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Bending Analysis of Reinforced Tube Beams

Nak-Sam Choi’, Sung-Hyuk Lee’
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Abhstract

Local buckling behaviors of aluminum square tube beams reinforced by aluminum plates under three point bending loads
have been analyzed using experimental tests combined with theoretical and finite element analyses. For this analysis 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. True strains were also 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
reinforced by aluminum plates were employed for the bending test. The bending deformation behaviors up to the maximum
load analyzed by the numerical simulation agreed well with experimental ones. After passing the maximum load, reinforcing
plate hindering the local buckling of the tube beam was debonded from the aluminum tube beam. An aluminum tube beam
strengthened by aluminum plate on the upper web showed the most excellent bending capacity, which could be explained on
the basis of the neutral axis shift and the local buckling deformation range.
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Fig. 1 Three point bending test of reinforced Al tube beam
specimen

Table 1 Real mechanical properties of Al 6063T5
obtained from the true stress-strain relationship

Yield Ul
E-modulus 1e tmate Elongation
(GPa) strength strength )
(MPa) (MPa)
62.9 193.2 255.2 59.8
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Fig. 3 Experimental set-up for measuring the true

stress - true strain curves
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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. 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, (e)

lower full flange reinforcement and (f) upper and lower full flange reinforcement
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Fig. 7 Experimental load-displacement curves of

unreinforced and reinforced Al tube beams: (a) type A and
(b) type B and C
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Fig. 8 Local buckling deformation change of the tube beams

(a) type N

by reinforcement positions at a deflection of 20 mm
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Table 2 Enhanced bending performances 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 -14.4 -5.7
A-20 47.4 31.1 42.0
B 343 222 252
C 127.5 87.6 92.4
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Fig. 9 Simulated Local buckling deformations of tube
beams at a deflection of 20 mm

NA

Fig. 10 Illustration of various lengths on the cross section of
reinforced tube beams at the maximum load (H: height of the
cross section, NA: position of neutral axis, W: length of
compressive web:, E: length of elastic compressive web, P:
length of plastic compressive web)

Table 3 Theoretical results for the neutral axis shift and
compressive area range on the cross section of various tube
beams at the maximum load

N A-5 A-20 B C
H (mm) 20.0 21.0 21.0 21.0 22.0
NA (mm) 10.0 12.3 14.3 6.5 11.0
W (mm) 9.0 6.8 4.7 13.5 9.0
E (mm) 4.5 1.0 0.7 55 13
P (mm) 45 5.8 4.0 4.9 7.7
P/W (%) 50.3 85.6 85.0 58.9 85.7
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