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In this research, the finite element method has been utilized for investigation of the progressive damage

in composite laminates. Governing equations on progressive damage in three dimensional stress and
strain field have been expressed based on Hashin's onset of damage and Matzenmiller's progression of
failure. The damage equations were coded to make a material model in LS-Dyna. This model could
simulate various damage modes such as fiber breakage due to tension or compression, failure due to in-
plane shear, crushing and delamination. High velocity impact on woven composite laminates has been
analyzed using this material model subroutine. Damage pattern, ballistic limit velocity and growth of
damage parameter in different failure modes have been investigated. Also, the occurrence of multi-
mode damage at an element and degradation of the elastic modulus of the composite material and its
softening were studied. In addition, the effect of impact on damage growth at near field and far field of
the impact zone, as well as complete or partial damage of the composite laminate have been
investigated. Based on outcomes, the number of plies plies is the plural of ply of composite laminate
and its thickness has an important role on the manner of the results. Also, for a damaged element,
change of failure mode by growth of the damage parameters was observed.

S el oile ales Ceglie 5 o)k Dy5e yo Glaiz Ll bl dodio -1
e sl Rl 5o (b dsie ;0 wile oled Caeglis dnuloe anled az g 000 Ll 0 B ey (ake (el Dlakad cSle 5l ey
41.'>Ja FLIN w“’l‘s" RENL LI NUR VT J)D LS‘)'.' el N )L..u..' ! 6‘4'.’)"5 9 L;..QL&J\) 6)";\5)l1’ PR TR adlas cul 0dg uLu.’zo

SN0 ol 4 o9 (A (jgeelS axkd o)l ol Glies 5 (SsSz sad wl)l oy slags e el s o0l Coeal ) dacy jeals

O S IR oy p Syee oNgrty Djpe 4 0B &S Swl oY g - (olas o Jub —(slud (1S meuiSle (5 ren STl b Slse ol (sl

&y sge o 50 e 390 (rnns Ll b g e 56 090 Lanies ¢ glate g 009es (St |y dlge cnl 50 o5 (gl £98g linl s g edla

Please cite this article using:

s los oaliiw! J23 yle 51 Allio ol @y gla (sl

M. Mir, H. Sabouri, Failure Mode Characterization and Dominant Mode Determination in Progressive Damage Due to High Velocity Impact on Woven Composite Laminates,
Modares Mechanical Engineering, Vol. 17, No. 8, pp. 313-322, 2017 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1396.17.8.8.2
https://mme.modares.ac.ir/article-15-61-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1396.17.8.8.2 ]

SI9M0 63D 9 a0 Jozxo

03uh A8l (S )9aelS (SLOAIYIID (59 YU g juw &3 )8 K31 HD 0339 Y T NS ILE g0 (RS 9 L )T g0 YouTulsd

Joe ol 068 bl jlasmio )5 5 U2 (o (ot )18, (65 k0
.091\

g amio J3b Lo 5 Job lad g maS slagilel el
bogie (Sanlus § (Slial Glagis S g5 50 axmio J2Is oy mizeen
howgts (oSl | aded Cojenals’ (Sl 3, (sl pladas Ll
w23 oSl Ly, 5l eolitul b Gup 285 plowl (9] el 5 4 S
o g SimelS Slxio (Seelus AiS waxmio B owy) i
235 Jelod (2 jeels sladilyial 59, 55970

Olrbo (e DI )5 0y iy GBS Gaman Joe s3luosly
5 [10] (lSan 5 oyp oy (o228 NSl plie 0 (Rajssals
Jelos o0 ol sjluted o 285 plonl [11] ) Ken 5 S5
Sl 28518z 3,50 (Sle elst Shally St o (15
S ploinl 5 el oz Saol 5 Lol (Jsb alold dagy Coadoe
o o8 GliBee glasge sbml Sl puien 05 vy eaile
s Aol 5 Elygm Hhad 4 axmio (550 Cod) Jlail (pwiin ol Cos
Bl S Sl 5 Dglite sladge  (aie ad U g b
B8 18 sy Sy9e (SadaY g Gl g SLII LB cul S

53 0Xg )iy w35 gy 4 [12] (s luse 5 o) sole izen
5 ol slalall 5l oolial oS 5 Sl snbga ojenelS YLl
bl o sl 5 5 glawgy solodl (oS5 x5 Ba b s slatus
2005 b)) wde (Jlasl 4l l g0 5 oo

slaaYar il anlp jo welie Ap SSle g5l
plul [13] e 5 Gugeils dewgar ()5 S a5 (9l
odd dloul odig, i o B Al g WSl dgase sl GYslae L8 )T
tslin 0 (giluosly st 5 amgs logs 3 Gy Il bug
ssbaieds (gaman Lo 5l eslial po3) p By 90 gl G a8 Sl
~sn 25T () Kitle (slog e e 95900 5 5 slooge JalS sanlin
Dgad

gl sum udib et sl og i GBS e sSl 5l eslia
et S 5 ) Lid Gl Sl s ead il gl
sblsy Sl dagtmssy ool o 28,8 plost [15,14] o) Sen 5 luall s
285 8 Az i 350 dodlsl (632598 p i

ol b askad S 2ls Ced)b (e w631 3)l9e Sl ik o
G Blise 6952 O 5l atge ool cqz (Jol plagdl B (jsels
o ol JL8) (swyp sl os; G B Gl 5l eslitul ¢ jslate
odlo lall Sy 09 dmles anke (Jlgie slace 55 5 am g )5S (sl
B S5k 0,99 (o )0 1) 50 5l il laoge Wlgioe (SjeeelS
5 b oo I 5 sy 5 28 il S
w85 )18 alolid 390 al> e ol )5 QI o5 350 (Sl oy piey
ool oY e 2sd 485 8 I we o 5 0ge Jleisl i s
ssbie (g ai8)S I o 55 g0 Wiz 9By Slejes b Jleno
90 9 oad dulone (Jloj pl5 o 0 0B sl adS Cenlise
wdlge gy ey jlake o piion Gl & G090 S I o
Wb awlg> &l bl o aS aisSles K0 Gew 00,5 Sliwle 8y
S50 el e S Lise iy )10 0925 j a5 S50 yuts SG]
eaTie Sga )0 i 58 G o 9 (5 )b 3l satmin lade U cgole Lol

8 o )laibs 17 0931396 oLT (Hurde Suilfo wie

Gyt e g S S sy ot Slid pizen g os ool
S35 2 NS labxd e SIS e adlos (55952 1>
R N

Sgo SIS g plelid Jold anee; cnl p3 43S el slajrag)y
Lulyd 39 cu P Glsl ) o GRiselS eole L) (SsSr 5 a5

Sl o (1] ale Jlns o 55 090 S5 5 oLolih 039 5
Gy GMlala Sy | ol e 51 oolitial oyl 5 3ubs Bl o o0b;
Az Canlie g 005 canlial o 2 janalS oole g3 ailin] o i
o905z oelel (nl 285 Sl lejes S 1) (oS g98 d9e
SgalS 03l Ly a3 SN (g )led o B SU iS55
P sloge plprear (g lad )b cod (oye oS g (S L ceS
sloaYaz 3 a5 o oo (el aa S awsn SUI 4VSS
Sg0 olyendy LY 51 G ja gl 0ge ez cpl A S atign BLI
eloign s |y 55 g8y bl ( Saday o5

U )P oS anee) 50 a3 S el slaclad ot 5l (S
e Ay gy Saz oJae ol el [2] Solr S Jae s,
Olie aYar Olmio Sl o Sl e g edigyie
W)l 2iS b cod sapls Swp bl wSal [edlilS uenls
e 09 Ol O3 s (oo nl (ol lacusgaze Sl (S s S
Slp L g eais oy )] Slwle j0 amio z)l5 sla i Koo
Sl Jlosl BB lamio (i Laylyd o amio 5 slacs 55 L
Sk Jge 4 Sle ol als Ly, Jlasl 35 3505 05 (55ms
lS g0 1 285 5l e jaels VST (SB Jpe s

s oslanal b aS [8] o)) Kan 5 Jlioipile Lawss oy a8l oty )| Joke
mo oS ) G geph wliel (bl 55 lalals sz la)lr
L o llrd 0 Sujeels eole L8, )y (2l g
8l g oms S olo glamie S5 pew lp (Je opl g Ll
Jemiliy 5l ol oled @l (bl 2 1) o 595 (598 b (S0 (ole>
Bgeden Ol

oo Gl o s Sleaijle o ol )55 sngs Joa
>SS g j5mlS gl b iad goman Ll b 4 )?Jo ol&sls Tolge
19162 oole e ppes lacadld ol ool s ool s saiaiil 5
285 IR o nl eelatS jezme b Ll -l sgazme il 5Bl
dapmesS 5 L 5 (8] S 5 ;4] o almsgay ous ploxl sla)lS
Grpo s @l Lhr dme 0 &5 Adbis lagiagy ol alex I [76]
el oo plnil il Sl oadandly slacy joelS (55, S

odg e wo B sladae lead plxil slalopose p edle
3 ko cpl 51 6,50 boslaiul s g 358 dm) j0 by jemelS
LAl nj Slgeds plgion oS Canl 485 plonl (pwiige sladis; ple
:\)544.

2 0y sty 35 oy sl (8] S 5 30ligs bawgs Juse
Sle 2 (Sl S eSS dsn SUI (55elS slaaYuixr
551 W 31 65550 b Jae cnl s 5 )l gy o 25 SIS

Syeiise iy |y 350 e 2 el i B Glasge 5l S e L bl

interactive
2 Material Science Corporation (MSC)

314


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.8.2
https://mme.modares.ac.ir/article-15-61-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1396.17.8.8.2 ]

SI9M0 63D 9 a0 Jozxo

03uh A8l (S )9aelS (SLOAIYIID (59 YU g juw &3 )8 K31 HD 0339 Y T NS ILE g0 (RS 9 L )T g0 YouTulsd

a4l by jepels 4 uidle BT Gbaylro e -2-2
o y55 bl
(Gl 00305 &l)) agr o VST lp a5) dle o 58 slajlne
sloadlie cunmp samgd sabaiil glacyjaalS (o oy cw)n S
515 ke 55 sloage [6,5,1] ol ous sols e 23,5

moiyS Slaye iy 5l ogy 9 )b SLIl by ] LBAS d90 S
1980 0313 ) Sjgo 4 Culd Sy 3 SAp S 6 e sl

2 2
Ea Sa Gcasca -
= (52) () —ri =0 D
2 2
E G
f—12= b{€p) " ( bcsbc> =0 (o-1)
Spr Sgrs

el anil o Lol L wilete gy b gy polie a8 28 o lne o
S bl )lie (G5 (Giailez) B sl 1 e e 50 sl
5904 902y 5l G s polieds ol Ll b (Sslsl Sl G g ansls
116] &5 098 o 2,8 Craizmen [5,4] a wialys Lo,

Sers = Srs X Spr/Sar (&l -2)
Sars = Srs (©-2)
15 GoliS B AT 3g e b el (g Lib gy L gy olie a5 e
Aalg> Cawdy (15,5 e Sl Jlare loslatul b oogy 9 U Slem jo axans
iliss ) 8 a4 ol

fi—r¥= (E‘;isj))z -r2=0 ()l -3)
& = —& — (—Sc)lé—j («-3)
ﬁ—rf=<%gj)>z—rf=0 (@-3)
& = —& — <—SC>Z—Z (+-3)

2 LS 0 PS5y p Swls Cax o iled S Sl cal o
el o0l M;JJGJ O Ao

WiSee B poe ape S Cod (eslS laojle &5 Sy
B (on G g e 4l e YL )l sl Ysens
5 il ee Bl 05emelS o5l g ealiias e sl s slabasdle
5 Wl iy S ol B S @l (L ey S
230,85 oo Joo pj abal, sleslaial b

2
fo—r2 = (—Ec(g°)> —r2=0 @

o B8 doas 3l L s S cos cel 8w oole b L aY S
Bles ccu,ms Ll s g oog wlle Lo i BN e 55 050 ol 4o 00,5
90,5 oo b bl Slamas 9,0 o5 0l G pile 4 (g iy

G 2
fomr2=("250) —rz=0 ®)
Sas

e D NTL VR JUCTRURPE SRE S
0l Sl 3g0 SO 05, 00 ALl g 0dg (Culis gz o sla i)

2 2 2
f7 —7‘72 — SZ <EC(SC)) + ( Gbcgbc ) +< Gcasca ) —7‘72 =0
Ser Spc + Ssr Sca + Ssr
®)
s (j5elS o3l slaaY b slge (6) alaly 4y bgpe Sl mlas

% crushing

315

Cd i aeldl g oad S90Sl oS ol 5l e g eolidl gl
o) (nl 3 oad yaie slagiagh )3 03,5 plaxl (6,500 S9e 53 >
P 350 sl 5 I Sge i 5 Slasge Slojes @ loslul g5 b
Alie ;5 398 layally oyt calin ol g oo, o iy 1 s
SN0 5 anleS oads 4Bl 2 9elS Bud (g9, YU ey 0
@l ogrt oy Joo Sy o)lil iy a5 48 les
ot yisd e e ay Ll sl e Lls el 1 55 162 gole s by s.els
5 alewy a4 osd iy m oleJoe B o wgge slaazas jo ol @
3 A 5 g edis iy 55 B ol J 5 00 )F s sl

ol 0l u;)l..m\.......:

o P S slro -2
Gle g (1] le oot 2ol Jlae 31 o 5o sl abin] Laskas sl
el oy ooliuol [3] [leasile Lulg 51 56 Sy pias (o

Orle g 5 sadge -1-2
S92 dwgn SL (slatujomsls (sln 0,58 090 Sz rdle Jlre ik
Hlale as o)l

3 Jley oiiS a5 e 4y Boee a5 ol BUII cnSs (sl 390
Bl g oad 9,80 B 51 (S5 51,50 wae ol Ho il oo BUI
B sl g0 ube gboo,am 5 00us T oz il 5l oals il
Al jugd )0 Red g Alwgn oole 58 00,5 o sl ead alSs
T P bS5 Jbo 0 a8 oo 0 S g & L3S w0dd g 55
e Syl ey dlge 31 550k g il alS adlate 90 ol
S Jeie 00l oyt Al (o dlwge Ol cllSl 1,5 1slas
13,11 505 o o i 5wty o 58 JIg o G g ol (6 m0

0D AIAST b ohen a5 caul GLIL Sunl g (2leS cags g
“ oo onalive BN Cz )3 0970 S5 jLad ialojl o g wibice i ile
3 S Cendy Uy & Jsb (K s | g 8 03,5
o s IS 55 ol s 5 53,5 oo sanlie g8 e
O b Jlail s 5 e ple 5 U G el o pe SO
Eors Wil 5l (Ko GRleS L oS (2leS 5,800 ailige SLT g u ile
255 4>l a8 (g sk toad SUI 51 (6500 Slaad (6258 e g 035
13,1] sl oo jlassl susd e 2o 5o

Tt st 9 2se S b o e Sle (S5 S5 g 290
@ il (S0P S5 ogdy plla (S pam 3ge 0 CwSL sl
6ol (Saly Y diz (B p ploiul Gaizmen g (o550 (82T plSotal
1311 s

SOl Ghp g (0,0 LS CS G ple CuSd ooz o9e
5 S Gle Gamley o po SWST LLoa () 50 rdge 225 Sl
2 Sy (Rolees ;0 SBLII (50,88 o0y wogdledy 00,5 oo 99l (3,
Slly (el G i,S Gl bl S50 05y 0 ) S ol
200,85 oo blete (35, 9 BLI Hlee S iiie Jad slacel G 4 S5 0,
“or S5 el Sl 55 BUL g esg Sl g0 e s 4 o), (Sado B
SO S 5l 050 nl 0 1 5255 5 (Siael (Hhe e yile 00,8
I3]0l o 2l coole LI (sl 55 anl oo

8 o pless 17 ©)93 1396 LT ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.8.2
https://mme.modares.ac.ir/article-15-61-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1396.17.8.8.2 ]

SI9M0 63D 9 a0 Jozxo

03uh A8l (S )9aelS (SLOAIYIID (59 YU g juw &3 )8 K31 HD 0339 Y T NS ILE g0 (RS 9 L )T g0 YouTulsd

Sad A sge Lblie s oy ail e W s wh W sl el 51 Gye
alS 0ezg Sl jo by ode (coled cou iz Sge cpl jo g el LI
oy Oge A b @i Hlop 8l wles alS cu s b el )l
ol Ly wy 9525 31,0 Gap Jgdo (idlS i g 00g domae Jolo By
G 5 00505 SV (Fab Y o 50 ey Gy oy calyd Ho el oo
We 9 W5 W3 w)pu ‘_gL%J...A‘)L\ ).:‘ BN Gcaj Gbc ‘Ec tSLkJE“\A uu:lf

A ele>

3 Joo Sl § o i 3
ol Jow dls - il (Solns sgama clizl 138l 5 dasore yo asulis
bome po ool Joo ol 2 oS Ly celioo il 9750 S 555
by ' )5 by ead alds solo Jao B Zos (58 s asly
acgazme | ooliiul b i 3)00 dllawe ot jolaie @ o 1 Gy gt
Se S b S bl pl a o558 LLelS g eud oy sl
Sozy pae & argil 295 b -l S (Sle 5 el S >
35 SYols s 53l py 00 dsmee slaass Lo 162 gole Jow
el B s ons eusiaS s a1 2 iy 0 A e jb 4y ooy ey

a4l o0 53 Jgol Gab L o0

2 lawgd oud dhgd (S0 S (i Hlusl -4

el gl dilomal U580 e 5 50 ) by (22l BB o2l 5l e
o 7] g e (2Kiolejl gl 51 eoliad b o) 3g8 sl Joo (omiws
C gy A3 p0 (5,105 Cow g 0alds (g3l o SujeeelS 4Y 22 axan
3 alin g Bae (S elst g i latis wlal 285 18
Sy 0o S wisd gz po y> ol 003, F @l 3 L 1 sl Jsor
s gy oads ags gole Jow bt 5 ool adlel 4l 5 e 367 )20
m Oy o Seedl > ey gl 1) A4Sl je 38T jlade (eghy (ol 5o
Ol Cawddy s g 0390 (gllae azes Klo (Ll cpl sl oo s
el 0030,5 00 dngs golo o cono )l loebsl

EREN
oolaiul (g yie £o5 A 3l cond agd gobe Jow (puiw jliel Cuad o
(o5 oo sl Qlall o a5 (o 9992) 5 g5 il e 3 45 05
S s 3283 B (i ety S LRS! Jline 035 sl
Dy el lagladl slass ol 5 aY g0 g Cann Bas Sl o>
Sy90 Ghimie 5o el oo T LI L S s e ol Ken loges
Sz 5 Sl oad eolatul (28 cutia sl ledl (gaus Jae 3 5l conlail
La¥ (oled jsiws jloolainl b g 0o, 8 iy i ladl g0 Y o culss
4) SRigels aViia g ¥ lex Jlod gl wws S byrpe SouSia
Iz o 3l 5 (b0 00,51 lie nl sam slagisy o o @l

] 00 oolazwl (SNl

SiwJow -6
5wVl Slbrio gove Jae w5 slayally 335 (ow)n Hskiien

ol b ouSal (05 9 200 et BUI iz 5l c0j0elS 4Y i
o Cov g ab asle 4.8mm g 24mm sls Cwlbs L 150x150mm?

1 MAT user defined (UMAT)

8 o )laibs 17 0931396 oLT (Hurde Suilfo wie

zhw (6, <0) cubrs cyz ;o s)lisd slo i, cod aS 89, o0 Uil
ALl &S 39l oo (23 (rizres Db Ay (Sb Y4 boype o5
3o s (6555 b e 5,028 Jloj5 sl 5 & iy 5 slo
sl oo

Ssr = E tan() (—&) @
Pales] slaosls b (siluand g (Fpn slp (S)imlibe o rs
slrosls (59, (glwdds ools 3 golaws Gllail L a5 cwl ouls iy a8

55 Sy LT Glgise (2R tLes]

gy 55 Joko -3-2

SilSe olyS wdig i o o 1] s [B] Lzl bls, oo
wled Oype 4 a5 gl oo Hho (B S9e sl £98g 5l (m axka
IS 4 oole (Faisdp g (eaile Bb) o5 il gla ol )y oy
AT IS

@ =1- e'"Li(l_rimi), (no summation over i) ®)
i=1+6j=1-7nrn2=21

w; = max{q;;¢;} )
E;=(1-w)Ey (10)
G =(1-w)Gy an

lise crsay (SlSe s> slaggas] 5| o255 (Swigde s byl
Gillao 1 Joaor 5o s polie 5l (Swigle i yielly sl sy cnl 5o
Ll od._:.o)f oolaztul [7] &

25 Eope & 4l 12l (g0 e o B el dlne Sl

[s]=
1 Vb “Yea 0 0 0
(1-w1)Eq Ep Ec
“Vab L ZYcb 0 0 0
Eq (1-w2)Ep Ec
Vac Ve 1 0 0 0
Eq Ep (1-w3)E¢
0o —— 0
(1-w4)Gap
1
0 0 0 0 (1-ws)Gpe
0 0 0 0 0 =
(1-we)Gea
12)

el Slys sy (g3 e sSine Sl (s aile s

[c1=I[sI"" 13)
S50 gm0y slayially 5l S S a5 dlae cpl Sy jelaieds
SolysS mple Cunlior el 38586 o5 Gl 69, 2 eSS
17] o1s A eon 50y s

[q] = 14)

—OoO R OoOR
oOR R ORO
m O R OOR
oOR R ORO

[N SN

orRrooco
mRrOROO

1 0
oS sboge a4 bayeqip 9@ SubsS bjlop ax b Jow olp

s Ol i SadysS aiibie 0g 9 ,U gz yo SUI by - pas
g 485 13 )a..b St W g Wy Wy 3925 S )0 Gegy Gap Ey sloJge
2 Glid CuSl slaogeds qig 9 giz Sy lajlop anl o LRelS

5 Gap Eq slodsne 535 5 Silo gis s bgyje 05y 5 )b

316


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.8.2
https://mme.modares.ac.ir/article-15-61-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 |

[ DOR: 20.1001.1.10275940.1396.17.8.8.2 ]

SI9M0 63D 9 a0 Jozxo

03ub ATl (S )9aols SRV IS (59) YL ing juw 49 3u8 K3 D 0339 Y T YO LILE Sg0 YT 9 )T Sg0 YAUTTANS

500
400 + _e——-
- - -
-
@ 300 + &
E
§ ’)OO 4
- Experimental
— 4 — Numerical
100 +
0 f f
20000 30000 40000 50000

Number of elements
Figl.Mesh convergence diagram
G s Jogei] S
@ 0,8 el dae Sl o> oy 5 28,5 18 o aliy
S ) i 0o)d Ceny 190 o5 Slayd ot s )3 pin 25
S8, 5 Slasin wlyl cwl 0y 5 @l il oo o Sl o>
il s 3L L Jslaz b alin 5 (Sujomals Dloxio (SIS

e g -7
5133 ol iy @y e g Yl Slbrio Sl as ey
e 160 ayys Sy b i ol @l 008 s 4l e 152
A2 oo lii |y a4l Basay dglS 3585 5l (6 gt 2 S 005

Wz g9y 5 ey Slasge gl ww B Sl wd, Regh cnl
oole SVl Jose (595 » 58 yelib g Gledl So 50 o 55 090
Troy Jradia i5u (ol 0 a5 85 walst 13 cw)p 3)50 (SeeelS
a3 o LIS 1y oo oy blE pwais 86 3 S el oals ools

Fig2.Penetration of the projectile into 4 layered target
Yoz o by 55a2 JSi

A B C
D
E

Fig3.The locus of elements reviewed
0 (uy 5o Lol pwain (156 3 S

317

osliil )50 eSsil 5y 5 200 Akt LI CyjalS SlSe olym 1 Jgu

(7] snigyin o 55 gobs Joo 4o
Table 1 Mechanical properties of S2-Glass/Epoxy in progressive
damage material model [7]

slade >l sl b
275 GPa E,
275 GPa E,
11.8 GPa E.
0.11 - Vba
0.18 - Veq
0.18 - Veb
2.9 GPa Gab
2.14 GPa Gpe
2.14 GPa Geq
604 MPa Sat
291 MPa Sac
604 MPa ST
291 MPa Sk
58 MPa Scr
850 MPa Skc
75 MPa Sap
57 MPa Sgc
57 MPa Sca
300 MPa Sks
1850 kg/m3 P
10 Deg ]
2 - my
2 - m,
2 - ms
2 - my
0.5 - ms
0.2 - me
0.2 - m,
0.2 Elimit
1.2 - S
094 - wmax
0.001 Ecrush
4 Sexpn
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Table 2 Target specifications for validation of user defined material
model [7]
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Table 3 Projectile specifications for validation of user defined material
model [7]
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Fig 5. Propagation of delamination mode in eight-layered plate
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Fig 4. Propagation of delamination mode in four-layered plate
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Fig8. Propagation of fiber tensile failure mode in four-layered plate
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Fig7. Propagation of matrix failure mode in eight-layered plate
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Figl1.Propagation of crushing mode for elements A and F in eight-
layered plate
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Fig 12. Collection of different failure modes for element A in four-
layered plate
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Fig 13. Collection of different failure modes for element A in eight-
layered plate
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Fig9. Propagation of fiber tensile failure mode in eight-layered plate
‘Uy .oa A LS‘),' du‘ 5 - : B ‘35-9 w - f 9 ls e

mode g Yl Clrio gl (Sadd oge 4y bgpe sl logel annlis
03938l dio e Shw p daaY slasr iol38l L aS aes oo las Y
~ay5 3 5 oadlos] (ulsS G958 1 53 o3 ekt Cuoglio 5 0
00938l w50l 4 bgipe 58 ez a0 bie GRIBl i)
MR PES

sladsl glace s o wad el gove Gladely 5 K05 5
Ogies 5 0t sanlie Sudd oge «Spindl u> i pos 95% 5| oS
5 logos a3 050l Vb Cep ays Jilw 3 a5 085 an
w3 oo ) O 5l AL g Sl v SS90 )3 Sl lacee
(@Y 5o sl cwls sl o Gldl 99 @395 x5 )0 L)

Ol Sy 50 y5 390 wixy £989-6-7
LA Glell bt S 5o (o3 390 vz Sleje £98 (opp sskiiens
Slalogei 1o wspd (o) ey 55 slo el )by polie Blpis g oads
pey Yile 5 Yy Slxio lp 13 5 12 sl Siay by
Al 800S0 b goly calid loges 9o el 0ays I

s o 5 sleoge amio bl 055 sl liamio g 0 )

1
0.8 +
0.6 +
]
04 +
0.2+
0 -+ } += -t } -+ -t
0 25 50 75 100 125 150 175 200
t (us)

Fig10. Propagation of crushing mode for elements A and F in four-
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Figl4. The effects of damage parameter on elastic modulus
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