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Abstract

Transition process of plastic region, displacements, stresses and strains ahead the flaw tips
were analysed by the finite element method on the steel plate with the circular hole and the
one with the elliptical hole under completely alternating load (repetition of tensile loading,
unloading and compressivé loading).

As the results, the followings were obtained.

Transition process of elastic failure (yielding) region was estimated. From this the ten-
dency was confirmed that the fracture would be initiated from ahead the flaw tip, and
propagated along the 45° direction.

The fundamental data available in estimating the stress intensity factor that was conside-
red as the core in analysing the fradture mechanism of steel plates were obtained.

It was indicated that when unloading after tension the effect of compressive loading, and
even the compressive reyield, was occured ahead the flaw tip. Similarly it was indicated
that when unloading after compression the effect of tensile loading, and even the tensile re-
yield, was occured ahead the flaw tip. It was considered that these phenomena were occured
because the unloading effect was constrained by the residual strains when unloading. It was
considered that the fatigue phenomenon was occured ahead the flaw tip by repetition of ten-
sile yield, the above compressive reyield, compressive yeild and the above tensile reyield.

In addition, the tendency was confirmed that the fracture ahead the flaw tip was occured
as the flaw was changed from the circular hole to the elliptical hole and became to be the
crack lastly.
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¥* 4-1. No. of yieled elements
(1] plate with circular hole.
cycle tension compression
No. load(ton) yield ?g:rrrilgll&essive load(ton) k yield tensile reyield
3.791213 189,191 - -—1. 940509 189, 191
4. 371263 166, 167 —3. 079419 166, 167
4. 747547 190, 192 —3.851131 190, 192
1 5. 286732 179 —4. 724794 179
5. 681256 180 —5. 519266
unloading — unloading —
2. 139367 189, 191 —2. 050676 189, 191
3. 233503 166, 167 —3. 151355 166, 167
2 4. 087453 190, 192 —3. 985289 190, 192
4. 848272 179 —4, 795000 179
5.607040 180, 168 —5. 574474 180, 168
unloading - unloading —_
2.081328 189, 191 —2, 092663 189, 191
3.178293 166, 167 —3. 193887 166, 167
3 4. 026158 190,192 —4. 027472 190, 192
4. 801827 179 —4. 830588 179
5. 565096 180, 168 ~5. 607061 180, 168
unloading —_ unloading —
2. 049058 189,191 —2.120734 189, 191
3. 144621 166, 167 —3. 222347 166, 167
4‘ 3. 994585 190, 192 —4. 055135 190, 192
4.772912 179 —4. 856235 179
5. 536945 180, 168 —5. 631069 180, 168
nnloading — unloading —
2. 025527 189, 191 —2. 143280 189,.191
3.119877 166, 167 —3. 245037 166, 167
3.971471 190, 192 —4. 077665 190
5 4. 750841 179 —4. 250478 192
5. 514353 180, 168 —4.794371 179
unloading ' - —5. 542546 180, 168
. | unloading _
(2] plate with elliptical hole
cycle tension compression
No. | load(ton) yield COmBE®YE | load(ton) yield | tensile reyield
2.672793 221 —2. 510069 218, 222
4.001043 218, 222 —3. 746368 210
1 5. 007469 210, 219 —4, 556763 219
5. 624806 211,217,233 —b5. 265121 211, 217
unloading 221 —5. 83878 223
unloading —
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05501718 221 —2. 471181 218, 222
2. 451915 218, 222 —3. 558139 210
3. 463441 210 —4. 476399 219
2 4. 472249 219 —5. 020134 211, 217
4.924317 211,217 —5. 819331 223, 207
5. 805755 223, 207 unloading 221
unloading 221
2. 491954 218, 222 —2. 454527 218,222
3.373743 210 —3. 484842 210
3 4.504735 219, 211 —4. 454809 219, 211
4. 958235 217 - —4. 981595 217
5. 837272 223, 207 —5. 794327 223, 207
unloading 221 unloading 291
2,510612 218, 222 —2. 438534 218, 222
3. 442783 210 —3. 433183 210
4 4.517746 219,211 —4. 440813 219,211
4. 993389 217 —4. 9623651 217
5. 854819 223, 209 —b5. 778933 223, 207
unloading 221 unloading 221
2.523413 218, 222 —2. 427427 218, 222
3.479113 210 —3. 397661 210
5 4. 530644 219,211 —4. 429162 219, 211
5. 009406 217 —4. 947337 217
5. 869086 223, 207 —b5. 76608 223, 207
unloading 221 unloading 221
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(a) plate with circular hole




(b) plate with elliptical hole
a@l 4.1, Transition of nodal displacement ahead the flaw tip along loading direction
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18| 4.2 Transition of stress ahead the flaw tip along loading direction
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Transition of strain ahead the flaw tip along loading direction
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