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Calculation method of bending strength for 6082—-T6 aluminum alloy beams

ZHAI Ximei'*, QI Renping'?*, ZHAO Yuanzheng'”

(1.Key Laboratory of Structures Dynamic Behavior and Control (Harbin Institute of Technology) , Ministry of Education, Harbin 150090, China;
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Abstract: To predict the bending strength of 6082-T6 aluminum alloy flexural members, experimental studies of
24 tensile coupon tests and 19 three-point bending tests of box-section were performed. Finite element models using
ABAQUS were developed and verified against the test results of 19 beams, and then used to perform parametric
studies, in which a total of 468 numerical results were generated. The experimental and numerical results were used
to evaluate the bending resistance provisions of the current American, European and Chinese Specifications. The
impact of plate-assembly effect was not considered in these three specifications, which made the calculating process
lightly complicated and the results relatively conservative. Based on direct strength method, the calculation method
of bending strength considering the material nonlinear characteristics and initial geometric imperfection was proposed
for 6082-T6 aluminum alloy bending members with box-section. Compared with the results of experimental data and
three design specifications, it shows that the proposed calculation method is more accurate and convenient in
predicting the bearing capacity of 6082~T6 aluminum alloy three-point bending beams of box-section.
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Statistical parameters of mechanical properties for 6082~

Stress-strain curves

Tab.1

T6 aluminum alloy

E,/GPa foa/MPa f.,/MPa A% v

69.146 302.9 330.9 14.72 0.31

x2 ZFEHAMBGILE

Tab.2  Sampling summary of bending specimens

g Ly/mm  L/mm  B/mm  H/mm  t/mm B/t A, Ey/GPa  fo,/MPa (D, /Ly) /%o
S1-80x80x6-2 000 2 000 1 800 79.9 79.9 6.03 13.25 59 63.0 296.5 0.68
$2-80x80x6-1 500 1 500 1 300 79.9 79.8 6.02 13.28 43 63.0 296.5 0.61
$3-80x80x6-1 200 1 200 1 000 79.9 79.9 5.95 13.42 33 63.0 296.5 0.43
S4-100x 100x6-2 000 2 000 1800  100.0 100.1 6.01 16.65 47 73.3 297.4 0.56
$5-100x 100x6-1 700 1700 1500  100.0 99.9 6.02 16.62 39 73.3 297.4 1.72
S6-100%x100x6-1 400 1 400 1200  100.2 100.1 6.05 16.57 31 73.3 297.4 1.61
S7-100%100x8-2 700 2 700 2500  100.4 100.1 8.01 12.53 66 58.3 270.3 0.49
S8-100%100x8-2 200 2 200 2000  100.1 100.2 8.19 12.22 53 58.3 270.3 0.62
$9-100x 100x8-1 700 1700 1500  100.1 100.0 8.14 12.30 40 58.3 270.3 0.64
R1-40x80x6-2 000 2 000 1 800 39.8 79.8 5.94 6.70 118 55.4 272.3 0.47
R2-40x80x6-1 700 1700 1 500 39.9 79.7 5.91 6.75 98 55.4 272.3 0.80
R3-40x80x6-1 500 1 500 1 300 40.8 79.9 6.01 6.80 83 55.4 272.3 0.77
R4-40x80x6-1 200 1200 1 000 39.8 79.7 5.92 6.72 66 55.4 272.3 0.78
R5-50x100x4-1 500 1 500 1300 49.6 99.7 3.95 12.58 64 66.7 269.6 0.45
R6-50x100x4~-1 200 1200 1 000 49.6 99.7 3.92 12.66 49 66.7 269.6 0.52
R7-50%100x6-2 000 2 000 1 800 49.9 100.0 5.94 8.41 92 66.4 332.5 0.74
R8-50x100x6-1 700 1 700 1 500 50.0 99.8 5.88 8.51 76 66.4 332.5 0.27
R9-50x100x6-1 500 1 500 1 300 49.9 100.0 5.98 8.35 66 66.4 332.5 0.59
R10-50x100x6-1 200 1200 1 000 49.7 99.8 5.92 8.39 51 66.4 332.5 0.63
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Fig.4 Load-mid-length displacement curves

®3 KWL R
Tab.3  Comparison of TEST and FEA results for alloy beams

My/ Mpp/  Mygp Mygn/ My WA
(kKN - m)(kN - m) Mp (kN - m) Mppa X
S1-80x80x6-2 000  14.67  18.45 1.26 18.73 0.99 L+Y
S2-80x80x6-1 500 14.60 17.45 1.20 18.60 0.94 L+Y
S3-80x80x6-1200 14.49  17.59 1.21 19.50 0.90 L+Y
S4-100x100x6-2 000 23.75  26.72 1.13 26.92 0.99 L+Y
S5-100x100x6-1 700 23.71  26.62 1.12 27.34 0.97 L+Y
S6-100x100x6-1 400 23.89 26.48 1.11  26.87 0.99 L+Y
S7-100x100x8-2 700 27.65 30.88 1.12 35.64 0.87 Y
S8-100x100x8-2 200 28.15 34.50 1.23 3591 0.96 L+Y
S9-100x100x8-1 700 27.95  34.59 1.24 36.46 0.95 L+Y
R1-40x80x6-2 000 849 10.12 1.19 10.89 093 Y
R2-40x80x6-1 700 8.44 10.12 1.20 11.01 092 Y
R3-40x80x6-1 500 870 10.88 1.25 1099 0.9 Y
R4-40x80x6-1 200 8.44 12.28 1.46 11.30 1.08 L+Y
R5-50x100x4-1 500  9.54 12.22 1.28 11.34 1.08 L+Y
R6-50x100x4-1200 9.49 10.06 1.06 11.61 0.87 L+Y
R7-50x100x6-2 000 16.93 19.43 1.15 21.42 091 Y
R8-50x100x6-1 700 16.76 20.24 1.21  21.52 0.94 1L+Y
R9-50x100x6-1 500 17.02 19.97 1.17 21.43 0.93 L+Y
R10-50x100x6-1 200 16.79  21.62 1.29 21.67 1.00 L+Y
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Tab.5 Comparison of test results with the predicted values from
different approaches

MF.XP/ MEXP ML’XI’ MEXP MEXP ML’XP

ot
(kKN +m) Myy My Mg Mygy Mpgyy

S1-80x80x6-2 000 1845 152 131 145 145 1.07
$2-80x80x6-1 500 17.45 145 125 138 138 1.02
S3-80x80x6-1 200 17.59 147 127 140 1.40 1.03
S4-100x100x6-2 000 26.72  1.46 124 134 134 1.06
S5-100x100x6-1700 26.62  1.45 123 134 134 1.06
S6-100x100x6-1 400 26.48 143 122 132 1.32 1.05
$7-100x100x8-2 700  30.88  1.24 1.07 1.18 1.18 0.93
S8-100x100x8-2 200 34.50  1.37 1.17 1.30 1.30 1.03
$9-100x100x8-1700 34.59 138 1.18 131 1.31 1.04
R1-40%80x6-2 000 1012 155 125 147 147 1.01
R2-40x80x6-1 700 10.12 1.56 125 1.48 148 1.02
R3-40x80x6-1 500 10.88  1.62 1.31 1.54 1.54 1.06
R4-40x80x6-1 200 1228 1.89 152 1.80 1.80 1.24
R5-50x100x4-1500 1222  1.69 1.41 1.61 1.61 1.39
R6-50x100x4-1200  10.06  1.40 1.17 133 1.33 1.15
R7-50x100x6-2 000  19.43  1.55 1.26 147 147 1.06
R8-50x100x6-1700 2024 1.63 1.33 1.54 154 1.11
R9-50x100x6-1500  19.97  1.58 1.29 1.50 1.50 1.09
R10-50x100x6-1200 21.62 1.74 1.42 1.65 1.65 1.19
FHE 1.525 1.271 1.442 1.442 1.084
brifE2E 0.149 0.102 0.146 0.146 0.100
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Tab.6  Statistical results of the finite element analysis

2 Mgy N Mg Mg Mg

it My Myco Mg Mpsy Mpsy-u
EEIME 1.410 1.227 1.336 1.338 1.125
bRz 0307 0.346 0.378 0.239 0.238
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