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Evaluation of Damage Tolerance under Mode II Deformation of

Composite Structure for Tilting Train Carbody
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Yoon, Sung Ho Heo, Kwang Su Oh, Jin Oh Lee, Sang Jin Kim Jung Suk

ABSTRACT
Damage tolerance under Mode II deformation of carbon fabric/epoxy composite, which was
applicable to a tilting train carbody, was investigated by a Mode II interlaminar fracture test. The
specimens were made of plain woven fabric with epoxy and a delamination at one end was made
by inserting Teflon film with the thickness of 12.5um or 25.0um. The equation for mode II
interlaminar fracture toughness was suggested based on the effective crack length from the
compliance of load—displacement curve. Mode II interlaminar fracture behaviors were investigated

through an optical travelling scope and a scanning electron microscope.

1L ME

7150 S0 Aol vla) BB A4S BT B SAEY, ¥ 2EY, WALl 945 B R/
AZA] BElE LSRRI W Y P Rokl A8 o] ARSIHM HIols BE/EATALAAY
ASOF YEEA Behl AR AAE E8E L ALHL2.

ULE BAHR/OIEA] BEAIE A B 1B ENE 4 Qi ARG EE 284 28 4 9l o]
AVEE Sol AE AHIZ} 2= 40l S8t Bl BEEOR Agsiel Aol Yk A9 g BN
2 315 slolM BALHS FRAHCE g 4 vk olul Tk YU LR S wEoR
S} BESE HR0l BUE s, S AT BESVI JINE W a7} B Su
3, 3} & Alol9] AW Bhl7} Washs E7bnh SOF THETL BN RAR/OIZA] 2E9
Hols ek BaNR/OIEA ekl ula) AR DUE s 2 SuskIz AAEE B3t 9)
Rl Seh TR Mol d2] ABE L YN WS BAHR/CIZA] BEHI0) HL0} A
B ASRIFED 22 IEAASUS 2 ST gl U Afls AR5 B siEANsEe
290 Eo}. mek BAH SRS BRRE PR 58RO A8 ks S o3
BeE [ E7mERlY, BOE I Sukeld, EREeT Sty 59 €458 Bt Baskh
5@EE%EH%@ﬂM@@%EE%EHE@‘MHQf%ﬁﬂ%&%ﬁﬂé@E%E%@ﬂ.kﬁxﬂ

© Zomhys)
o Farsjoln), B9
o SR T ] el 79



2 ATl BEARY 2o A0 Ml] ASEE BAYRAR/OIEA] e £45S BIE
915) SHE-HY HEO ASol oM AEY SEFALOV} HER B I E70Hly 8IS
TESIIL AEEel WHE Ed SUFES K Al tisk BRE 11 050018 e Brlsign) Eek
AN A S S5 D Oun FRNAASE EABIRC,

2. AR W AFUY

0
o

Fig. o3 2L I E7HtnA1H Z4ol LIERL Tk Al81S QR Bek AR9) A al] & 8w =

I

BN REAE/OIFA] ZE| 2 T1E o]8olod Akl en ol 120mm, F& 20mm, T4+ 4.2mmo] 1L
AEQ Bk BTrE 7|E0 R FA9 SYR 35mme E7HtEo] gHE o] Atk A1 A7) Y16
AMe 4 8 V12 dud Z2|Z8 11 1052 A5Gkl 1 Qo] HZE g& (7 125m e 250
mE TFEE AR A4UT the thA] ZE|ZE 1 105 St A5 =218 sl AdlAl
= oI ECo o8& Qo HZE HEE Za ErlEe 8 EpolE A2 tie 35F ZZE1E =
=) SU0 oz AEE ZP|ZE 1 YolE EEES @ EF01E AL TS HEZE 2ES 21 A
B ECEE go] o 019 22 BFo] UEE F APE IR IIZWoE BE AAE U2 e E
ZdlolE JEFRE o185l EE 258 4EE ZEAIA dFeit olul ZE| = 119 HEA] AY
e HEE 2E2 SUHEE 8- A F= 9 o E21E9 2 ZTols Al ey = do
FAE Fohs GEE St 8ol &dEE FolE tojolEE & o|&dlo] HETE Aok V2 E
TIolR o] Aohe A1#H0] thH 2 Al E S806] thE&ola dgdolo 58 & ololE & nAle=g 7t
T 2ALE AlHO SHo| A YEo T BARGIATE

Fig. 201 nAlE=2E 7KK AAYo] B HE [ SUStdAE, #2789 Qs Baslal o
O1F &doV] At AAHn|E, 38 SeXEAF S22 FHE AEAX 7 UERY Ut HRE 11
018 & B7I6H] falAleE 100mm A0 AlH S 3 FEAIEA]F flo £ 2mm/mine] H LA

o HI 2 o 12
O ox oY

>.
Ifa}
Ol
o
Sit
AU

I
| ] g
! o
N
35
120
(unit : mm)
Fig. 1 Configuration of Mode II interlaminar fracture
specimen Fig. 2 Test set-up for evaluating Mode II interlaminar
fracture toughness
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Fig. 3 Several locations for investigating the crack
propagating behaviors

Fig. 4 Microphotographs showing crack propagation on the edge of the specimen
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Fig. 7 Comparison of mode II interlaminar fracture toughness
by varying with insert thickness

(2) HRE I S1HelY e FE7H9) A2 AR Skt Sl Feksg vh=r} 3t A7} 125um
0l A= St FAZ} 25.0ime] Aol vl R I SIS NLAEOA] 18.3% A%, 5% offsetollA]

24.2% BT =A ERITE
(3) HRE 11 'HE oloiA9] M FEIE/OIZA] SEiAlol st oiehH eR)E TE6HH warp H@Q w}a} g
Zo] ehilE]= A9 Aukas o] AuiAEel Jeke s oldl o, Zdskdret AL &

g uigt gETHo] Bk < 2
HzEHEE] ¥ o} A9 WA BEFETH

2 dve 2RF9 271s7iEibal Qo AJEAU2H olof] AAL=-EUTE

!

1 A1&5, 73], Fg4, "R A 2" BeiE S8, orEaetEaSIAl, 169, 53,
71, 2002.

2. 135, 753, ShdT, "200km/h=9] oF=rg ASEHIANTTX) ARG 4R,

St=E8l 58k A, A 17d, A3E, pp. 62-65, 2004.

3. N. Alif, L.A. Carlsson, and J.W. Gillespie, "Mode I, Mode II, and Mixed Mode Interlaminar
Fracture of Woven Fabric Carbon/Epoxy,” Composite Materials: Testing and Design, Thirteenth
Volume, ASTM STP 1242, S.J. Hooper, Ed., American Society of Testing and Materials, pp. 82-106,
1997.

4, JIS K7086, Testing Methods for Interlaminar Fracture Toughness of carbon Fiber Reinforced

Plastics, 1993.



