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Low-velocity impact damage can significantly affect the mechanical properties of fiber—metal composite
structures. In this study, an elasticity-based numerical model is developed to simulate the response of fiber—
metal composites under low-velocity impact loading. A GLARE laminate with a [Al/0/90/0/90]s stacking
sequence is modeled under different impact energy levels, and plastic deformation in the metallic layers,
along with the initiation and propagation of delamination damage in the composite layers, is evaluated. The
elastoplastic behavior of the aluminum alloy is modeled using the Johnson—Cook criterion, and the
initiation of delamination damage in the composite layers is predicted using a modified three-dimensional
Hashin criteria. In addition, the propagation of delamination damage in the composite layers is simulated
by instantaneously degrading element stiffness. Unlike fracture-mechanics-based approaches that require
predefined crack paths, this model employs stiffness-matrix degradation to simulate delamination damage
without using cohesive elements. The results showed that, with increasing the impact energy from 8 J to
18.5 J, the delaminated area in the composite ply farthest from the impactor increased from 1081 to 2476
mm?. The developed numerical model predicts the initiation and propagation of damage in the GLARE
composite specimen with satisfactory accuracy.

Sbajsesls b cwslie (Jloinll [2] wive adioasshe 5 0o 4oido-1
IR i 050 oS P Slrosle a5 oud Lol Blis pacly ey ek ails (b ISl Y plSol o a4 blie S 4 ey j5pelS
(Sroch ame) lotajeslS olies 4 538 Glaadyy jlosliiul WpS 1] Wed oo eslitel i) ple g (53leg g3 Ladlsn mlio ) 00 S
ylite glaa¥ el 0350 D9z 4 [, Vb SIS L slosizmn sla sl g Ladlsn mlio o lacg;emlS Cagme ip (Sulle olss Jdo
S B3 slacyjals jo o318 SLIT (sladdyg 5 (hujepals sloddyy il asl il oz b b 4 638 SLITL anglie )3 (g3lugy0ss
g 1) Wolapals plotil (o g (i (ply® 5 485 )5 K0S )58 S g5 9 Yl plSial 1l cal S Sl T s 4 505




0940l (5 )9Ud 9 pole &y puiss

W 9 3355 el

25 Sl jorels 93 395 T (o iS5 406 33 )il 533 Yol

slyp osimz Slapldl Gl Glos S ol 3l slataghy s
gy ool [17-217 sl sy ooliisl glag iy G55 & 3lordrns
G 0db iy iy 51, S5 sla S Ygmnn S Sl e
&g Bl 5 00z o) Sl Gads Gialed sl ) il o) g 008
SrCudgaste dazgil S oo Sgaome ol Sy b Ol o 5 LS6 enls
] sl 305 45 ol (g e (5100 S, oS SilSn 1S
s L5090 Db LS oo paal 4 g |) Alinadly
5 osSLT 15l 5 5l eolil L (gaman (39 Joo S gl o0l o
Sloay S gVl s, (o j0 a5 ol odds ools dxwes 7@,@ S
P G5 w1 5 SoS-guile Jao 5l eolital b againagll 5LT
Ot ool gaman Jlas Sl gpSese b Sujsels slaaY
b (2ioeelS SloaY 5 5y ol A cnizan ool 0ad (3luand
WS 5N Ad;y gileJae et edsdcaw! Al o gaw Sl el
Slaye i, Gl Ll gk cnl 5l Gas ol wdnd Ojse
©ose (97l lly hlise Sl Hl L @ ps Ll b cov IS CusealS
S5 cge 5285 (] sloaidly il oo 5L () 5,5 ol (bl Sl
) St sledse anugi 5 LSl Gl Gl (Hlb
3 oisds 0 il S slags A5 o LIS (slocpusls
@l @Bbanwg goue Juo jlitel jslanear bl s 0nS
a8 oym0 Slallae 5l ol mls b gove g5loae jl ssslewsa

sy 9 dlgo-2

4,0 o5 [Al0/90/0/90]s coza¥ L 75 o jeelS dalllas pl o
5285 5 Jss 18.5 5 15 1.5 8 ayi syl o cpmly ety
Sl Sdly S8 s a8 (o) SUI3L aVaiz )3 ol dnngs
ol 55 85 as cage Sl | (jsels etz 50 G555 9 3B
B Eou 090 ] (pl dangs 09 g oud wiley ol 4 iledse
6061-T6 poiragll SLIT 355 ol Cujopals 36 5LIT iz ol a2 8
eSalaied ezl (ujeeelS adoiz 5 0oy des 0.4 calisl
s ad S L s e L 0175 L s Y ja culisl

6061-T6 pgionogT 5LIT-1-2

DL 58 o oalS 50 mly et poo 4255 51 e ¢ 2K le] s waz gl
22] 05 Sexadly 42U 3,5 5 odmsy ke (i3 4 Wil o0 (308 5L
b s I8,k cod (318 slge (25,5- s )18, Wil oo S95- gl Joo
Jolao 25 [23-24] 05 (g3loolas s |, bawgio b ol L5565
090 g0 0318 iuled 5 dlolas Lawgs

&
o, = (A+ Be") (1 + Cln ,—) a1-rmm
o 1
GBS E5 € Jolee Smdl (H)S € Gige A5 0y ol o &S
St o Lo T g 8lge Culgim 5 A B «C )l5

SAzhdari
6 Soltani
ABAQUS/Explicit

5eolS ol oole Cad g Jiulidl Blge g9 (pl (Ko jbx piores aiisy oo
.59.:.;.3.,49” )L._ll 2 e sty sy eels wlge cpl Hle o [3] Wb oo
Sl ooly o 4 g e aSls ' IS lsie b oS azt SUI
Ay cole o 0051 job @ s g (Ss ol o Y cuglie b
[4,5] g o oolatwl bag 095 (sliz! g A3B0 byl aisle laleylse
ol |y e iyt I8 gloaYaizr wrg LB bl o5zl
Sl oot asle ol ce b Ol s 5y ;0 a5 olSin of 94 wins oo
O S oo )8 (B Ll loys b )NS5 e Slies (> 0
i 5 558 dhoz 3 (a8 B Slacem] sl Ll Siz alba olyo
59 gf""‘j Glopisle iz el oo 638 sl o Sy S
Slmlly guas sl Gl S5 g sl s 4l o5l (S LS ggome
Ol i)l s aeis 1658 ol Bleiy Sotle al  ogdle [6, 7] S (o
1y sl Gl St olael b 5 B0 slaibg, & 3l 9 00,5 ez |
sloan e Jo 4 b Cdo 3525l 29290 (0,25 Slaghy, WS (o8 b
ol )0 (63 )15 50 Cosgame Lmu:.iuj $2! (Sausm b
sl 2l @)lnl plsiear wlse ol slarys (18, goue (siluand
Aol (380 (g3l Joe ol atdliarwgs ] GBS (S 9 Jedoo
Oz g Sl g (Fujeels Slge )3 CeS slap il 5l Beee S0
3g9amme 62! (g5lad 5l (6 S0 0 b [11] o)) Se o o)l digod (sl
Goe 0)5\;.5) Lg.\,oi)lf 9 cds 4‘5:.1)'5?46[5 GLQO)'L.J Lg|4.g),b )t'..é) J.J.?u 6‘).’
50 o) Ken 5“5:...; Oz ol lis canSls slap sl adlas (o 1,
) dpd o BLI 58 o 55l (somam 5 (smge ol Joka g0 o
Sowgd Joe 4 o (Gamdm S a5 sl o Ll .asols 13 anllaes g0
aals ool il sy gy0 ol Liales ;o Wilgi o el (Sig, i
G5 el (i 9 il 4 093 oS 50 oy Sen 5 Tole Ll
Joe b T ooy BLIF 518 slac joualS 5o ol e o 0 51 56
Aen 5 gole aisS (gilwos 1) 5,95 caml Bad 38ge 95 Sgaze |52
Gl jorelS 4 a5 Frwl Jiad 3950 0dig, i ] Jow jl solail L
4,15 0% gy (Sl Sl gl 5l ol az 0y LB olados yiiy
S j5als 53 355 ol LAl 5 g9, (s3lode sl oz 42l
CajomalS sl po 13, oy Kad o 0 5,050 [6,14] wlos S eolamul LI 318
& Silude slp g 0313 S8 (o) 3550 300 5 (225 S jgots | IS
as Lg‘ddjfc\.g ‘..\J‘oo; solaul [Rvewwe s C}Ja.w 9 L‘buLoJl )| ‘_glduyu,..:
J15] w O e 5l G‘QYQH Shgods Slae osdll sl fore
5 Ca59alS (sl o )18, OllSen 57 Sllal S5 (SAme%y 55 eizpen
(510 s pogrizndll sl 55 55— il Jas o5 Sl eslisad L,
Gilwand sl odnz 4l Jow g SujemelS oY o Sh—yie
golaes adgl iy yad wiojls 1D jsb 4y 5,80sy (nl 0,5 pwyp | 8588
J16] el otz sl S5 4 S 5 w)a.mj S ys g Lg|d..3‘§/@¢.g

' GLARE
2 Zarei

3 Seo

4 Maio



Oet 9 31355 puel

25 Sl jorels 9 395 T (o iS5 406 330 )il 533 Yol

Ceond a5 Gloy oo leay b wigh Loyl Y s le a5 Sloj
€95 3558 el 4l 0 po sy G5l i bg 1 jlake 4y alobes o
A anle>
350l SBAY 50 ol drugi Jo-4-2
el it NS 5 009 ol 9,8 (Jre 4 ool 5T ¥0las 6L
Gl ] Arsg RolSugs 5l S 00,5 o ] Axsi 5 iyl
sloaY asl gals shw jlade ol caml 5T bl 5l G (St o ilo
ol oo @511 3 Jgoz 50 595wl dazgil (i jemalS

55 ] 4255 b 550l slaa)Y adily alS thw jlaie 3 Jeus
Table 3 Reduced stiffness values of composite layers due to
delamination damage
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Table 1 Johnson—Cook model parameters for the 6061-T6 aluminum
alloy [25]

) E A B
(kg/m?) (GPa) _ (MPa) __ (MPa)
2703 033 7000 32410 11380 042 0002 134

v n C m
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Table 2 Mechanical properties of the glass/epoxy composite layers [15]

E E>=E; G12=G13 Go3 P

(GPa)  (GPa) (GPa) (GPa)  V2TVB V2 (koimd)
3721 10.52 3.00 2.70 0.30 027 1604
Xt Xc Yr Yc S12=S13 Sa3
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
58978 416.39 48.68 120.70 43.54 34.00
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Fig. 2 The comparison of the plastic deformation area in the metallic
alloy after 18.5 J impact; (a) experimental result [15], and (b) numerical
model result
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Fig. 3 The plastic deformation area in the metallic alloy after a 15 J

impact in the (a) impact-side layer and (b) opposite-side layer
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Fig. 1 The geometry of the GLARE composite specimen simulated in
the ABAQUS software
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Fig. 6 Force-time diagram obtained from the numerical model and
experimental study [15] for the impact energy of 18.5J
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Fig. 7 Force—displacement diagram obtained from the numerical model
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Fig. 4 The plastic deformation area in the metallic alloy aftera 11.5 J
impact in the (a) impact-side layer and (b) opposite-side layer
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Fig. 5 The plastic deformation area in the metallic alloy after a 8 J impact
in the (a) impact-side layer and (b) opposite-side layer
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Fig. 10 Delamination due to the induced compressive and tensile loading
after an 18.5 J impact
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Fig. 11 Force-time diagram obtained from the numerical model and
experimental study [15] for the impact energy of 15 J
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experimental study [15] diagram for the 18.5 J impact
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model and experimental study [15] for the 11.5 J impact
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Fig. 18 Delamination due to the induced compressive and tensile loading
after an 11.5 J impact
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Fig. 13 Absorbed energy—time diagram obtained from the numerical
model and experimental study [15] for the 15 J impact
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after a 15 J impact
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Fig. 15 Force—time diagram obtained from the numerical model and
experimental study [15] for the impact energy of 11.5 J
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