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Study on Distribution Stability of Fordable Containers Based on Recycled
Materials for Fresh Delivery
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Abstract Delivery services in Korea are available in a number of alternatives, including one-day, next-day, and early-
morning delivery. Particularly, the market for early-morning delivery is expanding due to the preference for customer con-
venience, the demand for contactless shopping, and the increase in single-person households. For fresh food delivery, con-
sumers widely use early-morning delivery services, with EPS (Expanded Polystyrene) boxes commonly used. While EPS
boxes are cost-effective and have excellent insulation properties, the introduction of reusable containers is being imple-
mented to replace them due to environmental pollution issues. This paper evaluates the performance of a reusable logistics
container made from recycled materials. The container carried out tests for distribution environment suitability, impact
resistance, and temperature maintenance performance. The results showed that the container passed all tests successfully,
confirming that it has the appropriate performance for fresh food delivery via early-morning delivery. Additionally, it
demonstrated similar performance to reusable logistics containers currently in use, indicating its applicability in the market.
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Table 1. Durability and waterproof assessment

Evaluation Examination Standard
Abrasion strength KS K 0540
Durability Tensile strength KS K 0520
Bursting strength KS K 0350
Waterproof Absorption rate KS K 0642
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Fig. 1. Container structure diagram (a: Schematic, b: Insulation layout).
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Table 2. Considerations for container manufacturing

Factors Contents
Durability Multi-tier stacking possibility
Structure of container Consistency (Logistics) T11 Pallet specification compliance
(1100 mm x 1100 mm)
Temperature maintenance Insulation 10 hours temperature retention
Reusability Replace disposable packaging Reusable container
Recyclability Material Ease Application of recyclable materials
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o] 270 wel AYEgen B0 RE W, 1A, Container weight (kg) Drop height (mm)
7t el Fak RS FRsnt. 22w Yatk Ad 0 < Weight < 10 760
3 <=4 Table 40 7148134 TH 10 < Weight < 20 610
20 < Weight < 30 460
Table 4. Drop test sequence of containers
Step Dimension Detail
1 Angle The most vulnerable part (the vertex in contact with the box joint)
2 Edge The shortest side based on the angle
3 Edge The medium side based on the angle
4 Edge The longest side based on the angle
5 Face The surface with the smallest face
6 Face The surface with the smallest face (the opposite face of step 5)
7 Face The surface with the medium face
8 Face The surface with the medium face (the opposite face of step 7)
9 Face The surface with the largest face
10 Face The surface with the largest face (the opposite face of step 9)
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Table 5. Results of durability and waterproof assessment
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Evaluation Examination Sample Result
. Recycled PET 1170 times
Abrasion strength -
Recycled PE 440 times
N . Recycled PET 1800 N (ve.mcaht.y)
Durability Tensile strength 1200 N (horizontality)
Recycled PE 150 N (verticality) - (horizontality)
. Recycled PET 2059N
Bursting strength
Recycled PE 158 N
. Recycled PET 0 mm
Waterproof Absorption rate
Recycled PE 0 mm

Fig. 2. Manufactured container.
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Table 6. Specifications of containers
Sample Width (mm) | Depth (mm) | Height (mm) | Container Weight (kg) [Single-tier loading capacity at T11 Pallet
A 360 360 180 1.00 3 x3=9EA
B 440 350 200 0.90 2 x3=6EA
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Fig. 3. Container loading method.
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Table 7. Drop height conditions by container weight
Sample H,,,; (mm) H (mm) w, (kg) F N (N) Result
A 1,700 180 6.35 1.5 746.76 Fail
A 1,700 180 6.35 1.0 497.84 Success
B 1,700 200 6.25 1.5 653.42 Fail
B 1,700 200 6.25 1.0 435.61 Success
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Fig. 5. Container vibration test image.
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Table 8. Vibration random test conditions
Frequency (Hz) Power Spectral Density (PSD, G*Hz) | Average Acceleration (G, Test time (h)
1.0 0.001 11
4.0 0.025 97
18.0 0.025 97 0.80 !
200.0 0.000 10
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Fig. 6. Vibration random test profile (a: Sample-A, b: Sample-B).

Fig. 7. Container impact test image (a: Component, b: Sample-
A, c: Sample-B).
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Table 9. Vertical impact test data
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Fig. 8. Temperature maintenance diagram.

Table 10. Temperature maintenance test

Sample | Number of Tests| Time maintained below 10°C
A 1 10 h 42 mins
A 2 11 h
B 1 11 h 43 mins
B 2 12 h 45 mins
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Sample Content mass (kg) G’s (G) msec (s) Impulse (kg'm/s)
Component 5.39 134.98 £ 19.63 7.75+1.73 55.30
A 6.30 95.94 +7.39 7.39 +3.34 43.82
B 6.39 62.97 +14.75 9.12+2.43 35.98
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