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A Study on the Evaluation of Fracture Taughness under
Mixed Mode Loading in GMT Composite Materials

Choon Jae Lee™ and Hei Song Kim**

ABSTRACT

In this paper, a fracture toughness test under mixed mode loading was proposed using a
single edge-cracked specimen subjected to bending moment(M), shearing force(F), and twisting
moment(T). The J-integral of a crack in the specimen is expressed in the form J=] 1+ e+ Tws
where J;, Jy and Jy are the components of mode I, mode II and mode Il deformation,
respectively. J;, Jy and Jy can be estimated from M—8(8; crack opening angle), F-U(U ;
crack shear displacement) and T-a(a ; crack twisting angle). In order to obtain the M-8,
F~U and T-c diagram in real time, a new deformation gage for mixed mode loading was
proposed using the optical position sensing device(PSD). The fracture toughness test was carried
out with GMT composite materials according to impregnated quantities of glass mat. The loading
apparatus was designed and manufactured for this experiment. When the fracture toughness
(J.) was classified according to various speciments, it showed that MMT—3(mode I +mode
II+mode III) specimen has the lowest value out of specimens, and the specimen(40% Wt) with
the highest impregnated quanity has the most value for fracture toughness, when it was classified
according to impregnated quantities(20%, 30%, 40% Wt) of glass mat.

The measurement of the initial crack point has been made with the AE apparatus(Locan AT),
and AE amplitudes at the crack initation point have almost constant values regardless of the

various specimens or impregnated quantities of glass mat.
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Table 1. The comparsion with measurement result
of the optical PSD and digital reading mi-

croscope
Reading | Error
Specimen PSD micros- | base on
cope | PSD(%)
MMT-1 | 6(rad) | 0.0519 | 0.0493 5.0
MMT-2 6 (rad) | 0.0680 | 0.0675 0.7
U(mm) | 0.7917 | 0.79 0.21
6 (rad) | 0.0211 | 0.020 5.2
MMT-3 | U(mm) | 0.911 0. 900 1.21
a(rad) | 0.047 0.045 4.26
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Fig. 19(b). J-integral(J,;) and shear displacement
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Table 3. Comparision of the experimental value according to the various specimen

impregnated J-integral sum of load of
materials specimens rate of glass v'al.u.e for the | J -integr. al for initial crack maximum
mat(Wt %) initial crack [the initial crack point(KN) load (KN)
point (KN/m) | point(KN/m)
MMT-1 20 J1=4.4328 J.=4.4328 0.1495 0.1738
_ J1 =3.2499 _
MMT-2 20 Jy; =0.0585 J.=3.3084 0.1946 0.302
J, =0.9374
MMT-3 20 Ju=0.2999 J.=4.179 0.0293 0.0518
Jm =2.9417
MMT-1 30 Ji1 =7.56317 J, =7.5317 0.233 0.2623
GMT _ Ji1 =6.9976 _
Composite MMT-2 30 Iy =0.0746 J.=7.0722 0.8284 1.0638
Materials J, =3.8822
MMT-3 30 Jiu=0.3876 J.=6.2832 0.0446 0.0581
Jm = 2. 0134
MMT-1 40 J;=20.29 J.=20.29 0.6838 0. 7229
_ J1=39.4676 _
MMT-2 40 Ty =3.1143 J.=42.5819 0.3831 0.4813
J1 =4.6989
MMT-3 40 Jy=2.0959 | J.=11.4921 0.0823 0.0894
J[" =4. 6981
MMT-1 - J1=3.54 J.=3.54 0.8599 2.804
MMT-2 - } ! 2(1)61?]1 J.=16.3871 1.9402 2. 4078
A1(6061) =
J1=0.5473
MMT-3 - Ju=0.0395 J.=0.5973 0.4343 1.5134
Jm =(. 0105
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