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Abstract: Research on reducing the thickness of polyethylene terephthalate (PET) bottles is necessary to reduce the amount
of plastic used. However, as decreasing a PET bottle’s thickness weakens it, a robust bottle design is required. Therefore,
in this study, we numerically analyzed various bottom designs of a carbonated soft drink PET bottle with 245 and 500 ml
capacities and complicated petaloid shapes. Deformation, equivalent stress, maximum principal stress, and its direction
according to each design were analyzed to study the strength of the bottle. The results serve as a reference to design robust
petaloid PET bottle bottoms with a reduced thickness for carbonated soft drinks.
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Figure 1. Tensile test specimen from blown PET bottle.

Table 1. Mechanical Property of Blown PET Bottle.

Longitudinal Circumferential

Property direction direction
Young’s modulus [MPa] 2687.83 3341.03
Yield strength [MPa] 78.54 99.55
Fracture strength [MPa] 106.65 117.88

Poisson’s ratio 0.3863 03715
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Figure 2. Studied various bottom designs of PET bottle.
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Figure 3. Details of petaloid bottom design.
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Table 2. Measured thickness of blown bottle.
(a) 245 ml PET bottle

[unit : mm] S
Location of y-di.rection Thickness \L‘l\n\‘\“‘t
from neck ring
at neck ring 1.67
10 0.356
20 0.290 SEsre/nay
30 0.228
40 0.246
20 0.284 (a) 245ml PET bottle
60 0.282
70 0.293
80 0.343
90 0.507
at bottom center 1.356
(b) 500ml PET bottle
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Figure 5. Deformation distributions according to bottom design.
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Figure 6. Equivalent stress distributions according to bottom design.
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Figure 7. Maximum principal stress distributions and directions according to bottom design.
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