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Experimental determination and numerical implementation of ductile damage
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Determination of the damage parameters for different materials can be beneficial to the analysis and
Received 25 October 2017 assessment of rupture during forming of thin metallic plates. The amount of damage depends on the
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Available Online 23 January 2018 strain amplitude, the state of stress, and also the path and rate of the strain. The state of stress at the

damage location is an important and effective parameter which is described by stress triaxilality, load
angle and equivalent stress. In this paper, the mechanical behavior and ductile damage properties of Al

Keywords:

Ductile damage 2024-O have been investigated. The aim was the determination of the mechanical behavior and
Finite element simulation development of an expression for correlation between the failure strain and the state of stress at the
Stress triaxiality damage location. Hence, the experimental tests were carried out on both smooth and notched flat

Fracture strain specimens. Various levels of stress triaxiality in notched specimens were created by variation of the

notch radius. Based on the test results, a new expression has been developed for correlation between
the failure strain and the triaxiality ratio for Al 2024-O in the plane strain regime. In order to evaluate
the simulation procedure and applicability of the proposed expressions in more complex problems, the
process was simulated using ductile damage criterion in the ABAQUS software, and the experimental
and numerical results were compared. Very good agreements were observed between the simulation
and experimental results.
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Table 2 Result of Flat Grooved Test for Al2024-O

R(mm)  ty(mm) tr(mm) n &
3 1.498 1.32 0.713 0.1465
4 1.412 1.24 0.675 0.1583
5 1.549 1.28 0.663 0.2178
6 1.498 1.29 0.647 0.1730
- 2.286 1.85 0.33 0.4709
t Strength Coefficient

2 Strain Hardening Exponent

02 oplosts 18 093 1397 i)l (oI SHlle (S

Ly T T

Fig. 1 Test Specimens Schematics Geometry

O3] 5o eolaiul 0550 sladigel awais Sslad sles 1 &
loggesl losle cnl (Sl Jd) e glp s 53 g dy SIS
plol fgel aws 9o Gimgty ol ;o awl ool solatul pgu o g o sl
5 oslial b oole SlSe ply comess slocygns] Jgl aiws unl 23,5
pg atws 9 ASTM EB o luiliwl Lululy ojlubinl o sloaiges
0y A S5 o Bl cyets (gl ol 5 (loaigas ) oolia
calize lojlds gl b lo)ld slaaiges oole o cuSs S L
o S obml )Lt e o 1) (Solite o) A8 slacens
oyl 99 ol (e bl | ladiged o Sy Jolro (25,5 5380 b olgi o
Sl Pl el sl Ssed el 1y el o I35
90 545 (oo gliul) dw )0 s g 00 (g5lwoslel 55 5l sladald
g osbel 0)9maSS 2S5 503l Sladiges )88 Sliwl) 4 Cod az o
2024-0 poeinogll (glp (ouiiiee (1SR Hloga5 el 0005 (5051

el 00 o0ls L "2 KA 0 oas Laive bl 4w o

e el oslil b i Kbl 55 5 5 oo bl
el odds a3 5 iy 1o (17) alayly & jq0ay
o =Ke" 17
53,30 0T SSlSe oly3 o ol (slogigesl 5 Lo, 51 oslizl L

23,8 oo ormeai 1 Jgaz &j900

200 |
150

100

—Rolling Direction
50 - — - 90 Degree Direction
-==-45 Degree Direction

Engineering Stress (MPa)

0 +———— ey —

0 0.05 ~ 01 0.15 0.2
Engineering Strain

Fig. 2 Engineering Stress-Strain Curve for AL2024-O

2024-0 pseiagll (slp (swikie (2355 5 i jloge 2 S

48



liae Juze 9 Ules Ygaerlan Juclowl

2024-0 pgaisaglT 03 copwT 5o piolily 533 G5 I& 9 ()7 (ass

250
200 £
150 £

100 £

True Stress (MPa)

50 -+

I e
0 0.05 0.1 0.15

True Strain

Fig. 5 True Stress-Strain Curve of AL2024-O
2024-0 pgeiegll i (5= 5 Joge3 5 S

ol 5o 00,8 )ly I3l 50 enig) iy el (oleF Sl (SiSenS
23,5 o0 B by pe lall Gl Hlade 4y ol el G, b 2l
5 08igy oy ool SRl lgieds Sl alasd 5 olnl> dlis ool 5
sl jloolainl b el cpl il ouls 48,5 Jlas 1o soue (gjlwans
ol o0 48,5 15 13 0.5 MM woolicial 5,50 Ll slayl 5 00 alox

b casd Jome dglio g (e jolateds )Ll (o diged Joo sl
Jow lols sladiges sl g 000 3 (g3l JolS diges ¢ 0,20 diges
5 digas Sl 35 50 40 arpo Al oSy ol 00 o3l ooz Sy
S o 055 olSins B &S b iy 4y alai oyl 45 sl o0 b S
amio 90 )0 B Oypon s bulpd Ll ead Jate Tie a3 L
ol a8 S L 5o a e aball 4 2lmlr g p ke sl ln )
3 eolainl b aliue Jlads a0 g Lo Ll b g0 o 0 sl ouls o)lg
ol 0330,5 o usSUI I3l 5o T e S

Soue Siludnds 9 (220 S dwlio 9 iy 5
oo Sadel @l 5 o sl @b amlie 5 su)p sl
@l S JS glayall pleea cess Joe g almle—g e Ealy
W85 )15 oz 3550 St g ST Aiged Il Canl ol a3 S a5 s
o el 0dh sl Sl S e (@l Ked 9 E83 (cyn 5l s
Sgu o Ol diged 4y aS diiiny (59, slh do s aS was oo L s
a bgspe sl Ll ol Mzt %60.53 L5 5 o)1 s lomms olysan
oz cud b pols cuss l alasd s diged 418§ pledil Glwl> jlade
GT,L e & bgyye Slgis |y B ke ol coul %9.8 L
Jlre a5 Jb 0 ol Glamio (15 Glalinn Gaesl opl a5 1> ols LU
Ui5S Sl g el oad gl lamio )5 Sl s end @)
"B UK o el sl a8 g o Sl oy el IS abibloee slasans
ol 00l o0ls las CoS diged gl (g00s g 0,28 almle —g, loges
oo oals ylis goae (gilwand bt 5 (om0 ages T USH" o
LSl oSt 6531 g oo ol atiie 35 US55 a5 jsbilan Canl
Byl Slaen (25 (sdiges

! Reference Point
2 Explicit

49

2024-0 pgipagll (sl o3 sl Ll @ Lo culyi 3 Jgazr
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A B c ¢ [ d, d, ds

1196 0.0001 286 124 2913 123 1405 -0.303
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