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ABSTRACT 

Data on the response oipackageeushioning material 
to mechanical shock are generally available to the 
package designer. When cushioning is used in a 
package, however, its response is modified, primarily 
by the container. Two methods of depicting the 
container effect were used here, the peak accelera¬ 
tion-static stress curve and the undamped shock 
spectra. 

The container effect was important in the per¬ 
formance of cushioned packages using the side-pad 
method of cushion application. If such cushioned 
packages wero satisfactory on the basis of their 
flat-drop performance, they seem likely to provide 
adequate protection against edgewise and diagonally 
cornerwise impacts as well. 

Cleated plywood boxes offered a definite advantage, 
under certain leading conditions, as shipping con¬ 
tainers for cushioned packages. 
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Container Effects in Cushioned Packages: 
Urethane Foam Cushioning Applied as Side Pads1 ° 

BY C. A. JORDAN,-Engineer 

Forest Products Laboratory ~ 

Forest Service 
U. S. Department of Agriculture 

INTRODUCTION 

The primary purpose of package cushioning 
is to prevent damage to a packaged article during 
handling and shipment. Considerable information 
on the response of the cushioning material to 
mechanical shock is available to the package 
designer. But, when the cushioning is used in a 
package, the container may have an effect on the 
transmitted shock—a point that is generally over¬ 
looked or assumed to be favorable. 

Most available data on package cushioning 
material were obtained from tests where the 
cushioning material was compressed between a 
ialllng mass and a rigid backstop.- Interposing 
a container between che cushion and the solid 
backstop may modify the shock experienced by 
the falling mass, which represents the contents 
of the package,. 

Because of lack of specific information on any 
container effect, designers often have assumed 
that the container will simply provide protection 

in addition to that given by the cushioning material. 
To see If there was a “container effect* and, if so, 
what it might be, this study was set up at the 
U.S. Forest Products Laboratory. 

This report covers only the first part of the 
broad study of container effects in cushioned 
packages. To get an idea of what this effect 
might be, the work was started using the two 
types of shipping containers most widely used 
by the Air Force—corrugated fiberboard and 
wood-cleated plywood boxes. The cushioning ma¬ 
terial used was urethane foam (2 pounds per 
cubic foot density) chosen to meet the require- 
ment for a material that gives consistent response 
under repeated loading. The urethane foam was 
used as side pads iw>ause this is a commun 
cushioning method. Results from these evaluations 
form the basis for further work. 

All the emphasis in this study was on prevent¬ 
ing shock damage to the package contents. Some 
packages are cushioned to prevent vibration 
damage, but this aspect was not investigated 
here. 

2 '■OQ'Stlcs Command, Wrlght-P.tt.rson Air Force^aso.OMo ) 'S ^ at A'r F°rC* 

-Maintained at Madison, Mis 

-American Society for Testing and Materials 
Materials. ASTM 0 1596-64. 

in cooperation with the University of Wisconsin. 

ShocK Absorbing Character!stics of Package Cushioning 
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METHOD

Cushioned packages involving both regular 
slotted corrugated filierboard (fig. 1) and wood- 
cleated plywood (fig. 2) txjxes, 13 by 13 by 
13 inches inside, were dropped 24 inches in 
flatwise, diagonaliy edgewise, and diagonally 
cornerwise orientations. The rigid 7-inch-culje 
dummy load (fig. 3 or 4) in each package was 
cushioned with urethane foam side pads 5 inches 
square^ by 3 inches thick. Piezo-resistive ac
celerometers, in tri-axial array (tig. 5) at the 
approximate center of gravity of the dummy ioad, 
monitored the shock motion (acceleration-time 
response) of the simuiated packaged article. The 
acceleration-tinje records were put on magnetic 
tape and later recorded on paper using a light- 
beam oscillograph. Discrete wei^ts of the dummy

Figure I.—Fiberboard box used in the 
package drop tests. The five cushion 
pads inside the box were positioned 
before inserting the dummy load. The 
top pad, attached to a separate sheet 
of fiberboard, was positioned after 
the load was in place. Closure was 
with pressure-sensitive tape applied 
over the center seam and overlapping 
onto the ends o‘ the box. (M 132 675)

load were chosen to encompass the useful cushion
loading range and extend into the regions of under
load and overload.

After each drop, the test packages were opened 
and the dummy load and cushions restored to their 
original condition before making the next drop. 
Thus, no atten^t was made to evaluate cumulative 
degradation of the package protection caused by 
repeated paekage impacts, as would be ex
perienced in service. Neither was there any 
atten^t to evaluate creep effects that might alter 
the cushion response after extended storage 
periods during which the eushion supports the 
dead weight of the contents.

In addition to, but preceding package drop tests, 
the primary^ cushions used in the packages were 
evaluated in dynamic compression using equip
ment shown in figure 6, essenti Uly in accordance 
with ASTM Method D-1596-64.-

Figure 2.—Cleated plywood box and dummy 
load with top panel removed. (M 130 163)

-To iicnieve a desired low cushion stress for one se» of tests, 7-inch-square cushions were used as 
Oottom pads with the lightest available simulated load.

Primary cushion pads In a cushioned package are those pads on the under side of the load at inpact, 
such as the botlom pad in a box that is dropped flatwise onto its bottom.
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Flour* 3.—Th* Hghr<(*lght Ommy load, with covwr r«mov«d, showing 5-way accalaroiwatar 
arrangwwnt tiounted for tiatwis* drops onto t»ttoi« of cushioned pachega. Th* cover was 
taped in place when th* unit was assembled for test. (M 132 676)

Figure 4.--The heavy dummy load, shown with extra wood end steel laml^tes. These 
were Interchanged to attain desired weights of th* assembled dummy load. (M 132 674)

' *
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rigur* 5.--The three accelerometers
mounted In mutually perpendicular array, 
as used inside the duimry loads. (M 132 677)

SELECTION OF CUSHIONS 
FOR TEST PACKAGES

The urethane foam cuahioning material waa 
received in four large. 3-inch-thlck aheets. It 
waa cut into S- by 5- by 3-lnch pada, each pad 
being given an identifying code number conaiat- 
ing of a letter (A, B. C. or O for the aheet from 
which it came) plua a serial number. The pade 
from the £ aheet had noticeably different responae 
to dynamic compreaaion than thoae from the 
other three aheeta and were eliminated. There 
waa enough difference in the reaponaee of the 
£. C. and D pada that Itwaadealrable to exerciae 
conaiatent control over their poaitiona in the 
teat packagea. Therefore, in the firat four aerlea 
of package drop teata (table 1). the cuahion on 
the bottom in flatwlae drcp teata waa alwaya an 
£ pad: the two pada under the load in the edge- 
wlae teata were A and £ pada; and the three 
pada under the load In the oomerwlae teaU

figure 6.—Equipment used in the dynamic compression tests of cushion pads:

A, Pendulum head; B, test specimen. (The test specimen shown is one used in e different 
Ttudy); C. photo c?ll-light beam setup for measuring impact velocity; £, digital counter 
for Impact velocity measurenent; £, numerical display unit for counter; oscilloscope; 
0, iwgnetic tape recorder; and H,~l ight-beam osciIlograph used to record~acceleration- 
Time pulses stored on magnetic Tape. (M |28 365)
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T*t>W» I -'jummjry of pdcxjcjo tests ant) results 

series 
No. 

< 1 no 
of 

conta i ne-' 

Weight 

o* 

dummy 
l(Md 

Con twiner 
or ,'enta- 

* ! on 

Sequence 
number 

of 
drop 

S t a t •’ c 
stress 

Average peaK 
accel»rat Ion 

of 'oad 

Number of: Standard: Peak of 
repi Icare:deviation: shock 

test ; spectrum 
drops ¡(undamped) 

d » 12) (3) (4) (5) ( 6 ) (7) (8) (9) ; (10) 

Lb. P.s. 1 . 
SL : li 

: : 19.94 : rlat 
: • 19.94 :...do_ 

I : Cleared : :9.94 : £dgi> 
: plymood: 19.94 ¡...oc.... 
: : 19.94 : Corner 
: : '9.94 : . . .0(. 

I : C.80 ■ ¿8.1 
5 : .80 ; Í5.I 
I : .bo : 17.9 
5 : .80 ; ¡7.7 
I : .80 . i9 

4 : .80 : 14.4 

5 4.57 : 58.1 
3 • 1.56 ;. 
4 .65 25.0 
5 : .63 ; 27.7 
4 1.79 : 20.2 
4 1.54 : 19.8 

2 : Cleared 
plywood 

27.45 ; Flat 
2t.Aï :...do.. 
27.45 : Edge 
77.45 :.,. do.. 
27.45 : Corner 
77.45 :...do.. 

I :1.10 
5 : I . 10 
I :1.10 
7 :1.10 

1 :1.10 
2 : 1. 10 

48.7 
72.3 
44.2 
50.6 
16.4 
12.3 

4.00 : Elar : I 
: : 4.00 :...do.... : 2 

3 ; Fiber- : 4,00 : Edge : i 
board : 4.00 :... do.... : 2 

: : 4.00 : Corner : I 
: : 4.00 •...do.... : 2 

.16 : ¡6.9 

.16 : i 7.6 

.16 : i7.8 

.16 : 16.7 

.16 : 19.5 

.16 : 18.5 

5 

5 
5 
5 
5 
5 
5 

19.85 
6.73 
. 

1.13 

.77 : 30.0 

.79 : 30.8 

.63 : 33.4 

.48 : 31.8 

. 77 : 35.0 

. 17 : 33.9 

: 19.94 : flar : I 
: 19.94 :...00....: 2 

4 : Fiber- : 19.94 : Edge : ! 
: board : 19.94 .. 2 
: : 19.94 : Corner : I 

.80 : 43.9 

.80 : 49.7 

.80 : 20.5 

.80 : 23.5 

.80 : 10.3 7' 
-I 

1.93 : 59.5 
2.77 ¡ 69.3 
2.45 :. 

14.3 

: 4.00 : Fiar 
: 4.00 : Edge 
: 4.00 : Corner 
: 10.50 : Fiar 

; : 10.50 : Edge 
: : 10.50 : Corner 

5 Fiber- : 17.35 : Fiar 
board : 17.35 : Edge 

: 17.35 : Corner 
: 22.20 ; Flat 

: : 22.20 : Edge 
. : 22.20 : Corner 

; -J4.00 : Flat 
: “44.00 :...do... 

I : .16 : 21.3 
I : .16 : 18.9 
I • .16 : 19.7 
I : .42 : 22.7 
I : .42 : 10.7 
I : .42 : 9.9 
I : .69 : 32.5 
! : .69 : 8.2 
I : .69 : 7.7 
.: .89 : 42.9 
(I)..: .89 .(I). 
(')..: ,.89 :.(I). 

1 : 4.082: 34.5 
2 : -.082: 54.0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

(I) 

(I) 

3 
3 

1.59 : 35.0 
1.50 : 35.3 
.22 : 33.0 
.66 : 33.8 

1.02 : 18.8 
.10 : 18.2 

1.47 : 45.7 
1.43 : 14.0 
.24 : 13.7 

2.81 : 63.1 

.71 

.82 
51.5 
51.5 

6 

: 3.90 : Flat 
: 10.53 :...do.... 
: 17.38 :...do.... 

Cleared : 19.85 :...do.... 
plywood: 22.20 :...do..., 

: ^4.00 :...do.... 
: -34.00 :.. .do.... 

I : 
I : 
I : 
I : 
I : 
1 : 
2 : 

3' 
T 

,156 
42 
69 
80 
89 
082 
082 

21.8 
16.7 
18.7 
24.0 
24.9 
33.2 
35.8 

3 
3 
3 
2 
3 
3 
3 

.35 : 

.88 : 

.51 : 

.50 : 
1.94 : 
3.29 : 
2.11 : 

: 

36.8 
27.0 
27.3 
34.0 
36.2 
51.5 
51.5 

-Ward bottoming of the load occurred In all drop tests In this category. 

-Hard bottoming of the load occurred In the remainder of the five drop tests In this category. 

-Bottom pad in these containers was 7 Inches square. 
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were A, C, and U. In scries 5 and 6, however, 
all primary pads were C pao— For this reason, 
the results in the latter two series may not agree 
closely with those in earlier series. 

acceleration-time records, one of which was 

obtained for each test drop. 
The eighth column gives the number of replicate 

test drops, each with a different package, that 
are represented by the average peak acceleration 

SHOCK SPECTRA 

The undamped shock spectrum (see Appendix 1) 
was calculated for each of the experimental 
shocks applied In the package drop tests and in 
the pendulum tests of the individual cushions. 
They were generated by a digital computer 
utilizing a program developed at Forest Products 
Laboratory from equation (23.33) for relative 
displacement response given in Volume 2 of the 
Shock and Vibration Handbook.- The program 
was checked out by using digitized half-sine 
and terminal-peak sawtooth input functions and 
cong)arlng the outputs with published shook 
spectra for these functions. 

PRESENTATION AND DISCUSSION 
OF RESULTS 

The results of the drop tests of cushioned 
packages conducted in this study are summarized 
in table 1. The first four columns of table 1 are 
self-explanatory. The fifth column gives the 
sequence number of the drop for which averaged 
data are given in certain subsequent columns.-2 
Column 6 gives the static stress, defined as the 
weight of the dummy load divided by the load- 
bearing area of one of the cushion pads. Note 
that this same definition applies to edgewise 
and cornerwise orientations, even though the use 
of the term here becomes somewhat unrealistic 
in these instances where two or more cushions 

support the load. 
In the seventh column are listed peak ac¬ 

celeration values of acceleration-time records 
generated in the corresponding package drop 
tests. Each value in this column was obtained 
by averaging the peak values of the individual 

value in column 7. 
The variability of the observations of peak 

acceleration (col. 7) is Indicated by the corre¬ 
sponding values of standard deviation (calculated 

from a ï ( * - * r 
n 

) given in column 9. Considering 

the nature of the package drop test, the results 
appear quite uniform. 

Column 10 lists the peak value of the shock 
spectrum obtained from the average of the cor¬ 
responding acceleration-time pulses generated 

In the Individual drop tests. 
It may be seen from series 3 (table 1) and 

from the results obtained with the 4-pound load 
in series 5. that at this loading in ftberboard 
boxes there is little difference in the peak 
acceleration of the load for flat, edge, and 
corner drops. However, series 5 shows that 
increasing the weight of the dummy load causes 
the peak acceleration experienced by the load 
to become greater for flat drops, but less for 
edge and corner drops. In flat drops there was 
no appreciable flatwise crushing of the fiberboard 
in bottom flaps, at least with dummy loads as 
heavy as 17.35 pounds. Therefore, practically 
all of the energy had to be absorbed by the 

bottom cushion. 
In the edge and corner drops with the heavier 

loads, energy was absorbed in crushing the edge 
or corner of the box: some more energy was 
absorbed by deflection of the box panels backing 
up the active cushions. Also» in the edge and 
corner drops there were two or three “bottom* 
cushions. Instead of one, and these were loaded 
nhHqsnly (a combination of shear and com¬ 
pression) rather than solely in compression as 
was the bottom pad in the flat drops. The net 
effect was that the edge and corner drops were 
generally less severe to package contents than 
the flat drops. However, in the tests in which the 
packages obviously involved overloading, as in 

lharris, C. M., and Creda, C. E. 
liook Co., N.Y. 1961. 

Shock and Vibration Handbook, Vol. 2, Sec. 23, p. 14. McGraw-Hill 

!for example, the tlr.t figura (28.1) In column 7 Is the average ct the peak acceleration values 
observed during the first drops of five replicate packages, and the next figure í35*¡> ls +h* 
average o( the9peak acceleration values observed during the fifth drops of three of these same 

f;ve repiI cates. 
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serles 2 and 4 and the packages with the 22.2- 
pound load In series 5 (table 1), the edge ami 
corner drops exhibited evidence of hard bottom¬ 
ing, while the flat drops did not. 

Hard bottoming occurred in edge and corner 
drops of fiber board boxes with a load of 19.94 
pounds (series 4), but it did not occur with a 
load of 17.35 pounds (series 5). Hard bottoming 
occurred in edge and corner drops of cleated 
plywood boxes with a load of 27.45 pounds 
(series 2) but did not happen when the load was 
19.94 pounds. This difference in the edge and 
corner drop performance of the fiberboard and 
cleated plywood boxes with heavy contents in¬ 
volves the relative strength of the two kinds of 
boxes. 

There are two obvious ways in which this 
operates. The stronger panels of the cleated 
plywood boxes gave better support to the lower 
cushions in the edge and corner drops than did 
the panels backing up the same cushions in the 
fiberboard boxes. Obviously, if these support¬ 
ing panels give way, the cushions cannot be very 

effective in stopping the load. Any appreciable 
crushing of the striking edge or corner of a 
fiberboard box reduces the clearance, or avail- 
aide stopping distance for the downward-moving 
load and increases the likelihood of Ijotlomlng. 
With the heavier loads in the fiberboard itoxes, 
this crushing was a definite factor. No such 
reduction of available stopping distance was 
evident in the cleated plywood boxes. 

Comparisons of corresponding values of peak 
acceleration of load, column 7 of table 1, and 
peak of shock spectrum, column 10, emphasize 
the inadequacy of the peak acceleration value 
of the applied shock pulse, alone, as a criterion 
of the damage potential of the shock. In table 1, 
the peak of the undamped shock spectrum varies 
from about 35 percent more to as much as 
90 percent more than the peak value of the 
applied shock pulse. 

It has lieen customary, in reporting the dynamic 
compression characteristics of package cushion¬ 
ing materials, to present the data in the form 
of peak acceleration-static stress curves. Such 

0./6 0.99 

la) Urethane foam pads only; (b) cushioned package in a fiberboard box; and (c) cushioned 
package in a cleated plywood box. (M 133 144) 

7 
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a curve is a plot of the peak values of ac¬ 
celeration versus the ratio, W/A, (where W 
is weight of the loading head, in pounds, and 
the A is the loaded area of the cushion in square 
inches) for a sufficient number and range of 
weights of the loading head. 

Shown in figure 7 are peak acceleration- 
stall' stress (G -W/A) curves for: (a) the 5- 

m 

by 5- by 3-inchr urethane foam pads used in 
the package drop tests, (b) flat drops of cushioned 
packages using these pads in fiberbourd boxes, 
and (c) flat drops of cushioned packages using 
these pads in cleated plywood boxes. In the 
static stress range below about 0.20 p.s.i. (pounds 
per square inch), the peak acceleration of the 
dummy load in either kind of container was 
greater, for equivalent static stress, than that 
of the loading head in the test of the cushion 
only. In this same range, the kind of container 
(flberboard or cleated plywood box) made little 
difference in the peak acceleration of the load. 

The higher peak acceleration of the load in a 
container as compared to that predicted from 
the cushion-only test, for lightweight loads and 
flat drops, has been observed previously. 
However, the reason for this appears to be 
other than package rebound, to which the phe¬ 
nomenon was tentatively attributed. 

The oscillograph records of the package 
impacts involving the 4-pound dummy load, 
particularly In flberboard boxes, show that 
rebound did not occur until well after tha ac¬ 
celeration of the load had passed Its peak. 
Therefore, container rebound could not have 
been responsible for the phenomenon In those 
instances. 

A more probable explanation attributes the 
present phenomenon to the effect of the four 
side pads bearing against the vertical sides 
of the dummy load In these flat drops. The 
side pads aid the bottom pad In resisting down¬ 
ward movement of the contents. (A simple test 
was made by removing the bottom pad from 
several containers of each kind and noting the 
force required to begin to slide the 4-pound 

dummy load downward against the resistance 
of only the four side pads. This force varied 
from about 5 to 9 pounds.) As the weight of the 
contents is reduced, the resistance provided 
by the side pads becomes an increasingly im¬ 
portant part of the total force required to stop 
the downward motion of the contents. 

Conversely, the side pad resistance becomes 
a decreasingly important part of the total force 
to stop contents motion as the weight of contents 
is increased. In fact, in the static stress range 
above about 0.20 p.s.i., the effect of the side 
pads is obscured by other container effects. 

As the weight of contents is progressively 
increased, a point is reached where the force 
necessary to stop the contents motion becomes 
great enough to cause some crushing or dis¬ 
tortion of the bottom of the box. This is plainly 
evident for packages involving cleated plywood 
boxes. In these containers, the bottom plywood 
panel, supported by cleats along its outer edges, 
is free to act as a centrally loaded diaphragm. 
Thus, it deflects under the heavier impact loads, 
absorbs a substantial part of the kinetic energy 
of the contents, and thereby reduces the peak 
acceleration of the contents during the impact. 

To a much lesser extent, flattening and possibly 
some elastic compression of the two thicknesses 
(flaps) of flberboard comprising the bottom of 
the flberboard boxes is believed to have absorbed 
some of the kinetic energy of the contents. 
This lowered the peak acceleration in the upper 
range of static stress for these boxes to a 
value below that for the bare cushion. 

As mentioned, a flatwise drop (Impact) of a 
side-pad-cushioned package generally imposes 
a greater peak stress on the contents than either 
an edgewise or comerwise drop. Considering 
this, the curves in figure 7 point out a particular 
advantage of cleated plywood boxes for fairly 
heavy contents in packages cushioned with side 
pads. The possibility for exploiting this advantage 
further, by varying the lateral stiffness of the 
panel material in these boxes in relation to the 
weight of the contents and sise of the box, also 
exists. Of course, the advantage would be defeated 

¿The data points at static stress » 0.082 p.s.i. were oDtalned with 7- by 7- by 3-inch pads 
the lightest dummy lóad evaHable weighed * pounds, giving a static strass of 0.16 p.s.i 
5- by 5-inch pads. It was necessary to increase the dimensions of the bottom cushions In 
package tests at this static stress. 
S. Department of Defense. Mliitary Standardization Handbook, Package Cushioning Design. 
Handbook 304, par. 3.2.1.2.5.1. U.S. Naval Supply Depot, Philadelphia, Pa. Nov. 1964. 

10 
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by intermediate cleats that interfere ’.'ith the 
ability of the bottom panel to deflect during 
flatwise drops. 

The inadequacy of the peak value of applietl 
shock (peak acceleration) as a criterion of 
shock severity is made more evident in figures 8 
through 19. Here the upper portions of the 
figures show shocks measured in 24-inch drops 
of cushioned packages in cleated plywood 
boxes, and B, fil>erboard boxes, compared with 
Ç, cushion alone. Corresponding shock spectra 
A', B', and £' are also shown, together with 
the peak value of the curve for the cushion alone. 

Specifically, the upper set of curves represent 
the measured acceleration-time pulses as 
digitized for computer operation, and the lower 
set are the corresponding zero-damping shock 
spectra plotted as peak response acceleration 
versus the natural frequency of the responding 
systems. 

These 12 figures present the acceleration¬ 
time data obtained in test series 5 and 6 of 
table 1, plus the corresponding acceleration¬ 
time data for *C* cushion pads obtained In the 
pendulum-impact test using a drop height e- 
quivalent to a 24-inch free fall. (All of the 
primary pads in these two serie* were ‘C* 
pads.) 

If every article to be packaged were a rigid, 
unyielding structure Uroughout, such as the 
dummy loads used in the test packages, there 
would be no need for the shock spectra. The 
peak acceleration of all parts of such an article 
would be the same as the peak acceleration of 
the applied shock. 

Many articles that must be cushioned for 
shipment, however, are assemblies consisting 
of a fairly rigid main structure to which are 
attached individual parts or subassemblies that 
often are the most damage-prone elements of 
the entire article. Due to their own Inertia and 
the resilience of their attachment to the main 
structure, the motion of these elements during 
an externally applied shock will differ from the 
motion of the main structure. Each will respond 
at its own natural frequency (see Appendix 1), 
and the maximum acceleration it will experience, 
disregarding damping, will be shown by the value 
of the appropriate shock spectrum at that natural 

frequency. 
Consider, for instance, the conditions repre¬ 

sented by figure 8. Suppose that Instead of being 
a solid, concentrated mass, the 4-pound load 

contained a small, fragile, mechanical element 
capable of vibrating at its own natural frequency 
of 45 c.p.s. (cycles per second). The peak ac¬ 
celeration indicated by the cushion-only test is 
about 28 g’s. However, as indicated by the 
package-drop shock spectra, the small, fragile, 
mechanical element in either of the test packag's 
would have experienced a peak acceleration, 
not of 28 g’s, but oi 51 g’s. Even if the design 
had been based on drop tests of cushioned 
packages, comparable to those in this study, 
the indicated peak acceleration would have Ijeen 
about 35 g’s m the cleated plywood box and 
about 33 g’s in the filterboard box. 

This emphasizes the possible danger of basing 
the design of cushioned packages solely on 
conventional peak acceleration-static stress 
curves for the cushioning material used, or 
even on peak acceleration measurements taken 
on the dummy load in drop tests of a rigid 
mockup of the proposed design. 

In general, the shock spectra for the experi¬ 
mentally generated shocks (cushion test and 
package drop impacts) exhibit a rapid rise in 
peak response acceleration in the frequency 
range from 0 to 20 c.p.s. Generally, they 
indicate a maximum response somewhere l>etween 
20 and 60 cycles, then taper off in an oscillatory 
fashion, tending to become asymtotic at high 
natural frequencies to the peak value of the 
input function. 

The maximum value of the undamped response, 
as indicated by the shock spectrum, is always 
greater than the peak value of the shock itself. 
In some instances, the shock-spectrum (un¬ 
damped) peak is as much as 90 percent greater 
than the peak value of the acceleration-time 
pulse from which the shock spectrum was derived 

(table 1). 

CONCLUSIONS 

1. The container effect is an important factor 
in the performance of cushioned packages utiliz¬ 
ing the side pad method of cushion application. 

2. Flatwise impacts of cushioned packages, 
such as those used in this study, generally 
subject the contents to more severe treatment 
than do edgewise or cornerwise impacts. 

3. Cleated plywood boxes exhibited a definite 
advantage, under the observed loading conditions. 
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Figure 9.--Shock in flatwise (bottom) drop of cleate nlywood box A and fiberboard box B 
compared to shock of cushion alone C. The static stress was 0.1(-p.s.i. (4-pound load” 
and 5-inch-square cushions) in all instances. A' 8’, and C' are corresponding shock 

spectra. ’ (M I 53 155) 

Figure 10.—Shock in edgewise drop (bottom edge) of fiberboard box B compared to shock of 
cushion alone £. Static stress was 0.16 p.s.i. (load of 4 pounds and 5-inch-square 
cushions). B£ and C£ are corresponding shock spectra. , ,t « 
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APPENDIX 1 

Shock Spectrum 

: 

The shock spectrum concept was first proposed 
by M. A. Biot— as a means of evaluating the 
damage potential of earthquake shocks to build¬ 
ings. It is useful for comparing shock severities 
in many other fields, including packaging. A 
brief explanation of the nature of shock spectra 
follows. 

Consider the idealized simple undamped single- 
degree-of-lreedom mechanical system illustrated 
lielow. 

A concentrated mass m is attached to a 
supporting base through a spring having spring- 
constant k. The spring itself is assumed to have 
negligible mass. If the base experiences a sudden 
upward motion (impulse or shock-^), the spring 
will be compressed a certain amount. How 
much depends on the magnitude of the mass m, 
the stiffness k of the spring, and the time- 
related nature of the base motion. (A downward 
base motion could have been assumed, as well, 
resulting in stretch of the spring.) The magnitude 
of the mass and the stiffness of the spring 
together determine the free-vlbration rate 
(natural frequency) of the spring-mass system. 
The mathematical relationship for this is 

where f is the natural frequency of the system, 
n 

in cycles per second; k is tnc spring stiffness, 
in pounds per inch of deflection; and m is the 
magnitude of the mass, in pounds. 

This is the frequency at which the system 
will continue to oscillate after the base has 
ceased its motion. 

Now, suppose that the base motion (applied 
shock) is repeated exactly, time after time, 
but each time with a different undamped spring- 
mass system attached; each time the maximum 
compression of the spring (maximum relative 
displacement of the mass with respect to the 
base) would be noted. Suppose further that the 
masses and corresponding spring rates arc 
chosen so that, collectively, they represent an 
adequate sampling of natural frequencies rang¬ 
ing from zero to several hundred cycles per 
second. A plot of the resulting data in the form 
of maximum response (maximum relative dis¬ 
placement) versus natural frequency is one form 
of the zero-damping shock spectrum for the 
applied base motion or shock. Velocity spectra 
are somewhat artificially defined as the dis¬ 
placement response multiplied by 2^f . Ac- 

n 
celeration spectra, likewise, are defined as the 

2 
displacement response multiplied by (2*1^) . 

Damping was purposely omitted from the fore¬ 
going discussion. The main effect of damping 
in the responding systems is the reduction of 
the response amplitude. Therefore, the zero¬ 
damping shock spectrum represents the limit¬ 
ing condition l>eyond which the response usually 
will not go. Since the structural systems that 
require cushioning during shipment usually exhibit 
relatively little damping, the maximum respenses 
of these systems are reasonably well shown by 
the undamped spectrum. 

M. A. A Mechanical Analyzer for the Prediction of Earthquake Stresses. Selsmologlcal Society 
of America, Bulletin 31:151. 1941. 

—The experimental shocks dealt with herein are defined in terms of their acceleration-time histories. 
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