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Abstract :

Bending performances of aluminum square tube beams reinforced by aluminum plates under three point

bending loads have been evaluated using experimental tests combined with theoretical and finite element analyses. A
finite element simufation for the three-point bending test was performed. Basic properties of aluminum materials used

for initial input data of the finite element simulation were obtained from the true stress-true strain curves of specimens
which had been extracted from the Al tube beams. True stresses were determined from applied loads and cross-sectional
area records of a tensile specimen with a rectangular cross-section by real-time photographing, and true strains were
obtained from in-situ local elongation measurements of the specimen gage portion by the multi-point scanning laser

extensometer. Six kinds of aluminum tube beam specimens adhered by aluminum plates were employed for the bending
test. The bending deformation behaviors up to the maximum load described by the numerical simulation were in good
agreement with experimental ones. After passing the maximum load, reinforcing plate was debonded from the
aluminum tube beam. An aluminum tube beam strengthened by aluminum plate on the upper web showed an excellent

bending capability.
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Fig. 1 An example of reinforced Al tube beam specimen
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Fig. 2 Cross-sections of various aluminum tube beam specimens: (a) unreinforced tube beam, (b) sided upper half-flange
reinforcement, (c) centered upper half-flange reinforcement, (d) upper full flange reinforcement, () lower full flange

reinforcement and (f) upper and lower full flange reinforcement
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Fig. 4 Tensile specimen adhered with parallel line patches
for local strain measurement by multi-point laser
extensometer
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Fig. 6 Stress-strain curves of aluminum 6063T5

Table 1 Mechanical properties of Al 6063T5 obtained from
true stress-strain relationship

Yield Ultimate .
E-modulus strength Strength Elongation
0,
(GPa) (MPa) (MPa) 8)
62.9 193.2 2552 59.8
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Bending Performance Evaluation of Reinforced Aluminum Square Tube Beams
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Table 2 Experimental enhanced performance for reinforced

tube beams
Tube beam Flexural " Yield load | Ultimate load
type stiffness (%) (%) (%)
A-5 16.5 13.7 27.0
A-10 23.6 -144 -5.7
A-20 474 31.1 42.0
B 343 222 25.2
C 127.5 87.6 924
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Fig. 11 Local buckling deformations of tube beams nume-
rically obtained at a displacement of 20 mm
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Fig. 13 Numerical and experimental load-displacement curves of various reinforced tube beams
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Bending Performance Evaluation of Reinforced Aluminum Square Tube Beams

Table 3 Comparison between numerical and experimental results for bending performance of reinforced Al tube beams

Specimen type Flexural stiff;less, EI Yield load, F; Ultimate load, F, Mid span deflection at F,, &ry
(Nmm®) N) N (mm)
Experiment 271.6 871.6 1105.9 7.1
FEM 309.7 850.0 1213.5 7.4
N Error 14.0 % . 25% 9.7% 3.8%
Theory 288.8 885.9 1047.1 -
Error 6.3 % 1.6 % -53% -
Experiment 316.5 991.6 1333.1 7.5
FEM 3479 934.0 1351.0 7.4
A-5 Error 9.9% -5.8% 1.3% -19%
Theory 350.3 9574 1225.9 -
Error 10.6 % 3.4 % -8.0% -
Experiment 335.8 770.0 1053.9 9.8
FEM 323.2 670.0 11094 10.7
A-10 Error 3.7% -13.0% 53% 9.9%
Theory 350.3 957.4 12259 -
Error 43 % 243 % 16.3 % -
Experiment 402.3 1185.0 1540.4 83
FEM 389.1 997.6 1512.7 8.7
A-20 Error 33% -15.8% -1.8% 49%
Theory 398.9 1003.9 1356.2 -
Error -0.8 % -153% -11.9% -
Experiment 384.6 1065.3 13134 6.0
FEM 390.4 980.0 13233 5.7
B Error 1.5% -8.0 % 0.8 % -5.7%
Theory 398.9 1003.9 1356.2 -
Error 3.7% . 58% : 33% -
Experiment 584.2 1615.0 1979.6 5.9
FEM 527.1 1320.0 1943.7 7.0
C Error -9.8% -183 % -1.8% 19.1 %
Theory 566.9 1580.5 1858.6 -
Error 3% -2.1 % -6.1 %

Table 4 Theoretical results for the neutral axis and compres-
sive area on the cross section of various tube beams
at the maximum load

H
N A-5 A-20 B C

H (mm) 20.0 21.0 21.0 21.0 22.0 T

NA (mm) | 10.0 12.3 14.3 6.5 11.0 Fig. 14 Example of various lengths on the cross section of
W (mm) 9.0 6.8 4.7 13.5 9.0 reinforced tube beams at the maximum load (H:
E (mm) 45 1.0 0.7 55 1.3 height of the cross section, NA: position of neutral
P (mm) 45 58 40 49 77 a;(is,. W: length qf compressive web:, E: Length 9f
PIW (%) 503 5.6 250 539 85,7 elastic compressive web, P: length of plastic

compressive web)
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