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Abstract: Excessive use of plastic bottles contributes to a significant environmental issue due to the high volume of
plastic waste generated. To address this, efforts are needed to reduce the weight of plastic bottles. However,
indiscriminate weight reduction may compromise the essential rigidity required for plastic bottles. Extensive research
on rib shape for pressure vessels are exists, but there is a few research of rib shapes to enhance the stiffness of plastic
bottles. The following results were obtained from the analyses conducted in this study. 1) Among the rib cross-
sections of square, trapezoid, and triangle, the buckling critical load of PET bottles with square-shaped ribs is
improved by about 14% compared to the buckling critical load of PET bottles without ribs. 2) The buckling critical
load is improved by about 18% when a square-shaped rib with an aspect ratio of 0.2 is applied, compared to the
buckling critical load of the bottle without the rib. 3) When longitudinal and transverse square ribs were applied to
the axial direction of the PET bottle, the buckling critical load was improved by about 32% and 58% compared to the
buckling critical load of the PET bottle without ribs, respectively, indicating that applying longitudinal ribs is effective
in reinforcing the stiffness of PET bottles. 4) When 14 transverse ribs were applied, the maximum improvement was
about 48% compared to the buckling critical load of the plastic bottle without ribs. 5) When 3 longitudinal ribs were
applied on each side, the maximum improvement was about 76% compared to the buckling critical load of the bottle
without ribs. Therefore, it was concluded that for effective stiffness reinforcement of a 500ml square bottle with a
thickness of 0.5mm, 3 square-shaped ribs with an aspect ratio of 0.2 should be applied in the longitudinal direction
relative to the axial direction of the bottle.
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Fig. 1 Cross sectional shope of ribs: (q) rectongle shope
(b) frapezoid shape, (c) fiangle shape
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Table 1 Factors of cross-sectional shape with same area

Factor Length(mm)
al 2.00
a2 230
a3 1.83
bl 0.74
b2 0.69
b3 1.59

Table 2 Factors of cross-sectional shape with same
moment of inertia

Factor Length(mm)
al 2.00
a2 236
a3 0.09
bl 0.74
b2 0.71
b3 0.08
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Table 3 Mechanical Properties of 500ml squared PET
bottle

Density kg/mm? 1.34x10°
Young’s Modulus MPa 18634
Poisson’s ratio - 0.389
Yield strength MPa 52.81
Tensile strength MPa 52.81
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Fig.2 Boundary condition for linear buckliing analysis: ()
top load for linear buckling analysis, (b) support face for
linear buckling analysis
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Table 4 Aspect ratio and k values

02 27 054 54,0

025 241 0.60 546

03 220 066 55.0

0375 197 0.74 554

04 190 0.76 55.7

06 155 093 56.3
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Fig.4 PET bottle with different direction ribs: (a) PET bottle
with fransverse direction, (b) PET bottle with longitudinal
direction
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Fig.5 PET bottle with different number of tfransverse and
longitudinal ribs: (a) PET bottle with different numiber of
fransverse ribs, (b) PET bottle with different number of
longitudinal ribs
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Table 5 h, s values with different number of rios

L,(mm) w(mm) n(l) h(mm)
Case 1 0 0
5 17.8
10 9.4
109.89 0.54 14 6.8
15 6.5
18 5.2
21 4.4
Case2 | L,(mm) w(mm) m(ZH) s(mm)
0 0
1 0
37.42 0.54 ) 21
3 8.9
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Table 6 Critical Buckling Load with same cross-sectional
area

Shape of Rib Critical Buckling Load
Norib 252
Rectangle 288
Trapezoid 271
Triangle 285

Critical Buckling Load with Same Cross-sectional Area

[ critical Buckling Load
3004 288 7 285

=250 —22

200 4

150

100

Critical Buckling Load (|

o
S
L

T T T T
No rib Rectangle Trapezoid Triangle

Cross-section shapes of Rib

Fig.6 Critical Buckling load with same cross-sectional
area

Table 7 Buckling Critical Load of PET boftle with same
moment of inerfia

Shape of Rib Critical Buckling Load (N)
Norib 252
Rectangle 288
Trapezoid 276
Triangle 261

Critical Buckling Load with Same Moment of Inertia

3004 .y [ ] Critical Buckling Load
276

261

252

N
N
&
3

L

200 B

150

100

Critical Buckling Load (N)

o
S
!

T T T T
No rib Rectangle Trapezoid Triangle
Cross-section shapes of Rib

Fig.7 Critical Buckliing Load with same moment of inertia.
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Table 8 Critical Buckling Load with different aspect ratio
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Critical
Aspect k(mm) Buckling buckling)©] AoI%t7] wWiito 2 AR
Ratio(b1/al) Load(N)
0.2 54.0 296.0 Table 9 Critical Bucking Load with different rio
0.25 54.6 292.0 directions
0.3 55.0 290.0 Rib Direction Critical Buckling
0.375 55.4 288.0 Load®™)
0.4 55.7 285.7 _
0.6 56.3 285.6 No rib 252
Transverse 334
Longitudinal 400

Critical Buckling Load with different k values and aspect ratic

T T T T T T

L LI
BIFRIE |

Critical Buckling Load (N)
k (mm)

02 025 03 0.375 04 08
Aspect Ratio — f"‘*‘" i

Fig.8 Critical Buckling Load with different k values and
aspect ratio
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Critical Buckling Load with different Rib Direction
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Fig.9 Critical Buckling Load with different rib directions

(b)
Fig.10 Bucking mode for different directions of ribs: (q)
Buckling mode with transverse ribs, (b) Buckiing mode
with longitudinal ribbs
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Table 10 Critical Buckling Load with different number of
fransverse ribs

0 252
5 343
10 366
14 377
15 359
18 315
21 249

Critical Buckling Load with different number or ribs

30 8 Crlical Buckling Load|. . oy
w0 e =350
£
3% 43
3
ey 515
% 30
L
8 2004
5
2604
w252 =240
2404
t:l ; 1’0 1'5 ZID 25
Number of ribs

Fig.11 Critical Buckling Load with different number of
fransverse ribs
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Table 11 Critical Buckling Load with different number of
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1 400
2 422
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Critical Buckling Load with different number for vertical ribs
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1 2
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Fig.12 Critical Buckling Load with different number of
longitudinal ritos
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