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Abstract: Many studies on the light weighting of mechanical devices and structures have been carried
out in order to improve efficiency and reduce the cost. As a result, the studies for various composite
materials have been conducted and applied to the industries. Particularly, the performance of composite
materials in case of hybrid laminates can improve using different types of reinforced fibers. The carbon
fiber has a thermal expansion coefficient close to zero, and shows high specific strength and stiffness
except brittleness property. UHMWPE fiber is also excellent in cutting resistance and chemical
resistance. Thus, the hybridization of carbon fiber and UHMWPE fiber results in highly complementary
improvement. In this study, plain carbon fiber and UHMWPE fiber are hybridized into laminated
composite and evaluated its mechanical properties and delamination fracture resistance under mixed I/II
mode. From the result, crack extension length was carefully monitored and the energy release rate was
applied to the fracture resistance evaluation. Gi, which represents the interlaminar fracture toughness as
a critical energy release rate, was obtained as 107.3 J/m?%, 7043 J/m> and 19.39 J/m? for a/L = 0.3, 0.4
and 0.5, respectively. G, which represents the interlaminar fracture toughness as a critical energy
release rate, was obtained as for ay/L = 0.3, 0.4 and 0.5, respectively. It shows that the energy release

rate decreases as the initial crack length increases.
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Table 1 Physical

and mechanical properties of

materials”

. Tensile | Elastic
Material . Woven
(Product) Density strength |modulus

roduc
(MPa) | (GPa) | type
0.93
UHMWPE fiber 30 1.1 Plain
(g/cm’)
Warp/Fill
Carbon fiber [Laminate] )
C1203K (count/inch?) Plain
12.5/13.5 569 68
Vinylester 5
Epovia™RF-1001 1.04 (g/lem’) | 31.36 | 2.65 N/A
UHMWPE )
JCFRP - 283 28 | Hybrid
150mm
C(30-100mm)
120mny
2L Dmn"’hﬁ\‘e

UHMMWEE ( dl }
.
n

he

W A

CFRP Iei'lcmT notch
1O
Base u

Fig. 1 Geometry of MMB specimen
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Fig. 2 A Photo of the experimental apparatus
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Fig. 3 The relationships of the load-displacement
and crack extension length variation under

mixed mode
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Fig. 8 The variation of GI/GII ratio of
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according to the a0/L ratio

0.1 100

)
LS
£
om

99.9

Energy release rate, G/Gg (%)
Energy release rate, G 1 /Gy, (%)

a/L=0.3 ay/L=0.4 a/L=0.5
Fig. 9 The variation of G I1/Gt, GU/Gt ratio of
fracture toughness resistance rate curves

according to the a0/L ratio

Fig. 82 Z7|FEZ0] ay/Lulol W& Mode I

ANUAHLE G Mode I ANAANHEE Grst
o AAE YR G1/GrR1e BAE a/L BI7H
F74el wet 71e717F AR ahske TS
Yehdth G1/Gpd 71&71e =7|Fgdel7t |
3}gtoll wel ayL=0.391A4 559, ayL=0.4°14 540,
a/L=0.594] 51302 Z}Z} Ao} Rt
E Gi/Gpd #AE a2z 7E7el & F A
Zol AA oA HBE FAAUALA FolA
Mode METF Mode 19 ¥&& A o U
< el okeE As & 5 dTth

o3 AxE Kwak'e]l B2 CFRP/GFRPY]
£3 Mode OUALEF HE AFNAE
G7} 1.31 ~1.823 Jmn?, GpoZ} 0.157~0.285 J/mm’
2 AA oﬂLﬂX]SHHPE 93] A4 X Foll A Mode 1T
AEET Mode [ AR IS IA &&= Ao
2 FYsA UrEMl Atk =4 Mode 19 Gy,
£ 65.89 85.29 ki/m’, &4 Mode 2] Gpe= 1.37
~2.17 kI/m*> 2 ¥A Mode 1 ¢ ¥9&& wo] vt
IS ¢ T UTh

Fig. 9+ AUANTE G1, Gpatd Gtotal®] H]
oo AAE Ued ALoZ, A YES it
HoZ G119 FFE gol B e AS e
o SHAIYE 27|FE4o)7t a0/L=0.3, 0.4 ¥
052 715 Grd vlE2 7kt G2 Al

}\_]_3] @'ié‘]'E %632% q—E]—LH_TL 9}]\]_4‘

St SHY|AISHYX| H23H M5%, 2019 108 35



4. &

rh

A Fo A= CFRP/UHMWPE 3dlolBg= A
& o83 MMBAIES R F3HEE 7t Al
SlA e 2 A2E2S I

1) stE-AY]Fde 538 Xl @A Rl
71l AANAEE A-G7A AL ks
7tete] #EXHT t B8 4] AlZE.
A MA olHY stFAHES 7E7]E a/LM]
7V AerE US o g43] FUlete A4S o
Eldith

2) st U FERREEE do/duc
a0/L=0.3, 04 % 05° Af 7= 254
mm/mm, 1.75 mm/mm ¥ 1.52 mm/mmZ 5243
7k o2 UEton, a/l=03, 04 3 0.5
o Af Fxole futsitirb wiA| Tl 142
mm/mm, 0.7 mm/mm % 0.9 mm/mmzZ ZF O
7teheE Ao R YERgT ol FIHEE e TS
AMA a/LBI7} F&FE O & dhFo| asitt
= Ao ® AgdTh

3) SUYA AHAMEE G af/L=0.3°4]
107.3 J/m?, ay/L=0.4°14+E 70.43 J/m’ a0/L=0.5°]
A 19.39 Jm*E Ztzt Ao F T

4) z7|FEAold WE G/GpHle #AE
ayL BI7} Z71ghel met 712717k AR Zashe
S e e Mode MET Mode 12 9
F& A g ACE Jegth

.

oo ool
o &

lt

Mol P

Ok

Ot

O
tlo

Author contributions

0. H. Kwon;

administration, Writing-review & editing. S. M.

Conceptualization,  Project

Song; Data curation, Investigation, Writing-original

draft. J. H. Kwak; Investigation.

References

1. K. K. Chawla, 1998,
Springer, New York.
2. 0. H. Kwon, Y. Y. Yun and Y. R. Ryu, 2014,

Composite materials,

36 SEEHYIAISHYX| H23H M52, 2019E 10&

AR

. G. E. Selyutin,

ror

"Machanical Behaviors of CFRP Laminate
Composites Reinforced with Aluminum Oxide
Powder", Journal of the Korean Society for
Power System Engineering, Vol. 18 No. 6, pp.
166-173.

(https://doi.org/10.9726/kspse.2014.18.6.166)

. Standard Test Method for, "Mode I Interlaminar

Fracture Toughness of Unidirectional Fiber-
Reinforced Polymer Matrix Composites", 2000,

ASTM D 5528-01, Annual Book of Standards.

. R. H. Martin and B. D. Davidson, 1999, Mode 11

fracture toughness evaluation using a four point
bend end notched flexure test", Plastics, Rubber
composite, Vol. 28(8), pp. 401-406.

Y. Y. Gavrilov, E. N
Voskresenskaya, V. A. Zakharov, V. E. Nikitin and
V. A. Poluboyarov, 2010, "Composite materials
based on wultra high molecular polyethylene:
properties, application prospects",
Sustainable Development, Vol. 18, pp. 201-314.

Chemistry for

. A. Porras, J. Tellez and J. P. Casas-Rodriguez,

2012, "Delamination toughness of wultra high
molecular weight polyethylene composites", EPJ
Web of Conference, Vol. 26, pp. 02016.

. Y. Gong, L. Zhao, J. Zhang, Y. Wang and N.

Hu, 2017, "Delamination propagation criterion
including the effect of fiber bridging for
mixed-mode /Il  delamination in  CFRP
multidirectional laminates",
and Technology, Vol. 151, pp. 302-309.

(https://doi.org/10.1016/j.composcitech.2017.09.002)

Composites Science

. A. Yan, E. Marechal and H. Nruyen-Dang, 2001,

"A  finite-element model of mixed-mode
delamination in laminated composites with an
R-curve effect", Science  and
Technology, Vol. 61, pp. 1413-1427.

(https://doi.org/10.1016/S0266-3538(01)00041-0)

Composites

. S. M. Song, O. H. Kwon and J. W. Kang, 2019,

"Initial crack length effect for the interlaminar

mode [ energy release rate on a laminated



10.

11.

pS|
~

xHel

Ot

HZE| UHMWPE/EtAMR SH0IEEI=

UHMWPE/CFRP hybrid composite”, Submitted
to KOSOS.

J. G. Walliams, 1987, "On the calculation of
Energy Rates for Cracked Laminates", Kluwer
Academic Publishers.

G. V. Marannano and A. Pasta, 2007, "An
analysis of interface delamination mechanisms in
orthotropic and hybrid fiber-metal composite
laminates", Engineering fracture mechanics, Vol.
74, pp. 612-626.

(https://doi.org/10.1016/j.engfracmech.2006.09.004)

12. F. Ducept, D. Gamby and P. Davies, 1999, "A

13.

/1 2E M2l ot mtalxe HE
mixed-mode failure criterion derived from tests

on symmetric and asymmetric specimens",
Composites Science and Technology, Vol. 59,
pp. 609-619.

(https://doi.org/10.1016/S0266-3538(98)00105-5)

J. H. Kwak, J. W. Kang and O. H. Kwon,

2013, "The experimental evaluation of the
mixed mode delamination in woven
CFRP/GFRP laminates under MMB test",

Journal of the Korean Society of Safety, Vol.
28, No. 4, pp. 14-18.
(https://doi.org/10.14346/JKOS0S.2013.28.4.014)

SR AISHRX| M23# A5, 20194 108 37



	평직 UHMWPE/탄소섬유 하이브리드 적층재의 혼합 Ⅰ/Ⅱ 모드 적층분리에 의한 파괴저항 거동
	Abstract
	1. 서론
	2. 재료 및 실험 방법
	3. 결과 및 고찰
	4. 결론
	References


