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Comparison of 60# white converter kraft to 60# white
Velumina® kraft for use in multi-wall paper bags

By

Brenda E. Eavey
1998

ABSTRACT

This study was designed to analyze the change from 60#
Gilman white converter kraft to 60# Georgia-Pacific white
Velumina® kraft on the outer ply of multi-wall paper bags.
Logisitical issues were driving the change but Good
Manufacturing Practices had to be observed as the bags were
being used for Food and Drug Administration registered
medicated animal feed products. The papers were tested for
physical strength and print quality. Results showed that
the 60# Georgia-Pacific white Velumina® kraft was equal to
the 60# Gilman white converter kraft in physical strength
and slightly better in print quality. Both papers met the
performance standards of the current application and either
paper could be used with confidence that bag performance
would not suffer.
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CHAPTER 1 INTRODUCTION

This study was designed to analyze the change from 60#

Gilman white converter kraft to 60# Georgia-Pacific white

Velumina® kraft on the outer paper ply of multi-wall paper

bags. The hypothesis was that 60# Georgia-Pacific white

Velumina® kraft was equal to or better than 60# Gilman

white converter kraft in physical performance, print
performance and logistical issues. The proposal to switch
from 60# Gilman white converter kraft to 60# Georgia-Pacific

white Velumina® kraft originated from the Bemis Company

Peoria bag plant and was submitted to the author, an Elanco
Packaging Engineer. The engineer was to assess if a change
in specification was needed and if the paper change would
affect the bags physical and print performance.

There were several reasons to make the change from 60#

Gilman white converter kraft to 60# Georgia-Pacific white

Velumina® kraft. Bemis had logistical problems with the

Gilman converter sheet. Elanco, being a Federal Drug
Administration (FDA)Good Manufacturing Practices (GMP's)
regulated industry, needed to ensure changes in package
materials would not affect the safety, identity, strength,
purity and quality (SISPQ) of the registered products (Code
of Federal Regulations Section 21 Part 211.122).

1.1 LOGISTIC ISSUES

Bemis Peoria had several logistical problems with the 60#

Gilman white converter kraft. Elanco was the only customer



they had that required the 60# white converter. Elanco had
two different size bags that required the converter kraft
and the different bag sizes meant Bemis Peoria had to order
two different roll sizes 43 %" wide and 45 %" wide. The
Elanco bags were for two different product lines thus the
different bag sizes. The paper volumes that Elanco required
for the two bags were very low at approximately 75,000
pounds per year. The 60# white converter supplier, Gilman
Paper Company, required Bemis to purchase a minimum of
180,000 pounds or well over a two year supply of the paper
Elanco had specified (Wagner,1998). Bemis Peoria was not
equipped to store paper for that long and would have had to
use the more expensive paper on bags that did not require it
to move the inventory to an acceptable level. Bemis would
have had to absorb the cost of putting better paper into
bags or would need to pass some of the "extra" costs onto
Elanco. Elanco only wanted to pay for better paper on their
two bags and did not want to be charged for the storage and
"extra" expenses. Bemis procurement also realized that the
only paper they were buying from Gilman Paper Company was
the 60# white converter kraft. Eliminating a supplier would
help simplify their procurement processes. Bemis is a non-
integrated bag manufacturer and because of this they have
formed several strong alliances with paper suppliers.

As Bemis looked to replace the converter kraft, they
turned to Georgia-Pacific. Georgia-Pacific was one of the

Bemis preferred paper suppliers and had a new paper,



Velumina®, that matched up well with the converter kraft in

terms of print quality and strength. Paper specifications
are in APPENDIX B. Georgia-Pacific was contacted and

arrangements made to evaluate the Velumina® as a

replacement for the Gilman converter kraft. Georgia-Pacific
did not require Bemis Peoria to order a minimum amount of

60# white Velumina® kraft and offered it at a competitive

price (Larson,1998). After successful test runs at Peoria,
Bemis procurement approved the change from 60# Gilman white

converter kraft to 60# Georgia-Pacific white Velumina®

kraft. This change took place at the start of 1998 along
with the approval of Elanco Package Engineering. Both Bemis

and Elanco Package Engineering agreed to continue to gather

data on the 60# Georgia-Pacific white Velumina® kraft

versus 60# Gilman white converter kraft.

1.2 GMP ISSUES

It is critical that the medicated animal feed made by
Elanco be properly used by the Elanco customers. Elanco is
responsible to insure that product, package and usage
instructions are correct and applicable. This is regulated
by the FDA through the GMP core values referred to
as SISPQ. By evaluating the paper change versus each of the
core GMP values, the areas of testing were identified.

TABLE 1 lists the core values and their definitions as

interpreted by Eli Lilly Quality Assurance (Lilly,1995).



TABLE 1 GMP CORE VALUES

Value Definition

Safety All products remain free of unexpected side
effects when taken by the patient

Identity Maintain product identity so that product
contains exactly what labeling says it
contains.

Strength Assure that product's strength is always as
gspecified, and that it contains the correct
dosage and potency.

Purity Preserving product purity by protecting it
from contamination.

Quality Assure that products meet the standards and
expectations of medical professionals and
regulatory agencies around the world and the
products perform as claimed.

Based on the GMP core value definitions and paper
change details, the core values of Safety, Strength and
Purity were deemed to be unaffected. The multi-wall bag
used in this study has a 2.5 MIL Linear Low Density
Polyethylene film inner liner. The polyethylene liner is
the contact surface with the product and provides the
package barrier against moisture, gas, Or grease. As Scott
stated, the paper plies of the bag provide the support and
structure for the bag, but no moisture, gas, Or gJgrease
barrier (1995). Thus, the change to the outer paper ply
will not affect the packages performance to keep the product
at the proper potency.

Identity is a very important GMP core value and the

paper change could affect the text on the bag. The bags in



this study require better print quality paper than just
regular white bleached kraft. Instructions for mixing the
medicated feed are printed on the bags making it important
that all of the FDA approved text be legible on the bag. A
comparison test needs to be completed to assure that the 60#

Georgia-Pacific white Velumina® sheet has acceptable print

quality. The 60# Gilman white converter sheet has not had
print quality issues so if the Velumina® sheet can be found

equal to the Gilman converter sheet, it can be granted
acceptable print quality. Since, the filled bags are not
sold in a retail environment the print quality issues focus
on legibility more than color brightness or dot gain.

The last core value, Quality, tends to cover the broad
category of package and product performance. The change in
outer ply could affect the bag's strength or ability to

withstand shipping stresses. Though the basis weight of the
converter and Velumina® are both 60#. testing should be
done to assure that the change will not weaken the bag.

In summary, the study to analyze the change from 60#
Gilman white converter kraft to 60# Georgia-Pacific white
Velumina® kraft will need to include tests that assure the
bag's print and physical performance will not suffer. For
business reasons, the logistical issues favored the 60#

Georgia-Pacific white Velumina® kraft or the change would

not have been proposed.



CHAPTER 2 LITERATURE REVIEW AND BACKGROUND

CHAPTER 2 will cover details on the companies, papers and
bags involved in this study. Please refer to APPENDIX B for
complete paper and bag specifications.

2.1 COMPANIES

For this study, the customer or user of the multi-wall
paper bags is Elanco Animal Health, a division of Eli Lilly
and Co. Elanco manufactures medicated animal feed products.
Though they manufacture and sell their products all over the
world, the filling operation at Clinton Laboratories in
Clinton, Indiana is the site that buys and fills the bags
that were using converter kraft outer plies on Pinch Bottom
Open Mouth (PBOM)bags. Elanco's customers receive the
medicated feed products and blend them into animal feed
rations for poultry, swine and cattle. FIGURE 1 shows the
flow of critical materials and products for the bags used in

this study.

Ink Suppliers Paper Suppliers
Sun Chemical Gilman (converter)
J.M. Fry Printing Inks Georgia-Pacific(vel.)

: I

Bag Manufacturer/Supplier
Bemis Co. Peoria Plant

Product Manufacturer and Bagging
Elanco Animal Health a Division of Eli Lilly and Co.
Clinton Laboratories, Clinton , IN

FIGURE 1 MATERIAL AND SUPPLIER FLOWCHART



2.2 PAPER

Several companies manufacture the converter quality
grade of paper (Larson,1998). A list of the companies and
their mill locations is in TABLE 2. For this study, Gilman
and Georgia-Pacific were the focus.

TABLE 2 CONVERTER GRADE MANUFACTURERS AND MILLS

Manufacturer Mill
Gilman St. Marys, GA
Georgia-Pacific Palatka, FL
International Paper Mobile, AL
Simpson Tacoma, WA
Longview Fiber Longview, WA

Converter kraft has been available for a long time and is
used in many bag and print operations as a step up from-
regular bleached white kraft. Gilman has been making this
soft calendered grade of paper since the mid-to-late 1980's

(Larson, 1998) . Both Georgia-Pacific and Gilman manufacture

various basis weights of the converter/Velumina® grade.
Velumina® was developed as an alternative sheet for clay

coated paper customers in 1996 (Arendsen, 1997) . Velumina®

provides the print guality that customers want, but is
cheaper than clay coated paper. Because Velumina® supplies
more strength to the bag (Walker, 1998) customers were able

to reduce the basis weight of their plies and save money

(Wells,1998) . Elanco is not changing from a clay coated

sheet so Velumina® does not offer the advantage of dropping

basis weight.



Both the Georgia-Pacific Velumina® and the Gilman

converter are kraft papers made using the kraft process.
The word kraft is from the German word for "strong"
(American Forest Paper Association,1998) and kraft papers
are meant to do work. According to Soroka, "The kraft
process, when used with long-fiber softwoods, yields the
strongest of the wood-based papers" (1995). Unfortunately,
bleaching the natural kraft to get white kraft paper does
weaken some of the fibers (Kline,1991). Regular natural
kraft or bleached white kraft does not have a nice smooth
surface to hold the ink up and will tend to absorb the ink

into its surface causing the printing to lose its crisp

appearance. Converter kraft and Velumina® kraft are spec-

ially processed to give them a better surface for printing.
Also, converter kraft has many industry interpretations.
Although each supplier's converter kraft may be slightly
different, it was agreed that converter kraft does mean a
soft calendered kraft (Hodges,1998). For reference, FIGURE
2 shows the paper making process and the calender section is

identified. The Velumina® kraft is processed with a soft-

nip calender and a special calender steam shower (Arendsen,
1997) . Scott describes the soft calender as the part of the
press section whose role is to decrease the water in the
sheet, and decrease the surface roughness (1995) . Soroka
added that heat, pressure and time are controlled conditions

that affect the paper during calendering (1995).
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FIGURE 2 PAPERMAKING PROCESS
To improve the paper's surface, a soft calender is rolled
over a steel calender and in the process pulls up the
valleys in the paper surface and pushes down the peaks
without causing too much water pressure to build up and
disrupt the web structure (Scott,1995), (Cutrer,1998). Due to
proprietary information, the Gilman and Georgia-Pacific
calendering processes can not be compared head to head. It
can be assured that the calendering step is vital to
creating the higher print quality bleached white kraft
sheet.

Velumina® kraft does have a raw material difference

from the converter kraft in that it has twenty-two percent
hardwood added to the sheet instead of all softwood
(Arendsen 1997, Cutrer,1998). Kline warns that the increase
in hardwood makes the paper smoother but could have weakened
the paper strength (1991). Both papers are made from virgin
fibers and are FDA approved (Larson,1998). The paper

specification sheets, in APPENDIX B, do not list what sizing



agents or filler pigments are used in the calendering for

converter or Velumina®. The paper suppliers would not

reveal this proprietary information, but the Gilman

converter kraft does not feel or appear to be coated like

the Georgia-Pacific Velumina® kraft (Wells,1998) . Since the

outer ply does not touch the product or affect the product
purity, defining the sizing and coating ingredients will not
be necessary.

Exploring the print quality of the two papers, leads to
trying to define print quality. For regulated products the
text print quality is very important versus in retail the
lot to lot printing of logos and pictures must be
consistant. Print quality will focus on text legibility for
this study as the end products are not sold in the retail
environment and graphic requirements are minimal. 1In
general, if the paper surface is rough, the print will tend
to be grainy (Eldred,1993). Also, from Eldred, if the
surface is absorbent, ink will tend to soak into the sheets
or feather, again causing dot gain and ragged edges(1993).
So by testing for how the papers react to moisture, it will
show the tendency for the paper to have higher or lower ink
holdout. Higher ink holdout is preferred because it gives
stronger colors, crisper text (Eldred,1993) and uses less
ink. Using less ink increases the ink mileage, area covered

by a given volume of ink, and saves the printer money.



2.3 BAGS

The Pinch Bottom Open Mouth (PBOM) multi-wall bags used
in this study have three 60# paper plies and an inner ply of
2.5 MIL Linear Low Density Polyethylene (LLDPE). FIGURE 3
shows the basic material characteristics of the PBOM style.
PBOM bags are used because they offer several advantages to
the sewn or valve style of bag. See TABLE 3 below

(Bancroft,1992).

TABLE 3 ADVANTAGES OF PBOM BAGS
Advantages of PBOM Bags
Provides sift proof closure
Can employ a variety of barrier plies
3. Can be packed on automatic equipment

[N

Pinch Bottom Open Mouth

Short Side

Face

Gusset

Bag Length

Short Side

Long Side

Stepping Pattern
Pre-applied Adhesive
Tube -tength

BN S i

Bag Length
6 a3

L

- FIGURE 3 PBOM BAG



PBOM bags are generally used to package more expensive or
sensitive products than sewn bags (Bancroft,1992). The
majority of Elanco bags are PBOM with a regular bleached
white kraft outer ply but the bags for this study specify
white converter kraft because they need a better print
quality paper. They have more colors, more ink coverage and
smaller print than the normal Elanco bags. In the GMP
section of CHAPTER 1, the significance of the inner ply and
paper plies was covered. With specifications, the materials
and size of a bag can be compared. The only issue
specifications do not cover in detail is the performance
criteria for the bag. Each customer will have different
shipping conditions, different products and different
expectations of what is acceptable quality bags.

In the twenty years that Elanco has used pinch style
bags, the distribution and handling of the bags has been
documented and criteria for bag performance has been
developed. Bags going from the filling operations at
Clinton have been shipped via truck, rail, sea and even air
to distribution points all over the world. The pallets will
be broken down at least once as bags pass through the
distribution system. The end customer will have handled the
bags prior to opening and mixing them with feed. The
expectation has developed that the bags must withstand
several movements and drops during their life span prior to
being portioned into a mixer by a customer. The bags should

not be leaking product from any seal or rip and the bags

12



should be able to protect the product from normal warehouse
conditions. Drop testing the bag with four drops on either
face from 48" has been the accepted criteria for drop
testing. This is written into the bag specifications. Bag
specifications are in APPENDIX B. Filled pallets of bagged
product are about 48" high and 48" would be the maximum drop
height for someone carrying the bag. Thus it was concluded

that the four drops from 48" test was acceptable.



CHAPTER 3 METHODOLOGY

The focus of the testing was to check the suitability

of the 60# Georgia-Pacific white Velumina® kraft to replace

the 60# Gilman white converter kraft in physical strength
and printing quality. TABLE 4 is a quick summary of the
tests run for this study and the test methods.

TABLE 4 TESTS AND TEST METHODS

Characteristic Test Test Method
Physical Tensile CD TAPPI T 494
Tensile MD TAPPI T 494
Elmendorf Tear TAPPI T 414
Drop Test ASTM D 959
Printing Moisture Analysis

Water Absorptivity TAPPI T 441
Text Comparison

3.1 PHYSICAL TESTING

The physical testing of the 60# Gilman white converter

kraft and the 60# Georgia-Pacific white Velumina® kraft

took place at the Bemis Paper and Packaging Testing
Laboratory in Omaha, Nebraska. Bemis lab personnel ran the
tests with the author, an Elanco Packaging Engineer present.
Bemis was chosen to run the tests over the Lilly/Elanco
Packaging Laboratory because of the availability of
equipment designed for testing bags and because of their
experience in testing bags and paper. Elanco's lab does not
often run Technical Association of the Pulp & Paper Industry
(TAPPI) paper tests and it was thought that there would be

greater chance for variability due to operator unfamiliarity

with procedures.



After discussions among the Bemis lab personnel and the
author, it was decided that three tests would be run to
compare the physical performance of the papers: tensile,
tear, and drop. The strength of each paper sheet would be
tested with the tensile and tear. The sheet's performance
in the bag would be tested by the drop test. Tensile
testing shows the sheet's ability to absorb energy and
indicates the durability of the sheet. As plies in the bag,
the sheets are subject to repeated straining and stressing
(TAPPI T494 Sec. 3.3). Smook states, "The Elmendorf tear
test is recognized as a good measure of fiber strength
within the sheet" (1992). The drop test is the accepted
customer test of package performance. The customer criteria
for the drop test was discussed in CHAPTER 2 in the 2.3 BAG
section. The drop test is a good measure of how the change
in outer ply affects the whole bag's ability to perform.
Here are the specifics on each of the physical tests:

3.1.1 TENSILE TEST

Date: 5/7/98

Tester: David Sanzobrin - Bemis Quality Systems Manager

Test Method: TAPPI T494 Tensile breaking properties of paper
and paperboard (using constant rate of
elongation apparatus) Method in APPENDIX C.

Samples: 60# Gilman white converter kraft, 60# Georgia-

Pacific white Velumina® kraft from Bemis, Peoria paper

supply

15



Sample size: Approx. 7 samples/paper/direction, 1” wide

Conditioning: The paper samples were not specially
conditioned as the testing was for comparison. The
Bemis lab is kept at a constant 50% humidity and 73
degrees F. The paper samples were in the lab for over
48 hours under similar conditions.

Testing Apparatus: INSTRON Model 1011

Tests: Tensile Machine Direction and Cross Direction

3.1.2 TEAR TEST

Date: 5/7/98

Tester: David Sanzobrin - Bemis Quality Systems Manager

Test Method: TAPPI Internal tearing resistance of paper
(Elmendorf-type method) Method in APPENDIX C.

Samples: 60# Gilman white converter kraft, 60# Georgia-

Pacific white Velumina® from Bemis, Peoria paper

supply

Sample size: 5 samples/paper/direction, 2 % IN X 3 IN

Conditioning: The paper samples were not specially
conditioned as the testing was for comparison. The
Bemis lab is kept at a constant 50% humidity and 73
degrees F. The paper samples were in the lab for over
48 hours under similar conditions.

Testing Apparatus: TMI- Model 83-11-00 Tearing Tester

Tests: Internal Tear- Machine Direction and Cross Direction



3.1.3 DROP TEST

Date(s): 5/7/98-5/8/98

Tester: Brad Walker Bemis Packaging Engineer

Test Method: The American Society for Testing & Materials

ASTM D 959 Drop Test for Filled Bags. Method in APPENDIX C.

Bags: Six PBOM bags manufactured by Bemis Peoria plant
BAGS 1,2,3

Samples pulled from approved production lots at Clinton
Laboratories and were manufactured by Bemis Peoria in
March of 1998.

(4-ply inside to outside)

1 2.5 MIL Linear Low Density Polyethylene

2 60# Natural Kraft

1 60# White Velumina® kraft with anti-skid coating
Dimensions: 16 IN X 6 ¥ IN X 32 IN

Capacity: 25 KG

BAGS 4,5

Samples pulled from approved production lots at Clinton
Laboratories and were manufactured by Bemis Peoria in
1997. Only two of the older run bags, sized like Bags
1-3, were available in May 1998 for testing as the
Clinton inventory of those lots had been exhausted.

(4-ply inside to outside)

1 2.5 MIL Linear Low Density Polyethylene

2 60# Natural Kraft

1 60# White Converter kraft with anti-skid coating
Dimensions: 16 IN X 6 ¥ IN X 32 IN

Capacity: 25 KG

BAG 6
Sample from a different Elanco product line than Bags

1-5 but of same materials. Bag 6 was slightly smaller
in the gussett and shorter in length than Bags 1-5.

To assure that Bag 6 was filled to the same level with
the same amount of freeboard as Bags 1-5, the bag
volumes of Bag 1 and Bag 6 were calculated and Bag 6
needed to be filled at 81.97% of Bag 1 or instead of



25,000 grams, Bag 6 needed 20,493 grams. Bag 6 was
filled with the 20,493 grams and tested the same as
Bags 1-5.

(4-ply inside to outside)

1 2.5 MIL Linear Low Density Polyethylene
2 60# Natural Kraft

1_60# White Converter kraft with anti-skid coating
Dlmenslons: 16 IN X 5 ¥ IN X 31 IN
Capacity: 25 KG
Testing Fill Material: 2-L-Lysine Monohydrochloride 98.5%
Feed Grade, density 38lb./cubic ft. Elanco animal feed
products were not used due to regulatory and safety
precautions but the density of 38lb./cubic ft. and
granulation of the Lysine are very similar to the
Elanco products.
Sealing: All bags were filled and sealed at the Bemis lab on
the Bemis Aero-Sealer Model 4601 at a sealing
temperature of 503 degrees F.
Conditioning: The empty bags were not specially
conditioned as the testing was for comparison. The
Bemis lab is kept at a constant 50% humidity and 73
degrees F. The paper samples were in the lab for over
48 hours under similar conditions.

Testing Apparatus: Gaynes Engineering, Inc. drop tester

Number and Height of Drops: Each bag was dropped four times
on either face from a height of 48".

Criteria for Drop Test: Filled bags must withstand the drops
and not show visible leaking of product or failure of
top or bottom seals. Scuffing or cracking of outer

ply is acceptable as long as inner plies continue to



contain and protect the product. The drop test and
critera is standard for all Elanco multi-wall bags and
is written into the bag specifications.

3.2 PRINT QUALITY TESTING

The print quality testing of the two papers was
completed at two different locations. The moisture analysis
and water absorptivity tests were performed at J.M. Fry
Printing Inks and the text comparison texts were completed
at Eli Lilly and Co. Printed Packaging Materials department.
The moisture tests were designed to show the ink hold out
and mileage of the two papers. Since the reason for using
converter kraft was improved print quality, it needed to be

proven that the Velumina® would not have a lesser print

quality. There is no standard test for testing print
quality. With the variety of end users and materials,
different levels of print quality are acceptable. For the
pre-printed bags in this study the critical need was that
all the print be legible without missing letters or fill
ins. The text comparator allows a more quantitative check
for this type of printing quality. If the study bags were
going to the retail market, more extensive tests on color
and brightness would have been justified. Here are the

details on each of the print quality tests:



3.2.1 MOISTURE ANALYZER TEST

Date: 5/26/98

Tester: Frank Mayfield - J.M.Fry Research Associate

Test Method: Heated each sample at 109 deg.C for 20 minutes
Samples: 60# Gilman white converter kraft, 60# Georgia-

Pacific white Velumina® kraft from Bemis, Peoria

paper supply, same rolls as were sampled for the
physical strength tests.

Sample Size: 2 samples/paper, 1" X 1"

Conditioning: The paper samples were not specially
conditioned. Both sample rolls from Bemis had been in
the J.M.Fry lab conditions for over 48 hours. It could
be assumed that the rolls were equally conditioned- to
the lab environment. The lab is not temperature or
moisture controlled.

Testing Apparatus: Metler Toledo H653 Halogen Moisture

Analyzer
Test: Moisture Analysis

3.2.2 COBB WATER ABSORPTIVENESS TEST

Date: 5/26/98-5/27/98

Tester: Frank Mayfield - J.M.Fry Research Associate

Test Method: TAPPI T 441 Water absorptiveness of sized
(non-bibulous) paper and paperboard (Cobb Test).
Method in APPENDIX C.

Samples: 60# Gilman white converter kraft, 60# Georgia-

Pacific white Velumina® kraft from Bemis, Peoria
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paper supply. same rolls as were sampled for the

physical strength tests.

Sample Size: Four sets (side in, side out) of 5¥" X 5u"
samples/paper

Conditioning: The paper samples were not specially
conditioned. Both sample rolls from Bemis had been in
the J.M.Fry lab conditions for over 48 hours. It could
be assumed that the rolls were equally conditioned to
the lab environment. The lab is not temperature or
moisture controlled.

Testing Apparatus: Teledyne Gurley Cobb Sizing Tester

Tests: Side In, Side Out Water Absorptivity

Timing: Samples were exposed for 60 seconds.

3.2.3 TEXT COMPARATOR

Date: 5/30/98

Tester: Jeff Camp Eli Lilly and Co. Printed Materials
Packaging Printing Coordinator

Test Method: Comparator overlays magnified proof copy over
original and graphically highlights differences.

Samples: Were taken from full size tear sheets of 60# Gilman

white converter kraft and 60# Georgia-Pacific white

Velumina® kraft pre-printed with seven color text of

actual bag. Both sheets were printed on the same day

at Bemis, Peoria plant as an actual Elanco print run

was occurring.

Sample Size: Six samples/sheet/paper
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Conditioning: Both tear sheets had been shipped and stored
in the same shipping tube. No special conditioning of
the samples took place prior to the test.

Testing Apparatus: Global Vision Text Verification System

Tests: Comparison to identify if print quality is equal.

22



CHAPTER 4 DATA AND RESULTS

For this study, several tests were run to confirm
physical performance and print quality. Physical
performance of the Gilman converter and Georgia-Pacific

Velumina® was checked with tensile, tear and drop tests.

Ink absorption, a feature related to print quality
(Eldred, 1993), was tested using moisture analysis and the
Cobb Absorptivity tests. The final print check was done
using a text comparator to confirm actual print on the
Gilman converter sheet versus print on the Georgia-Pacific

Velumina® sheet. Complete sets of the test data are

located in APPENDIX A.

4.1 TENSILE STRENGTH COMPARISON

TABLE 5 TENSILE CROSS DIRECTION

PAPER 60# white | MEAN LOAD (1bf) MEAN DISPLACEMENT (in)

Converter Kraft 19.721 0.203
Velumina® Kraft 18.532 0.259

In TABLE 5 the Georgia-Pacific Velumina® kraft sample

stretched more before breaking than the Gilman converter

kraft sample but the Georgia-Pacific Velumina® kraft sample

broke at a lower load.



TABLE 6 TENSILE MACHINE DIRECTION

PAPER 60# white MEAN LOAD (1bf) MEAN DISPLACEMENT (in)
Converter Kraft 45.069 0.113
Velumina® Kraft 35.661 0.117

TABLE 6 showed a different result than TABLE 5 in that both
papers stretched to about the same distance before breaking
but again the Georgia-Pacific Velumina® broke at a lower
load.

FIGURE 4 is a summary of the test charts for each paper and
direction. It is expected that the machine direction be
stronger but less flexible than the cross direction as the

data show.
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FIGURE 4 TENSILE TEST COMPARISON

24



4.2 TEAR STRENGTH COMPARISON

TABLE 7 TEAR TEST RESULTS

PAPER 60# white | Mean Machine Mean Cross Direction
Direction (grams) (grams)
w/Std. Deviation w/Std. Deviation
Converter Kraft 100.3 13 124.6 10
Velumina® Kraft 131.2 21.9 122.1 15.9

In the machine direction, the Velumina® required more
force to tear than the converter. The deviation for the

Velumina® was high at 21.9 but Walker assured that for

paper 10-20% deviation was normal (1998). The two plies
were basically equal in the cross direction. The machine
direction provides some structural support but it is
critical when the sheet is printed and formed into bags as
the sheet is pulled in the machine direction. The cross
directional strength is important to allow the bag to handle
forces when it is dropped.

4.3 DROP TEST

TABLE 8 DROP TEST RESULTS

Bag 48" Drops Pass/Fail Comments
Bag 1-V 4 Pass
Bag 2-V 4 Pass
Bag 3-V 4 Pass
Bag 4-C 4 Pass
Bag 5-C 4 Pass . .
Bag 6-C 4 Pass Adjusted fill

The drop test is a good physical simulator for the bags
real environment. The detailed paper sheet to paper sheet

comparison is helpful in identifying potential strength
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differences but the true test is if in the application, as
outer ply in a multi-wall paper bag, the bag's performance

is acceptable or not. Since all the bags passed the drop
test, it can be assured that the Velumina® physically

performs as well as the Gilman converter for this

application.

4.4 MOISTURE ANALYSIS

TABLE 9 PERCENT MOISTURE

Paper Test No. 1 Test No. 2
Converter Kraft 8.91 8.77
Velumina® Kraft 7.77 6.21

The moisture analyzer showed that the Velumina® in an

uncontrolled environment absorbs less of the moisture in the
air. This sheet characteristic can be related to how the

sheet would react to ink. It would be expected that the

Velumina® would have better ink holdout since less ink

would be absorbed into the sheet.

4.5 COBB ABSORPTIVITY TEST

TABLE 10 ABSORPTIVITY (g/m2)- COBB TEST

Avg. Avg. Max. Min.

Side Side Value Value

out In Side In Side In
Gilman Converter 23.08 22.25 24 .60 20.00
Georgia-Pacific 23.98 21.23 22.50 20.70

Velumina

Though both the side in (wire side) and side out (felt
side) were tested, the side in data were focused on as it is

the printing side of the paper sheets.
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FIGURE S5 shows that there is no significant difference
between the two paper's side in absorptivity at a 95%
confidence level. Like with the moisture analysis, the

lower the absorptivity the better a paper will print.
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FIGURE 5 ABSORPTIVENESS CHART

4.6 TEXT COMPARISON

FIGURES 6, 7 and 8 are pictures taken with the text
verification system. The picture on the top is from the

Gilman converter sheet and the picture on the bottom is from
the Georgia-Pacific Velumina® sheet. Differences in the
print are visible. The Velumina® has better print quality

than the Gilman converter as shown by the cleaner lines
between letters (Example:FIGURE 7 pe and og) Both the
Velumina® and the Gilman converter print quality is

acceptable as there are no fill ins or blurring of words.



60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE 6 TEXT COMPARISON EXAMPLE 1
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60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE 7 TEXT COMPARISON EXAMPLE 2
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60# Gilman white converter kraft

narasir

60# Georgia-Pacific white Velumina® kraft

FIGURE 8 TEXT COMPARISON EXAMPLE 3
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4.7 DISCUSSION

If the test results could be simplified to greater than
(+), less than( ) or equal(=) and all tests were given the
same value, TABLE 11 would be the result.

TABLE 11 SUMMARY OF TEST RESULTS

Converter velumina® Test
Kraft Kraft

+ - Tensile Cross Direction

+ - Tensile Machine Direction
Tear Machine Direction
Tear Cross Direction

Drop Test

Moisture Analysis

Cobb Absorptivity

Text Comparison

n +

+ 1+

Based on the customer criteria, the drop test and the text
comparison test should be weighed more heavily when setting

conclusions. The study hypothesis was that the 60# white

Velumina® kraft was equal to or greater than the 60# white

converter in logistics, physical performance and print
quality. The tests did not have to show that one paper was
better than the other just that the Velumina® kraft when
compared to the converter kraft would be an equal or better

performing sheet.
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CHAPTER 5 CONCLUSIONS

Results showed that the 60# white Georgia-Pacific
Velumina® kraft was equal to the 60# white Gilman converter
kraft in physical strength and slightly better in print
quality. Both papers were acceptable for use as an outer
ply on multi-wall paper bags. Along with the logisitics of
the bag supplier and paper manufacturers, the data supported

the switch from converter to Velumina® kraft and met the

study hypothesis. Velumina® kraft will be recommended as
the paper of choice because of its better print quality.
Since more than one bag manufacturer may be making the
bags used in this study. it was decided that the bag
specifications of the outer ply would not be changed to read
Velumina®. The converter kraft performed acceptably and if
another bag supplier wanted to use converter kraft that
would meet the customer criteria. Bemis and Elanco have
chosen to view the Georgia-Pacific Velumina® as a brand
specific converter kraft. Thus, Elanco will not have to
register this paper change with the FDA and Bemis has
eliminated a costly inventory and paper supplier
relationship. Elanco has allowed for future flexibility
with bag suppliers by not specifying the Velumina® sheet as
the only acceptable sheet. Elanco package engineering will

continue to work with the bag suppliers to ensure that any

future paper supplier or grade changes will not affect the

bag's performance.



CHAPTER 6 OBSERVATIONS AND RECOMMENDATIONS

Choosing the appropriate materials for any package
involves meeting requirements from the product, shipping
environment, registered materials and text, and
manufacturing limits as well as material supply issues. The
package buyer/filler and package supplier must work together
to find the best combination for themselves as well as the
end user. It would be interesting to see if a retail
package requiring high print quality, like pet food, would

find the Velumina® kraft an acceptable replacement. Future

tests could compare clay coated paper versus the Velumina®

kraft and converter kraft.

Time, material and cost constraints prevented testing
for dot gain or ink holdout on a "live" press run. With the
papers so similar, the amount of impressions that would have
to be run to overcome the press variability were cost

prohibitive. If further substitution of Velumina® is being

explored, more detailed print testing should be done. A
process color picture could be printed on each paper and
evaluated. Dot gain could be measured with halftone screens
and different print types could be compared. Measurable

resolution targets should also be included.



APPENDIX A



tensile

Test type: Tensile Instron Corporation
Operator name’ Operator Senes [X Automated Matenals Testing System 7 49.00
Sample Idenuficanon: ELI Test Date:  Thursday. May 07. 1998
Interface Type: 1011
Sample Rate (pts secs):  10.0000 Humidity ( % ): 50
Crosshead Speed: 1.0000 ivmin Temperawre: OF
20d Crosshead Speed:  0.0000 ivmin
Fuil Scale Load Range:  100.000 lhf

TABLE A-1 TENSILE CONVERTER MACHINE DIRECTION

Load Maximum
@ Pre-set  Drsplement
Point 1
(Tbf) (in)

: 1 42.850 0.108
! 2 16.900 0.122!
3 i 43128 0.102
| 4 ! 47 000 0.118
: 5 | 47950 0.118
‘ 6 ‘, 31.600 0.117
b ! 41.200 0.095
2 : 19918 0.127
NMean : 15069 0.113
. s.D. : 3266 0011
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tensile

Test type: Tensile Instron Corporation
Operator name. Operator Senes [X Automated Matenals Testing System 7 49.00
Sample Idenutication: ELL2 Test Date:  Thursday, May 07, 1998
Intertace Type: 1011
Sample Rate (pty/secs): 10 0000 Humudity (% ): 50
Crosshead Speed: 1.0000 uwmin Temperawre: O F
2nd Crosshead Speed. 0 0000 uvmin

Full Scale Load Range: 100 000 Ibt

TABLE A-2 TENSILE CONVERTER CROSS DIRECTION

Load Maxamum
@ Pre-set  Dispicment
Pownt |
(b (in)
1 20 250 0.210
p4 18.825 0.184
3 18 750 0176
) 20.150 0.225
5 20125 0.219
6 20228 0202
Mean 19721 0203
S.D. 0725 0020

36



Sample ID: ELI1 :I
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FIGURE A-1 TENSILE GRAPH CONVERTER MACHINE DIRECTION

Sample ID: ELI2 J
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FIGURE A-2 TENSILE GRAPH CONVERTER CROSS DIRECTION
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tensile

Test type: Tensile Instron Corporation

Operator name- Operator Senes [X Automated Materials Testing System 7 49 00
Sample Idennticaton: ELI3 Test Date:  Thursday, May 07, 1998

Interface Type: 1011

Sample Rate (pt/secs)  10.0000 Humidiry ( %o ): 50

Crosshead Speed: 1.0000 vmin Temperature: 0 F
2nd Crosshead Specd:  0.0000 v mn
Full Scale Load Range:  100.000 bt

TABLE A-3 TENSILE VELUMINA® MACHINE DIRECTION

Load Maxamum
@ Pre-set  Displcment
Point |
(Tof) (in)

1 36.950 0125
2 33425 011s
3 38125 0.118
4 35.825 0.117
5 34 800 0115
6 35.700 0120
7 34 800 0112
Mean 35.661 0117
S.D 1.541 0.004]
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tensile

Test type: Tenstle Instron Corporation
Operator name: Operator Senes [X Automated Matenals Testing System 74900
Sample Idenuficanon: ELl4 Test Date:  Thursday, May 07, 1998
Intertace Type: 1011
Sample Rate (pts secs):  10.0000 Humidiry ( % ): 50
Crosshead Speed: 1.0000 n‘min Temperamre 0 F
2nd Crosshead Speed:  0.0000 in/min 73
Full Scale Load Range:  100.000 Ibt

TABLE A-4 TENSILE VELUMINA® CROSS DIRECTION

Load Maximum
@ Pre-set  Displement
Point 1
(Ibf) ()

" 1 17 475 0.217
X 2 20.028 0.302]
! 3 16 925 0.213
4 18.950 0.294
5 19425 0304
6 19 600 0.267
7 17.328 0.219
Mean 18.532 0 259
S.D 1258 0042
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Load Ibf

Load Ibf

' Sample ID: EL|I3 j
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FIGURE A-3 TENSILE VELUMINA® MACHINE DIRECTION

Sample ID: ELI4 l

010 015 020
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FIGURE A-4 TENSILE VELUMINA® CROSS DIRECTION

40



TABLE A-5 COBB TEST GILMAN SIDE IN

GILMAN INITIAL  FINAL CHANGE  H20 Gain

S.T. gms gms gms gms/m2
#1 1.954 2.200 0.246 24.6
#2 1.970 2.193 0.223 223
#3 1.930 2.130 0.200 20.0
=4 1.992 2.213 0.221 22.1

TABLE A-6 COBB TEST VELUMINA® SIDE IN

VELUMINA® INITIAL FINAL CHANGE H20 Gain

S.TI. gms gms gms gms/m2
=1 1.920 2.130 0.21. 21.0
2 1.898 20123 0.225 225
23 1.936 20143 0.207 20.7
=4 1.940 2.147 0.207 20.7

TABLE A-7 COBB TEST GILMAN SIDE OUT

GILMAN INITIAL FINAL CHANGE  H20 Gain

S.0. gms gms gms gms/m2
#] 1.958 2.210 0.252 252
#2 1.966 2.194 0.228 22.8
=3 1.976 2.191 0.221 221
=4 1.982 2.204 0.222 222

TABLE A-8 COBB TEST VELUMINA® SIDE OUT

VELUMINA® INITIAL FINA CHANG H20 Gain

S.0O. gms L E gms/m2
gms gms
#1 1.951 2.209 0.258 25.8
#2 1.914 2.154 0.240 24.0
#3 1.910 2.142 0.232 23.2
#4 1.966 2.195 0.229 22.9
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60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE A-5 TEXT COMPARISON EXAMPLE 1
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60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE A-6 TEXT COMPARISON EXAMPLE 2
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60# Gilm;n‘WhiEe ébh&erﬁer kraft

narasir

60# Georgia-Pacific white Velumina® kraft

FIGURE A-7 TEXT COMPARISON EXAMPLE 3
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60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE A-8 TEXT COMPARISON EXAMPLE 4

45



60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE A-9 TEXT COMPARISON EXAMPLE 5
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remix

60# Gilman white converter kraft

60# Georgia-Pacific white Velumina® kraft

FIGURE A-10 TEXT COMPARISON EXAMPLE 6
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GeorgiaPacific &

Palatka, FL Muli
Raw Material Specification
Customer: BEMIS COMPANY 60# VELUMINA WHITE
Physical Properties Test Method
Basis Weight : 60.0# Target 57.0# min, 63.0 max 24 x36-5C0 AccuRay Cond. Bs Wt

Maisture, %

Air Resistance :
( Guriey)

Tensile, Ory :

internal Tear :
(Elmendart]

Caliper ( mils ) :

GE Brightness, %
Hunter *b* Value
HST, 85% Refl., 1% FA Ink

Sheffieid Smaothness:

5.7 % Target. 6.7 % max., 4.7 % min. AccuRay 11€0

<1S seconds/ 100 cc Target Guriey Oensometer

TAPPI T4EO om-BE

18.01Ib/in CO Tensiie Target, 15.51b/in min.
32.0Ib/in MO Tensile Targer, 28.0ib/in min.

CHE Tester {Model EJA)
TAPPI T494 om-88 *

142 grams MO Tear Target. 86 grams min. Thwing Albert Oigitear
TAPPI T404 om-87.
5.1 Target L & W Micrometer
. TAPPI T411 0s-76

80.0 % Target, 78.0% minimum
1.80 Target, 3.50 maximum and 0.80 minimum

200 sec Target, SO sec min.
250 su Target, 300 su max. - Wire Side

Use MacBeth Color Eye
Use MacBeth Color Eye

Use Hercules Size Tester
Use Hagerty Tester

Slide Angle 24° Target, 17° min. ST-1 Slide Angle Tester
Other: * Rate of Jaw Separation is 4.0 inches/min.
Non Physical Properties

Roall Width : As ordered, +1/8°, -1/16°

Cores : Spiral wound. 3° 10, .575" wall thickness

Wrinkles : Free of wrinkies.

Cirt: Free of foreign particies.

Rali Wind : Paper wili be wound wire side out.

Splicing : Overtapping with 3/4" pressure sensitive tape. Maximum of 3 per roll.

Packaging : Ralis will be completely wrapped in heavy water resistant wrappers and with ends
protected adequateiy to prevent damage. Both ends will be strapped with steel
bands. -

Marking : Each rall shall be identified by a printed raii label piaced on the round of the wrapped
roll. Basis Weight, Roll Width, Grade, Roll Weight, Linear Footage, GP Order
Number and GP Roll Number shall appear on this iabel. GP Roll Number wiil also
be marked near the core on the flat of each roll. Orders run directly for Bemis will
also bear their Order Number and Plant location.

/Bemls Compan GEORGIA PACIFIC CORP.

APPROVALS : :ai_ 5 AL M ),

W C.J. HW& Paper Machines
W t r - WSupt. Cus&émer Servi /
7SE. Ja 3 (‘)btu'(iz%:’l{ﬁlro(
LnA Ll
T.L/Gould /Manager Kratt Sales
Date : °2// v T2
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PACKAGING MATERIAL SPECIFICATIONS

ELANCO ANIMAL HEALTH

A DIVISION OF EU LILLY AND COMPANY
INDIANAPOLIS, INDIANA 46285

[TEM: BAG BG 2581
USE: NARASIN - 25 KG

REVISION:
STYLE:
SIZE:

TOLERANCES:

MATERIAL:

CONSTRUCTION:

PAGE 1 OF 3

DATE: 03/20/396
APPROVED: BEE

DOUBLE PINCH BOTTOM OPEN MOUTH PAPER BAG (DPBOM)

16 (16.000) IN X 5 1/2 (5.500) IN X 31 (31.000) IN
TUBE LENGTH: 33 (33.000) IN

FACE WIDTH +/- 1/B(0.125) IN, GUSSET +/- 1/8
(0.12S) IN, TUBE PERIMETER +/- 1/4 (0.250) IN,
LENGTH +/- 1/4(0.250) IN

(4-PLY INSIDE TO OUTSIDE)
1 2.5 MIL UNEAR LOW DENSITY POLYETHYLENE
2/60# NATURAL KRAFT
1/60# WHITE CONVERTER KRAFT,
WITH ANTESKID COATING ON OUTER PLY.

THIS BAG IS FILLED AND SEALED ON CLINTON LINE IN C47.

ALL PUES TO BE NESTED AND THE ENDS STEPPED FOR PROPER
EQUALIZATION OF LOAD-CARRYING CAPACITY AND SEALING.

USE STANDARD SUPER PINCH HEAT SEAL STEP SEAM WITH

3/4 (0.750) IN MINIMUM OVERLAP AND INNER MOST PLY

TO HAVE P.E. TO P.E. FOLD OVER SEAM WITH LOW TEMPERATURE
EVA (FULLER 1535) EXTRUDED SEAM.

OTHER PUES TO HAVE FLAT SEAMS WITH 3/4 (0.750) IN
MINIMUM OVERLAP. ADHESIVE LINE ON QOUTSIDE PLY NOT

TO EXCEED 1/4 (0.250) IN FROM EDGE OF PAPER. USE

LOW TEMPERATURE EVA (FULLER 1535) ON #ONE PLY AND ON
OUTSIDE UNEAL SEAM USE A-3 AND MOISTURE PROOF GLUE

crecxep gy Hhduls X ‘t/de}ulﬁ (3204

JAPPROVED BY C30-Y.

NOTE:NOCHANGESTOBEMADEWTH-OOUTPRJORAPPROV.ALN PACKAGE ENGINEERING
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PACKAGING MATERIAL SPECIFICATIONS

ELANCO ANIMAL HEALTH

A DIVISION DF EL! LILLY AND COMPANY
INDIANAPOLIS, INDIANA 46285

PAGE 2 OF 3
ITEM: BAG BG 2581 DATE: 03/20/96
USE: NARASIN - 25KG APPROVED: BEE

CONSTRUCTION: THE POLYETHYLENE # ONE PLY IS TO HAVE A P.E. TO P.E. FOLD
OVER SEAM. #ONE PLY WILL BE CONTINUCUS LINE LAMINATION TO
THE ADJACENT KRAFT USING EMULSIONS AND RESIN ADHESIVE.
OUTER PLY IS TO HAVE ONE LINE OF STARCH ADHESIVE AND ONE UNE
OF POLYETHYLENE HOT MELT ADHESIVE, MOISTURE RESISTANT '~
WATER-BASED ADHESIVE TO BE USED ON ALL OTHER PAPER PLIES.
NATIONAL 6602 OR AB POLYETHYLENE
HOT MELT ADHESIVE TO BE USED ON BOTTOM CLOSED END AND
TOP PREAPPLIED END. NO ADHESIVE ON SHORT STEP ON
CUSTOMER END. BOTTOM CLOSED END TO 8E HEAT SEALED BY
MANUFACTURER. MANUFACTURER'S END (BOTTOM) IS TO CLOSE ON
BACK (SEAM SIDE). FIELD CLOSURE (TOP) IS TO CLOSE ON
FACE ( NON-SEAM SIDE).

LITERATURE PIECE MEASURING 4 (4.000)IN X 7 1/2 (7.5S00)IN TO BE
INSERTED INTO PRINT PLY SEAM VOID POCKET, FORMED 8Y SPECIAL
SPOT PASTING PATTERN MEASURING 6 (6.000)IN X 10 (10.000)IN.
UITERATURE PIECES TO BE SUPPLIED BY ELANCO.

FIELD CLOSURE WILL BE 1 1/2 (1.500) IN MINIMUM FOLD OVER.
FILLED BAGS MUST WITHSTAND A MINIMUM OF FOUR DROPS FROM
48 (48.000)IN ON EITHER FACES, SIDES OR BOTTOM WITHOUT
FAILURE.

PRINTING: ARTWORK SUPPUED BY ELANCO. [T WILL INCLUDE A SET OF
LINES TO SERVE AS SEAL INDICATORS ON THE CLUNTON FINISHING
UNE. THE SET OF LINES WILL BE LOCATED 3 1/4 (3.250) N FROM
THE TOP OF THE BAG TO THE BOTTOM OF THE LINES AND WHEN
COVERED WILL INDICATE A SATISFACTORY SEAL
UNES WILL BE PRINTED BLACK.

MINIMUM SIZE FREIGHT CLASS EMBLEM, LILLY P.O. NUMBER AND
ULLY BAG LOT NUMBER TO 8E PRINTED ON TOP LEFT GUSSET
DIRECTLY BELOW CODE NUMBER. LILLY BAG LOT NUMBER TO BE
SUPPLIED BY PURCHASING AT THE CLINTON PLANT WITH EACH
ORDER.

CHECXED 8Y Mﬁw 03-30-9

APPROVED w.ﬁxﬂm&.ﬁ&% 03-40-9¢

NOTE: NO CHANGES TO BE MADE WITHOUT PRIOR APPROVAL OF PACKAGE ENGNEERING
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PACKAGING MATERIAL SPECFICATIONS

ELANCO ANIMAL HEALTH

A DIVISION OF ELI ULLY AND COMPANY
INDIANAPOLIS, INDIANA 46285

PAGE 3 OF 3
ITEM: BAG BG 2581 DATE: 03/20/96
USE: NARASIN - 25 KG APPROVED: BEE
PACK FOR SHIPMENT: PACK 800 BAGS PER PALLET BOX.
PROVIDE A MONITOR PALLET FOR
EACH ORDER AND CLEARLY IDENTIFY
IT AS SUCH

ALL SHIPPING CONTAINERS TO 8E CLEARLY MARKED AS FOLLOWS:
ELANCO ANIMAL HEALTH
BAG : bag code for printed bags or 8G 2581 on blanks
QUANTITY:
P.0. NO. :
LLLY LOT NO.:

crecxeo v Huchude Khlkeha 0 03

APPROVED BY w1 0320-9

NOTE: NO CHANGES TO BE MADE WITHOUT PRIOR APPROVAL OF PACKAGE ENGINEERING
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PACKAGING MATERIAL SPECIFICATIONS

ELANCO ANIMAL HEALTH

A DIVISION OF ELI LILLY AND COMPANY
INDIANAPQLIS. INDIANA 46285

PAGE 1 OF 2
ITEM BAG BG 2575

USE. MONENSIN - 25 KG

DATE. 12/06/96
APPROVED: BEE

REVISION: REMOVE LOWER SET OF SEAL LINES

STYLE: DOUBLE PINCH BOTTOM OPEN MOUTH PAPER BAG (DPBOM)
SIZE. 16 (16.000) IN X 6 1/2 (6.500) IN X 32 (32.000) IN
TOLERANCES. FACE WIDTH +/- 1/8 (0.125)IN, GUSSET +/- 1/8

(0.125) IN, TUBE PERIMETER +/- 1/4 (0.250) IN, -
LENGTH +/- 174 (0.250) IN

MATERIAL. (4-PLY INSIDE TO QUTSIDE)

1 2.5 MIL LINEAR LOW DENSITY POLYETHYLENE

2/60# NATURAL KRAFT

1/60# WHITE CONVERTER KRAFT WITH ANTI-SKID ON OUTER PLY.
CONSTRUCTION: THIS BAG IS FILLED AND SEALED ON CLINTON LINE IN CA7E.

ALL PLIES TO BE NESTED AND THE ENDS STEPPED FOR PROPER
EQUALIZATION OF LOAD-CARRYING CAPACITY AND SEALING.

USE STANDARD SUPER PINCH HEAT SEAL STEP SEAM WATH

3/4 (0.750) IN MINIMUM OVERLAP AND INNER MOST PLY

TO HAVE P.E. TO P.E. FOLD OVER SEAMWTH LOW TEMPERATURE
EVA (FULLER 1535) EXTRUDED SEAM.

OTHER PLIES TO HAVE FLAT SEAMS WITH 3/4 (0.750) IN
MINIMUM OVERLAP. ADHESIVE LINE ON QUTSIDE PLY NOT
TO EXCEED 1/4 (0.250) IN FROM EDGE OF PAPER. USE LOW
TEMPERATURE EVA (FULLER 1535) ON #ONE PLY AND ON
OUTSIDE LINEAL SEAM USE A-3 AND MOISTURE PROOF GLUE.

12/06 /9L
13/06 /96

ING

CHECKED BY
APPROVED BY
NOTE : NO CHANGES TO BE MADE WITHOUT PRIOR APPROVAL OF PACKAGE ENGIN

54



PACKAGING MATERIAL SPECIFICATIONS

ELANCO ANIMAL HEALTH

A DIVISION OF ELI LILLY AND COMPANY
INDIANAPOLIS, INDIANA 46285 °

PAGE 2 OF 2
ITEM: BAG BG 2575

USE. MONENSIN - 25 KG

DATE. 12/06/96
APPROVED: BEE

CONSTRUCTION: THE POLYETHYLENE # ONE PLY IS TO HAVE A P E. TOP E. FOLD
OVER SEAM #ONE PLY WILL BE CONTINUOUS LINE LAMINATION TO
THE ADJACENT KRAFT USING EMULSIONS AND RESIN ADHESIVE.
OUTER PLY IS TO HAVE ONE LINE OF STARCH ADHESIVE AND ONE LINE
OF POLYETHYLENE HOT MELT ADHESIVE, MOISTURE RESISTANT
WATER-BASED ADHESIVE TO BE USED ON ALL OTHER PAPER PLIES.

NATIONAL 6602 OR A8 POLYETHYLENE

HOT MELT ADHESIVE TO BE USED ON BOTTOM CLOSED END AND

TOP PREAPPLIED END. NO ADHESIVE ON SHORT STEP ON

CUSTOMER END. BOTTOM CLOSED END TO BE HEAT SEALED BY
MANUFACTURER. MANUFACTURER'S END (BOTTOM) IS TO CLOSE ON
FACE ( NON-SEAM SIDE). FIELD CLOSURE (TOP) IS TO CLOSE ON
BACK ( SEAM SIDE). LITERATURE PIECE MEASURING 4(4.000)IN X

7 ¥ (7.500)IN TO BE INSTERTED INTO PRINT PLY SEAM VOID POCKET
FORMED BY SPECIAL SPOT PASTING PATTERN MEASURING 6&6,000) X
10 (10.000)IN. LITERATURE PIECES TO BE SUPPLIED BY ELANCO.

FIELD CLOSURE WILL BE 1 1/2 (1.500) IN MINIMUM FOLD OVER.

FILLED BAGS MUST WATHSTAND A MINIMUM OF FOUR DROPS FROM

;i(CB.’g(E)O)INS ON EITHER FACES, SIDES OR BOTTOM WITHOUT
ILURE.

PRINTING. ARTWORK SUPPLIED BY ELANCO. IT WILL INCLUDE ONE SET OF
LINES TO SERVE AS SEAL INDICATORS ON THE CLINTON FINISHING
LINE. THE SET OF LINES WILL BE LOCATED 3 1/4 (3.250) IN FROM
THE TOP OF THE BAG TO THE BOTTOM OF THE LINES AND WHEN
COVERED WILL INDICATE A SATISFACTORY SEAL.

LINES WILL BE PRINTED BLACK.

MINIMUM SIZE FREIGHT CLASS EMBLEM, LILLY P O. NUMBER AND

LILLY BAG LOT NUMBER TO BE PRINTED ON TOP LEFT GUSSET

DIRECTLY BELOW CODE NUMBER. LILLY BAG LOT NUMBER TO BE

gUPPLIED BY PURCHASING AT THE CLINTON PLANT WITH EACH
RDER.

PACK FOR SHIPMENT: PACK 800 BAGS PER PALLET BOX.
PROVIDE A MONITOR PALLET FOR
EACH ORDER AND CLEARLY IDENTIFY
IT AS SUCH
ALL SHIPPING CONTAINERS TO BE CLEARLY MARKED AS FOLLOWS:
ELANCO ANIMAL HEALTH
BAG : b?%code for pnnted bags or BG2575 on blanks
QUANTITY:
P.O. NO.:
LILLY LOT NO.:

oveoxeo oy Wheh Lyl Wudehoto  13/0% /96

APPROVED BY 12/06 (9¢
NOTE: NO CHANGES TO BE MADE WITHOUT PRIOR APPROVAL OF PACKAGE ENGINEERING
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g This TAPP! method has been adopted
w 4 and endorsed by the Tag and Label
_S Manufacturers Instiswte. Inc. (TLMI).

MTYTTY
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T 494 om-88
SUGGESTED METHOO — 1964
OFFICIAL STANDARD — 1970
OFFICIALTEST METHOD — 1981
CORRECTED — 1982

REVISED — 1988
© 1983 TAPPI

The informatcn and data conuined in this document were
pared by a lechaical of the Asscciation
e Ty 2ad the A asqume oo liability or

bility in co with the use of guch
nformation or data, iactuding bu ot limuted to aay
liability or responsibility uader patent, copynght, ar
trade secret lawn  The user ia respommble for determuniag
G this document is the most recent edition published.

Tensile breaking properties of paper and paperboard
(using constant rate of elongation apparatus)

1. Scope

L1 This test method describes the procedure, using
constant-rate-of-¢longation equipment, for determining
three tensile breaking properties of paper and paperboard,
namely: the force per unit width required to break a
specimen (tensile strength), the percentage elongation at
break (stretch), and the energy absorbed per unit area of the
specimen before breaking (tensile energy absorpton).

12 This procedure is applicable to all types of paper
and paperboard within the limitations of the instruments
used, whether the instuments perform horizontal or
vertical tests or whether they are manually operated or
computer controlled. It may be applicable to handsheets as
specified in TAPPl T 220 “Physical Testing of Pulp
Handsheets.” It does not apply to combined corrugated
board.

13 TAPPI T 404 “Tensile Breaking Strength and
Elongation of Paper and Paperboard (Using Pendulum-Type
Tester)” describes a procedure for measuring tensile strength
and strewch using pendulum-type instruments. T 494
describes the procedures for determining strewch, tensile
energy absarption, and tensile strength.

2. Definitions

21 Tensile swrength, the maximum tensile stress
developed in a test specimen before rupaure on a tensile test
carried to rupture under prescribed conditions. Tensile
strength (as used here) is the force per unit width of test
specimen. )

22 Stretch, the maximum tensile strain developed in.
the test specimen before rupture in a tensile test carried t0
rupture under prescribed conditions. The stretch .(or
percentage elongation) i’ expressed as a percentage, Le.,
one hundred times the ratio of the increase in length of the
test i to the original test length.

s?:’;m;‘::ﬂle energy absorption (TEA), the work done
when a specimen is stessed to rupture in tension under
prescribed conditions as measured by the integral of the

tensile stress over the range of tensile strain from zero to
maximum strain. The TEA is expressed as energy per unit
area (test span x width) of test specimen.

24 Breaking lengih, the calculated limiting length of
a strip of unifarm width, beyond which, if such a strip
were suspended by one end, it would break of its own
weight

25 Tensile index, the tensile strength in N/m divided
by grammage.

NOTE 1: ISO/TCS recommends the use of teasile index over
breaking les (24). Ses TIS 0800-01 (old aumber 013
4) "Unia of Measurement and Conversion Factors.”

3. Slignificance

3.1 Tensile strength is indicative of the serviceability
of many papexs, such as wrapping, bag, gummed tape, and
cable wrapping, which are subjected to direct tensile stress.
The tensile strength of printing papers is indicative of the
potental resistance to web breaking during printing and
other converting operations and during travel of the web
from the roll through the equipment.

32 Stewch (sometimes with bending stiffness) is
indicative of the ability of paper W confarm to a desired
contour. It is important for creped paper, towels, napkins,
decorative papers, industrially used paper tapes (both creped
and pleated), bags, and liners for cans, barrels, or cartons.

3.3 Tensile energy absorption is a measure of the -
ability of a paper to absorb energy (at the strain rate of the
instrument) and indicates the durability of papers which are
subjected to repetitive straining and stressing, such as
multiwall sack papers.

4. Apparatus

4.1 Tensle tesdng machine, a constant-rate-of-
elongation type (I), meeting the following requirements:

4.1.1 Two clamping jaws, each with a line contact for
gripping the specimen, with the line of contact
perpendicular w the direction of the applied foad and with
means for controlling and adjusting the clamping pressure.

and Product Quality Divisca
"Approved by be Phynical Proparues Comenities of the Process Quality s
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NOTE 1: “Line contacl” descnbes the clamping zone resulung from
gnpping the specimen beiween a cyhindncai and a fal
surface or belween two cylindncal surfaces whose axes are
parallel (2).

NOTE 3: For cerain grades of paper “line conact” jaws may ot be
appropnate and & may be opecessary 10 subsutute flal
gnppog surfaces  Certain grades are damaged by the “line
coatact” loading berween cylindncal and Nt surfaces.

4.1.2 The clamping surfaces of the two jaws shall be
in the same plane and so aligned that they hold the test
specumen in that plane throughout the test.

4.1.3 The distance between line contacts at the start of
the test shall be adjustable and resemable to % 0.5 mm
(0.02 in.) for the specified initiai test span (6.4).

4.1.4 The rate of separation of jaws shall be 25 £ §
mmv/min (1.0 # 0.2 in/min), or as otherwise noted (6.5)
and once set shall be resettable and constant to +4%.

4.1.5 Recorder or indicator should be readable w0
0.25% of full scale loading force and capable of retaining a
calibration accuracy of £0.5% of full scale.

4.1.6 Recorder speed or indicator shall be adjustable
10 provide a readability and accuracy of #0.05% strewch
(that is, x0.09 mm elongaton for a test span of 180 mm).

4.2 Alignmers jig (optonal) (2) to facilitate centering
and aligning the specimen in the jaws, so that the
clamping lines of contact are perpendicular to the direction
of the applied force and the center line (long dimension) of
the specimen coincides with the direction of applied force.

4.3 Planimeter ot integrator, respectively, t0 measure
the area beneath the load-elongaton curve or to compute
directly the work to rupwre, with an accuracy of =1%.

4.4 Specimen cuter, for cuting specimens of the
required width, with straight paralle] sides (5.3).

4.5 Magnifier and scale or optical comparator, capable
of measuring the specimen width to the nearest 0.lmm
(0.004 in.).

NOTE 4: Fully ed lab Y andior daaa
acquision are available which perf several
funcuons as: awomauc cahbrauion cBeck, pre-selung

and smonng a variety of lest grama, cutung be test
anp, acquinng lest data, and accuralely determuning the
tensile breaking properues of p3 and papertoard.
These lests may be performed with the te stnp honzontal
or verucal by mich equpment Such equpment may be
suuable for use onmuog tus method; however, the
user 13 respoouble for making independenl assessmest of
Gus fact on the bama of data geerated using specific
equipment

5, Sampling and test specimens

5.1 Obtain a sample of the paper in accordance with
TAPPI T 400 "Sampling and Accepting a Single Lot of
Paper, Paperboard, Fiberboard, or Related Product.” )

52  Precondition, then condition the sample in
accordance with TAPPI T 402 “Standard Conditioning and
Testing Atmospheres for Paper, Board, Pulp Handsheets,
and Related Products” prior to cutting the specimens.
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(using constant rata of elongation apparatusy.

1

NOTE §: The exposure of the pager 10 4 high relauve humiry

before precondiucning and conuiiuning caa fead ‘0 emine

results varying from a decrease 10 surelch and leesie lg g

sudbgtanual crease  (30% wmcrease W mrwich  aq

uncommoanl 0 lhese properues.  Consequenly, TZA

umulary affected  Careful protecion of e ampre from

the ume of samphng unul tesung i3 therefore very
iumportant

5.3 Cut 10 test specimens from each test unit of the
sample in each principal direction of the paper 25 = | mm
(0.98 £ 0.04 in.) wide with sides parallel within 0.1 mm
(0.004 in.) and long enough to be clamped in the jaws_
when the test span is 180 £ § mm (7.1 £ 0.2 in.), leaving
enough length so that any slack can be removed from the
strip before clamping. Insure that smps are fres from
abnormalities, creases, or wrinkles. When the test span
less than 180 * S mm (7.1 * 0.2 in.), see Appendx
A3.12. In some cases, it may be impossidle o}
impractical o obtain a test specimen having a length loag -
enough to be clamped in the jaws having the Test spaa-
specified here. In such cases, see Appendix AJ.l far!
special considerauons and procedures required for tesung
samples at smaller test spans.

L)

6. Procedures

6.1 Perform the test in the testng atmospher®s
specified in T 402 .

6.2 If the test specimen width is not known 0
mm (0.004 in.) (i.e. if a previously evaluated precision!
cutter is not used), determine width and paratlelism usia$ -
magnifier and scale. Lack of parallelism is indicated by &§
difference in width of the two ends of the specimen. 3

63 The testing machine shall be calibrated
adjusted as described in Appendizes A.l and A.Z

6.4 Set the clamps to an initial test span (dist3
between line contacts) of 180 + Smm (7.1 = 02
Determune and always reset this distance within =05 o=
(0.02 in.) (see Appendix A.1.3). =

6.5 Set the controls for rate of separation of ¢ )
10 25 £ S mm/min (1.0 £ 0.2 in/min). In cases wher®
time required to break a single strip exceeds 30 5, 3
rapid rate of jaw separation shall be used, such i
time to break a single strip will be between 15 and
In such cases, the speed of the instrument must be
along with the test data.

m AT AT T

NOTE 6: For ses of delermuning shipping sack and
sack wp:;r TEA compliance wl:&‘ Camer nnd“”
requirements, Unmiform  Freight Classificauocn RUL!
Nauonal Motor Freight Classificauon, {lem
and Depanment of Transporaucn (78236, 4.3 :‘
mm) between the jaws aod | 10 (25 mm) per ™
separaucn should be used

+ 6.6 Select recorder speed or indicator 0 Si:
readability equivalent to 0.05% stretch. .
6.7 Select the full scale reading, if possible. 0



3/ Tensile breaking properties of paper and paperboard

(using constant rate of elongation apparatus)

breaking force can be read in the upper three-fourths of the
scale. Make preliminary tial tests if necessary to
determine full scale load.

NOTE 7: If, for any reason, any of the testing conditions specified
above (specimen lenf.h. rte of jaw separauos, sample
width, elc.) caanot be followed because af the smail
sample mze or other reason, the method vanance musi be
galed 1n the report.

6.8 Align and clamp the specimen first in one jaw and
then, after carefully removing any noticeable slack, in the
second jaw. While handling the test specimen, avoid
touching the test area between the jaws with the fingers,
Use a clamping pressure determined to be satisfactory
(Appendix A.1.4), i.e., so that neither slippage nor damage
to the specimen occurs.

6.9 Test 10 specimens in each principal direction for
each test unit

6.10 Reject any value in which the test specimen
slips in the jaws, breaks within the clamping area, or
shows evidence of uneven stretching across its width. Also
reject any values for test specimens which break within §
mm of the clamp area if further inspection indicates the
break location is due to improper clamping conditions or
misalignment. If more than 20% of the specimens for a
given sample are rejected, reject all readings obtained for
that sample, inspect the apparatus for conformance with
specifications, and take any steps necessary to correct the
trouble.

6.11 Read and record the breaking force to 0.5% of
full scale and the elongation at break to the equivalent of
0.05% stwetch. Record the integrator reading or use the
planimeter to determine the area under the load-elongation
curve from zero load to the breaking load.

NOTE 8: For the of lerminating inlegration, the specimen
will be med broken whea maximum leasile load has
been reached and the lensle load has dropped oo more
than 0.25% of the full-scale load below the maximum load.
This procedure is applicable in the determination of TEA
as loog as maxumum srug occurs A ruptwre, Wwhich is
usually the case.

7. Calculations

7.1 For each test unit and in each principal direction,
calculate from the recorded values the average breaking
force, average elongation at break, and the average
integrator or planimeter value as required. Correct the
instrumental results, if necessary, according to the
correction curve described in the Appendix (A.2.2).
Corrections for instrumental deflection need to be applied
to both the elongation and energy measuremens.
Determine the range or standard deviarion in each case.

7.2 Divide the average breaking force by the specimen
width to obtain the tensile swength. If this has been
measured in pounds and inches, convert to KN/m by
multplying by 0.1751. If this hgs been measured in
kg/mum, convert to kN/m by multiplying by 9.807.
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NOTE 9: To calculate the breaking length (air dry) in melers use the
following formuta:

BL = 102,000 (T/R) = 3658 (T"/R")

To calculate the lensile index is newlon meiers per gm
use the following formulas:

Tl = 1000 (T/R) = 36.87 (T"R")

= tensile jadex, N-mvg

= breaking length, m

= lzosile strength, KN/m

= leasile grenguh, 1blin

= grammage (ar dry), g/

= Mass per unut area (ai7 dry), iv1000 a2

zzmﬂﬂll_q:ja

73 To calculate the percentage strewch, divide the
average elongation at break by the test span and multiply
by 100,

74 Multply the average integrator or planimeter
value by the appropriate factor for the equipment and
settings used to obtain the area under the load-elongayon
curve (Note 6) in energy units, joules (preferred) or inch-
pound force. Then calculate the tensile energy absorpuon,
according to one of the following formulas:

TEA = 10,000 A/LW or 980.7 A/LW or 175.2 a/lw
tea = 12 a/lw

TEA = tensile energy absorption, Jim2

L = initial test span, cm

W = specimen width, cm

= area under load-elongation curve, J

= area under load-elongation curve kgf-cm
tea = tensile energy absorption, fulbf/fi2

a = area under load elongation curve, Ibf-in.
! = inital test span, in.

w = specimen width, in.

To convert tensile energy absorption in fribfft2 o Ym2,
multiply by 14.60.

NOTE 10: The “area uader the load-elnagauos curve” is the area o

between the curve and the eloagauon axus

7.5 Determine the corresponding ranges or standard
deviations from the ranges or standard deviations of the
measured values (7.1).

NOTE 11:  Hardware/softwear systems are available thal will
perform all calculations required 1o the desired wnils
of measurements.

8. Report

81 Report for each test unit and in each direction to
three significant figures:

8.1.1 The average tensile strength and the range or
standard deviation in kN/m and (if desired) in Ibf/in.

8.1.2 The average swewch and the range or standard
deviation as a percentage.
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8.1.3 The average tensile enersy absorpton and the
range or standard deviation in J/m< and (if desired) in
frib/fe2,

8.2 Report, in each case, the number of tests rejected
and the reasons for rejection.

8.3 Report any deviation in test procedure, as when a
short specimen must be used, alternate clamping
configurations are used, a wide or narrow strip was tested,
or when the rate of jaw separation was varied from 25 + §
mm/min (1.0 = 0.2 in/min) as described in 6.5.

9. Precision

9.1 On the basis of studies (3) made in accordance
with TAPPl T 1200 “Interlaboratory Evaluaton of Test
Methods,” two test results, each representing an average of
10 determinations, from the same oc different samples as

noted, are expected to agree within the amounts shown in
Table |

Table 1. 95% probability limits

Tensile
srrm;glh ' Streich’,
%

8

Repeatability (same

sample, operalor

and apparatus) S 9 10~-16
Comparability (samples

mark differentin

other properves, but

not in designated

pro , same
operalor and apparatus) 9 16 15-26
Reproduability (same

sample, different

laboratones) (4] 28 22-36

*Percentage of the average of the 'wo results.

9.2 In each case, the coefficient of variaton of a test
result (average of 10 determinations) is expected 0 be
about 0.36 dmes the value shown in Table 1.

10. Additional informatlon

10.1 Effecdve date of issue: January 29, 1988.

10.2 This test method may be used in place of the
similar method for tensile strength and strewh (T 404)
which uses a different type tensile testing machine. These
methods are not strictly comparable in that different
instrument types are used, but when similar testing
conditions are used, they may give similar results. This
test method permits three tests (tensile breaking strength,
tensile energy absorption, and elongadon at break) to be
run simultaneously on the same test specimen. This test
method also gives more detailed requirements for the
apparatus (standardizing on the constant-rate-of-elongauon
apparatus) and more detailed instructions for the procedure.

103 In the modemized metric system, or System
Intemnatonal (ST), the units of force and energy are newton
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(N) and joule (J), respectively. The factors for ccnversion
from the relevant customary units to SI units are gz
follows:

Force:
11bf = 4448 N
1kgf = 9.807 N
Energy:
1 N'ma=1000]J
1 ftlbf = 1.356 J
1 mkgf = 9.807 J
Tensile strength:
1 Ibffin. = 0.175 kN/m
1 kgf/15 mm = 0.654 kN/m
Tensile index:
The breaking length in meters is numerically equal 0
102 dmes tensile index in newton meters per gram.
Tensile energy absarption: .
1 felbfft? = 14.60 Jim?

10.4 This method was first published in 1964 as 2
Suggested Method and became an Official Standard in
1970. .

10.5 Related methods: ASTM D828 “Tensie
Breaking Strength for Paper and Paperboard,” Americaa
Society for Testing and Materials, Philadelphia, PA;
APPITA P 425 "Tensile Suength of Shipping Sack Papr
(25.4 mm width),” Technical Association of the Austaliaa
and New Zealand Pulp and Paper Industry, Parkville.
Australia; BS 4418, British Standards Insdmtion, Londo*
England; CPPA D-34 “Tensile Breaking Strength of Papef,
and Paperboard,” Canadian Pulp and Paper Associatiof;
Monteal, Canada; AFNOR QO 3-001, Associa®
Francaise de Normalisation, Paris, France; VXPCL VE
Zellcheming, Rheinstrasse, Germany; 1SO 1924, "P2pdf;
and Board, Determinaion of Tensile Swengiez
International Organization for Standardizaton, Genevk:
Switzerland; SCAN P 16, “Tensile Suength and Swetch 9
Paper and Paperboard, Determined with a Pendulﬁ
Tester,” Scandinavian Pulp, Paper, and Board Tesu®:
Comumiuee, Stockholm, Sweden.

Appendix 3
A.l Adjustmens and maintenance of testing machisé :
A.1.l Regularly inspect the machine for clean

and for faults such as wear, misalignment, loose parts:

damage. Clean the machine and rectify any faults.

A.12 Level the machine accurately in IS
principal directions. Align the clamping jaws t0 hold
specimen in the plane of the applied load throughout
lest

A13 Position the jaws so that the test span
specified (6.4). Verty by measuring effective test
e.g., by measuring the distance between the centers of
line clamp impressions produced on strips of thin fol-

A.l4 Determine appropriate clamping pressu®
that neither slippage nor specimun dumage occuss.
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NOTE 12: Papers prepared from the more highly hydrated or
beaten #ocks, such s lracing pugpery c;ry lassine,
preseat the most difficull gnpping problem. us, 1t
18 recommended that clampiog  pressure be
ld;usleld by making 3 teat with 3 srong umn;)xper.
The clamping p djusted 10 give ary
resulls with tus wide vanely of papers ia the
intermediate weighl aod mngl.z range. The use of
excessively high pressure is wown dy anightine
breaks in, sad i diately adj; 1o, the el

one. whereas the use of oo low 8 pressure shows an
abrupt d Y in the load-clongation curve, or
;ndun»o(m: P beyond the clamped 1te, of,
ollowing lest, ¢ wider-than-aormal imprestioa of
the clampung line.

A.2 Calibration of testing machine

A2.1 After leveling the machine accurately, calibrats
the load measuring mechanism with standard weights by
the dead-weight method: i.e., obtain readings at about ten
points evenly spaced throughout the scale, by applying
known weights with increasing then decreasing increments
w0 the clamp acmating the indicating or recording
mechanism. Note the scale readings when the weights and
mechanism come gendy into the equilibrium position. If
readings differ from the corresponding applied loads by
mare than 0.5%, construct a correction curve.

NOTE 13: This method is_only appiicable for verucal iensile

instruments. For honzontal instruments, folow
recommended manufacurer’s procedures.

A22 Calibrate the extension measuring mechanism
with inside vernier calipers or other appropriate means over
the entire load range of interest (1). Read the elongation
scale at 2 number of poines evenly spaced over the range
from about 1 w0 20% strain. If readings are in error by
mare than 0.1% strain, construct a correction curve.

A.3 Modifications of procedure (and effects thereof)

A3.1 Test specimens

A.3.1.1 If undersized specimens must be used (e.g.,
because of size of sample sheets), use 25 mm (preferred) or
15 mm width and lengths long enough to be clamped in
jaws either 100+ 5 mm (4202 in)or 022 mm 2 ¢
0.1 in.) apart.

A3.12 The shorter test spans will give higher
readings, and it is difficult to measure the elongation
accurately [see the Pierce weak-link theory (4)]. For papers
which have a poar formation, the difference between 2 test
span of 100 mm and the standard span of 180 mm may
amount to over 10% in tensile strength and TEA.

The tensile breald
breaking strain sod Tl
test apan is

) urunlo specimens fail u the weakest pant slo
their length, aod (2) as the iest lengih is incTes.
the probability of including 8 sill weaker past also
increases.

e The effect of test apan on breaking losd of paper has
been found (/) ‘o follow the Piercs (2) weak-link
theory which gates that:

FIFL = 1421 -r02vnoo

load, and consequently the

NOTE 14: is known (0 decreass as the
The & occurs b

= breaking losd 31 span 7L

;,_ = breaking load a1 span L
VL-CazﬂimdvmximalW’-
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The wble shows the predicled change in teasle
breaking load at several test spans and levels of
vanabilily, relauve to the breaking load at 2 tem

span of 200 men.
Predi . . %
Coefliciurs of
variation, S0 mm  J00Omm 200 mm 300 mm 400 mm
% 1pan span 1pan spaa 1pan
2 27 12 - -7 -1l
4 3.4 5 - -1.3 =22
] 80 37 - =20 =33
3 10.7 3.0 - =26 —43
10 13.4 62 — =33 5.4
References

z L".;’f.‘.?’rﬁ‘n’.z."rm’“#“‘ Eotfny (1926).

A3.13 Varying the width of the test specimen ..
between 12 mm and 50 mm does not, in general, make
much difference in test results except for unbeaten long-
fiber papers, when the difference may be appreciable.

A32.1 Procedure

A3.2.1 At shoner test spans, adjust the rate of jaw
separation so that the strain rate matches that achieved with
the test span and rate specified in 6.4 and 6.5. This strain
rate (rate of jaw separation/test span) is 0.14 + 0.04
(mmvmin / mm). For example, if only one-half (90 mm)
of the specified test span were used, the test speed would be
set at one-half (12.5 mm/min) of the specified speed.

A32.2 Doubling the test speed (for same length
specimen) will increase the apparent tensile strength and
may increase TEA for some papers approximately 3%. In
other cases stretch will be reduced, thus acting to keep TEA
nearly constant
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Internal tearing resistance of paper

(Elmendorf-type method)

1. Scope

1.1 This method measures the force perpendicular to the
plane of the paper required to tear multiple sheets of paper
through a specified distance after the tear has been started using
an Elmendorf-type tearing tester. The measured results can be
used w calculate the approximate tearing resistance of asingle
sheet. In the case of tearing a single sheet of paper, the tearing
resistance is measured directly.

1.2 Itisnotsuitable for determining the cross-directional
tearing resistance of highly directional boards and papers.
These materials are covered by TAPPI T 496 “Cross Direc-
tional Internal Tearing Resistance of Paperboard.”

1.3 For edge-tear resistance see TAPPI T 470 “Edge
Tearing Restistance of Paper (Finch Method).”

2. Summary

One or more sheets of the sample material are tom
together through afixed distance by means of the pendulum of
an Elmendorf-type tearing tester. The work done intearing is
measured by the loss in potential energy of the pendulum. The
instrument scale is calibrated to indicate the average force
exerted whenacertain number of plies are torn together (work
done divided by the total distance tom).

3. Significant test varlables

3.1 Several Elmendorf-type tearing testers are available
and in use throughout the world, principally those of Austra-
lian, British, German, Swedish, and United States manufac-
ture. In addition, testing practices also vary, as is reflected in
the related methods for these countries or others listed in 10.3.
Instruments and practices in use vary in at least three major
respects:

3.1.1 One difference is in the design of the pendulum
sector. The oldest model without deep cutout permitted the
specimen to come in contact with the sector during the testand
gave values significantly higher than those obtained using the
newer models with a deep cutout (see Fig. 1) which eliminate
this undesirable friction. The magnitude of the difference in
value obtained using different styles of the instrument de-

Deep cutout to prevent
rubbing of specimen
dunng test.

Flg. 1. Newer testing model with deep culout.

Approved by the Physical Properties Committee of the Process and Product Quality Division
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scribed in this test method varies as a function of instrument
and with different types and grammages of paper. The
instrument having the oldest-style sector does not meet the
requirements of this test method. With a few materials, test
values have been observed (/) to be as much as 10% greater
with the oldest-style sector.

3.1.2 The second difference is in the design of the
specimen clamps which, together with the structural charac-
teristics of the paper which govern the nature of the tear with
respect to its splitting tendencies during the test, can have an
appreciable influence on the mode of tearing and may resultin
significantdifferences (2). The proceduredescribedin Section
7.3 reduces this effect The clamp designs used by some
manufacturers may vary even for their own models. Instru-
mentsare available with pneumnatically activated grips as well.
When available, their use minimizes variations due to differ-
ences in clamping pressures exerted by manually tightened
grips.

3.1.3 The third difference results from a combined
variation in testers and testing practices. As measured tearing
resistance increases or decreases for different types of paper, it
may become so large or so small as o be outside the practical
range of the instrument. This problem may be overcome in
one of two ways; the number of sample sheets tested at one
time may be changed, or the mass of the instrument pendulum
may be changed either by addition of augmenting weights or
by replacement of the entire pendulum with one of a different
known mass. The tearing length must never be varied in an
effort to alter the pendulum capacity.

3.2 Theforegoing, together with otherlesser differences
in design details between instruments or testing practices,
preclude specifying a tearing instrument and method that
would give essentially the same test results when using
Elmendorf instruments of different design and manufacture.
Even for one specific model, some procedural variables such
as the number of plies torn may alter the test values calculated
on a single sheet basis substantially. Hence, by necessity, this
reference method must be arbitrary and is limited to the
described procedure used with instruments conforming to all
of the requirements specified under Section 4.

4. Apparatus

4.1 Elmendorf tearing tester (3-5), with a cut-out as
shown in Fig. 1, which prevents the specimen from coming
in contact with the pendulum sector during the test,and having
the following elements:

4.1.1 A stationary clamp; a movable clamp carried on a
pendulum formed by a sector of a circle free to swing on a ball
bearing; a knife mounted on a stationary post for starting the
tear: means for leveling the instrument; means for holding the
pendulum in a raised position and for releasing it instantane-
ously; and means for registering the maximum arc through
which the pendulum swings when released.

4.1.1.1 The registering means may consist of agraduated
scale mounted on the pendulum, a pointer mounted on the
same axis as the pendulum with constant friction just suffi-
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cient to stop the pointer at the highest point reached by the
swing of the sector, and an adjustable pointer stop for setting
the zero of the instrument.

4.1.1.2 The pointer and scale may be replaced by adigital
readout unit which gives readings of equivalent accuracy and
precision (6).

4.1.2 With the pendulum in its initial position ready for
atest, the clamps are separated by an interval of 2.8 £0.3mm
and are so aligned that the specimen clamped in them lies in
aplane parallel to the axis of the pendulum, the plane making
an angle of 27.5 £0.5° with the perpendicular line joining the
axis and the horizontal line formed by the top edges of the
clamping jaws. The distance between the axis and the top edges
of the clamping jaws is 103.0 £ 0.1 mm. The clamping
surface in each jaw is at least 25 mm wide and 15.9 £ 0.1 mm
deep.

NOTE1: In the past, it has been the practice for instrumetis
commonly available in the United States o be equipped
with 36 £ 1 ‘'mm wide jaws. Instruments currendy
available, however. may be equipped with jaws as
narrow as 25 mm. Testing has shown that the effect of
jaw width on test results is statistically insignificant. It
is recommended, however, that the test specimen
length be adjusted w maich jaw width. See Note 6.

4.1.3 The instrument measures the energy (work done)
used by the pendulum in tearing the test specimen. In order
toconvento average tearing force, the energy must be divided
by the total distance through which the force is applied. This
division may be accomplished by the electronics in digital
read-out instruments so that the read-out is directly in grams-
force or in millinewtons (SI unit of force). For pointer and
scale instruments, the scale may be in millinewtons or in
grams-force for a specified number of plies; i.e., when the
specified number of plies are torn together, the scale reading
gives the average tearing resistance (force) of a single ply.

4.1.4 Instruments of several capacities e.g., about 2000,
4000, 8000, 16,000, 32,000 mN (200, 400, 800, 1600, 3200
gf) and perhapsothers areavailable, with the several capacities
being achieved by individual instruments, interchangeable
pendulum sectors, or augmenting weights. The instrument
recognized as“'standard” for this method has a capacity of 1600
gf (SIequivalent 15.7N); i.e.,ithas a pendulum sector of such
mass and mass distribution that its O to 100 scale ts direct
reading in grams-force per ply when 16 plies are tom together.
For a 16-ply test specimen, the tearing distance K= 16 x43
cm (tearing distance per ply) X2 =137.6 cm, the factor 2 being
included since in tearing a given length the force is applied
twice the distance. Likewise, for a 16-ply test specimen. the
tearing energy per ply for a scale reading of 100 would thenbe
100 gf x 137.6 cm or 13760 gfcm (SI equivalent 1349.4 mT).
For some of the instruments of different capacities where
different numbers of plies are required, or when the numberof
plies tested using the “standard” instrument differs from 16,
different values of K and/or the tearing energy per ply may be
calculated, using the above calculation as a model.
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4.1.5 Inthe “standard” instrument, the zero readingonthe
scale is at about 70° from the center line (i.e., the vertical
balance line when the pendulum hangs freely), the 100 reading
is at about 21° from the center line, and a vertical force of
1057.3 £2.0 gf (SI equivalent 10.369 + 0.020 N) applied at
22.000+0.005 cm from the pendulum axis is required to hold
the pendulum sector at 90° from its freely hanging position.
Other tearing instruments will require vertical forces that are
factors of 2 greater or smaller than 1057.3 gf and, if calibrated
in millinewtons, the zero reading would remain at 70° and the
1000 reading would be atabout 19° (or the 981 readingat about
21°).

4.1.6 The cutting knife for the test specimen is centered
between the clamps and adjusted in height so that the tearing
distance is 43.0 + 0.2 mm; i.e., the distance between the end
of the slitmade by the knife and the upper edge of the specimen
is43.0 + 0.2 mm when the lower edge of the 63.0-mm wide
specimen rests against the bottom of the clamp.

4.2 Specimen custer to insure parallel spectmens 63.0+
0.15-mm wide with sharp and clean edges. For this purpose
itisdesirable to use the type having two hardened and ground
base shears, twin knives tensioned against the base shears, and
ahold-down mechanism.

5. Callbration and adjustment

5.1 Verification of scale

5.1.1 Once the scale has been verified, it is unnecessary
torepeat this step, provided the testeriskeptin adjusument and
no parts become changed or perceptibly worn. The scale may
be verified either by the potential energy method or by the
method which uses the check weights obtainable from the
manufacturer. The potendal energy method isrelatively time-
consuming and complicated. The check weight method is
relatvely simple.

5.1.2 Potential energy method. The procedure (7) for
verification is as follows: Anchor and Ievel the tester as later
described. Clamp a known weight (in grams) W to the radial
edge of the sector beneath the jaws, thecenter of gravity of the
weight (including means of attaching) having been previously
marked by a punched dot on the face of the weight that is to
be toward the front of the instrument. Close the jaw of the
clamp in the sector. Raise and set the sector as for tearing a
sheet and, by means of a surface gauge or cathetometer,
measure in centimeters, to the nearest 0.01 cm, the height A
of the center of gravity of the weight above a fixed horizontal
surface. Then release the sector, allow it to swing and note the
pointerreading. Without touching the pointer, raise the sector
until the edge of the pointer just meets with its stop, in which
position again determine the height / of the center of gravity
of the weight above the fixed surface.

5.1.2.1 The work done is W(h-H) gf-cm. For the standard
1600 gf tester, the pointer reading should be W( h-H)IK,where
K = 137.6 cm. For other instruments graduated for grams-
force of greater or lesser capacity, the reading will be factors
of 2 greater or smaller. If graduated for millinewtons, the
additional factor 9.81 must be applied.
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5.1.2.2 One or more weights may be clamped on the edge
of the sector foreach calibration point, the work done in raising
each weight being calculated and added together.

5.1.2.3 If the deviations of the indicated readings are
greater than one-half division, the instrument should be
returned to the manufacturer for repair and adjustment.

5.1.2.4 Calibration weights may or may not be available
from the manufacturer of the instrument for use in calibration.

5.1.3 Verification of Scale — Check Weight Method. Use
Check Weightscalibrated for suitable scale values (i.e., 20%,
50% and 80% of pendulum capacity.) Different Check
Weights areneeded foreach pendulum capacity. These weights
shouldbe soconstructed that each weight can be inserted in the
clamps by the procedure used for a test specimen.

5.1.3.1 With the pendulum in the raised position, open
the clamp of the pendulum. Slide the weight into position and
fasten it securely into the clamp. The body of the weight must
be beneath the clamp. Depress the pendulum stop, thus
releasing the pendulum. Hold down the stop unul after the
pendulum swing is completed, and catch the pendulumon the
retum swing. Read the indicating device to the nearest
division.

5.1.3.2 Repeat this procedure with each of the check
weights.

5.2 Adjustment of tearing distance

5.2.1 To check the 43.0-mm tearing distance, apply a
small amount of graphite (from an ordinary pencil), to the
cutting knife so that when the cut is made, some of the graphite
transfers to the paper. This serves to contrast the cut from the
uncut portion of the paper and facilitates the measurement.
Make this measurement with a vemier caliper with a depth
gauge ora good quality steel rule, readable t00.2 mm or better
under magnification. An alternative procedure is to use a go,
no-go gauge, which may be available from the manufacturer
of the instrument.

5.3 Adjustment of instrument for operation

5.3.1 Pendulum notching. Sometimes, as a result of
frequent use, a notch is worn in the pendulum sector at the
point of contact with the sector stop, giving a jerky release of
the pendulum. If this happens, either repair the sector by
cutting out and replacing the worn edge, or adjust the height
of the stop to the very lowest point of the sector edge. In this
case, recheck the calibration of the scale.

5.3.2 Clamp alignment and knife condition. Rest the
pendulum sector against its stop, and check the alignment of
the clamps. Adjust the pendulum stop if necessary. Verify by
visual check that the knife iscentered between the clamps,and
adjust if necessary. Check the sharpness of the knife. A dull
knife will result in a square notch near the top of the cut with
the paper pushed out. If necessary, sharpen the knife with a
rough stone; arough edge is better than a sharp, smooth edge.
Check the tedring distance and adjust the height of the knife if
necessary. Do not change the dimensions of the specimen to
adjust the tearing distance.

5.3.3 Instrument mounting. Support the instrument on
a table so rigid that there will be no perceptible movement of
thetable orinstrumentduring the swing of the pendulum. Any
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movement of the instrument base during the swinging of the
pendulum may be a significant source of error.

NOTE 2:  Threaded bolt holes are usually provided in the base of
the insrument and may be used 10 secure the instrument
to the table. An alternative procedure is 10 place the
instrument on a guide which ensures that the instrument
always has the same position on the wble. Sucha guide
may be available from the manufacturer of the
instrument.

5.3.4 Instrument leveling. Level the inswument so that,
withthe sector free, the line on the sector indicating the vertical
from the point of suspension is bisected by the edge of the
pendulum stop mechanism.

5.3.5 Pendulum friction (older instruments). Draw a
pencil line on the stop-mechanism 25 mm to the right of the
edge of the sector stop. Raise the sector to its initial position
and set the pointer against its stop. On releasing the sectorand
holding the sector stop down, the sector should make at least
20 complete oscillations before the edge of the section which
engages the stop no longer passes to the left of the pencil line.
Otherwise, clean, oil, and adjust the bearing,

5.3.6 Pendulum friction (newer instruments). In recent
years, a new type of frictionless bearing made of synthetic
material has been used. This bearing will not necessarily
allow the pendulum sector to make 20 complete oscillations
as the older one did. This does not mean that there is excess
friction in the pendulum swing. These newer bearings should
not be oiled. Consult the instructions supplied with the
nstrument for guidance.

5.3.7 Pointer zero reading. Operate the leveled instru-
ment several imes with nothing in the jaws, the movable jaw
being closed. If zero is not registered, the pointer stop should
be adjusted until the zero reading is obtained. Do not change
the level to adjust the zero.

5.3.8 Pointer friction. Setthe pointer at the zero reading
on the scale before releasing the sector, and after release see
that the pointer is pushed not less than 2.5 mm nor more than
4.0mm beyond the zero, If the pointer friction does not cause
it1o lie between these two distances, remove the pointer, wipe
the bearing clean, and apply a trace of good clock oil to the
groove of the bearing, adjust the spring tension or make other
adjustments to achieve the specified friction. Reassemble,
readjust the zero setting, and recheck the pointer friction.

6. Sampling and test specimens

6.1 Sample the paper in accordance with T 400 “Sam-
pling and Accepting a Single Lot of Paper, Paperboard,
Fiberboard, or Related Product.” From each test unit of the
sample, prepare 10 representative specimensin each principal
direction of the paper, unless a test in only one direction is
fequired. Foreach specimen keep the wire sidesof all the plies
facing the same way.
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NOTE 3: It has been found (8) that there is usually no advantage
in testing more than 10 specunens of a homogeneous
test unit of the sample.

6.2 Cuteach ply for atest specimen at least 53 mm long
by 63.0+0.15 mm wide, taking all the plies to be torn together
from a single sheet, or if this does not provide sufficient
material, from adjacent sheets of a unit.

NOTE 4: The correct length of the test specumen 10 be used in
making a test. measured in millimeters, is equal to the
distance between the outermost edges of each of the
instrument's jaws (X 2 mm). For the instument
described in4.1.2, thatdistance is at least 2 x 25 mm (the
minimum width for each jaw face) plus 2.8 mm (the
distance between the clamps) or at least 53 mm. [n the
United States, the majority of instruments have jaws 36
t 1 mm wide. In such cases, a lest specimen length of
76 + 2.0 mm, specified in previous versions of this
method, continues 1o be the correct length.

6.3 Determine from a preliminary test or the product
specification how many plies are needed to make up a
specimenso that, when tomtogetheron the instrument having
a 15.7-N (1600-gf) capacity, they give an instrument scale
reading nearest 40% of full scale.

NOTES: The work done in tearing a number of sheets of paper
includes a certain amount of work to bend the paper
continuously as it is torn to provide for the rubbing of
the torn edges of the specimen together and to lift the
paper. The number of plies 1orn at one time and their
size can affect the test result with some papers.
Empirical requirements for both the apparatus and the
method are therefore necessary o keep the addidonal
work not used for tearing to a definite quandty. For this
reason, in making comparisons berween two or more
sets of paper of the same type and grammage, use the
same number of plies for each set.

6.4 If asingle-ply test specimen gives a reading higher
than 75 on the standard 1600 gf instrument (75% of full scale
on other instruments), use the next higher capacity instru-
ments with one ply or, if necessary, a still higher capacity
instrument.

NOTE 6: For weaker papers, the standard 1600-gf instrument
may require that 16 or more plies be 1orn together under
the procedure specified in 6.3. For these papers, and
provided lower capacity instruments are available, the
number of plies may be restricted 10 four and the next
lower capacity instrument may be used whenever the
reading falls below 20% of full scale. The ISO 1974
procedure provides for testing four-ply specimens with
multiple pendulum instruments. If this alternative
procedure is used, so stale in the report.
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7. Procedure

7.1 Precondition, condition, and test the specimens in
accordance with T 402 “Standard Conditioning and Testing
Atmospheres for Paper, Board, Pulp Handsheets, and Related
Products.”

7.2 Raise the pendulum sector to its initial position and
set the pointer against its stop. Center the specimen in the
clamps with the bottom edge carefully set against the stops.
Securely clamp the specimen using approximately the same
pressure on both clamps. Make the initial slit. Depress the
pendulum stop quickly as far as it will go to release the
pendulum. Hold down the stop until after the teariscompleted
and catch the pendulum on the return swing without disturb-
ing the position of the pointer.

7.3 Make only one test per specimen, each specimen
consisting of the same number of plies. Make tests alternately
with the wire sides of all the plies of a specimen facing the
pendulum and with the wire sides of all the plies away from
the pendulum. Make certain that the specimen leans toward
and not away from the pendulum by gently creasing the
specimen at the clamp if necessary, but in doing so avoid
affecting the relative humidity of the test area (9).

7.4 Record the scale readings to the nearest half divi-
sion; also record the number of plies used in the specimens.

7.5 If the line of tear fails to pass through the top edge of
the specimen but deviates to one side, note and report this, but
do not use the reading so obtained. If more than one-third of
the tests exhibit this behavior, this method should not be used
for the material concemed. If the sheets split extensively
when being tom, this also should be reported.

7.6 Calculate the average tearing force in millinewtons
and, if desired, in grams-force required to tear a single ply as
follows:

7.6.1 If the standard 1600-gf instrument with 0- 100 scale
is used:

Average tearing force, mN = (16 x 9.81 x average scale
reading) / number of plies

Average tearing force, gf = (16 x average scale reading)
/ number of piles

7.6.2 If an instrument of different grams-force capacity
with 0-100 scale is used:

Average tearing force, mN =
(16 x 9.81 x avg. scale reading x gf-capacity) / (number of
plies x 1600 gf)

Average tearing force, gf = )
(16 x average scale reading x gf-capacity) / (number of plies
x 1600 gf)

7.6.3 Ifan instrument has an ST merricscale(e.g., 0-1000

graduations):
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Average tearing force, mN =
(16 x avg. scale reading x capacity, N) / (number of plies x
15.7N)

Average tearing force, gf =

(16 x avg. scale reading x capacity, N} / (9.81 x number of
plies x 15.7N)

7.6.4 If an insrument has a direct-reading scale (e.g.,
digital read-out) that directly gives the force per ply when
preset for the number of plies:

Average tearing force, mN = scale reading if directly in
millinewtons, or
=9.81 x scale reading if in grams-force

Average tearing force, gf = scale reading / 9.81, if scale is in
millinewtons, or
= scale reading if directly in grams-force

NOTE 7: Previously, a standard reference material (NBS
Standard Sample No. 704) was available for use with
this method (/0). Instructions accompanying the
material described a procedure to correct values when
using this standard. Currently, this standard reference
matenal has been exhausted and will not be replaced.

8. Report

8.1 Reportresults withil. (car parallel with the machine
direction as resistance to inwmal tearing in the machine
direction und those with the tear perpendicular to the machine
direction a» rcsistance to internal tearing in the cross direc-
tion.

8.2 For each principal direction, report the average,
maximum, and minimum of accepted test values of the force
required to tear a single ply to three significant figures.

8.3 Foracomplete report, state the number of plies torn
atone time; the numberand value of any rejected readings and
reasons for their rejection; if an augmenting weight was used;
and the make and model number of the instrument used.

9. Precislon

9.1 On the basis of studies made in accordance with T
1200 “Interiaboratory Evatuation of Test Methods Used with
Paper and Board Products,” the precision of test results
representing the average of ten readings, has been found tobe
as follows:

9.1.1 Repeatability (within a laboratory) = 4.2%

9.1.2 Reproducibility (between laboratories) = 12.5%

9.1.3 " Comparability (between materials) = 6.9%, in
accordance with the definition of these terms in T 1206
“Precision Statement for Test Methods.” Previously, repro-
ducibility could be reduced to 8.3% by using a reference
matenial for standardizing the instruments; however, this
material is no longer available (see Note 7).
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9.2 1neach of the above situations, two test results, each
representing an average of ten readings, may be considered
alike with a probability of 95% when the two results agree
within the appropriate value shown above.

10, Additional Information

10.1 Effective date of issue: November 30, 1987.

10.2 The principal changes made in this revision are: (a)
discussion of the check weight method of scale verification;
and (b) inclusion of the discussion on the new type of
pendulum bearings.

10.3 Related methods: ASTM, D 689; Australian Ap-
pita, P 400; British BS 4468; Canadian CPPA,D.9;1SO 1974;
SCAN-P 11:73.

10.4 Other references related to this method are by Jones
and Galley (11), Vanden Akker, Wink, and Van Eperen (12),
Sun, Wilson, and Bach (13), Lashof (I4), and Swartout and
Setterholm (15).
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QHIN Designation: D 959 - 80

Standard Method of

An Amenican Nalional Siandard

DROP TEST FOR FILLED BAGS'

Tch;s cs)lrac:xda_rd ;s :jssu;d under the fixed designation D 959; the number immediately following the designation indicates the
year nlgma adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (¢) indicates an editonal change since the last revision or reapproval.

1. Scope

.1 This method covers drop tests on loaded
bags for measuring the ability of the bag to
withstand handling or for comparative evalu-
ation of various bag constructions.

1.2 The procedure is suitable for testing all
types of bags.

2. Applicable Documents

2.1 ASTM Standards:

D 585 Method for Sampling and Accepting a
Single Lot of Paper. Paperboard. Fiber-
board. or Related Product®

D 685 Method for Conditioning Paper and
Paper Products for Testing’

3. Significance

3.1 In the life cycle of many bags. there is a
point at which the bag is handled either man-
ually or mechanically in a manner such that
there is an increased probability that the bag
will fall and possibly rupture. Since bags are
most often used to contain products in the form
of small particles (powders. granules. etc.)
which are flowable to some extent, the rupture
of a bag will result in the product spilling from
the rupture. This not only results in an eco-
nomic loss but may additionally be the source
of a health hazard and a difficult clean-up. This
method is used to indicate the ability of the bag
to withstand the shock produced when it is
dropped. This method also is an aid in the
design and improvement of bags.

4. Apparatus

4.1 Drop Test Apparatus—Any suitable ap-
paratus may be used that conforms to the fol-
lowing requirements:

4.1.1 Permits accurate prepositioning of the
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bag to assure a true fall and impact at the exact
places and in the direction desired.

4.1.2 Permits accurate and convenient con-
trol of the height of drop.

4.1.3 Facilitates handling and elevation of
the bags. particularly when weights are in
higher brackets.

4.1.4 Udlizes lifting devices that will not
damage the bags.

4.1.5 Permits an absolutely free. unob-
structed fall.

4.1.6 Provides for variations in height of
drops within limits of anticipated requiréments,

4.1.7 Provides a solid surface of concrete.
stone, or steel of sufficient mass to absorb all
shock without deflection. and

4.1.8 Provides a 4 by 4-in (102 by 102-mm)
timber (about 4 ft (1.2 m) in length) having the
edges rounded to a radius of not more than %
in. (6.4 mm), firmly positioned on a drop sur-
face.

4.2 Conditioning Apparatus—Adequate fa-
cilities for conditioning test specimens at proper
humidity and temperature prior to test in ac-
cordance with the requirements of the specifi-
cations covering the bags to be tested.

4.3 Miscellaneous Equipment—Drying oven,
scales. knife. etc.. for use in determination of
the moisture content or for making other sup-
plementary tests of the materials from which
the bags are made.

5. Sampling

5.1 Any convenient or specified sampling
plan may be used. When the test is for the

! This method is under the jurisdiction of ASTM Commuttee
D-10 on Packaging.

Current edition approved Apnl 28, 1980. Published June
1980. Onginally published as D959 48 T. Last previous
edition D 959 - 50 (1973).

? {nnual Book of ASTM Standards. Vol 15.09.



il

purpose of accepting a lot, Method D 585 shall
be used.

5.2 In the absence of any specific plan, no
fewer than five representative specimens of a
given size or construction shall be selected for
evaluating performance.

6. Test Specimens

6.1 Pack the bag to be tested with the actual
contents for which it was designed or a dummy
load simulating these contents. Close and seal
the bag in the same manner as will be used in
preparing it for shipment.

6.2 The procedure for the identification of
the faces, edges, and butts of bags shall be as
follows: Facing the front of the bag with top
up. designate the front of the bag as /, the right
side edge as 2, the rear side as 3, the left side
edge as 4, the bottom as 5, and the top as 6.

7. Conditioning

7.1 Depending on the purpose of the tests,
bags filled and sealed may be conditioned prior
to the drop test by either water immersion,
exposure to water spray, or exposure to fixed
conditions of air temperature or humidity.

8. Procedure

8.1 Procedure A—Drop the bags on any
face. butt, or side in accordance with 8.3.

8.2 Procedure B—Drop the bags on faces,
butts, and sides in a specified sequence of drops
as follows: (1) front, (2) back, (3) right side, (4)
left side, and optionally, (5} bottom, (6) top,
and in accordance with 8.3. Before each drop
uniformly distribute the contents throughout
the bag.

8.3 Position the bag with the center of grav-
ity of the contents over the point of impact, and
the face, side, or butt on which the bag is to fall
parallel to the floor. Make certain the drops are
vertical, free, and unobstructed.

8.4 Height of Drop—Drops on faces, butts,

D 959

and sides may be from the same height, or
drops on butts and sides may be from lesser
heights, in a definite relationship. Unless other-
wise specified, the height of face drops shall be
4 ft (1.2 m).

8.5 The use of the 4 by 4-in. (102 by 102-
mm) hazard is optional.

8.6 Continue the test until a specified pre-
determined number of drops, estimated to be
equivalent to handling in actual service, have
been given the bag or until failure occurs.
Failure may be considered to have occurred
when the contents are exposed, the contents
spill from the bag, or the bag breaks open.

9. Report

9.1 The report shall include the following:

9.1.1 Dimensions of bag under test, its com-
plete specifications, kind of material, method
of closing and sealing, net and gross masses,

9.1.2 Description of the contents of the bag
under test and load density in pounds per cubic
foot (or kilograms per cubic metre),

9.1.3 Method, if any, of conditioning the bag
and the results of any supplementary tests of
the material from which the bag is made,

9.1.4 Type of apparatus and procedure used,

9.1.5 Number and height of drops to com-
pletion of test or to failure of bag,

9.1.6 Detailed record of test on each bag
including damage to the bag together with any
other observation that may assist in correctly
interpreting the results or improving the design
of the bag, and

9.1.7 Statement to the effect that all tests
were made in full compliance with this method.

10. Precision and Accuracy

10.1 The drop test for filled bags produces
a high degree of variation. The variation may
be caused by the lack of homogeneity of both
the material from which the bag is made and
the contents as well. Therefore, reproducibility
will not generally lie between acceptable limits.

The American Society for Testing and Materials takes no position respecting the validity of any patent rf'ghls asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights. are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical gommillee aﬂd must l?e reviewed every ﬁve' years
and if not revised, either reapproved or withdrawn. Your comments are invited guher fqr revision of lht'.s' standard or for additional
standards and should be addressed 10 ASTM Headquarters. Your comments will receive careful con'slderauqn ar a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known 1o the ASTM Committee on Standards, 1916 Race St., Philadelphia. Pa. 19103.
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Water absorptiveness of
sized (non-bibulous)

paper and paperboard
(Cobb test)

1. Scope

1.1 This method describes a procedure for determin-
ing the quantity of water absorbed by nonbibulous paper
and paperboard in a specified time under standardized
condidons. It is based on studies by Cobb and Lowe o,
Cabb (2) and other investigators (3, 4).

12 Water absorptiveness is a function of various
characteristics of paper or board such as sizing, porosity,
etc. Thismethod is generally applicable to sized paper and
paperboard, but it is not recommended as a sizing test for
writing paper.

1.3 For testing unsized and absarbent paper or pa-
perboard, see T 432 “Water Absorbency of Bibulous
Paper” and T 492 “Water Absarption of Paperboard (Non-
Bibulous)™ (water drap test); for slack sized paper and
paperboard, see T 433 *“Water Resistance of Sized Paper
and Paperboard (Dry-Indicator Method).”

2. Apparatus

2.1 Water absorption apparatus', 1o permit one side
of the specimen to be wetted uniformly at the moment the
soaking period begins, and to allow controlled rapid
removal of the water from the specimen at the end of the
test period. The specimen holder (3) as shown in Fig. 1
comprises a metal ring with a machined lower face, 11.28
+ 0.02 cm inside diameter (corresponding to a cross-
sectional area of-100 cm?), 2.5 cm high and about 0.6 cm
thick, clamped to a flat base plate about 15 x 15 cm with
a metal cross bar 17 x 2.5 x 0.6 cm and two wing nuts on
a pair of studs. The cross bar has a hole at one end and a
slotatthe other to facilitate agsembly and use. On the base
plate is a rubber mat, larger than the outside dimensions of
the ring, on which the specimen is clamped.

T 441 om-90

TENTATIVE STANDARD - 1937
QFFICIAL STANDARD - 1360
REVISED - 1977

QFFICIAL TEST METHQD - 1884
REVISED - 1950

©1990 TAPP!

The inf and data ined in this d were prepared by
a tech inee of the A The ittee and the
AssoQa00n assume oo liability or responnhility m corecnon with the
nnofmchin!ormmwdnmindndin;bmnmﬁmiudmuyﬁ‘bﬂily
or responabliry under patent, copynight, or tade secres lawe, The user
is responable for d g that this d is the most rece
editon published. The ui ponutility for currens instailation
and fimess for ase is born by the wser.

E—

Mat Test specimen

Flg. 1. Water absorpton apparatus.

NOTE 1: The meul parts should preferably be of brass or other
corranca-resistant maierial

NOTE 2: Sevenl versions of the water shsoption spparatys are now
available. Although the basic procedure for performmg the

lest is not changed, the clamping hanicm {x. This may
affect the speed at which the sample can be removed from the
appanams.

22 Metalroller, solid brass having a smooth face 20
cm wide and weighing 10.0 £ 0.5 kg.

2.3 Timer, stopwaich or electric timer reading in
seconds. *

2.4 Graduated cylinder, 100 mL.

2.5 Balance, with an accuracy of 0.01 g, or beuer.

‘Names of suppliers of testing equipment and masenals may be availabie
from TAPPI Information Rescurces Center.

Appraved by the Physical Properues Commiaee of the Process and Product Quality Division
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3. Materlals

3.1 Blotting paper*, shests of blotting paper, 200-
250 g/m?, with a capillary rise of 50-100 mm of water
(mean of MD + CD) as measured by the Klemm method
(see Appendix). Normally, the blouer specified in T 205
“Forming Handsheets for Physical Tests of Pulp” will
meet this requirement,

32 Water, distilled or deionized.

NOTE 3: The temperaure of the water is importmt and must be
manuned 8 23 1 1°C. Renew the water for each determa.
nauon,

4. Sampling and test specimens

Obtain a sample of the paper in accordance with T 400
“Sampling and Accepting a Single Lot of Paper, Paper-
board, Fiberboard, or Related Product.” From each test
unit, cut specimens to a size slighty greater than the
outside dimensions of the ring of the apparaws, i.e.,
squares 12.5 x 12.5 cm. The specimens should be free
from folds, wrinkles, or other blemishes not commonly
inherent in the paper. For hard-sized papers (absorbing
less than 100 g of water/m?), use 10 specimens per test
unit. For soft-sized papers (absarbing more than 100 g/
m?), use 20 specimens.

5. Procedure

5.1 Condidon the specimens in an ammosphere in
accardance with T 402 “Standard Conditioning and Test-
ing Ammospheres for Paper, Pulp Handsheets, and Related
Products.”

52 Weigh each specimen to the nearest 0.01 g.

53 Testhalf the specimens with the wire side up, the
other half with the felt side up.

5.4 Place a dry rubber mat on the mezal plate and lay
a weighed specimen on it  After wiping the meul ring
pexfectly dry, place it upon the specimen, and fasten it
firmly enough in place with the crossbar to prevent any
leakage between the ring and the specimen. Forreporting,
the test side is the one that is in contact with the water
during the test

NOTE 4: For materials where leakage betwees the ring and the upper
surface of the lest specimen may occur during the tes, a soft
elastic non-absorbent gasket may be used. The gasket should
have the same miernal dimennons as the ring.

5.5 Pour 100 mL of water into the ring as rapidly as
possible thus giving a head of 1 £ 0.1 cm. Start the
stopwatch immediately. At 151 5 s before the expiration
of the predetermined test period, usually 120 s (see 83,
8.4, and 8.5), pour the water quickly from the ring. taking
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great care not 1o drop any of the water upon the ouiside
portion of the specimen. Prompty loosen the wing nuts.
swing the crossbar out of the way while holding the ring
in position by pressing it down with one hand. Carefuily,
but quickly, remove the ring and place the specimen with
its weated side up on a sheet of blotting paper resting on a
flat rigid surface.

5.6 Exacdy at the end of the predetermined test
period, place a second sheetof blowting paperon top of the
specimen and remove the surplus water by moving the
hand roller once back and once forward over the pad
without exerting any additional pressure on the roller.
Specimens which contain an excess of surplus water after
blotting, as shown by glossy areas on the surface, should
berejected and the testrepeated, decanting the water from
the ring sooner. Fold the specimen with the wened area
inside. Immediately reweigh it to the nearest 0.01 g.

5.7 Subuact the conditioned weight of the specimen
from its final weight, and muidply by 100 the gain in”~
weight in grams to obtain the weight of water absorbed in
grams per square meter.

NOTE §: If any liquid has passed through the theez (o the rubber maz,
the teqt is ncx accepuable. When this occury, ether  thoren
the ime to 60 3, or fapie two or more specxmen theets
geather omside the test ares. In such s case, the calculated
text arca ramams that of the inxide rmg. For bardsized papers.
a Jonger period (e-3., 300 3) may be found advisable.

6. Report

Repon the absorptiveness, calculated as the average weight
of the water absorbed in grams per square meter, for the
wire and the felt side of the paper separately. If desired.
state also the maximum and minimum values for each
side.

NOTE 6: Unlcss ccherwise siated in the report, it 8 assumed that aa
exposure period of 1201 0o a smgle-theet thickness bas been
employed. Such conditions are natahle for most well-dized
papers.

7. Preclsion

Based on limited data for hard sized papers and for means
of five specimens on the same side, the repeatability is
within 8% and the reproducibility between laboratories is
within 10%, as defined by TAPPI T 1206 “Precision
Statement for Test Methods.”

8. Additional Information
8.1 Effective date of issue: April 20, 1990.

8.2 The standard testarea is 100 cm?. If the available
specimens are too small, a proportionately smaller test
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area may be used providing that the volume of water is
reduced W provide a pressure head of 1 £0.1 cm. The
change in area should be noted in the report.

8.3 This test is designed for nonbibulous papers and.

paperboards, but satisfactory results have been obtained
with up w about 20 sheets of highly absorbent paper
stapled together and tested for 60 instead of 120 s.

8.4 For very hard-sized or specially treated papers,
the test may be extended to periods up to 18 h, o increase
the sensifiviry.

8.5 For layers of absorbent papers, the quantity of
water absorbed is almost proportonal to the time of
exposure. For well-sized papers, the quantty is approxi-
mately proportional to the square root of this tme.

8.6 An effect of namral aging has been noticed in
many papers. For example, results on cupsiock papers,
aged a few weeks, are usually about 2 g/m* less than on
papers tested immediately after being made.

8.7 The Cobb test may also be suitable with other
(water base) solutions, such as dilute lactc acid and hot
coffee for food board and cup stock and possibly ink for
writing and printing papers.

8.8 Weighing the weued specimens can be facili-
tated by using tared water-vapor-proof containers which
will eliminate evaporation losses. Meul cans or polyeth-
ylene bags about 11 cm x 23 cm x 0.0076 cn with wire
closure have been reported to be sadsfaciory for this
purpose.

8.9 For specimens that have long peneTation times
or have surfaces that are difficult to wer, substitute the
distilled or deionized water with water having a known
concenmation of wetting agent. With the results also
indicate the exposure time, total head, wetting agent and
concentragon.

8.10 This method was revised in 1942, 1945, 1958,
1960, 1963, 1969, 1977, and 1990. The 1969 revision
incorporated standardization of the test areaat 100 cm®and
the pressure head depth at 1.0+0.1 cm, standardizanon of
the blotting method with specification of the bloaers and
rollers used, and specification of the water as distdlled or
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demineralized. The 1977 revisions were editorial. This
1990 revision makes mendon of the use of alternate
clamping mechanisms.

8.11 Related methods: ASTM D 3285, Canadian
CPPA F.2; British Standard 2644; British PPMA PT-15;
Australian APPITA P 411, Scandinavian SCAN P-12;
ISO Staandard 535-1976.
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Appendlx
Measurement of biotter absorptiveness
(Klemm method)

Make the test on samples conditioned according to T 402.
Cut paralle!l specimen strips about 15 mm wideand at least
200 mm long in both machine and cross directions. Im-
merse the specimen strips suspended verdcally to a depth
of 10 mm in distilled or deionized water maintained at a
temperature of 23 £1°C. After an immersion tme of 10
min, read the heightin millimeters to which the water rises
above the water level in the container.

Your comments and suggestions on this procedure are
earnestly requested and should be sent to the TAPPI
Technical Divisions Administrator. n
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