Interfacial shear strength test by a hemi-spherical microbond
specimen of carbon fiber and epoxy resin
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ABSTRACT

Interfacial shear strength between epoxy and carbon fiber was analyzed utilizing a hemi-spherical microbond specimens
adhered onto single carbon fiber. The hemi-spherical microbond specimen showed high regression coefficient and small
standard deviation in the measurement of interfacial strength as compared with a droplet and an inverse hemi-spherical
one. This seemed to be caused by the reduced meniscus effects and the reduced stress concentration in the region
contacting with a pin-hole loading device. Finite element analysis showed that the stress distributions along the
fiber/matrix interface in the hemi-spherical specimen had a stable shear stress distribution along the interface without
any stress mode change. The experimental data was also different according to the kinds of loading device such as the

microvise-tip and the pin-holed plate.
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Fig. 1 Schematic of manufacturing steps for a hemi-
spherical type single fiber/epoxy specimen.
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Fig. 2 Schematic of a hemi-spherical specimen.
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Fig. 3 Schematic of a conventional droplet microbond
specimen (a) and an inverse hemi-spherical specimen (b).

Fig. 4 Embedded length measurement of each type of
specimens: (a) microdroplet, (b) hemi-spherical and (c)
inverse hemi-spherical microbond specimens.
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Fig. 5 Schematic pull-out test setup for each type of
microbond specimens: (a) hemi-spherical and (b) inverse
hemi-spherical specimens, and (c) droplet being tested
with a pin-holed stainless steel film.

Fig. 6 Pulled-out droplet(a), hemi-spherical(b) and
inverse hemi-spherical(c) specimens after tested.
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Fig. 7 Maximum loads Fy versus embedded lengths of
droplet, hemi-spherical and inverse hemi-spherical
specimens.

HHL 36.7MPa, W1 A|TAL 19.6MPa L]l &
W7 AP 385MPag AAME QT o] 7] A 23

ol 100mARE A ol A b A A
AN Aol shebol wMAsHA gn AWtk 2ol
HE A0 232l 91 Aol o

gy AgHe] AVARFEA A NGB ol

W
3 A =
7V A JdeElvds= A2 Fig 8°ﬂ Holx ujg} o)
A o] e TlelAl = &t Foe ololl st
E ugoemA Afet #x9 AW Fol| gt A
W3l Fy(shear force)e} 412 shetitol 2H&31= ©
;é

3= Fl(tensﬂe force)7} 7 #gsta 7]
sttha 7H4E o A 2@ doler AR o

Hl(5< — <13)o] we} Hol 28] HEe Ao]E B

o

o 5 gk FoF Sk ROt fastez 2o
E ©3] A (Dol 485 e AWAGAE ghel
B oAt AA B & 4 ) wEhA o] d oab
= BAIY] 9] AAANSHT Foe oSy T2
2 )% olg3dte] AAM I F 2 (1)9 Foll dige
S =

_ K @

Fsa - df |

(I+ )
4lz,

e
B
i
oo
m\i
o
o
o
o)
S
o,
|
it
offl

< = .

d stk 7hgstal Al ZEA AR ES] AE dolE
= e A @ BAstel 2 JgS 73 2
Fig. 9o A ¢} o] yehd & glom, w3 Aga

$ Wiglel o 124ER AowA HeolHE

@ Aguo] 09124 o Ry =gelE Agud)
Wl 9Es A3 by A9 wAFn Aok B

Table 1 Average interfacial shear strength 7 4

regression coefficient and standard deviation for each type.

Ty Regression a Standard
Specimen (MPa) coe.fflc'ient (MPa) df:viz}tion
in Fig. 7 in Fig. 7 In Fig. 9 in Fig. 9
Droplet 36.7 0.74 33.7 8.93
Hemi- 19.6 091 20 1.65
spherical
Inverse 38.5 0.81 38.1 5.53
hemi- 37.6 37.1
Spherical (corrected 0.81 (corrected 5.47
by eqn(2)) by eqn(2))
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Fig. 8 Schematic of an inverse hemi-spherical specimen.
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Fig. 9 Average interfacial shear strength a versus

embedded lengths of droplet, hemi-spherical and inverse
hemi-spherical specimens.
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Micro-vise tip coefficient and standard deviation according to different
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Ty Regression T4
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type in Fig. 11 in Fig. 11 in Fig. 11 in Fig. 11
Pin-hole 19.6 0.91 20 1.65
Mlc"_)' 14.1 0.60 13.7 3.03
vise tip
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Fig. 10 Load contacting region of a hemi-spherical
specimen by the loading of pin-holed film (a) and Micro-
vise tip (b).
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Fig. 14 Distribution of normal stresses (c,) along the
interface
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