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Finite Element Analysis and Validation for Mode | Interlaminar

Fracture Behavior of Woven Fabric Composite for a Train
Carbody Using CZM(Cohesive Zone Model)
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Seung-Chul Kim - Jung Seok Kim - Hyuk-fin Yoon - Seung-Il Seo

Abstract In this study, DCB(double cantilever beam) specimens of woven fabric carbon/epoxy and glass/epoxy were
manufactured and mode I fracture toughness of specimen was measured according to ASTM 5528-01. And FE analysis
was conducted in the same condition and evaluated the behavior of delamination analyticallyif Mode T fracture
toughness measured by test was 845.7 J/m’ in the case carbon/epoxy and that of glass/epoxy was 1,042 J/m’. FE
analysis was conducted using cohesive elements for adhesive layer and applied measured fracture toughness. To verify -
the result of analysis, the reaction force measured at the end of specimen and that calculated by Timoshenko beam
theory were compared. The numerical results show good agreements with the measured one.

Keywords : composite, delamination, mode I, DCB(double cantilever beam) test, cohesive element

8 XA Ao M ZE B/ EAR Sal/o&E A 2] DCB(double cantilever beam)/\lﬂg ,Xﬂﬂ }Oﬂ ASTM
5528-019] TO}O% BeE 1 %Zl'ﬁ]'ﬂ?l*é% 243813, ojet BUFF 249 Heta s A Fsto] xﬂ«q‘l—]ﬂi’“ g
A s Hristoch Ao Qste] 248 H7wbEglale %—’L\Joﬂiﬂ‘“ Wt 84570/, SO EAE 1,042
Im*gth f3tas mEe % 1 g 245 7094 S Fojsiglnt. #ia 2
Be} A skl AldS 53 }01 Al Al Zuke] vl ¥} Timoshenko ¥l o] 2L H3lof Aite Ans = H]w}g

oh 249 Zael S AdTE FAlEh

F 8 of : EA, &7y, BT 1, DCB test, 2o

1. ME Bof o & 4§ AT B AT YeH1]. 2t
UG g AT Fe) BYAA E3) dolg 5 A
SET, P F, 2EANL N, ARAZ, & b B0kl a7 L olE 718 97k ofy gy

Au A o) ueh AAll] BYAe] ol Agolth AN SAE WA

gursich. 47Y 99 AA] ofn] HEHoIY BEAYL  fabric compositesy= B, T2 B4, A, 2|4t

AR, 2 A S AL B A B0l 24T 2R YA BAE AR

on, Y59 gF +2E, FESTTYNTY ESTR St of diste] =& AYEE A= Aol o

) BB 3 BeILEUE £} A

S— JeoR JepifEch BN W2 515 s g
MUK HIY, BHRHCI|2PY, TR, o <

E-mail : sckim@krri.re.kr of ggo] 4= T 2 Rtk HF2l=E =4A

TEL : (031)460-5679 FAX : {031)460-5289 = D}-Iﬂ- kA © EU‘—X unidirectional composites H|sl =

C HH, BREC)ILTE, BT IREA, = IR S posites)of K134 5

2hk3)(delamination) A ©14] o] oHoI, A

T HEE, SRAEC)|SHTY, HERZ AR,
TSR, SEET)|2HR, BEREARA,

Bz R
00 02 00
R 12 12
SRTET
o o o



T =
volume fraction)s YuFA Q] 94 o=
9 59 oAe7tA] dzkE
[ SHFEFESEAY 0N &4 7129

ASTM D5528-019} ZEP% HrHo g Azy

7] Fog % k=1l ‘EJJZ} Constantinescu 0[5]9- ﬁ%ﬁ,%

HFAS o] 3fod xﬂ/\]o}‘ﬁlﬂr Suppakul E[6]
FAY SIAte] WEE Wslely B
Ao} vl wstgck Yoon S[2]& 3};553
H ESAASAEB/EA] B 20| F
AHE HZE 959 FA Y nphE me
1)@ 3}l t}. E3F NL(Nonlinear)d ©)
2t} Szenkrenes 53] =] 914
% BeEjstl GFE 713 AF ol
w59 QRS RASFY T Gill
2 BSE |, I, Mixed 72 H L3} X-
TS t]r%ﬁ}?iﬁ} Greenhalgh 5{8]2
¥ E-oto] chekgt S 7ty

i=)
“ o

o,
>
ot
2
E of:o —IIN’

o%
o o
3
28
re
oX
!o ff-.~

ofrl
tjo
i
O
5

ol oX
1,

2

i
o,
ok
g *

I

oo
o .
L)
(B IR
do
JW

oo oo u® S o= [0 R m® A rlo

o
B 3258 Dot 2458 A4S} 4
o F Yap# scott

Hz g

2 [
v
a
K
o
i
o
N
o}
i 1
:cé
1
9,1
kil
=hd
i)
ﬁ
b
RO
ol ox
i og
o & ¢
o,
o 8 o i mle ofn

)25k Krueger ${111&
2A307] 9190 22

ﬂIIM
£S)
B3
Pl
)
o HL
w OV
= 3
rar’ o
e

[SRc

Qo

X

al
Lo

é’ltﬂ?l
b of
ﬂ“‘?
e >~
E_,-‘

i
E O
9&4*,
ﬁﬁmj'é’j
;2
fg_rg

_\1:1
“T s

0
% 0
% e
c (2

-

SL

43438} VCCT 7192 o]
x] HEES 7414}6} t}. Camaho %{12]&
1 o] AFE AR HOH Eekapg |y @ #% Aol
L A5 ARbekgrt o= AV fle 2
HO =M ABAQUSY| AME-A} leé&ii*ﬂ 7H‘£o}ﬁl’+
2 Aol M AEAg] F2 200 9l vAYE

o OFO
ol
=

A&} R/ EA ARAEERAE AAste] Sl
YAE DCB(Double Cantilever Beam)A]|H-S A &3}1l,
ASTM SS28-01[13]0] E31e] RS2 1 743113

o

Aokt E5 ol FUT 21 {38
3tod AJE )¢+ Timoshenko ¥ 0]2&
TN AL Blwstqch

P>
2
2z r;

*
(o

o 1 S
w2 e

o}m
ol
i
£
Y

EAste Al HY dE BT se(P)o] ZHsiAE EHd
)7t Z715H H2, 27 g Bekox 2 ABo)
Z27bAe wet 27t 7b A3Ect o #do) AR

omn Wi oA A ()3 2t
G= 54 M

of7)A Uk @8 oH7), b AR  ak 29| 4
olojck.

(MBT), ﬁ%ﬁ‘rowé HAMCO), +=4H HE=}o
HAHMCC)Y 5ol s B7FS 4= Utk 2 Aol A
£ HAHof vsto] H4AQl 2
o]£& ol g3ttt
Azt AldAulete] AF& st AIE A
A1E 12.85mm x 12.85mm x 25mm] A&
Al Sah 89 Foo) B9l A, of 7
A9 AHo] Moz AZHh g0
%JHM?P Hap AL o] 2 el E52 s‘Jd?M 5t
247 27r749 Ero g Ao 4805 A
3} A AA37] ogth £9) Z-gshFol 8 a4
7t AN Aole A1Y gHanst s ojof itk
E A F o) A= ASTM 5528-01014 A 2E= X120 o2
HAgAE ol&shgith

) Fll‘r—iog
L[~ ok

<
i
N
ok r
ok
rir
>
o

ok O{N rE rﬂ



CZM(Cohesive Zone Model) ©|83 MEAFE A

SO S9E | FUMLQ OpE o

AZHOR B AYe] BLE 1 2701y HrlE 9
sto] AL8E A2 4 ()] erygic,

o!
il

= 2

6: Ay
aeff : Z4H Q9 o]
b: AW %

t: A7 3AZ0] 45 E DCBO| R o] F4] 7t
A19) AR (122 15A] + 1/4 A|H F7; Fig. 20
EA))

2.2 A
SN ZAARL ThA 6o}
NEARSINDE ol3te] AotA7) HEe

NS SEESAE 2 A4 B2

A o] a8 Azolsl, 244

W, grol A 71742 alo] 94l TRAR Aol

s AL Y Arol 9 AuSe A 2

2 Table 10] WEhygich,

Table 1. Mechanical properties of materials

. resin
Tt
properties carbon/epoxy | glass/epoxy (RS1222)
tensile modules | V&P 68.83 26.14 4
(GPa) fll | 69.25 255 '
shear modules | V3P 6.85 7.83 .
(GPa) fill 8.41 7.09 ’
tensile strength | Warp 1061.4 538.09 175
(MPa) fill 908.8 339 '
shear strength | Warp 96.08 77.29 61
(MPa) fill 94.07 76.77 '
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Fig. 2. Schematic diagram of DCB specimen
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Fig. 3. Experimental setup for DCB test. (a) DCB specimen, (b)
arms of tensile machine, (c) load cell, (d) optical scope, (e)
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Fig. 6. Assembling of DCB model using cohesive elements

Table 2. Parameters for FE analysis

Fracture Toughness Cohesive Cohesive
for Mode I strength stiffness
Gie(J/m?) oe(MPa) | KI(N/mm®)
carbon/epoxy 845.7 454 106
glass/epoxy 1,042 454 106
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