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ABSTRACT

Fracture responses of AlO; tubes were investigated for various loading paths under combined tension/torsion.
The fracture criterion did nol depend on loading paths. Fracture angles agreed well with the maximum tensile
stress criterion. As the loading condition approaches a shear dominani state, the temsile principal stress at
fracture increases compared to the uniaxial fracture strength. By using the Weibull modulus obtamed from
tension and lorsion tesis, the Weibull statistcal fraclure strengths were compared with experimental dala.
This comparison suggesls that {racture may occur at the surlace of Lhe specimen when tensile stress is dominant,
bul within the volume of the specimen when shear stress 1s dominanl. The Weibull fracture strength increased
as the loadmg conion approached a shear domunant state, bul underestimated compared to experimenial data.
Finally, a new fracture criterion was proposed by including the effect of compressive principal stress. The
proposed criterion agreed well with experimental data of ALCH tubes not only at combmed tension/torsion
but also at balanced biaxial tension.
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Fig. L. Axial and torsional fracture stresses of AlLO,

tubes for various loading paths under combined
tengion/torsion. The dashed curve denotes the
maximum tensile stress criterion. Experimental
data & and O were obtained from path (i) and
(i), respectively. Data [J were obtained from
path a, b, ¢ and d m path {ii).
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Table 1. Fracture Strengths and Angles of AlLO; Tubes from Various Paths under Combined Tension/Tor-

sion
Stress state a (MPa) T (MPa) o (MFPa) a; (MPa) 0, (degree) ‘ 6 (degree) ‘l
Tension 158.5 0 1585 0 0 2
1451 0 145.1 0 it 3
154.0 4] 154.G 0 0 2
1470 0 147.0 0 0 4
158.5 0 1585 0 U] 0
147.3 0 1473 0 0 5
142.1 i 142.1 0 0 1
Torsion 0 1794 1794 —1794 45 48
0 159.8 155.8 —159.8 45 43
0 184.0 184.0 —184.0 45 49
0 166.3 166.3 —166.3 45 45
0 1774 177.4 —1774 45 43
0 1720 172.0 —172.0 45 46
U] 1733 173.3 L —1733 45 47
Loading 30.3 136.0 152.0 - 1217 42 38
Path (i) 315 154.0 1705 —139.1 42 42
30.3 137.7 153.7 —1234 42 Ja
61.6 1204 155.1 —035 37 36
97.8 878 149.3 —515 30 25
100.1 87.5 150.8 —50.8 30 28
Loading 140.5 282 146.4 —h4 11 9
Path (i) 1184 042 139.5 —22.1 21 19
1272 57.5 149.6 — 224 21 18
130.1 59.2 153.0 —229 21 20
1144 55.1 141.0 —21.6 21 22
98.3 856 147.5 —496 30 33
94.9 84.6 144.5 —495 30 27
96.6 97.1 156.8 —60.1 a2 34
93.6 944 152.1 —585 32 30
67.6 134.0 172.0 —104.4 38 36
63.2 126.0 161.5 —98.3 33 39
63.1 126.1 161.5 — G084 38 40
345 150.5 168.7 —1343 42 40
31.3 137.0 1534 —1224 42 43
384 1676 188.0 —1495 42 45
5.1 1517 170.3 —1356.2 42 39
H.1 148.1 156.1 —132.1 42 43
Loading 1212 B0.1 146.0 —24.8 22 23 “
Path (i} 45.1 135.3 159.7 —114.6 40 35
7h2 112.8 156.5 —81.3 36 34
0 165.4 165.4 —1654 45 8
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Fig. 2. Probability of fracture vs. fracture strength re-
lation under uniaxial tension and pure torsion.
Data pomnts O and » were obtaned from expe-
nimental fracture strengths under uniaxial len-
sion and pure torsian, respectively. The solid
lines were calculated from (2). with m=18 and
C=—907 for uniaxial tension and C=—93.2

for pure torsion, respectiveiy.
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The solid curve was calculated from (10).
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