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Failure analysis and prediction on the open-hole tension
of domestic carbon fiber composite
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Abstract; Based on the research of the failure mode and damage mechanism of the not-
ched domestic carbon fiber composite laminates and the experimental analysis, finite element
models were established. Then the effect of different failure criteria on the residual strength
of notcked domestic carbor fiber composite laminates was studied in the corresponding finite
element model. Through the comparison between experimental data and simulation results,
it was found that the two-dimensional model could predict the residual strength of the not-
ched domestic carbon fiber composite laminates accurately, the relative error between numer-
ical simulation result and experimental data of failure load was 7. 9%, while the relative er-

ror of tensile modulus was 5. 6 %.
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Fig. 1 Sketch of specimen geometry dimensions

(unit; mm)
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Fig. 2 Sketch of failure mode of specimen
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Fig. 3 Four failure modes of laminates
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Table 1 Failure load of the open-hole tensile

specimen under the two experimental conditions

P,/kN
L
FRTA R
1 28.9 27.9
2 29.5 26.9
3 26. 4 27.9
4 27.6 28.6
5 27.2 28.9
6 27. 4 27. 4
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Fig. 4 Front and side views of failure mode of laminates

under two experimental conditions
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Table 2 Mechanical properties of CCF300/QY8911

unidirectional laminates

E, /GPa 131

E, /GPa 9. 64
Gy, /GPa 4. 84
X,/MPa 1976
Y,/MPa 55.7
S/MPa 87.3
12 0.3031
Gic/(m]/mm?*) 0.191
Gye/(m]/mm?) 0.520
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Table 3 Comparison of numerical simulation results and

experimental data of laminates
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Fig. 5 Comparison of tensile load-displacement
between calculation results of

different failure criterias
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Fig. 6 Failure mode simulated by Hashin criteria

%% BB 75 90°JZ T Al 98 Y B R OT R & &
B L R 2 R AR T Y A A

6 W25 1K) — 350, R 2 ) X I 450 R X I L A
B ZHT RIS 3 BT s (Rl AE 45° )2 F1 —45° 2 I E
YT I SRR A T 2 YR,

AT ik ) 25. 1 kN OB IR 24 19 83. 720)
W O°J2 M LR dE R A B Uy i ) 7 1 — W 2
B TR 40 %0 (9 XL B 4572 R —45° 2 1
SEVR T ZEFN4F 4 W 4 Ak 2 R A D BT R
HJ2 90° 2 SL AR TF 2 1 C i el 4 i 1) 11 2%

M ik F] 30. 0 kN B, J2 A5 Mk AR R A
I AEFL T G 0 BRI 2L T £ 2 W 1) 7 Ak
AW T 90°)2 5 H45° 2 AR JF R GE P R,
il A5 B ARk J R 2R A ), I FLB T FL 32 i L ) 4
W 1 oA A DAAR R & AR AR S £F 4 Bk Y
REH 2 ARG — AP B 28 U R L
1 R 2 Y R E A R RN ZE A
M2k 26 T KRR T NI R A T B Jia R IA.

3.5

TR 5T 43 A 15 3] CCF300/QY8911 it
PRREGE AR 72 R 50 S Al S T B AR AT 4R R
BB ILZ G R 4 PR TR R, R i
1 Tsia-Wu #l Hashin 9 Ff 25 2 #E 0 F 438 7 H:
FLARAT Sy, 0T FE T A o B HE AT T 58 5 5 R

SR IEAT AT E B IR T AR SC AT 57 1 A BR e A
FE A% LU o i b T )2 5 AR 0 A B A TR
EXGESVEOETPN

S 3k

L1 scif BRI, A MR B0 T M. e st Az Dol
HRAL . 1990:13-14.

(2] BIEE. BT LR TLEEMEZE S IRZ 5 08I
o3 Hr LI, BEALKS 5 - #2430, 2002, 38(4) : 150-153.
CUI Haitao, HAO Yong, WEN Weidong. Accumulative
damage and failure analysis of laminated composites with
hole[ J]. Physical Testing and Chemical Analysis Part A:
Physical Testing,2002,38(4):150-153. (in Chinese)

L3 BIEGILLCER. M Ry, 5. 4 MR IT LB 451 05 43 A
V). A MR ,2012,29(1) : 169-175.
LI Zengshan, GUAN Zhidong, HE Wei, et al. Damage a-
nalysis of open-hole tension laminates[ J]. Acta Materiae
Compositae Sinica,2012,29(1):169-175. (in Chinese)

[47] Chang K Y,LIU Sheng, Chang F K. Damage tolerance of
laminated composites containing an open hole and subjec-
ted to tensile loadings[ J]. Journal of Composite Materials,
1991,25(3):274-301.

[5] MaaR H,Cheng J H. A CDM-based failure model for pre-
dicting strength of notched composite laminates[ J]. Com-

posites: Part B Engineering,2002,33(6) :479-489.



2862

i B

%30 &

[6]

7]

[8]

[9]

[10]

[11]

[12]

Ridha M,Wang C H, Chen B Y, et al. Modelling complex
progressive failure in notched composite laminates with va-
rying sizes and stacking sequences[ J]. Composites Part A
Applied Science and Manufacturing,2014,58(3) ;16-23.
Kostopoulos V, Pappas Y Z. Notched strength prediction
of centre-hole carbon/carbon composites[]J]. Materials Sci-
ence and Engineering: A,1998,250(2):320-327.
Matrin-Santos E,Maini P,Gonzalez E V,et al. A continu-
um constitutive model for the simulation of fabric-rein-
forced composites [ ] ]. Composite Structures, 2014, 111
(11):122-129.

Morais A B D. Open-hole tensile strength of quasi-isotropic
laminates[ J ]. Composites Science and Technology, 2000,
60(10):1997-2004.

/AN SRR ORI, . S S EZ S ARAL A
AR A MR 2009, 26(1)  168-173.

HAN Xiaoping, GUO Zhangxin,ZHU Xiping, et al. Stress
distribution near the opening and stress concentration for
composite laminates with circular opening[ J]. Acta Mate-
riae Compositae Sinica,2009,26(1):168-173. (in Chinese)
BRI, 5% 5 3. B R4 48 CCF300 5 T300 fi
2T i S BPRHRL A AR R i 2k ROk A M [T s 3
#4%,2010,25(10) : 2163-2169.

FU Huimin, YANG Yusong, ZHANG Yongbo. Failure
mode research on CCF300 and T300 composite laminates
under tensile strength[J]. Journal of Aerospace Power,
2010,25(10):2163-2169. (in Chinese)

LR B AL L 3K B 3. % 43 2 B0 I sk 4 4 CCF300
5 T300 BRLF4E 54 BHRLZ G B 45 26 5O LT . o= 3
S, 2011,26(11) ;2416-2421.

[13]

[14]

[15]

[16]

(171

(18]

FU Huimin, YANG Yusong, ZHANG Yongbo. Failure
mode research on CCF300 and T300 carbon fiber compos-
compressive
strength[ ] ]. Journal of Aerospace Power,2011,26(11):
2416-2421. (in Chinese)

SO S BERLZ B S BRI B T 5 vk B a3 )2 g
FAMETFFELD ] iR A sp R K7, 20009,

PENG Wenjie. Study on the ultimate strength of laminated

ite laminates with delamination under

composites and the minimization of delamination stresses
[D]. Wuhan: Huazhong University of Science and Tech-
nology. (in Chinese)

Kuo S Y,Shiau L. C,Chen K H. Buckling analysis of shape
memory alloy reinforced composite laminates[ J]. Compos-
ite Structures,2009,90(2) :188-195.

RESCH  BRAG AR IR I A ORI AT J2 A B A R 5
SrWLI]. AR J1%,2007,24(8) :43-48.

TANG Wenyong, CHEN Nianzhong, ZHANG Shengkun.
Ultimate strength analysis of stiffend laminated plates[]].
Engineering Mechanics,2007,24(8) :43-48. (in Chinese)
HAN Wanmin, Petyt M. Linear vibration analysis of lami-
nated rectangular plates using the hierarchical finite ele-
ment method[ J]. Computers and Structures,1996,61(4) ;
706-712.

Hashin Z. Failure criteria {or unidirectional fiber compos-
ites[J]. Journal of Applied Mechanics, 1980,47 (2) ; 329-
334.

Tserpes K I, Labeas G. Strength prediction of bolted joints
in graphite/epoxy composite laminates [ ] ]. Composites

Part B: Engineering,2002,33(10) :521-529.

(iR A



