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Fracture Behaviors of Alumina Tubes under Combined Tension/Torsion

K T Kim, J.Suh and Y. H Cho
Department of Mechanical Engineering, Pohang Institute of Science and Technology
{Received August 30, 1990)

ABSTRACT

Fracture of AlO; tubes for different loading path under combined tension/torsion was investigated,
Macroscopic directions of crack propagation agreed well with Lhe maximum principal stress criterion, independent of
the loading path., However, fracture strength from the proportional loading test(r/o=constant) showed either
strengthening or weakening compared to that from uniaxial tensicn, depending on the ratio /7.

The Weihull theory was capable to predict the strengthening of fracture strength in pure torsion, bul not the
weakening in the proportional loading condition. The strenglhening or weakening of fracture strength in the
proportional leading condition was explained by the effect of shear siresses in the plane of randomly omented
microdefects,

Finally. a new empirical fracture criterion was proposed. This criterion is hased on a mixed mode fracture

crilerion and experimental data for fracture of Al:O; tubes under combined tension/torsion, The proposed fracture
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criierion agreed well with experimental data for hoth macroscopic directions of crack propagation and fracture

strengths.
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Fig.1.Fractured AL Oy tube specmens tested along the
proportional leading palh{][} under combined
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A% o4, d v 5 Y AA/EY 2P Fig.2 Fractured Al,C; tube specimens tested along the
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Table 2 Fracture Strengths and Angles of ALO,
Tubes under Combined Tension/Torsion.

Stress o T o a Caleul. | Observ,
state | (MPa) | (MPay | {MPa) | (MPa) | angle, & | angle, A
Tension| 158 47 i 158 47 0 0 2
145.13 0 145.13 0 0 3
164 00 0 154.00 0 )] 2
147 00 0 147 00 0 0 4
Torsion ] 179,38 | 179.38 | -179.38 45 43
0 159 79 | 158.79 | -189.78 45 43
0 184 00 | 184 00 | -184 00 45 49
0 166.32 | 166.32 | -166.32 15 45
0 177 38 | 177 38 [ -177 38 45 43
Loading| 30.26 | 136.00 | 152.00 : -121.70 42 38
Path(I)| 31.45 | 154.01 | 170 54 | -139 10 42 42
30029 | 137.70 | 153 70 | -123.40 12 39
57.80 87.64 | 149,30 | -51 50 10 29
100,10 | 87.54 | 150 80 | -50.80 30 28
Loading} 118 40 | 54.20 | 139.50 [ -22 10 21 19
Path(Il)) 127.20 | 57.90 | 14% 60 | -22.40 21 18
119,38 55.14 | 140.85 | -2 &7 21 22
08 30 | 8560 | 147.80 | -49 60 30 33
54.04 84.60 | 144 50 | -d49.5% 30 27
34.46 | 150 50 | 168 70 | -134.30 42 40
31 30 | 137.03 | 153.40 | -122.38 42 43
38.38 | 167 38 | 187 95 | -149.48 42 45
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Fig 3.Normalized axial vs.iorsional fracture strengths
by uniaxial fracture strength for AlD, tube
specimens under comhined tension/torsion. The
dashed curve denotes the maximum principal
stress criterion,
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volume fracture

1.183
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Fig.6_Scanning eleclron miciographs of fracrured Aly Oy tube specimens tested under (2} tension, (b)Y torsion.
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