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Introduction

This study was initiated at the Forest Products Laboratory at the re-
quest of the Container and Packaging Branch, Air Materiel Command, Army Air
Forces, Wright Field, Dayton, Ohio, for the purpose of presenting practical
data pertinent to the use of the cushioning materials tested in a previous
,study in which a procedure was developed for the determination of the
properties of such materials."

With specified conditions of rough handling and an expression, or index,
of the ruggedness of an item to be packed, the thickness of a cushioning
material necessary to provide the desired protection may be prescribed by means

of a family of design curves. The development and application of these design
curves are discussed in this report.

Curves were prepared for those of the materials tested that lend them-
selves to this method of evaluation. For some groups of materials an average
family of design curves was prepared. These average curves may be used as a
means of determining the approximate thickness of cushioning to use for any
one of the materials in the group.

Description and Classification of Materials Tested

The materials discussed in this report are referred to as cushioning
materials; many of them, however, were fabricated primarily for other uses,
for there are many materials available on the market that may be used as
cushioning materials. For example, many insulation materials were used for
cushioning purposes during the peak of wartime shipping of materiel, and some
of the more desirable ones will remain in use as cushions in peacetime packaging.

1—"Development of a Procedure for the Determination of the Properties of
Cushioning Materials and the Application in the Design of Cushions,"
Forest Products Laboratory report No. R-1489. The report includes
mathematical derivation of the relationships for the stress and com-
nression of cushioning materials. Only those principles considered
essential for an understanding of the application of the properties of
cushioning materials in design have been repeated in this report.
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For convenience of reference and association with other materials hav-
ing similar physical composition the 45 materials herein discussed were divided
into 6 general groups as follows: Group I.--cellulose, including plain
cellulose wadding, cellulose wadding with various means of embossing and vari-
ous backing materials, and cellulose wadding fabricated in water-resistant
pads; Group II.--felt, cotton, and wool, including those products fabricated,
at least partially, from cotton or wool materials either new or waste products,
and felt; Group III.--wood fiber, including those products made from various
wood fibers, sometimes bonded by different materials in the process of fabri-
cation; Group IV.--shredded paper and the corrugated fiberboards; Group V.--
rubber, rubberized fiber, and hair, including sponge rubber in different
densities, plant fiber, and waste animal hair bonded by reclaimed rubber;
and Group VI.--glass fiber, glass fiber wadding fabricated into pads and used
as wadding. Table 1 lists the materials by group and identification number
together with a brief description of their composition. The group number,
or order in the sequence, has.no relation to general performance or desira-
bility of the group. For 32 of the 45 materials tested and for 4 of the
groups design curves (figs. 1 through 36) were prepared and are designated
in table 1 by figure and material identification numbers. The 13 materials
whose design curves are not presented either require a special method of
evaluation or are too soft, to be classified with the other materials.

Test 'Procedure and Results

Tests selected for the determination of cushioning quality were in-
fluenced by the fact thatcuahions must perform work when absorbing shocks
.due to rough handling of packs. It was believed that if some test could be
devised that would result in the determination of the magnitude of the force
performing work on the cushion when a pack is dropped, a measure of the
cushioning quality would become available. It- is a well-known principle in
mechanics that the force with which a falling object strikes a stationary
object cannot be determined unless the depth . of the penetration by the
falling object is known. With this principle in mind it was decided to per-
form tests that would make possible the solution of the fundamental relation-
ship between weight of object, height of fall, and depth of penetration--
the three factors that must be known in order to determine the force. Two
types of tests were selected; (a) a static loading test from which the
relationship between force.and compression could be established and finally
the work (FdC) in relation to compression, and (b) a dynamic loading test
from which the relationship between weight, height of fall, and compression
could be determined to serve as a check on the relationship between force
and compression..

Samples of 1-, 2-, and 3-inch nominal thickness of each material were
tested in both static and dynamic testing machines.
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Thickness Measurements

Few cushion materials have uniform surfaces, which makes it difficult
to Obtain an average thickness determination that is not subject to personal
judgment. For that reason each sample, 4 by 4 inches, in area, was placed on
a smooth surface, and a piece of plywood, 6 by 6 inches by 3/4 inch weighing
0.52 pounds was placed on top of it. The thickness of the sample, referred to
as the "measured thickness" was taken as the distance between the smooth
surface and the plywood plate.

Static Load Tests

Static loading tests were made with a static hydraulic testing machine,
which had a range of 0 to 2,400 pounds and which could be read to 0.5 pound.

The 4- by 4-inch sample with its piece of plywood on top was placed on
the machine, and the plywood acted as a pressure surface for contact with the
pressure cylinder. The load on the sample was applied gradually, and a reading
of the load recorded for each 0.1 inch of compression until 0.7 inch of com-
pression had been reached, after which compression readings were recorded for
each 50-pound increase of load until a total loading of 2,400 pounds was reache,
The load was then gradually released until zero loading was again reached, and
a record was kept of the compression after each 50-pound decrease of load.

A separate stress-compression curve determined by dividing the load at
each reading by the area of the sample in square inches was plotted for the
recordings of each sample.

Dynamic Load Tests

A sample of each material in each of the three nominal thicknesses was
subjected to dynamic stresses in a dynamic loading machine. This machine has
a hammer weighing 16 pounds with an area of 16 square inches on its impact face
The hammer falls between two vertical guides and is held in position at any
desired height by a magnet. A stylus attached to the hammer moves against a
revolving drum and records its position during movement and when it is at rest
on the specimen. The recordings can be measured directly on the chart.

During the tests, the hammer was dropped from heights varying from 1 to
7 inches above the free top surface of the sample in 1-inch increments. Then
the fall was increased in 3-inch increments to a height of 30 inches. All
samples were at room humidity and temperature when tested, The average con-
ditions were 75° F. and 27 percent relative humidity. A typical dynamic load-
ing test chart is shown in figure 37. Table 2 shows a comparison of magnitude
of compression for equal amounts of energy resulting from static and dynamic
loading for some of the cushioning materials tested.
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Static Loading Tests on Samples Moistened in an 80° F. - 97 Percent
Relative Humidity Room (moist) 

In order to determine the effect of the moisture content on the
cushioning quality of the materials a 2-inch (nominal thickness) sample of
each material was exposed in a chamber controlled to a temperature of 80° F.
and a relative humidity of 97 percent for a period of time sufficient to
establish equilibrium between the moisture in the sample and the moisture
in the room. Each sample was then tested under static loading following
the procedure outlined previously. Table 3 is a tabulation of stresses and
the corresponding compressions of cushioning materials, in both dry and moist
conditions, as a result of a specific application of energy, Table 4 is a
tabulation showing the effect of moisture on the cushioning quality of vari-
ous materials and on their ability to regain their original thickness after
loading.

Soak Test

It was considered desirable to determine the effect of soaking on the
structure of the material. For the determination of this quality a 2-inch
(nominal thickness) sample of each material was immersed in water under a
1-foot head for a period of 3 hours. After completion of the soaking period,
the sample was allowed to drain for 1-1/2 hours and weighed, The moisture
content of the cushioning materials in equilibrium with various moisture
conditions, together with the physical changes resulting from the water soak
test are recorded in table 5. 	 -

Dusting Tests

In view of the fact that cushioning materials may be subjected to
numerous reversible shocks when transported or handled as a part of a pack,
it was considered desirable to determine if the materials under study would
produce dust under such treatment. A weighed sample of each material was
wrapped about a wood block 2-7/16 inches long, 2-5/16 inches wide, and 1-7/16
inches thick weighing 0.18 pound. The cushioned weight was, placed in a
No. 2-1/2 metal can and the can sealed with a metal lid. The can with its
cushioned load was placed on a vibrator for a period of 30 minutes. During
this time, the can was placed so as to lie on its side, top, and bottom for
10-minute intervals each. During the tests, the vibrator was operated at a
rate of 500 vibrations per minute with about a 1/2-inch throw. Upon com-
pletion of the test the cushioning was removed from the container, examined,
and weighed to determine the loss of material.

The loose material left in the can was an indication of the, type:and
extent of the dusting. The results of these tests are recorded in table 6.
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pH and Acidity Tests

Tests in triplicate were made to determine the hydrogen ion concentration
(pH) and acid content of each material in accordance with procedure outlined
in Joint Army-Navy Specification JAN-P-121. The average of the three salaples
for each determination was used to indicate the results, which are presented
in table /.

Discussion of Curves

Stress-Cormression Curves 

Figure 38 is a stress-compression curve typical of all the materials
tested with the exception of the corrugated fiberboard materials, which
possessed characteristics that made their behaviour unique. When a load was
applied to built-up corrugated fiberboard pads the compression progressed
uniformly up to certain limits at which the corrugations of one or more of the
layers collapsed rapidly and temporarily reduced the indicated load. The
cycle repeated itself until all layers of corrugations were broken down. No
attempt vas made therefore to evaluate the material by means of a design-curve
method.

FmergY Curves

Before proceeding with a discussion of the energy curves, which are
shown on figure 38, and their application to design it would first be well
to discuss the principles involved in their derivation. During compression
under a gradually increasing static load, an increasing amount of work is
done on the cushioning. The work done on the cushion is defined by the

C
expression I pac, in which the integral J is a summation of the products of F,

0	 0
the force, and a, the differential of compression. This work is partially
transformed into the potential energy of compression, which can be recovered
during a gradual unloading of the forces causing the compression. If the
final magnitude of the load is P and the corresponding compression is C, the
stress compression diagram will be as shown in figure 39. Let P1 be any inter-
mediate value of the load and C the corresponding compression. For any

1increase in pressure dP1 there ls an increase in compression 0 1 . The work
done or energy expended during the increase is therefore P 1dC1 , which is repre-
sented by the differential area abde.

For each additional increase in pressure there will be a similar differ-
ential area. The total area under the curve due to the pressure P and com-
pression C is the sum of the differential areas and is equal to the energy V
ex pended by the load P in compressing the cushioning a distance C.

It is possible, therefore, to obtain the area and hence the energy for
several courarossive distances and to plot an energy-compression curve for each
test. On figure 38 is shown an energy curve derived by plotting the energy, as
determined from several areas of the stress-compression curve, against the
corresponding compression.
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A numerical example will explain the use of the curves. Assume that a
body whose unit weight is 1 pound per square inch is dropped from a height of
10 inches on a piece of cellulose wadding (material No. 5) 2 inches thick.
Figure 38 shows that the compression due to the static weight will be 0.84
inch. The kinetic energy of the falling body will be W (h + c) or 1 x
(10 + 0.84) = 10.84 inch-pounds. The energy curve, figure 38, for 2-inch
thickness of material No. 5 shows that 10.84 inch-pounds of energy corres-
ponds to a compression of 2.0 inches. The stress-compression curve on the
same figure shows that a force of 37 pounds is required to cause a compression
of 2.0 inches. The maximum unit force in pounds per square inch with which
the weight struck the cushioning was, therefore, 37 pounds, and the reaction
of the cushioning on the weight was of equal magnitude and opposite in direction.

Application to Design

It is apparent that the stress-compression and energy-compression data
can be applied to the design of the cushioning for a package if the following
factors are known: (a) the maximum shock that an article can withstand with-
out damage; (b) the weight and dimensions of the article; and (c) the maximum
shocks to which the packaged item may be subjected.

The safe shock that an instrument can withstand without damage is best
expressed in terms of its n g-factor, fl a term in general use in the aviation
industry. Although this term has various definitions, for use in this report
it is defined as the ratio of the maximum dynamic shock load to which an
article can be subjected without damgge, to its weight. The algebraic ex-
pression for this definition is g = in which W represents the weight of the
article in pounds, F is the maximum safe dynamic force in pounds, and the
factor g is a dimensionless number. Thus, if an instrument weighing 1 pound
has a g-factor of 100, it can be subjected to a shock of 100 pounds without
causing damage.

The g-factor of an article may be entirely dependent on the shock re-
sistance of a single unit or part of the article, In an indicating instrument,
for example, the shaft setting may be the most delicate part and may dislodge
under shocks of less magnitude than are required to cause damage to other
parts. In some electrical devices, porcelain resistors may crack under a
shock that leaves the other parts unaffected. In other instruments, the metal
sides of the enclosing case may bend far enough to cause damage to internal
parts that otherwise would be unaffected by stress of the particular magni-
tude that caused the bending. The maximum stress that an instrument can
withstand without impairing its usefulness is; therefore, dependent on the
maximum stress that its most fragile part can withstand. In other words, the
g-factor of an instrument, is a measure of the ability of the most fragile
part of the instrument to withstand shock.

From the standpoint of cushioning, when using the given g-factor of
an instrument, it is also necessary to consider the direction of the rough
handling forces applied to the instrument. For instance, a shaft in a re-
cording instrument may offer greater resistance to displacement when resisting
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parallel forces than when resisting perpendicular forces. Similarly, a porcelair
resistor whose length dimension is considerably greater than its diameter may
successfully resist a force applied in a direction parallel to its length, but
break when a force of the same magnitude is applied perpendicular to its length.

When packs are rough handled in the field, forces may be applied in any
direction. Hence, if the cushioning design is based on a given-g-factor, in-
formation must also be obtained as to the direction of the factor.

As the maximum shock to which a package will be subjected in the course
of shipment cannot be accurately determined, a package-testing standard must
be selected that will give some approximation of shocks the package will receive
in the field. This testing standard, or index, is chosen by the package de-
signer and, therefore, it may be severe or lenient according to his judgment.
In time of war delivery of material in a workable condition is the prime con-
sideration. Testing standards selected during wartime therefore should be
severe with a high factor of safety incorporated in the final design of the
cushion. In normal shipping the initial consideration might be one of economics,
in which case the testing standard selected would probably be somewhat more
lenient. For purposes of discussion a drop-flatwise test was selected in this
study, and a drop of 30 inches was assumed as an index.. Cushions can be de-
signed for the reduction to a safe magnitude of shock for drops from above or
below 30 inches within practical limits.

In view of the absence of actual g-factor values, it is impractical to
give specific examples of the design of cushions; hence, only general examples
showing how the data may be applied with an assumed value of the g-factor will
be given. In order to simplify design computation, the data represented by the
stress-compression and energy-compression curves were replotted into the design
curves shown by figures 1 through 32.

The safe shock is read along the ordinate, and the required thickness
of cushioning is read along the abscissas. Each curve of the families shown in
these figures (designated by the same number appearing in three places on each
curve) represents a definite magnitude of energy. In order to increase the
usable range to cover thicknesses from 0.5 to 5.0 inches, the energy level
curves were extrapolated for the thickness between the 0.5 and 1.0 inch
measured thickness and the thickness between 3.0 inches measured thickness and
5.0 inches•. The data and extrapolated areas are shown in figures 1 through
32 by solid lines. As the highest level of energy for the materials is variable
and does not include 10 units of energy on some materials, estimates were made
and drawn for those energy levels not included in the data and extrapolated
thicknesses. These estimated energy levels are shown by dashed-line curves on
the family design curve plottings.

Example 1.--Assume now that it is desired to know the thickness of
material No. 2, cellulose wadding, required to protect an instrument weighing
2 pounds from damage when it is to be dropped from a height of 30 inches.
Assume further that the minimum bearing area of the instrument is 10 square
inches and its g-factor is 200. The unit weight is therefore 2/10 or 0.20
pound per square inch. If the instrument is dropped 30 inches in the drop test,
it will have 0.20 x 30 or 6.0 inch-pounds of kinetic energy per square inch of
bearing area when it is brought to rest, When dropped from this height, the
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thickness of the cushioning should be sufficient to limit the shock due to
impact to 0.20 x 200 = 40 pounds per square inch. This unit safe shock and
energy are all the data necessary to design the cushion, which is done as follows:
Enter the design curve for material No. 2 (fig. 2) with the unit safe shock of
40.0 pounds per square inch and move horizontally along the 40.0 line until
the 6.0 inch-pound energy curve is intersected. Follow the point of intersec-
tion vertically down to the abscissa and read the required thickness, which
for this problem would be 1.4 inches.

Example 2.--Assume the following characteristics and design a proper
cushion.

Weight = 3 pounds.

Dimensions = 2 by 5 by 5 inches.

Area smaller face = 2 x 5 . 10 square inches.

Unit weight smaller face = 3/10 = 0.3 pound per square inch.

Energy for 30-inch drop = 30'x 0.3 = 9.0 inch-pounds per
square inch of bearing area.

g-factor for instrument = 200.

Safe dynamic load = 3 'x_200 = 600 pounds.

Safe stress 600/10 = 60 pounds per square inch.

Available cushioning = material No. 1 (fig. 1).

Solution.--Enter the design curves for material No. 1 (fig. 1) with the
safe unit stress of 60 pounds per square inch and follow horizontally the
60-pound line to its intersection with the 9.0 inch-pound energy level. Then
follow down vertically to the abscissa which, in this case, shows , a required
thickness of 1.5 inches.

Example.3 (Effect of g-factor).--Let all of the conditions in example 2
exist except the g-factor which shall be assumed to be 100 instead of 200.
The safe load would, therefore, be 3 x 100/10 = 30 pounds per square inch.
Enter figure 1 with 30 pounds and follow to the intersection of 9.0 inch-
pounds; then follow down vertically to determine the required thickness, which
in this case is approximately 2.4 inches of material.

Example 4.--Consider the design and selection of a cushion from several
materials for an instrument with the following properties.
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Weight = 10 pounds.

Dimensions = 4 by 10 by 10 inches.

g-factor = 300.

Height of drop = 30 inches.

Bearing area small face = 4 x 10 = 40 sauare inches.

Unit weight 10/40 = 0.25 pound per square inch, small face.

Safe stress = unit weight x g-factor = 0.25 x 300 = 75 pounds,
per square inch, small face.

Energy = unit weight multiplied by height of drop = 0.25
x 30 = 7.5 inch-pounds per square inch of bearing area,
small face.

Bearing area large face = 10 x 10 = 100 square inches.

Unit weight 10/100 = 0.1 pound per square inch, large face.

Safe stress = unit weight multiplied by g-factor =
0.1 x 300 = 30 pounds per square inch, large face.

Energy = unit weight multiplied by height of drop =
0.1 x 30 = 3.0 inch-pounds per square inch of bearing
area, large face.

-Available cushioning materials are: four various types of cellulose
waddings including No. .2 (fig. 2), No. 5 (fig. 4), No. 6 (fig.5), and .
No. 20 (fig. 6), wood fiber product No. 26-47 (fig. 18), and cactus latex
No. 12 (fig. 27).

Solution.--The solution is identical in procedure to problems previous-
ly shown. In the design of the cushioning for a pack the volume of the cush-
ioning material is an important consideration. The volume, in cubic inches,
for each face is the product of the thickness of cushioning required for an
individual face, in inches, multiplied by the area of the face, in square inches.
The total volume is the sum of the requirements for each face. In this prob-
lem end cushions are cut to the size of the end face of the instrument, the
side faces are cut to overlap the end cushions, and the top and bottom overlap
both the ends and side panels. The thickness of the various materials to-
gether with the volume in cubic inches of each material is tabulated as shown
in table 8.
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On the basis of table 8 material No. 26-47 would afford the desired protection
with the least amount of material.

Other Conditions Affecting Size of Cushion.--There are other considera-
tions to be weighed in selecting the proper, or most desirable, material to
use for a specific job. The selection might be limited due to the size of the
outer pack. The outer pack might be one that has been fabricated to serve
for many different items of the same general class. The containers dimensions
might be such that most of the materials could serve the purpose if they were
used for filling the available void space, in which circumstances design is
not involved except as a check of the adequacy of the cushion and no economy
of materials can be exercised. If the problem is truly design, the cushioning
will be prescribed that offers maximum protection with minim= cubage, as
indicated in example 4, and the outer container will be built to fit the con-
ditions prescribed.

Dusting and the pH content of materials are iMportent considerations,
and protection against harmful effects arising from these two factors must
be provided where necessary.

Conclusion

This report presents the design curves for those materials that lend
themselves to this method of evaluation of their cushioning quality. The
design curves provide a convenient method of design and each family of curves
prescribes the quantity in thickness of the cushioning material needed to
provide any desired degree of protection.

Although the economics of the problem of cushioning have not been
dealt with in this report, it is believed that adherence to this method will
afford a better package without extravagance of materials.

On the basis of these limited tests it appears that these thickness
curves may be used with a reasonable degree, of accuracy. In packaging ex-
tremely fragile items a factor of safety may be incorporated with the thickness
prescribed by the design curve.

Recommendations

It is recommended that manufacturers of articles needing cushioned
packs adopt and use a standard method of determining g—factors. Once the
g—factors are known a basis will be provided for the application of this
method of design.
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In the absence of actual g—factors, which are indices of the fragility
of articles, these curves cannot be used to the fullest advantage. Until
such time as g—factors become available for instruments and other articles to
be packaged, the curves may be used as a means of comparison of the relative
cushioning quality of various materials. To use the curves as a method of
comparison it is necessary to use assumed values of the g—factor.
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Table 2.--Comparison of  magnitude  of compression of cushioning material 
resulting  from application of equal amounts of energy in
either static or dynamic loading 

	Cushioning : Nominal : Measured thickness: Energy : 	 Total
material : thick- :	 before:	 : applied :	 compression
identifi-	 ness :
cation	 :	 Static s Dynamic :	 s Static : Dynamic
number	 :	 loading	 loading :	 : loading s loading

tests	 tests :	 tests ; tests

In.	 ;	 In.	 $	 In.	 In.-lb. ;	 In.	 In.

1	 : 1.144 g 1.217 s 	 3.86 :	 0.77	 0.88
1
	

2	 : 2.365 :	 2.238 :	 3.73 $	 1.45 s	 1.48
3	 : 3.590 : 3.040 ;	 5.00 :	 1.93 s	 2.03

•

1	 ;	 .965 : 1.092 s	 3.98 s	 .81 s	 .87
2
	

2	 : 1.845 : 2.167 s 	 5.87 ;	 1.42 :	 1.67
3	 : 2.995 s 2.734 :	 6.33 :	 2.13 ;	 2.04

•

1	 : 1.441 : 1.556 , :	 2.50	 :	 .69	 1.06
3
	

2	 : 2.442 : 2.475 :	 5.52 :	 1.78 :	 1.88
3	 : 3.576 : 3.967 :	 6.07 :	 2.28 :	 2.83

1	 : 1.493 : 1.482	 1.56 s	 .97	 1.09
4
	

2	 : 2.432 : 2.622 :	 4.35 :	 1.83	 2.26
3	 : 3.515 : 3.491 :	 6.58 :	 2.51
	

2.95

1	 : 1.595 : 1.317 ;	 5.77 :	 1.07 :	 1.06
5
	

2	 : 2.483 : 2.651 : 	 7.39 :	 1.84 :	 2.07
3	 3.750 ; 3.567 :	 9.49	 2.65 :	 2.62

: 1.505 : 1.551	 3.56	 1.13 z	 1.16
6	 : 2.481 1 2.436	 7.62	 1.93 ;	 2.00

3: 3.482	 3.426 ;	 9.60 :	 2.56 :	 2.67

1
	

1.341 : 1.385 :	 4.68 :	 1.02 :	 1.06
7	 2	 : 2.665 : 1.435	 :	 6.58 :	 1.93 :	 1.13

3	 2.734 : 2.603 : 10.46 : 	 2.13 ;	 1.99
1

1
	

1.237 : 1.114 :	 3.95 :	 .98 s	 .87
8	 2	 : 2.068 : 2.060 ;	 6.00 :	 1.62 : '1.83

3	 : 3.422 : 3.010 $	 9.06 :	 2.75 :	 2.59

1
	

1.298	 1.382 s	 3.68 ;	 1.01 :	 1.04
9	 2
	

2.245 : 2.19• :	 6.88 ;	 1.73 :	 1.77
3	 : 3.472	 3.241 •	 • 
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Table 2.--Comparison of magnitude of compression of cushioning material
resulting from application of  equal amounts of energy in
either static  or dynamic loading, (continuedj---

Cushioning : Nominal :
material : thick-
identifi-	 ness .
cation	 :
number

Leasured
befo

Static :
loading :
tests

thickness: Energy :	 Total
re:	 : applied :	 compression

Dynamic :	 : Static : Dynamic
loading :	 : loading : loading
tests :	 tests : tests

1	 : 1.312 : 1.306
14	 2	 : 2.441 : 2.430 :

3	 : 3.715 : 3.720

1	 :	 1.311	 : 1.314 1
15
	

2	 : 2.611 : 2.633
3	 : 3.915 1	 3.911	 :

1	 : 1.234	 : 1.226 1
16
	

2	 : 1.877 : 1.865
3	 : 3.089	 3.074 :

1	 1 1.864	 1.689
17
	

2	 : 2.976	 3.122
3	 : 3.710 : 3.685

1	 1.604 : 1.455
18
	

2	 1 2.570 : 2.580
3	 s 3.175 ; 3.831 :

In.	 :	 In.

1.06 :	 1.40
1.75 ;	 1.94
2.58 :	 2.78

	

.81 1	 .78
1.50 ;	 1.52
2.18 :	 2.22

1.15 :	 1.19
1.97 :	 2.02
2.82 :	 2.82

1.37 s	 1.13
1.96	 1.94
2.99	 3.11

3.77
	

1.00 :	 .71
4.62 :
	 1.63 :	 1.23

6.37 :	 2.65 t	 1.87

4.77 :	 .91 :	 .73
6.44 1
	 1.79 :	 1.36

7.15 :	 2.51	 901.

5.83	 .69 ;	 .54

	

.84 :	 .666.21
1.22 :	 .887.03

1.43
	

1.534.31	 :
2.14
	

2.586.92
2.90 I
	 2.858.38	 :

2.61	 :	 1.53 :	 1.20
5.49 :	 2.32 :	 2.31
7.22 :	 3.06 :	 3.50

In.	 In.	 In.	 : In.-lb.

1	 1.385 : 1.625	 5.45
10
	

2	 2.063 : 2.295	 6.74 :
3	 1 3.335 : 3.268	 7.81 s

1	 : 1.050 : 1.070 :	 2.99
1 1
	

2	 : 2.073	 2.148 :	 4.90
3	 ; 3.144 : 3.169 :	 6.86 ;

1	 : 1.312 : 1.408 :	 3.64
12
	

2	 2.354	 2.446 :	 4.63 1

3	 1 3.599 : 3.542 :	 6.55

1	 1.595 : 1.427	 3.61
13
	

2	 2.293 : 2.270 :	 5.78 :
3	 : 3.358	 : 3.521 :	 7.52
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Table 2.--Comparison of magnitude of compression of cushioning material
resulting_fromapplicationof equal amounts of energy in
either static or dynamic loading (continued) •

1

	Cushioning : Nominal s Measured thickness; Energy : 	 Total
material : thick- : 	 before:	 : applied s	 compression

	

identifi- :	 ness . 	. 	 :	 1 	

cation	 :	 : Static : Dynamic :	 : Static s Dynamic
number	 :	 : loading : loading : 	 : loading : loading

	

:	 : tests : tests :	 : tests ; tests

	

:	 In.	 In.	 In.	 : In,-lb. :	 In.	 s	 In.
•

1	 : 1.536 : 1.506 :	 3.60	 1.44 s	 1.25
19	 s	 2	 1 2.572 : 2.427 :	 5.66 s	 2.25 :	 2.09

	

:	 3	 s 3.303	 3.531 :	 7.56 :	 2.99 :	 3.06
s•

1	 : 1.331 : 1.248 :	 4.77 s	 1.17 :	 1.07
20	 : '	 2	 s 2.047	 2.400 :	 6.62 s	 2.03 s	 2.04

3	 : 3.380 : 3.410 s	 7.65 :	 2.59 ;	 2.84

1	 : 1.648 : 1.511 :	 3.54	 1.47 :	 1.28
21	 s	 2	 t 2.298 s 2.550 :	 5.46	 2.04 s	 2.15

3	 : 3.658 s 3.625 :	 8.44 :	 3.19 :	 3.11

1	 : 1.005 : 1.195 :	 2.87 t	 .78 t	 .86
22	 2	 : 2.057 : 1.828 :	 4.25 :	 1.20 :	 1.23

3	 1 2.548 : 2.807 $	 6.24 ;	 1.65 1	 1.88
1

1	 1.300 I 1.381 :	 1.67 :	 1.20 :	 1.30
23	 2	 : 2.104 1 1.995 s	 3.00 :	 1.86 :	 1.95

3	 2.618 : 2.545 s	 3.48 $	 2.65 :	 2.44

1	 1.221 : 1.131 :	 1.93 :	 1.18 :	 1.07
24	 :	 2	 2.006 : 1.867 :	 3.10 :	 1.82 :	 1.79

3	 3.000 • 3.060 :	 3.98 :	 1.78 s	 2:85
1

1	 : 1.011 :	 .999	 :	 4.02 :	 .56	 :	 .63
25	 2	 : 2.269	 1.957 :	 5.04	 .76 ;	 1.05

3	 3.699	 3.031 s	 6.75 :	 1.32 :	 1.62

1	 : 1.184 : 1.024 :	 2.76 s	 .93	 .90

	

26-15 :	 2	 : 2.219 1 2.176 :	 3.58 :	 1.83 :	 1.75
3	 3.288 : 3.338	 5.40 :	 2.62 :	 2.88

1
1	 t 1.150 : 1.206	 :	 2.57 :	 1.05 1	 .99

	

26-47 :	 2	 : 2.373 : 2.328 :	 3.44 :	 1.80 :	 1.91
3	 : 3.178 s 3.554 s	 5.21	 :	 3,07 :	 3.02
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Table 2.-- Comparison of magnitude of compression of cushioning material
resulting from application of equal amounts of energy in
either static or dynamic loading (continued)

Cushioning : Nominal
material : thick-

	

identifi- :	 ness
cation
number

	

In.	 In.

	

:	 1	 : 1.007

	

:	 2	 : 2.033

	

:	 3	 : 2.830

	

1	 : 1.309

	

2	 : 2.109

	

3	 3.445

	1 	 1.295

	

2	 2.412

	

3	 3.403

	1 	 .972

	

2	 1.860

	

3	 2.790

	

•
	

1	 1.268

	

26-106 :
	 2	 • 2.012

	

3	 •• 3.205

: Energy :	 Total
: applied :	 compression

: Static : Dynamic
: loading : loading
: tests : tests

:	 In.	 : In.-lb. :	 In.	 :	 In.

0.912	 1.84 :	 0.88 :	 0.72
•

	

3.038	 :	 6.74 :	 2.41 :	 2.57

	

1.185	 :	 4.54 :	 1.02 2	 .81

	

2.402	 :	 5.35 •	 1.58 :	 1.61

	

3.453	 :	 7.30 :	 2.24 :	 2.44

	1.141	 :	 3.64 •• .95 ;	 •80

	

2.464	 :	 6.27 •

	

.	 1.57 :	 1.73

	

3.346	 : 10.39 :

	

.	 2.40 :	 2.44
:	 .. :

	.911	 :	 3.86 •• .91 . a
	2.080	 :	 5.69 •• 1.60

	

2.574	 :	 :
.

10.18 .: 2.23	 2.22

	

:.	 :

	

1.228	 :	 4.56 .. 1.02 :	 .88

	

2.170	 :	 7.56 :	 1.62 .	 1.60

	

3.348	 : 10.42 :	 2.48 .

	

.	 2.44

26-48

26-56

26-72

26-94

: Measured thickness
before:

: Static : Dynamic :
: loading : loading :
: tests : tests	 :
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table 3. Gorparison of str,sses tnd cororessions resulting
from specific cr,-.)licFtions of energy to cusnioninp.:
material 311 both	 dr), Ei.no moist condition._

Cushion-s Thickness 	 Lner6y ; Dry condition	 : :.oist condition
ing ma-	 before test	 : applied: 	
terial	 : 	 :	 ;
identi- :	 :	 s	 :
fication:2	 Dry	 ; hoist :	 • Stress ' Compres- : Stress ' Corpres-
number- :	 :'	 •	 sion	 :	 : sion

: In.	 : In.	 : In.-1b. Lt._ per;	 In.	 : Lt. per;	 In.____ -.. 

	

: sq. in.:	 : sq. in.:
. : . : 1 : :

1 : 2.365	 : 2.166 ; 4 : 11.6 : 1.48, : 13.0 : 1.51
2 : 1.845	 : 2.113 ; 4 : 14.4 : 1.33 : 16.5 : 1.58
3 : 2.442	 : 2.233 : 4 11.4 : 1.67 : 14.0 : 1.43
4 : 2.432	 : 1.720 : 4 11.4 : 1.E0 30.0 : 1.26
5 : 2.483'	 : 2.232 : 4 12.2 : 1.64 15.0 : 1.79

•

6 : 2.4P1	 : 7.226 : A : 11.6 1 1.71 16.0 : 1.'7
7 : 2.665	 : 2.762 : LI. : 12.5 : 1.77 11.0 : 1.60
8 : 2.068	 1 2.140 : 3 9,Q : 1.44 15.0 : 1.6
9 • : 2.245	 1 2.223 : 3 : 8.7 1.51 : 13.5 : 1.70

10 : 2.063	 : 2.230 : 4 : 14.4 1.62 : 22.5 : 1.93

11 ; 2.073	 : 2.214 : 4 : 15.4 1,45 : 19.5 1.79
12 : 2.354	 : 2.321 : : 11.0 1.&..6 15.0 1.90
13 : 2.293	 ; 2.260 : 6 6.0 : 1.7o 16.0 : 1.89
14 : 2.441	 ; 2.473 : 3 6.0 1.46 5.5 : 1.68
15 : 2.611: 2.661 : 4 %5 1.58 : 8.0 : 1.72

: • • : :
16 : 1.877	 : 1.883 : 4 : 10.3 : .65 : 10.0 : .73
17 : 2.976	 ; 2.231 : 3 : 10.7 : 1.93 12.0' : 1.68
18 ; 2.570	 : 2.510 : 2	 . : 5.4 : 2.08 : 10.0 : 2.20
19 : 2.572	 : 2.303 : 3 : 5.4 : 1.98 15.0 : 1.91
20 : 2.047	 : 2.360 : 4 : 10.8 : 1.86 : 9.5 : 1.75

t :
• : •

21 : 2.298	 : 1.998 : 2 : 8.0 : 1.86 : 12.0 : 1.29
22 : 2.057	 : 2.929 : 2 :- 10.0 : 1.05 : 4.5 : 1.70
23 : 2.104	 : 2.350 : 1 ; 2.7 : 1.55 : 2.5 : 1.52
24 : 2.006	 : 1.685 : 1 : 2.0 : 1.35 : 4.0 ; 1.19
25 : 2.269	 : 2.025 : 4 9.4 : 6.60 : 8.0 : 1.00

(sheet 1 o-e
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Table 3.--Comparison of stresses and compressions resulting
from specific applications of energy to  cushioning
material in both a dry and moist conditiona (continued)

Cushion-: Thickness 	 : Energy : Dry condition 	 : Moist condition
ing ma- : before test 	 : applied: 	 	 :
terial : 	  -:	 •.
identi- :	 .•	 •:	 •.

	

.	 •
:

.

fication: Dry : Moist : 	 . Stress :	 .Compres- Stress : Compres-.	 .	 .
number..? :	 :	 •	 sion:	 :	 :	 sion	 ..	 .

	

t:	 :	 :	 :	 : 	 :---------

	

In. : In. :	 In.-lb.: Lb. per: 	 In.	 : Lb. per:	 In.

	

:	 •	 : sq. in.:	 : sq. in.:
•

	2.219 : 2.030 : 	 4	 : 16.0 :	 1.84	 :	 21.5 :	 1.82

	

2.373 : 2.138 :	 4	 : 12.5 :	 1.82	 :	 20.0 :	 1.84

	

2.033 : 1.970 :	 4	 : 13.5 :	 1.61	 :	 18.5 :	 1.69

	

2.109 : 2.510 :	 4	 15.0 :	 1.50	 :	 13.0 :	 1.88

	

2.412 : 2.523 : 	 4	 s 14.5 :	 1.43	 :	 12.5 :	 1.85

	

1.860 : 2.693 :	 4	 15,0 :	 1.46	 :	 26.0 :	 1.54
	2.012 : 2.440 :	 5	 : 26.0 :	 1.45	 :	 12.0 :	 1.67

	

:	 •	 :	 :	 :	 :

	

:	 :	 :	 •• :	 :

	2.145. 2.303 :	 5	 : 18.5 :	 1.06	 :	 14.0 :	 1.35

	

2.114 : 2.455 • 	 5	 : 21.0 :	 1.08	 :	 14.5 •	 1.45

	

2.113 : 2.196 : 	 5	 : 22.5 :	 .99	 :	 20.0 :	 1.31
	2.042 • 2.185 :	 5	 : 10.0 :	 .80	 :	 17.5 :	 1.81

	

2.104 • 2.312 :	 5	 : 10.0 :	 .76	 :	 37.5 :	 1.63
•

• :	 :	 :	 •

	

2.135 : 2.428 :	 5	 : 11.0 :	 1.12	 :	 75.0 :	 1.19

	

1.989 : 2.030 :	 5	 : 14.0 :	 1.24	 :	 25.0:	 1.65
	1.914 : 2.528 :	 5	 : 27.5 :	 1.44	 :	 45.0 :	 1.33

:

:
:
:
:
:
:
:
:

:
:
:
:
:
:

:
:
:

1Dry = room conditions = equilibrium at 75 0 F. - 27 percent relative
humidity.

Moist = equilibrium at 80° F. - 97 percent relative humidity.
See table 5 for moisture contents of each material.

-See table 1 for description of material.

26-15
26-47
26 -.48
26-56
26-72
26-94
26-106

33
34
35
36
37

38
39
40
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Table 4,--Fffect of roisture and loadine on
cushy °ring materiel,

Cushioning

	

	 : Cushioning	 Extent of return to original
materialthidkness after load of 150:

identification	
ouality

: adversely	 pounds per square inch is removed
numbed-	 affected by 	

increase in : :
koistmoisture	 Dry :

Percent	 :	 Percent

1 39.1 : 23.0
2 X 33.6 18.5
3 : 37.6 : 16,1
4 X : 32.8 : -14.4
5 X' 33'.0 17.0
6 X 30.5 : 9.7

7 32.0 : 19.3

8 X 37.6 : 12.0
9 X 36.2 19.0

10 X 34.7 15.0
11 X 52.2 51.9
12 X 43.7 40.0

13 X 40.3 35.3
14 90.1 93.2
15 54.3 97.3
16 97.6 -9.80
17 48.9 33.0
18 55.9 49.8

19 X 84.4 34.3
20 30.6 13.8
21 36.1 21.0
22 51.0 38.0
23 12.5 5.3
24 12.1 7.6
25 38.8 25.5
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Table' .--bffect of moisture and loading on 
cusnioninE; material (continued)

Cushioning	 :	 Cushioning :	 Extent of return to original
material	 :	 quality	 :	 thickness after load of 150

	

identification :	 adversely	 :	 pounds per square inch is removed
number!.	:	 affected by : 	

increase in :
moisture	 :	 Dry	 Moist

1	 :	 :	 Percent	 Percent
1 

	 i

26-15	 :	 :	 21.0	 10.0
26-47	 :	 X	 :	 24.0	 16,0
26-48,.	 :	 X	 :	 29.0	 18.1
26-56	 :	 46.0	 21.0
26-72	 :	 :	 45.0	 19.0
26-94	 :	 T	 30.0
26-106	 :	 46.0	 24.0

33	 5e.0	 52.0
34	 :	 :	 65.0	 60.0
35	 :	 :	 85.0	 79.0
36	 :	 x	 45.0	 26.0
37	 :	 .,	 54.G	 43.0
38	 A	 4o.G	 25.0

39	 :	 A	 ;	 43.0	 25.0
40	 :	 X	 :	 39.0	 22.0
41	 :	 63.0	 67.0
42	 :	 :	 52.0	 50.0
43	 :	 76.0	 57.0
44	 :	 74.0	 71.0
45	 :	 :	 58.0	 70.0

-See table 1 for description of material.
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Table 5. Moisture content of cushioning materials in
equilibrium with various conditions

Cushioning Weight : Moisture in : Moisture in
material when : material at : material in
identifi-
cation

: oven dry
:(4- x 4-

:
:
roomicondi-
tion- (dry)

equilib	 Mgiu
: with'80	 F.

number x 2-inch : and 97 per-
sarple) : cent relative

humidity

Moisture in
material after
being soaked
for 3 hours
and drained
for 1-0

hours

:	 Grers Percent? Percent3..
- -

Percept?

1 :	 58.67 3.55 11.1 50.4
2 :	 43.56 4.31 12.5 101.0
3 :	 40.18 5.64 15.6 182.0
4 :	 37.67 5.53 45.9 392.0
5 :	 36.53 5.60 15.2 4E4.0

6 :	 37.03 5.U° 15.5
3

.
1
55.0

7 :	 49.89 4.75 11.7 -894.0
8 1	 24.01 6.60 24.9 1,347.0
9 :	 49.76 4.79 15.3 487.0

10 34.87 5.04 19.2 997.0

11 40.54 3.94 21.0 66.2
12 :	 38.75 5.21 21,9 62.8
13 :	 27.42 4.81 26.3 70.6
14 :	 178.23 1.52 9.6 59.1
15 163.38 1.34 7.0 28.8

16 :	 164.95 .83 3.6 14.2
17 :	 41.85 8.23 18.9 :	 1,138.0
18 35.07 5.56 13.1 59.4
19 31.56 4.43 18.0 39.8
20 36.89 3.88 15.6 199.0

21 :	 25.99 7.90 15.2 750.0
22 :	 64.52 7.06 17.6 :	 207.0
23 :	 21,36 6.88 13.9 217.0
24 :	 22,40 12.30 25,1 :	 146.6
25 :	 37.35 3.53 19.4 : 11,13.0
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Table' .-Moisture  content Of cushioning materials in 
equilibrium with various conditions (continued)

	

Cushioning : Weight : Moisture in	 :
material : when	 : material at
identifi- : oven dry : room,condi-
cation	 :(4- x 4- :	 (dry)
number	 x 2-inch :

sample) :

Moisture in
material in
equilibrium
with 80° F.
and 97 per-
cent relative
humidity

;Moisture in
: material after
being soaked

: for 3 hours
and drained

: for 1-0
: hours

33	 62.98 :	 7.85
34	 71.8	 :	 6.75
35	 71.81 :	 6.4o
36	 41.72 :	 o.b4
37	 78.89 :	 6.93

59.53 :38	 6.17
39	 58.15 :	 8.43
40	 24.55 :	 10.92
41	 34.36 :	 2.32
42	 14.44 :	 3.62

43	 15.89 1	 3.43
44	 21.15 :	 2.27
45	 27.42 :	 13.90

Percent..

16.P
1c.6
17.5
1P.0
16.7
17.7
16.1

35.5
62.7
30.6
41.2
47.8

67.3
35.6
117.0

6.3
7 .0.

12.3
7.4

29.0

Percent 2-

2„'i°0.0
2,400.0

:	 1,P72.0
• '1 356 0
• 7"_1,115.0

1,253.0

547.0
537.0

3
541.0

-222.0

3
3-99.0
-158.0

3
675.0

-574.0
1,158.0

1 390.0
.570.03

-1,000.0

9
Grams
	

Percent=

	

26-15
	

19.73 :	 2.34

	

26-47
	

)P.06 :	 3.21

	

26-4P
	

1F.74	 4.36

	

26-56
	

36.4P	 3.45

	

26-72
	

37.07	 3.1

	

26-94
	

17.65	 4.5P

	

26-106
	

48.72 :	 4.55

-Room conditions a ppro7irst pd 75 '7 , 27 percent relative humidity.
2
-PercentPEe on basis of wei p:ht when oven (Irv.
3
-Structrre disinte-rfed.
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Table 6.--Results of dust test of cushioning materials     

Cushioning: Weight : Weight : Weight :
material : ' of	 :	 of	 :	 of
identifi- :cushion-:cushion-; dust •
,ation	 :ing be- : ing
number	 : fore	 : after •

test	 : test

Nature of dusting

: Grams : crams : Gram

	

1	

...
.	 .	 :
: 49.14 : 49.14. :	 ( 3--- ,	 : Very sliTbt, very fine small
. 	 : dust particles.

	

2	 : 59. 74	 : 59.74	 :	 (L)	 :	 Do.

	

3	 : 3F.P8 : 38.86 : 0.02	 : Dusty - medium sized + cor-
siderebly very pine.

	

4	 : 33.90 : 33.89 : .01 	 : Dusty - small particles.

	

5	 : 42.00 : 41.9 : .01	 : Slightly dusty -, very fine lint.

	

6	 : 36.90 : 36.90 : (1-)	 : Very slight - very fine.

	

7	 : 57.64 : 57.64 : (1)	 : No noticeable dust.

	

8	 : 39.16 : 39.15 : .03	 : Dusty - large particles, very
: fine oust

	

9	 : 43.62 : 43.62 : 	 (..1..)	 : Very slight.

	

10	 : 41.84 : 41.61 : .u3	 : Dusty - large particles, also
fine lint.

	

11	 : 38.38 : 38.34 r .04	 : Dusty - pieces of broken fiber.

	

12	 : 50.06 : 50.04 : .02	 :	 Do.

	

13	 : 35.88 1 35.87 :	 .01	 :	 Do.

	

214	 •	 •	 • 

?1.5 •	 	 •	 •

?16

	

17	 : 32.92 : 32.92	 {-L)	 : Slightly , very fine lint.

	

18	 : 38.23 : 38.18 : .05	 : Dusty - pieces of loose hair.

	

19	 : 46.64 : 46.64 : (1) ' : Slightly - some loose hair.

	

20	 : 35.34 : 35.34 : (1)	 : Very slightly.

	

21	 : 28.44 : 28.41 : .03 	 : Dusty - considerable grit.

	

2
22	 : 42.86 : 42.81 : .05	 : Very dusty - broken pieces.
23

	

224 	 • 

	

25	 : 32.12 : 32.07.05	 : Very dusty - disinter4ration.

	

26-15	 : 20.02	 : 19.97-	 .05.	 : very dusty - lame erount lint
ejid some medium nPrtieles

	

26-47	 : 24.30 : 24.29	 .01	 : DPstv - corsidersfle lint.

	

26-48	 : 25.90 : 25.88	 .02	 : Dusty - very rucl- lint.

	

26-56	 : 40.34 1 40.74	 (1)	 : Sli ghtly dusty - lint.

	

26-72	 : 36.94	 : 36.94	 (-1)	 Do.

	

26-94	 : 28.00 : 28,00	 (1)	 : 'Very slight - very fine lint.

	

26-106	 : 46.02 : 46.00.04	 : Dusty - fine particles of dust.

	

33	 : 61.36 : 61 , 36 (1)	 : Very little effect - some lint.

	

34	 : 79.20 : 7.(;.40(1)	 : 6mall amount of lint.

R-1627
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Table 6.--Results of dust test of cushioning  material (continued)

CushionirT: "rei,ht : "Te3,'it : 70,1,t
material :	 of	 .	 of	 •.	 of
identifi- :cue- i or-:cushion-: dust
cation	 :ir, 1-e- : ins	 .
number	 : fore	 : after

: test	 : test

Nature of dustinT

: Grams

35 : 86.10
36 : 37.t.5
-37 :
---38
39 1 60.02
40 : 24.24

41 ; 38.96

42 : 26.50
43 : 16.02
44 : 31.01
45 : 26.18

: Grams : Gras-

: £6.10 : ()	 : Very little effect - some lint.
: 37.05 : kl)	 : Verylittle effect - some dust.
•	 • (1)

1

: 60.02 s 4)	 : No effect.
: 24.24 : (--)	 : Material loosens and becomes

: wadded.
: 38.96 s (1)	 : Condition very good, no

noticeable dust.
: 26.33 : 0 1 17	 : Small amount of loose particles.
: 16.02 : (-)	 : Very slight dusting.
: 31.01 : (1)	 : Very slight dusting.
: 26.18 : (--)	 : Very slight dusting.

.Weight 4f dust too slight to show difference in weight of cushioning
before end after test.

2
-Not tested
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Table 7. ,--Hydrogen ion concentration (pH) and 
acid content of cushioninT. materials

	

Cushionincr material : pH- : 	 Total acidity in
identification	 :	 terrrs of qill-ruric

nurber	 :	 anl-ydrideL

Percent 

	

1	 : 6.5u :	 0.007

	

2	 : 6.60 :	 .015

	

3	 : 5.60 :	 .100

	

4	 : 6.30 	

	

5	 ; 6,70 :	 .007

	

6	 : 7.10 :	 .007

	

7	 : 6.85 :	 .008

	

8	 s 6.20 :	 .030

	

9	 6.25 s	 .080

	

10	 s 6.85 :	 .030

	

11	 : 7.60 ;	 .020
: 8.00 ;

	

12	 .010

	

13	 : 8:25 •	

	

14	 : 8.60 	

	

15	 : 8.65 	

	

16	 : F.30 •	

	

17	 : 5.45 :	 .075

	

18	 : 8.40 •	
19.000: F 1 20 :

	

20	 : 7.00 :	 .040

	

21	 : 7.00 :	 .040
•2	 : 5.05 :	 .070

	

23	 .085

	

24	 .145

	

25	 : 5.55 :	 .050

	

26-15	 : 6.00 :	 .030

	

26-47	 : 9.20 : 	

	

26-48	 8.45 : 	

	

26-56	 : 9.40 : 	

	

26-72	 : 6.75 ;	 .045
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Table 7.--Hydrogen ion concentration (pH) and 
acid content of cushioning materials

1Cushioning mateiial :	 : Total acidity in
identification	 :	 terms of'sulfuric

number	 : anhydride) 
, •

: 6.30 ;
e.20
5.e5 :
7625 :
6;70 :

Es.b0 :
: 5.c0

b.CoU :

:.5.50 :
$ 5.60 :

s 8.35 :
: 7.85 :
: 8.3 0 :
: 8.60 1

: 4.85 

26-94
26-106

33
34
35

36
37
38
39
40

41
42
43
44
45

Percent

0.030

.007

.008

.20+

.007

.11

-Each figure is an average of three determinations.
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Table 8.--Quantities .of various cushioninr, materials requited to
satisfy the conditions of example 4

s	 :
Cushioning: Required thickness : 	 Volume of	 : Total
material :	 of cushioning	 :	 cushioning material	 : volume
identifi- :	 material	 :	 ; of
cation	 . 	 : 	 : 	 	 : 	  : 	 ; cushion-,	
number	 : Ends : Sides : Top : Two	 : Two	 : Top	 : ing mate-

: and : ends : sides : and	 : rial
:bottom:	 :	 :bottom : required

:Inches: Inches:Inches: Cubic : Cubic : Cubic : Cubic
:	 : Inches: Inches: Inches : Inches

2 : 1.30 : :

5 : 1.35 : 1.75 : 1.15 : 10P.rn 137.16 : 370. 7 : 616.17

6 : 1.55 : 1.55 : 1.25 : 124.00 : 162.44 : 129.07 : 715.47

20 : 1.35 : 1.35 : 1.00 : 10E.00 : 137,16 : 322.58 : 567.74

26-47 : 1.20 : 1.20 : .60 : : 119.04 : 184.51 : 399.55

12 : 1.60 : 1.60 : 1.11, : 128.00 : 168.90 : 383.33 : 680.29

0.8° 4PP.06: 104.00 : 131.01 : 254.0 :
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FIGURE 39___.--Hypothetioal stress-compression curve of a typical cushioning
material.
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