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Toughness Parameters Calibration of Chinese Structural Aluminum Alloys

ZHANG Chaozhong, GUO Xiaonong',ZONG Shaohan, CHEN Yu,ZHU Shaojun
(College of Civil Engineering, Tongji University, Shanghai 200092, China )

Abstract: In order to apply the Void Growth Model (VGM) and Stress Modified Critical Strain model (SMCS) to
predict the ductile fracture of Chinese structural aluminum alloys, uniaxial tensile tests on aluminum alloy 6061-T6,
6082-T6 and 7020-T6 were carried out, including smooth round bar specimens and notched round bar specimens.
Besides, finite element analyses were conducted to calibrate the toughness parameters of three brands of aluminum al-
loys. The results show that the radius of the notch has slight influence on the toughness parameters of aluminum alloys,
and the dispersion coefficients are all within 20%. It is indicated that the toughness parameter is an inherent attribute
of the aluminum alloy material, and it can be used to predict the ductile fracture of Chinese structural aluminum alloys
under various stress states. Compared with the SMCS model, the VGM model can predict the ductile fracture of alu—
minum alloys more accurately.
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Tab.1 Specimen numbering
= e 1242 /mm s
FrifER e AL6061-1(2.3)
1.25 AL6061-R1-1(2)
6061-T6
25 AL6061-R2-1(2)
5 AL6061-R5-1(2)
FrifE e AL6082-1(2.3)
1.25 AL6082-R1-1(2)
6082-T6
25 AL6082-R2-1(2)
5 AL6082-R5-1(2)
FrifER s AL7020-1(2.3)
1.25 AL7020-R1-1(2)
7020-T6
25 AL7020-R2-1(2)
5 AL7020-R5-1(2)
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Fig.2 Monotonic tensile test equipment
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Fig.3 Failure modes of smooth round bar specimens
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Fig.4 Monotonic tensile stress—strain curves of specimens
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Tab.2 Monotonic tensile results of smooth round bar specimens

Jii = WA ac do/mm E/MPa fo2/MPa f./MPa P./kN di/mm 1% &
AL6061-1 10.20 65263 320.88 336.14 18.16 6.80 55.56 0.77
AL6061-2 10.10 65272 326.46 339.63 18.23 6.88 53.60 0.75
6061-T6
AL6061-3 10.20 65258 324.25 335.43 18.00 6.59 58.26 0.83
YA 10.17 65264 323.86 337.07 18.13 6.76 55.82 0.78
AL6082-1 10.18 72724 315.22 342.57 18.88 7.32 48.30 0.62
AL6082-2 10.13 72763 316.81 340.63 19.27 7.35 47.36 0.62
6082-T6
AL6082-3 — — — — — — — —
A 10.16 72744 316.02 341.60 19.08 7.34 47.83 0.62
AL7020-1 10.17 71454 594.86 642.29 50.45 9.45 13.66 0.11
AL7020-2 10.17 71473 603.54 648.15 50.91 9.46 13.48 0.11
7020-T6
AL7020-3 10.17 71465 593.21 637.40 50.06 9.34 15.66 0.14
YA 10.17 71464 597.20 642.61 50.47 9.42 14.21 0.12

1 A AL6082-3 RIS 2%, MR R A EIEAL B 2 AR s SR AR ).
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Tab.3 Critical point parameters of true stress—plastic strain curve

J5 w 7,/MPa & ,/MPa & o1/MPa &
6061-T6 0.137 324.50 0.002 364.42 0.067 400.00 0.78
6082-T6 0.283 315.28 0.002 362.00 0.053 420.00 0.62
7020-T6 0.475 599.16 0.002 690.63 0.061 710.00 0.12

TE oy e 230 A St IR JEE RO 17 Y R 5 0y iy G 300 AR RS E FFIXE IO BRI IR 5 o 4330 SR A R 49 7 3 A 78
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Tab.4 Fitting parameters of aluminum alloy constitutive relation

8= E/MPa &4 o,/MPa K/MPa n K,/MPa r r
6061-T6 65 264 0.02 330.70 345.29 95.87 158.88 0.958 0.969
6082-T6 72 744 0.02 328.62 358.68 47.75 376.66 0.996 0.953
7020-T6 71 464 0.02 611.96 662.36 55.76 615.96 0.995 0.962
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Fig.5 Schematic diagram of true stress—plastic strain curve
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Fig.6 Failure modes of notched round bar specimens
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Tab.5 Toughness parameter calibration results of VGM Model and SMCS Model
fi= R/mm 5 8/mm o.,/MPa o./MPa T £ 7 @
AL6061-R1-1 0.415 599.40 369.14 1.624 0.161 1.582 1.844
12 AL6061-R1-2 0.397 594.21 368.90 1.611 0.157 1.509 1.754
AL6061-R2-1 0.528 47434 373.32 1271 0.245 1.489 1.649
2 AL6061-R2-2 0.525 473.18 373.38 1267 0.246 1.489 1.649
6061-T6
AL6061-R5-1 0.879 387.01 384.98 1.005 0.479 1.972 2.163
: AL6061-R5-2 0.882 387.26 385.10 1.006 0.481 1.983 2.176
FHIE 1.671 1.873
BIHLREL 14.37% 12.89%
ALGS2RI-1 0346 583.09 36944 158 0126 1159 | 1344
b AL6082-R1-2 0.333 581.57 368.91 1.576 0.121 1.104 1.285
AL6082-R2-1 0.489 465.00 379.99 1.224 0.229 1.338 1.436
= AL6082-R2-2 0.462 463.63 377.97 1227 0.209 1214 1318
6082-T6
AL6082-R5-1 0.683 369.21 389.59 0.948 0.323 1.265 1.338
: AL6082-R5-2 0.735 373.78 392.13 0.953 0.348 1.380 1.453
FHIE 1.243 1.362
BIHLREL 8.47% 4.93%
- AL020RI-1 0333 94844 69194 1371 0065 0454 0506
' AL7020-R1-2 0.352 965.12 693.23 1392 0.069 0.490 0.555
AL7020-R2-1 0.413 782.01 704.23 1.110 0.541 0.487 0.541
= AL7020-R2-2 0.425 788.86 706.57 1.116 0.110 0.525 0.585
7020-T6
AL7020-R5-1 0.549 657.21 710.00 0.926 0.188 0.660 0.755
: AL7020-R5-2 0.562 662.13 710.00 0.933 0.192 0.679 0.779
FHIE 0.549 0.620
BIHUREL 17.49% 18.83%
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Fig.13 Stress cloud images during deformation process of specimen AL6082-R2-1 (apply VGM Model )
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