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Abstract 

 

 The main objective of this research project, carried out at Karlstad University was to investigate 

which paper property has the best correlation with the package integrity failure (puncture 

hole). To achieve this goal, a simple equipment was designed at Karlstad University. This 

research project was divided into two phases, more precisely first a test design with 

investigation of suitable parameters to carry out the tests with the newly designed equipment 

and secondly with the help of those parameters the investigation of paper properties which will 

have direct connection with puncture strength. Results showed that Tensile Energy Absorption 

(TEA) has the best correlation with puncture strength as compared to other paper properties 

used in this research project i.e. burst strength, strain at break, tear strength, and tensile 

strength. In real it seems to be reasonable as tensile energy absorption (TEA) is the amount of 

energy absorbed during straining until it breaks. Higher the tensile energy absorption, higher 

will be the resistance against puncture. Furthermore sack paper proved to be the type of paper 

grade that has the strongest resistance against package integrity failure, as it has the highest 

tensile energy absorption (TEA) as compared to other paper grades used in this research 

project. It was also observed that paper in a package should be stretched in order to minimize 

the risk of puncture hole. 
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Executive Summary 

We started using computers and emails to reduce the consumption of paper for printing and 

writing more than a decade ago, but today paper and paper products are still widely used 

around the world and remain dominant for the modern communications. From toilet rolls to 

packaging of food items or medical items, paper is considered as the most vital necessity of life.  

Every well-consumed item definitely has a long history, so has paper. Paper is believed to be 

first used by the Chinese. Today nearly 3000 different grades of paper are providing services to 

mankind and still its consumption is increasing day by day. 

Paper for packaging of medical items is in use since the starting of twentieth century. Medical 

items such as syringes, operation kits, gloves etc require sterility before their use so as to 

minimize the risks involved for the human life. The major requirement for medical items is 

sterility. Sterile medical device means that the probability of microorganisms found should be 

equal to or less than one in one million. Paper for medical packaging not only requires this 

requirement but also the protection from outside danger such as shock or impact during 

product handling or storage. Even an abrasion of medical items with the packaging material can 

easily cause de-sterility.  

Manufacturers of terminally sterilized medical items have problems with failure of sterility due 

to transport damages, but have found no correlation between the paper properties tested and 

these damages. A small pinhole can take part in failing the sterility. Existing puncture test 

methods do not consider this factor. To get control of the package integrity failure, there was a 

need to investigate which paper property, among the most usually tested ones, could have 

direct connection with puncture strength. Once known that specific paper property, the 

medical items producer can stress on the paper manufacturers to focus more on that specific 

paper property rather than focusing on unrelated properties, which do not have any connection 

with the puncture strength. By this the probability of de-sterility of medical packaging can be 

reduced.  

 For this purpose a simple puncture tester was designed to carry out the tests. Suitable 

parameters were selected to use the puncture tester for further tests. Among three different 

heights, a suitable height was selected for the tests. Tests were carried out for both stretched 

and relaxed paper and for the final testing’s stretched paper condition was used for the probe 

to have the impact as those conditions were easy to repeat in order to complete the research 

project in due time. Billerud Gruvön Mill, Sweden supplied different type of paper samples 

including medical papers (medical papers for steam sterilization and medical papers for gas 

sterilization) and non medical paper grades, which were used in this research project. 

Tensile strength, tensile energy absorption, tear strength, bursting strength and puncture 

strength were compared during the investigation. 

Results showed that tensile energy absorption has the best correlation with puncture strength 

as compared to other properties. With an increase in tensile energy absorption, the probability 
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of package integrity failure can be reduced. It was observed that sack paper is the most reliable 

paper grade against puncture strength as it showed the highest resistance against the 

probability of puncture. Sack paper was the paper grade used in this research project, which 

had the highest tensile energy absorption and showed very less probability of damage. It was 

also concluded that medical packaging paper should be used in stretched form to minimize the 

probability of damage. 
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Sammanfattning 

 

Målet med detta forskningsprojekt, som har utförts vid Karlstads Universitet, var att undersöka 

vilka pappersegenskaper som visar bäst korrelation med punkteringsmotståndet hos papperet, 

utfört med en utrustning som har konstruerats vid Karlstads Universitet. 

Punkteringsmotståndet har valts som en metod att mäta en förpacknings förmåga att motstå 

punktering. 

Projektet har indelats i två delar: en metodutvecklingsdel där lämpliga parametrar för 

provutförandet utreddes, och en provningsdel där sambandet utreddes mellan 

punkteringsmotståndet och pappersegenskaper enligt standardiserade provningsmetoder. 

Resultaten visar att brottarbete (TEA = tensile energy absorption) ger bäst korrelation med 

punkteringsmotståndet, jämför med de övriga pappersegenskaperna som provades, nämligen 

sprängstyrka, brottöjning, rivstyrka och dragstyrka. 

Resultatet förefaller rimligt eftersom brottarbete mäter energiupptagningen hos ett papper då 

det töjs till brott. Ju högre brottarbete, desto högre punkteringsmotstånd. Vidare visade sig 

säckpapper vara det papper som hade högst punkteringsmotstånd. Säckpapper har också högst 

brottarbete av alla papperstyper som provades. Ytterligare en iakttagelse som gjordes var att 

papperet i en förpackning bör vara sträckt för att ge bästa punkteringsmotstånd. 
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1. Introduction 

1.1 Background 

Paper based packaging is used to pack medical devices such as surgical instruments, operation 
kits and consumables such as dressings and surgical gloves .According to EN 556 the sterile 
medical device means that the probability of micro-organisms found should be equal to or less 
than one in one million. Packaging’s for medical devices require the protection of the products 
from outside danger and to maintain the sterility of the product until used. The most important 
events which can cause package integrity failure (puncture hole) on the paper web before its 
usage can happen with the primary packaging( i.e. the packed medical items in a packet) or 
with the secondary packaging ( i.e. the packing of many packed medical items in a corrugated 
board box). During handling, shock and impact, vibration, shaking, turn sideways/upside down 
or stacking can have the probability of de-sterilizing the medical items either in the primary 
packaging or secondary packaging. During these events the movement between a medical 
device and the packaging material can cause abrasion or any other severe impact which can 
easily de-sterilize the medical devices. [1] 

NOTE:  Abrasion of medical items was not investigated in this research project 

Packaging failures are often realized after customer complaints because once dispatched from 
the manufacturers  side, the customer is the first one who opens it for use, and it’s the 
customer who complaints about the package integrity failure if it happens during handling. So 
there is need a to develop such a method which can plot almost the same or at least some 
similar conditions at which the damage have the probability to occur and to figure out which 
commonly used testing method will give qualitative information about the behavior of paper in 
a puncture test, without having to perform that test. 

NOTE: This research work was initiated by a request from a company making medical devices and having problems 

with breaking packages. They wanted to know what paper properties would be relevant for specifying paper 

strength for medical papers. Puncture strength test method was chosen, as it was the most relevant for the stress 

that a medical package can face. 

1.2 History  

The generic term Paper has a very old history. It started with the Greeks, Romans and Egyptians 
who used to write on a paper like material called papyrus some 5000 years ago. The paper used 
today was first used by the Chinese in 105 AD while the paper making in Europe started nearly 
in 1100 AD. Today paper and the different paper products or grades are widely used in the 
world and in some cases considered as the essential part of life. [2, 3] 

The use of disposable materials i.e., paper for the packaging of medical items is not new and 
probably goes back to the beginning of the twentieth century. The first use of this nature 
occurred during the First World War. It was a simple way at that time to keep the medical items 
clean [4]. 

The next event concerning the medical packaging came during the invasion of Suez Canal Zone 
in Egypt by the British and French armies in 1956 where they wanted to deliver sterilized field 
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dressing to the front line by the way of air drops and they came with the idea of using Kellogg’s 
Cornflakes Boxes [4]. 

After these initial experiments, the late 1950s events gave rise to the start point of modern era 
of terminally sterilized medical packaging. Firstly, steel drums known as Shimmer Drums were 
used for this purpose. They had holes in its sides, covered by a sliding steel band around its 
middle with perforations to allow steam entry for sterilization. By this method 12-18% 
packaging devices remained unsterile. Investigations continued and now different methods are 
considered as reliable methods for producing sterilized packaging, which includes gas 
sterilization (ethylene oxide), steam sterilization, radiation sterilization and plasma sterilization 

[4]. Radiation sterilization i.e. sterilization of medical papers by using gamma rays have a 
significant effect on the strength properties. A study showed that burst, tear and tensile 
strengths showed drastic losses when samples were gamma radiated [5]. 

Paper was the ultimate choice for the manufactures for the packaging of terminally sterilized 
medical items as it is good barrier against microorganisms and can easily let the sterile medium 
such as stem or gas into the package. It can often be combined with transparent plastic film, 
which can show what is inside. 

1.3 Medical packaging requirements 

Medical packaging is used to pack medical items for example, surgical kits and gloves, dressings, 

operations kits, therefore it is necessary to fulfill the basic requirements in order to maintain its 

sterility. 

 After packaging the products, the packs should be sterilized either by steam in an autoclave, or 

by using ethylene oxide (EtO) or gamma radiation. Due to sterilization process, the packs will 

maintain a microbiological barrier. 

 All sealing must remain secure till the product is required for use. The packaging should be 

opened in a peelable manner, which does not generate loose fiber. 

 There must be no possibility of resealing once the packing has been opened. 

1.3.1 Seal peelability 

When the pack is opened it may come into contact with the outer pack, which is likely to be 

non sterile or excessive tearing can result in loose fibers, which might be released into the 

environment and can enter the wound. It can be done like that one person peels the pack and 

second person removes the product as shown in figure (1). 
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Figure (1) representing the proper way of peeling the terminally sterilized medical packaging. 

1.4 Sealing systems 

Paper is used for the manufacturing of terminally sterilized medical items in a number of ways. 

The earliest application was in the hospital environment where the items were first wrapped in 

a sheet of sterilized paper, then sealed inside the paper bags and then subjected to sterilization 

in a steam autoclave. The special feature of the bag paper was that it should have sufficient air 

permeability to allow the transfer of air and steam during the autoclave cycle but on the other 

hand it should not allow microorganisms to pass through it. Usually high strength bleached 

Kraft papers were used [6]. 

There are several types of sealing system for medical packaging as written below, 

 Heat seal lacquer 

 Cold seal 

 Water based heat seal 

 Direct seal paper 

1.5 International standards 

To minimize the risks involved to the patient’s life, international and european standards have 
been developed to address the special requirements of sterile packaging.  

1.5.1 International organization for standardization (ISO)  

The International Organization for Standardization (ISO) has published a revised standard on 
the requirements for medical device packaging, ISO 11607, “Packaging for Terminally Sterilized 
Medical Devices,” which includes two parts: 

 Part 1, “Requirements for Materials, Sterile Barrier Systems and Packaging Systems” 
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It specifies the general requirements for all the sterile barrier systems (minimum package that 
prevents ingress of micro-organisms and allow aseptic presentation of the product at the point 
of use). 

 Part 2, “Validation for Forming, Sealing, and Assembly Processes.” 

This part describes the validation requirements for forming, sealing, and assembly processes of 
sterile barrier systems. 

1.5.2 European Standard 

European Standard EN 868-1(February 1997), Packaging materials and systems for medical 
devices that are to be sterilized” specifies general requirements and test methods for all 
packaging’s of medical devices. Other standards in EN 868 specify some other particular 
requirements as shown in figure (2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) representing all parts in the EN 868 

1.6 Paper structure 
Paper is a combination of a network of fibers mainly of cellulosic fibers found in wood (figure 
3). The paper physical properties are usually influenced by the type of wood used. Mainly there 
are two types of wood, hardwood and softwood. Hardwood has short fibers, which give paper a 
smooth surface while softwood has long fibers which results in the high strength of paper. 
Depending on the need of which paper grade has to be made, the required type of wood is 
used. [2, 7] . 

EN 868-7 
Adhesive coated papers 

EN 868-8 
Removable containers 

 

 

EN 868-4 
Sterilization bags 

 

EN 868-6 
Paper for EtO (Ethylene 
oxide) and irradiation 

sterilization 

 

EN 868-2 
Sterilization Wrap 

 

EN 868-5 
Heat and Self-Sealable 

pouches and bags 
 

EN 868-3 
Paper for use in bags and 

reels 

 

EN 868-1 
General Requirements 
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Figure (3) showing fibrous structure of paper, taken by scanning electron microscope (Courtesy of 
Christer Burman) 

1.6.1 Wood and fiber structure. 

As discussed earlier, there are two types of wood i.e. hardwood and softwood. Softwood is 
constituted of long fibers, named tracheids and the rest are ray cells where as hardwood 
consists of ray parenchema cells, vessel cells, and libriform cells which comprise a more 
complex structure than softwood. 

The cell wall of plant fibers is comprised of cellulosic fibrils surrounded by a matrix of 
hemicelluloses and lignin. The structure of the cell wall along with the changes occurring in 
different process steps of paper making determines the strength of paper. 

The cell wall is composed of concentric layers, the middle lamella, the primary wall, the outer 
layer of the secondary wall (S1), the secondary wall (S2) and the inner layer of the secondary 
wall (S3). The middle lamella consists of lignin which is responsible of binding the fibers in the 
wood. The middle lamella and primary wall are removed in cooking. The middle layer of the 
secondary wall S2 layer thus forms the main part of the cell wall and hence controls the 
mechanical properties of fibers. 

 
 

Figure (4) showing the Structure of cell wall [2] . 
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The three major components of fibers are cellulose, hemicelluloses and lignin. Hardwood 
contains less lignin but more cellulose and hemicelluloses as compared to softwood. Paper 
properties are affected by these differences [2, 7, and 8]. 

1.7 Types of paper, board and cardboard 

Approximately 3000 kinds of paper and board products currently exist with most of the 

products having the basis weight up to 225 g/m 2. Depending on the use of paper and board 

grades, they can be divided into four main categories [3]. 

 Graphic papers 

 Packaging paper and board grades 

 Hygienic papers 

 Specialty paper and board grades 

1.7.1 Graphic papers 

These are the paper grades, which are suitable for printing and writing and are made from 

virgin fibers or mixtures of then. They mainly include newsprint, wood-containing natural 

printing papers, wood-free natural printing papers, coated printing papers, and office and 

administrative papers. The most important properties are high bulk at certain roughness, 

brightness, tearing resistance, good formation and good dimension stability [3, and 9]. 

1.7.2 Packaging paper and board grades 

Packaging papers are mainly supplied in roles and can range from simple wrapping paper (made 

from mixed recovered paper) to Kraft paper. They are often made from virgin pulps 

(sulfite/Kraft pulp), from recycled fibers or from mixtures of chemical pulp and recycled fibers. 

These grades are used in the production of bags, gift wrapping paper and beer mats etc. 

The packaging paper includes Kraft papers, sulfite wrapping paper, and corrugated papers. 

The board grades can be classified into three categories, carton boards, container boards, and 

specialty boards. They can include folding boxboard, solid bleached board, white line 

chipboard, liner board, plaster board etc. The main requirements for this group are tensile 

strength, tensile energy absorbtion, strain at break, bursting strength, tensile stiffness index 

box compression resistance, bending stiffness and printability [3, and 9]. 

1.7.3 Hygienic papers 

The major component of hygienic paper includes tissue. The term tissue describes the products 

made from light weight, dry creped papers, for example facials, handkerchiefs, towels, toilet 

rolls, wipes etc. the main requirement for the tissue are, surface softness, liquid absorbency 

and tensile energy absorption(wet strength) [3,and 9]. 
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1.7.4 Specialty paper and board grades 

They cover a wide range of grades depending on the demand of defined quality criteria 

according to the use.  The important sub groups comprise of photographic paper, cigarette 

paper, papers for electro technical purposes, drawing paper, and chromatography papers etc. 

Chromatography papers are porous and absorbent special papers, which are made from linters 

without addition of sizing or filling agents. They are often acid washed and consist of silicon 

compounds to make them hydrophobic.  

The important requirements for this group include formation, smoothness, wet strength, 

bursting strength, abrasion resistance, tensile strength, thickness, stiffness, porosity and 

absorbtion [3, and 9]. 

NOTE: Medical papers which were used in this research project (i.e. medical papers for gas sterilization or 

medical papers for steam sterilization) are of MG paper type (Machine glazed paper). MG papers are normally 

classified as packaging paper but when they are used as sterilization paper, they belong to the group “specialty 

paper grade” because of very strict specifications and special usage). 

1.8 Factors affecting the properties of paper 

In this research project, mechanical properties are of great importance especially with the main 
focus on puncture strength. There are many factors, which affect the strength of paper and can 
be categorized into the following main factors [2]. 

Botanical factors: These can include the structure of fibers which can include length of fibers, 
thickness of fiber wall and proportion of lumen in fibers. 

Chemical factors: These can include type of hemicelluloses, the degree of delignification and 
the degree of polymerization of cellulose DP. 

Papermaking factors: These can include the processes during paper manufacturing for instance 
beating, forming, pressing, drying and calendaring. 

Chemical environment: These include presence of electrolytes, polyelectrolyte’s, and surfactant 
substances 

Few individual factors, which influence the paper strength properties, are discussed below. 

1.8.1 Fiber properties 

Fiber properties are important in two respects. They affect the formation and consolidation of 
paper structure in the paper making process, and they are responsible for the properties of dry 
paper. Bonding between the fibers is also important. Without bonding there is no fiber network 
and ultimately very poor strength. Bonding arises from the intrinsic tendency of cellulose fibers 
to bond to each other when dried from water [2]. 

Length is one of the most important characteristics of paper making fibers. A long fiber can 
have more bonds with other fibers and therefore be more strongly held in the network than a 
shorter fiber. The tensile strength of a wet web increases rapidly with fiber length. Tensile 
strength, breaking strain, and fracture toughness of a dry paper often also improve with 
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increasing fiber length. Very long fibers have even a negative effect on strength as longer fibers 
can easily entangle with each other and the fiber distribution or in other words the formation 
becomes poor [2,8,10,11]. 

On the other hand paper strength is also dependent on the bonds between the fibers. The 
hydrogen bonding is considered as the primarily bonding between the fibers [2]. 

Fines can be defined as, that part of pulp that passes the 200-mesh screen of the Bauer-McNett 
classifier. Fines have also an effect on paper properties as they have the strong tendency to 
increase the interaction between the fibers due to increased network density. Tensile 
properties are strongly increased by the addition of fines. They fill the voids between the fibers 
and improve the bonding [12, 13]. On the other hand the size of the fines can also manipulate the 
strength properties. For example, smaller fines will give high tensile index than bigger fines as 
decrease in average particle size improve the bonding ability between the fibers [14]. 

1.8.2 Refining  

Refining improves bonding ability to increase the strength of paper. Bonding ability can be 
increased by some changes in fiber wall known as internal fibrillation and external fibrillation. 
The effect of refining on the fiber structure is shown in figure (5). These changes in internal and 
external fibrillation improve the tensile strength by increasing the bonding ability of fibers.  But 
on the other hand decreases tear strength because fiber becomes shorter [2, 6]. 

 
Figure (5) representing the schematic illustration of refining effects on fiber [2] . 

 
A. fiber shortening; 
B. fiber curl, knees; 
C. fines; 
D. Other fibrillation and fiber wall parts; 
E. Delamination of fiber wall; 
F. Release of low molecular substances; 
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1.8.3 Fiber orientation 

The fibers in the paper sheet are aligned preferably in machine direction rather than in cross 
direction. The orientation of fibers in the paper sheet directly affects the mechanical properties 
and dimensional stability of paper. Due to stiffer fibers in longitudinal direction paper has 
higher strength than in cross direction. The most important of all the factors that affect the 
fiber orientation is the speed difference between the suspension jet and wire. Other factors can 
be the speeding up and speeding down of the suspension flow in the head box or wire section [2, 

11]. 

Fiber orientation can also be controlled in the forming process by altering the forming 
concentration. If the forming concentration will be lower, more even and uniform distribution 
of fibers in the plane of paper can be obtained. Generally speaking different paper physical 
properties have different type of behaviors with the forming concentration. TEA, tensile index, 
bursting index are the most sensitive paper physical properties to the forming concentration 
while strain at break show the same behavior but not so much sensitive as compared to the 
others written above [2]. 

1.8.4 Formation 

Paper sheet not only consist fibers, but also fiber fragments, mineral fillers, and chemical 
additives. Paper formation is the nonuniform distribution of particles. Variability in basis weight 
can easily be seen by naked eye. This variability depends on flocculation. The non-uniformity in 
the basis weight affects many paper properties, for example strength properties. 

Mechanical and chemical pulps have the same tendency towards giving high strength if the 
formation is good. Poor formation will give poor strength. Formation is not only influenced by 
forming hydrodynamics but also by fiber properties. Increasing length of the fiber can cause 
poor formation and ultimately low strength. Shorter fibers give higher strength and formation 
as compared to long fibers [10]. 

Another factor, which is responsible of bad formation, is fiber flocculation. Flocculation has a 
very adverse effect on formation. Flocculation results in bad formation and hence lowers down 
the strength of the sheet [17]. Flocculation can be avoided by turbulence in the head box and 
also by refining. Refining also has a significant effect on the paper formation. As refining 
shortens the fibers, formation is improved, because the crowding number is decreased 
resulting in a less chances of flocculation [15, 16]. 

Increased refining is also not favorable for good formation as formation improves with some 
refining but get worse with increased refining [18]. 

In this research project, formation proved to have a large importance in case of puncture 
testing.  

1.8.5 Drying 

Paper drying starts from a phase when fibers are in swollen state. When water is absorbed by a 

fiber, the properties of water and cell wall change due to that a swollen fiber becomes plastic. 

This results in higher bonding capabilities of fibers. Hydration of fibers polymer components 
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influences the amount of swelling and properties of swollen fiber cell wall. Water inside the cell 

wall has different fractions, which are bulk water/free water and bound water. The total bound 

water has two components, freezing bound water and non-freezing bound water. Both differ in 

their thermo dynamical properties. Bulk water is in large pores known as macro pores which 

form when lignin and cellulose dissolve from the cell wall during chemical pulping where as the 

freezing bound water is in smaller pores called as micro pores which occur in the amorphous 

region of the cell wall [2, 19]. 

During the drying process the web is exposed to stresses, internal or frozen-in stresses and 

these stresses influences the mechanical properties of paper such as higher frozen-in stress 

result in higher elastic modulus and tensile strength [19]. 

On the paper machine the web is strained in the machine direction and allowed to shrink in 

cross direction. The edges of the web shrinks more than in the center which leads to variations 

in the properties of the paper in cross direction. Water content in a fiber cell wall controls 

shrinkage of fiber. Hemicelluloses are the important factor for fiber shrinkage. A fiber having 

more hemicellulose shrinks more than the fiber containing less hemicellulose. Also fibers have 

better bonding with increasing hemicellulose content. Hence Paper shrinkage increases with 

increasing hemicelluloses contents. Drying reduces fiber swelling and hence shrinkage [2, 8, 19, 20]. 

Level of stress during drying significantly affects elastic properties of paper. If the web is dried 

under restrained conditions, it will have higher tensile strength, higher modulus of elasticity, 

and better dimensional stability than a paper web allowed to shrink during drying. The 

difference in paper properties are due to different drying stresses different stress concentration 

levels and changes in fiber orientation [8, 20]. 

1.9. Paper failure 

Paper failure can be defined as the loading at which the paper rejects further resistance to 
deformation.  In this research method few strength tests were carried out to investigate the 
behavior of paper at different loading conditions such as tensile strength, tensile energy 
absorption, strain at break, burst strength and tearing strength. 

1.9.1. Tensile strength 

It is the most commonly used test method for paper. A test specimen is gripped between the 
clamps and the specimen is pulled by means of hydraulic or mechanical testing machine [7].It is 
measured according to ISO -1924-3.  

Paper is composed of cellulosic fibers that are hydrogen bonded to each other. Either breakage 
of bonds between the fibers or the rupturing of fibers themselves is the main causes of tensile 
failure of paper. Still it is a topic of debate which factor is responsible for tensile failure, bond 
failure or fiber failure [9, 10]. Generally we can say that tensile failure of paper is a combination of 
fiber and interfiber bond failure. These two mechanisms of failure can be likely determined by a 
combination of variables such as interfiber bond strength, inter fiber bond area, fiber network 
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geometry, and fiber strength. For instance, a paper sample which has a low density will have 
low interfiber bond area which ultimately result in a failure because of the failure of interfiber 
bonds. On the other hand, the paper with a high density with high specific bond strength but 
made with weak fibers will likely fail primarily by fiber failure [7]. 

By definition the breaking force divided by the width of the strip is known as tensile strength 
and has the units kN/m where as tensile index can be obtained by dividing tensile strength with 
grammage. It has units kNm/kg. 

Tensile strength can be performed in both main directions, i.e. MD and CD. To compare 
different anisotropies, the geometric mean is calculated according to the equation (1) 

PGEO= √(PMD*PCD)………….equation (1) 

 

Where PGEO is the geometric mean and  

PMD is the mean value of all Machine direction readings (ten readings according to ISO -1924-3)  

 PCD is the mean value of all Cross direction readings (ten readings according to ISO-1924-3) 

1.9.2 Strain at break (%) 

It is the ratio of increase in length to the original length when the paper specimen begins to 
rupture or simply it can be said how much the paper elongates till it break as shown in figure 
(6).Its units are % or m/m [2,21]. It is measured according to ISO -1924-3.  

1.9.3 Tensile energy absorption 

It is the amount of energy absorbed by the paper during straining until it breaks as shown in 
figure 6. Its units are J/m2 and are of great importance for especially sack paper [2, 21]. It is 
measured according to ISO -1924-3. 

 
Figure (6). A classic representation of typical load elongation curve for paper, for the determination of 

tensile strength, tensile stiffness, tensile energy absorption and strain at break. 
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1.9.4 Bursting Strength 

Bursting test is one of the widest and oldest method to test the strength of paper either it is 
paperboard or corrugated fiberboard. Usually this test method is renowned as Mullen test after 
one of the early instruments development around 1900. This method was developed to 
simulate end use conditions. The primary task of this test is to investigate the resistance of 
fibers to rupture. In this test pressure is applied to one side of a clamped paper sample until it 
breaks. Bursting strength is defined as the hydrostatic pressure required to produce rupture [2]. 
It is measured according to ISO-2758. 

Burst strength can depend on the fiber type, proportion and amount of fibers present. For 
instance an increase in basis weight and degree of refining will result high burst strength. The 
more the degree of bonding, the higher will be the bursting strength. Fiber length and fiber 
coarseness have also some effect on bursting strength. Fiber length increases burst strength 
and coarseness decreases it [22]. 

Not only the degree of bonding and individual strength of fiber contribute to bursting strength 
but also formation, internal sizing, surface treatments, distribution of fines and wire-felt sides 
all have an impact on bursting strength [2]. 

1.9.5 Tear strength 

Tearing test is a simple method developed in 1940s, usually known as Elmendorf test, for 
evaluating a particular type of paper strength, the tear strength. It consumes energy, and the 
force needed to continue the tearing is assumed to be in correlation with important end use 
properties. 

In this test method an impact load is applied to pull paper apart perpendicular to its faces. The 
energy absorbed by the swinging pendulum is used as a measure of tear strength [23]. It is 
measured according to ISO-1974. 

According to Van den Akkers tear strength theory, it is dependent of two phenomena. The work 
associated with breaking of fibers and then pulling fibers out of the fiber network. These two 
phenomena of course depend on the degree of fiber bonding, fiber strength and fiber length in 
the paper sheet. Continued increase in fiber bonding will lead to excessive fiber fracture, which 
will result in a loss of tear strength, even though the tensile and bursting strengths continue to 
improve [2]. 

It is also determined in both directions i.e. MD and CD and geometric mean can be calculated 
according to equation (1). 
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2. Objective  
The objective of this research project was to develop and evaluate puncture test method for 

papers to be used for terminally sterilized medical packaging and to find out which paper 

property has the direct connection with package integrity failure. 
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3. Material and Methods 

3.1 Materials  

3.1.1 Different paper grades 

Nine different types of paper grades, which were supplied by Billerud, Sweden (except normal 

copy paper 80 g/m 2) were used in this research project. 

 Normal copy Paper 80 g/m 2 

 Machine Glazed paper MG (Flexopague) 60 g/m 2 

 Machine finished paper single wire (Pure White MF) 60 g/m 2 

 Machine finished paper twin wire (Duo White MF) 60 g/m 2 

 Medical Paper for gas sterilization 60 g/m 2 

 Medical Paper for steam sterilization 60 g/m 2 

 Liner, White 60 g/m 2 

 Sack paper 60 g/m 2 

 Sack paper 70 g/m 2 

3.1.2 Different testing equipments 

The following test equipments were continuously used throughout this research project for the 

measurement of paper physical properties such as Tensile strength, tensile energy absorption 

(TEA), strain at break, tearing resistance, bursting resistance, and puncture resistance. 

3.1.3 Zwick Tensile Tester 

A tensile tester (Zwick, Switzerland) was used to determine tensile properties of different 

grades according to ISO -1924-3. The tensile properties recorded and analyzed for this research 

project were Tensile strength, tensile energy absorption (TEA), and strain at break. 

 Tests were conducted both in machine and cross direction. Geometric mean was reported in 

the results as given in equation (1). 
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Figure (7) Zwick Tensile Tester 

  

3.1.4 Elmendorf tearing resistance tester 

Machine and cross direction tearing resistance readings were reported down according to ISO-
1974 by using Elmendorf Lorentzen & Wettre tearing resistance tester. Geometric mean was 
reported as given in equation (1). 

 
 

Figure (8) Elmendorf tearing resistance tester 
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3.1.5 Bursting strength tester  

Lorentzen & Wettre bursting strength tester was used for the testing of bursting strength for 
different paper grades. For each paper grade used in this research project, five tests were 
conducted randomly on the top side of paper and five on the bottom side (back side). The mean 
values of top and bottom side tests were reported collectively according to ISO-2758. 

 

 
 

Figure (9) Bursting strength tester 

3.1.6 Puncture Tester 

A new test equipment was designed as shown in figure (11) and fig (12). The parameters which 
were decided and why they were decided are discussed in method development part (3.2.1) of 
this report. The principle of the test equipment was to allow free fall of the probe through the 
hollow tube to have the impact on the test specimen. The distance between the clamps was 10 
cm. The width of the test specimen was taken 16 cm. The length of the test specimen was same 
as the A-4 normal paper. The height of the probe was 6 cm. The main parts were levers, clamps, 
stand, probe and tubes.  

Stand 

Stand includes a gripping rod to grip the tube no matter what height of the tube was used. It 
can be adjustable up and down as shown in figure (11) and fig (12). 
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Levers  

There was one set of lever, parallel to each other, used for stretching and relaxing the paper as 
shown in figure (11) and fig (12). 

Tubes  

Three hollow tubes of different heights were used during this research project as shown in 
figure (11) gripped by the gripping rod as shown in figure (11) and fig (12). 

Probe  

The probe, which was used to hit the paper, was packed with lead bullets to give the 
appropriate weight, and the tip was similar to plastic syringe shape (a common medical device 
usually packed in a sterilized packaging) as shown in figure (11) and fig (12). 

Lead bullets 

These were the ordinary lead bullets normally used for mechanical purposes as shown in figure 
(10). 

 

Figure (10) Showing ordinary lead balls 

NOTE: The probe was hollow from inside and its weight was adjustable by adding or removing small lead bullets to 

give it appropriate weight to hit the test specimen. 
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Figure (11) Puncture Tester 
 

 

Figure (12) Dimensional view of the puncture tester 
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3.2 Method 

The method for using puncture tester for investigating puncture resistance of different paper 

grades consists of two parts.  

 The selection of suitable parameters to be used till the end of this research project 

 To bring into play those selected parameters to investigate the main goals of this 

research project. 

3.2.1 Method development 

For method development simple A-4 copy paper of 80 g/m2 was selected because this method 

consumes a large number of paper sheets and normal A-4 copy paper was the most easily 

available paper.  The following parameters were of interest while investigating method 

development. 

 What paper dimensions should be used. 

 What height of tube should be used. 

 What condition of paper sample should be used for impact either stretched or relaxed. 

 How much the paper sample should be stretched or relaxed. 

3.2.1.1 What paper dimensions should be used. 

A paper sample of 16 cm wide and 30 cm long was taken according to the dimensions of the 

puncture tester to be fully grabbed by the clamps. A width lesser than 16 cm has the risk of 

relaxing the test specimen after the impact of the probe which proved to be have great 

influence on the probability of puncture. A simple diagram represents the difference 

between the dimensions in width of paper specimen. Figure (13) show that clamps has 

lesser ability to grab the paper specimen of 15 cm width than 16 cm width. 
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Figure (13) representing the reason of using specified width of paper sample. 

3.2.1.2 What height of tube should be used. 

Initially three different heights were used. 24cm, 19 cm and 14 cm. Results showed that at lower 

height, higher weight is required to have damage on the sample while lower weight is required at 

higher height to have the damage no matter the condition of sample is in relaxed position or 

stretched position as shown in table (1). Due to shortage of time only one height was selected 

(the longest tube). The second reason of selecting the longest height was because the shorter 

tubes require more weight and sometimes the probe didn’t have enough space for the metal balls, 

which were used to increase or decrease the weight.  

 

Table (1) showing the correlation of different parameters with each other. 

 
Stretched paper 

  
Relaxed paper 

  
Tube 

length(cm) 
Weight of probe 

(g) Energy(J) 
Result of 
impact 

Weight of 
probe (g) Energy(J) 

Result of 
impact 

14 69 0.0946 Damage 42 0.0576 Damage 

19 58 0.1089 Damage 35 0.0651 Damage 

24 47 0.1105 Damage 29 0.0682 Damage 
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Figure (14) showing the increase in weight (g) against the probability of damage (%) based on the values 

given in table (27) in appendix. 

3.2.1.2 What condition of paper sample should be used for impact either stretched or relaxed. 

Initially two conditions of paper samples were used to investigate the impact of damage. 

Stretched paper or relaxed (both the conditions were adjusted by the levers on the equipment). 

The results showed that stretched paper requires more weight to have damage as compared to 

relaxed paper no matter what height is used as shown in table (1). Due to shortage of time and 

more consumption of time for setting the puncture tester for relaxed case, it was decided that 

stretched case should be continued as it was easy to repeat the same conditions with lesser 

time on that type of equipment. Figure (14) shows the trend of curve for normal A-4 copy 

paper. 

NOTE: It was observed during the tests that formation plays a vital role for the puncture strength. If the probe hits 

the paper sample where there are less amount of fibers, there will be a puncture. But on the other hand, with the 

same weight if the probe hits the paper sample where the fibers are in excessive form, there will be very less 

probability of damage. In figure (14) the trend of the curve tells the story. 
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3.3 Procedure 

A paper sample of 16 cm wide and 30 cm long was taken according to the dimensions of the 

puncture tester to be fully grabbed by the clamps. 

A hollow tube was used from which the probe has to travel to impact the sample. According to 

the method development the tube length of 24 cm height was selected. Paper sample was 

placed between the clamps and tightened. Paper was marked near the centers so that the 

probe should hit at the center of the sample. The distance between the clamps was 10 cm. 

After tightening, the paper sample was stretched 0.2-0.3 mm by the two livers attached at the 

left side of the tester. Once stretched from 10cm to 10.2 or 10.3 cm the paper sample was 

ready for the impact. The weight of the probe was noted down. The probe was held at the top 

of tube and allowed the probe to free fall and to hit the sample. As the results required 

statistical treatment, ten tests were performed at the same weight by using a new test 

specimen every time. In case of no damage the sample was removed, a new sample was fitted, 

weight of the probe was increased and the procedure was repeated again.  
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4. Results and Discussion 

4.1 Correlation of paper physical property with package integrity failure 

The results of this research project can be divided into two major parts, based on the objective 

of the project, i.e. to develop a method which can be used as the puncture tester of papers, to 

investigate which paper physical property is the most important one which has the relation 

with puncture strength. 

To investigate the paper property, which has the best connection with puncture strength, 

simple statistical techniques were applied. First of all the graphs were plotted between the 

weight (g) at the x-axis and probability of damage (%) at y-axis by using table (27) in Appendix. 

After plotting the graphs in excel, it was commanded to show the trend line and trend line 

equations. A trend line is simply a straight line connecting multiple points on a chart normally 

to determine the direction and strength of the trend. By solving the trend line equation, we got 

the value of (x) for all the paper grades and named them probability of zero failure (g). 

Probability zero failure (g) is the minimum weight where the probability of damage is the least 

against the corresponding paper property. These nine values of probability zero failure (g) for 

each paper grade ( see table 28 in appendix) were plotted against the geometric mean of the 

strength properties of each paper grades (see table 26 in Appendix) . From there we got a new 

set of graphs. We then just added the Coefficient of determination (R2) value for each curve, 

which excel automatically generates. Coefficient of determination R2 is used to investigate 

which property has the strong relation with puncture strength.  The value of coefficient of 

determination (R2) lies between 0 and 1, With 1 representing a perfect fit between the data 

when the trend line drawn through them while 0 representing no correlation between the data 

and the trend line. 

The trend line equations when the graphs were plotted between the weight (g) and probability 

of damage (%), are shown below in figure (15-23), 
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Figure (15) representing the trend line equation for Copy paper 60 g/m 2 when plotted between 

probability (%) and weight (g). 

 

 

 

Figure (16) representing the trend line equation for Medical paper steam sterilized 60 g/m 2 when plotted 

between probability (%) and weight (g). 
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Figure (17) representing the trend line equation for Medical paper gas sterilized 60 g/m 2 when plotted 

between probability (%) and weight (g). 

 

 

Figure (18) representing the trend line equation for Machine finished paper twin wire (MF) 60 g/m 2 

when plotted between probability (%) and weight (g). 
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Figure (19) representing the trend line equation for Machine finished paper single wire (MF) 60 g/m 2 

when plotted between probability (%) and weight (g). 

 

 

Figure (20) representing the trend line equation for Machine glazed paper twin wire (MG) 60 g/m 2 when 

plotted between probability (%) and weight (g). 
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Figure (21) representing the trend line equation for Liner 60 g/m 2 when plotted between probability (%) 

and weight (g). 

 

 

Figure( 22) representing the trend line equation for Machine Sack paper 60 g/m 2 when plotted between 

probability (%) and weight (g). 
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Figure (23) Representing the trend line equation for Sack paper 70 g/m 2 when plotted between 

probability (%) and weight (g). 

Figure 24 to 28 showed which paper physical property has the strong relation with the puncture 

strength. The value of coefficient of determination (R2) for TEA showed that this paper 

property has a good fit with puncture testing as compared to other paper properties (talking in 

the contexts of the five test methods conducted in this research project) 

 

 
 

Figure (24) representing the TEA against zero% probability failure (g) for different paper grades. 
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Figure (25) representing the Burst strength against zero% probability failure (g) for different paper 

grades. 

 

 

 
 

Figure (26) representing the Strain at break against zero% probability failure (g) for different paper 

grades. 
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Figure (27) representing the Tearing resistance against zero% probability failure (g) for different paper 

grades. 

 

 

 
 

Figure (28) representing the Tensile strength against zero% probability failure (g) for different paper 

grades. 
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and Tear strength will give nearly about the same maximum value for zero probability failure 

(g). 

In the table min X is the approximate minimum value of the paper property (see table 26 in 

appendix). By putting the value of X in the trend line equations we got minimum Y. Maximum X 

is the approximate maximum value of the paper property (see table 26 in appendix). Maximum 

Y is the value obtained by putting the value of max X in trend line equation. Span Y is the 

difference of minimum Y and minimum X.  

 

Table (2) a comparison of paper physical properties against zero probability damage (g), further proving 
the above stated results. "x" is the paper physical property on x-axis and "y" is the zero probability of 
damage in grams on y-axis (figure 13-17) 
 

Property unit 
Trend line 
equation min X min Y max X 

(max X-min 
X)/max X, % max Y span Y 

Tensile 
strength kN/m 

y = 17,015x - 
2,6318 3.7 60.3 5.2 29 85.8 25.5 

Strain at 
break % 

y = 14,173x + 
6,3997 3 48.9 7.5 60 112.7 63.8 

TEA J/m2 
y = 0,5668x - 

0,2149 75 42.3 220 66 124.5 82.2 

Tear 
strength mN 

y = 0,1269x - 
7,165 500 56.3 1000 50 119.7 63.5 

Burst 
strength kPa 

y = 0,2952x - 
28,695 280 54.0 510 45 121.9 67.9 

 

4.2 The behavior of different paper grades against the probability of damage 

Figure (29) shows that sack paper is the best paper grade among the other paper grades used in 

this research project, which have very strong and positive attitude towards the least probability 

of damage. This is due to the high strain at break and TEA for the sack paper, which is the 

primary requirement of the customers to the paper manufactures incase of sack paper. Free 

drying and micro creping are responsible for this behavior of sack paper. As the above results in 

figure 24-28 showed that tensile energy absorption has the strongest correlation with puncture 

strength, this means that the paper, which will have the higher TEA will be the most effective 

paper grade than the others. Figure (30) tells that sack paper has the highest TEA and figure 

(29) confirms the statement that the paper grade with higher TEA will result in higher resistance 

against the probability of damage.  
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Figure (29) probability of damage for different paper grades against the weight. 

4.3 The behavior of different paper grades with paper physical properties 

 

The results showed that sack paper has almost all paper properties higher than other grades.   

Sack paper has the reputation of that type of paper grade which will be used or handled 

roughly, so that’s why sack paper needs to be strong enough to withstand worst situations e.g. 

during loading or unloading it is treated very roughly and sometimes thrown to the ground. This 

means it must absorb shock or it must have high TEA and also tearing strength in order to avoid 

small damage to become bigger.  
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Figure (30) representing a comparison of tensile energy absorption with different paper grades. Error 

bars representing the confidence interval 95% (table 29 in appendix). 

 

Figure (30) shows that sack paper has highest tensile energy absorption than other paper 

grades. This might be due to the factor that sack is free dried. Furthermore it is microcreped, by 

passing through elastic cylinders. Creping reduces the strength but on the other hand increases 

the stretch by causing internal fiber-fiber bond damage and creating void spaces11.  

Note that this is not the index value. 
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Figure (31) representing a comparison of Burst index with different paper grades. Error bars representing 

the confidence interval 95% (table 29 in appendix). 

 

Figure 31 shows that burst index is higher for sack paper. it might be due to that as the sack paper has 

been subjected to microcreping and free drying, it has high strain at break and TEA, resulting in the 

distribution of stress in larger area which results  in high burst strength. On the other hand MG paper is 

restrained dried which results in lesser strain capability in the paper structure which results in lower 

burst strength as compared to sack paper. 
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Figure (32) representing a comparison of Strain at break with different paper grades. Error bars 

representing the confidence interval 95% (table 29 in appendix). 

 

Figure (32) shows that sack paper has highest strain at break than other paper grades. It is also 

micro-creped which drastically increase its strain at break. Therefore it has the ability to 

elongate 4% in machine direction and 10 % in cross direction before it breaks. On the other 

hand it is also free dried which results in high strain [9]. 
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Figure (33) representing a comparison of Tear index with different paper grades. Error bars representing 

the confidence interval 95% (table 29 in appendix). 

 

Figure (33) shows that tear index is higher for sack paper. According to Van den Akkers tear 

strength theory two phenomena are responsible for tear strength theory, work associated with 

breaking of fibers and then pulling fibers out of the fiber network. These two phenomena of 

course depend on the degree of fiber bonding, fiber strength and fiber length in the paper 

sheet. If the fibers will be firmly bonded they will not be able to distribute the load t o a larger 

area whereas if they will be loosely bonded, they will move a little when the load will be applied 

thus distributing the load to higher area resulting in high tear strength. Low degree of refining 

will give high tear strength and sack paper has low degree of refining [7]. 
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Figure (34) representing a comparison of Tensile index with different paper grades. Error bars 

representing the confidence interval 95% (table 29 in appendix) 

 

Figure (34) shows that sack paper has the lowest of tensile index than other paper grades 

except for copy paper. Refining increases bonding ability of fibers which increase the tensile 

strength but sack paper has lower degree of refining which results in lower tensile strength as 

compared to other paper grades whereas medical papers are machine finished papers (MF) 

which has high degree of refining which results in high tensile strength [2,9]. 

4.4 Some investigations during method development 

At low height it will require more weight to puncture the test specimen as shown in figure (35-

36). It was also observed that at the same height stretched paper required more weight or 

show high resistance against puncture as compared to relaxed paper (figure 35, 36 and 37). 

One reason might be that incase of relaxed paper there will be some extra height for the probe 
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to hit the test specimen. This extra height can range up to 2-3 cm, which can affect the results 

to a large extent.  

The other reason can be that when the paper is stretched, the fibers become stiffer and 

stronger, to bear the load as compared to relaxed paper. 

One reason may be that a larger area is engaged in absorbing the energy of the impact as the 

length of the test specimen was the same as A-4 size and width was taken 16cm. 

Note that stretched paper means that the test specimen was stretched from 10cm to 10.2 or 

10.3 cm and vice versa in case of Relaxed paper. 

 

 

Figure (35) representing the influence of height with weight required to have damage on the paper 

specimen (for both the cases, stretched test specimen and relaxed test specimen) 
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Figure (36) representing the influence of height with the energy of impact on the paper specimen (for 

both the cases, stretched test specimen and relaxed test specimen). 

. 

 

 

Figure (37) representing the relation of energy and weight required to have damage on the paper 

specimen (for both the cases, stretched test specimen and relaxed test specimen). 
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5. Conclusions 

Tensile energy absorption (TEA) proved to be having the correlation with puncture strength 

as compared to other physical properties of paper. 

Tensile energy absorption (TEA), burst strength and tear strength, if maximized will give 

approximately the same value for the zero probability of damage (g). 

Tensile energy absorption (TEA) is the property, which can give the greatest span for the 

zero probability of damage (g). 

In the field of medical packaging, the use of sack paper as a packaging paper can have the 

ability to reduce the probability of puncture as compared to other paper grades. 

It was concluded that to avoid package integrity failure the packaging should be stiff enough 

to withstand any damage, which can arise during product handling, distribution and 

storage. 
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6. Recommendations for further work 

Speed of the probe will have drastic effect on puncture resistance of paper. Studies 

regarding the speed of the probe to have the impact on the paper specimen are needed. 

Microscopic analysis of dimensions of the puncture produced after impact can prove to be 

an interesting study where the size of puncture can be investigated. 

Studies regarding the result of the impact from different types/shapes of probe will be of 

great interest. 

An investigation of further more paper grades made from different types of fibers and 

different pulping processes will be good to investigate, for example sheets made from 

abacca fiber can be something good to investigate. 

A comparison of different type of coatings against the puncture strength can prove to be 

very handy studies. 
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7. Recommendations for the improvement of puncture 
tester 

As results proved that stretching and relaxing is a very influencing factor to the puncture, this 

equipment need to have some sort of load cells. By that, human error can be reduced and exact 

force can be recorded down while stretching the paper. 

Frictional forces can dramatically alter the results by having some change on the speed of the 

probe when the probe experiences some frictional forces while travelling through the hollow 

tube. This will depend on the angle of tube. A zero degree angle of the tube will give the 

minimum of frictional forces. This can be achieved by using simple equipment like spirit bar or 

level bar, as shown in figure (27). It will be better in order to get precise results if the spirit bar 

would show digital readings. 

 

Figure (27) representing a simple spirit level bar 

There is need to have some more probes of the same geometry as used in this research project 

because the paper grades which have higher TEA and strain at break will require more weight 

to have damage and the current probe can not exceed more than 150-160 g. 

To investigate the microscopic analysis for the dimensions of the puncture, it will be good to 

use different types/shapes of probes, so there is need to have some more types/shapes of 

probe. 

The two levers which were used in the puncture testing to stretch and relax the paper from up 

and down side of the paper specimen, some time produce curls on the sheet , as the scale was 

used on both the sides to record how much stretching or relaxing is done, but still it has a larger 

probability of producing errors. So there is a need to have some kind of simpler equipment 

attached, which will give some sort of digital reading and should have the two tasks, 

 It should record the exact force that how much paper is stretched or relaxed so that  

while repeating the test again for the same sample the conditions should remain same 
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 It should keep the paper specimen in plane geometry from all directions by doing 

stretching and relaxing at the same time from both sides. 

 

Personal expression for the puncture tester used 

This puncture tester, which was used in this research project can prove to be very handy and 

can be a cheap way to measure the puncture strength of paper on laboratory scale. It can help 

the students to broaden their knowledge in paper physical properties and their correlation with 

packaging failure. The only drawback it has is that, it requires a large amount of papers and is a 

little bit time consuming incase of setting the parameters. 
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Appendix 

Tensile strength 
MG paper 60 g/m 2 GRAM FLEXOPAQUE 
Tensile strength 
Table 1 

 
 
Tearing strength 
Table 2 

 
 
Burst strength 
Table 3 

 
 
 
 
 
 
 
 
 
 

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 5.13 5.185 0.255962237 85.6 86.44 4.274004 2.18 2.165 0.152916 68 68.42 8.225138

2 5.17 86.2 2.28 72.6

3 4.91 81.8 2.02 60.1

4 4.67 77.9 1.82 49.9

5 5.42 90.4 2.24 74.8

6 5.07 84.4 2.21 67.2

7 5.28 88 2.08 66.5

8 5.38 89.7 2.25 73.9

9 5.53 92.2 2.23 75.6

10 5.29 88.2 2.34 75.6

CD

1 3.15 3.03 0.138483854 52.6 50.51 2.328304 3.84 3.769 0.370269 84.3 79.77 10.78621

2 3.22 53.7 4.04 90.6

3 3.05 50.9 3.76 79.5

4 3.04 50.6 4.08 87

5 3.06 51.1 4.07 85.9

6 2.87 47.8 3.53 70.7

7 3.08 51.3 3.96 85.6

8 3.02 50.3 3.62 76

9 3.08 51.3 3.93 84.2

10 2.73 45.5 2.86 53.9

tearing resistance

MG 60 GRAM FLEXOPAGE MD CD

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 22 431.2 7.186666667 7.529666667 0.507532034 24 470.4 7.84 8.134 0.454212

2 22 431.2 7.186666667 25 490 8.166666667

3 23.5 460.6 7.676666667 26 509.6 8.493333333

4 22.5 441 7.35 24 470.4 7.84

5 27 529.2 8.82 22 431.2 7.186666667

6 21.5 421.4 7.023333333 26 509.6 8.493333333

7 22.5 441 7.35 25 490 8.166666667

8 23.5 460.6 7.676666667 25.5 499.8 8.33

9 23.5 460.6 7.676666667 27 529.2 8.82

10 22.5 441 7.35 24.5 480.2 8.003333333

sr.no Bursting strength( Kpa) Burst index(kPam²/g) average st.dev confidence 95%

1 316.94 5.282333333 5.013066667 0.404702186 0.250832404

2 282.76 4.712666667

3 279.65 4.660833333

4 285.87 4.7645

5 320.05 5.334166667

6 254.8 4.246666667

7 316.94 5.282333333

8 307.62 5.127

9 307.62 5.127

10 335.59 5.593166667
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Liner 60g/m 2 
Tensile strength 
Table 4 

 
 
Tearing strength 
Table 5 

 
 
 
Burst strength 
Table 6 

 
 
 
 
 
 

 

 

Tensile Strength Tensile index Strain at break TEA

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 7.13 6.852 0.312367305 119 114.3 5.165053512 2.4 2.361 0.17272 103 97.55 12.049

2 6.99 116 2.31 96.2

3 7 117 2.54 108

4 7.04 117 2.55 110

5 6.64 111 2.32 92.5

6 6.87 115 2.29 93.8

7 6.84 114 2.46 102

8 6.74 112 2.23 89.5

9 6.1 102 1.99 70.5

10 7.17 120 2.52 110

CD

1 2.99 2.959 0.161757706 49.8 49.31 2.690497682 7.04 6.928 0.69933 153 149.3 21.32317

2 2.75 45.8 6.09 123

3 3.07 51.2 7.29 161

4 2.66 44.3 5.6 110

5 2.88 48.1 6.65 140

6 3.11 51.8 7.59 169

7 3.07 51.2 7.53 167

8 3.16 52.6 7.84 178

9 2.89 48.2 6.65 140

10 3.01 50.1 7 152

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD(mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 27.5 539.55 8.9925 8.58375 0.518466609 27.5 539.55 8.9925 8.7963 0.448095

2 24 470.88 7.848 28 549.36 9.156

3 26 510.12 8.502 28 549.36 9.156

4 29 568.98 9.483 24.5 480.69 8.0115

5 25 490.5 8.175 26.5 519.93 8.6655

6 28 549.36 9.156 25 490.5 8.175

7 25 490.5 8.175 27 529.74 8.829

8 25 490.5 8.175 27 529.74 8.829

9 26 510.12 8.502 26.5 519.93 8.6655

10 27 529.74 8.829 29 568.98 9.483

Bursting strength( Kpa) Burst index(kPam²/g) average st.dev confidence 95%

332.48 5.541333333 5.784716667 0.382157149 0.236859103

372.87 6.2145

354.23 5.903833333

316.94 5.282333333

323.16 5.386

379.09 6.318166667

332.48 5.541333333

357.34 5.955666667

372.87 6.2145

329.37 5.4895
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MF paper single wire 60 g/m 2 
Tensile strength 
Table 7 

 

Tearing strength 

Table 8 

 

Burst strength 

Table 9 

 

 

 
 

Tensile Strength Tensile index Strain at break TEA

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 6.32 5.652 0.272552 105 94.15 4.467475 2.72 2.509 0.186693 109 89.33 10.44021

2 5.82 97 2.36 84.7

3 5.52 91.9 2.55 89.2

4 5.53 92.2 2.35 81.3

5 5.61 93.5 2.52 88.5

6 5.67 94.5 2.68 95.9

7 5.38 89.6 2.37 80.5

8 5.67 94.5 2.85 104

9 5.64 94 2.32 80.7

10 5.36 89.3 2.37 79.5

CD

1 2.99 2.865 0.185906 49.8 47.75 3.058776 7.45 6.799 0.683333 159 140.85 20.46413

2 3.05 50.8 7.19 157

3 3 50 6.98 149

4 2.87 47.8 6.82 142

5 2.79 46.5 6.36 128

6 3.04 50.6 7.45 160

7 2.95 49.2 7.23 154

8 2.64 44.1 6.2 120

9 2.48 41.4 5.26 96.5

10 2.84 47.3 7.05 143

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) tearing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 30 588.6 9.81 10.25145 0.719110927 32 627.84 10.464 10.87275 0.320115

2 28 549.36 9.156 33.5 657.27 10.9545

3 32.5 637.65 10.6275 34.5 676.89 11.2815

4 33.5 657.27 10.9545 32 627.84 10.464

5 30 588.6 9.81 35 686.7 11.445

6 28 549.36 9.156 33.5 657.27 10.9545

7 34 667.08 11.118 32.5 637.65 10.6275

8 32.5 637.65 10.6275 33 647.46 10.791

9 33 647.46 10.791 33 647.46 10.791

10 32 627.84 10.464 33.5 657.27 10.9545

sr.no Bursting strength( Kpa) Burst index(kPam²/g) average st.dev confidence 95%

1 259.19 4.319833333 4.6143 0.29004794 0.179770272

2 270.33 4.5055

3 288.98 4.816333333

4 261.01 4.350166667

5 261.01 4.350166667

6 275.26 4.587666667

7 279.65 4.660833333

8 264.12 4.402

9 307.62 5.127

10 301.41 5.0235
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MF twin wire Duo White 60 g/m 2 
Tensile strength 
Table 10 

 

Tearing strength 

Table 11 

 

Burst strength 

Table 12 

 

 

Tensile Strength Tensile index Strain at break TEA

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 5.73 6.123 0.414409 95.5 102.04 6.922138 2.37 2.555 0.239595 84.3 97.89 15.92792

2 6.61 110 2.82 117

3 5.92 98.6 2.37 85.4

4 6.3 105 2.62 104

5 6.65 111 2.66 110

6 5.32 88.7 2.19 71.4

7 6.08 101 2.6 98.2

8 5.91 98.6 2.29 83.6

9 6.4 107 2.92 118

10 6.31 105 2.71 107

CD

1 3.61 3.511 0.157794 60.2 58.51 2.637528 7.63 7.132 0.340809 186 170.6 13.15886

2 3.49 58.1 7.49 177

3 3.16 52.6 6.51 143

4 3.53 58.9 7.29 174

5 3.59 59.8 7.14 174

6 3.71 61.8 7.24 181

7 3.41 56.9 6.84 160

8 3.61 60.1 7.28 179

9 3.39 56.5 6.76 157

10 3.61 60.2 7.14 175

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 29.5 578.79 9.6465 9.7446 0.523881 21.5 421.83 7.0305 6.9978 0.22864

2 29 568.98 9.483 22.5 441.45 7.3575

3 28 549.36 9.156 21.5 421.83 7.0305

4 29.5 578.79 9.6465 21 412.02 6.867

5 33 647.46 10.791 21 412.02 6.867

6 28 549.36 9.156 21.5 421.83 7.0305

7 29 568.98 9.483 20 392.4 6.54

8 32 627.84 10.464 22 431.64 7.194

9 30 588.6 9.81 21 412.02 6.867

10 30 588.6 9.81 22 431.64 7.194

sr.no Bursting strength( Kpa) Burst index(kPam²/g) average st.dev conidence 95%

1 320.05 5.334166667 5.525783333 0.214293 0.132817877

2 332.48 5.541333333

3 335.59 5.593166667

4 351.12 5.852

5 344.91 5.7485

6 323.16 5.386

7 341.8 5.696666667

8 307.62 5.127

9 332.48 5.541333333

10 326.26 5.437666667
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Tensile strength 

Copy paper 80 g/m 2 

Table 13 

 

Tearing strength 

Table 14 

 

Burst strength 

Table 15 

 

 

Tensile Strength Tensile index Strain at break TEA

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 3.98 3.957 0.151221 49.7 49.47 1.875604 1.71 1.612 0.124882 40.7 37.53 4.799549

2 4 50 1.67 39

3 4.13 51.6 1.71 42.3

4 4.05 50.6 1.73 42

5 4.13 51.7 1.74 43.1

6 3.73 46.7 1.39 29.6

7 3.71 46.4 1.46 31.3

8 3.84 48 1.54 33.7

9 4.05 50.6 1.52 35.4

10 3.95 49.4 1.65 38.2

CD

1 1.79 1.746 0.029889 22.4 21.83 0.371334 4.07 3.858 0.230401 55.2 50.75 3.791291

2 1.77 22.1 3.93 52.6

3 1.7 21.3 3.75 48

4 1.74 21.8 3.76 49.2

5 1.77 22.1 3.87 51.8

6 1.74 21.8 3.76 48.9

7 1.77 22.1 3.97 52.6

8 1.7 21.2 3.32 42.2

9 1.74 21.7 4.09 53.5

10 1.74 21.8 4.06 53.5

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 22 431.64 5.3955 5.4568125 0.166035 24 470.88 5.886 6.106725 0.274198

2 22.5 441.45 5.518125 24.5 480.69 6.008625

3 23 451.26 5.64075 23.5 461.07 5.763375

4 21.5 421.83 5.272875 25.5 500.31 6.253875

5 23.5 461.07 5.763375 26.5 519.93 6.499125

6 22.5 441.45 5.518125 23.5 461.07 5.763375

7 22.5 441.45 5.518125 25 490.5 6.13125

8 22 431.64 5.3955 26.5 519.93 6.499125

9 21.5 421.83 5.272875 25.5 500.31 6.253875

10 21.5 421.83 5.272875 24.5 480.69 6.008625

Bursting strength( Kpa) Burst index(kPam²/g) average st.dev confidence95%

167.79 2.097375 2.245 0.119767 0.074230716

183.33 2.291625

170.9 2.13625

186.44 2.3305

180.22 2.25275

189.54 2.36925

164.69 2.058625

189.54 2.36925

189.54 2.36925

174.01 2.175125
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Sack paper 60 g/m 2 

Tensile strength 

Table 16 

 

Tearing strength 

Table 17 

 

Burst strength 

Table 18 

 

 

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 2.77 3.09 0.198997 46.2 51.47 3.313625 8.19 9.253 0.638958 152 188.6 22.32686

2 2.92 48.6 8.8 172

3 2.84 47.3 8.36 159

4 3.31 55.2 9.99 215

5 3.01 50.1 9.06 180

6 3.1 51.7 9.48 194

7 3.15 52.4 9.31 191

8 3.23 53.8 9.56 201

9 3.35 55.8 9.87 215

10 3.22 53.6 9.91 207

CD

1 4.47 4.476 0.159875 74.5 74.54 2.69823 6.37 6.532 0.189784 167 168.4 9.359487

2 4.55 75.8 6.65 171

3 4.42 73.6 6.62 164

4 4.58 76.4 6.44 174

5 4.67 77.9 6.72 179

6 4.52 75.3 6.73 176

7 4.48 74.6 6.59 167

8 4.07 67.8 6.12 145

9 4.55 75.8 6.44 170

10 4.45 73.7 6.64 171

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 48 941.76 15.696 14.73135 0.579087 43 843.66 14.061 14.1591 0.346407

2 43 843.66 14.061 44 863.28 14.388

3 45.5 892.71 14.8785 43 843.66 14.061

4 43 843.66 14.061 41 804.42 13.407

5 45 882.9 14.715 44 863.28 14.388

6 46 902.52 15.042 43 843.66 14.061

7 44 863.28 14.388 43 843.66 14.061

8 47 922.14 15.369 44 863.28 14.388

9 46 902.52 15.042 45 882.9 14.715

10 43 843.66 14.061 43 843.66 14.061

sr.no Bursting strength( Kpa) Burst index(kPam²/g) average st.dev confidence95%

1 416.37 6.9395 6.88776667 0.401884 0.249085806

2 431.91 7.1985

3 397.73 6.628833333

4 382.19 6.369833333

5 397.73 6.628833333

6 438.13 7.302166667

7 410.16 6.836

8 450.55 7.509166667

9 379.09 6.318166667

10 428.8 7.146666667
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Sack paper 70 g/m 2 

Tensile strength 

Table 19 

 

Tearing strength 

Table 20 

 

Burst strength 

Table 21 

 

 

 

Tensile Strength Tensile index Strain at break TEA

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 5.03 5.124 0.25413 71.8 73.19 3.604149 6.37 6.396 0.21104 191 197.9 15.13972

2 5.06 72.3 6.18 188

3 5.11 73.1 6.34 196

4 5.42 77.4 6.81 220

5 4.59 65.6 6.16 170

6 5.41 77.2 6.49 212

7 5.34 76.2 6.45 207

8 4.94 70.6 6.14 185

9 5.05 72.1 6.41 198

10 5.29 75.6 6.61 212

CD

1 4.41 4.179 0.229853 63.1 59.69 3.274972 8.73 8.435 0.359792 248 228.2 19.16478

2 4.17 59.6 8.29 224

3 4.57 65.2 8.89 259

4 4.11 58.7 8.01 215

5 4.25 60.7 8.62 236

6 3.91 55.8 7.79 199

7 4.08 58.3 8.41 222

8 4.09 58.4 8.65 229

9 3.82 54.6 8.19 205

10 4.38 62.5 8.77 245

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 45 882.9 12.61285714 12.9772286 0.634352 54 1059.48 15.13542857 15.41571 0.544778

2 48 941.76 13.45371429 55 1079.1 15.41571429

3 48 941.76 13.45371429 57 1118.34 15.97628571

4 49 961.38 13.734 57 1118.34 15.97628571

5 49 961.38 13.734 51 1000.62 14.29457143

6 43 843.66 12.05228571 55 1079.1 15.41571429

7 43 843.66 12.05228571 53 1039.86 14.85514286

8 46 902.52 12.89314286 56 1098.72 15.696

9 47 922.14 13.17342857 57 1118.34 15.97628571

10 45 882.9 12.61285714 55 1079.1 15.41571429

sr.no Bursting strength( Kpa) Burst index(kPam²/g) average st.dev confidence95%

1 537.56 7.679428571 7.44414286 0.301833 0.187074688

2 525.13 7.501857143

3 490.95 7.013571429

4 559.31 7.990142857

5 537.56 7.679428571

6 515.81 7.368714286

7 518.91 7.413

8 525.13 7.501857143

9 490.95 7.013571429

10 509.59 7.279857143
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Medical paper for gas sterilization 60 g/m 2 

Tensile strength 

Table 22 

 

Tearing strength 

Table 23 

 

 

 

 

 

 

 

 

 

Tensile Strength Tensile index Strain at break TEA

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 6.88 6.837 0.129962 115 114 2.260777 2.87 2.732 0.094375 123 115.4 5.891614

2 6.85 114 2.66 112

3 6.66 111 2.66 110

4 6.93 116 2.76 118

5 6.77 113 2.68 112

6 6.8 113 2.77 115

7 6.92 115 2.86 123

8 6.97 116 2.64 113

9 6.99 117 2.81 122

10 6.6 110 2.61 106

CD

1 3.67 3.928 0.165449 61.1 65.44 2.781766 4.39 4.923 0.32232 109 130.8 13.60392

2 3.87 64.5 5.11 134

3 3.89 64.8 4.79 126

4 4.12 68.7 5.24 146

5 4 66.7 5.01 134

6 3.64 60.6 4.33 106

7 3.95 65.8 4.98 133

8 4.04 67.3 5.1 139

9 3.99 66.4 5.07 136

10 4.11 68.5 5.21 145

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 23 451.26 7.521 7.53735 0.162589 28 549.36 9.156 8.7963 0.241282

2 24 470.88 7.848 26 510.12 8.502

3 23.5 461.07 7.6845 28 549.36 9.156

4 22 431.64 7.194 27 529.74 8.829

5 23 451.26 7.521 26 510.12 8.502

6 23 451.26 7.521 26 510.12 8.502

7 23 451.26 7.521 27 529.74 8.829

8 23 451.26 7.521 27 529.74 8.829

9 23 451.26 7.521 27 529.74 8.829

10 23 451.26 7.521 27 529.74 8.829
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Medical paper for steam sterilization 60 g/m 2 

Tensile strength 

Table 24 

 

Tearing strength 

Table 25 

 

 

 

 

 

 

 

MD        kN/m        average St.dev       kNm/kg       Average stdev        %       average stdev     J/m²     average stdev

1 6.22 6.309 0.243878 104 105.05 3.975271 2.64 2.76 0.137679 102 108.86 9.841883

2 6.31 105 2.7 107

3 6.19 103 2.7 104

4 6.6 110 2.94 122

5 6.3 105 2.88 115

6 5.73 95.5 2.5 87.6

7 6.5 108 2.78 112

8 6.45 107 2.91 117

9 6.5 108 2.85 116

10 6.29 105 2.7 106

CD

1 3.9 3.876 0.090086 65 64.58 1.477084 4.85 4.589 0.214033 128 120.9 7.823753

2 3.92 65.3 4.53 121

3 3.94 65.6 4.75 127

4 3.77 62.9 4.33 111

5 3.78 63 4.17 107

6 3.89 64.8 4.58 121

7 4.06 67.6 4.77 132

8 3.88 64.7 4.7 124

9 3.77 62.8 4.49 115

10 3.85 64.1 4.72 123

sr.no Reading (gcm) tearing resistance(MD) Mn Tear index MD (mNm²/g) average st.dev Reading (gcm) teraing resistance CD(Mn) Tear index MD (mNm²/g) average st.dev

1 26 510.12 8.502 8.2077 0.306366 26 510.12 8.502 8.8617 0.692815

2 25.5 500.31 8.3385 28 549.36 9.156

3 25 490.5 8.175 25 490.5 8.175

4 24 470.88 7.848 28 549.36 9.156

5 26 510.12 8.502 26.5 519.93 8.6655

6 24.5 480.69 8.0115 28.5 559.17 9.3195

7 26.5 519.93 8.6655 26 510.12 8.502

8 23.5 461.07 7.6845 25 490.5 8.175

9 25 490.5 8.175 32 627.84 10.464

10 25 490.5 8.175 26 510.12 8.502



57 
 

Geometric mean of the paper physical properties for all paper grades 

Table 26 

 

Note: Table (26) does not include geometric mean for index values as puncture strength is not an index 

value 

 

Puncture strength for all paper grades 

Table 27 

 

Note: For each weight ten tests were conducted and from those ten the probability of damage 

was noted. 

 

Probability zero failure (g) for different paper grades calculated from trend line equation 

Table 28 

Different paper grades probability zero failure (g) 

MG PAPER FELEXOPAQUE 60 g/m ² 47.61 

LINER 60 g/m ² 68.31 

MF Single Wire paper 60 g/m ² 59.5 

MF Twin Wire paper 60 g/m ² 77.71 

Copy paper 80 g/m ² 23.75 

SACK PAPER 60 g/m ² 99.7 

SACK PAPER 70 g/m ² 122.19 

MEDICAL PAPER FOR GAS STERILIZATION 60 g/m ² 67.11 

MEDICAL PAPER FOR STEAM STERILIZATION 60 g/m ² 60.11 

 

 

Tensile strength(kN/m) STRAIN AT BREAK % TEA(J/m²) tearing resistanceMn Bursting strength( Kpa) 

MD CD GEO MEAN MD CD GEOMEAN MD CD GEOMEAN MD CD GEOMEAN

MG PAPER FELEXOPAQUE 60 g/m ² 5.18 3.03 3.961742 2.165 3.769 2.8565512 68.42 79.77 73.877354 452.24 488.53 470.0349 300.78

LINER 60 g/m ² 6.85 2.95 4.4952753 2.36 6.92 4.0411879 97.55 149.3 120.68229 515.02 527.77 521.35603 347.08

MF Single Wire paper 60 g/m ² 5.65 2.86 4.0198259 2.5 6.79 4.1200728 89.33 140.85 112.1701 615.08 652.36 633.44581 276.85

MF Twin Wire paper 60 g/m ² 6.12 3.51 4.6347815 2.55 7.13 4.263977 97.89 170.6 129.22861 584.67 419.86 495.45892 331.54

Copy paper 80 g/m ² 3.95 1.74 2.6216407 1.61 3.85 2.4896787 37.53 50.75 43.642267 436.54 488.53 461.80395 179.6

SACK PAPER 60 g/m ² 3.09 4.47 3.7164903 9.25 6.53 7.7719045 188.6 168.4 178.21403 883.88 849.54 866.53991 413.26

SACK PAPER 70 g/m ² 5.12 4.17 4.6206493 6.39 8.43 7.3394618 197.6 228.2 212.34952 908.4 1079.1 990.078 521.09

MEDICAL PAPER FOR GAS STERILIZATION 60 g/m ² 6.83 3.92 5.1743212 2.73 4.92 3.6649147 115.4 130.8 122.85894 452.24 527.77 488.54755 NIL

MEDICAL PAPER FOR STEAM STERILIZATION 60 g/m ² 6.3 3.87 4.937712 2.76 4.58 3.5553903 108.86 120.9 114.72216 492.46 531.7 511.704 NIL

copy paper MG 60 g/m ² MF twin MF single liner sack paper sack paper medical paper for medical paper for 

80 g/m ² wire 60 g/m ² wire60 g/m ² 60 g/m ² 60 g/m ² 70 g/m ² steam sterilization 60 g/m ² gas sterilization 60 g/m ²

wt(g) prob(%) wt(g) prob(%) wt(g) prob(%) wt(g) prob(%) wt(g) prob(%) wt(g) prob(%) wt(g) prob(%) wt(g) prob(%) wt(g) prob(%)

25 0 50 0 80 0 65 0 70 0 100 0 125 0 60 0 65 0

30 10 55 30 85 20 70 40 75 20 105 20 130 20 65 20 70 10

35 50 60 40 90 50 75 60 80 40 110 30 135 40 70 30 75 20

40 70 65 60 95 70 80 60 85 70 115 50 140 90 75 20 80 40

45 70 70 80 100 80 85 80 90 80 120 80 145 80 80 70 85 50

50 90 75 90 105 95 90 90 95 90 125 80 150 80 85 70 90 70

55 100 80 100 110 100 95 100 100 100 130 100 155 100 90 100 95 100
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Table 29 

Geometric mean for paper physical properties along with confidence interval 95% 

 

Note:  TEA in table (29) is not an index value 

Tensile index(kNm/kg)       confidence interval strain(%) confidence interval TEA(J/m2) confidence interval Burst index(kPam²/g) confidence interval Tear index(mNm²/g) confidence interval

Geometric Mean 95%  Geometric mean 95% Geometric Mean 95% Geometric Mean 95% Geometric Mean 95%

MG PAPER FELEXOPAQUE 60 g/m ² 66.11456269 1.95 2.85 0.149 73.87 5.847 5.01 0.25 8.032533847 0.298

LINER 60 g/m ² 75.07418331 2.32 4.04 0.218 120.68 9.96 5.78 0.236 8.45356138 0.299

MF Single Wire paper 60 g/m ² 67.04970171 2.31 4.12 0.223 112.17 7.633 4.61 0.179 10.55544883 0.325

MF Twin Wire paper 60 g/m ² 77.26810726 2.7 4.26 0.187 129.22 9.605 5.52 0.132 8.251218092 0.221

Copy paper 80 g/m ² 32.86228994 0.55 2.48 0.106 43.64 2.739 2.24 0.074 5.765847726 0.134

SACK PAPER 60 g/m ² 61.94008234 1.93 7.77 0.236 178.21 9.607 6.88 0.249 14.43708766 0.285

SACK PAPER 70 g/m ² 66.09622606 2.13 7.33 0.172 212.34 10.568 7.44 0.187 14.13745734 0.369

MEDICAL PAPER FOR GAS STERILIZATION 60 g/m ² 86.37221776 1.66 3.66 0.113 122.85 5.903 NIL NIL 8.135643798 0.114

MEDICAL PAPER FOR STEAM STERILIZATION 60 g/m ² 82.3658422 1.54 3.55 0.106 114.72 5.514 NIL NIL 8.523614257 0.305


