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Abstracts 

This study was directed to examine the strength of RSC type cardboard box depending on height of he 
box. Boxes with different heights were made from several types of corrugated cardboard. It was 
investigated whether the influence of height of the box on box strength is linear or not. In theoretical 
part production of corrugated cardboard and cardboard package is described in detail with many 
photographs, as wall as tests of the corrugated cardboard and cardboard box. Experiment results show 
flute and linerboard properties, corrugated cardboard properties and cardboard box strength depending 
on construction and materials of the box.  

1. Introduction 
Corrugated cardboard is the material most often used to create transport packaging and other products 
such as billboards, toys, furniture. It is also used for product protection. Corrugated cardboard has very 
good mechanical properties, which means that it is lightweight, strong, and resistant to moisture 
[Henlon 1998]. Its most important feature is that it is inexpensive, easy to be printed and to recycle. 
The most important characteristic of transport packaging made of corrugated cardboard is protection 
of the product that is packed, in order to remain intact during transport, storage and handling, which is 
in the interest of the producer and the buyer. In order to get such packaging specifications as 
mentioned previously, quality control of packaging must be performed in order to meet all 
manufacturer's requirements. For „Holland type“ of boxes, due to their application in the food 
industry, it is very important to be resistant to moisture, not to contain toxic ingredients, and to have 
dimensional stability so that they can be stacked when stored. To be able to stack as many of them one 
on another, the lowest box must bear all the weight, and it is important that the boxes have appropriate 
strength. Resistance of boxes to crushing is influenced by many factors such as: properties of raw 
materials, box construction [Mark 1993]., its size and type of wave used. This paper examines the 
strength of a „Holland type“ box, depending on the material and construction. The basic structures are 
investigated in this study V1, V2 folding machine box Holand tipe, manual folding box typethe same 
size (600 x 400 x 185 mm), three different quality materials (1917BC2, 12255BC3, 5410BC3). 
Examined the dependence of different boxes and different construction materials that affect the 
strength tests show properties boxes corrugated cardboard and a dependence of strength transportation 
boxes holand type of structure and properties of corrugated cardboard boxes which were made. After 
the results displayed below analysis and conclusion about the strength of the box depending on design 
and quality materials. 

2. Experimental part 



2 

Several requirements must be met to apply a „Holland type“ box for packaging of certain types of 
fruits and vegetables. Storing fruits in refrigerators to save space requires folding boxes with packaged 
fruit very high one on another. During transport over long distances by ship, train or truck, where 
conditions of controlled atmosphere with low temperature and increased relative humidity are present, 
dynamic load of especially bottom boxes in the stack is also present. The load of the boxes is the 
highest precisely during transport. Therefore, boxes must be so designed that they can withstand all 
the loads and changes in the atmosphere. This paper investigates basic box constructions, V1-machine 
folding „Holland type“ of box, V2-machine folding „Holland type“ of box and manually folding 
„Holland type“ of box, RS. All three boxes were made of five-layer corrugated cardboard 1917BC2, 
12255BC3 and 5410BC3. 

3. „Holland type“ of boxes observed 

3.1. V1 Construction 
According to theoretical expectations, V1 construction should be the most resistant to crushing due to 
the same height of all sides. The weight that presses is distributed to the corners and to the top surface 
of all sides. This construction is most often produced, since it is the most resistant to crushing. 

 
Figure 1. Drawing of a machine folding box V1 

3.2. V2 Construction 
Since all sides of V2 construction are not of the same height, the results of crushing should be worse 
than the results of the V1 construction. The weight that presses is distributed, as it is expected, only to 
the corners of the box, which are the main bearing elements of the box. V2 construction is slightly 
weaker than V1, but it is more air-permeable because of the additional side openings. 

 
Figure 2. Drawing of a machine folding box S2 

3.3. RS Construction (manual folding) 
Manual folding construction is just an alternative construction, which is as a rule very rarely produced, 
because for objective reasons it has the weakest mechanical properties with respect to crushing. It is 
produced only in cases when the client does not have a machine for folding boxes, and they are folded 
manually. Their advantage is that a folding machine is not necessary, but the disadvantage is that 
assembly takes a long time. 
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Figure 3. Drawing of manually folding box RS 

4. Materials used for making boxes 
Examination of „Holland type“ of boxes included three different constructions of „Holland type“ 
boxes: V1, V2 and RS, and three different materials for each of them. The first material labelled with 
1917BC2 is the weakest according to its mechanical properties, the material labelled with 12255BC is 
somewhat stronger than the first material, and third material labelled with 5410BC3 is the strongest 
according to its mechanical properties. All materials were examined in the following conditions: at a 
temperature of 23° C and 50% relative humidity. The research results were compared with the 
specifications of corrugated cardboard manufacturers (Table 1, 2 and 3). 

Table 1. Material labelled with 1917 BC2 

Quality identification 1917 BC2 
Box code „Holland type“ of open box of fruit 

and vegetables 
Dimension of box/board (mm) (l*w*h) 600 x 400 x 185 external dimensions 
Quality of corrugated cardboard: 
number of layers, type of paper, type of wave 

testliner 135g/m2 

fluting 150 g/m2 

schrenz 105 g/m2 

fluting 150 g/m2 

white testliner 140 fluting 150 g/m2 

five-layer corrugated cardboard 
Surface weight of corrugated cardboard (g/m2) (ISO 
536) 

830 g/m2± 5%  

Thickness of corrugated cardboard (mm) (DIN 53105) 6,45- 6,65 mm 
Mullen test, resistance to bursting BST (kPa) (ISO 2759) min 900 kPa 
ECT test (kN/m) (ISO 3037) min 7,70kN/m 
Moisture content % (ISO 287) 7% ±1 

Table 2. Material labelled with 12255BC3 

Quality identification  12255BC3 
Box code „Holland type“ of open box of fruit 

and vegetables 
Dimension of box/board (mm) (l*w*h) 600 x 400 x 185 external dimensions 
Quality of corrugated cardboard: 
number of layers, type of paper, type of wave 

white testliner 140 fluting 160 g/m2 

fluting SC 150 g/m2 

testliner 165 g/m2 

fluting SC 150 g/m2 

kraftliner 175 g/m2 

five-layer corrugated cardboard 
Surface weight of corrugated cardboard (g/m2) (ISO 536) 950 g/m2±5% 

Thickness of corrugated cardboard (mm) (DIN 53105) 6,45- 6,65 mm 
Mullen test, resistance to bursting BST (kPa) (ISO 2759) min 1350 kPa 
ECT test (kN/m) (ISO 3037) min 10,80 kN/m 
Moisture content % (ISO 287) 7% ±1 
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Table 3. Material labelled with 5410 BC3 
Quality identification  5410 BC3 
Box code opened box of fruit and vegetables 

holand tipe 
Dimension of box/board (mm) (l*w*h) 600 x 400 x 185 external dimensions 
Quality of corrugated cardboard: 
number of layers, type of paper, type of wave 

kraftliner 175 g/m2 

fluting 150 g/m2 

kraftliner 140 g/m2 

fluting 150 g/m2 

white kraftliner 175 g/m2 

five-layer corrugated cardboard 
Surface weight of corrugated cardboard (g/m2) (ISO 536) 960 g/m2± 5% 

Thickness of corrugated cardboard (mm) (DIN 53105) 6,45- 6,65 mm 
Mullen test, resistance to bursting BST (kPa) (ISO 2759) min 1780 kPa 
ECT test (kN/m) (ISO 3037) min 11,30 kN/m 
Moisture content % (ISO 287) 7% ±1 

5. Test results 

Diagram 1. Results of BCT-(minimum) test for all three constructions and qualities 

 

Diagram 2. Results of BCT-(maximum) test for all three constructions and qualities 

 

Diagram 3. Results of PT-(face) for all three constructions and qualities 
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Diagram 4. Results of PT-(back) test for all three constructions and qualities 

 

Diagram 5. Results of Mullen test (back) for all three constructions and qualities 

 

Diagram 6. Results of Mullen-(face) test for all three constructions and qualities 

 

Diagram 7. Results of ECT test for all three constructions and qualities 

 

Diagram 8. Results of FCT test for all three constructions and qualities 

 

6. Conclusion 
The expected box strength from the beginning of the study were not confirmed. Namely, it was 
expected for the manually folding box (RS) to be the weakest, however, measurements showed the 
opposite, that this box was the strongest. If further surveys confirm the same, it can be claimed with 
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certainty that it is best to fabricate such a box because it is not necessary to buy expensive machinery 
for folding boxes. Based on the results obtained by testing of corrugated cardboard and corrugated 
boxes it can be concluded that the properties of raw materials for production of corrugated cardboard, 
thus the properties of corrugated cardboard, greatly impact box strength in relation to crushing. The 
better the mechanical properties of paper layers and corrugated cardboard are, the stronger the boxes 
made of corrugated cardboard will be, and more resistant to vertical pressure. Given the fact that box 
strength is determined by many factors, it cannot be distinguished which of them would influence box 
resistance to crushing at the most, and therefore, an increase in the value of ECT does not cause a 
linear increase in box resistance to crushing, which is otherwise very closely related. The highest 
values of the properties tested had the corrugated cardboard 5410BC3, whose constituent sheets were 
stronger and of better quality, while somewhat lower values were established for the corrugated 
cardboard 12255BC3 quality. 
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