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INTRODUCTION

The corrugated cardboard is a paper product 
in the form of a laminate, consisting of corrugated 
and flat layers bonded together [1–3]. Thanks to 
this structure, it has a spatial structure, giving it 
good shock-absorbing and strength properties at 
a low specific weight. However, its biggest dis-
advantage is its low resistance to moisture, which 
significantly reduces the strength properties of the 

cardboard. It should be mentioned that humidity 
adds cushioning properties, cardboard does not 
crack, has the ability to stretch, and loses stiff-
ness. Absolute humidity of corrugated cardboard 
should be between 6 and 9%. Relative humidity 
should be maintained at 60%.

The constantly increasing range of applica-
tions and range of cardboard products has result-
ed in the creation of new types of the corrugated 
cardboard [4, 5]. In the first stage, the number of 
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layers was increased; producing five- and seven-
layer cardboard, and then technologies for pro-
ducing four- and six-layer cardboard were devel-
oped. Cardboard with a crossed flute and a snake 
flute are also available [1, 6, 7] (Table 1). 

The largest groups of products made of cor-
rugated cardboard are boxes of various shapes 
and sizes, and due to the flexibility of the cor-
rugated layers, corrugated cardboard packaging 
has good shock-absorbing properties. Fehér et al. 
[2] underlined that “corrugated cardboard boxes 
are generally used in modern supply chains for 
the handling, storage, and distribution of numer-
ous goods” and “These packages require suitable 
strength to maintain adequate protection within 
the package”. Mrówczyński et al. [8] show that 
various properties of materials attract the atten-
tion of packaging manufacturers, including the 
important construction of packaging.

The cardboard boxes can be folded stapled 
or bonded [9–13]. Folding and bonding the cor-
rugated cardboard boxes is a very important stage 
of packaging production. Beex and Peerlings point 
out [13] that fold lines in boxes must be precisely 
made and visually interesting. However, the qual-
ity of the folds depends on two processing process-
es: the generation of the fold line (creasing) and 
the subsequent folding. In turn precise bonding en-
sures durability, stability and maintaining the ap-
propriate form of the packaging. This is important 
from an aesthetic point of view and is necessary to 
protect the contents. This stage affects the function-
ality and durability of box packaging. The bonding 
cartons involve pre-forming the packages, apply-
ing adhesive in appropriate places and assembling 
the packages [7]. The cold or the hot adhesives are 
used for bonding [14–16], depending on the raw 
material used and its specific type of packaging 
surface finish. In the case of cold bonding, wa-
ter- or solvent-based adhesives are used [17–19]. 
The bonding method offers the advantages over 
stapling or using adhesive tapes, including: in the 
form of visual benefits (no visible elements used 
for joining), as well as the possibility of a high de-
gree of automation in the production of such cor-
rugated textured packaging.

Due to the fact that, in addition to the number 
of the layers, the strength of corrugated cardboards 
is also determined by the type of wave (or fluting, 
i.e. the height of the corrugated layer), samples 
made of the corrugated cardboard with different 
numbers of layers and different flutes (waves) 
were used for the tests. In this article, two types 
of corrugated cardboard were used for research: 
three-layer and five-layer due to the widespread 
use of them. Three-layer corrugated cardboard 
consists of one corrugated layer and two flat lay-
ers (single wall) and is produced in the form of 
sheets [1, 20]. This is the most popular type of the 
corrugated cardboard and has many applications. 
It is most often used to produce packaging in the 
form of collective boxes, inserts and unit packag-
ing. Five-layer corrugated cardboard consists of 
two corrugated layers and three flat layers (double 
wall) and is produced in the form of sheets. This 
type of the corrugated cardboard is most often 
used to produce large collective or unit packaging 
intended for packaging heavy or large products 
[21]. Sometimes five-layer corrugated cardboard 
is used as a construction material for the produc-
tion of the cardboard pallets, displays, and in spe-
cial cases even for interior finishing or furniture 
production. This type of cardboard can come in 
various configurations of flute type and height [1, 
6]. There are flutes marked A, B, C, E, F, G, N, W, 
D and K and their configurations, which differ in 
both flute height and flute coefficient [1].

The mentioned cardboard was used to make 
boxes in which the corrugated cardboard was 
joined using adhesive. The adhesive joints were 
subjected to strength tests. The boxes also had 
shaped joints in the form of embossing on the cor-
ners of the box, for which their strength param-
eters were also determined in the form of maxi-
mum force, maximum stress, maximum deforma-
tion and the force at which the material broke.

Knowledge of the strength parameters of both 
the material from which the box is made and the 
joints present in the packaging allows for a rational 
selection of the weight of items packed in such a 
box. This also constitutes valuable information in the 
transport and storage process during handling and 

Type of 
cardboard 

Three-layer Five-layer Seven-layer 

   
 

Table 1. Examples of corrugated cardboard [1, 6, 7]
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reloading activities. Grabowski et al. [22] empha-
size that conducting experimental work allows the 
design and development of corrugated cardboard or 
corrugated board boxes to ensure their appropriate 
mechanical strength. Although it should be remem-
bered that the strength of the packaging itself is de-
termined in accordance with the relevant standards. 
The issues of testing the mechanical properties of 
both materials – the corrugated cardboard, used to 
produce boxes, and the boxes themselves were pre-
sented, among others, in the works [23–24].

METHODS AND EXPERIMENTAL

Corrugated cardboard 

The basic geometric parameters character-
izing corrugated board are board thickness (H), 
wave height (h), pitch (t) and corrugation coef-
ficient (l) – Figure 1 [1].

The strength tests used samples made of the 
three-layer corrugated cardboard (single wall) 
and five-layer corrugated cardboard (double 
wall in two configurations), the characteristics 
of which is presented in Table 2 and Figure 2. 
Three-layer corrugated cardboard consists of one 
corrugated layer and two flat layers. In the case 
of three-layer cardboard, a type B flute was used 
(low flute with a rounded cross-section) with a 

Table 2. Characteristics of corrugated cardboard samples

Type of
cardboard

Characteristics

Board style Flute type Flute height (h)*

Three-layer Single wall B from 2.5 mm to 3.0 mm

Five-layer Double wall
B+B from 2.5 mm to 3.0 mm +

from 2.5 mm to 3.0 mm

B+C from 2.5 mm to 3.0 mm +
flute height from 3.0 mm to 3.7 mm

*The average wave height (h) corresponds to the distance between the inner surfaces of the covering layers adjacent to the wave.

Figure 1. Geometric parameters of the cardboard 
cross-section: H – board thickness, h – wave height, 

t – pitch [1]

Figure 2. Scheme and view of the type of the 
corrugated cardboard: a) B flute, b) B+B flutes 

system, c) B+C flutes system, d) set of three type of 
corrugated cardboards

height of 2.5 mm to 3.0 mm and a corrugation 
coefficient of 1.36 (Figure 2a). The corrugation 
(fluting) coefficient expresses the ratio of the 
length of the corrugated layer before fluting to 
the length after fluting [1]. Five-layer corrugated 
cardboard (Figure 2b) consists of two corrugated 
layers and three flat layers. In the case of five-
layer cardboard, two flute patterns were used:
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1.	B+B system: type B flute (low flute) with a 
height of 2.5 mm to 3.0 mm and a corrugation 
coefficient of 1.36 (Figure 2b),

2.	B+C system: type B flute (low flute) with a 
height of 2.5 mm to 3.0 mm and a corruga-
tion coefficient of 1.36 and type C flute (me-
dium flute with a rounded cross-section) with a 
height of 3.0 mm up to 3.7 mm and a corruga-
tion coefficient of 1.45 (Figure 2c).

C flute allows you to obtain cardboard with 
good stiffness and high strength properties. C 
flute cardboard is most often used for the produc-
tion of boxes and is suitable for producing cut-
outs using rotary die-cutters. Cardboard with B 
flute has slightly worse strength properties than 
cardboard with e.g. C flute, but it is also used for 
the production of small collective packaging. Due 
to the smaller thickness of B flute cardboard s, 
packaging made of them takes up less space dur-
ing storage and transport than C flute cardboards. 
B flute cardboards have good printing properties. 

The conditions for the conditioning the cor-
rugated cardboard samples and during the tests 
were as follows: relative humidity was 46% and 
the temperature was 20 °C, which was in line 
with the recommended conditions for this type of 
material [25]. In addition, it was ensured that the 
samples were not exposed to sunlight.

Joints

There were two types of joints in boxes made 
of the two types of the cardboard analyzed: (i) ad-
hesive joints, and (ii) form-fit (embossed) joints 
(in the form of embossing on the corner of the 
box). PVAc-based dispersion adhesive (FOLCO 
LIT, Follmann GmbH & Co. KG, Germany) was 
used to bonding the walls of the box.

Strength tests

Strength tests were carried out both for the 
material itself, which was three-layer corrugat-
ed cardboard (B) and two varieties of five-layer 

corrugated cardboard (B+B and B+C system), as 
well as for the adhesive and embossed joints of 
three-layer corrugated cardboard (B) and five-
layer corrugated cardboard (B+B).

The strength of the packaging material (cor-
rugated cardboard) was analyzed in two direc-
tions (transverse and longitudinal to the direction 
of arrangement of the paper layers) (Figure 3). 

The dimensions of the corrugated cardboard 
samples and joints samples were presented in Ta-
ble 3 and additionally, the standard deviation of 
the individual results was given. For the strength 
tests, 6 samples were made for each type of the 
corrugated cardboard and 36 cardboard samples 
were subjected to the strength tests. The scheme 
and a view (example) of the adhesive joints of the 
corrugated cardboards were shown in Figure 4.

The adhesive joints (Figure 4b) have 
10±0.12  mm overlap length (lad) and 0.5 mm 
adhesive thickness (tad). The remaining card-
board dimensions depending on the sample vari-
ant are presented in Table 3. For strength tests, 
6 samples were made for each type of the joints 
(24 joints in total). The adhesive surface in the 
case of adhesive joints of three-layer corrugat-
ed cardboard was 260 mm2, and in the case of 
faive-layer corrugated cardboard it was 240 mm2 
(flute configuration B+B ) and 250 mm2 (flute 
configuration B+C).

Table 3. Dimensions of corrugated cardboard samples 

Type
of cardboard

Dimensions of corrugated cardboard samples [mm]

Flute type Thickness (t) Width (w) Length (L)

Three-layer B 3±0.02 26 ±0.4 100±2.1

Five-layer
B+B 6.5±0.02 24 ±0.8 100±1.4

B+C 7.0±0.03 25 ±0.3 100±1.3

Figure 3. Scheme of force application in the case of 
testing the tensile strength of cardboard samples 

(B flute, three-layer) in the direction: a) transversely 
to the arrangement of paper layers, b) longitudinally 

to the arrangement of paper layers
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Tensile strength tests were carried out in ac-
cordance with the PN-EN ISO 1924-2 standard, 
on the Shimadzu EZ Test EZ-LX testing machine. 
The speed of the tensile force was 5 mm/min.

RESULTS

Strength parameters of corrugated cardboard 

The strength parameters (and standard devia-
tion of these parametrs) of the corrugated card-
board taken transversely and longitudinally to the 
direction of the paper layer arrangement for three-
layer corrugated cardboard (flute B) and five-lay-
er corrugated cardboard (systems: B+B and B+C) 
were presented in Figures 5, 6 and 7). Based on 
strength tests, it was noticed that the corrugated 
cardboard samples subjected to a force transverse 
to the direction of the paper layer arrangement 
have a greater failure force (Figure 5) and this ap-
plies to the three analyzed types of the corrugated 
cardboard (flute type B, B+B and B+C), although 
the difference is greater in the case of three-layer 
corrugated cardboard (approx. 25%).

The difference in the value of the failure 
force between samples with different flute ar-
rangement and application of the failure force 
(direction of the force in relation to the direc-
tion of the paper layers arrangement) in the case 
of five-layer corrugated cardboard (B+B system 
and B+C system) is approximately 17%. Similar 
relationships were observed in the case of the 

Figure 4. The three-layer corrugated cardboard
(B flute) cardboard adhesive joints samples: 

a) view of several joints, b) parametric scheme

Figure 5. Maximum failure force of corrugated 
cardboard

Figure 6. Maximum stress of corrugated cardboard

Figure 7. Maximum strain of corrugated cardboard

obtained values of maximum stresses (Figure 6) 
accompanying the destruction of the cardboard 
samples. In the case of the elongation results 
(Figure 7), much greater elongations were ob-
served in the case of the samples with a longitu-
dinal orientation of the paper layers.
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Strength parameters of corrugated cardboard 
joints

The strength results of the corrugated cardboard 
joints (and standard deviation of these parameters) 
are reported in Figures. 8, 9 and 10. The corrugated 
cardboard samples in the joints were made trans-
versely to the direction of arrangement of the paper 
layers. The samples of three-layer (B flute) and five-
layer (system: B+B) corrugated cardboard joints 
were tested. Based on the strength tests of the cor-
rugated cardboard joints, it can be noticed that:
a)	the adhesive joints are characterized by high-

er maximum force (Figure 8) and maximum 
stress (Figure 9) compared to embossed joints. 
And this result applies to the joints of both 
three-layer cardboard (B) and five-layer card-
board (B+B system),

b)	the adhesive joints of three-layer cardboard 
(B) are characterized by higher values ​​of maxi-
mum force (by 22%) and maximum stresses 
(by 68%) than those of five-layer corrugated 
cardboard (B+B system),

c)	the embossed joints of five-layer cardboard 
(B+B system) obtained a higher maximum 
force than embossed joints of three-layer cor-
rugated cardboard (B) by approximately 7%.

d)	greater differences in strength results were 
obtained for three-layer corrugated cardboard 
joints (B),

e)	in the case of three-layer corrugated cardboard 
joints (B), embossed joints have a greater max-
imum strain by about 12%, and in the case of 
five-layer cardboard (B+B system) – the adhe-
sive joints (the difference is about 50%).

DISCUSSIONS

Analyzing the results of the strength tests of 
corrugated cardboard, it was noticed that the cor-
rugated cardboard samples subjected to the action 
of a force transverse to the direction of the paper 
layers have a greater failure force than the force 
directed along the direction of the paper layers. In 
the case of three-layer corrugated cardboard this 
difference is 25%, and in the case of five-layer 
corrugated cardboard in the B+B flute system and 
the B+C flute system this difference is 17%. 

A comparison of the maximum force at which 
failure occurred and the force initiating failure of the 
corrugated cardboard is presented in Figure 11. On 
the basis of the results presented in Figure 11, it can 

Figure 8. Maximum failure force of corrugated 
cardboard joints

Figure 9. Maximum stress of corrugated cardboard 
joints

Figure 10. Maximum strain force of corrugated 
cardboard joints

be observed that smaller differences in values ​​were 
observed in the case of maximum failure forces, and 
larger ones in the case of forces initiating failure.

The force initiating failure for three-layer cor-
rugated cardboard samples (B) in the transverse 
direction is approximately 74% of the maximum 
force value, and in the longitudinal direction 
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- approximately 72%. Therefore, it can be assumed 
that the direction of arrangement of paper layers 
has no influence on the beginning of the failure.

The force initiating failure for five-layer card-
board samples (both B+B system and B+C system) 
in the transverse direction is approximately 82% 
of the maximum force value, and in the longitu-
dinal direction approximately 80%. Therefore, it 
can be assumed that the direction of arrangement 
of paper layers has no influence on the beginning 
of the failure and no differences were noticed in 
the types of layers (B or C) in the structure of the 
corrugated cardboard. Fehér et al. [2] presented re-
search that aimed at the performance of CCBs by 
considering the effects of different sidewall cutout 
configurations. The compressive strength of differ-
ent dimensions of CCB with B flute was analyzed. 
It was noted, among others, that the geometric size 
of the boxes varied over a wider range, but for the 
400 mm boxes with the best BCT results.

PVAc-based dispersion adhesive was used in 
the tests. The literature [10, 17] presents various 
aspects of the use of this type of the adhesive for 
bonding wooden and wood-based materials (e.g. 
different kind of cardboards). The use of a differ-
ent type of the adhesive would perhaps contribute 
to obtaining slightly different relationships between 
the strength results of the analyzed joints. Beex and 

Peerlings [13] also presented the issues of process-
ing cardboard into packaging through simple op-
erations such as cutting, folding and bonding, and 
pointed out various difficulties related to the cor-
rectness of the production and aesthetics of the box 
using the folding process. With regard to the type of 
the joined materials (different type of paperboards), 
Rudawska and Gola [12] also presented research 
results indicating that the type of the packing mate-
rial has an impact on the adhesive joints strength.

CONCLUSIONS

Based on the results of the experimental stud-
ies, it was noted that:
	• the type of corrugated cardboard (the number of 

layers and the type of layers in five-layer boards) 
affects the strength results of the packaging ma-
terial itself and the joints made from it,

	• the corrugated cardboard samples subjected to 
a force transverse to the direction of the paper 
layers have a higher failure force,

	• the direction of the paper layers in the tested 
three-layer and five-layer corrugated cardboard 
samples has no effect on the onset of damage,

	• the adhesive joints of the corrugated cardboard 
are characterized by a higher maximum failure 

Figure 11. Comparison of the maximum force and the force initiating failure of the corrugated cardboard
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force compared to the embossed joints of the 
analyzed corrugated boards.

Based on the research, it can be concluded 
that both the type of the corrugated cardboard 
and the type of the joints affect the strength of 
the unit packaging.

REFERENCES

1.	 Szewczyk W. Machines for the production of cor-
rugated cardboard. Łódź University of Technology 
Publishing House, Łódź, Poland, 2018.

2.	 Fehér L., Pidl R., Böröcz, P. Compression Strength 
Estimation of Corrugated Board Boxes for a Reduc-
tion in Sidewall Surface Cutouts – Experimental and 
Numerical Approaches. Materials 2023; 16: 597. 

3.	 Gong G., Liu Y., Fan B., Sun D. Deformation and 
Compressive Strength of Corrugated Cartons un-
der Different Indentation Shapes: Experimental and 
Simulation Study. Packaging Technology Science 
2020; 33: 215–226.

4.	 Frank B. Corrugated Box Compression—A Litera-
ture Survey. Packaging Technology Science 2014; 
27: 105–128.

5.	 Fadiji T., Berry T.M., Coetzee C.J., Opara U.L. Me-
chanical Design and Performance Testing of Cor-
rugated Paperboard Packaging for the Postharvest 
Handling of Horticultural Produce. Biosystem En-
goneering 2018; 171: 220–244.

6.	 Cardboards, from http://www.pakdruk.pl/index.
php?option=com_content&view=article&id=3&It
emid=136, accessed on 2024.04.12.

7.	 Packing, from https://opakowania-optima.pl/chara-
kterystyka-i-zastosowanie-tektury-trzy-i-piecio-
warstwowej/ accessed on 2024.03.27.

8.	 Mrówczyński D., Garbowski T., Knitter-Piątkowska 
A. Estimation of the Compressive Strength of Cor-
rugated Board Boxes with Shifted Creases on the 
Flaps. Materials 2021, 14, 5181. 

9.	 Adams R.D., Comyn J., Wake W.C. Structural Ad-
hesive Joints in Engineering Book. Springer, United 
Kingdom, 1997.

10.	Kshyvetskyy B.Y., Datskiv H.M. Strength of adhesive 
joints of thermally modified ash wood glued with poly-
vinyl acetate-based adhesives. Wood. Research papers. 
Reports. Announcements 2023; 66(211): 00003.

11.	Rudawska A., Wahab M. Mechanical Properties of 
Adhesive Joints Made with Pressure-Sensitive Ad-
hesives. Strojniški vestnik - Journal of Mechanical 
Engineering 2021; 67: 380–388. 

12.	Rudawska A., Gola A. The Influence of the Packing 
Material Type on the Adhesive Joints Strength of 
the Paperboard Packages. Proceedings of the 13th 

International Conference on Damage Assessment of 
Structures: DAMAS 2019, 9-10 July 2019, Porto, 
Portugal, 2019: 914–925.

13.	Beex L.A.A., Peerlings R.H.J. An experimental 
and computational study of laminated paperboard 
creasing and folding. International Journal of Solids 
Structures 2009; 46, 4192–4207. 

14.	Pizzi A. Advanced Wood Adhesive Technology, 
Marcel Dekker, New York, 1994.

15.	Rudawska A., Stančeková D., Müller M., Viten-
ko T., Iasnii V.P. The Strength of the Adhesive 
Joints of the Medium-Density Fireboards and 
Particle Boards with the PVC Film. Advances in 
Science and Technology Research Journal 2020; 
14: 58–68. 

16.	Grigoriou A.H. Straw-wood composites bonded 
with various adhesive systems. Wood Science and 
Technology 2000; 34: 355–365.

17.	Salvini A., Saija L.M., Finocchiaro S., Gianni G., 
Giannelli C., Tondi, G. A new methodology in the 
study of PVAc-based adhesive formulations. Journal 
of Applied Polymer Science 2009; 114: 3841-3854.

18.	Gadhave, R.V., Dhawale, P.V. State of Research 
and Trends in the Development of Polyvinyl Ace-
tate-Based Wood Adhesive. Open Journal of Poly-
mer Chemistry, 2022; 12, 13–42. DOI: 10.4236/
ojpchem.2022.121002.

19.	Winandy J.E., Rowell M.R. Chemistry of wood 
strength. In: Rowell M.R. (ed.), Wood Chemistry 
and Wood Composites. Taylor & Francis, Boca 
Raton, FL, 2005

20.	Mirski R., Dziurka D., Banaszak A. Properties of 
Particleboards Produced from Various Lignocellu-
losic Particles. BioResources 2018; 13: 7758–7765.

21.	Garbowski T., Gajewski T., Grabski J.K. Estima-
tion of the Compressive Strength of Corrugated 
Cardboard Boxes with Various Perforations. Ener-
gies 2021; 14, 1095. 

22.	Gong G., Liu Y., Fan B., Sun D. Deformation and 
Compressive Strength of Corrugated Cartons un-
der Different Indentation Shapes: Experimental 
and Simulation Study. Packaging Technology Sci-
ence 2020; 33: 215–226. 

23.	Fadiji T., Berry T.M., Coetzee C.J., Opara U.L. 
2018. Mechanical Design and Performance Testing 
of Corrugated Paperboard Packaging for the Post-
harvest Handling of Horticultural Produce. Biosys-
tems Engineering 2018; 171: 220–244. 

24.	Allerby I.M., Laing G.N., Cardwell R.D. Compres-
sive Strength—From Components to Corrugated 
Containers. Appita Conference Notes 1985; 1–11.

25.	The effect of humidity on the properties of corru-
gated cardboard, from https://crosspack.pl/blog-
crosspack/wplyw-wilgotnosci-wlasciwosci-tektu-
ry-falistej/ (accessed on 2024.08.18.)


