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A novel hemispherical microbond specimen for evaluating the interfacial shear strength of
single fiber composite

Joo-Eon Park” and Nak-Sam Choi™*

Abstract

A hemispherical microbond specimen adhered onto single carbon fiber has been proposed for evaluating the
interfacial shear strength between epoxy and carbon fiber. Hemispherical microbond specimens showed low
interfacial shear strength data and its small standard deviation as compared with the droplet one, which seemed
to be caused by the reduction of the meniscus effects and of the stress concentration in the region contacting
with the tip of pin hole. In comparison with the droplet specimen the hemispherical specimen showed the shear
stress distribution similar to the cylindrical one in that low stress concentration arose around the contacting
region. Average interfacial shear strength obtained by the hemispherical ones represented a good correlation
with the hardness of the epoxy matrix.
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conventional droplet specimen (b)
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Fig. 3 Experimental setup for microbond pull-out
test

Fig. 4 Fractured hemispherical (a) and droplet (b)
specimens with pin hole
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Table 1 Average interfacial shear strength and
standard deviations for the droplet and hemispherical

specimens

. — standard

specimen z; (MPa) deviation

droplet 33.7 8.93

hemispherical 20 1.65
Fig. 5% A AlgolA w3 ma AlFA
W =geE AgA B dold mE Hu)
stz (AWaa shF) doly E3x5 yekd A
ojth. F A RF £ Holrt F7Hshe
met Ay shgol SHEE ¢ 5 slvk 7w
A AFHY] AWAGEE T A

Avgeo] Qi

1= AL "8

A4 selA e A

Fy
A= DX &)
oA71M Ry @ HWets, Dr @ AFAE, X

+ Eg4dololty. &3 o] 100umolA + ’\]
e AWAGHZE dHolHE wuwd A}
cHYE APAL 36MPa 12l WHE AlY
HE 19MPaz A, W8 AldA o] AW A7
E7F B2.7%E A4S S-S & ¢ vk EF
37 %= R22 WY AldHo] 09124 =3
Eof Hld] 953 AlF7bse A HAFE
Table 12 Fig. 59 7t7} 2372 =S E9}
N AFHAER e dolEHE 4 (D) ©
At AWAG Fret A5
Aolth, wkE AJgH 9]
1/5 olst= A3}
. BRI A
HE X7} Ao B3R AdFFHol uf
]

S|
=}

|

-

R
ru

r_-ﬂl

ol
ol
£
2L
ok

o AN R
)
_}#
N

=2
>
ol, ofo

o M rE A RH K oo
e
o
3
§2

o o
=3 T
S w=old 2= o)
= - 6]'_1‘ A

e
o
e
oft
L
2ol
2
.
O~

A7E A
Jo.% vhehe]
= td22 A
HelE g

Al A e+
T& = Ad=dHEAA A B), =
& 25.6MPa, W& AlFH2 17.4MPaz A
Al W Aol 30.6% % WA LFERWTE

Fig. 6& W7 A@He) sk Agtel nje
Ar) AwsasE LEE



o) .
o
160
Embedded length (1m)

e

p
Fiber fracture — s\ &<,

=

80

40

& 1hr
BEshr
L Ashr

Fig. 6 Maximum loads versus embedded lengths of

|

[
?

R
tol 117

At Bt
Z
0|

bool

2 Z7}slgnh. 2edo] 110um ]| A

-

°©

]_
o]
= A=y
Fig. 6914 Yepd AapA 7t )

o uheb Azt

o] =
AN T

[e]
=

=] O._—
s

b

v

7}

=

[€)

1

]

7t

<

5]

7t
S|
=

the hemispherical specimens depending on the curing

1 9

TR FRAE

el
=

i

gen)
o}

o

time

10

<> 5 hour curing

—— 1 hour curing
—{13 hour curing

@ 7 hour curing
.

180

Curing time (hr)

curing time

160

240

o,

Fod Fig. 791 YERH

9

8

= =
= 1

a8]al 5~7A]

Aol BE( /)

1~34

el

140

Fig. 7 Hardness variation of epoxy matrix with
Fig. 8 Average interfacial shear strength as a

1]

1

Fig. 8& Fig. 6°14 7|

AR 7e 2wt Fig. 79)

Fig. 9

function of average hardness

ﬂo
i
el

—~
fite)

ol

1O ZHE 125um "ozl

™

T
0

—~
o

B

—n|
T

(axisymmetric)x=1 o= &

=]

o



TP MR

HY AR dS B 59 ugs BAE
S 2 33tk 54Kt Eet 12029 A &
Aol A A=k =g oli00ume] vy ]l
Alge] A Ets 44.49mNS 2H88kE o
2 oto] Aol el HEsiglon, of #
& Aol dH Al Agshs JFd 22dts
o= ghtste] it gl ek oA

o] EAXZA wAAS4E= 230GPa¥ 3.84GPa
aelar FoldH|= 0307 0.310]th o] 42X
Ao gi=Egte = AFEE Sl

Aot e fF3te A mele osle] AW
FoAe] ZHA ddgHe] FEE

A A4 1 g
9. Algel guadsEe @ud Ansd
oct)‘q A= ddEHER AU @%%Q(Toct)

S A ol FFHrH10]

Toc.};\/ (6,—0,f +o,~0)f Ho—of +6L,+7,+7) (3)

Fig. 10 A9} 24 Alole] AHRE ule}
AL Qi T Towt EE =
Aotk o] el xF FH3E 0~20ume] Y
2AL gAY ST A= =
E >y > Adddd B
o EREES AW dded wart b A
A ek, ol 549 9

ol A =R E Wikl bzt 1)

9

J_T]__
2o] WAIEE7] ol
o
)

vhebd Aleleh, 1gly
A mds AW FARFNA =3
B9 WUsAL RO 1 ABO] T GOz
dehd Re, Auie 2ee sagwst o
gsehs Jbgstel Figsst gol mgelEe]

100 my | S e . . "

(a) Droplet

(b) Hemispherical

(c) Cylindrical
Fig. 9 FEA modeling of droplet (a), hemisphere
(b) and cylindrical (c) specimens (unit: pm)

100
@ droplet

80 O hemispherical
A cylindrical pull-out

Interface coordinates (Hm)

Fig. 10 Distribution of octahedral shear stresses (Toct)

# droplet
S0 O hemispherical
- A cylindrical pull-out

Interface coordinates (Hm)

Fig. 11 Distribution of cartesian shear stresses (Tyy)

=

1l

X

|AAGF =7 T4 SHE AL &
S Fa vk Fighel Aol o3
Fig.12, 13014 F7}8l71 2 &k},

Hhdo] wkty mdle] FE RS

=
A= wad e $HYFYE

A

L
ol

%
Mo

l

4

|

ol

‘l—_:\__
A

(1
o

N

tar A’

any



o] A4 L, d
Ao g eyt

Fig. 112 =HdE, vk3, AddE A|H9
RE AS dga Huzdi didgHt, X
E W AoBA Tt XS A AEFS Ho
To®] 7ol A|-el Al HasHA g3t
IaAeS & T odden, AE HEFFAAA =
HAE 2] 1,,7F Tkt 258 2 e

200

@ droplet
160 ¢ O hemispherical
A cylindrical pull-out
120 4
=
Ay
g
i
©
Interface coordinates (um)
Fig. 12 Distribution of tensile stresses (oy)
180 #droplet
O hemispherical
140 A cylindrical pull-out
5
100
S
€ a4

Interface coordinates (jum)

Fig. 13 Distribution of tensile stresses (o)

el A () 2F o8 5 s o3l
Algel7ls sty vla Ao sA dARs
Al#Fsk7] oo ol v

Fig. 12= Af 5o AdFo] A=
A& ()9 EExE verd agzeln)
TN AhEy mEe] A9 x=0°] A A
Sl P Ho] Al Al AA G
T2 Agstar gl whehe], =Rt Ee] A
T xF 0-10um WelelA <1H-S=e] HFE
ot xF 10~ 20umoM AFER=R A A

e AlE
2l 0,2 %EEH Oy
«1 7451‘r TARRE 1SS HEAES A
HREE wet el 1 A7)7)F oyl Hlal] oF
4% P == AT Ases o ]r”“?‘r =HEE

ARG 2 gom SYHE A% AYsF
Stk Z, =HAE Agne P9, 4ERee
0% ot BE wAEshe] WEY ZHA
Aol AW APES sl B
s Aol

WA 2999 e A@Hd |
[e]

H _— pB
105 5 v
=5 MR I 7 Ae AR ’\]ﬁ%‘ip—
. _ NS _
TE AT AT AEEs AgT

off 3l 7
= Hrsbzlel Hgsicta & 4 ok



i L A MR L

Kevlar/epoxy single

of the force trace for

TR M T oW ®" o "I g Wiag 5
A B G o Mg " K 8
BN gy R R mT Y BO S 0B
L AR N 9 i Aropm =) X e
N~ A X O#U = — — [5)
= 07 2y = o) or o oF =
T o oR ™o~ £ 2 o =
OB TS T & Swm o Le
o = T xﬁ ‘_@u % ,Xl ﬂo o © ﬂyl T S 3
bl w = © ok .- & T z -
ﬂwﬁ i ﬂi ‘m 1cw0 i —I__ - Th h.ro % < .
oo 17} ~o ﬂ — m.rﬁ m ! o ﬁo o i) =
v 5T No® S hom 4T gE _ 8 3
; To) X
9 TR oy 8 BT sty 8
o ¥ e d TS m N pgREG e 0
T 0 [{e] m 7' ~X -
L xdo S & R T S
T W o R N g B Fom T o5 W o &
[z =)
T oAk oA B VS I
W 1 S S T sT T §Tg ¢
E W 1_t A L.t ~ il O o W = xO = N W
T ok " = >4 3
wo " ode T W Ry TR S wN&&K
TOON R F o = < &
oMo B oo W E TP O™ N W OH N T M
<EORORR R W T & ﬂm = % - M 7w E ~ 7w
- § e ‘le 1 H - O
IR TG AR S O K
N m-m Lol g Wy S BN ep o W Hr o = o
w o ' OB o THwW T T e
X e TFERE R S IR
X _— :.: \DI OMH c.; —~ ~o O w O#E ci — — —
mu [ S \aH paid AL X nﬁ —_— N 0 = 0
B %ﬂﬁ ST G SN to & ﬂ%_
) O R T GO G .
mo %o Py w uloor of Y o E = B
mom P B sl 2w
< I A g R BT
—_ X 5 B X = M B R T %O 9 7o o
U St w e {5 ™| KOS
oAy S e = No ™ Ar —y A 2
WETD = g mg < d w25 T o 5
A = SN T T
_ o = OﬁE ml _O L ﬂO T ‘Mﬂ = 0
s N T o BT ow A , e 2R
e R LT TRE B - BN g
TR X PPN O [l rol ! %0 T =  No L )
- 7 < = X —~ 8 ® o o B = N X
ol - H 2% o o o N NowoHE
oy o P o 4 B = HoxoNr B b ok B T W

composite

Fibre Science and
in

17, No. 2, September 1982,

strength

tests”,

bond
materials”, Int. J. Adhesion and Adhesives, \ol.

1, Issue, 1, 1980, pp. 40-44
5) H. D. Wagner, H. E. Gallis, E. Wiesel, "Study

pull-out
of the interface in Kevlar 49-epoxy composites

microdebonding test for in situassessment of

Technology, Vol.
fibre/matrix

filament
4) J. F. Mandell, J. H. Chen, F. J. McGarry, "A

1

o

3}

°©

A}
270l 4

=]
T

Eal

(3) WHE n
Hop {5 Aol A

&

A
1l



by means of microbond and fragmentation
tests: effects of materials and testing variables",
Journal of Materials Science, Vol. 28, 1993,
pp. 2238-2244

S, A, olgn “maAd A9
& B ARCIEA B3
Rl s, SR A,
Vol.19, No.4, 2006, pp. 7-14
7) M. R. Piggott, S. R. Dai, "Fiber Pull Out

Experiments With Thermoplastics”, Polymer

6)

rE B

|84

2 do
(E o oy

H

Engineering and Science, Vol. 31, No. 17,
Mid-September 1991, pp. 1246-1249

8) Umesh Gaur, Bernard Miller, "Microbond
Method for Determination of the Shear
Strength of a Fiber/Resin Interface: Evaluation
of Experimental Parameters”, Composites
Science and Technology, Vol. 34, 1989, pp.
35-51

9 R. J Day, J V. Cauich Rodrigez,
"Investigation of the Micromechanics of the
Microbond test", Composites Science and
Technology, Vol. 58, 1998, pp. 907-914

10) A4, 24 9gsh, Alawpze 2, 2001, pp

75-77



