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Numerical analysis for deformation characteristics under the freezing
and bursting of Al pipe
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Abstract Recently, aluminum pipes have been used instead of steel pipes for open and shut machines in vinyl
housing because of its corrosion-resistance and light weight. In particular, the light weight is very useful for fitting
and removal by human resources. On the other hand, an aluminum pipe is weak in winter because aluminum has
a larger thermal expansion coefficient than steel. This study examined the freezing and bursting of aluminum pipes
by numerical analysis. The mechanical-thermal deformation characteristics were analyzed under the condition of ice
volumetric expansion in aluminum pipes reaching 50%. From numerical analysis, large stresses above the yield stress
occurred in aluminum pipe after ice expanded in the net diameter immediately. In addition, the freezing and bursting
of aluminum pipes was predicted around an ice volumetric expansion of 6 - 7% because the thickness of the
aluminum pipe reached an aluminum elongation ratio of 17%. Therefore, it is recommended that aluminum pipes be
sealed perfectly to prevent water flow in the pipe. These results suggest that it is very difficult to prevent freezing
and bursting of aluminum pipes by water freezing in the pipe.
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[Fig. 2] Schematic of ice formation in a piping
system[1]
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(a) specimen 1

(b) specimen 2

(c) specimen 3

[Fig. 4] Figure of optical microscope(x400) and test the
ingredients of a specimens

(c) specimen 3

[Fig. 3] Fracture phenomenon of Al pipes
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[Table 1] Mechanical and thermal properties of Al 6061

Properties Value
Mass density, kg/m’ 2,700
Elastic modulus, GPa 67
Poisson’s ratio 0.36
Yield stress, MPa 280
Thermal expansion coefficient, um/m-C 24
Thermal conductivity, W/m'K 210
Specific heat capacity, kJ/kg: C 900
Elongation(-30725C), % 17
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[Fig. 5] Analysis conditions volume expansion ration
under the freezing temperature

Al Pipe
. (Deformable body)
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[Fig. 6] The freeze and burst modeling by Finite
Element Method
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