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Quasi-static axial compression of Al-Mg-Si profiles with
multi-cell section
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Abstract: The deformation modes and energy absorption capacity of Al-Mg-Si profiles under quasi-static axial
compression were studied by WAW-E600 microcomputer controlled electric-hydraulic servo universal testing machine.
The Al-Mg-Si profiles were respectively aged at 180 “C from 30 min to 540 min. The results indicate that the deformation
mode of the aluminum extrusions is gradually changed from diamond mode to concertina mode and the energy
absorption of the extrusions increases with increasing aging time. When aged at 180 C for 540 min, the deformation
mode is completely transformed into concertina mode and the energy absorption increases by 99% compared with that of
the unaged alloy. Drilling holes on the sidewalls near the upper end of the profiles can decrease the peak load by about
7%~12% and change the deformation mode into mixed mode or concertina mode, which improves the stability of sample
during deformation. As to samples with diamond mode before drilling holes, the mean load of the samples during
deformation increases and the energy absorption are improved after drilling induced holes. On the contrary, the energy
absorption of the samples with mixed mode or concertina mode reduces after drilling holes.
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Fig. 2 Hardness values for various aging conditions
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Fig. 3 Stress—strain curves of samples at 180 “C for various
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Table 1 Mechanical properties with different aging times at
180 °C

Temper 09,/MPa oy/MPa 0/%
No-HT 76 186 28.7
30 min 99 190 27.4
60 min 132 211 22.4
90 min 156 223 20.7
120 min 185 242 18.7
150 min 205 255 17.7
180 min 221 264 16.9
540 min 239 269 16.4
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Fig. 4 Deformation modes of samples for various aging conditions
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Table 2 Quasi-static test results of samples for various aging conditions

Temper F/kN F./kN J/mm U/ Collapse mode Collapse starting point
No-HT 215.36 154.28 112.5 17 356.49 D Mid of specimen
30 min 228.86 158.98 122.5 19 475.66 D Mid of specimen
60 min 256.27 174.74 128.9 22 528.67 D Mid of specimen
90 min 304.09 188.76 127.8 23 869.21 D Mid of specimen
120 min 322.81 189.82 127.5 24 202.28 D Mid of specimen
150 min 332.38 234.10 139.6 32 690.67 C+D Bottom of specimen
180 min 338.95 233.80 141.6 3312591 C+D Bottom of specimen
540 min 357.98 246.06 141.0 34 701.59 C Bottom of specimen

300

250

Applied load/kN

200

150f

100

50

20

B 5 230 min WA AT ALFE Hhek

Fig. 5 Load—displacement curve of sample after aging for 30 min
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Fig. 6 Changing curves of applied load, mean
load and energy vs displacement of samples
with diamond mode: (a) Applied load; (b) Mean
load; (c) Absorbed energy
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Fig. 13 Comparison of deformation modes of samples before and after drilling holes for various aging conditions
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Table 3 Quasi-tatic test results of samples after drilling holes for various aging conditions
Decrease Fy/ Increase Increase Collapse
Temper F/kN percentage/% kN percentage/% vl percentage/% mode
No-HT-hole 194.29 9.8 154.79 0.30 21 309.28 22.0 C+D
30 min-hole 207.14* 9.5 168.13 1.80 21 199.06 8.0 C+D
60 min-hole 252.35 1.5 197.36 12.9 25 696.49 14.0 C
90 min-hole 265.26 12.7 202.47 7.30 26 322.00 10.2 C
120 min-hole 287.91 10.8 214.25 12.8 30 426.99 25.7 C
150 min-hole 298.12 10.3 215.85 -7.8 31623.10 -3.2 C
180 min-hole 305.65 9.8 219.14 —6.3 32 066.76 -3.1 C
540 min-hole 330.19 7.7 229.24 —6.8 34 106.99 -1.7 C
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K. TXT 150 min-hole. 180 min-hole I 540
min-hole iAFE, MK 14d)~ORILEH, HFHEFILZ
Jo s AT AT R SRR Bl , (R E AT
G 5 %" S e P PN 1S P R R 7oA N
TR B BT RER AL AR, T2 fLE FT
Y Fo A TR

& 14(a)~(c) P RE—i RS i Ze T 41, X TR TF
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Fig. 14 Changing curves of applied load, mean load and energy absorption vs displacement of samples before and after drilling holes

for various aging conditions: (a) No-HT; (b) 30 min; (c) 120 min; (d) 150 min; (e) 180 min; (f) 540 min
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