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Construction of a New Damage Estimation Theory for Fresh
Produce with Consideration of Cumulative Fatigue 2.
Effect of Repetitive Shock on Damage to Strawberry Fruit
inside Stacked Packaging

Hiroaki KITAZAWA™" and Katsuhiko SAITO™
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In products damaged as a result of cumulative fatigue with repetitive shock, the degree of damage (d)
per shock changes owing to a combination of peak acceleration (PAcc) and velocity change (Vc). We
considered a situation wherein a combination of PAcc and Vc on packaged products changed
corresponding to shock during transportation; we supposed stacked packaging with multiple layers for
this purpose. Thus, we investigated the effects of different layers on repetitive-shock-induced damage to
strawberry fruit packaged in a five-layered corrugated fiberboard box. Our results showed that the d of
packaged fruit varies for different box layers. It was suggested that this variation was due to the changes
in the combination of PAcc and Vc corresponding to the different layers. Our results also indicated that the
differences in the combinations of PAcc and Vc corresponding to different layers should be considered in
order to prevent products inside stacked packaging from damage caused by repetitive shock.
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Fig.1 Test flow in this study.
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Fig.2 Form of packaging for estimation of peak
acceleration (PAcc), velocity change (Ve) and
fruit damage.
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Fig. 3. Effects of differences in drop height (A) on
the occurrence of peak acceleration (PAcc, A)
and velocity change (Vc, B) at the first (bottom)
layer.

Each error bar shows standard error (n = 11-12).
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Fig. 4. Effects of differences in (PAcc) on the
shock frequency with regard to damage (7, A)
and degree of damage per shock (d B) at the
first (bottom) layer.

Each error bar shows standard error(n = 5-7).
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Table 1 Effects of different drop heights (4 ) and layers on the occurrence of

peak acceleration (PAcc [m/s?])

h (m) Layer

2 4 5
0.05 1392+ 15.6° 1245+ 53 107.5% 55 117.8% 7.0
0.10 260.9+ 92 2209+205 2104+ 85 1777+ 9.8
0.15 371.6+ 9.6 3866+ 54 3403+160 2843+ 3.8
0.20 498.6+ 3.5 4211+ 94 4505+ 7.1 4593+ 6.3

*Average = SE (n = 11-12).

Table 2 Effects of different drop heights (#) and layers on the occurrence of
velocitv change (Ve [m/s])
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Table 3 Shock frequency with regard to damage (7 ) and
degree of damage per shock (d') in the second to fifth boxes
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Table 4 Measured values of degree of damage per shock (o) versus predicted
values calculated from the relationship between peak acceleration (PAcc) and

din the bottom box
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Table 5 Equivalent drop height (4 and AAR@EZSEE 9(1), 33-46 (2000)

velocity change (Vo) in the bottom b.ox, 5) ACIRAEE - 7)1 - AR - BREE - R

corresponding to the same peak accerelation - s

(PAcc) in the second to fifth boxes B MEA TS, RIS SRS, 9(2), 221-227
(2010)
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