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Abstract

The purpose of this paper is to investigate the effect of the specimen geometries on the pin

bearing strength of the angle ply carbon fiber reinforced composites. The effect of the edge distance

and the specimen width on the pin bearing strength of angle ply CFRP composites are

experimentally investigated in this paper. As results, the failure mode and pin bearing strength of

mechanical joints turned out to depends on the stacking sequence and specimen geometries such as

the edge distance and the specimen width. The higher pin bearing strength obtained for the angle

ply CFRP composites is attributed to a combination of debonding, pull out, buckling and breakage

of fiber and also the matrix cracking.

M

rh

R TZEL B REE0 ME ZAiH
of Ydte 715 S LY & UA=E AFHed,
DEA BRASE At FE5A R AT Bol
ol &He &4 T WP L ol &Y F U3 Yut
Hog BE ¥l £ oz AFste 7|4
Z §(mechanical joint)7} FH A & Al Lslo 2
33t A 22 3Hbonded joint)o] F2 A} L5 1
Ak 2y o AFHe R AAE 2
Aol Aol AR 7HF FH et o =F
FE T FRAQJ L S Al o
22 AT AA e A S84 T T8

g E2AZ AT At AT @ 2
Foz JFATel Huzg 23 & Ao zF
didse FEode Abgo] Tdse FAR F
A ZHE dAE] ol A, € 2 71 e
HaAle 5 M3E 7HAHE 7Hed T2 V1A
2 A% o HE A st oA Bg &3S
Bo] &y 72EAY ALgdE Fo8 8@
a2y HRAFLE o2 ez E7Ea A
T BRFR HI 1 o] Ro] FIEE FA
of lew MEE Fol7] AT A7t el A
P2 e, 71AH AEE A APz
AHAE FANA F AL Ao,

Z1AAH AERo) A= Bt el ol g5

-339-



AR - WAE - AY7] - 2y

oAz e AlEH 34, Alg 2 A=Wy 5
o o3 F&F& W o] Rolo] AFEAM AF
7tA 9 Rag A7dze B2 30, HEeA
(stacking sequence)™®, WfEY A9 A", W T
B 4, HEEF, AFH o Fof| #3)
o tg A1H Aoy CFRP B¢ 52 A o
FAZ Y& F& ARl T FHAHA 17
o] MEFFE & Utk T3 4k CFRP B34
o Uig A wojy Zxd A3 AF7AHE o)
£ &)Ut Aol

watA] ¥ ApoA = CFRP &§A189 8
29 F8¢ AAMSF 71 2HQ ARE A F
7] Y3ted, | HlojyP A ro B F3AA AP
o dgoz A Hive] o]oj ] 24 A ©@AY
23t SEA 8o k] AFegn AEE 3
29 | n&eAct A FEEE (0/90)e 2
[0/£45/9013s2] 255/, AW 718t 81A P4
A & 247 45 /2 AEA A A do
FUAAHE R RAREE 43 Hw - HESY
i, =% 93 7] & SEMd| 9| 3ted n@sH ).

ME o Ay

1. ME R AlEH

A A8 AR A RUoM 9 TUEA
ZAHHAL) CF/EP T 18 [0/90)es L [0/+
45/9013:2] F 27 o 2 A &uekS el st zhz}
24z 2tol 2 A 3 - AFeAct B YA
AA A& (v=64%)2] F2 9} A EX) 29
WMES A5y sl 23(250mm X 250mm)
S et e, 4= 130T, g9 &
3.TMPa, FAA17H& 90%- o 2 &3t}

AEo] d AFHS ALEsd AEA T e
A Rvrel FdstA stlen, tEE AlgHEe A
T A § 5mm, A|EH Zo] 120mm, A1 EH F
A 2.7mme DA Fx&n, 7Y R Fd
e Al A Fo ], widrl AR E el A 7
of A Eoll e BdAE S H], e/dE 104 42 4
2 WA £33 e/d7) dFE AFEfoA
w/dE 204 52 4% F2 ztz} WA A 7p2sl

At
2 4% YWY

A& A Bivof A N&Ho Yl v
€ &30 7t5 3 3Y BHU HEE slgon,
2 BoMe gt A9 B o] e
AR A % FL2 204 A Eeln
T 3E 22 AU B F UAESE A A
Al - AR A 218 AR-ehe] AXE F 4P
om, Al FYol ALE-E WL 31 F L FH3
AY F e ZFEE 1A 2908 A3 L AL 88}
Atk A 87)e 8% 5tone 95 A7) (Instron
4204)5 A3, ol AR 2= S5
2mmimmd| A gstH o, 3155 FH HYgH e
© X-Y2| Z2A & o] 83t AdANE A} 7}
FEAFEL 47te) AlgH F 2400 o
4 5704 & AHg-8ted A skt

A A WP A= AR A glolA
7l ] g &) A s e
dAASYH R FHE & 4o AasHt.

Ao W 2y

1. AlgH X2 9%

1.1 8t&-3t5H M=

Fig.1& [0/90]6s?] H S A o] 2] &
A EtAR 9 v, e/d=4, 7P| 2 B )3
AlEH Zo) v, wd=4Y v 35-3t54 AYA
=& vetd Felth 7] g3 MA7A 9 s
A T AL AP R oz Frlste] Uk
AEoe] def 2 AL 0 27 B3d 98 -
(pop-in)BF o] F 835 & AWt A
Faz dAH e g o] Wolzl F thA] 21, 3
Ao sta 7} A4 A0 2 Aol th-g HF v
TS 9 & U

Fig2¥ 2 2&A71 [0/+45/90]:9 Abn A =3
A e/det w/d7t 247t 4 of dHF-5 5 YA
T & JEA Aolth [0/901sQ] & ) 9} v} w5t
R, 45 Z ol Ajle 2 A fltgel g2 ol
A strjel o1& #-2x &3 APdte @A

-340 -



CFRP A& %ol ¥ w3z #3 a7

Ao Fao 93 dAIAQ 35 AV A&A
2 dojyn, d 7L ¥ AFA=E y2s
7] Q2o o] AL 1% JF sdsle B
28 815-33 N HYNEE Hol1 AUtk 99
A g A 2o Ao} vwEH RH [0/90]e Z
(0/+45/90]3 A 2% A3 [0l & Fo]
H)3] 2zt 1.801A4 1.98) A= 2 A WP A
& Vel

8

g

load P (N)

3§88 38

. ;

8

S il TR NS SR TN
0 085 1 15 2 25 3 35 4 45 5
load line displacement § (mm)

Fig.1 P-dcurve of [0/90]es laminates(e/d =4, w/d=4).
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Fig.2 P-dcurve of [0/+45/9013:s laminates(e/d =4,
w/d=4).
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Fig.3 Variation of pin bearing strength of [0/90]es
laminates(e/d=1 to 4, with w/d=4).
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Fig.4 Variation of pin bearing strength of [0/+
45/90]3s laminates(e/d=1 to 4, with w/d =4).

- 341 -



QG - ur g - AP - g9

54.5, 56.4 MPa & e/d9] 3to] 2& w) $23] 37}
3 F AT S-S & 4 ek

1L3. A 8H e g3

Fig. 59 62 A vjo} P 7t o) B A HY Zof
FEFE 23] et o) X Fol I Bt
Al ¥], e/d=4Y w(e=20mm) Z}z} 2] A Zx)
ol 3t w/de] gh& 200X 571R] WA S
o ¥ Wg R =g el Rojth. Figse
[0/9076s21 A Z el A w/d7} 2, 3, 4, 52 ¥ 3}t
w2t A Wo) PR EE 27.6, 44.5, 54.6, 54.1 MPa
2 Ho] wd=4Y uf A7t €& ¢ F Ut o]

80
| @:w=10

i O:w=15
o 0:w=20
g 8  A:w=25 g A
3 %l 6
§ 4ol
B L
re 8
2 20

10r

n i 1 .
°1 ; 5 : 5 ]

3 a
width ratio w/d

Fig.5 Variation of pin bearing strength of [0/90]16s
laminates(w/d=2 to 5, with e/d =4).
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Fig.6 Variation of pin bearing strength of [0/+
45/90]13s laminates(w/d =2 to 5, with e/d=4).
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Fig.7 Fracture modes of bearing test for CFRP
composites.
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Fig.8 SEM micrographs of fracture surfaces
[0/90]es CFRP composites.
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Fig.9 SEM micrographs of fracture surfaces [0/+
45/90]3s CFRP composites.
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