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A model for investigation of damaged zone mechanical properties in crack
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Fracture phenomenon in orthotropic materials is generally associated with damaged zone
Received 27 May 2014 (fracture process zone) in crack tip vicinity. Determination of mechanical properties in this region
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Available Online 11 October 2014 can help predict the value or even the direction of crack growth in orthotropic materials. This

area contains a multitude of micro cracks which cause difficulties in analytical process of the

Keywords: region and also cause resistance in damaged zone that can affect the material fracture properties.

Mechanical properties So far, several models have been proposed to determine the mechanical properties of this region,

damaged zone however the results have not demonstrated the behavior of this region properly because of its

orthotropic materials immense complexity. Moreover, the existence methods have not been verified with new

micro crack experimental and numerical data, yet. In the present research, a new approach based on
experimental and numerical results is proposed to investigate the orthotropic damaged zone
properties. This model, unlike previous models, can determine the mechanical properties of this
region for the presence or absence of micro-cracks interaction among them by offering a range for
effective elasticity modulus. For better efficiency the proposed model was also validated and
compared with experimental and numerical results.

Gy S (55,158 anmls ) 2ontiSs 4t olge 4o aml onl a5 W e dodiio -1

4 28l sl g (ol o5 9 g0 4T oaiSh 4 golge 4 Zenl (Lo jeelS 5 % gzl pel) paiSh Al 5 S sl olge 0 el

5, . 4 . T
Cadls 7 lem (18 i g ToaniSa | o] gt oo 45 45T (5950 Sladad S5 Sgi Blbl 2o joai)ls e mlio [0 (glos yinS 5,1
sy ol 4l lyie oS glasl Sl wnl 53 S s

2- Quasi brittle

3- Fracture process zone(FPZ)
4- Brittle

5- Ductile 1- Damage zone

Please cite this article using: S lod o3liiw! Jod @yl 5l Wlio cpl @ gl (5150
M. H. Sabour ,M. Fakoor*, N. Mehri Khansari, A model for investigation of damaged zone mechanical properties in crack tip vicinity of orthotropic materials, Modares
Mechanical Engineering, Vol. 14, No. 14, pp. 69-78, 2015 (In Persian)



obhled 9 DGO (YD SoX0

1395593291 Slgo I35 g5 Jaliio »d T anl LSILe Golgd s Jdo

abad S 0 05250 S S 50 odgdaml xSl (pls (65,
Jsoe (s obiie 4 oalalll slagbg, gl (ls Lo (Jl 50«
)5 gy el ;0 1) 5o dininY]
azhad oy oo Jlosl 55 g s @
S en o )l @
SFSee Silse 9 350 plral> Gle @
Brre oz loll 0 1S g Soe Sz 5 ConBao azg @
Syre oz ledl )0 05790 GBS g S (e S eR @
S g8 ojlail g JS2 @
S o M)y (6T az 50 oS T Se aSl g @
Pler aile sl 4 Jow S 05 &l aslllas ol 5l Gow
o sl 2 sl Glae 2 S5 S ol 42l (SIS

dlye S5 Syl By ez bl S 3l L &S s
(LS8)ad dnslons ol 450 (Sl (o135 (S99

Ao (55955 5950 = 1-1
bz ools SlSe Lplsd oy ysbiie 4 laly, 1972 Jlo o olayl
Gy Sl 8,5 sauol glaw y ailyy cnl Laisls &l oS g S
L oS 59 ,Sue 2Sman flaz 51 () oul 092 oud dil)] oS 59 e
2,5 Segte |y ool SGle (plsr g0l as b Ll cd 5 e oyl
2 66 G oS 55 S 90> o wil o o sl ool e wls

L8] 5105 00le (9,0 uSilee (iS5 (59,
Jlyie Cov Lhyy hlSen 5 (Seibog 1976 L ;o m anr (o5
elom il Gy 5l eolital b lagyl wassls sl 1, 8 5le 095 b,
Sy gl et dakd S 10 05750 S5 ST 0 edndeaml axl  SlSe
B gy ol o [2] W) eess S 59 Se S Sl o p 1,
a8 5 50 Sk span 5 slrl ©j5e 93 4 S 59 JSO (il
Sl e e B 00y e Sl 93 a3 S5 Se JBs

>
—
—>

>

00
OMOO\Oﬂ\i
«~— o\ \ ¢
§oNyq 0000

0
<«
<—
<

oola 15 5 59 Sn ady 5 ol 5l (o8 ospdmml 4ol 1 S

9- Representative volume element (RVE)

14 o plas 14 055 1393 il oslall3sd e Sl uwdigo

slaws ol Logas 5 ool sbml S5 Sy Skl s asl ol
byl 51 plS o o5 ol ot (glosle yimr 55 S yig,Ses (s sladie
REVCHH IR NRRRI RS N YRR BN CVPSeE
Sl 0 Sl 4l G O g0 4 dilais () Bues Q> ESz s
ol ool Logas £ ignl b lab o Ll s ol S5 S
Cnglio oyl Lags g3l BT Lo d 45 el oS g Koo Lol
osle g, pas el ol et 5 lioo SRl S5 0l Blae 4o ool
Debse SUIL 5o 4

oz L8, jon el il aml 0 LS H5,Se 05l S92
Pl 5l e 2)515 sl AT (592 4 el 0ud 4l ol e
Slaghy, AT 58 comizmen Sl a8d8 Gjpe 4l )l (SSSe
Oldes poghe Sl 2 S 9,50 walr Slge alnr iVl Joo cpgusye
390 gy sl SN & 5 Spdiae 03 e e hugte b yige
Jgne wosle 5l cazm Glall G 361 L cpspie 50 0055 o )18z g
Al 4 a5 b oy SIS 55,50 el Slge atYl
@ fie gladae il 050 4z a Sl Glll o I 55,5 JS
S a5 Sl o el sl @l ana Yl Jgde e shaie
B sk 4 45) ol e el o5 ol 4l 0 S s Se
Ao Lol esl (29, Sy wilsi oo (0,05 o a3l 1) oS 59 So (S om 2
L] 50 50 S e i sl &

1S S iy Sn | hends S ity ecepms] 4l 4 45 ol Lo
6% slahs, 5l Hge Sl Jose anuloe polaie 4 Olios el
o9 [5-4] 5L Sape P9, [3-2] 4)lf}L“ s> slaly, wsbe
8;§*° Sk 855 g, [9-7] 7)5)'[“’ 595 gal> g, [6] stj's-“é‘)"‘.’ﬁ
Foe bgte b f5e plas popie glie &5 S8 sl 5 [10]
GSpen ax Sl owead 53 Jeere oy, 3,8 eslitel wiies
o s el i b Lol s o gy (sl 0> b oS 55 Scn
webige it ol 65 ez 5 380 Jome 0 l5e dan

Lol )2 a8 spbiee dgame olge & bagly, (nl 905 nlnle
Lg sk o ool g o0y o lpiSy e syl olel Bl 5l oS 35S
[11] s axtls 3 s, ol

ssbaite & ol 4l aly (Sl (ols3 dle (g0 o 0
Se Soge & e askd )3 eaile Bl pluiul 5 S5 D) St
Wb 5 SyptmrlS ol gloae o el ol Bl oaii o aliews
Lo 0atiSh Sl sly (SelSag S 5 )3 le 598 S [13-12]
Pblae 31 33,5 oapol jo iy sbos e s Laisly &l s
LG il o p ) ohlSen § S8 il 42l 10 05250 slacs 55 See
sy 1995 o 3 0aiiSit dlge sl oS g Seoe 4, als Jos 1)
[15.04] w5 o1 il slas J38 o o | o] 4l

iy 4o gladlo 5 [17] Jssz 5 [16] Sosrz! S o STloses
)5 o 5 ot Slge el | 5L g csln Ja1001 1087
By 3l oslial Uy oS 5 (5,55 ol iols s (58 S

Isotropic

Anisotropic

Effective medium or effective field
Self-consistent(SCM)

Mori-Tanaka(MTM)

Differential scheme(DS)

Generalized self-consistent method (GSCM)
Effective self-consistent method(ESCM)

i A

70



ObhKed 9 Y90 uma Soxo ._i.'uwg)l',.'i)glAl,a._f).'i._f,i\kﬁa)éwan;U‘,(ﬁilIaml,';w))edh
— -1 . - - -
Eose _ [1 1601 —v3)(10 - 3v)w DE(V)W,S/Z] (1) dlal, & jpo 4 (Slse olys aiily slopls S 55 Ko a5 >
E 45(2 —v) [2lsgis o 591
Gose 32(1-v)(5-v)w 5 ]*1 G 32(1-v)(5-7)
— = —_  — + D, - /2 3 — = _
G [ 52— ) W @ =13 -
¥l Joda odipo i ey & W g Ggse Foge ¢y 4o &5 E _ 16 (1 — v2)(10 - 37v)
OfSan § Sila (555 15 opdcnl iz S g Sae Bz hp Jire E 45 45 v _(217)_(;)_ 7
oSl Ogln o pd o @l 93 DG(V) 5 DE(V) ((mizres S w= (1)

Sy Kgdoe ciuyms (1) alaly alie byl plo § atied odydicamwl
Al adls b3 758 a4 g polie wuiles oo Jlie

Dp(0.2) =145 D (03)=143 Dy(0.4) =135

Dg(02) =103 Dg(0.3)=093  Dg(0.4) =0.80

P V‘"—“’T oole Ls‘“’)" 9 Aot I JS“\“’ Sy A GGsc SEGsc 9
ool S 59800 3929 5]
.3 e = P
bsg TS 5,800 sgamme S iy, b sk (2, 1996 Lo o
G’Li} &S Sg oo solaul L5>L<:) wolw (g, u.:l VAP IS VISUCS R 3
Lol ol 05 oS 55,50 (o iS22 F 5 41 5 00lo 50 oS 59 S
335 (oS 555,500 oo SiiS oo (38,5 oay0L) S e s Lo 4

fele (4) abal, 5.b
Er 16(1 — (v)2)(10 — 3v)w|
£ [1 N 452 -v) }
Gr 321 -v)G-v)w !
I [1 T @)

Jgoe g amniw¥l Jgoo ooimolis wudy 0 Gr g By (] jo o
o i T il el 50 a5 Consl 55 (65555 5 odpd ] (552
ol y5k (655 ) sl Sal g

o3l i 5 4 D g BSC (Tislo il 398 Laslsy po (IS 55k &
o ol (deiliins by, 9 alianngs ke 055 sl sl s,
I sl g, Jsol a5 b o Kan 5 535 2000 Lo 5 iy cns
WLl eadpdlal sgume JBa (g, 55l 093 5 S 55 Se dgaxa
@ a5 0l dgzg g gl sl eole w5, o] o a5 [20] wisls
sl 0 a5 (0 i Son ya> alans

bawy (Jy o 0o p)l5a slopls slacs s S sl lal (55955 0]
ol Sl 6,5 3 el 3,0 555 Syt S b oS5y S
Ol alee Sl 0 b oS el I 59,5 dguone (JB g 6595
IS8 Gillas Brae ooz Gldl S 5595 00 )° ol 0al Bk Ny
(2US8) el S 5 8o mlans  9gae Jlopn (] 0 45 0k @8 S L5 o

Yy

ca =
S
=—1 - AN
O
Z
S 1
== S -
- //o
- =

YYYYTYY

Jﬁjﬁﬁbamwoobw}ﬁ)jlé;n@d)mw;ookﬂzﬁ
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