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SAFETy FACTORS IN ThE DESIGN 

OF CORRuGATED bOARD PACKAGING

INTRODuCTION

each professional plant converting corrugated board has

implemented certain standards and procedures for selecting

the optimal cardboard for packaging production. in large

enterprises, this is done in centralized units by experienced

designers who, in addition to skills in designing various

packaging geometries, also have basic knowledge about the

strength of material. Other packaging manufacturers assign

to this task the quality control employees or experienced

laboratory technicians, who deal with corrugated board on 

a daily basis, performing dozens of mechanical tests on

cardboard and packaging. finally, some companies, have set

up special units in their production management departments

responsible for selecting the best papers for the production of

corrugated board converted into packaging. however, even the

most experienced designer or quality department employee

occasionally falls into the trap of routine, which can lead to

costly mistakes. sometimes these are simple mistakes, and

sometimes they are long-term, systematic errors that may

never have revealed themselves in any serious crisis. this article
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presents certain knowledge and guidance that may be useful

to those responsible for the selection of the right quality material

for the production of corrugated board packaging, to protect

them against the pitfalls lurking ahead. especially when routine

and many years of experience begin to blind them to problems

that may lead to erroneous habits.

most of the problems related to the design of corrugated board

packaging stem not from the geometry of the box but from the

strength of the corrugated board, which, unlike other typical

construction materials, depends to a large extent on: (a) weather

conditions, (b) storage conditions and (c) transport conditions.

if, on top of all these correlations, one adds a strong relationship

between the static strength of corrugated board and (i) the

type of paper for individual layers, (ii) the geometry of the

corrugated layer, (iii) the gluing quality, (iv) the amount and type

of printing, (v) the cutting technique, etc., one can quickly come

to the conclusion that corrugated board is a very complicated

material. the effects of the complex mechanics of corrugated

board are felt by both cardboard producers and convertors.

corrugated board manufacturers specify produced materials

by providing basic information such as grammage, thickness,

and, among others, the resistance of cardboard to edge

crushing, popularly called in papermaking jargon the ect

parameter (from the laboratory test name – edge crush test

[14]). cardboard converters base the box strength calculations

primarily on the ect specification. in order to accurately

estimate the load capacity of packaging, the simple analytical

calculators [1,2,6,7,10-13,16,17] or advanced numerical tools

[3,8,9] can be utilized. however, in the face of a possible

complaint, in addition to verification of the accuracy of the

formula that was used to calculate the load capacity, other

factors must also be verified. in the complex decision-making

chain, there are other important factors that influence the final

value of the packaging's load-bearing capacity. they are called

correction or safety factors and they result from: (a) the types

and number of processes that the corrugated board has gone

through during the production of the packaging, (b) the

environmental conditions in which the packaging is to be

transported, (c) the dynamic impacts of transport (d) the

palletization scheme, (e) the type of goods transported in the

box, (f) the time and conditions during long-term storage, and

(g) the discrepancy between the actual value of ect and the

technical specification of the material given by the cardboard

manufacturer.

LOAD CAPACITy OF PACKAGING 
ENhANCED wITh SAFETy FACTORS

the following paragraphs describe all the most important

factors influencing the assessment of the load-bearing capacity

of the box. the discussion ignores the obvious uncertainty in

the load acting on the most vulnerable package, usually located

at the bottom of the pallet. this load depends on the number

of packages placed in a single stack (i.e. above the lowest box

on the pallet) and on the weight of the goods contained in each

package (see figure 1). 

the load, Q, estimated in this way (given in [n] or [kn], less

often in [kg] - remembering that [1kn] is approximately [100kg])

can be interpreted as a computational indicator determining

the static load capacity of the packaging. the actual or required

load capacity of the packaging is therefore obtained from the

following equation:

(1)

where: ≥ 1 is a factor related to the impact of the dynamic

load on the load-bearing capacity of the packaging (see fig.2a),
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≥ 1 is a factor related to the impact of storage time (see

fig.2b) and the type of goods in the box, ≥ 1 is a factor

related to the influence of humidity and temperature on the

load-bearing capacity of the packaging (see fig.2c), ≥ 1 is a

factor related to the influence of palletization on the load-bearing

capacity of the box.

the values of these coefficients depend on several parameters,

e.g. on: (1) material, m, i.e. the type and quality of cardboard

used to produce the packaging; (2) dimensions of the box,

l x b x w (where: l is the length, b – width, and w – height 

of the packaging); (3) storage/transport time, t, and (4)

temperature/humidity, e. An additional parameter may also be

the type of transport, r (i.e. plane, ferry, car, train, etc.). figure 2

summarizes these impacts.

Assuming that in the logistic chain the packaging may be in

one of two 'states': (i) it may be stored for a certain period of

time, under known or expected humidity and temperature

conditions or (ii) it can be transported by one of the possible

means of transport for a specified period of time and under

specified environmental conditions. Of course, these states

can be repeated in any configuration and for a certain finite

number of cycles. if one additionally assumes that the

palletization coefficient depends only on the type of cardboard,

m, the dimensions of the box, l x b x, and the arrangement of

the package on the pallet, g, then equation (1) takes the form:
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FIg.2. ImPAcTS AFFecTINg The loAd-beArINg cAPAcITy oF The PAckAgINg: (A) dyNAmIcS; (b) loAdINg TIme; (c) TemPerATure ANd humIdITy. 

where is a coefficient that takes into account the dynamic

loads acting on the packaging under various temperature and

humidity conditions, while is a coefficient taking into account

long-term storage (often leading to permanent deformations,

so-called material creep) under different environmental

conditions.

therefore, the correct definition of the coefficients  , and

requires, in addition to determining the material used to

produce the packaging and its main dimensions, also the

exposure time (i.e. storage or transport), the type of transport,

the temperature and humidity conditions under which boxes

will remain, as well as the geometric placement of the

packaging on the pallet (see fig. 3). it should be noted that the

use of a cardboard spacer between subsequent layers of

packaging allows the coefficient to be significantly reduced. 
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these coefficients are therefore complex functions of multiple

variables with an a priori unknown equation. Of course, one

can try to define these equations, e.g. by performing hundreds

of tests and building a metamodel based on, for example,

artificial neural networks. in both cases, the task is very

complicated and without the use of numerical calculation tools

rather impossible. in reality, many simplified tables and guides

or standards are used, which are often based on simplified

empirical observations.

in the next step, the value of the required load capacity of the

packaging, , should be verified with a static column

compression test. if the obtained load-bearing capacity value,

the abovementioned Bct [15], is higher than the required load-

bearing capacity, then the goods transported in the packaging

designed in this way should be completely safe.

Before discussing the impact of individual correction/safety

factors, it should be added that in the design process, especially

for repetitive transport packaging structures, various analytical

formulas are increasingly being used to estimate their load

capacity, instead of or in parallel with laboratory verification

[1,2,10-12,16,17], analytical-numerical [6,7,13] or numerical

[3,8,9]. in the case of the theoretical packaging design based

on an automatic corrugated board selection procedure, further

factors related to the material specification error and the impact

of cardboard processing (printing, cutting, lamination, etc.) on

its load-bearing capacity should be additionally taken into

account. in order to illustrate this procedure, for simplicity, the

most popular formula for Bct estimation is chosen, called the

short mckee formula [12]:

(3)

where: α is the correlation coefficient, which should be

determined by fitting the model to a selected, laboratory-tested

set of packaging (it is often forgotten that this coefficient is

not universal for all types of packaging), ECT is the value of

edge crushing resistance of corrugated board – optimally,  the

ECT value of the exact material from which a given series of

packaging will be produced should be used here (unfortunately

erroneously, the average value given by the manufacturer in

the specification often appears here – see fig. 4), is the

thickness of the corrugated cardboard taking into account the

impact of cardboard converting (unfortunately a cardboard

thickness without taking into account the crushing caused by

converting often appears here, which artificially inflates the

Bct value), while Z is the circumference of the packaging base

(2l + 2b).

the incorrect use of the average value and the initial (uncreased)

cardboard thickness value does not have to be noticed, even

by experienced designers. this is due to the 'magical' properties

of the α coefficient, which can take any value during the

calibration process. unfortunately, the incorrect determination

of this coefficient results in a systematic underestimation or

overestimation of the Bct values of other packages estimated

using formula (3) calibrated with incorrect ECT and values.

figure 4 shows the average value of ect compared to the

actual values obtained during the year. this chart clearly shows

that using the average value instead of the actual ect value in

formula (3) can introduce significant error, especially when

strength calculations are performed during periods when the

relative air humidity reaches extreme values.

in order to take into account material uncertainties and crush

effects, the following relationships can be introduced:

(4)

where: 1 ≤ ≤ 1 is a reducing or increasing factor to account

for the error related to the mismatch between the manufacturer's

specifications and the actual ECT value, while ECT――― is the 

average value given in the specification.

the uncertainty associated with cardboard converting can be

taken into account as follows:

(5)
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where: ≤ 1 is a reducing factor that allows to take into

account micro-damage to the cardboard caused by printing

(number of colors and printing area), lamination, die used, etc.,

while is the initial thickness of undamaged cardboard.

figure 5 shows the impact of crushing the fluting on the change

in height of the cardboard (unfortunately, the additional change

in the thickness of the corrugated board often remains "hidden",

among others, in micro-damages in the fluting, which, due to

its elasticity, often returns almost to its original shape, although

the actual change in thickness as a result of crushing is much

greater than the change in thickness that we observe with the

naked eye).

the theoretical load capacity of the packaging, taking into

account material uncertainties and the impact of converting,

is therefore:

(6)

finally, one can obtain the following relationship:

(7)

from which an important observation can be derived – the

calculated value of should be lower than the actual

(measured) value of BCT, which in turn should be lower than

the theoretical (estimated) value.

using the above relationship, one can directly determine, for

example, the optimal cardboard through an iterative process

of maximization the load-bearing capacity of the package or

by directly modifying equations (3) and (6) to determine the

ECT value for the selected flute.

for example, for an initially adopted three-layer corrugated

board with B flute and an a priori assumed thickness of 

h = 2.5 mm (which in the general should not take a constant

value, because it depends on the type and grammage of the

utilized papers) and for an exemplary packaging with base

dimensions of 200 mm and 200 mm, one gets:

(8)

the α coefficient can be estimated relatively quickly on the

basis of many laboratory tests and the experience of designers

or quality control staff. it is equally easy to obtain the load

value Q, which can be obtained by multiplying the weight of

one package with the goods by the number of layers of

packaging in a single stack on a pallet (see fig. 1b).

however, estimating the remaining coefficients is not a trivial

issue – selecting appropriate values requires extensive

experience, and their underestimation may result in costly

complaints. therefore, these coefficients are usually taken with

a large margin, resulting in other underestimations (e.g. an

incorrectly selected safety factor  related to the specification

error is often omitted).

As already mentioned, each coefficient is responsible for certain

specific environmental and transport conditions that directly

or indirectly influence its decline. however, often these

conditions are not known a priori or only limited information is

available. in such situations, estimating correction factors is

quite a challenge. so let's focus on those coefficients whose

estimation is much simpler. these include, for example,

which takes into account the discrepancy of the actual ECT

value with the manufacturer's specification.

the specification of corrugated board is usually based on

average ECT values that have been determined for the individual

qualities of cardboard offered by the manufacturer. however,

adopting an average value for calculations may involve 

a significant error, which is related, among others, to the 

fact that the ECT of a particular corrugated board varies

depending on the season in which it is produced. Additionally,

manufacturers often change the input papers to produce 

a specific quality of corrugated board. this is due to a change

in supplier or lack of a particular paper in stock. Of course,

these changes are not recorded in the specification. this results
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in differences ranging from several to dozen of percent (see

fig. 6). if we add to this the change in the mechanical

parameters of corrugated board, that result from differences

in humidity in different seasons, the differences between the

current   value and the averaged one (in the specification) may

reach up to 20%. this leads to a situation where the correction

factor  can reach a value of 0.8 in extreme cases. 

Another underestimated correction (safety) factor is the

factor, which takes into account micro-damage to corrugated

board resulting from cardboard converting. it is often forgotten

that both the   specification and the thickness of corrugated

board provided by the manufacturer refer to freshly produced

cardboard and do not take into account converting processes,

i.e. printing, lamination and the type of die-cutting on flat 

or rotary dies. All the mentioned processes always have 

a destructive effect on the cardboard, but this impact is rarely

taken into account by designers. publication [5] presents 

a method for estimating the impact of micro-damage on

corrugated board, i.e. the so-called crush created during

converting, on its mechanical parameters. this work shows

that this impact can again reach several dozen percent and

can be easily estimated using, e.g., torsion tests [4].

Another safety factor should be related to the impact of holes

and perforations on the load-bearing capacity of the packaging.

Obviously, the formula presented in equation (3) does not allow

for the inclusion of holes or perforations in the procedure for

estimating the load-bearing capacity of corrugated board

packaging. however, a number of methods can be found in the

literature that make it possible to precisely determine the

weakening of the packaging's strength, e.g. resulting from holes

[6] or perforations [7]. however, the application of these

techniques requires complex calculations of the critical forces

of individual packaging walls. to avoid this, one can use

commercially available calculation systems, e.g. Bse system

[3], which also takes into account the impact of holes and

perforations on the load-bearing capacity of packaging, but at

the same time requires the correct definition of the hole

geometry and the type of cutting used in the perforation.

incorrect definition of perforation (cutting type) and/or

ventilation holes may result in errors of up to several percent.

SuMMARy

failure in determining all possible correction factors correctly

can lead to errors of several dozen of percent in the estimation

of the load capacity of the packaging. As already mentioned,

the lack of negative effects resulting from not taking some of

them into account at all (the value is one) or misestimating

their value may still go unnoticed even by qualified designers,

because even poorly chosen safety factors can compensate

their impact with other overestimated factors in the global

equation. this happens when the designer does not have full

knowledge of the transport conditions or, out of pure precaution,

assumes safety factors at a very high level, e.g.

(9)

instead of e.g. 3.0 or 3.5. this is a significant overestimation,

which of course allows to avoids costly claims, but at the same

time completely blocks the possibility of real savings, and also

limits the correct use of the full capabilities of computational

tools, such as [3].

the correct determination of safety factors is not easy and

requires many a great deal of research, both under the various

climatic conditions affecting the packaging and taking into

account the dynamic impacts arising during transport, as well
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FIg.6.   VAlue For The SelecTed corrugATed cArdboArd 

(e.g. b300), For The ProducTIoN oF whIch Two dIFFereNT PAPerS

were uSed oN oNe oF The FlAT lAyerS (blue color – PAPer From

The SPecIFIcATIoN; red color - SubSTITuTe PAPer).
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as combination of these factors, while taking into account the

timing of the individual effects, their order (sequence of

changes) and full interaction between them. Although this

seems very difficult and time-consuming, intensive research is

already being carried out worldwide, especially in europe,

including poland, to determine all these coefficients. ultimately,

the stakes are high, because reducing safety factors by even 

a few or a dozen percent, while maintaining the required load

capacity, can result in huge savings. fortunately, more and

more large packaging manufacturers, as well as their key

customers, are increasingly aware that the sound knowledge

of their own product and processes during production, as well

as after leaving the factory, brings financial benefits. this allows

us to remain realistically optimistic that newer solutions based

on knowledge and science in the packaging and corrugated

board industry will come sooner rather than later.
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