s¢,ld_)_n (,xe_'<,ised. 'i'l_e t'i_ite differe_ce scheme

was _.i i_i_al_,(I I,_,_,a_se tl_, se('o_d method Nave c'Oml_arable results wit.l_

Early i_ t1_, d_,v_:,l<)l_('_t, of I)_NA,.I) the third author, reinforced

I_y (,o_versatiol_s wit.t_ (;oudr(,au ['3"1 and experiei_c'es witl_ the finite

di ft'_'r_:'Jice lllf't.llod, attempted to overcome di fficul ties wi th the Galerkin

met.l_od at til(-' axis in axisyn,netrie problems by weighting the diseretized

mome_tu_n equat, ior_s by t.he product__f the basis functions and the
rec. iprocal of the radius, i,e,, r , The attempt worked so well that

tl_, resulting scheme remains the sole option in DYNA2D, Originally
referred to as t.lie '"area Galerkin" inethod, since it eliminated the

radial weight, i_g, it was found by Hughes E4] to be what is correctly

('ailed the "Petrov-Galerki_l" method, A1 though a time-dependent mass

v_,<.tor is obtain_,d th_:, l)e_lalty for ii has proven to be small, The

n_,tl_<.,<l is i<l_'_ti<,al to t]_' finil.e differe_ee method E2_'] in plane strain,

I_ut i_ axisynm_,t, ri¢, l_robi¢,ins the method is the same o_ly if material

str_'_tttl_ is _'ttl¢'_'t_'d, A_otl_,r metllod of over_!oliliIlg tl_e axis proi)lem

wl_i 1(' i)r,'s,'rvi))/t til,' ra,libel w,.,igl_ti_g was developed !)._,' ttancock [5_
for t}_,, ]_l,_('l,.',S"t_ _',_.,.-.LI,/ _,od_,, Tl_c, latter mettiod was t.ested in a versio_

of I)YNA21) a_cl discovered to be very effective on several test problems.

-:_-/4
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FEATUI ES OF KI)YNA

Sl'A'r I AI_ DI SCRETI ZATION

Fig, 1 sllows t.h(, two types of elements available in KI)YNA, One
element-centered stress state is stored for each elemeIl(, ill addition

to axly material l:)arameters, An hourglass viseosit,y s used to eoIlt.rol

the zero exlergy modes,

i r

Fig, 1. ,_olid elemelits available in KD'tTqA,

MATERI AI, MOI)I';LS

'l'tl(' material models presently irlqJl(,merited a"re:
1, (,lasl. i(,

:2 ortllo!r(Jl, i(, elast, ie

:] k ineHlat, i e/i so t rol_ i (, plasti('

4 t ll,_l fllo-e I u,s t i (:.-I)1 as i if.'
5 soil aiid crushable foam

(; 1 ixiear viscoelastic

7 rubber

(} high explosive burn
9 fluid .

10 elast le-plastic hydrodynalrlie

11 teml)erature deI.)enderlt, i)last, ieity witti 3d erael,:ing

-5-



12 dohnsoll/Cook l)last, tci(y

13 power law plasticity
i

16 pseudo TENSOR eoncrete/geologtcal model
19 rock Volumetric crack mod¢.:l

a:a rock 3D crack model

23 Rubiri-kt, t, ia rock failure Inodel

Models rlull'it)erod greater t.hari 9 determine ollly t.tl(, dt-,viat.ori( stress,

l))'(:'ssure is de. leriniried by olie of tlio (,(ttlat. iolis (,f slal.(_, l ist(,(I I)(,low,

('Olnl)at ibility I)(-,twe(,li mat.erial mocl(,ls ali(t (,(ttlat i()lls ()f si. at(, IJ(,iihg

scr i bed iri Al)l)elid i x ii,

1 linear polynomial

a aWLhigh explosive

3 Sac.k "Tuesday" liigh explosive [10_
4 Grune i sen

5 ratio of polyliomials

6 linear polynomial with energy deposi (ion

7 ignition arid growth of reaction in ltE [11,1_._

_3 t abul a ( cd-coral)at, t, i on
9 t abu 1 a ( e d

r_-_ _ •11 IEN,?OR pore col lapse

13 TENSOR l)ore c,ollalJse wit.h H-lJivisioli l_(p,l!]) tabular E()S

14 cavity i)resstlre

15 H-Division p(p.E) tabular EOS only

16 TENSOR pore collapse wit.ti crac, t¢iiig

17 p-a with EOS tables

18 effective stress niodel without gas tables

19 effective stress model with gas tables

_,4 Gruneisen witti pieeewise liIiear u -u c,urve
s I )

soil and erustiabl(, foam, the linear viscoelasl, ic, and tile rubber

rotit, ilies were adal) Le(l froni ttONI) O and ref',od(:d for vectorizat toil;

ignition arid growtti EOS was adapted froni KOVFC [187; iile ottler

sul)routilies, coded by tl_e autliors, are based iii part on the cit.cd

r('feren(.,es arid are nearly 100 percent, vecl.orized. Tile forms of the

first, five equal, toils of si. ate are given iii l.lle K()VIi:(? user's inaliual

are rel)roduf, ed in this inariual,

With tile excei>liOrl of tlie oft.hot, topic (!'last. i(" alld tile I'lJl)bl_r
inat.er'ial StllJrol.ll. irl(?s, a Jatlllial!ll st.tess l'at.(:_ I'fJrliilllatiori is lls(,d; (lit, s(:

use Gr(:,en-St.. Vellallt st. railis t.o eonli)ut(; se(.!orld Piola-Kir(,li(Jl'f

stresses, wlii(.,h are subs(,quellt, ly transformed t.o Cauctiy stress(,s, 'l'lie

Gr(:ell-Naglidi stress rate, suggested l)y aollnsor) aild Bar_naliri [14_, is

leiiif-,)lled for ttie elasl, ie-I.)lastic model witli kinemat, ic hard(:'iiillg,

ilnplernelitat, ioli of t.llis )'at.e is similar t.o lliat used iii NIKI",L)I),



KI)YNA Is orgmiized t,o aceel._t new material models and equations of
state of aily eOmlJlexit),', The orgallization permits _liff_,r_,nt mat<,rial
and EOS types to use diff(-,rent amomzt, s of stora/tc,, All llistory vari-
ables except tile stress tensor and the effective plastic straili are

t)ac'ked ix_ a on(:,-dimellsiollal storage ve("tor lo ensure that i1o space is
wasted, New models van b(, added by lhc proc(_-_dure out lined in the I)YNA3I}

'l'tl(:,oreti(,al MaIlual F15"],

lte BURNS

Two burll models are l)res_ent, ly available, One iu ttle beta 1)urll

model us(_d by K()VI',C, and ltlr:, oI. lier is the programmed burn model used

by HEMI' [16_], llotll lnod(,lls permit detoIlations from i)oiIlis and lines,

AI;_TI F IC IAL VISCOSITIES

Tile l ineav-quadral_ie bulk viscosity is used to smear shock fronts

over several elements an(1 to damp numerical oscillations, Three such
formulations are imp leln(,nted,

o standard DYNA,21)

o l{i(_hards-Wi li<tlls [17,1_]

o Beilson-Christerlsell-MargoliJl [3(3]

Ttmp' fil'St differs from tll_ second in t.hat tll_, strain rate al_d

_,l_ava(,leristi(, lengtt_ us(_d in the viscosity (:_aleulation are the

volum_.,l, ri_' strain rate a_d mininaun tl_iekness, resl-_,_et, ively, In tl_e

seeo_d formal.at ion direful, tonal properties of the sl_o(:k wave are

consi(lrr_,(t, For most e_gineering problems tt_e least _'xpeI_sive I)YNA2D
, formulat, io_ is usually suffic,.iel_t.,

Four viscosities are available, for resisting zero energy
deformation modes i_ constant stress element, s, These are

o sta_davd I)YNAgD [',_]

o rotat iol_dl [-19, 16]

o I"1a_ag a_,-Be I y t set_k(_ [_20_

l[ourglass vis(,osity sl_ould always be used _o prevent instabilities,

All four formulations w_rk weil, although one sometinles seenls better

flip,, a_o(i_ev o_ a probl_,rn by l_roble.m basis. The default, standard

I)YNA21) for.umlation is v_!ry ix_exl_e_sive and c,a_ be reeommei_ded for most

problenls, Han_,oek's l_ourglass control is similar in many respects to
t,t_e default formulation, bt,_ l_eeaus(, we were unaware of his work, we

failed to rel'e, ren(,e it. iI_ [BI,

-7-



LOADIbIG FtJNCT I ONS.

A variety of loudiltg 'fultetions may b¢., used illcludillg

o geomet, l'y-depelldeIlt, pressure l()adi_lgsI

o ge(ml¢.,t.l"y-del)endent sllear loadings
o body forte loads due to .spilllling

o body l'orc, e loads due to base a_,c, elerat, ions
o concentrated nodal loads

o fol lower l'orees

o nodal velocity time hist. ories

Ali roll imi t.ed llulnber of time hi stories may be d_t'illed amt may b('

referenced by any loadiIlg function,

SLII)EI_I NES

Four sl idol ille opt. lolls are availabl_:

o sl idiz_g ()III 3' [22_]

o t ie d [ 23 ]

o slidilig wil, l_ voids (Ilo-tension illterl'a_!es) [2L )']-1

o slidizlg witll voids aI_d l'ri{'tion (NIKE:?,I)penalty formu!atiori)

AI 1 sl idel ine types adlni t arbi tr'ary zoIlil|g alollg inl, erfaees, and,

wit, t_ tile exc'eptioil of the first, two upt, iol_s, gal_s nlay exist in l,lle

il_it, ial collfiguration, Slidelines are permitted to intersect, When
voids close, n_ome_lt.unl is co1_served, lr, should be noi.ed that t, he

curretlt sl idelille refer(_Ilces are nor up to date, For most, st, ruetural

l)roblenls not. involving liydro(tynamics, tl_e fourl.h slidelil_e option

. is l.l_(' mr)sl reliable, Appendix A discusses .l)reeautions to be taken

i_ usl_g sl idel i_rs, Note t.hat sl idel t_es are not compatible wit.h
OVpl'bul'dOll ,

REZON I NG

A nlesl_ rezon(,r lias t)e(.,_ embedded in I)YNA2I), All element, and nodal

raviables are _'_,_lal_pe(l to file n_,w mesh defined by lt_(.' user, l_t, er'nal

('llel'g3', kil_f,( ic, el_{-'l'gy, l'-_nol_lerll.llln, z-ll_olllel_|./lln, alid lilass al'e COlllpulf, d

a_d printed for eaf!|l material before a_d aft, ct rezoning to enable the

user t,o del, erminr if tl_(, rezoned mesh is acceptable,

I[]{_'ZOllt*l' ("(._lllllll-tllds may I)__ giv(.,_ in one of tl_rc'e ways: irlteractively



from tile termillal, periodically from an ascii fi le, or aperiodteal ly
frorn ali 'ascii file, For a complete description of the use of tile

rezoller wi t.t_ a sin)pie example, see tl_e ellapi.er "RF,ZONING",

CAI:'A(' 1TY

Presently tl|e c,al)a¢_ity of KDYNA i._ limited to hetwwen 40000 and

60000 elemeIlis on the two-million-word Crays. Storage al locatioll is
dyz_amic, so that tile only true limit ,t,hat exists on tile ntunber of

,boundary, condi'tion cards, munber of material cards, number of pressure
cards, ere, is the c'aI)aeity of the COml)uter,

I'I{O(]RAMMER 1NF()RMATI ON

KDYNA consists of one ANSI FORTRAN77 source that. coral)lies witll

Cti'T [24] on (:ray eomI_uters. This versioI_ or KDYNA also compiles and

_,x_,_,ut,_,s oil Vax (_()Inpulers with the VMS ol)eral, ing s)',_;tem and Sun all¢l

St._,llar workst, al iotls wi I11 tl|e IJNIX operat, inig system,

EXECUTION TIMES

Tt_e approximate speed of KDh2qA for different computers in shown in
the table below:

Maclline Time (ta,see/zone-eye le)

Cray XM1-_ 50-100
St,(.'llar 2000 200-2000

S/III SPAR(: 500-5000

i

wit. tl \'arial, io_ls due (o cornl) lexit.y of material models used ill the,

l_r'ob I t,m,



" 'J' G
EXEC I. ] I ON

KD'Iq_A is a public file on the (;ray (_oml_uters at. LLNL, 1'lie execute
line is'

KDh_A l='i_f ()=o/f G=p/f I)=dpf T=fpf l"= t I_f C=efr" P=in,_f

wl_ere

i'l_f = Jinl)ut f i le
o If = ase i i ou tpu I f i 1e

ptf = binary ,glooal plol fi le

• dpf = r es'.art dump file

tpf = temperature fi le (wot-,aZel) plotfi le )

thf = binary time history plot file contailling data for

selected nodes and elements only

efr = conmland fil(. for periodic noninteractive rezon'ing

/_af = PAMt)ERS outt)ul file (see "driver mode", Apl)endix C)

Output files xlames must not exceed six ehara(:ters be(-:ause of family

naming C,OllVellliolls. If the time tlistory file (t.lt)) i_ not named on

t.lie exe(.ut.(, litle, lime llisto:'y dat_ is written l.o til(-: as(.ii outi)ut

file (off), _1
For r'_slartillg from a dump th_, execute l i_e is'

KDYNA R=,'_f I=ir,_f O=o{f g=ptf D=dpf

where

r{f = restart dural) file from previous run

Special exe(.ute lines for starting or restarting with the intent of

rezoning or r(-_nlapping are described in the (,tiapters "REZONING" and
,1

"REMAPPIN(;" respect i _ _' ly.

File name dropouts arepernlilted, for example

KI)YNA t{=_-tf ,

l)vfauli nanJ(,.s for tl_¢, ascii OU{l.)Ul file, biliary global I)1O! file, al_d

v(istart duant, file r,:,spe(:tively are I)21ISP, I)2PI.OT, ail(l II2I)IJMI'. (1_
Vax computers til( _ exevute line is'

RIfN KDYNA /
=

-I0-



KI))_NA wi 11 then prompt for the file assignment part of the execute

line. Wlien specifying file names for the Vax under VMS do riot give
l.lle suffix ".DAT" as it is understood.

()_l IINIX ma(:tlines tile execute line is just"

]

KDYNA

KI)YNA will pronq)L for the file assignment'part of the execute line.
Suffixes are not used in UNIX file names.

SENSE SWITCH CONTROLS

Wl_i le KDYNA is running it can be interrupted and conm_anded by
ts'pill _ one of the following messages'

Messa/_e Response

_Wl. Writ.e a restart dx_np file and terminate KDYNA.

_W:.'. l_rint time and (:yele number and eozitinue.

_W:_. Wri(,(, '_ res(art d_n I) file and continue rulinilig.

,qW,t. Pump global plot data for the p'arrent state and continue

D SWS. Exit solution phase and enter rezoner.SWfl. For each cycle print time, cycle number, step size,

and controlling element number to the ascii output file.

Type message again to stop printing.

Wholi KI)YNA terminates, all scratch files are destroyed. The restart
file, ])loI files, and ascii output files remain on disk. O'f these

only the restart dump file is needed to continue the interrupted

analysi s.

k

AUTOMATED INPUT GENERATION

('()inl_i('t(' il_l_lt fil_'s for KI)YNA may be generated with MAZE _26].
MAZI': il_lJllt is format fr('(' and can be given interactively, with a

_.onunaxld file, or intera('tively after start'ng with a command file,

MAZE output ¢:orresponds to the input deseribed in this manual.

_!!_



POST-PI;_OCE S S I N(;

The main post-processor for KDYNA is Ot¢ION ['27.'], al tlmugli 'l'At!l_I.!,_

[28] nia)' be used to Obtain special three-dim¢,Ilsio1_al l) lots. 'l'h(!s,!

programs read lille binary plot files tliat KI)YNA g¢,l_(,rat.es and l_l()t.

contours, time histories, and deformed sliap(:,s. (l¢)Ilt(_urs (_f rl_'arly

100 different, quantities may be l)lolted on m('slles (,oI_sistiIlg _i"

triangular and quadrilateral elements. Tlrey (.ali eo'|r|l)Ute a variety
of strain measures, moment.urn by material, rea(,ti_)n forces aloI_t_

constrained boundaries, arid interface i)ressur(,s alolig sl idil_g
interfaces., ORLON and TAURUS are fully intera(.t ix,(:,.

- C
-12-
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STARTING INPUT DECK

lD
1 Title Card

('o I umlls Quanti ty Format

1-73 Heading to appear' on output 12a6



,::) (,, (, 1,.., on frol a ds

Card I

{".oI umns {lua)_t i ty I,'{}rma I

i ';)-,_ II)V fla_ j_Z

EQ,O' no dumpiIlg, d(:faul, t

E(t,I_7', dLunp history 8: i!(:,ak variablc:,s (Card '31,))
3-5 Numb{:r o1" mat, erials, NUMMAT 3

6-10 Ntunber of nodal l}oin_s 5.
11-15 Nulnber of elements 5

1G-g0 Number of lloda I pr i litc)ut b locle.s j 5

_.1 25 Ntunber ot' element printoul: blocks ' ,5
26-30 NumbeP of load eurves 5

t11-35 Number of {_,oncent.ral.ed nodal loads aIld follower forces 5

36-45 * Tim(, to begin periodi{, noninl.eractive _'{.,z(:)lli_ig, 11101 el(J,()

- {),. (,dcl'aul! 1 .e_-20) (,I0 0,46 55 * Time to end periodic r'ezonilig, RI 'J

,5G-65 * Time inl(:rval betweeli r{,zoning, RIOI) (d{,faul {. 1 ,e;20) (.,10.0

, ,q ,' .,,, 066-7,5 Scale fa{:,tor for computed t, im(, sl.(, l) size , I{.1 el(.) 0

(defaul t ,67)

- t3R(}I}E i 576 80 Brode fmlei, ion l'lag, I ' " '

EQ, I', 13rode paPamet(_Ps at{, (l(,filled

• t:'armneters, iii eolunn)s 36-65 al:)ply ollly if' a_J illl}Ut ft l(, is. defined

((?=efr on ttle execut(!, liIl{'), Ot, lterwise {.ll{,y are ignored,

Card 2

{;o I umns quart t. i t.y Fo)'ma (.

I-5 N_mll)t,r {)I" ('I(:'m(._zlt. sides llaving (,itli(,r l))'(,ss,lr( ' {}r

stiear l{}adings ai)plied i,5

6-10 Number {}f v{,l{.}{,ity boundary condit, i()li cards i5

11-15 Bast, a{.,{,(,l(:-'ratioll in P-dire{.,l. ion flag (s(,e Fig, P.) i5

E{_,(}: no r-ac.,eeleration

t.,;Q, 1 ' I'-a(?('{:'l(-_rtl[.iOll

16-20 Base a{.,eelerat, io_ in z-.dire{.,!.io_ flag (see Fig, 2) i5

I'-',{t, (} ' __o z - _t{:{"e 1{"r a I i o n

Eq,l' z-a{:{,{,lera{.io_

21-25 Angular velocity about z-axis l'lag i5

EQ,{}' no angular veloeit, y

EQ,I ' angular veloeil.y

2G-,30 Initial {:onditi{.}_ l }aramet,er flat, i5ct,

E{},{}" i_itializ{>, veloc_iti{:s t{) Z(:ero

EQ,I : read in initial velo{:.,i tt{_'s

-3o Number of stonewal Is i5

( c::{}i_t i n_(:,d {}_ next. i}ag{ , )
-14-



((:ontinuation of Card B)

f.:o I umn s quan t. i ty I,'orma t.

3li-40 NImlber of slidelines , t5
41-45 Number of slideltne i ntersectlons, NUMSLI i5

46-50 Analysis type ' i5
EQ,O: axisynunelrie

EQ,I: plane strain
51-65 Reduc'tion factor, I{F, 10 determine minimum el5,0

permissable lime-step (<1,0), If nonzero then
eal(;'ulation terminal, es when DT _<RF * DTINIT

wliere I)TINIT is the initial time-step size,
(_6-70 Number of nodal constraint sets if)

71-75 N_nber of non-reflecting boundary definitions i5 ,

76 * Overburden calculation flag, Ma)' be set only for

equatioxls-of-sl, ate using overburden: 11, la, 16, 113, ai

and 19, (See also Gravity Def.inition Card 5a,)
EQ, "T": TENSOR overburden, no iteration

Etl. " ": no overburden calculation

, i

* Note: It' overburden has not been used in the initial run it cannot be

irlvok(:d, later in restart runs wi th remaPt)ing!ll I

z

Axis of syn_netry

, , _ r
,=,=,,._-

Fig, 2' (;()ordinate system wit.h
=_

synm_etry about z-axis,
)

-15-
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Card 3a

(used only if II)V=B7 on card 1)

Co I uJml s quant i (y Forma t.
t

1-5 IItDMP, flag t() dtunp history variables i5

EQ,O', do not dump

Eq,1 : dump,

(}-l() IIq)MP, flag t,o dtunp peak variables i5

EQ,O', do ilot. ¢tumlJ

E(t, 1 : dump
11 95 TSTART ini(ial time el5 0 '

-17-



Card 4 (dr, fine ii' IR(I=I)

Col uamls quant, i ty Fot'm_,(

1-5 l-lourglass eolitrol , l ltq i5
Eq,0: default, set tc) l
Ec_,l : standard I)YNA_21) (1) '
I,,O.,_', rotational ('"_)
EQ,3: Flanagan-Belyisehko ('3)
EQ,4: Hancock

6-15 Hourglass viscosity coel'ficiellt, qll (default ,1 ) c lO,(I
IHq,Eq,l: qll s ,15
l ltq,E¢_,_: ql-I 5 ,20
IIIQ,EQ,a: QH s ,40
IHq,Eq,4: qH s ,,I0

16-20 Built vi s{.,osi t,y type, IBQ i5
FQ,0: default set to 1
EQ,1 : s(,andard DYNA2D

EQ,'2' Ric.l_ards-Wi lkins

EQ,5: Benson-Chrisi, ens_:,n--Margoiill (4)
?l" -30 (}uadratJ¢, viscosity coe_ffi¢..ieili, s, QI elO 0

default value is 1.11{ for IBQ = 5
default value is 1.5 o(,herwise

31-40 Linear viseosii,y eoeffieient,, qP. ¢,10,(1
de fault value is 1 ,0 for 1t](_ = 5
default value is ,06 o(tlerwise

'l'ttese are default, s thai tail be overridden for each material
defined below,

(1) Rr:c, ommended for ID,

(2) Not. recommended for problezlzs llsillg quads thai have (legellf-,ra'l.r-_d

into trial_gles along material int. ert'aces,

(3) I{eeonunc.,ndcd for P.I) but. not. for li),

(4) Note: for lJenso11-Ctlristensen-Margolin viscosities:

(a) I)(.'faults may oxlly be overriddell with t,tii:_ card

" (bi AI)DITIONAI_ I)ATA MIIST BE SUPPLII_I) wittl a (.,ard pla(:ed at til(; t!ll(!
oi' l.h(:' deel,:, See Sec(.ioI_ 25,



:], Mat,(:l'ial Cards

R(_poat the following cards for eaell material mode_ :

Card 1

(:oluim_s qua_lt, i ty Format

1-5 Mai(:rial id(:ntifieat, ion number (.< NUMMAT) i5

6-10 Material tyl_e, MT: i5

E(.t 1 : elast,i(:

Eq ': tl_o tr,.', or oi.)ie elastic
EQ 3: kin(:matic/isotrolJic piast, i(:ity

Fn_,.( 4: t,herino-(-'last, ie-plasti(:

EQ 5: soil and crushable fomn

Eq 6: 1 inear viscoelastic
EQ 7: rubber

EQ (t', |ligll (,xplosive l)urtl

| EQ 9: fltlt'(] ,
E(t lO: ('last i('-l) l_,_ti(' l)ydrod,ynamie

Eq 11: t,eml)_,rtllur(; d(:,l-)(,lldeiJt t) lasl. ieity witli 3d cracking

EQ 12: Jolll_so_J/(:ook p lasti(:lty
I!;Q 13: power law l) lasii('ity
EQ 16: i)se_(lo TENSOR (:c)nerete/geologieal model

EQ 19: t'o(.,k vol_nnel.ri(:, erat_k model

I t!',q '_'J
,_,.,', ro(.,k 31) c_rac, l¢ model

E(I _3: lCul)iIl--Aitiaro(,k failure model
iI "

-,.0 l)ensil.y PO (l)°r°tis refer(_li(:e st, ate for solid, elO,O
(!,xpanded refereIl(:e si. ate for iron gas source)

21 95 Equation-of-state type Define ii' MT > 7

E(t, 1: l ill(:ar polynomial
E(t , '_ W,..', ,I L lligll explosive

I::q 3: Sack "Tuesday °' lligh explosive

E(I 4 ', (:;r_lIl_'i s(-:ll

EQ 5: r ati() ()l' polyll()n_ials

Eli O: linear l)olynoniial wit.li energy d(-'l)osition

I':Cl7: igzliiio_ta_d growtl_ of rea(_ti(.)_i_ HE
l':(t _i: (al)ulat.ed ('Oml)a("!io_i

Ell 9', tal)ulat('(l

t':q 11 : TENS()I{ por(_ ('ollal)Se
t':q 1',_: 'I'I':NS()I_ I)()r(' eol lal),s(' _,: H-l)iv, l)(p,t':) tabular E()S
1':(t 1,1', (,_vi ty l)ressure

I':(t 1,5 : ]I-Di v i s i ()x_ 1)( p, i'] ) t abttl ar EOS ()Iii 3'

l!:q1(}: TI':NSOR l)Ore (:()l l al:)se wi til (:racking
I!;(I 17: I)-a wit.h E()P 'rables

ti]q 18', (:'fl'e(:tive stress model witt_()ut, gas tables

E(t Ii}: (!:ff'e(.,tive stress lnod(:,l with gas t,abl(!,s

D g4 (.;,'ur_ei wi 1.1_ i(:(,(::wi st! 1inear u -u curve
E(t seri P

: lr n_)t. {l(,fi_ed, 1,1_(; t'()llowing qtlant, il.i(,s are set to tl_SlrPd(::l't)ull, values

-19-



,

((:ont. irmat.ion 'of Card 1)

Columns QuanI, tty Format

26-30 Hourglass c,ontrol, II-I_- t5
E(t,I: st, andard I)'fNA2D

Eq,2: rotational

Eq, _t: FI anagan-Be lytschko v t scos i ty fornl
Eq,4 : tlaxlc, oc, k

31-40 ltourglass viscosil.y coefficient elO,O
41-45 Bulk viscosity type, IBq* i5

Eq,l: standard I)YNA2D

Eq,,.°', Riehards-Wllkins

4(I-55 Quadratic' viseostt.y (:oeffic'ien(., QI* (,10,0

56-65 l_in(:,ar viscosity c,oet't'ic_ient, q'_* elO,()

Card 2

(:ol tram s quart t t t,y l_'orma I.

1-72 Material tdenI t f teat, ioxl 1_2a(}

* If IB(t = 5 Oil Coxltrol Card 4 the last three entries have no (:_1'1'('(_t,

III finis (l!lCM) case t.lle viscosity parameters Sl.)ecified on Control Card

4 apply 1.o all tlm materials ill the problein, 'l'llr FICM viscosity

(:,azlnot I)_, mixed _'itli oilier types of of bulk.viscosity,

-20-



Mat.erial Type 1

, (Elastic)

Card t]

('o I uHlrls ' (tUtllll, i l,y Formal

.1-1() Youn_'s modulus elO,O

CI-_r d ,1

I'_ 1_HlZl,_ Quant,it,y Formal

I-I(.) l:'_Jis,_oli'sratio elO,O

7Carct.s f_,(J, ,
I.I1ank

-?. 1-



Ma t,(.,.I' i a I Ty I)(!' ,'-
(Ort, hotro])i(, El ast, i(')

C ai' d

Col crams Quan t i t,y l"()rnlat

I lC), E (,I0,()
I I-_,0 E a (, I (), ()

21-3 C) EI.) (: a )"d 4 (.,l 0,0

Co I umns q_la_l t I (.V l"(.)rnz_._(

el O, 0
1-10 l,t) a

1i-_0 l, _,I0, ()
ctl

21-30 _., Card 5 (:,I(),()
c,b

Co I umns Qua1_ t. i l.y l,'()rma !

1-10 G t, lO ,()
ab

Card 6

Co I tram s (_u,.n 1,i (.y I"ovmat

I-I0 AOPT, Inal.erlal ax(:s opl. iovl (s(,(, li'ig l_) (,l(.),()
F,Q,O, ', locally ol'llxotropi(: witl_ illal.(::rlal axes

d¢:t(-;rnlined.by angl(., '_t', Sl)(:'('Ified (.)if eac-h

elevnellt card, axld elem(_n( nodes n I and n_
" EQ,J, : locally or t.hotrot)i c: wi(h mat.,!,rial axes

det.f_rmin(::d by a point, iJ_ space and global
locatio_l of element cent.ct

I_(_,2, : globally orI.lloiroI_ic' wiI.ll ma(erial axes

d(!,( e rmi ned by "¢,(.;

) r(..,_v"d 7

C7.oI tnnns (tllaIl t i i,y Ii'o I'IXla t

i-I0 y , d(:'fille for AOI)T = I, (,I{),(}
I)

11-20 z , d(-:fix_(' for AOI:)T =.1, el(),O
P C a r d []

('o I umns (_u_ t.i t.y l,',)vma t
........

1-10 '¢:g'- define for AOPT = 2. elO,O

Tt_e material law t.l_at relates sqress(:,s to slr_i_ts is: C : T C T,

where T is a transforma(ion matrix, and C? is th_: c,onstitut)v(: matrix

defined in terms of t.t_e m_tterial eonsl.ant I's of t1_: orlhogo_al .lut(:rial

axes, a and b. C

)%,d,_



ii3

Iv

i1
1

,n 3

Z

(r ,z )0
1_ 1_

n 2n l

L

N

G

(") _ 1' "

Fig, 3 ()ptioris for determini:_g prir_etpal material axes:
(a) AOPT = 0.0, (b) AOPT = 1.0, and (c) AOPT = 2.0
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JJ_ , l'
1 b I-1 c' a ,

E- Eb IC 0 ,a c
?

I j l/
ab 1 cb

0

E Eb E
-1 a c

CE -
l)

a c t'b c 1
I

0

- _--: Eb E-: a O

1

0 , 0 0 _.-
ab

w

1

Note that this matrix Is synvnetrie.

Yield ,

stress E t

lh( 1/1 0 )

Fig. 4 Elastic-plastic behavior with isotropie and kinematic

hardening where I o and 1 are undeformed and deformed

lengths of uniaxial tension specimen.

I
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Mate' 'ial Type 3
(Kinematic/Isotropic Elastic-Plastic)

Card 3

(:o ! umlJ s quan t i ty Format

1-10 Young's modulus elO,O

Card 4

(:<_l_unns quant i ty Format

l-lO Poisson' s ratio elO,O

Card 5

(:olunms Quant i ty 'Format

1-i0 Yield stress elO,O

Card 6

Co 1_mls Quan,t i ty Format

l-lO Hardening modulus, E t elO ,0

Card 7

Col umlls Quant i ty Forma!

1-I0 ltardening parameter, 0 < ft' < 1 elO.O

Card 8

Bl ank

Kinematic, isotropic, or a combination of kinemai, ic and isotropie

hardeliing may be specified by varying ft' between 0 and 1, For /3' = 0

hardf'ning is entirely kinematic, for ft' = 1 entirely isotropic, See

Fig. 4 on l)revir)us page,

• -25-



Material Type 4

(Thermo-E 1 as t i c,-Pl as t i c )

Card 3

Columns Quantity Format

1-10 T temperature (,1(1 .{1

'I 1-20 T_ ' (' 10,0
) ) ,

. ) )

71-80 I' ,8 ( 10 , 11

Card 4

Co lumns QuanI i ty Formal
m

1-10 E l , Young's modulus at. T 1 elO,O
11-20 E2 el 0,0

71-80 E e 10,0
g

Card 5

Co I urmls Quant i t y l"or)na t

1-10 z., Poisson's ratio at T elO,O
1' 1

1 1- 2 0 r,2 (.1C), 0

elO 0
71-80 z"8

Card 6

Co 1umn s Quart t i ty I"o treat.

1-10 a I coefficient of tlierxnal expansion at TI e 10 0
11-20 a (' 10,0

2

, i

71-80 a elO, 0
8

(continued next page)
-26-



Card 7

Col umns QuanI. i ty FornlaI
i

l-lO Ovl, yield str(.'ss at TI ' elO,O
11-20 o' elO,O

yP

j '

71-80 o elO ,0
y 8

Card 8

Co I umns Quant i'ty Format.

1-10 EP, plastic llardening modulus at T 1 elO,O

t i t

.Al lc;ast tw_ t_,mp_,ratur_,s and (']leir correspondiv.g r_laterial

pr_l_,rti_,._ musl I_, sl_,¢.ifi(;_l, Tll_: alial),sis will br, termiliated if a
mai(,rial teml)(,ralur(' fall._ outside' Iii(: range defined iri ini)u _ . If

D a tll_;rmo_'lastic eXpaIlsioil is considered, leave cards 7 alid 8 blank."1'!_, _.oeffi(:i_:nt of (h_'rnlal (,xpansion is defined with respect _to a

r_-'f(;l'OIlO_ t_(!Ill])C_l'a(ul'(, ,

--27-



r I 7Material i3 pe 5
(Soil and Crusllal,_le Foam)

C,ard 3

Co 1umns Quail t. i ty Fovrna t.

, i

1-1() SIl(,ar lllodultls (! 10 0

I 1-20 l-iuIi< utlloadilig modulus ('1(1 (1
_1-,30 ield function eonst,,anI a (,1(1 0

0
31-4() Yi el d fllllc I, ion eolis|,allt, a _,1() ()

1
,11-50 Yield t'unct, ion constant a elO (1
51-(I(11 l:_l'essure cutoff for tensile, fra(,t.ure t,l() (1

Cards 4, 5, 6, 7, and 8

(!o I umn s Qua n t i t 3' F o r ma t,

1-10 Volmnet. ric strain (see Fig, 5) elO,()
11 90 P (,-,.. ressur elO 0
o 1-'3 V ; e I 0 0_. 0 olumetrie si, rain
31-40 Pressure el 0, I)

'l'lie deviatorie yield function, _, is d(,sc'ribed in terms ot' file
se(_olid inval'iant d ,9'

1
d = - s,, s

2 2 _j ij

pressure, p, and eonsl.ants a o , a 1 , and a 2 as:

99 = J2 - [a 0 + alP + a2I)2].

2
• = 1/:3 o where u is tile yield stress i e

Ii)ii l.lle yield surface J2 y y ' ' ''

2 1/e

y = [:_(_0 + "1p + "er' )]

For (,last ic-t)erfecl, ly plastic behavior a 1 = a 2 = O, and (3aO)l/'d dci'ines
; tile yield strength,

, 'l'lle voltunel.rie strain is given by the natural logarittml of t.t_e
r(i, laiive voltune, V,



Fi£. 5. VoJum_,t. rie sl raill vs pressure curve for soil and
<'l'USlilitJ I _' f oani,

-29-



Ma t,e I' i _._I 'l'):'l_(? (:._
: ( V i _<,o(>,I_-i,_t. i_")

C (-_r d C,

co Iu_,.ns quant i t.y l;'orn_a(
,=_

I-I0 l.,on_-lilne sl_(:,_ir xn_)dulus, G , <,I0,{)

(.'_:_r d _l

Co I unn_s (;Jlunllt. i IV I"())')_)__l

I-I0 l)(, e (i?,' <'oil,_(._:l_)l., {_ (.,1),()

C_ r d s 7,8

'I"l_e shear relaxation behavior is {l(:,s<,ril)ed b?,';

-f_'(.
c_(t,)= c.: + ( - c::)(.,

-3O-



Mat, erial Type 7

( Rubber )

Card 3

(.!(_I t_mz_s (._ua1_Li (.y Format

1-10 Stlear modulus elO,O

(lards 4,5,6,7,8

B 1ank

-31-



Ma (.el" i al 'l"yI_e _._

(l-ligll l!:xplosiv(' l)_il'n)

Cu r d ,?1

C,ol uum_s quttn t, i t.V I"o vvu_tt

I-I0 I), l)(:)tona t, ion velt)(.,ily (,I(1,()

II-,_,0'J PCJ' Cht_pnltlt',-,louge, . t I))'essuI'e (.,I(),()

7 (.IC',o,v"d s ,-t , _._,(3, ,

II1 o.'fik.'

q 9



Ma(,e,l'ial Type I-_
( F I u i d )

(::ard 3

_'_1 _lwllt_,_ c:tuaxlt t ty l,'<_rma A,

t

1-lC) lJr¢,,ssure ¢_ut,cJl'l' ¢_10,()

7 t3Cards 4,5,6, ,
I:31ailk

'l'll_,,,fluid nlate:rial may be_ used wlLh an equation-of-staL_:_, No
d_,vi_t_Jric, str¢:,ss is p_,rlxliLted wittl t,llis matc:_rial type,



(.!l.AI' Cl t']

Co I urmi,,+ Clu_i)lt. I ty ),'¢))')i)4_I

I-I(} _11(-,(._v'll_o_:Itilus <'I(),()

J 1-,_,0 i _,I (:I s t.v'(_.,tl_t.l), _:() (,) (), ()

l-riO l.)l_i_tlt, llcirclexlixt_ mo(:lulu_, I!; <,I(),()til-40 l:)1'(,_st_t)'(:_ {_ut.o,f, I(,_,_ tl)+lll 01: ('I(),()

I_._(_,(},: (.Jt)1(+,f_(tl.ivc , Jt)l'Iz_ll,+)' ¢_t_lol'l' I,_ +_,_stlt))(,d

t.+,)

(l(._'cl <I

I_11_txxl<
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Card 7

Co I umns Quart t i ty Format

1-10 (7,, effect, ire stress elO 0
1

I1--Y.O o el() 0
_J_.1-30 (7 elO 0
31-40 _I elO 0

4
41-50 _J elO 0

5
51-60 _ elO 0

6
61-70 (7., e 10 0

t

71-80 o8, elO,O

Card 8

Co I uxrms quant t ty Formal

l-lO c79, effeeLtve st.ress elO 0
I 1-20 a elO 0

lO
21-30 a elO 0

li
L_1-4 0 cl el() 0

,1 {_j)
41-5(: a elO (}
51-60 cT , elO (_

1,1
(31.'i0 a elO 0

15
71-80 cJ elO 0

1(J

Wtlenever (;ards 5-8 are blank, the yield stress and plastic
hardening modulus are taken from Card 3, In this case assuming

a = a 2 = O, tile bi l, ixiear stress--strain curve shown in Fig. 4 is' o_Ji. aini_d with fl = 1 The yield strength is c'alculated as

J

rs = _0 + Eh_'P + (al + u2IJ)max(O'P)Y

wll_'r_' 1) is Iii(' 1)r_,ssure, TI_(, cluax_tlty E. is the l)lastie hardening
modulus d(:flned txl Lerms of Young's n_odullus, E, and the tangent

modulus, I':t, ' as follows:

I':LE

Ltl
E-I._

t

If cards 5-8 are used, a curve like thaL in Fig, 6 is defined,, Iri

this case, (.lie yield stress and plastic hardc,ning modulus, a 1 and a E on
Card 3 are ignored, Effective sLress ts defined in terms of Lhc
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t, , ,

, 0

_'hf,rf!i dellc)tcslime &r_dD is kllepl_stic c,oii11Joxlc.,i_io t.hcr_te-
i:_f-d_:_formatlonvet,lot, J

-p

I,"t g, (i_: I!i1'f ec't. i ve s '1.r (:_,,_,_ vs
el'l'ec_t, ive 1)l(_siie strain,
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Matel'iai Type 11

('l' ,iili)¢,l'attll'e I)eperideil(,, E la l,i(:-Plastic , Hydrodynanii(

wiili :3I) Cl'a( kilig)

C a r d 3

Co I utm-l,_ Quant i ty Forma

1- 1() (, () e 1(}, ()

II-L/O _7() e 10,0
LJ 1-:t() /7 ' , e 10, ()
31-40 ii e 1(J, 0

41-50 "/1 elO,()

Card 4

(!o I tmll l_ Quant, t (.y Forma (

1- 1() r_ (: 1O, ()
I 1 '_'0 bm-.,. elO ,0

::21-30 l) ' e 1 (l, ()
'J 1-,I0 1_ e I 0,0

4 l-5(J I' e I 0,0

Card 5

(,'o I uiniis Quant, i Ly Fornia t

• 1-1() A (if O, tlieli I{* IliUS{ be defined) elO,O
') elO,O1 1-,_ () T

lli()

:2I-:I() T(l e I O, 0
:_1-4() _l e 1O, 0

>_ 0 , elO 0
41-5() p or failure sl, ress, etfln i il

Card 6

('cii lillilis Quail t t i,y Foriiia t

1-- 1 () _]JlJ ] I t._)'I)O elO , O
,-j

ECt,O, : d(_faul(, set to ,_,

E(_ I : p >
' ' " Pill iri
,.,,' > (3 elerll(:'llt spalls aild telisioIl,

E(t,"', Oilia × .. f
p O, is 110{ fJl lowed

EQ,:t,: p < I) elenielit spalls arid t,erisiori,
. lii i 17i

I) < (), 1,_ IlO( al lowed

l'](l,4, : lJrili(::ilial ,_t.rr, ss > _sf , use 3d--crack

i t.ensile failuri-'
--,-(J 14 ( i f ]( / 0 A i s riot. di? f ill(__d) (-!|0 0

((.,Olit. triued lieN(. I )age)
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Card 7

(:o I unuls Quant i ty l,'orma

1-16: EC (,1(; r,

ECO17-32 (.:1(;, ()'
l ''

33-,18 E(' (, 1(;. 0
9

-19-6-1 EC_" e 1(1. ()
3

65-80 EC (' 1(1 ,()

4 Card 8

('(_l ulnxls QllallI i I y l"(,rma !

1- 1(5 EC _,1(;. l)
5

17-32 EC (' 1(). 0 '
6

33-48 EC e 16. ()

49-64 EC7 e 16. ()
8

65-80 EC (,11; 0
9

[:sers Who have an interest irl this model are enc:ouraged lo r¢,ad

i11," paper t)y Steinberg and Guinan [9] which provides the theoreti(,al
basis l'or ii. .,J_other useful referene.e is the KOVEC user mailual.

The shear modulus, G, is defined, before inciting, by t.lle formula

E. -E fE
E -E

G = GO [1 + bpVl/3 _ h( ' c 300)3 e n, i :• 3R'

wtlere 1) is ttte pressure, V is the relative volume, E is tile (..old

eomI)ression energy" c

X

i 900 ,R' exp(ax)Ec(x) = pdx - ( l-x )2(70-a-1/2) with x = l-V,
0

a_ll_l E is Iii(' melting energy'
Ill

E (x) = E (x) + 3R'T (x)
III (' Ill

which is in terms of the melting _emperakure T (xi'
II) "
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T exp(2ax)mO

T (x)= a-i/a)m V2(70 -

and t.he melt. ing temPerature at, p = PO' Tm0'

Irl tile above equation, R' is defined by

R' = Rp/A

Wllere R is ttJe gas collstant and A is the. atomic, weight. If R' is ]lot.
defined, KI)YNA computes it with R in the em-gram-mieroseeond system
of uni t,s.

"l'lie yield strength (z is givell by'
3'

E, -E fE
E -E

1/3 1 c 300)] e m i
ay = a O' [1 + b'pV - h( 3I¢

i f E exceeds E.. llere, _0 is given by:m 1

. + _-p)]n% = oo [1 + ft(7 i

wl_,:,re 7i is tile initial plast, ie strain. Wtlenever"a'O exceeds am, a'O is

set equal to a . After the material melts, a and G are set to zero.
n_ y

I f lhc (_oeffieients EC .... EC are not defined, KDYNA will fit,
O' 9

l.}l_, _:old ('Oml_r_,ssi()l_ _,_(,r&y to i.l_e ten term l)olynomial exl)alisioll'
i

9
i

E = Z E('.'rl
c 1

i =0

_'llere E(:. is l.l_e ith coefficient and 7/ = P/PO" The least squares method
is lised [o p¢'rfornl the fit..
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rll 7Material i3pe 12

'(Johnson/Cook Strain and Teinl:)erat:ure Sensitive
Plast ici t,y )

Card 3

Co l umns Qua,it i ty Format

1-10 G e 10 0

11-20 A , e 10 0

"i-30 B elO 0

31-40 n elO 0

41 - 50 C " e 10 0

51-60 m e 10 0

61-70 T , melt temperature e,lO 0
71-80 Tm, room temperature elO 0

r

Card 4

C o I unni s qu a n t i t 3' F o rma t

1-10 _ el O .0
0

11-20 Speci fi(, heat elO.O

21-30 p or failure stress c, t,
elO ,0

mi n

31-40 Spall tt.ype elO,O
EQ,O,: default set. to 2,

EQ.I,: p _ pmi n
..,' _> c7 element spalls and tension,

EQ. ") _maXO
f

p , is not allowed

EQ,3,' p < p. element spalls and tension,
p < 0_, Is not. allowed

41-50 Plastic straiz_ iteration flag elO.O

EQ, 1: accurale iterative solul, ion for plastic

strain, Much more expeilsive than defaul(,

Card 5

Co l lanns Quant i 1.3, Format

1-10 D1 , fai lure parameter elO.O

41-50 D5 el0,0

(continued .next page)
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,, Cards 6,7,8

B1 ank

Johnson atJd Cook express the flow stress as

n

_ - (A +B_ p ')(1 + C In i*)(1 - (T*) m)
, y

for A, B, C, n, and m = input constants

_P = effective plastic strain

= 7P/ 0

= effective plastic strain rate for _'0 = l/sec

I'* - homologous temperature

Constallts for a variety of materials are supplied in the references
cited.

Due to tile nonlinearity in the dependence of flow stress on plastic

st.rain, an accurate calculation of flow stress requires iteration for

tile increm+_nt irl plastic strain. However, by using a Taylor series

+'xpansioli _ith l inearization about the current time we can solve for
-'I ) , '

/_+ wt Lh suffi<:ient accuracy to avoid iteration.

Til+, strain aL fracture is given by

f [I)1,: = + D2 exp D3a*_7[l + D4 In _'71"1 + DsT*]

wiler(' _7' is th+_ ratio of pressure to effective stress

I)

17' -
(7

eff

Fracture occurs when the damage _arameter reaches 1, i,e.,

ATP
D= _---= 1.

f
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Mat, erial Type 13

( Powe r Law I s o t r op i c P i a s t i c i t 3' )

t,
Card 8

Co lumns Quant i t,y Format

1-10 Young's modulus e lO,O
11-20 Po i sson' s rat i o el (1,0

=

21-30 k, strength eoeffieieltt elO,O

31-40. n, hardening expOllent e lO.()

Cards 4,5,6,7,8

P,1anl<

Elastoplastie behavior with i sotropie llardeIling is provided b,V

thi.s model. The yield stress, o , is a functioJl of l)lastie strain and

obeys the equation: Y

_I1
U : k _.

Y

wllere _ is the effective strain.
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Mate i al Type 16
(Pseudo TENSOR Concrete/Geol0gical Model)

i

Card 3

Co l umns Quant i ty Format

1-10 v for constant Potsson's ration model or -G for el0,0

constant shear modulus model

11-20 Tensile cutoff (maximum principal stress failure), el0,0

sigf

21-30 Cohesion, a O el0,0
31-40 Pressure hardening coefficient, a 1 el0,0

41-50 Pressure hardening coefficient, a 2 el0.0
51-60 Damage scaling factor, b el0,0
61-70 Cohesion for failed matelial, a el0,0

71-80 Pressure hardening coefficient _}fr failed material, el0.0

alf

Card 4

Columns Quant i ty Format

1-10 Percent reinforcement el0 0

11-20 Elastic modulus for reinforcement el0 0

21-30 Poisson's ratio for reinforcement el0 0

31-40 Initial yield stress el0 0

41-50 Tangent modulus el0 0
51-60 Load curve of'rate sensitivity for principal el0 0

mater i al

61-70 Load curve of rate sensitivity for reinforcement el0.0

Card 5

Columns Quant i ty Format

l-lO _I' effective f_last, ic strain or pressure elO.O
Q , !

71-80 _ e10.0
g

(continued next page)
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Card 6

(;o 1tamis quail t i Ly Format

1-10 r. elO,(}9

i 1 ,

, 1 (

71-80 _ ' e 10,11
16

Card 7

Col tunns quanti Ly Format
r

1-10 cr effective stress elO,Oi'

, ( ,

, ( (

71-80 _B e 10, (l

Card 8

Columns quant i Ly Format
...

1-10 ¢9 elO,O
, ( .

71-80 cr elO ,0
16

For the constant Poisson's ratio model, the shear modulus is

(:omputed from the bull; modulus, For the constant shear modulus model,

Poisson's ratio is computed from the bulk modulus, The bulk modulus is
determined by the equation-of-staLe,

If zero values are specified for a 0 and a , the data on cards 51oalid 6 are taken t.o be pressure values instead f values of effective
plastic, strain,

If a negative value is specified for a o , the value given for sigf
is assumed to be unconfined compressive strength of (.tie principal

material instead of the tensile cutoff value, In this ease values for

the tensile cutoff and pressure hardening coefficients are calculated
internally as follows:

II
-44-
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sigf = 1,7((ftc)2/ucf) I/3

ao =
_j

a I = 1/a

a,.,= (l//3)//(f'c)

= 0
, aof

a = O, 385
If

where ucf = -a o is a unit conversion factor for f°e, i,e,, psi per DYNA
pressure u,llt,

A zero equation-of-st, ate ntnnber can also be specified in this case

and data for a tri linear EOS8 model (good for pressures below about 5

kilobars) will be generated internally using the values given for

Poisson's ratio and f'c, Otherwise, equation-of-state 8, 9, or 11 must

be specified and the corresponding data provided in the user's material

i npu 't.,

Principal material arid reinforcement properties are combined using
a rule of mixtures as follows:

bulk = (l-fs)*bkm + fs*bkr

shrm = (1-fs)*gm + fs*gr

sigy = (1-fs)*sym + fs*syr

whe re

._'(kl,edot)*(a 0 + p/(al+aepJ)*g(dmg ) or
Sylll = -_ _'

/f(l<l,(,dot.)*g(p)

and

sy," = f(k2,edot)*qs + qh*epx,

, f(k,edot.) denotes the yield stress strain rate scaling factor obtained

by linear interpolation from load curve k (if k=O, f=l,O), and g denotes

either the damage or the pressure seal ing factor obtained by linear

interpolation from the. yield stress table, drag is an isotropie measure

of damage defined as
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7p dTp

drag =_ _p_=, b
0 l + slg! ) l

fs is the percent reinforcement, which is treat¢,d Isotroplc,,ally,

If tile nlaximum principal sirtlss in an elemc,.zit exceeds t.lit, tt, Ilsile
cutoff.; the matrix material in the t, lement, is assumed t.o h_lvc, fruc, Lurt, d,

After fracture, the matrix material in an clement, call support only

compressive loads and t t.s she. at st. rength is limited by the yi_,ld surfa¢:_,
tor fai led maLerial ,

symf = aof + p/(a lf+a_.gp)
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Ma tevial Type 19 [,,,_7]

(I:¢oc1,: Volumet, rie Cl'aek Model )

Card i,_

C2(JI mnn s quart t, i ty 1,'ornta t

1-'10 l_it, he!' lJ 1'oi' a (JOllSt, tillt, Polssoll's l'aiio of -(} fop li (:_1(1,(1
c,orls{allt, l_ll¢,al' InOdtllus lltOd(:,l

11-_0 'l"el_sile eutol'f for lllttXtlllUlll pvlll(_lpal StVc, SS failure, el(),O
S I (/_F

1-,_._0 Ii'allure danlage llmtt, el{),O

Bl-40 Number of points in vivgtn Y-P _)uvve,, NPV el(l,()

41-_5(1 NumlJer of potll[,_ 111 failed Y-P out're, NPI" elO,O
fil,-OO Pressure abscissa for sllear t'ailur(,, limit, suvl'aee; el0,(}

0 for Y(p), 1 for Y(iJ)

No t (::s :

I) NI:'V + NPF _ 20

2) Tlle eIltlr(.,, vlrgll_ euvv{_ must l.)e enl, er(_d, but the failure eurv(:_

zi(::(:(:l only be entered uI:) I,o a bvlt, tle-duel, l l(_ point,,

Cards 4 t,hrough _1 maximum

quaI_ t i ty

i

NPr virgin pressurt_ value_._

NPV virgin yield stress values

NPF failed pressure values

NPI" failed yield stress values

'l'lie, t'ouv sets of dat, a al)ove are concatenated alld written in format

8elO,O for ilo more t,tlall [) successive (,.ards, Ullused fields at, the exld

al'(!., blank f I led,
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(l_(J(:'l< :_1) (,',l'tl(_l( M(J(I(' I )

(!.i'd :,l

(70 I t_izxi_ (_tl_x_ L i t?' 1*'(_rx.ii ti

11-._'() 'l'(-_li_tll, (,lit.ol'l' l'(li' Iliil×tliitilii lJi'lll('lllill ;4ti'l,H,_ l'i.lllul'(_, _,l(),()
,,_1(;I1"

I_71-(10 l,'iil llii'l, (ltillil.l_i! l lliit I. i,l(i,()

::ll-,l() Ntlllllll, i' iii' lJ()liit._ til vii'_tli 'l'--I _ i,tll'_,'l,, NI'V (,1(),(I

41-fill NUllltll_l ° iii' lJl) llit_ iii f'_llll.,_d Y--I' I,til'V(,, NI'I" fill,ii
I_t1-t$() l'_i'(L',"i,"itll'l ' lili_tC!l_,"lii t'(_i' vllil_'iil ' l'illlUl'l' Itllitt _til'f'itl'(': ('1(I,(I

I!;lt'()' fiji' Y(I >)

I!:(t,I, rl.,_, v(l;i)

Not t,_:

1) NIJV -i. NI'I '' < 'J,_()

'J '1'1<.,) li, (,iitli'c, vti'il.(lli I;ili'Vl! iiliiHi I_, (,lit. l'i'(,(I, IJiit. tli_, fill liil't.' i,lirvl._

ii(!t,(i (liil_t' Ill, (!llt(.,i'l:,{I llll til i..i I.li'i{lll ....(Itil,tllll lll:llllt.,

(/tii'cl,_ ,'1 I.lil'(Iti/411 I.I liii.lXtilit.ii_i

(tliliii t. 1 t.),

NI'V vi.i't_tli lJ_'(,_,'-lilr(! vi-lltl(,_

NI'V vli°_,ili ytl_l(l ,_t.i't',,_,_ '_'tllil(',_

NI'F' l'til l(,d lii'i!,_ui'( ' vi.illl_',_

Nl'l °' l'tlil(_(I ,vit_ld _l.i'l*_,_ vtlllll!_'

'l'li(-, Potli' _l.'ts (;ii' (ltitti file(irl., ill'l, (_Oli(_itt._.ilitlt.(,cl tlli(l wr'it, t(.,li iii |'Oi'llilit

1:1(;1(),0 l'(ii' Iii)liiili'(, llillii PJ ,,-Itll,(_i,_,<_ivl! (_tii'll,_i, lliiti._ll, rl |'i(_1(1_ fit. till; t!ii(l
iii'l; Iii tllik f't 1 l l,tl,



Mai,(:'t' i al 'l'Yl3e ]
(l:{ubin-Al(,i l Rock Failure Model)

Card I_

C,o I unll_,_ _tuan t. t ty l"orma t,
_ _ ,__ _ _..,_ __._

I-I0 Ii, l-I (!(')llst, llllt l:)oissoli's ratio elO,0

11-;_() 'I'(!iisll(: ('ut.off l'ov tIlaxlmum prlnc, Ii)t_l ,s.'tre_s failttre, el0,()
,q.'I GI"

21--;_0 l,')tllure damage l lmli. el(),O

{:ll-,_() Ntlmber of polill.s ill x,irglxl Y-P (,urve, NPV elO,O
41-50 Number of poltlt.s in failed Y--I:) (,urve, NI-)Ii' elO,()
51-(J() Pressure al)scissa .for shear ftJilu)'(_) limit sur l'aee: el{l,O

' l!',q,0, for Y(p)

[!',q,1, for Y(i,)
t!',(.l,_, for Rul)lll yi(,ld wit.li (,rlaxtal (:olnpresstol_

dat a ollly

61-70 Cllutee of str(.!ss deviator limit.cd by sl lear failure elO,O ,

EQ,O for t.otal slress

EQ,1 for tlllc_ra(,l<ed stress
71-_._0 Frl(,tio,_l (-,oeffl(._terlt for sl lp on closed crac'l¢ elO,O

Notes'
I) NI)V 4-NPl i' s ;_0

_.) 'I'll(: ezltlre vi)'gizl curve must. be ezltered, bu(. til(: failure curve

II(!,('(i only be etlt(,r'ed up to a brittle,-du(:tile point,

(3ard,'s:' 4 t, hrougl.i (] maximum

qttant i l.y

NPV virgin pressure v(._lues

NPV virgin yield st. ress values

NPF failed pressure v_alues

NPI" failed yield stress values

'l'l_e l'()ur s(,ls of dai.a above t_re (:or_et_t(:n_(.(-'d and wril. l.e_ in format

(l(,l(),O for _o _())"(, il_a_ 5 su(,(_essive cards, Unused fields al. lhc end

tr)'(, I)I(_)_I< fill(,d,
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,qupply _,qun(iozl-ijl'-_,titt_, _,urds (.lilly lr tll_, inuli;t, ilil tyl)<, is tat'_,nt_!i'
t.ll_lli ,_eveii und ts llot l:J, Eu(,li t_qutitiiJll-tJf-stttte is ollly _tliplieit/)l'e lo

E_'_:,l'(.t.ltil llilit(<,l'lltl lllodt!ls, A (.al)lc_ of llltitl!l'titl lllodi!l-eos ¢_Olnl_l._tibtlllie,.s

i s fou,,d 1,_ app,,ndi x llt,

l!:v_;i'y equi:ltion-ol'-sttlte t.lsed til till: pl'oblt, m inu,_t have a l_Abel,
SUlipl t(,'d wi til (Titr_l ,!) rts shOWll,

(7.!oI ulnil s qu_IIl t i ty l,'c,rm_t l.

1-:-7_2 Iglt tl I.i1,t (iii -. o 1'- s '[.ti t _!, 1ii !)e 1 1u,.u(J

exl_lallt_t, iol_ OfSOllle Of [llt:'.S_' ])I:tI'UlII(:_t,(-.)I'S follows,

, 1 , I)ellsil$, _illd Vol_ii_le:

KI)YNA requii'(_,s the user t.o specify two dens/ties: tm initiul

density, p(O) ancl.t_ refel't!_nee density p , Tile iliitiul density und the

liii ti_l voluine V(O), obtuiried fr'oln nodal1 ) positions, are used to compute
t.t_e mass in t_t ZOll(; asl

m = p(O)v(o) (1)

Tilt} Llsic+I ' is fi'{.)c# [(J+(;hoosf.i lilly sl. ate as +t l'c-,'1"ei'elli.'e si, lit, Ii fol' t.lie
deIlsit+),, p , tlowevei' tills clioice will htlve, t.o be +.'onsist.ent witli {tie

Ilie alii fig 0 fO C'lll:_.l'g,y IJOf l'(:!f(:!l'ell(2e VOlUilI(:', (_'(-.)(:' Section _d, below, )
(7'ons(,rvut ioli of ln_._ss i'equi res (.lie re fereliee vol uilie tO be gi yen by :

Vcj = i,(o)v(o)/r,c. ) (e)

Tile irlit, ial delisity is euleul_Jt, ed t'i'EIlll ei l,tier

p( o) = i,o( l +t.,.(o) ) (a)

0 r

i,(o) = l,o/x(o) (_)

(
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wher¢_ the user _pecifie,_ el thelr tlm initial _xee, s_ <:'ompre_sioll, #(0), or

t,lle initial relative volume x(O) givell by:

x(o)= v(o)/vo ' (r,)

In l._larlarsyzm_lel,ry, the volumo of a zone is simply the area times a unit

depttl, In axisylnlnet.ry (about the z axis), tile Zollal volume, V, is
calculated from:

V = V**/En = All 1 + A_Pg (6)

wher(_, V** is the vol_ne obtained by revolving tile zone area, A, about

the z axis, and i_1 and i_2 art, the centroids of the triangular subreglon,s.'

AI and AE, respectively,
i

2, Internal Energy:

S¢.veral equations-of-state require the user (.o sl. eei fy E(O), the

initial i_lt.ernal energy per unit reference volume, VO, In general

_: = E*/v0 ('_)

wllere E* ix l.he interllal energy in a zone and V was given in Section 1

by (2), Given E(O) arid V , (7) provides KDYNAOwtth the initial

illt(,rnal energy E*(O), W0 (:an relate E to _.., the internal energy per
u_,it mass, sine:e:

E* = _.m (8)

and

vo = m/po (_))
I-

st) that ',

E = pO _ (10)
lr

Note al,_o tllat, in axisymmetry, the internal energy E* ill a zone with

volunle V iu related to ttle internal energy E** in the corresponding

, velum(, of l'evolutioxi, V**,, Using (6) and (8) we obtain:

E* = _:/,V = _pV**/P.n = U**/2u (11)

Tl_e (_'y("le stumnary edits show total il_ter_al e_ergy divided by 27_,
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3. Guidelines for Settirlg x(O) azid E(O):

'l'l_ere are tw()ways to set tlJe initial r(,laliv(' volume., x(O), al l(I

the initial internal energy per reference voltu,,c_, E(O). If x(O) alid

E(O) are uniform throughout the zones of a particular material, then
these values should be assigned in Cards 10 and 11 of the Equalion-

of-State input set. If these initial values vsvy from zone to zoIle of

the same material, then they must, be assigned via tile Element Cards,

as ¢',own in Section 5. Note tllat values assigxied via the Element Cards

wi i override values assigned via EOS Cards lO and li.
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Equation-of-Sl+ate Form 1
(Linear Polynomial}

Card 10

Columns Quant i ty Format

1-10 CO elO 0

11-20 C 1 elO 0

21-30 C 2 elO.O

31-40 C3 elO 0

41-50 C4 elO 0

,51-60 C5 elO.O

61-70 C6 elO 0

71-80 E(O), initial internal energy per unit reference elO.O
vo I ume

Card 1 1

Colunms Quant i ty Format

l-lO x(O), initial relative volume elO,O _

The linear polynomial equation-of-state is linear irl internal

energy. The pressure is given by:

2 C3 #3 C5/z CSt_2)E 'p = C0 + C1/z + C2/_ + + (C 4 + +

2 2

where terms C2t+ and C6t_ are set to zero if Iz < O, # = P/Po - 1, and

P/PO is the ratio of current density to reference density.

-53-



Equation-of-State Forrn 2

(,JWL)

C a r d 1 0

Columns Quant i t,y , Format

1- I 0 A e I 0.0

11-20 B el 0, ()
21-30 RI e 10,0

31-40 R2 el (}, 0
41-50 ¢o e 10,0

51-60 E(O), initial internal energy per unit referezlce elO.O
V 0 1 Ume

61-70 x(O), initial relative volume elO.O

The JWL equation-of-state defines the pressure as

and is usually used for detonation produet, s of lligh explosives.

t
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Equation-of-State Form 3
' (Sack)

Card 10

co I umns Quant i ty Format

1-10 A1 elO .0

11-20 A2 e 10,0
21-30 A3 elO,O
31-40 B elO .0

41-50 B2 elO .0

51-60 E(O), initial internal energy per _mit reference elO.O
volume

61-70 x(O), initial relative volume ' elO.O

The Sack equation-of-state defines pressure as

A3 -A2V B l B2
_p = --- e (1 - --) + -- E

vA, V V
i

and is used for detonation products of high explosives.
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' Equation-of-State Form 4,
(Grunei sen)

Card 1 0

Columns Quant i ty ', Format

l-lO C elO ()

II-80 S ,, ('I0 0i

-30 Si.. el 0 02 1

31-40 $3_ _elO (}

41-50 TO e i 0 0
51 - 60 a e 10 0

61-70 E(O), initial internal energy per unit reference elO 0
volume

71-80 x(O), initial relative volume elO.O

The Gruneisen equation-of-state with cubic shock veloeity-

parti, ele velocity defines pressure for compressed )naterials as

' _ a 2_
:,oC2..E_+ (I - _,o/_).. _ j

P = 2 3 + (70 + ap.)E,
/_ /_ o

E1 - (s1-1)., - sz.... s3 a]
Fz+l (/z+l)

and' for expanded materials as

,2
, p = Po,C /z + (9, 0 + a/z)E,

Where C is the intercept of the,us--Up curve, SI, $2,, and S 3 are the

coefficients of the slope of the u -u curve, YO is the Grueneisens p

gamma, and a is the first, order volume correction Ao YO'
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Equation-of-State Form 5

(Ratio of Polynomials)

Card 10

Co I trams Quant i ty Format

1-16 AlO ' el6,0

17-33 A11 el6,0

33-48 AI2 el6.0
49-64 A13 e 16.0

Card 1 1

Columns Quant i ty Format

1-16 A30 el6,0

17-32 A21 el6,0
33"48 A23 el6.0

49-64 A23 el6,0

Card 1 2

Colunms Quant i ty Format

1-16 A30 el6,0

17-32 A31 e 16,0

33-4 _l A32 el6,0

49-G4 A33 e 16,0

Card 1 3

(2oltmms Quant i ty Format

l-1 (; h40 e 16.0

17-:t2 A41 e 16.0

33-48 A42 el6,0

49-64 A43 el6.0

,Card 14

Col'unms Quant i ty Format

1-16 ASO el6,0

17-32 A51 el6.0
33-48 A52 el6,0

49-64 A53 el6,0

(continued next page)
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Card 1 5

Co I umns Quan t. i t.y I"(_rma t

,1-16 A66 el6,0

17-32 A61 e 16,0

3B-48 A6B (, 16, ()
4 9-64 A63 (,l 6, ()

Card 1 6

C.oI unms Quan t. i Ly t"o rn,a [

1-16 A70 (!l(i, (I

17-3_ ATI (, 1 (;, (_

33-48 fl7B el 6,0
49-64 A73 (:.16,0

Card 17

Co I umns Quani. i I.y Fornlat

I - 16 a e 16 , ()

17-32 fl (,'16,0
33-40 Al4 (, 16,0

4 9-64 Aa4 e 16,0

Card 1 8

Colurmls Quant i ty Format

1-16 E(O), initial internal energy per unit reference e16.0
volume

1'7-32 x(O), initial relative volume el6,0

The ratio of polynomials equation-of-state defines t.l_e l)resstlr(, as

F1 + "2"_1_i_ + F3E 2 + F4E 3
p = .... ( I + a/_)

F 5 + IPBE + F7 E2
whe.re

I1

F, = _J Aij H'j for lJ = 4 if i < 3
l j=O for n = 3 if i _ 3

P = P/Po - I
I

' '2.
= Ii' + fltx. lirl expanded zones' Ii'l is replac, ed by F 1, 1 '
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Equat, ion-of-State Ft)rra 6
(Linear Polynomial with Energy Leak)

Card 1 0

Coltum_s quant i ty Format.

1-10 , C

C0 elO 0
11-20 "1 elO 0

1-30 C 2 ,, e I 0 0

31-40 C3 elO 0
41-50 Ca_l elO 0
51-60 C- elO 0

61-70 C$_ elO 0I

71-80 E(O), initial internal energy per unit referenee elO,O
v o 1ume

Card 1 1

Co I umns Qua,lt.i ty Formal.

1-10 x(O), ini tial relative volume elO,O

11-20 CN, mmlber of time llistory .'Urve giving energy elO,O
deposition rate,
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Equation-of-Stat, e Fornl 7
(Ignition and ( rowttl of I: eact, ion ir, ltE)

Card '10

C,oI umn s Quart t tty Fo rma t

1-1 (} a e l O, {)
I1-_0 b , e lO,{)
,.. e I0 0
:' 1-30 xp 1 '

31-40 xP2 e 10,0
4 1-50 fret (:I O, 0

Card 1 1

Co I Imlns Quant i ty l:orlxla t

1- 10 g e I 0,0
11-20 r e I O, 0

1
_-) (-

<.1-30 ry el O, 0

31-40 r3 e I0,0

41-50 r 5 e I 0,0

Card 1 2

Columns Quant i ty Forma(.

1-10 r 6 elO,O
11-20 fmxig e 1O, 0

21-30 freq elO,O

31-40 grow, c 1O, 0
141 _,-,.) 0 em (, I 0,0

Card 13

('oIumns Quant i t.y Format

1-I 0 ' ar e 10,0
1

i 1-20 es e 10,0
1

21-30 evi), (heat capacity of products) elO,(.)
31-40 (:vr, (heat capacity of explosive reactants) elO,O
41-50 ce t,al e 10,0

qI
(corittnuc, d next page,)

-6 O-



i

,Card 14

C;oluml_s quaver t t,y Fovmat

1-10 eev t t, el C},0

II-P.O Enq (heat of rea(.,l, lon) el0,0

_l-'t0 Trap0 (tnttlal temperature, generally _98°I() el0,0
:_1-40 bl axd¢

4 1-50 bl axll¢

b

Card 15

Columns Quant I ty FormaA.

i

1 10 "' '
- _z o_ elO 0

'11-_20 ar_ elO 0
,_1-30 es el0 0

g
:]1-40 ezl elO 0

,11-5() fmxgr elO 0

51-($0 fmngr elO 0

EqLlatioxl--of--stat(, form 7 is used t.o calculate tile shock initial, ion

(or t'ailur_, to lzlttiat,(,) azid deA,onaiton wave propagation of solid high

_:xl)l¢)siv(:'s, lt should be used ln_,_tead of (he ideal lie burn options

ixi t ll¢_ followixig eases: when there is a question of whetlier the HE will

reae(, wliexi the, re is a finite time required for a shock wave to build

up to det, oxiation, or when there is a finite thiekness of Lhc chemical

real, lion zone in a deLonaLlon wave, AL relaLively low inlt, ial pressures

(_ ;_-3'(;Pa), t,his equation-of-si.al, e should be used wil, h material type

10 for a("eurate ealeulaLions of the unreael, ed lie behavior, AL higher

ix_it, ial prt=,ssures, maLerial type 9 can be used, A JWL equation-of-

slate defines t.he pressure in the ua_eae£ed explosive as

-rsV -r V

e + r e + r3'l'e/V eI_ , = r l _2

wl)(_,)'(' V and T are tl_e relaLive volume and temperature, respeet, ively,
( ' I!!

of tl_(' u_,_r(,a_l.(_d exl_losive, hnotl_cr Jil, equation-of-state defines t,he

l_ressur( , in t.he rc, ac_l. lov_ produe£s as

-Xl )IV -xp_Vp
= g Tppl.) ae P + bl', + /Vp

wl_'v_' V avid T are tl_e relat, tve volume and temperature, respeetlvely,
I) P
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_lf t,lte l'etl(._t, tc>xi I>r<)tlu/,(._4, AH 41tc t, lll,lni¢'_tl l'_,,t_,t loll c'c_ltv('i'tH tiltl'_,ltl'(¢,ll

to t, ttl(:'clltll, e tile, IIlixt, tli'_ of tllii'l_lit, tl,(I explc_slvt, s tlll(I l'l, tl('t, ll_ll I_i'cD¢ltl_'ts

('oi' tt _,Oinl_l(:(._, rei:t(;,t, tl;ii, 'l'ht, (,_lllpt, t'tlt.ul'_._ tiilil pl'_:,_vlt.ll, pvl l'lJl' i'_,lit, ttiliis
, T 'I'

t' 1) I' Ij
i'eltit, tve vrlltillll!S til'l! iii.li(ii. Iris, i,l-,,,

V --, (1"_1'')V "t' li'V ,
I.' lJ

*l'lii' t.'tiellitptil l'l'lit!lllill I'lil. f! I'tli' I'(llil,'t'l'StlJli Iii' tllil'l'tll'tl'll I'×lllll_t_t' til

l('tie, t. tilll pi'oritll_t._ ('llil_t_t,._l I)t' t,lii'l:(, llliylst('till0'¢ I'l, tll lstt(' I.('l'lilS ', iii(
tlllt t. toll {t_.l'lll lr( wilic'li ti _1111111tlllll)Ullt, of explosiv(, rl'tit, t,s sil(lli iil'I.t:l'
(,(le sii(l(,l< WliV(-' c.,()ililJre,,t,,_t!_ 1ti ii _1(i14' [._i'owt.li _Jf rl,tit_l, lc_li tl_ tlii_
|iii{l til retl¢_tioi/ spl'elid_l tili¢.l ii rtll:lilt c:Olliilil,'l, iiJli (:lt' i't,.i.il'tt(:iii iii lill/,li
lli'e,_st.ii'e iiiiii t.ellip|?i't_i(tll'(,, 'l'lit :, t'¢li'lll of t,litJ r_:,tli_t, lt_ii i'tltt.' _:,qlitill(_ri Is

t' !'r_i' -1 o(.,(.li 1

6V/6t = I'req( l-l i') (V - 1 - (_<'l'l t..) (lt411111Oli)(!

o _ ti 1' O,lll
1 I

+ t/,i"lJwI ( J-i f) Ii` p (tlrlJwt.li)

¢'!_.i iii' (:!I1

4' gl :114_(J-'|P) ] i' Ii ( (.'.{;lllllJ le I l<>li)

'l'll_, i_iiitioIl riale is set t'qu_l Icl zero wlieli Ip _" t'iliXl_(, tile t4r(J_'lli ri.ltt,
iS st't. (,(.(til:li t..(_ Z_:'i'(;I WlitJil Ii' _ flll×gl', t:liicl t.ii(' I:Cllllllit!lilJii ;'iii(! is sl'(

{(J z('rl) vvll_!,ii l" < t'liiligi' ,

IJf! t,i:lt 1,.S (Jr t.lie e,oililJt.lt, l_t lolitiil llie tilod;:_ t_liil:l llltillV I'×tlllilil(;','s. ' of oiii'-- ii(iii
twlJ-dillit'ilsieill_tl siioc't¢ illt tiiit, ioli t:lIl(J d|_t.l)llt:.iIloli Wl:lVi7, c,lllc'l.lltiticlii ¢.'i.ili

I,,:' fotUit:l l,l l_(:,t'(..'i',:'ii,,es [1] - l'_"/']1t_li(l otll,>i' r,,t',,i'(,I,<,,,s c'it,,d IJy tl,,,s,_,
l.]IlfoI'l.UIl_li_:'ly, stlffi(;'il!+llt..t'xpt;l'lllll!'llt, lJl clitt._l llti,'-t ()Of:li (JlJlillllt'd l'_)l' (illl V

tlvlj s(il ld e×l:,lo,_ives t.o dovoll;_l-i vl.,l'y l'l,] tt.ilJil, ,<-illl)(,k iilit i/hi toil llltllll, ls'0

1'1.1,_-174()4, til(!llidillt tr rel_it¢,d llM)C-lltiseti IJ×lliilslvt!,_ I,X-14, I,X-I(), 1,×-(14,
pi.(:,,, fiild I3-17', t.il_', tliS(-.'ii_lt, ivl! 'J'AT!!l-lll_ls(,d i:,×lll<J,'-il_,'(:', ]t_,;-l<_t.iv_' flow
lliO(lt+,I s litlVt_ t.l('t!li dt, veltJlied l'(li" o(.llt.,I' (.;×i-)ltJ_t v(.,,_ (TNT, I"IgTN, (l(lllll_(i,s.'t t. i iJii

I:l, propi.,llt.iilt, s, O(.(_',) I;Itit. til'I.' btised Oil Vt_l'y l il|ll(.t'_l C'XlJl_:i'illl(!iitlil (:(iii. ii°
Tile. (l(.!t. tit ls (:ii' iiit.lt._!l'it_ll ttli(l cOS t[lptlt, l'Of l'l:JX-IJ'l()4 tliil:l I,X-.17 ill't" 71_,'('ii
(.111 {Iii;-! II(:!Xt, I;ltl[_O,
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P[tX-04 04

Card I Mii(,c, ri_l No, , M_ii,eri_l 'l',Yl_e = I0, l)eli_it.,V = 1,15,1 'J,_, I,_OS li'otto = 7
(Tilr d 2 PI_IX-_,I 0,I

C+JI'el 'J Sliotti'. Iztodtlltls = 0,0454, Yt(+ld ,_t,rengt.h =, 0 ,O0',),..

J

{.Ittr d f) IiiI t-lnl<

(: ii r d 7 I!II (iIiI¢

C_trd .() ltlnnl<

Card !} F)I!IX-O.<t04 l_ziil, ion _ild Growt.ll
C_(1_I umlls : ' I I 0 l 1 -- _ ( ) '_ '1- :_I -,J 0 ,._1- 4.0 41 - f)0 51 - (I0 ,
C_Lrd I0 (J,13u4 0,I(]{)_ 4,(_ 1,3 O,O(J7

. ( l-Card ii 8 /J(., 0 _)G_P. -0 081}44 'J, , , ,.,4650e-5 14,1
(I(._r cl I <,.'_ I ,41 0 , :_ 7 ,4 :i_e -i.11 8 , I I ,0

C(ird l:i 0,I!I 0,(.)07 1,0e-13 _,7B18¢.-5 20,0
("_ r d 14 0,0 0, i 0,'_ 2 _)TJ,0 - -

(.:_x'd I r) 400,0 I, 0 0, ',__}:_ f-.),0 0, ,5 0,0

LX-17

CT()rd 1 Milt(:rinl No,, Mt.lterl_l Type = 10, beli_Ity - l,f_O, E08 Form-- 7
,_ LX- I 7

('t_rd ',_ Slie_._l' lltoclultl_ : 0 0,._ ,' , ',._,4 Yi('Id S(rc:ng(.h- 0 00_
(:_l)' d 4 tl I _ni<
C_rcl 5 I7llanl<

{.'_lrd 7 III _llll<

('_li'_.'l I) I.,X-17 l_lltt, lc.)ii (liicl (;row(..h
Col umiis : I-I 0 1 i-<.0 21-,30 _.1-4 0 41 --_0 51-00

C_rd I() _, r_I :;_9(} '(.), ()270:._0{.) 4, I I, I 0, (3(_7

' 222 ,Ciil"{l II 4,(JOe-(J 771J,I -O,(Jo(),Jl 2, 9e-,_ II ',]
C'_li'd 1'_,. I, I [_ O, 5 4,0 (>,-F(3 0, (] 1,0

(.:(,ltd l',J 0,i II O,(J()7 1,0(,-_) 2,4B7c:-_ 7,0
('_i'cl ld () 22. 0 ()(31.)' °_)0 0

C. rcl 1 rJ 4 (J(J , (J i , () (J , _JSIJ r# , (J 0 , r) 0 , 0
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A JWL equt_t, lon-of-st, nt, e dofllles t,h(_ pressurt; iii t,llc_ unrt,_<,t(.,d Iti< us

P = A (I )e + I_(I........). + ....
RI V l_q V V

where, V is t,hc relative volume, E is Llte int.c!vnal energy, alid Ae, lJ ,
_o , R1 e, and It,'2 are input const.ati_s, 8tmtl,xrly, tt_e pressur, tit thr,

ft (_
rene[loll produe_i_s is defined by anot.her JWI. ]'oi'iii:

t

-R_IjVa_p -R 1 V cop._ P co 1¢,P .t2p = A (I ),, P p + n (I.... )_ + ---
' P P t_1 V P R_2 V V

P P P P P

'rile mixture of unreac[ed _xplostve arid reaetton produet, s is d¢_ftned by
til(.: frnetton react.cd F' (F=O => no r_aet, ton, F=I => r_,omple[f., c,onv(.,rsloll

f'rotn explosive 1,o produ(:t,s), The pl'esstlr(:_.s O,lld t,elnl)el'at.tlre, s arv _._ssumr:d

to be t_ equtl tbr ium a_ld tl_,-, volumes ar_., ns._tmmd t,o bc_ addtttvf.,, i,_,,

V = (1-F)V + l"V ,
e p

'l'lie rate of r'ettt,_ion for muterl_al type l'd is

61,'/6t= I(l,'cl<i'r-l,')Y(v-'_-I)_(I+G(V-I-I))+ H( I-F)YI,'XI'Z(v-I-I)m
e c p

wl_f.,re I, G, H, x, y, z, und m (/_enerally ro=O) t_re input eon_,._t.ant.s,

The ,IWL equations-of-state and the. reaction r_-_t.es have been fitted
to one- a_c.l t..wo-diulension_tl shock i_itiution and detonation d_t.a for'

fot_r explosives: PBX-9404, l{X-O3-I_I-_, PETN, und ottst. TNT, 'l"he dettttls

of the et_lc, ulutional mettiod are described in Couhran and Chart [IP._,

'l'l_e detailed o_l(>'-dimeltsio_lul c'ulcul_^tions and l)ttl'ameters for tl_(.' four
exl)lostv(,s ,ire giv(,_)iri i_)l, ee _nd Tarver _11.],

sl)
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Equat, ion-ot'-St, ate For'in
('l'al ul a t,e d-Colnpao t, ion)

C a r d + I 0

(::o I umnm . quart t. i t,y Forma t+

1-10 +ro' (Ill V) el6,0
1"/'-33 _. e 10, 0

Vl
{.l:_-411 ,,+ e I 6,0

4 tJ-(.I4 ++ e l 8,0
V3

G5 - _.t0 _. e 16,0
V4

C a r d 1 1

(:(J 1um)l,,.+ Quart t, i t.y Format

1- 1(J + e lr3,0
V5

17-3 'J,... ,,+ el6 0
V(l

3 3-4 (5 ,,. e 1(J, 0
V7

4 9-64 ,'_ e 16,0
\'f)

(J5-[_() ,, el 6,0
Vlt

Card I g

()o I tllllll S CtUtlll t,t Ly Format

1--IG () el6,0
0

17-." +" (?,+,,., el6,0
1

3 ::I-4 (_ C e 16,0

4 !J--.(;4 CP" e J 6,0
q

(t 5 - f_C) (+:'_ e16,0
4

(lard 13

()o I ulltrls (_uull t, i Ly le()rnla t

l - l (J (:r e 16,0
I .... ' C,'._r -,_,.,, el6,0

I]lt..-d_) (I_J.j e 1(3,0
, ,,,,-(.,4 (::, el6,0

(:(, e 16,0
G5-(_ () 9

(('ot_t, it_tued lleXt l)age)
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Card 1 4

Columns , Quant i t,y Format

1-16 T el6.0

17-32 'F_ e 16.0

33=48 T2 e 16,0

49-64 T3 e 16.0
65-80 T4 e 16.0

Card 1 5

Columns Quant i ty Format

1-16 Tr. e 16,0
17-32 Tu

T6 e 16.033-4 8 el6.0
49-64 T7 e 16.0

65-80 TB el6.0
9

Card 1 6

Co ! umns Quant i ty Formal

1-16 K el6.00
17-32 K el6.0

'1
33-48 Ko el6.0
49-64 K"

.3 el6.0

65-80 K4 e 16.0

Card 1 7

Co I umns Quant i ty Format

1-16 K5 el6.0

17-32 K6 el6,0
33-48 K7 e 16.0

49-64 K,8 el6.0
65-80 K9 el6.0

Card l 8

('o lumns Quani i (.y Fornlat

1-16 7 el6.0

17-32 E(O), initial internal energy per unit reference el6.0
vo I ume

t'l, qv-_ .4 -.t' ¢'_ _

,Jo-_8 a_p, irLitial i elat. ive voluJa-_e e!6.0

-66-



Tile tabulated-eompa(,tion model is linear in interllal energy,
Pressure is defined by

P- C(CV ) + yT(_:v)E

in tile loading phase. The volumetric strain, _V' is given by the
natural logaritlm_ of the relative voltune. Unloading occurs along the

unloading bulk modulus to the pressure cutoff. Reloading always follows

Lhc unloading path to the point where unloading began, and continues

on the loading path. See Fig, 7, Up to t:en points and as few as two

may be used Lo define the tabulated functions, KDYNA will extrapolate

" to find the pressure if n.ec'essary. , '

K

K

Fig. 7. Pressur(: versus voltmmtric strain curve for equation-of-

state form 8 wit, h cOral)action. In the compacted states

D the bulk utlioadiIlg ' " " ........ ds: u,, ,:_..v.,_, ......
llltOilLl I U_ _lAt_ |_ ,qul U ],_ _. 1 I .... 1-1 ..... 1 .... |,*lt, v, n4,t*_r,

strain.
2
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Equat. ion-of-State Form 9

( Tat)ul a ted )

Card I 0

Coltunns quant, i ty Format

q

1-.16 eVO, ( n V) el6 0
17-32 _7_ el6.0

II

33-48 _ el6.0
Va

49-64 t e I 6,0
Va

(I5-80 t e 16.0
V,1i

Card 11

Col tunns Quant i ty Fornlat

1-16 _ V5 e 16.0
17-:t3 _ e 16.0

V6
:13-4 8 _. e 16,0

V7
: 49-64 _: el6.0

V8
65-80 _ e 16.0

: V9 9
Card 1 2

Co lumns quanl, i ty Format

1-16 C e16.0
17-3 '_ C0 el6.0

1
33-4 8 C el6.0

0

49-64 C_" e 16.0
C'365-B0 e 16.0

4

Card 13

Columns Quan t i ty Format

1-16 (' el6.0
5

17-32. C e 16 ,0
'_'_ C 6,,_,-4 8 el6.0_

49-64 C 7 el6.0B
6 5- 8 0 C e 16.0

9

&
(cont. inued next page)
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Card 14

ColLunns Quanti ty Format

1-16 TO el6.0

17-32 T 1 , el6,0

33-48 T2 el6.0
49-64 T,,_ e 16,0

65=80 T_ e1_ 60

"'l"

Card 1 5

Col umns quan( i ty Format

1-16 T el6.0

17-33 I`5 el6.0

3'3-48 I'_ e 16. 0

49-64 T 8( el6.0

65"80 T 9 el6,0

Card 1 6

Columns quant i ty Forniat

1-16 7 el6.0

17-32 E(O), initial iIlternal energy per unit reference el6.0
vo I tune

33-48 x(O), initial relative volume e16.0

Tile tabulated compaction model is linear in internal energy.

Pressure, is defined by

P = C(_V) + 7T(av)E

ill the loading phase. The volumetric strain, _:V' is given by the
natural logarit'.hnl of the relative volume. From two to ten points inay
be used to define the tabulated functions. KDYNA will extrapolate

to fixld the pressure if necessary.
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Equation-of-St, ate Forni 11 F41
,

(TENSOR Pore Collapse)
i

C a r d 1

Co I umns . qualf(, i ty l,'orma 1.

1-5 Number of virgiIl loading curve points, NLD (<6,3) i5

6-10 Ntunber of completely (,rushed curve points, NCR (<63) i5

11-20 Excess eompressioll required be'fore any pores can

collapse, PI elO,O

21-30 Excess compression point where virgin loading

curve and completely crushed curve int.ersect, tx3 elO,O

31-40 E(O), init, ial internal energy per mlit.' reference elO,0
VO ] llIlle

41-50 11(0), ini t. ial excess col_lprc, ssioz2 elO,(}

Cards 2 tllrougti NLD+I

V'i rg'i_t Loarti'r_.9 C'u:rve I)_:f i,'rvi t 'i,o'r_

gol umns Quallt. i ty Format.

1-15 Excess eompressioll e15,0
16-30 Pressure. e 15,0

Cards NLI)+3 through NLI)+NCR+I

Comp l e _e l_,l C'r'tts'l,.ed, C'ua've De f i'rt'i. _"i.orc,

Co I tunns quant i t.y Format

1-15 Excess compress'ioi_ elS,0
16-30 Pressure e 15,0

The TENSOI{ model defines two curves, the virgin loading curve and

l.he completely crustled curve, as shown in Fig. 7,5. lt also defines

t,lle excess compression point: where pore collapse begins, ffl' and the
excess compres,_ion point wl_ere it. ends witli the material completely

crushed, f4 , .From this data alid t,lie maximunl excess compression the

mat, erial h2s attained, t*mtlx' the pressure l'or any, excess compression
(,an be dete. rnlined. Unloaoij_g occurs along tile virgin loading curve

mllil the excess compression surpasses #1' After t.hat, the unloading
follows a path l_etween tile completely cruslmd curve and the virgin

loading curve. Reloading will follow this curve, back up to the virgin

loading curve. Once t.lle excess compression exceeds t.t2 the unloading
l'ollows the COml)letely crushed curve, I
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t_1 Excess Compression t_.2

Fig, 7,5 TENSOR Pore Collapse Model

For unloading between t£_ and /z2 a partially crushed curve isdel.ermined by the relations p:

(I+_B) ( 1+/_)
P (ta,) := V ( - 1)

pe ee
( 1+Pmax )

wlle r fr

-1

#t3 = P (P )(:C max

and th_.' subscril)tS pe arid ee refer to the partially crushed and

completely c"rushed states, respectively. This is more readily
uxlderstood in terms of tt,e relative volume, V.

1

1+t_
i

VB
p (v) = p ( .... v)

pe e c V
mi n

|
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This represelitat toI1 suggests t,liat, for a fixed V (- +1 ) t.tie
niiri l_hlaxI

partial!y crushed eurve will separate 1 lriearly froiil the <'Onel)l(,t.ely

'erushed curve as V Increases lo account, for pore recovery i_ tl_e
i

nlater t al .

The bull,: modulus K is ctetermtnt:d t.c) lie 111_:,'slol)e of t,tl(! (:tirr(:)tt
curve Limes erie plus t.he excess eoml)ressioJl',

" ,di:'

K = (1+.)
61',

The slope (_) for khe part, ially erust_e.d curve is ol)t.ailt(,d t)y
differentiation as:

' 61' ( ..... 1 )

{5P (-'(: ( 1+P'ma x ) ( 1+p li )

6p d/a, ( 1+/.tmax )

Simplifying, 't

61, ( )
e c /.z e

1( = (I+tlc)
dp,

whe r e

(l+/xB) (l+/.t)
t_ = - - 1

( 1+iZmax )
=

The bulk sound speed is determined from t.he slope of the completely

crushed curve at. the current pressure to avoid instabilities iri the

t.ime step,

Tile virgin loading an(l complet, ely crushed curves are modeled with

_ monot, onic (:,ubic-sl)line._, An optimized vector, i]lt.erl)olat, ion schenie

is then used to evaluate t,he cui}ie-sl) l ines, 'l"lie bull( modulus aJld'

sound speed are derived from a linear interl}olatioxi on the der.ivatives
of tlm c,ubie-st}lines,



f --SEquation-o tate Form 13 [35]
(TENSOR Pore Collapse with H-Division p(p,E)

Tabular EOS and Cracking)

Card 1

TENSOR Pore Col lapse Parameters

Columns , Quantity Format

1-5 ' Number of virgin loading curve points, NLD (<63) i5

6--10 Number of completely crushed curve points, NCR (<63) i5

11-20 Excess compression required before any pores can

collapse, /_1 el0,O

21-30 Excess compression point where virgin loading

curve and completely crushed curve intersect, /22 elO,O

31-40 E(O), initial internal energy per unit reference elO,O
volume

41-50 /1(0), init, ial exc, ess compression elO,O

Cards 2 through NLD+I

Virgin, Loading Curve Definition

Co I uim ls quan t i .ty Format

1-15 Excess compression el5.0
16-30 Pressure el5,0

Cards NLD+2 through NLD+NCR+I

Completely Crushed C'_rve De fini tio_
Columns Quantity Format

1-15 Excess compression el5.0
16-30 Pressure el5.0

(continued on nex[ page)
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(EquaLion-or-stute Form 13 (,on tinued)

) "qCards NI._I)+NCR+I t, hrougtl NI, I+N(,R+I._

l_oek' Uu.,s' l_tvrmltr t.(_'r,s'

Co I uzntls (ttlall t i t y ' I"c)X'lxlai.

* el2 5
1-12 Reference densit, y ex(,luding air l)orosity, Pg0

13-16 Number of densii.y levels° NI) i4

17_-21 Number of exlex'gy levels, NE i5

22-27 Numl)er of pressure values, NI" i6

38-37 Mixlimum value of l)max/i_val.j, i,e,,

IIltlXtlrlUZll 1)resstlre/vttpOr _,Z_ttiOll' l )l'f:;ssilre ,

lo aI)l)ly to nlixtur(! model, AIA)I-IMIN; set to l,e-5 (:10,4
c)for probl ems wl thout, overt)urdell, o(.llerwi so 1 , e-,.

3fl-47 Vaporiznt,ton pressure, PVAP elO,4

48-57 Melt energy per unit volume based on rel'erelme

densii.y excluding air porosity, EMEI,T e10,4

Rock C;us T.,btt._s **

o 'Fable of Inono(oIli(:,ally deereasi_lg densi(y levels

o Table o'f upper energy level illdices

o Table of lower energy level indit,es

o Table of monotonically de(..:reasing energy ley_,ls

o Table of pressure.vulues in i)loeks eorrespoxidixlg to eat:h density

level with entries in ea(.'h block eorrespondixtg to each energy level

* Reference density [ao on Material Card 1 must include _00 air

porosity so that [0 = (1-WO)/Jg(),

** These tables are sui)plied by H-Division given a deserip(ion of (.he

material composition,
No te, s :

(1) Materials requiring gas tables must be among the first 10

materials defined il_ the input deck.

(2) Instead of putting the gas table itself into tile irlput, file

the user may inslead direct tile code l.o .read the gus table from

public file KKI)IV by putting i'n plat'(..' of _h.e tt,tble (t_e symbol

> >xx,, ,x where xx,, ,x is the o.lle .... Lo eight-(._llaraeter

ase'ii identifier, usually a (,hree-digit numt)er, for t,lie equation
of sl.ate of the muterial in i,he KKDIV cos tables. Tile KKDIV eos

tables at, ascii ulld (:an l)e viewed witli a sl.andard text editor,
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Equat.,ion-ot'-SLa,Le Forln 14
(Cavity l:'ressure)

Card I

C_lumns Quant iLy Format

1,-_10 Nulnber of tile load curve defining pressure versus elO,O

radius or pressure versus time for the cavtt, y

ll-,P_() Cavity itlttial, ton time; default is Inltlttl time elO,O ,

specified ol_ Control Card :iu,

No t.e s :

(1) 'I'tiis load curve must, be counted in the total ntunber of load

curves for the problem, specified on Control ('ard 1,
columlis 26-30,

(2) F'rovide a p(r) table for this load curve, as de,scribed in
Seotion 9, with "RAI)PRES" or "TIMEPRES" for the load table

type,
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Ectua,t,ion- o 1'-_ t,a t r,Fo l'nl 15 [:_,,._]_
(H-I)ivision p(/._,E) 'l'al_l,ilt_x' I'](),._(.)Ill3')

' Card 1
i

Col uilnls qutL_ i, I t.y l"ol'ma t

I -,9, 0 I!]0 S a S¢.!t t 1a b _:,l a ¢,,11

C a I'd ,_'j

/ n't I 't¢I,I ct., t ..

Co Iunms quan t i ty I"o_'m_i

1-10 E(O) , lnitial illt.¢,rual _'lli:1'gy pt,r tliliI rc!,f(,rt, tlco ¢,10,0
V 0 ] IllllO

11 "-_0 x(O}, izlt tial l'elallve voltlIIl_' ¢:10 0

lmmedtat.fly folJowtzlg Card P_ atiac:li t.lt_: "l_or._l< (.;as l'a1'amot_::rs" al_d
"l_oc'k Gas 'rabl_3s" d_.,s,c,r lb_,d for r,,,._ 1:3li_ k,# 1.1 i
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I!]qua l, i on-o I'-S t,a te l_'orxn 16 [,'47 ]
('I"Ii_NSOR Pol'e C'ollapse with Cracking)

, Card 1

'.I'I,N,..OI?Por_: (..'oi lctp_'e Pc_.rctrr_c,t(:,r,s,
Co I ulnxl.s quart t, t (,y Form_l t

1-5 Number of virgin loading (,urve points, NLI) ((63) t5
6-10 Nuxrlber of completely cx'usllcd eul've points, NCR ((6[4) t5

l i-P,0 Excess eOmlJresstoxi required bt:l'ore any pores can

collapse, _'I el0,0 ,

21-30 Excess compression point wllere virgin loading

eUI'VO and completely e.ruslled eUI'VO Intersect, t;,p_ elO,O

31-40 E(0), lnt t,lnl internal energy per tilli (,referenc, e el0,0
, V O I tllllf.'

41-[)0 ta,(0), lnl [lal ex(.,e_;s, eOlnlJressloll ' el0,0
L

, (.lards 2 througlt NI,l)+l

l;'d.'rg£r), Loctcl'd,r_,g(,;o,'r've D(.:f'i,'ni tiore.
{:olunnls quan tt ty F,ormat

1-15 l_xc,ess (;oxnpx'(.,sstoxi el5,0
16-:._() Pr e s sur (,: e 15,0

Cards NI,I)+2 t.hl"ough NLI)+NCR+I

C'ompI ete I,g C,r't_,s,l_.e.dC"tt'r'_aeI)efi'r_,'i, t i mt
(,o 1ux,ms quallt, t t,y Format

1- 15 Exc'e s s eovnpr(_s s i on e 15,0
10-[1() 13I' (-'S sur (" (31 5,0

=

D
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Equa t,ioil--of--S'i.at,eIrorln1'7 Ii:_I_I

. ( P-c._ w i (.ll EO!) 'I'al) I (, s )

Card 1

Co I umn s quart t.i t,y J+'o)')na t.

l-fi EOP Number (:J {J, ()

II-I(5 Tab le/('+;rullels(:tl i'lag i_)

Eq,(}: (;run(:_Is<:n I!IOS <)r tal)ul(t)' EON as ),(,<.,es,_ary

F,q, I : (i;rUll('l s<:t_ l!:OS olily

10-2,5 E(O), llttt, tal ilJt(+._rx)al +,l)(.+l'g,+' l)(!,r tlnil. )'eft.,l'("z)(:'(: v](),O
vo [ ttlll(_'

20-3,5 p(O), Inlt. ial +.+xcPt)ss (>Oml)r(_ssiotl elO,()

[_+3-43 l:)-(_ l:)aram(, t.c,r I'l I t.+:tlanl(:, a{_

1,2
44-(51 EOP tab l e l|allle a8

No te s :

l, lieSupt) d by I+l-I)ivisloli 'upoil request, wit, li SlJ(:!cifteatiot)of
compost t i oil,

p, -('._ alid EOI ) l'Jl¢+, l+l(:,ed olll.x, I:)¢, l_tv(,l_ wit, li first tnal,(.,rlal sill(.,(. +

these files ¢.'ont.altl data for all materials using E(}S 17,
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Equation-ot'-State Form 18 [39]
(Effec, t'ive S(,ress Model)

Input const_t_ of three data _et_l

1, Dry matrix

,?, Sol ld grain
,'t, Water

Ea(:'h data set c,ontains',

_l) a It(_!adc'rblock (se(-! below)

b) a I)-# load (,'Ul'V(,, (as for EOS 11)

e) a l)-/.t unload curve, (as for EOS 11)

Dry Matrix Header Block (1 Card)

f/,o I tnlui s Quan t i ty Forma t

1-5 Ntmd:)er of points in load curve t5

(t-lO Number of poin(.s in unload curve t5

,_, 11,-20 /llnl elastte/c'rush tz threshold elO,O

21-,qO 11.2m (:,Olnl)aC,t. toll I_. t.hreshold elO,O

31-40 /_m(O) ini tial dry matrix density elO,O

,11-50 _a(O) iIlttial air-filled porosity elO,O

Solid Grain Header Block (1 Card)

(_I<)I umn s quan t i ty Fo rma t

1-5 Number of points in load curve i5

(i-lO Numl)er of l)oints in unload curve i5
i

11-20 tri/_ elast, t(_/(,rush /.z (,hrest_old elO,O

:_1-1_0 t.12g eolnI)a(_tion t_ t.tlreshold elO,O

31-.40 /Jg(O)initial solid grain density elO,O

(c, ol_tlnuc, d next page)
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(continuation of EO,S 18)

, -

Water Header Block (1 Card)

Col umns QuanL i [y Format

1-5 Number of points in load curve i5

6-10 Number of points in unload curve i5

11-20 Plw elastic/crush t_. threshold el0,0

21-30 i._2w compaction /_, threshold el0,0

31-40 /gw(0 )' initial water density el0,0

41-50 _w(0) initial water-filled porosity el0.0

/
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Equation-of-State Form 19 [393
(Effective Stress Model with Gas Tables,)

J

b ,,,

Input. consists of four d,a(a sets: , ,,
1. Dry matrix

2, Solid grain ,,
3. Water

4. Rock gas tables for homogeneous solid-water mixture
Data sets i-3 contain:

' a ) a header b'l ock ( see be 1ow)

b) a p-p, load curve (as for EOS 11)

(.) a p-# unload curve (as for EOS 11)

Dai.a set 4 consists of the Rock Gas parameters and Rock Gas tables.

Dry Matrix Header Block (1 Card)

Co I mn,is Qua,_ t i ty Forma t

1-5 Number of points in load curve i5

6-10 Number of points in unload curve i5

11-20 P'lm elastic/crush tz threshold el0.0

21-30 #2m compaction # threshold el0.0
_,_

31-40 Pm(0) initial dry matrix density el0.0

41-50 _a(0) initial air-filled porosity el0,0

Solid Grain Header Block (I Card)

(:olunuls Quantity Format

1-5 Number of poiz_ts in load curve i5

6"10 Number of poillts in unload curve i5

11-20 Pig elastic/crush p, threshold elO.0

21-30 #2g compaction p threshold el0.0

31-40 p_(O'1 initial solid grail: density elO.0

(contilmed next page )
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(continual, ion of EOS 19)

Water Header Block (1 Card)

, Columns Quai !t.i ty Fc)rJna(

1-5 Ntunber of points in load curve i5

6-10 Ntunber of points ii1 unload curve i5

11-'2°0 #lw elastic/crush _ threshold elO,O

21-30. /_'2w eornpaetion IX threshold ¢_,I0.0

31-40 Pw(O) initial water density (_1(),0

41-50 _w(O) initial water-filled porosit,y elO.O

q
(c:oIltil_ued on next page)
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(Equal. ion-of-State Fornl 19 eont, inued)

Cards NLD+NCR+I through NLD+NCR+8
'1Rock Gc,s Pt, ra_eiers

Co I unlns quallt i ty Format

, 1-12 Reference density excluding air porosity, p * e12,5

13-16 Ntunber of densiI.y levels, ND gO i4

17-21 Ntunber of energy levels, NE i5

29-27 Number of pressure, values, NP i6

28,37 Minimtun value of Pmax/l_vat, i.e.,
maximum pressure/vaporization pressure,

to apply to mixture model, ALPttMIN; set. to 1 e-f) elO,4
for problems without, overburden, otherwise l,e-2

31_-47 Vaporizatiol_ pressure, PVAP e10,4

48-57 Melt energy per unit volume based on reference

density excluding air porosity, EIVlELT elO,4

Roc/¢ go_s 7'ttbl{'s **

o Table of monot.onically decreasing density levels

o Table of upper energy level indices

o Table of lower energy level indices

o l_able of monotonically decreasing energy levels

o Table of pressure values in blocks corresponding to each density

level with entries in each block corresponding to each energy level

* Reference. density on Material Card 1 must inelude airP0 _°0

porosity so that f)o = (1-_O)pgO'

** Tllese tables are supplied by H-I)ivision given a description of the

material composition.
No t e s '

(1) Materials requiring gas tables must be among the fi,'st i0

materials defined in the input deck.

(2) Instead of putting the gas table itself into the input, file
the user may instead direct the code to read the gas table from

public file KKDIV by putting _rt. pl(tee of the table the symbol
> ....... >xx,..x wllere xx,..x is the one- to eight-character

ascii identifier, usually a three-digit ntunber, for the equation
of state of the material in the KKI)IV cos tables. The KKDIV cos

!

tables are ascii and can be viewed with a standard text editor,



, Equat, i oll-O f-Stat, e Ii"o_'in 2,t

((;rtllleisell fl'Olll l'ieeewise laill(,ar U'-U Curve,)
s 1)

C ard i0

Co I wnn s Qu a I1t, i t,,y , F o r ma t,

1-5 Ntunber of u and u values oil next t,wo cards, ,le,8 i5
S 1)

Card 1 1

Co 1umns Quart t, i t,y I"o rhla i,

1-10 u (1) elO,{)

11-20 u p(E ) , e 10,0

21-30 uP(a) elO ,0
31-40 u p(4 ) e 10,0

41-5o u p(5) elO,O
51-(lO Up (6) e 10.0

(;I-70 u p(7) el 0,0
71-80 uP(g) elO .0

P

Card 12

(.:o I umns Quan t i(,y Formal

1-10 u (1) elO 0
S

11-20 u (2) elO 0
..q

21-30 u (3) elO 0
S

31-40 u (4) elO 0s
41-50 u (5) elO 0

S

51-60 u (6) elO 0
S

61-70 u (7) elO 0
.q

71-80 u (g) elO 0
,q

Card 1 3

(:ol uunns quant, i t,y Format

1 - 10 d 0 e 10,0

11-20 dl elO.O

21-30 d2 e 10.0

31-40 eO elO. 0

41-50 el elO .0

51-6(:) ,e2 e 10.0

61-70 E(O), initial internal energy per unit reference elO.O
v o 1llllle

71-80 x(O), i,_i[,iul relative, volume el n,,.O

(conLinued next page)
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(Equat, ion-of-State Form 24 continued)

,i

i'

The Gruneisen eqU_._'_iioi.)j of 'state with pieeewise linear shock

velocttY-t)arttcle velffe.i."L;y, pr sure for compressed materials

(P>Po) as ;, ,",,, , ;; ,

2
poc ip.E1,+(l -Wo/_)t.x,-('7o/_)/-z2]

= +, , ,_l+/._,)_,o_p
[ l-(Si-1 )_z]2

and for expanded materials (p<po) as

,2
p = PoC, ip. + (l+p,)7oE,

where S, is tl_e slope and C, the y-int',-rcept of the lth segment of
1, . 1 , , is defined as

the u -u curve and the Gruneisen parameter 70s i)

E 2

'70 = do + di/Po(l+/_') + d2/Po(l+tz) for P>Po'

2 2
70 = e 0 + elPo(l+tx ) + e2Po(l+p) for P<PO'

/
I
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4. Nodal Point Cards

Co lumns Quant i ty Format

i
1-5 Nodal point ,number, n i i5,

(3-10 Bounda'ry condit, ion code, 13CC fS,0
EQ,0, : no consl, rainI

EQ.I, : r-constraint

EQ,2, : z-constraint

EQ,3, : ,r- and z-constraints

If I3(;(21 is not, any of i lie above ii is assumed, to be

the angle iri degrees between the positive r-axis arid

t,lie direction of motion along a sliding boundary

i (see Fig, _3)
11-20 r, - /41obal coordinate elO.O

i

21-30 z - global coordiilate elO.0
31-35 (;en(:ratioil interval KN i5

EQ.O: default, set to 1

Nodal I)oint cards do not have to be in order; however, the tiigtiest
, t {anodal point |ltunber must terminate tile x_odal data lhll_n nodal data are

missing, node ntunbers are generated according 'to ttte sequence'

i i i j
n , n + KN, n + 2KN, ..., n ,

i n jwllere n a_lcl are the nodal nunlbers defined on two consecutive cards,

and KN is taken from tile first card. Ltnear ixlt, erpolai, ion is used to

obtain the ctoordinates of tile generated nodes. Tile boundary conditions

cod(, of generated data is set to zero whenever BCC 1 _ BCC l ' otherwise,
tl_e code is assumed to be the same.

- -_36-



(angle in degrees)

Vig. 8 Roller,boundary condition that is obtained1
if BCC is not O, l, 2, or 3.

m 8" 'm b



,. 5, E 1(.!lit(!'II t, (2al'dm

)

Supply oll(! curd for ¢_aell (![(:IIl(:!ll{. wi(1) til(, I'ollo_'Ing Jtifortti(it. loli:

Co I umns Quarlt i t3' Fovma I.

I-5 El{,metlt numb<.+t' , i5

(l-lO No)de n 15
1

II-15 Node x+ i5

10-20 Node xlll i5

21-25 Node n 4 i5
26-30 Material number i5

[11-_5 General. ion in(+,remenI., KN i5

' '36-45 M(:tt+er i ul d(-,p(!!ridellt.' l)al'alneter (, 1() ,()

MT,Eq,P,; angl(, ._ in d(::!gre(::
MT,EQ,8,9: for II:)tINN,LT,3 valu( P is 1 ,0 ii' (,letn(!llt.

is lit ai. tinl<, z(:Pro, for IIlI.II{N,l':(i,,_.+
valtle is actual I)UFII t.i|n(-: of (!!l(:IIIt;llI

MT,(IE, I0: itlit, ial i_lt(:'rzlal exl(,rgv 1)(:1' I'(!l'(:,l'(:ilc(2
VO l lllll(' V ,

'16-55 Initial r(:,lative volulnl_ l'()l' MT.""(,I,,i() ()tIly (:'I0,0

I!ileIll(:liI. {'al'ds ave o,s,_tlIli(:d {o I)( +, ill (_I(+lli('llI litllld;)er s(,(ItJ(_l)(,, )vitll

I.lle last elemei_l t.(,t'mitlating t.lJo (ial.a, ()mi l. I.(:(l (l+-iI.+:.ave aut.otntli, it_ally

g(+,tierat.ed wit.lt r(.,SlJ(:(,t, t.o t.li(, first. ¢+ard prior t.t) t.ll(: o)nit, ted dt:tt.a as
fo I lows :

i+l i
n, = xi, + KN,

,I 3

The n+laterial prop(.,rt, ies, t.l_e nJesh generat, ion paratneter, l)rint, code,

alld '_ are t.al<otl from t.t+(-', first. Cal'd, The cotlv(>,tlt, ion fox' numl+(.,ring

nodal poiIlt.,_ is sht)wtl iii Fig, 9 whet( P xi1 , ll_), n,., and n 4 st. alid fc)r
glol)al lit)de nund_ers;, 'l'riat_gular z+,t_t,s _'(, _l(:,riii(:d t)y sel. t.i_lg tlc.)d(:
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Fig, 9 Three- and four-node elements available irlKI)YNA,



5A, (;n'avit,3' l)  t'illit, ic ll (:al'd

') C 'J 7_kip thl_ _et_,tiuss if' tile, ov_,s't)tsx, dt, xs f'la_ (_,_,tioas _., ax'cf ,_., _'olumxs (A)
is blank; otl_<,l'v_'tse ,_UlJlJly iii<, I'tJllowlil/4 ('ax'd:

Carol I .... ,,

Co I uxnn,s (+uaxi t i t.y l+'¢)/'mat
I

I-I0 Radi al (:+Olxlpoll(,ll( of y,l'aV i t.,y v<!_, tor (:'JO 0

ll-._.,a(} Axial (,Oml:)Oneni. of' gravity v()<:lo/' eJO (3

,+I 0 Radial cOtnlJo/lexil. 'of sec:(l lJOil)t i1) m('_l) overl_)urd(:tl elO (1
t+l-40 Axial (:'olrll.)Oll(:,lll. of s(_(_,d .lJ(:)il)l 111 tuc_sh cJverburd+:,n eJO 0

,11-50 C)v<:,rl_)urd(,tl presstire at s_,(:,d l_Oillt, el(} 0 ,
51-00 )Yal.(-,.r tal) le (:l(!'vaiic)ll, ri.,qtli)'c'cl l)y (,fI'(:_,live stress (::I0 0

/nc:,cl(_ls, l!IC),h'1T1 ttxid I!;CJS l l)

_ _ 11

g (_ravlty direot, iot_)

(I
= - 9 (1-



(3, Hi g h 1!]x I_1o s i v e Bu r' n l)e f i 11i t, i o ri
)

Skip tllls s_)c(,lon if IBUI_N (Card 30 8(>,elion 3) is less thau 3,
Three opt ions are avai 1_lble (see Fig, 10) : multiple point detoaai, ion,
litie dei, onation, arid Huygens det.onatioIt,

Card 1

(",o i lure-)s Quart t. I ty Forma I,

I-.5 Detonat, ioll type,, IDTYP i5

I!)(l,O', xnult, iplt.: point, detouatioa

Et_,I: line det, onation

l_;q,_', Huygerls detonat, ion
1¢t q()- 10 NUMI I S i 5

II:ITYP,NE,I: NUMPTS Is t,he m_d_er of

de tona (. i on point, s

II]TYP,I!',(I,I', NUMPTS is Lhc number points
iri the detonation line

Repeat the following set. of cards NUMI IS times,
, ,

Card 2

Co I umils quant, i ty Forma(.

1-5 Nodal point number 15

II:JTYP,NE,I: lying aL detonation point

II-]TYP,BQ,I: lying on detonation line

6-15 Li gl-_t ing time i5

EQ,O, if IBTYP=I

16-20 Material aumber of HE to be lit (IBTYP=O only) ' i5

EQ,O: The possibility of ali HE elements being

lit by this point is considered
21-,'JO Det.onaLion velocity outside shadowed HE (optional) elO,0

31-40 l)etonatioa velocity inside sh_dowed HE (optional) elO,0

: Card 3

Include the following card only if IBTYP=2,

Col umns Quant i ty Forma(

i .q ".4

I-.5 NISS, ntunber of nodal points defining shadow boundary i5
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Fi_, 10, l#urn optioils: (a) Inull, ilJle liotnt
(li) li Iii>

(0) thlyg(,llS /

-gP.-



Ixl(:_lud(>, the fol lowing, _)_r,l_ ollly 11' IIYI'YI_=_,

(',_oIumxl_ (_u_lltIt,y l_orm_il

1-5 Shadow po I _li. uumb()r 15

(J-IO Nod_l point numbc_r i5

A lixle detonation mu_t, be de, flx_(.)d by (._t l(_)J_t two l.)olx_t_, Nod_l

i)olx_t_ tl_t deflx_(_ (_ llne mu_t I.)(: given Ix_ (.he order ix_ whleh they

Ix_ _ lluyg(:_n,_ de, ton_tion, a sl_dow l)ou_d(_ry nlu):)t be glv(_n for c_a¢.l_
,:lel, on_tlon I_olnl,, 'l'l_e flrsl, point on i.hc, sh_do,_' bound)._ry musL, br
¢.losest _o I,I_(: deton_Lion i)oix_i,- If I_ i_ nol, the detont_ti(:)n poix_i,

Itself, The s'l_t_dow poJl_ts mull. be c_efl]_ed in the order in whleh tl_¢)y

ar_, el_(:)oulltered as oIle ll_oves (,_l_}llg i, he botlnd_Jl'y, Omitted d_ta are

+_ut,omtttlc,_,tily gex_c:rt_t, ed by itler(:._tnex_t, lng t.he nod+tl polnt, numl)et'+ by:

(xr I -x_ )/(,_n I -sn_), where _n I and su,, ure tl_c! mh+tdow point number_
c.)tt two ,_tJ{.,¢.+¢:msiv(+:¢: rd._ und ++i +tnd nj +t_(:, (.heir eor'remI)ondir_g ¢_.ode
llUlllb {! I' _,



7. Nodal I:'rintout, I!llocks

Skip this section i,f tile llulnber ol' ilodal l_l'iIltouI I_locks (f;ard 1,

Section 2) is zero, Ottxerwiso iltsert one oi" m_ro cards d_.,filii_tg tll_,
blocks ,as be low,

Co lumns Qua11(,i (.y Format

1.-5 First node Of l)riniouI block //1 i5

6-10 Last node of printout block #I i5

11-.15 First node of printout block //2 i5

16-20 Last node of printout, blo¢,k //". ,_ i5
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8. Eleinent Printout Blocks

Skip t!lis section if the' mmiber of element printout blocks (Card 1,
Sec:'tioIl 2)is z,,'ro. Otllerwise insert one or more cards defining the
blocks as below,

Co lLmlIls Quant i ty Format

1-5 First element of printout block #1 i5

6-10 Lasl element of printout block #1 i5

11-15 First element, of printout block //2 i5

6-20 Lasl element of printout block #2 i5
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9, ' Load Curve Cards

Define the ntunber of load c,urve sets specified in columns 26-30

of Card I in Section 3, Repeat the following ,'ards for each set:

Card 1

Co 1 umns Quant i ty Formal

1-5 Load curve ntunber i5

6-10 Ntunber of points in load curve, NPT,q i5
11-20 Scale factor for time or volunl(! * (,10.()

21-30 Scale factor for t)ressur.e values elO.O

31-35 IIlit, ialization flag i5

EQ.0: analysis only

EQ,1 : initializatior, only

EQ.2: botll analysis and initialization

61-68 Load table t.ype a[_
"RADI)I{ES '' for a function of radius *

"TIMEPRES" for a fun(,.tion of time (default)

Cards 2 througt} NI-'TS'+I

Co I umn s Quail t i ty Format

1-10 Time or radius * el0.0

1!-20 Load value el0.0

4 _
* For p(r) option the radius is used to fiild ttle volume (-rTr ), wllich

is then multiplied by l.he scale factor (cols, 11--90 on ard i).
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) 10. Content. rated Nodal Load and Follower Force Cards

..... Supply the number of concentra'Led nodal point loads specified irl
(:ol/llIlll_._ :]._1-{15 of Cal'd 1, Section 2.

Co 1 farms quant i ty Format

1-5 Nodal point, ntunber, m, Oll which this load acts i5
6-10 Direction iii which load acts i5

EQ.1 and IFW,EQ,O: r-direction

EQ,2 and IFW,EQ.0: z-direct, ion

EQ,rl and IFW,EQ.I: perpendicular to 'the line between

nodes m and n pointing towards

the right as you move from m to n

11-15 Load curve nLunber i5

16-25 Scale l'ac tor elO,O

EQ,O, : default, set (o 1.

26-'3() IFW, follower force flag i5

EQ,O: (_on(:entrated force acts in either r or z
d i rec _ i on

EQ. 1 : fol lower force considered
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L

_ Conditioli ('_ards11. Pressure and Sl l(!,ar Boundary ,
l

Supp I y the llumbe r o f ear d s spe c' i f i e d in e o I urnns :?11-35 o f (,at <1 'LC,
See t i on 2.

¢

Co I tunns Quail t. i t,y l_'orma t

1-5 Card ntuuber i5

6-10 Load curve nvunber i5

LT,0' Brode ftmction is used t,_ det(.'rmille l)ressur_,
q

1!-15 Node n i5
1

16-20 Node n 2 i5

21-30 Mult. iplier of load curve a_,, hl, M1

EQ.0 ' default., set to 1.

31-40 Multiplier of load curve at, n 2, ME el().()

41-50 Arrival t. ime (l' load oi_ the surface el0.0 i_"

51-55 Generation i_ t,erval, KN i5

EQ.O: default,, set to 1

5(;-60 Loading type i5

EQ,0' pressure
EQ.1 : shear

Tl_e st.arL times, multipliers, and generation interval are taken' fronl

t,t_e first card, Ttle interior is kept, to t,h(.' left as one 1)rogress(.'s

from node n to n 9 (see Fig, 11), 'fraction loads ar_, always _valuat.ed
with respee_ to trle de. formed geometry,
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ii
/

Fig. 11. Traction boundary eonditiolls defined on an element between

nodes n 1 Ialld, n_d.
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1'2. Velocity Boundary Conditi¢_n Cards

Supply tile Iltmd)(:r of cards sp(i(.,ified in <:ollmlIlS 6---10 of (:ard :.',
Seetioxl 2,

Co I uml_s QuaIlt i t3' Formal

1-5 Nodal I)oitlt. ntm_ber to wiii_,h t,his v(,locity is al)plied i5
i 6-10 l.,oad c'urve number i5

11-15 I) irection in which tilt-! node is disl )la(',ed fS,0
EQ,I . : r-direct, ion

E(_," '.... z-direction

NE 1 aild NE 9, , ,_,: the angle irl degrv, es _.ounterclockwis_ _
between (he r-axis aIld t.h(_ direr.,tioll

of tile prescribed Velo(-'ity v(.,ctor
_ (.'10,016-_.5 Scale factor

(
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1,3., Base A(,(:eleralioll in r-I)irc.,c'tion

Skip this'card is <:olumns ll-lfi of C.ard 2, Sect. ion E are blal_k,

C'o I um1_s Quant i i,5' Format

1-5 Load (:urve number i f_

(3-15 Scale fac,tor oil r-aec?eleration el(},{)

EQ,O: default, set to 1,

.This card taI)plies ollly t,o plane sl.rain geomet.ries,

I)
-i01-



14, Base Ac, c'(,leral, ion in z-I)irec, t. ion

Skip this card is columns 16-20 of Card _, Sect, ioxl 2 are blald¢.i

Co I tunns Quaint I ty Forma t,

1-5 Load eurve ntunber 15

6-15 Scale factor orL z-a¢7, r_eleratiozl clO,O

EQ.(): default, sol I,¢_ 1.

- 1 ()2,-



15, Angular Veloeit, y

Sl(i I) (.Ills card is columns 21-25 of Card 2, Section 2 are blank,

Col _mms , Quant i ty Formal.

1-5 Load curve number i5

(I-15 Scale fa(-tor on angular velocity elO,O
EQ,O: default, set to I.

Nodal loads due to the angular velocity are always calculsted with
r(_si_ec:t lo tile deformed configuration, Angular velocity is assttmed to

have ullits of r'adians per unit time,

This card applies only to axisymmetric geometries,
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1 6, Noda 1 Const ra i n t (:,ards

Supply tile number of nodal constraint card sets spec, ifie,l in
Card 2, Seetioll 2,

Card 1

Co I umns quan t i t y t"_:_r'ma t

1-5 Number of nodes (hat sliare at least ol,e degree- i5
of-freedom

6-10 Degrees-of-freedom in eoHunon i5
EQ,I: r is constrained

EQ,2' z is constrained ,

EQ,3: r and z are constrained
* j

Card :,°

Co 1uunns q u a n t i t y F o r m a t

1-5 Nodal point number of first nod,:: t.o be tied i5
6-10 Nodal point number of se(:oxld 11ode to be tied i5

11-15 Nodal point number oi' third node to be tied i5
0 0 *

i

-104-



17, I n i t i a 1 Con d i t i on s

Ski tr this section if the initial condition l)aranleter, in columns
2(_---30 of Cttrd 2, Sectioli 2, is zero,

(301_unns Quant i t.y Format

1-5 Nodal point m_nber i5
6-15 Initial velocity in r-direct, ion elO,()

1 t'! e),.,-,.5 Initial velocity iri z-direction elO,O

26-35 Nodal point increment i5
EQ,0: default, set to l

l_titial velocity Inust be defined for each nodal point, These cards
do no liave to be in order; however, t.he highest liodal point ncunber

must t.ernlin_:t.e the data, Missing data are generated as described in
Se_tion 4.
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18. Non-reflecting (Silent,) Boundaries

Supply the fol lowing cards for each defini t. ion.

r

Card 1

Columns Quant i t.y Format

1-5 NBNS, number of boundary nodes i5
,t

Cards 2, ..., NBNS+I

Co lumns Quant i ty Forma t '

1-5 Boundary point number i5

EQ,O' increment lasl value by 1

6-10 Nodal point number i5,

A boundary must be defined by aL least two points. Nodal point

numbers must be given in the order in whicl_ they al)pear as o_le moves

along the boundary. Om'tted data are automatically generated by

incrementing the nodal point numbers by'

(n. - n.) / (bn. - bn.)
l j l j

where bn. and bn. are the boundary point numbers on two successive

eards an_t n. andJn, are their corresponding node m_nbers.
1 j

C
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1 9. Stonewal 1 s

. Skip this section if the num be_" of stonewalls specified in columns
,31-35 of Card 2, Section 2 is zero. Repeat the following set of cards
for each stonewall.

Car d 1

Co I tunns Quantity Format

1-5 Number of slave nodes i5

6-15 r-coordinate of tail of any outward drawn normal el0.0
vector originating on wall (tail) and terminating

in space (head)
16-25 z-coordinate of fail el0.0

26-35 r-coordinate of head el0.0

36-45 z-coordinate of head el0.0

Cards 2, 3, ...

Co I tml:_s Quant i ty Formal,

D 1-5 Slave number i5
6-10 Nodal point number i5

h stonewall extends to infinity and is defined by a normal vector

of arbitrary magnitude drawn outward from the wall. Nodes that are

desigxlat_ed as slave nodes cannot penetrate a stonewall: other nodes can

pene trat e.
Omitted slave nodes are automatically generated by incrementing

the nodal poin'_ numbers by:

(II,- n.)/ (sn. -sn.)
1 j 1 j

wl_er_:_ sI_. alld Sl]. are, [t_e slave numbers on two successive cards and
1 "¢?n, and li. at. their corresl)onding node numbers.

l j

Note" See:lions 19-21 will be skipped if the:, number of slidelines
i S zero.
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20. Slideline ContPol Cards

Supply a control card for each sl ideline. A discussioli ot' t,lie us{_
of the slideline capability appears iii Appendix A.

Co lttmns Quant i ty Format

1-5 Number of slave nodes irl sl ideline, NSN i5
' 6-10 Number of master nodes irl sl idelins, NMN i_

11-15 Sl idel ine type 'number, 1SLT i5

EQ.1 : sliding only

EQ.2: tied sliding

EQ.3: sliding with voids

EQ.4: penalty formul_,tion with friction
E(t.5: penalty formulation without friction

EQ.6: single surface {:ontact (NMN=0)

16-25 SLFAC, tolerance for determining initial gaps el0.0

EQ.O.: SLFAC = 0,001

26-35 0 , angle in degrees of sl ideline extension at. el0,0
first master node

EQ.0.: extensiori remains tangent to li rsi

master segment g36-45 0 , angle in degrees of sl ideline extension at el0,0
l_st master node

Eq.O.: extensiol_ remains tangent to last

master segment

46-55 Scale factor or penal ty elO .0
EQ.O. : defaul t, set to . 1

56-60 Slideline extension bypass option i5
EQ. l : slideline extensions are not used

Angles 01 and O, are measure counterclockwise from the r-axis aIld

remain constant. 1t'201 and _2 are zero, the extensions are made tangent
to the first and last 'master segmeilts aIld remain so throughout the

{.aleulation. q'he force exerted by a slave node lying oll aIl extension

{}t' the masteP node at the origin of the extex_sion diminishes to zero

as the slave node moves away a distance equal 1o the le]igt.tj of one slave
segment.



2 1 , S 1 i de 1 i ne De f i n i t ions

Repeat the following card set for each slideline.

, Card 1

Co I unms Quant i ty Format.

1-72 Ascii label or blank for' 1SLT _ 4 12a6
1-10 Coefficient of friction for ISLT = 4 el0,O

Cards 2, 3, .,,, NSN+I

Co I crams Quanti ty Format

1-5 Sl ave ntunbcr i5

(3-10 Nodal point m_nber i5

()n_itted sl ave nodes are automatically generated by incrementing

tile xio,:lal point, numbers by:

D '
(n -n.) / (_n -sn )

i j i j

whet,: sx_. and sn. are the slave numbers on two successive cards and

li. and li. are their corresponding node numbers,
2 j

Cards NSN+2, ,,., NSN+NMN+I

(:o I tmH_s Quant i t,y Format

1-5 Master number i5

6-10 Nodal point number i5

Oniitted masler nodes are generated aut, omatically as above. The

master and slave nodes must be _ given in the order in which they appear

as ozie moves along the surface. The slave s ctrface must be to the left
of the master,

. IJl:/_



g E, S 1 i d (:'1 i n (_ I Yl[ e 1' Se C' [i i 0 I1S

@
If no slidellnes intersect, i,e. NUMSI,= O, skip this sect iolj,

Otherwise supply NUMSI cards.

Cards 1, 2 ..... NUMS!

Co I umns quallt, i ty Format.

1-5 Ntunber of slideline that is intersected i5

6-10 Ntunber of sl ideline that intersects t,he above line i5

There must, be one node wtiich is a slave node eoHmlon (,o botl_

sl idelines, and there must b(: olie node whictl is a slav(., Ilode to flit,

first siideline and is a master nod(: to the secolld slidelirl(.,,
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23. Brode Function Data 403

Skip this section if c01tunns 41-45 of Card 1, Section 2, are blank;

otllerwise supply a ¢.ard set containillg Brode fun¢.,tton data, as described
be Iow,

Card 1

ColuJnns Quant i ty Format.

1-10 Yield {Kilotons) el0 0

l l-a0 Height of burst el0 0
21-30 XBO, x-coordinate of Brode origin in DYNA units el0 0

31.40 YBO, y-coordinate of Brode origin in DYNA units el0 0

41-50 ZBO, z-coordinate of Brode origin in DYNA units el0 0

51-60 TBO, t. ime of I]rode origin in DYNA units elO O

C a r d o
d

(:o I umll,_ Qualli i ty Formal.

1-10 (ionversion factor: ft to DYNA length uni ts el0,O
11-20 Conversion factor: tns to DYNA time Imits el0.O

21-30 Conversio11 factor: psi t.o DYNA pressure units el0,O

31-30 Effective yield option, IY i5

EQ,0: default RANGE, COEF, and GFUNC
NE,0: read new RANGE, COEF, and GFUNC for effective

yield calculation from cards following

Default conversion factors assume DYNA units are meters, seconds,

and Pascal s. If IY = 0 skip cards 3, 4, and 5 on next page,
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Card 3

Columns quant i t y Fornlat

1-10 RAN(_E value, for Brode effective yield eal_-,ulation elO,O

41-50 RAN(a;; value for Brode (.,ffe_Live yield calculation elO,O

(!ard ,1

Co I umns quaIlt, i ty Format

1-10 COEF valuefor Brode effective yield culculation elO,O

71-80 COEf;' value for Brode effe_:tive yield e_tlculation elO,O

(.'_a r _1 15

(:o I umn s q u a n t i t y Ieo r ma t.
9

1-10 (;FUN(.' value for I3rode effe.eLive yield ealc, ulation elO,O

(;1-70 (;FIIN(.: value for Brode effective yield c,_-_lc,ulat, io_l el(),O

Not, e t,hat t.tle number of fields on each of t.liese cards is different,,
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24, I)iserete Springs, Dampers, and Masses

' 1

'Skip this seetton If ' INPSD is zero,

Card 1

(.:ol umlls QuanL i ty Format

1-5 Number of material definitions, NUMMTDE i5

6-10 N_m_ber of discrete sl)rings and dampers, NUMELD i5
11-15 Number of discrete masses, NUMMAS i5

I

Next, supply NUMMTDE card pairs as described below,

Cards 2, 4, ... , 2*NUMMTDE

(;oi _,,ns Ouant i t'y Forma t

1-5 Material ntunber (_ NUMMTDE) t5

6-10 Material type, gI': i5

EQ.1 : linear elastic

EQ,2: linear viscous

EQ,3: isotropic elastoplastic

EQ,4: nonlinear elastic

EQ,5: nonlinear viscous

Cards 3, 5, ,, , , 2*NLSfVITDE+I

Col umns Quant i ty Format

1-10 Meai_ing and format depend upon material type, MT:

MT,EQ,I', elastic stiffness (force/displacement) elO,O

M]'.EQ.2: damping constant (force/displacement rate) elO,O

MT.EQ.3: elastic stiffness (force/displacement) elO,O
M'I',EQ,4: number of load curve describing force ilo

versus displacement
MT.EQ.5: number of load curve describing force i10

versus displa(:ement rate
O Zli-,.0 angent stiffness (force/displacement.) for MT,EQ 3, el0,O

otherwise riot used

d) ¢ ¢ 4,.l-JO Yield (force) for MT EQ,3, otherwise not, used elO 0

(continued next, page)
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Next, supply _NUMELD st)ring-and-damper cards as described below,

Cards 2*NI_IT1)E+2 througll ¢_'_*N_._tMIDI., NIMLI, I)+1

Co 1tmr, is quail (. i t y l"ormtt (.

1-5 Element munbe r i5
,,

6-10 Node, n 15

11-15 Node. n:_ 1516-20 Materi_l number i5

21-30 Scale factor on force, defaulted to 1, el().()

Fi'nally, supply NUMMAS ltunped tnas_s c.ards as described below,

-' " 1 -NIJMt,1,I)+NI IMMAS + 1(,ards 2*NI_{MTDE+NLMELI)+2 t l_rougt_ 2*NIIMMTI)E_ ;'

Co lumns Quant i (y Formal.

1-5 Node rlumber i.5

6-15 Muss el() .0
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25, Bellsorl-Clll'istensen-Margoli'_ Viscosity

Col umns Quant t ty Format

l-lO ()PTJ (suggest. !, ) elO,O

11-20 Ol"I'l] (suggest 0, ) elO,O
_.1 -.'_ PTF ',:5 I0 (suggest O) t5

' E(t,O', Benson's viscosity
EQ,1 ', Margolirl's viscosity

EO-',30 I(}PT(:E(suggest. O) i 5
EQ,(}: turn on viscosity only in compression

EQ,I: keep viscosity on all the time
_I "_-3;) IOPTPT (suggest O) only applies when IOPTF = 0 i5

EQ,O: use full tensor formulatioxl

EQ,I: Set QI1 = Q22 in tensor formulation

36-40 IOI'TS (suggest O) t5

l';Q, () : (1o no t synm)e t r i ze the v i seos i ty tensor

EQ.I: average shear terms to synunetrize

OPTJ: I'a_lg(' ['0, ,2, ] sets ll_e eompresstveness of the fll.tx l imt ring
procedure, Wllen set 1o ?., it produces tl_e sharpest shocks,

B'll_:'ll set. to O. t.here is no flux limiting and the standard

dil'fer(:,zl_:ing of velo(,it, ies is dolle, but the extra gatllers and

slC_l_e ealeulal, iolls are olimtnated,

OP'I't-i: range [0,,1,'] scales the shear viseostt.y terms in Benson's
tex,sor ft_rmulattozi, Itellson typically uses values of ,2 or ,3

btlt ¢,Oml_Utat. ioI_ is saved ii' ii. is set to O, and this is safe
for materials thai have significant strength,

IOI_'I'CE: value of 0 is elieaper

IOI_Tl_'I'', For true scalar viscosity set, bottl OPTB and IOPTPT to 0

IOPTS: sllould always be 0 for BensoIUs viscosity, while for

Margolill's ii sl_ould be 0 for elements of large, aspect

ratio, 1 ¢,t.llerwis,, t

t

Note: 'I'llis card is only used for start rulls,



I,E TAI, T 1NI'1.JT DE(IN
i

p t }

An i_lput d_c:_k is .llot ll_,_,ded to r(_,start I)'_NA,_,D _lxll(:ss mal.erial

l:)rolJelt'ti_:,s <)r (,qtlalioll-()t'-stat(, data are' b(_'ill/_ read frolli tables, III

t.tlat. _,as(!,, all mal.erial prOl_<,rties ali(l cos data ll,ust be r(_defined in t.il(,
restart file as iii ria(, original ixll)_tt file, 'I'lie r_,st.art dec_k is us(:d
to r_:,(.lefila(, t.h(! ful lowiIlg I)aranl('t('rs:

i

(., t.erlnll_at, loi_ timr'

(.) oUtl)tll IJ)'illli11_ il_l(,rval

_) oUI, pUl. l.)Iot, ti_g i_t(,rval
r) t. im(, .l_ist()ry (,_Irv(,s

() xnal.(,x'iai axed eq_nallox_-ot'-stale r_o_stant, s

I_ a(ldit ion_, sl id(,l il_es axed I)lo(_ks of (:,l(:,ln(:'x_i.s may I)e (,lixxlix_ated from

tl_(, calc, ulatioz_s, All _}_x_ges made wl_(,x_ v(-,sl, arl. ing will be r(:l'lec_ted

ix_ ._t_bSetlU(:'_t. r(_st, arI (lunll)s,
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Control (/,at'd art.,)

II" ttj(:: llunltJ(:'r of sl idelines t.o be defined is nonzero, eaell

sl ideli)l(, II._(-_d izl tile sutJsectue_<_t, ealc.,ulat, ion must. be defined, even

if it. already _xisls iI1 t|ie res!.art, file, The total number of
sl icleli_es (o be del'ivied must not. ext.,ccd the number used in the

origiz_al iX_l)U(, deck,

* II' (l('l'_)ll vis(,osity ol)tion was nnoq used (t_lri_g (.t_(; START run, (.he_

l.l_e s_tln(' Ol)lion rnusl, b(' rc:acl l)a(_l< ii_ Ul)O_i I_ESTAI{T,

-I 19-
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4. Deleted Slidelines

Skip this section if the number of slidelines to be delet.ed is
ZeFO .

Columns (_uallt i ty Format

1-5 Nusnber of first, sl ideline to be deleted i5

6-i0 Number of second sl ideline to be deleted i5

II
-121-



5, I)elet.ed Element Blocks

Skip tllis s e_.t, iori if the 1lumber of element' blocks t.o be d(.'lvted is
Ze FO ,

Co I umns Quail t, i.ty Format

1-5 First elemen'l of first block (o t)e _,limiilaled i5

6-10 l,ast ,,lemellt of first l) lo(,k .to bl: .(-:l inlixJai._-_d i5

11-15 First elemen.t of s(:.,('ond bloc'k to be .eliminated i5
16-20 Lasl element of sec:,ond block lo be el iminat, ed i5



6. I)elet, ed blaterial Blocks

Skip this socti,n if the number ot' material blocks t_o be deleted is
ZOFO ,

i

Co lvunns Quant i ty Format.

1-5 Material number of first material to be deleted i'5

6-10 Material number of second materi_l to be deleted i5

,

b
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'l"l_ese art, d(,t'a_xlls t.l_al (.av_ b(, ()v(,rri,l(t(,v_ t'()r (..atf, Ii mal(,riai

(l(,fined below, u_l(,s._ IIIQ = 5 (IICM t)_11< vis(,().sil3' j .

: (
ta 't --



' Iii, M_:_t.,e t' i _ 1 C._-_1'd s

I)t, fine NMI¢I) s_:,ts ot' mtttc:,z'i_tl f.'t_l'ds following t.tl_, pro_,t, clu_'e

described in Sect ion {t of tll(: vllal)t_;r oll the st.a_'t, iIlg lxlput, cl_,c,l¢



I NTEI ,A('T 1VE I EZ()N 1N(;

rl 1 I_IA -_ r -F,NJ l,l ,l N(; Till!, R.I!;ZONI ;I ,

'l'lt(' tlsr, r (,axl (.'atlSe KI)YNA 1.o oIl_(')' (Ilo rozoll('X' ill oil(, o(' foul' 14'tlyst

I)y t_,'l:)inl_ lt)t, r('z,on(:r s(-')ls(, swit.t'tl dt)rillg (._xecuttoxl, I)y sl)e_:_it'ylng

I.)eriodic' rt,_zon(, times Ii, the input, fll(+ alld sUl)l)lyixlg a rezon(._ conunand

fi le, b 5' ._(:(.(ixlg a I'utux'(, rezc)llu l line dttrlx)g a r(_zonlng session wl(,ll a

I illl('--t ()--I)('ZC)II( ' (!OlllllltiIld) 0I' ])N l'oqll(_St, ii)_ t-I r('zol|(., Oll 1.11(? (._x(i:(.'ll( (>, ] iii(:,

wll('ll r(.:start, inK KI)YNA, Each xnc:tllod is di('u,_sed ixi more detail below,

'I'll(, us(,r call (,a_ls(:, K1)YNA to eIlt(,r tile r('zoller in inI.(!,racLive mode:,

I)y tylJing seils(-, swiL.(,ll "SWS," frc)iii IIi(-, tormixlal during (.'):ecution, 'l't:ie

vi(,w(,x' m(L.v t.t_(,n view (h(_ mc,sh axed, ii' d(,sired, Inake (:_l_al_(,s (.o ii by
t,ypix_ _'(,z¢))_(,r (.,c:)Inmax_(I,_l'ronl tl_(_ Ierxx_inal, The c(.)I_lll_ax),ds "Ii`'' a_ld "FR"
(,a_s(, KI)YNA tc, exit (.l_e x'(._zo_(_,r ai_(! r(!!sum(+ ex(::cutiox_,

NI)YNA m)_y I)(' (,aus(.,(l t() (-:x_l(,r li_(, rezo_(:r at re/Lular intervals and

t(., t_k(' r(.,zc)s)ix_g (,ol)_na))(Is from a file, at. l(,ast initially, by si_ec:ifyin/;
]s)ilial a)_(l fix)al r(,zoz_(;' times and a rez()n(_ interval Oil (:ontr'ol Card I

()I' ll_(, i_ilial i_p_L d('('k, A rez()x)(., (,omxl_ax_d file must be named on tl_(.,

r(,zo_(, cozzm)a_(l I'i.l(:,, If tl_(, (,omxna_d file does not cox_l, ain an "I"" or

"I:R" ('()InI_a_d, ll_(' r(,z()z_(,r will _o iz_l.o ix_l.(_ra(:,tive rood(:,,

_')'l)il(, KII')'NA is i_) a r(,zo)_(:, sc'ssio_ tl_(! user )nay set t,h(-_ t. ime for
it t() r(,¢_x_t.(,)' til(, )'(,z()i_(-'r al'I(._r ii l_a.,.4 r(_tur_(,d 1..o (_x('(.,ut. iol_ for

a _'l_i 1(' I)v us i_, ll_(' "TI,_" (.,()_nmax_(l, TI_(, TI{ c()mnla_d may come from (.l_e

A('t'miz_)l o)' l')'o)n a (_ozn)z)at)d l'il(:,, 'rI_(., TIC r(,zox_(_ fin)(:, lakes px'e(_e.dex_c_e

()v(,r l)(,x'i()di(_ )'(:_zox_i',_/t, 'I'R ca_(:,(,Is i.)(::ri()di{, rczoning,

Wl_ez_ z'_,st.a)'tiz_ from a dump li l(-' KI)YNA ma N b(-, caused to ent.er t.h('
n'('z()x)(,_' ix_ i_)t(,ra(,tive mode imm(:_diately by ax_ execute line of t.l_(:, form:

KI)'fNA Z=I{EZ()NI,; I{=.1ot,f
wtl('r(' "t'Yf is tl_(' x_azn(, of lt_(, r(._st.az'I, duzl_p t.o be read il_,

]:'.I,:ZC.)NI N(; (:OMMANI)S

'l'l_e (:()run,axe(Is of Ill(_ KIIYNA ix_t(::ract, ivc' m(_sl_ rezox_er l_(_rl'(.)rm OIIe of

I.l_(' I'(,I l()wi_ I'ourt(,¢,x) I'llIl(,L i{)l_,_:

* l')'(,vidi))l._ It(, I I, wi t.l) (:)t.h t, .,,' )'(:'z()_i(_)" (,{)mma_ids



* Sel¢_,1. ili_ _l_,*,'iI'¢'s _IIld ],i_,ttlrt, ._tyl_,s

* I_esettln_ _lltpt|t tlJt_,rvnls_

* Set tlxlg _r_tl,lll_s willd<_ws fur lll,',_ll I_I_tS

* M_)dit',vt_ R l)t-trt I)()t_l_dnvi_,s

* l)_!fi]_ing MAZE p_rt l_ul_l_,ri_,s

Thf' l'(!'ZOll(.°l ' iS ('t-[SV [(._ IIN_', ('(:_[{IlII[IIIfIS for vi_:,_'i_lg nll(l l'f'Z{)llJll_

l_3' (l_' "M 1_" uorl_l_lund, 'l'o view t.l_, I_t_'l'inl, _ls_, "\/", 'I'_, sl_l_,_ll_ (l_,

interior m_:'sl_, _as_, "S", Bou_d_,r,y _ud(,s ('_:tl_ t)(, ).,(lj_lsl(_d _-,1't_,1' tl,_,

"I}" ('omm_,nd l_,s I)(,(,_ _ls(:,d to disl, la 3' u)_,t('l'i_._l I)(.)_ltld_ry _(,(1(, _,d sid(,

l_ulnl_!rs, ']'}_' ('_)lull,_tllds r:,v_tilut, l_, l'(,r m_vil,/.,, t_c,_.lll_l_-,l'y II(rI(I('N {1|'(' I'll(, t';Z,

gS, \:S, Ill..:, ICI(S, EZ,_, ESS, \'NS, I)l)S, Sl,N, _1_(1 ,";I_NN, l(('zo_)i)_g is

I)o _{)t i_('l_(l(' Ill(' 'I'MI)N H){))_it()r 1_lnl)(,r wt_(,_ ._(,tii_xg _11) _ (,())_m_a)_d

file for l.)(,rio(li(, z_()_ti.t_t(,r_,(,I, iv(:, r(,z()_i_g, N() l)l()tti_ is (tc,_,(, wl_(,_

I'(:'ZOII(' ,

Wl_e_ slu_,ki_g sev_,r_l s_,s._io_,s _f l_eriodi{ , _,_in{.er_,ti\'r, r_,zo_i_g_,

NOI{I!;

1/

{(; I'_"SiII[II_' ('X('<'t.lli¢_ll _.ll'll'l' l-I l'('g(lll(' ,q(:!SSlOIl l'l_t. Jll'l' fill-Ill l('l'lllJll_gl ill_,

I_I,_Z(;NEI_. (_l !TI'[ 1'I'

l.!l_ _'_l_'_'i_gg IIi,' r_,zo_er I(I.)YNA l,ri_ts ll_, n_ss u_,_l el,_'r/.{ 3' _I' _,u_.l_

lll_t_:'l"J_.t] t3'l_, i_to t},_' i,_*tl_i ll/l" file, l"¢_r axls3'[,t_,tri_, l_r{_l,l_,_ns li,is

-1 L'_I-



I I.N(, 1I ()Nt;_I?2Z()N1N(; (:OMMANI)S BY i, I '_

I)OIN(II NOTHING

(I (I'OITilII(!IIl,, Pro(-'<-_<-,d _o ,Ii(:x t (:'otlttrlazld,



GIVV, (;iv(' (,li(, 1)I,1 ()_l(tltJ( fil(,s (_) (li(' ,_yst<'tr,
l'.r plt)ittll_ ttl)(,ll t_,rlnlzl_ttit)lt, If tills
_.'IHIIIII_-III( 't iN IlS('(l it II11.1,_t l)l'('t_(,_l_ ' t1,(,
IJI,(I'I'S ('onunnll(l,

I,O(.;() l_ll I,I,NI., I()_()_)Jl (.ill l)l_)t,'.-; {(l(,f,tlll,)
l_('(Vl) iXlg )'('_n(',\'('._ (.Ii(, l(.,g(,,

NOI;'RAMIi._ I)() )l()I I) I(.)I Ill(, l'(,I'(,'l'('_l('(' grl(l,

PI.,O'I'S (')'(,at(, (-i l)l,l l'il(' t(.) sur(' (1)e IJi('tu)'(,s

cii sl) l (_y(:,(l oi_ ill(' 'I'MI)S, 'l'll i s ('on)In(:_lld

sh(Juld o))13' I)(, ('nl l(,(l uI_<'(,, l:)(,'f(,l'(,
g(,li(.,)'t_ting tl_(, imug(,s ((.) I)(, s_x'(,cl,

I,¢ESO n n S(,t tl_e x _t_)(l y rt,,,.;(.)lu( i(.)_s I'()r I,'I{IN(;I';
x 3,

I, lols to _ t_)(l )) , r(,.,Sl.)(,(,l iv(,ly, TI_(,
d(,l't_ults I'_I' b()tl_3'ur(, 1024,

I-¢,TETn i lIl,O_ l(,),i))illnli(.,il s(,i_d _:_(,(_p,y (.)l' II)(, I)LI

wl_(,r (' :

i-I giv('s _) r->,, 1,1(>t.

i----:2 _iv(,.,.< t_._ _5" l) l()l

i--'-",'_girt,.'.< ,u l(),i'.)" pl()i

i=4 gix'(_'s t.l)(' lnrgt's l_ossit) l( , l>lol,

If i is' _t'gt_liv(', l.l_('l,l_,t, is lur_'d

,'-;id('w')_ys', )'otn(('(l !,)()(l(-'g)'('es ('lo¢'l<wis(,

c))) 11)(;' l))il)(,r, l'lols mn3' l)(!, s(,))i Io

(,illl(-.,r t.l_(., 11" or 2,',_" pl(_tl('rs,

'I'V I_ (;ol)i_(-,(,l {.c) 'I'MI)N wi II_ m<_))i l(._r )_t.mii)(,r n,

TMI),'-; n_t.))_il()r tl)(' (,()r)'(,Sl)O)._(lil_/. _ gr('('_)

ttt_lo)n;:tl i(')_l 13' ii' Iii(' _._t,l_()rs _tr(' t_w.r(,

'I'V --n I _p. n B ('o)i_(_('l t_) ¢'()l(.)r 'I'MI)._ witl_ n_()_it())'

l_llii_l)(')' .'-; I_ , I_,.,, i-_l_(l I_,_ l'(.)r IIi(, r(,(l,
g)'(,(,_, I._._l I, Ii3(, (:l_)_)_l_(,Is r('.Sl)(,('(iv(,13,,

-- 1:._(}--



I!',N'I'I'II_IN(.; ANl) !!',XIT I N(_ Till!', I&,7.,ONI,;i_

'I'R ( lJ,,_lz_ IJext tlitevaetiv,:, l'ezolliil_ _tes_ioll

u(. pr()bl,,In (lln(:_ (.,

l_' T(!,l'InJlli.l((>, l lll,(.:l'i.l('(.i ve l)li(:_{), 1'(:,I11()|), lil_(l

C'Oll(.illtl(, iii (,X(_('Ul. lOl_ plla_¢.,,

I'_I_ T(_)'mll_(_t(, Inl.e)'uc._tlve I:)l)(is_.,, rom(_p,

w)'It(: v(,,stt.lvl., dunlp, (_lld i(:rmint_te,

l,'Nll) '' ,T ()I' , ..... I(:'l'lll lllX(.(..)

RI';SET'I'ING oI.rI'PUT INTERVAI, S

I'RTI _t R(,se( t ll_' time llistory dump or prixl(ou(
int(:,vv_l] to ,_t,

Pl,'l'l _t l_(.,s(,t ill(,, glob_l plot dump i)_tevvul
to At,

'I'I,:RM t l_(_,s.'(,,t t l_(, t(.:rmix_tio_ tim(,, to t,

SI'TTIN(; (;I¢AI'I-IIIIS WI NDOWS I"()1_ MI,',SIt I)I,,0'I'8

[':SI':T )_ ,_)' _z (,e_(.(,r TMI)S l)letuves al. ele)nen(, n wil}_ a

r(,(,t)_gul)._r b,r x bz win(lo_a', This wl_dow
is s(:(. ul_(.Jl i( is reset witl_ the F,_E'I',
¢'N_")' ]'_S]'_T t)_' SI.,[] ('ol_l/lall(J,_ of rej(!lts(->dkl . 1 J I ) )

wit.l_ UNFIX,

FIX Set TMI}S pi(:t.ure to its current wi_dow,
This wi_dow is set until it is reset l)y

..... FSI_T r <_"'t'_i' ett_e (,Sl.I, , o ....,_,, olnn_u_ds or

_'(:,l(!'_:,;('d by the l_Nli'IX ('¢)IlllllUIld,

I_NI"I X l{(,l(_'t,s(_' cIJl'l'(_ll_. 'I'M1),Nwindow se t. by t1_.,
l"lX, (;SI!IT, or SI!I'I'F c,omln_:_nds,

l'(:(:t, ltllgl.ll_ll' kl' X {_Z wi_t¢low, Tt_is wt_d()w
is s(,l. u)_(il ii is r(-,set will) the ti'SIiI'I'0
GNI,]T, I_NIt,'I', ()r SI",TI" ('(:)lnln_tx_ds ()r reie,_ts(,d
wll.l_ IINii'IX.



,)

)

i

¢;SI'.;Tl' z _! ('_:,llt_,_' 'I'MI)H I)t('tliv'(,,'< nA I,()1111 (r,z} wltll
H(tllltl', ' wlzicI()w _I' _'i,lqll L_/, '1'1_1_ _'lsJ(Ic,w
1_ ,_:( _li(ll lt t_ r(,,_(,t _'ltlz Iii(, !"_1'_°1' I

,_l,ll" ('tJIIIIIIIIII(IH (1 II f'(

Wl (ll tINFIX,

Cil{ll) ¢)v(,)'l(iy 'I'i_II),";(ll,_l) lli,v_ _'l(li ii I!,I'I(I ()1'
oetll()l_()lII_l l lli,,,_ (() (Li(l I_ z()(ilIIJlIR,

NO(;I_II) I)(J i_)( ()v(,v'l(Iv IMI,_ (II_l)l(Iv_ _'Itll (,_
_)'I(I()I'())v'll_)#()I_(,llli_(',_((l(,l'_i_ill1,

i;_ ,_,,t i)))lll II Iu )'(,,_(,t _'Itl_ l.l)(' I","II,I,
(;,ql,"t' ,', qv'v't' (,I,SE'I' ())' , ..... , ()lnlllt_l_(I,,-i())' r(, 1(,)_,_(,(1
w i i.l) LlNl,'1×,

IIZ n I) _/ Zoom il) itr l)()lllt (n,l)) wl ill ),')'ill(l()w A/
wl|('I'(' _l, I), (Izl(l /_/ iii'(, tltllill)(!t','..i I)(,twt,(,vi

II'/,(; ()v(,v'l_i,y (,_Irr(,v_tly (li_l) i)ly(,(l l)i(,tuv( ` _'i(I_
I| I() × I() ,'_<liil),l'(' _eid t() (si(l i_ ?,()()lliJli_

Z v' z _._/ Z()()m ill (|( l)()it)( (t',z) will_ wlI_clo_v _\/,

_I,I'I'TIN(I GRAIYlI(_,_ WlNI)()I_ l"()N X \'l,il_II_; Y !'1,(]'1'_-;
...................................................................... 0...........................................................................................................................................................

'1'1_' l¢)ll()wt_l/_ ('ol_l)l_n_ld,_ nl_l_ly t() I, INI': I) 1o1_, 11,'!_ 1)1_)t._, _,t(,.

A,_('I, t' %('_11, Isll _ll)( t;_(_ (ls_)riz()_t_ll) (l(l(ntl
t),_,' I' , 'I'll(' (;l(,l_tllt t_ I,

II

A,_I,;'I' tllllJli t-lllilIX _(.,t Illllltl|lllll lll)(I IlltIX[llilllli nl)(,i_,_(i

I ilili t _ [() I|l_iill _v_(l ilIlli|× l'('_])('('l iY('IV,

l"()v' I|ml)l=() nt_(I ,|nltlx;=() KI)YNA ('I_(,(),'-_('_

lift)it,'< ,i('<'()r(li|II' 1() Iii(, (l(_l,

(),_('I., I' ,_('(il(' fill ()_'(Ii())_[(' (v(,vti(').il) (1)_t(_()
I),)' I' , 'l'lil' (Ic'I'(_il t i,_,: I ,

{,)

(),"_I']T()_lli_i omnx _(_ vni|_iv_)tml (_)i(l l,iI_×i)xl_uil ()v(ll)l(_(_,

lil)iit_((, ()_nl_ I_)l(l (Jln)_x e('_l)('('(iv('ly,
l"()v ()_l_ili:,())_li(! o_llnx-..:()KI)'fNA c'll()'(,,_(,_

I1 ivni (,._ )l(,(,())'(li_)/4 1o 11)(' (1_t(_,

-1 li "



,_I,:TTIN(; X VEI¢_I,J,_ Y PI:JT (I()N'I'I¢OI,_

_M()OTIIl_ ,_nl(,)()tll(I (I_t((_('til'v(,b_' r('lJI_l('IzII_,'n(:ll

(lain l)Olzlt by J t_ avl, rat,_,, wit.l) til(, l_xi
adJa(,q,,slt l_Ollit_, l}(.,fault l_ zl=O,



']'N r z Al 'l'y_,,' :l()(l(, xllulll)(,rs (1_1(I_'()()r(ti11_l(_'_ (jr all

I

V l)tsplay mute, cirri ), ()r_ 'I'MI)S,

VSI,' l)lsl, lay nl(_((,rl_ll I_ o_ 'I'MI),_ nl_l sol ld
,

M()I)II,'YIN(I TIIE MI'],_II

l)r_'viO_lS I'(!Z()IIJlI//, ('(}111111tt11(1,

_'_,Sl)p('tivt'ly, fly s('((tll_ s b_,tw(:(!li

('N In x' z ('l_al_/te ('oordix_t_t._,,_ t)f xlo_l_' ni lo (r,z),

I)F, e ep. l)el('t.e t, lt.,x_(,_i.s (, to _" ,1 I P_

(,l(,n,(_i.s f t() I , I',, t.() I,, .... f' I.o
I ii)('l us t _'(' , 'l'll_t's ('"(' I (,m('i'i I s wi 1 li't)( '

I1
i]za('t, iv(' txz I'_ztur(, (,al(,ulatt()_z.s,

I)I",I,K _ k I ,,, k l)(,let(, _ l<-li_('s, 1< , k,, .... 1< , M_sI
n l_t_v(, (I()_I(' KI,MX a_(l _,l,MX"l_('l'()r(!l_n_xl(l,

1)1':1,I, n 1 ,, , 1 l)('l('t.e )_ 1---I i I_('s, 1 I , , , , 1 , M_st

I)M )_ mI mp ,,, )If l)(,l(,L(, x_ m_l(,ri(tls, lz_ , m In

I)MI) z_ fl II ''' I' I l)t'l(:l(, )) m).Jl.(,rial l.)l(_(,ks (.,o)is ._Iix_g ()fI1 11

_l_aterials fl l,_) 1 1 , f,_ t() !,_ .... 1' _)
c_ I1t. _1 izl(.'lusiv(,. 'l'l_(":e(' _{)al(,/'ials will (,

x_a(_iiv(, ii| l'lll/ll'(' (:ttl(eulllt. t(Jl|S,
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(Ii < l()l:i) l'(,r r(:_lll_Lr l,.rt of ._r,_ll,

I,I.MX Ii S(,( l illml)('r of vlc)dc,,_ Ill l--dlrc, rl, i_Jvl tc)zi
(_l < :]I:_) for r('_ul_ir l)(i)'l ()I' ul(,_ll,

,_lll()ot. Jl llli,_]l ()J' lll(!i.oriilJ I_0 Tc) s)lllllOOiJl lt

Only (_,lemt:tits l,s'i_zg wiiltitz tlz_' wi_iclow

,,,_ _,,MOI)I li'Yl NG ML, II I!)OI.INI)AI_II.,S

A I)isl.)l. 3' t_ll slid(:liti(,s, Slo.v(: sid(,s .rc,

l) l () l t (,(l (l_._sla(,d,

11 I)isi, l.,)' o_ 'rMI.)F._l)(.)uxld_tt,,v _torl(,s tt_i(l si(l(:,s

I.)I) m _i l)(..l,_inl,: [.)()tllId;ll'y l,)(!( _'('(:II l.)()Ull(.ln, r?)' llOdi,_s

II_ o.I_(I I_ iii _.t c,(.)_AIi((,rcl(}(,J,,:wis(., ¢.Jir(:otJ()ll,

liD,'-: ,'., I)¢,l<i_il,: ,'<i (I(-_ s,

I)_I, )_ I I ,,, 1 I)(, l (:,t(, _i _lidelir_(:'s i_i('lu(lir_ _li(I('li_i('
I °-)_ l'i

numb(-, r _ 1 l .... I ,
l t (j)r_, 11

I!:I,( m rl l!:(lUi-_l _l)_-_c.(!_i z_ r-di rc,('t i()li l)o_lld_ir?,'
,od(,,_ .l t o ii ila (,o_lnt(:,rc, loc.,l(wi ,_(:

di r(,(.,A i o_l,

l']l(,_ ,_ Ec|u_l _1)_-_('(: iii r--dir('('ti(_l I)oull(lt_'y

I':,_ It_ v_ I';_I_.I _l)I-,_('(., l)y (li,_t_-_('(, al(.)_/..( l_()uvtd_-_)'y

l)c)tlll(i_tl'y II()(1(,s III I,() II ill lt

('()u_l('v'c'lo('kwi,_(' {liv'('('t. io_i,

I!',,_ ,_ F:(l)i.l .'_l)i-_('(' I).I' di,_i)_i('(' t_l()_)_ l)()uv)(l_ry
J)otlll(l,_Al'y II()d(.,._ ()li _;t(lc, ,_,

-I :_-



EZ m n Equal space in z-direction bOtllldary
nodes m to n i_ cou_terclockwise

d i 1"e(:t ion.

EZS s Equal si)ace in z'-dire(.'tiori t)oulldary
nodes on sid(, s.

MC n Cl_ec, k master z_odes of sl ideline n and'

[)ut,'aliy nodes tljal, tlave l)enetrat(_(l (lie
slave surface back o_l t,tle slav(' s_rl'a_._,.

MI) n I)ekink master sid(, of slid(,lixl(, n,

After this c'onmlaIld ii is advisat_le t,o

use tile SC or, Mt' (:Ollllllarld,

MN i} I) isplay slideliIle, .i1 with masi. er llo(l¢:
nuanb e r s.

St.' n Check slave nodes of sl ideline Ii aild

put any ilo(tes tllat _ tlave penetrated t.tlc'
mastel" Sill-fa_,e ba(.,k oi1 the Illas t(-!i"

sur f ac e.

SI) n Dekillk slave side of slideline n, After

this coI_nand it is advisable to use t.he

S(' or Mt? eoilllnaIld,

S[,N m n Equal space boundary nodes between

IlOdes ni and n on a straiglit Ilia(,

(.()llllec t i lilt til(, two . '

SLNS s Equal spa(..e bomldary nodes along side

s oil a straigtlI l iIie between its two

endpo iIlI. s.

SN n Display slideline n with slave node
numb e r s.

: \'% m n r Vary the si)acing of boundary nodes

m through I_ so tliat r is tile ratio

of the length of tile first, segment

to that of the lasl segment,

\'SN s r Vary the spacing of bomldary nodes

on side s so ttlat r is l.tle ratio

of (,he lengths of the fir'st, segment
t G t I,,,t r_f t h_-, ] sa_| q_IBOl||
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DISPLAYING COMPUTED QUAN'rlT1ES ON TItE MESH

C:ONTOUR e n m1 In2 ... m Contour eonq)onent litunber e t;:l III1

materials, ntunbe, rs m., m2 ...... ,m .
If n is zero, only t_le outline ofn

lnaterial m 1 with contours is l)lotted.
Coinponent numbers are given iri Table. 1.

FRINGE c n m 1 nl2 .... n lh Shade contours, of eomponel_t number e oil

n materials, numbers mI , m2 .... ,m ,
' " T I 1Component ntunbers are glV,,Xl in able 1.

FRN 1 m Include boundary nodes 1 to m in a
c'ou;'aterelocl_'ise direction in the

+

interface. This command must follow

B conunand.

IFD ti Begin definition of interface n. If

interface n was previously del'ined that
definition will be lost.

IFP e m Plot component e along interfaee m.

I Comporlent numbers are found in Table 2,
IFS ni Include side m in the interface, The

B eonnland determines the side numbers

for a material.

It:VA r z Plot the angular location of the
C ('

interfa_.:e based on the center point

(r ,z ) along the abeissa. Positive
C c

angles are measured eountereloekwise

front the y-axis.

IFVS Plot the distanee along tl_e interface

from the first interface node along

the abeissa (default).

LINE c, n m1 m2 .,. m Plot value of c'oml)orlent e versusI1
distance along line defined with the
NLI)F, PLDF, NSDF, or NSSDF c,.olrunand

described below as it passes through

mai, erials nil, m2 ..... mn,
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MOI,I _ Ov_:rlt_ 3' (:ON'i'()tll,_, I:I'_iNC.;F,, _._11_1I-'I¢IN l_lcJt,,-;

witll [lte'tne,_ll, R_'13'l)iIlg M()I,I'<'li1_'<'ls

tll_' Ol_t i_,ll,

N(OI., n Net. nunll_,r o1' _'_Jl¢,_'._ ill t'rizl_, l_lc;l._ tt_
_:_, '1't_, d_,l'nxlll v_,-_ltl_, _,1' zl is,(; '¢,'llJ_:ll

yellow, _itlld l'O_l, I1' !_ is f, tt_' Ist_._g_t_-_

t_sed for tl_e lllillillllllll 1_'\'_'1 is (tr¢_l_l_¢l,

NI.,DF n i I ig ,,, i I)_'fi_' a l i_: ('_,r t1_, LINI'3 _'_i_l_u_l t_si_g11

t _1 1,-. II
mov_,s vvitl_ II_' _d_'_,

NSI)F m i),,t'i_, a l i_lf, 1'_ t t_, LINl'.; _'on,_aiil_l ti_t_t

is side, ni of s_)_, l:_rI , lis_, tl_, 1"1
(' ()llllll_tlld [ 0 (lt' [ (' I'111 i II(' ,": i (1_' llllIIl])¢' 1' ,N f t;, I'

NS,_:;IJF l ni I)et'i_' a l i_,' l'_t'.tl_' ],INE _'ol_n_l t_ I_,

A I_ _,omlna_d for tl_' l_art n_ttst l_r_,_'ede
t.l_is <,olnm_-_d.

NI_/I(:ON n list, i1 (,Ollt.O/ll' l_,vt, ls i_ ('()NT()IlI,_ l_l{_ts,
'l'll_, def'axalt is 9,

I'I,I)F n r 1 z 1 ... r z l)_,l'i_<, a .li_' for ll_e I,INI,I _:on_mat_l _si_g11 I1

_ l)oi_t.s, (rl,Z), (r,,,z,,) .... (_' ,z ),X '" I1 I1Tills 1 i_' is l'i 'd i_ Sl_'a_,e.

itle_til'y ltir, iv it,;'t, is (d_,t'aull).



PRIN c' n m 1 m9,., ,,, m_a Plot l i_les of princ_ipal stress and
straiil ii1 the yz-t) lane on 11

materials, numbers m. , m2 .... ,m ,
If n is zero, only t_le Out. lille of n

material ml wittl lilies is plot. t.ed, 'l'tle
l iJles are l_lotted in the principal
stress and sl.rai1_ directions, 'l'lle

, l_ermissable (.'OI[l])Ollellt, llLlllltJer.q from
Table I are O, f_, (_, 100, lOft, 10(;, ere,

Orthogoxlal lines rat' bot.h maximum and

mi_inmHi stress are iJlott.ed if c'omponcilt.s

O, 10(), 200, etc, are requested,

PI{OFILE _.' n m 1 mg , . , mn Plot colnporlent e versus _'lement number
for n materials includiIlg materials

m 1, m,, .... m , If n is 0 then,_. , 11
c.omt_oltent c Is plotted for ali elements.

(:OmlJone1_t liumbers are listed in Table 1,

RAN(IE r r Set til,:, raItg,, for CONTOI.!t{ levels _o be1 ')
'" from r to r iI_stead ot' the default

1 "_byrang_, ,,hoseIl the (:.ode. To deactivate

the l'ealur_, type RANGE O. O,

VE(I:T()t;_ (" n IIiI ni9,. .... roll Make a v,:,ctor plot of component e on i_

ma t e r i a 1 ,_. i n<: 1ucl i ng ni , m2 .... m .tIf n is 0 only t.lle ou.line of mat__}rial

ni witll vectors is piotted, ComI_onent e

is ol_, of "I)" a_d "V" for disl_laeement

or velo(:ity, rest)eetively,

I)EF1 NI NG MAZE PART t_OUNI)ARI ES

'I't_¢, ¢:on_na_ld s_,que_l<'e "M m B" for a material m supplies the boundary

i_l'or'matio_ required by tl_e following two conm_ands.

LI) _ k 1 I)efi_e l ino n for MAZE to inc. lude

bou_ldary nodes k to 1. Line definition
witt_ nodal coordinates written to MAZEIN

fi le,

I,I)S n s Defi_e l i_e _ for MAZE to include

side s. Line definition wit.l_ nodal

(,oordi_lates wril. l.en to MAZEIN file.

-1 :}9- =



, d_ fI,_I,I'_MI,;N"I'{'Obll'()NI,Nl ,_

Table 1. ("omI._(_(,_t _m_t_.,rs for _,l_,ii_,,_l \,_rial, les, 14y a(l(lil_t_

100, 200, 300, 40(), 5()(), or 600 t(.) (.'onq_o_(,'t_t. i_unlt,'_rs _of
followed by an asterisR, _mfl)ers for i_t'i_i ((,sinful strain,s,

l, agrange si._'_i_s, Aln_a_si struins, sirai_ rates, ext(,_sio_s,

and residual str'ail_ may b(-, obtain(:d. M_xilnum a_d mi_i_m.|n

principal str(:ss(-,s a_d si. rai_s are ii_ 11_(, rz l_la_( '. '1'1_'
(,orre spond ing t_oo I) quant i i i es rous t, be _,xan_i _(,(1 t o dc-,((,rn_i _,
overall extr(:ma.

II
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I NTI_I{FACE COMt' )NLN FS

11 (_C)IIII}0 l).e rl I.

l I) r e s s U r e
2 sl_(.:ar stress

3 llormal force

4 t.,allgellt ial force
,5 r I' o r (:r(.,

:, z f or(.,e

)
Table 2, f:Oml_Ollent, n)_nbers for interfac, e variables,

In axisynnnetric geometries the force is

t>er _mit. radian.
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i

I)'I'N(: t.l l,ls_, (,ursor 1o d(,l'lzl, l)olllt, t-t, The llod(;

lll.lNll:)(,r t_tlld ('ool'dill_ll.t's of (,lie 11o¢1(:! I Vtllg

_'los('st t_). w/li l)e t.yl)e_l tc, t.lte
t.t!,l'l,li ll_l I ,

I.)\',_ ta I) r l`l_(, (,IJrsor to (l(,t'tll(, p()t1_ts _ c._l_db on
t. lle l)ou_ltl_vV, Vtavlttl)le sp_.trr(_ nodc, s

_lor_g tl_e bOl_lll(l_try st_trtiIlg (-lt li, lnoviilg

(.,(>tllit t!,l,o lo(,),;wJ S(' , t:llld oIl(ltllg til. b,

DZ a t._ l`]s(, (.'Ul'SOf _.(.) tJ¢_t'ill(:-' potnt.s t_ and b
oti ttl(-' dittgollt-_l of _:_ window for zooming°

I)7.,Z tt l,ls(, (.tlrsof to del'ifve poi_t, t:_ and zoom

il_ _:t[ tl_is l)oiv_t, 'I'h(:, _f,w window is

,15 oi' tile size of tl_-' pre'<ious window,
'I'I_(_ z()oI_l f_:t('tor ('a_ I.)(_, res(,[ witll the

(II,_ZI,' (,,(,)m)l_,)_d,

I)
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1N(; 1,3XAMI:'I,I,

list, of lilt, rq,zc)1_q,r Is tl(:_ii_Jzl._iz'(lt(,(l t11 Iii(, (,×aitjll) l(, '/,'llt(,l) r()ll()w,,..;,

llelt,w tile c,onlmttll(ls t,3,1)ed _t(. t,11_., t('rlllizltt] ar_' (,(,rvt, lltt,,(I ','_'ttl_ r(,.,-;t, l t Jilt,.
l_tt, l.ur_.,s oxl ttmp, TMI),q, ll:_ tI:LtC'r_..LuI,iv'_' XIIO(I(,NI)YNA l'lr;.;l, l,r()lnl)(.,'-; 1'()1'

ii)(, 'I'Ml)/ IIl(.)llJ |.(;)l' llllllll.)(>'l', 11, tll(,ll l)pc)Inl)tS for (:)111(,I' (' ()IIIIIIIIIi('I ,N IA'i [11

(I l)('rl(.)d (,),
e

'l'(>,)'tnJ)la I (.,omtna)ids I_(,.,-;uI (Lt )1_ In_a/Z(,,.4

I-MDS: ,556

PLOTS W41 O :> I: Ig 12
NOFR G :_' Fig 13c, (fur.))

M 1 NDPL N 2 NDPL =:-" Fig 13a (bottc, r,')
KLMX .5 LLMX 11 DEL)< 1 1 O => Fig 13b (tor.,)
M 1 NDPL U 2 IqDPL :.> Fig 13b (bottom)
DELL 2 3 8 O --..:_>Fig 13(., (top)
M 1 1,4DPI.M 2 NDPL .:> Fig 13c,, (b,,.,t tc,m)
F
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DYNA2D REZONE: test for del II wlth klmx=3, IIm×=ll
_'I me = 1 , 64259e-05
cyc le= 125

commend :g K=',2 L=O
L=I

700 0 O

$00 O0

L-4
2(,0 0O

K:O

I O0 O0

ooo _ L=5

- I O0 O0

-2OU O0

=6

- 30 0,0 (J

=7
500. O0

- (,00 O0

=8

Fig, 1"_, I'Io(. oi' init. i£'rtl m(:',_ll ()II r(.,l'(:r(-'xl(.'(: grid mllowixlg
k-lill+.'s +.tlld l-lix_(,s,
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i

OVHAIO A||ON|t #lil i*_ d, llt wtlh kludwl_llmiull
llm, m t 14|t11-01
_volom Iig
illigndll

DfHAIO M[ILOFll[a lCall fir d, lll wlll_ ilgmw,*l,ll_Muli OYHA|O RI[|OH[I I,II fer ql, lll vlth klmlul,llantmll
I luo m ! ,14111O-OI I IMO N _ 14tllto OI
Oy*Ion III 19OI0' IlO
qluue_d ! nip I eoama_d !ndp I

1¢

I| |

|I "' 4

lP I

l"il_,, l:_a, lnJitilll lll_,nll: t,,ri(l I.,lul, xlu(l(, XllmllJ_'r IJI_,)L I'_JX' xIl_lLt,l'iill 1,
z_Jl(I II(J_l_, zllllnl_,r IJl(Jt l'(_J' nlnLt,rilil ;_ (c,avity),
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DYM&IO NE|0N(t tetl ftr delll with klUMNiollm_.lt
lime • I,ii|$tt-O|
_yel** tr!
iewmendot

O¥i_AID i1110_111 teal f(,f d4111 vlih klmt.,$,llmN*-II I)YHAtD II[ZON[t leo! ftr d, lll .llh klm,mll,ll*.a.ll
ll.,e • l,ll41$0e-0.t lime N |,ll4_l.lteN0]
iytli_ 1|5 efq) leu ilS
i Ollm0nii I ttdp I eolmnnd I fl_W

t4

li J

ii 4

lY e

II e

l"it_, l:_lJ, M_,_ll _t't('r l,;.-.lixl(: (lc, l(,ti,_xl: _rid iJlo(, xl()(lq_, xlumt)_,r ]_1(_(. t'c_x'
m,t,,ri_._l 1 , _,x,<tzl()cl_, xlumlJ_,r l)l<J(, t'()x' xxl_._l_:,rl_:ll _.':'((.._tvltv).
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DYHAID H[|OHII (oll (lr dolll wl(h klm1_$,llm_u(l
tlm4 . I,IAIIt*-OI
IVOIIN Iii
letle_dll

bdbOAtO R[ZONILJ teel lcr dilll with klUtua3,1lmM,.*ll [V_A|D It[ZOH[I leo_ ftr delll vllh kll,m,_,llut*'ll
elm, - t,14|Sle.-Oi lime - +,14l._l*-O+

4yell au II+ Iy(, I la. 1iS
q Otluund I lsdp I e emmu rid I ndp I

t4

li l

le ql

to r

]+'J_, l_3r+,, M+,mll +tft+(+x' l-lix_++ delc_'ti(>Ix: _t'i(l filet, xlud(, xluxul)('t' pl(Jt fox' _+
Zl}_It I'11++"i _'| ] 1 1 _+_x|(l+ICJ(+]<"XltUllb<'1' plot+ fOX' XI_'Ltet'i+tl ;+ (<'_Ivity), ql
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I{I!;MAI"I'I N(;

I'Ili;_I)()SI_ OF I_EMAI)I:)INC;

'I'll(, l)tlrpos( ' ¢)f ill(, r(,mal)l)Ix)g is t() redefine the nl(_'sll inside tile

botlrldary of a givexl mat,(:,rlal, Usually i.t_is is done because the nmsh

1| tl S l) e (: Olll(' {l i S t. o 1' t. (:!11 () I' UlIII P. (! 1-.!S S tl 1' i I y c, oln I)r e s s e d dur tng ¢!a I (?u I a t.,t o11,

'I'o remap a material tile NI)YNA rezoner must, first be used Lo der.ermine
thf' bollIl(lal')' L)J' t.ll(', lnat(:r ial , The rezoz_er's "I,D °` and °°_._,.w)_'',_cold, hands
ar(, t.ll(,,l_ used (.u write v()()rdiiJate data for each sid(-: of t.lle boundary

t.o a MAZI'_ izll)Ut ftle as MAZE line deft)littons, After this data has

be(::n rea(l into MAZI, a tl(..,w part c,azl be defined inside, t,he old boundary,

'1'1_(:nlesl_ _)ll Lllls l)art sllould be r._onstderably less distorted or

c,ompr(,ss(;d tllal_ t.tl(., original one, Finally, t.lle MAZE output ts read

lIito t tl(., KI.IYNA r(,mal)i)er (o rc, define Lhe mesh for t.he specified material,

r

,c , ) ) C 'I_I:,MAII I!;R l!',XI';,l.J'l'I ON I NSTRUCTI ONS

N'l'l'2I) 1: l,:xtra¢,t old mat(,rial boundaries form original mesll, 'rype

I<I)YNA Z=REZONE I{=dn_po M=mf'r
Wile r ('

(h,.l_O = dump oI' (_z'i t_i_al Inesl_

'wf)' -m(_t(,rial bot.u_dary definitions for buildixxg new mesh

lls(.:r Sl)(,_'il'ies I_I!_ZONEI_l ix_(_ definition eonmlands suell as B, M, LI), and
I,I),_,

,.llnl' ,-.: )'('at(' ix)put to d(,l'ine the new mesh, lype

MAZIri C--mf'r 0 = (/.Vn.
_,']1(' r ('

)nfr = bou_(tary d_:,finitions & otl_er eo_!unands for building' new m(:sl_
d,?/l). = KI}YNA inptit (le(:_k f_)r nr:w m(:st)

NI}YNA Z=I_I:;MA]_ l=dTlrt l_=dmpo l)=dmpr). (l=p_f F=_hf 0=o _,f

I)
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REMAPPER DATA F I,OW

OLD IX_ISl]

DLMP ( dmpo )

STEP I

EXTRACT MATER1AL
BOLINDARIES FROM USER INS'I'RU('T I ONS

OLD MESH FOR EXTRACT IN(;
BOUNDARIES '

' 't BOUNDARY )1

)EFINITION (mrr

STEP 2 I
BIIILD NEW MEStt USER INS'I'I:tUCTIONS

• FOR ZONING UI' NEW
MESH WlTItlN OLD

BOUNDAR1Ii,S

: NEW MESH

INPUT (dyn)

STEP 3
....... 0 LI) MESH

REMAP FROM OLD MEStt I)INP (dmpo)
NEW MEStt ANl.)TO T, •

CONTINI_'E CALCULATION
o

NEW MI"_"Slt

- I.)[IMI' (dmpI_)
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APPENI) IX A
USE OIi' SI IDELINES

Tilts appelldix briefly dese1"ibes tile pl, oper use of slidelines,

Consider t. wo surfaces in _,oltt.a_t,, In KDYNA it is necessary to

designate one as a slave surt'aee and the. other as a master surt'aee,

Nodal points defining tile 'slave surface are called slave nodes,

Similarly, nodes defiIling the inast, or surface are tall'cd master nodes,

Each slave-master surt'ar.Je eoinbination is referred to as a sl ideline,

Many potelltial l._roblrins with ttie al gorit.lmi can be avoided by
obsei'vil_g t.lie l'ollowiilg l_recaut, iolis:

o For explosive-met.al i_terfaees the mast.er surface should be
on tile met.al side,

o For exI_losive-mei, al interfaces a "sliding only" type slideline

sllould be used, Ttie penalty formulation is not recorrmmnded for
tilts ease,

o If one surfac, e is more finely zoned thall anottler, t.lle more

l'iIle, ly zoned surfaee should be the slave. If penalty

sl idelizles, type 4, ar'e used, t.he slave-lnast.er distinction
is irrelevant,

o A slave _ode may t_ave more t.l_al_ oIle master segment, and may

be i.Ii¢,luded au a nlember of a mast, ct segmezll if a slideline
il_t erse, c'tiol_ i s def tried,

o l'e_lalt.y, Lype 4, sl idelines handle intersections automatically

and sllould not. be used for inte)'seet, ing slidel tiles,

o AlJ_les il_ the master side of a sl ideline thai aI_)l)roacll 90 °

musl. be avoided, Wl_enever suell angles exist, in a mast.er
surface, two or more' slidelines sl_ould be defizled t,lmre.

This procedure is i llustrat.ed in Fig. Al, An exception to

t.his rule arises if the surfaces are tied, Then only one
sl idel ine is needed.

o Rigid walls are defined by a series of fixed master nodes

(bouIldary conditioll code 3,0) wtlieh outline the desired

profile, For best results, the spacing of these nodes

stlould be approximately t.he same as ttlat, of tl_e slave nodes,

If very large sl)acing is used, errors may occur during

tt_ KI)YNA init. ializat, ion please-,,

O t6'tI_IIC!V_:I" [Wt_ Stll'fa(:_, _ are i_x contact., tl_e smaller of t, ht-,

two sl_ould be us_'d as tl_.' slave surface, For example, in

modeling a missile iml)ac'ting a wall, t, he contact surface on

t.l_e missile slaould I_e desig_at, ed as t.he slave surface,

o Care should be t. akel_ i_ del'thing a mast.er surface t.o prevent

(.he ex(.e_sion from interfering witl_ the solution, In Figs, A2
a_d A3 slideline exte_sio_s ar_, sl_own,
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o Wh¢_,rev¢:r slidf'lixll!s inlvrs_,c,t, as sll_wti itr l"i/_, A,I, a sli¢l¢,litl¢,
iIIL(,'vse_'t loll sl l_)uld b_, doc, lav_cl,

s;._ ...to
sl(; 15

III (I) Y_I/! {-)
sl )

rn,3 • , ) ) In I 1

(I) , )

ln,i ( _) ' ) ) Jnl,..')

m',5 () _ sl() s2f_ ) ) :JJl3

m(_ ()- 0 O- , ,() lill4
ni7 mt_

1 o 3f.,¢

Slaves Masters Slaves Masters Slaves Masters

s 1 ]III S 11 m(3 s24 mid
0S,-,9 111:2 N1¢_" m7 s ,_:._ m1,3

,, , Iz_i , .

, , Inl ,1 , ,

, , s 1,t , m9

s I 1 ni(:; s24 sl 5 ml 5

Fig, Al, Prol,er del'iliitioxi of i l lust. l'at.ed slav_,-master surfa(-e re, quires
three sl idelines, Not.t; t.liat slave surface is .t.o left of masler

surfa(:e ,ts ozle moves alo_Jg master nod_,s i_ order of definit, ion,

1
-! 5_-



Betterl This is the extension if node mO is

included in the master surface definition,

Badl This extension tnay interfere with slave

\ nodes sl to s3 causing erroneous results,

III0 S I _-"

s2

' S3
)

(_ Cl )

)

)

() )

Fig, A2, Master surface extensions defined automatieally by KDYNA,

Extensions are. updated every time step to remain tangent to
ends of master sides of sl idelines unless angle ot' extension

is defined in input,
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APIT'I'_NI)I X (!

MA'I'I_RIAL MOI)I,;I, I)R1VEI_,

131_IVER i)+ (l m(Jd(' ur (.)l.)(,vi_tlox_ tlltLt (<lllow,'+. tile U,'e('r t<3 +'vuluut("

(,(:,xtstitutiv(, u,_d volumi.,t, rl(, x'(+,SlJOXi,,.+eIt)od(.,Is l'c.)r u glvell _+,+tralxl patll, Irl
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(.!ff('(_'t.s of tlo(.l(tl lllO(,iOll 111'(,) (,llmltiat.(:d, I)I{IVER (:tall only be used wt til

a stzJgle-zoil(!, mesh, Strain p(tt+lls eutl t)e r(:,del'lltud lxlt.era<:)i, ively,
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APPEND1 X D

' SOFTWARE INSIGHTS ,

To uriderstand KDYNA a programmer should begin by looking at the

subroutine FEEDA where the cycles of the finite el emel_t calculation

occur. Practically every Other routine feeds into it or takes data

from it. For this reason it may be considered the _central routine

of the code. Fig. 14 on the nexf page is a flow diagram of FE2DA.

Fig. 15 contains a data flow diagram for the call to FE2DA from SOLT0,

A
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m

SOLTO --> ' FE21)A SOLTO "-> FE2DA

a('l ) r a( lgl ) u

a(n2) z a(lg2) v

a(n3) code a(lg3) a

a(n4 ) aural a(lg4) ms

a(Il5 ) retype a(lg4+numnp) bqs

a(n6 ) ro a(Ig5) ares

a( n7 ) cm a( 1 ) b

a(n8 ) nodes a(n21 ) s I ang

a(n9 ) pmul t a(n27a) i 1oce
' a(ill O) t a(n27b) mzfae

a(nl 1 ) Icp a(1c3) sig

a(nl 2) npc a(Ig3a) t ta
a(nl 3) p a(n26b) i 1ew

a(nl4) Icy a(lg6) xms

a(nl 5) nve 1 a(n7a) nsubgv
a(nl 6) vr a(n7b) mtnum

a(nl7) vz a(nTe ) nfegp

a( nl B ) to 1d a( n4a ) i eost

a(nl 9) tnew a(n4b) eosp

D a(n23) nsln a(n4c) ' ihgqa ( n24 ) tm_l n a ( n4 c +numma t ) hgq

a(n25) ids I , a(n4d) iqtype

a(n26) msr a(n4e ) bkqs

a(n_7) xlsv a( I g4+rmmnp+nume I ) atem

a(,128) nlsm a(n22) ien

a(n29) i loc irestr irestr

a(lt30 ) iI)t 1 a(n25+ns 1 ) fr i c

a(lJ31 ) il)t.2 a(ng6d) slbuff
a(Ii,32 } i zone , maxms 1 maxms 1

a( n33 ) i f t a(n26e ) i ex top
a(,_'34 ) fcnts a(n23c ) nnnrb

a(n35) tim a( lel) ixe

a(n'36) ener a(ld09) peaks
a(x137) nsli a(lg7) bf

a ( li3 {3) n sn i c i p dmpm i pdp

a( I139 ) mst i c a ( n3a ) ndsout

a(ll,lO) ' nic: a(n3b) nstout
.......

Fig. 15 Data flow between subroutine SOI, TO and subroutine FEEDA.Jh








