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Abstract: Box Compression strength or Compression strength can 

be defined as the measure of the maximum compressive force per 

unit width that a paper board box can withstand during a 

compression test till it reaches the buckling stage. It is expressed 

in kN/m.  

It is one of the most important property of the paper board 

package and it helps in determining the staking limitations as 

well as the overall strength of the package. In this paper, we have 

tried to determine the nature of the relationship of some of the 

internal properties of the package (bursting factor, stiffness, 

moisture content, Thickness of the material and the edge 

compression test value) with its compression strength (BCT) only 

for E type fluted paperboard. 
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I. LITERATURE REVIEW 

1.1 Packaging Boards 

According to ISO standards, paperboard is a paper with a basis 

weight (grammage) above 224 g/m2, but there are exceptions. 

It can be single- or multi-ply and can be easily cut and formed. 

It is lightweight and strong and hence is used in packaging. 

Sometimes it is referred to as cardboard, which is a generic, 

lay term used to refer to any heavy paper pulp–based board.  

1.2 Corrugated boards 

 Corrugated board is made from the combination of two sheets 

liners glued to a corrugated inner medium called the fluting. 

These layers of paper are assembled in a way which makes the 

overall structure much more robust than each layer taken 

separately. 

Corrugated packaging is a versatile, economic, light, robust, 

recyclable, practical and yet dynamic form of packaging.  

1.2.1 Types of corrugated boards 

Types of corrugated boards are depicted in the figures Fig.1 to 

Fig. 4. 

 

  

 

  

 

  

 

  

Fig. 1 Single face: One medium, one liner board            

Fig. 2 Single wall: One medium, two liner boards          

Fig. 3 Double wall: two mediums, three liner boards     

Fig. 4 Triple wall: three mediums, four liner boards       
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1.3 Properties of corrugated boards:  

1.3.2 Caliper/Thickness 

Caliper is usually expressed in thousandths of an inch (0.001”) 

or points, where a sheet of paperboard with a thickness of 

0.024” would be 24 points. However, the thickness of the 

board is measured in microns (μm). Paperboard tends to be 

recognized by its thickness rather than its weight.  

1.3.3 Bursting strength  

The amount of pressure required to rupture the paperboard 

fibers when it is applied evenly across its area is termed as the 

bursting strength of the paperboard. It is expressed in pounds 

per square inch. 

1.3.4 Stiffness 

It is defined as the resistance offered by the paperboard 

against an external force applied on it. Stiffness is measured 

Taber unit. One taber unit (gram-force centimeter) is equal to 

0.098066 mill newton meters. 

1.3.5 Edgewise compression strength 

It is defined as the strength displayed by the corrugated board 

while being subjected to a constant compressive stress in the 

direction of the flutes. It is considered to be of significance 

mainly because of its high impact on the box compression 

strength value. 

II. METHODOLOGY 

Corrugated boards with three, five and seven plies and “E” 

flute profile obtained from Manipal corrugation unit, Manipal. 

2.1 Testing of the paperboard 

The E type paper boards of different plies were subject to 

various quality tests so as to determine the relationship 

between these mentioned qualities and the box compression 

strength.  

2.1.1 Bursting strength test: 

TAPPI T 810 Bursting strength method was used to measure 

the bursting strength of the paperboards. Burst strength 

readings were noted in kg/cm
2
.  

  

Fig. 5 Bursting strength tester                     

2.1.2 Stiffness test: 

The stiffness test was conducted based on the TAPPI T 489 

test procedure. The stiffness values were concluded in Tabors. 

 

 

2.1.3 Moisture content test: 

The test was performed with regard to the TAPPI STD, T 412 

and ASTM D-644 standard procedure. A calibrated GSM 

meter was used during the procedure. 

 

 

2.1.4 Edge compression test: 

The test is performed with regard to the TAPPI T 811 standard 

procedure for edgewise compression strength testing. 

2.2 Full Seal End (FSE) style carton designing 

In FSE style carton, the top and bottom flaps are joined 

together with glue to securely close the package. Some of its 

advantages are that gives a strong and durable means for 

containing heavy products despite of a simpler design. The 

disadvantage of this type of package can be that since the flaps 

are secured with glue, the box once opened might not be able 

to be effectively sealed again. 

2.2.1 Procedure for the preparation of FSE style cartons 

1. ESKO Artios CAD software version 12.0 was used to 

design the FSE style carton layout. Hence, a 

development diagram was obtained. A print out of 

this diagram was taken. 

Fig. 6 Taber stiffness tester                     

Fig. 7 Baking oven and GSM tester 
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2. From the print, the development diagram was traced 

on to the duplex board in such a manner that the 

printable side is outside the box. The design was 

drawn as per the size required and the dimensions 

were properly marked and checked against the 

specifications.  

3. The creasing lines were marked with dotted lines and 

the cutting lines were marked with solid lines as 

shown in the diagram (figure) 

4. Now using the creaser/scale or cutting knife the 

creasing lines were creased and cutting lines were cut 

properly.  

5. The board was then converted as per the design. The 

dimensions were taken to be 10L × 10B × 10W in 

centimeters. 

6. The Fevicol SH gum by Pedilite was used for pasting 

the corners and flaps of corrugated box. 

 

 

 

 

2.3 Testing the compression strength of converted boxes 

After the conversion, box compression strength values were 

measured by conducting the compression test using a mini 

compression tester under the standard procedural guidance of 

TAPPI T 804. Hence, BCT values for 3 ply, 5 ply and 7 ply 

cartons of “E” profile were calculated. 

2.4 Regression analysis 

To compare the relative effect of each of the internal property 

of the paperboard on the box compression strength, regression 

analysis was conducted using the SPSS analysis tool. Results 

were recorded and tabulated. 

III. RESEARCH FINDINGS AND ANALYSIS 

The various tests conducted on the paper board to check its 

internal properties and the data obtained is recorded in the 

following table (table.1 to Table.5). 

Table.1 

Findings of the Thickness Test 

Board type (profile=”E” type) 
Thickness 

(mm) 

3 ply 1.42 

5 ply 2.69 

7 ply 3.82 

 

Table.2 

Findings of the Bursting Strength Test 

Board type (profile=”E” type) 

Bursting 

factor 

(Kg/cm2) 

3 ply 6.83 

5 ply 7.17 

7 ply 7.47 

 

Table.3 

Findings of the Taber Stiffness Test 

Board type (profile=”E” type) 
Stiffness 

(Taber) 

3 ply 576 

5 ply 1300 

7 ply 1543 

 

Table.4 

Findings of the Moisture Content Test 

Board type (profile=”E” type) 
Moisture 

content (%) 

3 ply 9.07 

5 ply 9.41 

7 ply 11.66 

 

Table.5 

Findings of the Edge Compression Test 

Board type (profile=”E” type) ECT (Kgf) 

3 ply 31.5 

5 ply 75 

Fig. 9 Development design prepared using ESKO Artios CAD          

Fig. 10  Full seal end (FSE) style carton             
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7 ply 109.83 

 

The box compression strength values that the respective 3 ply, 

5 ply and 7 ply boxes gave upon the box compression test 

using a mini carton compression tester were recorded and they 

are tabulated as follows (table. 6). 

Table.6 

Findings of the Box Compression Test 

Board type (profile=”E” type) BCT (Kgf) 

3 ply 34.56 

5 ply 49.33 

7 ply 70.6 

Coefficient of co-relation was then computed using the 

regression analysis with the help of SPSS analysis tool. The 

following values of the coefficient were obtained (table no. 7). 

Table.7 

Findings of the Correlation Study  

Board properties 

Correlation coefficient of 

BCT with the board 

properties 

Bursting factor 0.540 

ECT 0.859 

Stiffness 0.791 

Moisture content -0.247 

Thickness 0.820 

The Table.7 shows the results of correlation analysis 

performed between various corrugated board properties and its 

box compression strength. The values in the table represents 

the degree of relationship between corrugated board properties 

and its BCT. The negative sign indicates that the correlation is 

negative, which means that the increase in the value of board 

parameter will results in the reduction of box compression 

strength. Also the below table helps to understand the most 

influential board property on its box compression strength.  

IV. CONCLUSION 

The relationship between Moisture & BCT was found to be 

negative. The ECT & BCT, Stiffness & BCT and Thickness & 

BCT relationships were shown to be very strong and positive. 

The relationship between Bursting strength & BCT and RCT 

& BCT were found to be strong and positive. As the moisture 

content of the board increases, the stiffness of the corrugated 

board reduces there by initiating buckling of the vertical box 

panel. This rate of buckling increases due to the load acting on 

the box and finally causing the failure of the corrugated box. 

The ECT, RCT and thickness of corrugated box have a direct 

relationship with the BCT of corrugated box according to the 

simplified McKee formula. The stiffer corrugated board will 

resist buckling of the box panel and hence increases the box 

compression strength. The bursting strength of the corrugated 

boards are an important parameter that determines the weight 

carrying capacity of the corrugated box. This is because the 

board with higher bursting strength resists the rupture of 

corrugated box at the region of differential pressure and hence 

may also improve buckling resistance of the side panels of 

corrugated box and thus improves its compression strength. 

BCT may be improved by selecting corrugated board that has 

higher positive correlation with the board properties like ECT, 

stiffness and thickness but has a lower negative correlation 

with board properties like moisture content. 
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