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SUMMARY

This report has been prepared to fulfill the requirements and directives of
HqUSAMC letter dated 26 May 1969 which requested an investigation into new and
different materials of construction used in containerization. To accomplish this task,
numerous contractual efforts have been initiated and performed such that a short trea-
tise can be offered at this time highlighting the significant accomplishments under the
general program, *“Container Material Study.”

A brief description of the plan of attack has been presented such that the reader
may fully understand and appreciate the numerous efforts undertuken. The current
day state-of-the-art has been addressed, and additional work has been performed to in-
vestigate the dynamic loadings which containers experience in the commercial environ-
ment. The list of varied materials of construction is lengthy, but the various construc-
tion techniques can be lumped casily such that categories of construction arise.

Conclusions are offered as appropriate. 1t is interesting to note that the majority
of conclusions appear to be valid only through FY?7: thus, some forecasting and di-
rectionality is presented for years beyond the target applicability goal.

A major accomplishment of this effort is a comparative analysis matrix formulated
to give the biased or objective reader a tool which, when used properly, will provide
guidance in selecting a particular material design concept for a given set of criteria. The
matrix is fully discussed and materials are presented with their design relationships. The
military environment is presented providing further insight into containerization.

Noteworthy arcas of additional interest are the extensive comparisons of three
major, current-day, sidewall panels: corrugated steel, aluminum sheet and post, and
Fiber-glass Reinforced Plastic (FRP)/Plywood as related to cach other. Other materials
also addressed are: popular sandwich constructions, new or different configurations for
aluminum, and the end product of a rotationally molded container.

It is established that containers as currently constructed luck a basic design philo-
sophy. True intermodal containers should be designed on a rational basis noting in par-
ticular the sidewall materials and their relationship with the framing arrangement. Thus,
the report primarily addresses materials of construction for the sidewalls.
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FOREWORD

The present study was performed between 26 May 1969 and 31 December 1971
while the author was associated as a projeet engineer with the Materials Handling Equip-
ment Development Branch, Mechanical Technology Department, United States Army
Mobility Equipment Rescarch and Development Center (USAMERDC). Fort Belvoir.
Virginia. The study was conducted under Project 1GO0ATITDH I, Task 05.

This report .ummarizes innumerable personal contacts, contractual efforts, assimi-
lation of data from the open literature, and the author’s professional analysis and judg
ment in presenting the information.

The author acknowledges the gainful efforts of all the contractors who participated
in this task. In particular, special acknowledgment is offered to my fellow associates for
their helpful and constant encouragement in accomplishing this task in a timely and el
fective manner,

Particular and special thanks is given to |. K. Knaell. Chief, Materials Handling
Equipment Development Branch. for the opportunity offered the author to conduet
this study using manners and methods which many times appeared unorthodox. Also.
my personal thanks is offered to Mr. Sidney Berger for his unrelinquishing quest in
solving the innumerable problems presented and his continued encouragement in sup-
porting many of the decisions I was requircd to make.

Acknowledgment is further offered to Mr. Arthur J. Rutherford. Chief. Mechani-
cal Equipment Division. and Mr. Mark H. Henderson, Chief, Mechanical Technology De-
partment. my direet line supervisory chain of command. who have allowed me to pursue
until a meaningtul answer has been gained.
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THE CONTAINER MATERIAL STUDY:
A TREATISE ON THE EVOLUTION AND
CONTINUED PROGRESS OF CONTAINERIZATION

I. INTRODUCTION

1.  Objective and Scope. The objective of this investigation is to address the fol-
lowing two statements as presented in the initial directive:

a.  Determine the advisability of substituting aluminum or other lightweight
materials for steel skins on 8- by 8- by 20-ft military containers,

b. Determine the advisability of substituting aluminum or other lightweight
malerials for steel throughout the 8- by 8- by 20-ft military container.

Supplementing the directive was the underlying supposition that the inves-
tigations were to be conducted on the basis of total logistic impact to include engi-
neering, testing. application to production base, maintenance. transportability and
cost effectiveness,

To shorten the learning curve, it was deemed necessary that the evolution of
design and construction practice be documented such that the rationale behind current-
ly preferred types of containers could be related to operational needs. Within the over-
alt objective. there was a constant need to resolve material selection problems on an in-
terim basis in order to “wilitate additional study when and where it was warranted.

The scope of tne - vestigation was sufficiently comprehensive to determine
the total . gistical impact due to caanges or advances in the technical characteristics of
the containers. This included engineering, testing, production, maintenance, transporta-
bility. cost effectiveness, review of all International Standards Organization (150) regu-
lations plus Military Specification MIL-C-52661(ME). and a thorough dynamic analysis
as related to the ever popular and quite simple static analysis. Thus. noting the above.
problems of material selection were considered in relation to design and fabrication ap-
proaches and to the operational environment which is suited to each particutar material.

The containers of interest to this investigation were primarily of the reusable.
demoiantable variety which consolidate and unitize cargo shipments generally as speci-
fied in the American National Standard MH 5.4 and Military Specification MIL-C-52661
(ME). Containers which deviated from the above specifications in a dimensional or
other nonfunctional way were also considered. Containers of major concern were. how-
ever, those with the following common denominator, e . transportability by rail,



complannwr sessel, op tractor traiber. Limited air tranmport wis considered sinee selected
oeeigare dho aebedrens this mende of Seanspuort,

2. Containerization-Hachground and Evolution. Containerization is one of the
tweanne oof Gosroning ot booiseds whiieehs hias ben steaddily coming into wider use so that to-
ooy combainnerazation appears to be the best way of transporting goods over land or sea,
Coonnele gosinng innter maritinne teadkee bave been the main arca of container application be-
vanse e teaditional cargo-handliog approach of break-bulk, ie.. stowing one case at g
time, oam boowens ia oot bswoden to the ship-line operator bearing more than half his total
vosl, Eromomie necesity sinee World War 10 has been the deiving foree behind contain
eoization. Comtaines Express (CONEN) boses measuring 6 00, 10 in. high by 8 (1, 6 in.
bonge by 6 00, B in. widke with a tare weight of 1800 pounds and a gross weight of 10.500
preosmreds are by pical of the period of the carly 1950° in the commercial and military en-
vieonmenl, Several advantages of CONEN were realized. As compared to palletization,
which in itself cedices handling costs in a drastic way ., reusable containers hive a charac-
teristic of greater fesibility in carrying goods of nonuniform size and shape, of carrying
balh meslicks anel liguidd commonditions, and of protecting the goods against damage and pil-
ferage when containers are properly pached. In the carly phases, no special-handling
couipnuent was available or required. Neither was any modification necessary on com-
mon commercial carrices. Howeser, the economie benefits from these first steps in con-
tainerization were of low level, and acceptanee of the concept by shipperes and transpor-
tation operators was limited,

During the 1950°, a great deal of effort weat into determining what should
bu: ther necar oplimum cargo-handling approach. Concurrent consideration of the prob-
ke in transportation by several modes was a primary factor in leading to the present
regies of large containers. Large containess which would move into ships® cellular holds
with cnly vertical motion and which could be quichly mounted on over-the-road carriers
appeeared 1o e the successful solution to the problem. The railroads had been working
i e dinection of carrying highway trailers on flat cars for the long haul. However, due
tor tueneeed hieight limitations on several systems, demountable containers have come into
rail weee aboor, Several independent efforts toward large-seale containerization, unfort-
walels . resulted i size and handling fitting differences. Container lengths have varied in
the range of 17 10 40 feet with even longer containers being built for specialized uses,
An 800 by 800 evoss section is widely used. On the longer containers, a width of 8 feel
is shill predominant., but the height will vary from the ever popular 8 (1. 6 in. to 9 11, 6 in,

The lach of standaedization has been an impediment (o full success of the con-
tanerization conceplt becanse it sesteicts intermodal transfer—probably the most impeort.
ant asset, The American Standaeds Association (ASA), under sponsorship from the
\merican Sociely of Mechanical Engineers (ASME) and the American Materials Handling
Sowiets (AMUS). adapted conventions for standurd sizes in 1961 and for container



strength and fitting configurations in 1962, This inauspicious beginning has led to o
complete set of standards for varions shipping containers. The International Organiza-
tion Tor Standardization (150) and the Society of Automotive Engineers (SAE) are the
primary technical standards producing bodies as related to land and sea and land. sea.
and air respectively,

AL the time the initial standards were adopted. the various types of containers
and associated equipments did not inter-relate adequately. Most of the above containers
and equipments continued in use without modification, These are in highly integrated
proprictary systems where ehange would have been difficult. In the past few years,
howeser, numerons shipping concerns have noted the modern berths and have begun to
address the problem of nonuniform size. Mainly . most all of those organizations subse-
quently entering container operations have abided by the standards,

3. Operational Usage. Many of the characteristics of containers have come
about through the pressures of operational employment. The requirement that contain-
ers he suitable to all modes of transportation has influenced nearly all aspects of design,
Presumably the 40 ft maximum length. of the first-issued standard, is derived from the
then maximam limit on length of highway trailers prevailing in a majority of states,
The subdivisions were seleeted so that smaller units could be coupled for handling and
still conform to the 40 ft maximum. For example, the nominal 20 £t length of the sub-
unit is actually stated in the standard to be 19 t, 10% in.

The emphasis on lightweight construction is due more to over-the-road limita-
tions than to ship transport considerations. Road vehicles must conform to limitations
on axleloads, and unnecessary tare weight detracts diceetly from revenue-producing
loads. (Of course, the foregoing statement is addressing a fully ladened container.) Ship
transport puts less demand on weight saving since cargo liners tend to be volume limited.
However, many containers are carried on the weather deck of ships in stacks up to and
including four high. The vessels stability in roll, sway, and yaw is affected by this top-
side weight, so there is still some benefit to lightweight construction. Added weight on
the weather deck does not atfect heave, pitch, and surge in the same fashion as roll,
sway, and yaw; thus, these motions are considered extrancous when stability (center of
buoyaney and center of flotation) is considered. The tolerable weight penalty aboard
ship is greater than for truck transport,

Each of the transport modes contributes something to strength requirements,
Stacking loads which are critical on frame construction occur in ship holds. Ship trans-
port on open decks leads to the need for substantial construction of panels since spray .
salt water, and severe racking loads are frequently encountered. Handling by shipboard
and shoreside cranes induces bending loads on the containers transverse to their long
axis. The inevitable humping of rail cars, regardless of whether or not they are placarded,



leads to the dominating longitudinal strength requirement.

Funetional variation in containers is also due to the type of caran serviee ap-
propriate to cach design, The widely used box types are intended for dry, general cargo,
Refrigerated containers with wall construction designed for high insulation are also in
wide use. Some dry-cargo containers are insulated and shipped with an inert atmosphere
present to refrigerate and presesve the contents, Tank types in which a frame ix built
around a cylindrical tank are used for various liquids and granular-ty pe goods.  Various
bulk commodities are carried in shallow, open-top containers with fabric covers. Numer-
ous other configurations can be readily seen in specialized shipment of odd-shaped goods.
This report addresses, specifically. the materials of construction for dry-freight-cargo
containers,

1. OVERALL APPROACH

4. Efforts Essential to the Program. In order to be generally responsive to the
directive as posed, a systematic approach was proposed. The following subparagraphs
categorically identify the efforts believed to be essential to the program,

a.  The initial phase of the investigation concentrated on the determination
of the state-of-the-art in containerization practice within commercial and maritime
trade. Heavy emphasis was placed on the cause and effect relationships which have been
self generating in the latest design technology. 1t was the author’s intent that, by under-
standing the rationale behind current design practice and materials selection, it would
be possible to provide technical guidanee for future procurement of containers for U, S,
Army usage.

b.  Two lines of attack were pursued. Industry was surveyed and interviewed
to determine the nature of problems which have been encountered and the design solu-
tions which have been effective. Concurrently, analysis of designs was performed to re-
late loading conditions, environmental resistance, maintenance burdens, costs, and the
like to the physical characteristics of the containers. The industry survey provided a
vast amount of input data which was analyzed closely to determine significant pattems
and rates of occurrence as related to the above,

¢.  Contacts with industry in a sufficient degree to provide assurance that
cooperation was forthcoming was of paramount importance. The trade associations,
particularly in aluminum and plywood, have a great amount of data which substantiates
the use of their materials, They collect and publish data on service experience, independ-
ent testing, and purchases and forward this data to potential buyers. It was found that
several large suppliers of raw materials are performing design and evaluation studies of

4



current container construction in order to promote their product and assist the fabrica-
tion seetor of the industry. The fabrication sector does little, if any . rescarch and devel-
opment in the containerization area due to the very low profit margin. Questionnaires,
telephone communications, letters, and visits to numerous companies proved to be most
useful.

d.  Noting that the above addressed the defining of the state-of-the-art and
that results were not immediately available, various materials of construction were
cither procured or donated by industry for test and evaluation by USAMERDC’s Mate-
rials Research Support Division (MRSD). The materials were tested at various tempera-
tures with the following representing the major arcas of interest:

(1) Saltwater spray

(2) Impact loading

(3) Electrolytic behavior
(4)  Repairability

(5) Biological deterioration

e, Certain materials began to appear Cavorable especially in resistance to
impact which appeared to be the most serious area of concern as determined by the
usage profile established for the commercial and maritime enviconment. Thus. contain-
ers using various construction techniques and different sidewall materials were examined.
(By this time, the state-of -the-art results indicated that the majority of damage to a con-
tainer was in its sidewalls,) To examine sidewall materials adequately, the following
types of containers were procured:

(1) Honeycomb sandwich panels in a steel and aluminum frame (Fig. 1)
(2) Styrofoam sandwich panels in a steel frame (Fig. 2)
(3) Fiber-glass Reinforeed Plastic (FRP)/Plywood in a steel frame (Fig. 3)
(4)  The all-steel MILVAN (Figs. 4 and 5)
The study of new and different materials and construetion techniques is still continuing.
Changes in design philosophy in the last 3 years has been significant with the following
varicties of containers having been examined but not fully evaluated:

(1) Rotationally molded using plastic and expandable metals (Fig. 6).

(2)  Monolithic-type approach using all fiber-glass inner and outer square
cross section ey linders filled with foam (filament winding).

-
J
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Fig. 2. Two views of a foam sandwich container consisting of aluminum tace sheets and
a high-density polystyrene core. Note the restraming rails, the fiest known attempt by
the military to investigate the feasibility of mechanical restraints,
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Fig. 6. Metal frame of a rotationally molded contaimer showing the back wall of

expanded wire mesh and the punched plate night-hand <ide. (Note: This container
will be placed ina mold with a |1|.|~Ii| winich when scaled and then heated will flow
inand around the container walls. The final resultis a very low modulus material

on the outside < £ the panel with the wire in the center having a high modulus.)
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(3) Al aluminum sheet containers using aluminum corner fittings.

The above innovations are certainly making thewr mark on the ever-expanding field of
containerization,

. With the significance of impact loadings on the container being realized,
the program continued with an investigation leading to improved resistance by the con-
tainer to the dynamic environment.

The objectives were established such that it was necessary o pursue a
complete understanding of the behavior of the panels under service conditions. At the
same time, it seemed most reasonable to present recommendations which would move
development of containerization forward in a practical way. The actual severity of the
environment was questioned to determine whether existing standards for container
qualification are adequate, 1t is felt that this objective should be carried to an extent
that, if a discrepaney is found between qualification standards and the actual eaviron-
ment, measures must be found to bring the two into alignment. Contained in the above
is the most urgent objective:  the application of the findings to obtain the best direction
toward optimum design for containers as related to the military’s application along with
the determination of the qualification criteria,

The study on impacting damage was planned such that the dy namic load
enviconment could be related to the statie testing eriteria established in the majority of
the standards. The simplification of deseribing loads and environments generally in
terms of load factors or uniformly distributed static loads is only a small step toward
the understanding of valid design eriteria. The most damaging loads are concentrated
and impulsively applied. Thus, a crucial effort was the determination of panel response
to dynamic loads,

. PRELIMINARY RESULTS

Three general categories of interest are presented: Materials of Construction, De-
sign Characteristios, and Design and Material Interrelationships. The initial work effort
addresses a comprehensive list of materials plus design considerations which must be
achnowledged.

3. Materials of Construction. Examination of the state-of-the-art shows that
present construction materials include many positive properties which tend to justity
their current wsage. Aluminum dominates at present,. Howeser, there are many con-
tainer designs which use a mis of aluminum pasiels on a steel frame and ave considered
by the trade to be aluminum units. There are composite materials such as aluminum- or

12
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steel-clad plywood found frequently in door construction. An entire list of candidate
materials would be never ending: however, the following list does present materials of
construction considered to some extent (see also the E.aluation Matrix in Section 1V):

(1) FRP/Plywood Sandwich
(2) FRP/Styrofoam Sandwich
(3) FRP/Reinforced Plastic imbedded in Styrofoam Sandwich
(4) FRP/Honeycomb Sandwich
(5) Al/Honeycomb Sandwich
(6) Al/Styrofoam Sandwich
(7)  Al/Plywood Sandwich
(8) Various Al Sheet Sandwiches
(9) Steel/Plywood Sandwich
(10)  St/Styrofoam Sandwic.
(11) Steel sheets
(12) FRP/Urethane Foam Sandwich
(13) Al/Urethane Foam Sandwich
(14)  Expanded metals/plastic

The above list addresses numerous materials: and. if depth of section or thick.
ness of a component is varied, one can readily see the large number of combinations
which could be derived. The properties of all materials found to be of some significance
were tabulated in various subsidiary reports. Areas of major concern were:

(1) strength-to-weight ratio

(2) modulus of elasticity

(3) ductility and brittleness

(49 thermal expansion

(5) dimensional stability

(6) moisture absorption

(7) corrosion resistance (include rot for nonmetallies)

Measures or indices of efficiency must be used to determine the merit of cach
type. For example, there is wide reference in the trade to the obvious characteristies
such as: steelis used for high strength: or sluminum is used for light weight. Compari-
sons on the basis of strength-to-weight ratio are useful in resolving merit and show in
fact that for widely used grades the two metals are quite close. Similar indices were de-
vised to include additional material properties in the listing above. Materials not in wide
use were included in the overall evaluation. Probably the most important factor is cost,
and this figure over the “long haul™ will be eritical,

13



Of course, great time and detail wentinto the three predominant materials of
construction for sidewalls. Prior to this discussion, it must be realized that primarily
two types of frames were used when cither riveting or welding panels ranging in size
from 30 in. by 96 in. approximately to 8 by 20 ft. 1t is important to note that most
container sidewalls are sheets welded or riveted together to form a 20-foot sidewall,
This is especially true for steel and aluminum.

By far, the most impressive results to date are found in the sandwich-material
family. [t has been found that. upon impact, the thickness of the section is important
in resisting puncture. For example, a picce of aluminam, 0.040 in, thick, will fail upon
impact, i.c., tear or rip. IUis interesting to note that a sheet of aluminum 0,020 in. thick
will withstand the current day static test of .6g's on the sidewall, Relating the above
example to a sandwich material, it was found that the puncture would not propagate
through the entire panel and that for most materials the sandwich material itself did not
allow water migration. Thus, repair would not be required immediately. The trade-off
for the above case is simply a matter of economics, The sandwich is approximately five
times more expensive, One must then address life-cycle costing in order to attain rele-
vant results, In this approach, one can readily see in the open literature that steels and
aluminums suffer a great amount of degradation due to the environment, This was nol
the case with the more expensive Fiber-glass Reinforeed Plastic (FRP) Ply wood or other
malerials which faired equally as well as FRP/Ply wood such as stainless steel or expand-
cd metal encapsulated by a polystyrene material,

Thus, as time went by, the author could readily see trends being established.
The most severe was the fact that a procurement on a least-cost basis, primarily . scems
unreasonable because additional expenditures will certainly improve life-cycle perform-
ance and overall effectiveness. From all indications, the cost of the FRP/Ply wood type
container is essentially fixed because it definitely appears that this type. for the time be-
ing, is the best material design combination, However. it should be noted that if alumi-
num were offered in corrugations similar 1o the steel sheets on the present MILVANs
the sidewalls would have an improved resistance to puncture due to an increase in the
moment of inertia and depth of section along with appropriate change in Modulus of
Flasticity. With steel, the changes appear 1o be less significant. The environment is by
far the most damaging to this material, and additional chrome and nickel should prove
to be a substantial enough addition to combat the problem of corrosion. Several firms
are currently producing a low-grade stainless steel which does more than the common
steels used today. For an entire container. however, the additional cost is less than 100
dollars, and it appears the life will be substantially increased expecially if the 0,047 in.
thick wall is increased to 0,062 in.. for example,

Past efforts have shown that a container having a tare weight of 1000 to 6000
pounds is actually insignificant to the overall systems approach to containerization,

4



Thus. changes which reflect an inerease in weight are for the most part nondisparaging
excepl for the rare case where air transport is anticipated. In this case. the logical end
to the total logistical problem appears to be modular containerization rather than the
standard 8- by 8- by 2€-f1 configuration.

Al faciors being equal. the following is presented. The military s current
MILVAN flect of all-steel contamers = not the optimum. Howeser b would certamly
appear realistic to address an allsteel container with mmor modifications such that it
response to a dynamie load is improved and its corrosion resistance s increased. The
relatively new coneept of an alt-aluminum container also warrants consideration because
this container does have a very worthwhile scrap value. This is to <ay that from a cosl
standpomnt alone the steel would he less on the initial buy : however, the demurrage 1=
o greal that the steel container is essentially worthlessin 2 to 2% years while its com-
petitor. aluminum. will alway s have a serap value depending upon the location of the
container when totally damaged. This cost appears to offset the mitial gain of steel in
a least-cost imitial procurement. Noting the above, FRP/Plywood cannot be ignored he-
cause this container. while costing more. appears to constantly exhibit high availability
statisties, It ean absorb impact that the others cannot. Ttis a rugged contamer. 10 will
always be ready to be stuffed and shipped with the shipper realizing that his gocts have
the best chanee of reaching the far shore in an aceeplable condition.

6.  Design Characteristics. This topic examines the approaches by which the ma-
terials are employed to produce useful product designs. OF major concern was the de-
termination of weight distribution as presently practiced between frame and panels and
whether this has been optimized on a rational basis. Any attempt to lighten panel strue-
tures can only he made with a full consideration of what strength contribution is provid-
ed by the panels to the composite structure when the panels are acting as girders under
transverse bending or as a structure under torque. TE was also necessary Lo investigate
the distribution of material in fabricated panels as between skin and stiffeners. Among
the designs in wide use. the stiffness-to-weight parameter was extablished as a function
of the stiffener section properties and spacing. Resistance to localized impact and tear-
ing was evalunted for various panel designs. For composites, e FRP/Ply wood. similar
investigations were performed for variations in face and core thicknesses. The resulls are
most interesting and relate directly to the preceding topie on materials, The overall
strength and stiffness of designs were analyzed with the contamer being considered as a

single structural unit.

Results in this category were not significant other than to note that a container
was nol found with an all-aluminum frame which could pass the requirements of a cargo
container specification. Itis common practice to reinforee these frames with <teel. This
i= especially true of corner posts and fork tineways if the container has the latter. Also.
the undercarriage does receive abuse it the container is skidded over the terrain. Steel
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reinforeing members appear to be the logical solution because the vast majority of longi-
tudinal rails are steel. All ty pes of sections are employod. TUis significant that most de-
stgners strive for a large cross sectional area and a moment of mertia which = as large as
possible. This relates directly to the six-high stacking requirement and the severe rack-
ing loads experienced in transit. A racking load by definition in the requirements docu-
ment s approximately 35.000 pounds and is applied at one of the upper corner fittings
in the transverse direction with the base fixed. The requirement stems from the desire
ol the maritime people to stack containers up to four high on the deck of the <hip. The
35.000 pounds. a testing requirement found in most standards. does appear to be worth-
while and one of the most formidable tests o pass,

Most panels pass the basie test requiremnents as related to static loads, Recall
that it has been found. in fact, that sheet aluminum, less than (020 in. in thickness. will
pass the static-load requirement. Thaos, i actuality, from a testing point of view . almosl
any material of very thin cross scetion can support the static load leading one to ques-
tion the validity of static loads on sidewalls. The more logical solution to an apparent
ambiguity is to dynamically eritique the sidewall. In real life, this is the situaticn be-
cause all container sidewalls can support tar more than .6g’s on the sidewall. In fact.
impact damage 1= considered. thus giving rise to the materials in use today .

Aluminum sheet and post is most impractical. The posts are casily ripped
from the sidewall. The sheetis less than (100 in. thick and is subject to easy penetration
by a foreign object either from the outside or the inside. Numerous case histories exist
wherein the internal dunnaging has failed and the load has penetrated the sidewall. The
posts are spaced 12, 18, and 24 inches on center with the latter case being unusual. The
sheet aluminum varies in width, The width is dependent upon availability from the ma-
terial supphier, and in many cases numerous widths exist.

Steel sidewalls are normally not flat sheets as in the aluminum case. The steel
ix corrugated and is not reinforced by posts. [tis welded to the frame whereas alumi-
num and FRP/Plywood, in general. are riveted. The corrugations increase the moment
of inertia for the panel and thereby enhance its general performance when impacted.
Also, its Modulus of Elasticity is three times as great. This appears to aid in stiffness. a
quality which in the container business does not seemingly add to the performance of
the material. Steel and aluminum containers are normally lined with Yimch plywood
sheet. This offers misulating qualities and provides a smooth interior wall to skid pallets

against when dunnaging.

FRP/Plywood is the third popular container sidewall material. From an im-
pact pomnt of view. it unquestionably rates superior to its counterparts. It is heavier on
a per-square-foot basis. However. il a steel or aluminum corrugated panel were in-
creased in weight to approximately 3 pounds per square fool. neither would behave as

16



wellas the FRIP/Plywood. In design, one must realize that this panel has a great deal of
resilieney s and a deflection of 6 inches on a sidewall measuring 8 by 20 ftis not uncom-
mon. With steel or aluminum. a permanent set would take place with the yield strength
of both having been surpassed. A liner is not required when this material is used. This
material when repaired after damage decreases in efficiency while the others remain fair-
ly constant.

7. Design and Material Interrelationships. Many extrancous factors enter into
design analysis when materials and design configurations are jointly considered. For ex-
ample, inherent properties of materials may show qualities which cannot be carried over
into finished-product designs for any number of reasons. High-strength tensile steels
have excellent strength-to-weight ratios, but minimum gauge and flange erippling may
result in less than an advantageous design. Design of difficult joints sometimes of fsets
advantages of a material or design approach.  Areas studied included comparisons of
total weight when high-strength material is used, when variations are made in the frame
and panel weight distribution. when panel stiffeners are limited in dimension to avoid
loss of interior cube, and when structural eriteria are varied. Alb of the above become
most evident when the interrelationship considered between design and materials ad-
dresses the dynamic loading environment rather than the static. The subjeet of the gen-
cral environment to be encountered is significant. Many oceangoing vessels take a great
deal of water, which is an extremely corrosive agent to most metals, over the deck. The
merit of existing designs and the evaluation of certain designs reconfigured with differ-
ent materials have been examined. Included in this topic were the following three major
areas of coneern:

a.  productivity
b.  maintenance requirements

C. costs

Interesting compromises arose immediately once the author took materials of
a nature previously described and designed new container configurations, Of course,
impulsively applied loadings were of major concern because the majority of damage to
a container oceurred in this situation. One can immediately deteet that the panels with
greatest depth of section would seemingly rate highest, In many cases, this is not the
true picture because the material when affixed to a rigid framework is not allowed to
hehave in its natural mode. For example, FRP/Plywood in a very rigid frame cannot
exhibit its resiliency properties because there is no give or relaxation in the frame: thus,
the rivets will pop. However, to go one step farther, the designer has purposely taken
the strength away from the upper rails such that these upper rails freely rotate as the
FRP/Plywood wall is deflected. This is a case of matching, properly, a material proper-
ty with a design characteristic.  Lighter upper rails for steel and aluminum would not
add to the performance of the panel. Intuition tells one that, especially in the case of
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aluminum, the lightweight rail would deform from a statie load. Steel would behave
similarly because neither material can offer strength along its longitudinal axis. FRP/
Plywood tends to behave in a light steel frame much like a monolithie structure because
the entire container is always working and accepting the jostling and general handling
environment as a routine happening. In the case of steel in a strong frame, one can de-
tect a shear ruggedness which is unrelenting in fighting the enviconment rather than
tending to flow with the normal occurrences, Aluminum is in the middle. The sheet
and post configuration tends to offer a protective covering for the goods in the sheet
form, while the posts add vertical and some transverse strength. 1t appears that. as the
Modulus of Elasticity drops, the materials become more workable and thus are capable
of encountering a blow which will prove to be less damaging to the entire container,
For example, a steel with a yield strength of 175.000 psi will fracture readily while ply-
wood with a yield strength of approximately 1200 psi will absorb a great deal of punish-
ment and will not fail. Granted that the material thicknesses are different, the fact re-
mains that the lower yield strength materials tend to offer this nebulus factor called re-
siliency, Another way to look at this situation is lo consider the behavior of the side-
walls to be as springs. cach with a given spring constant, The steel has a high constant;
thus, the material will try to resist movement much more so than wood. The resistance
to movement is the trouble spot. A certain amount of give or yield or bend is fine as
long as contents are not damaged or containers located adjacent to cach other do not
contribute to their own destruction. Such destruction could occur in the sea mode of
transportation.

Considering all factors in the material design relationship, the dynamic envir-
onment appears to be, without question, the predominant area of concern. 1t definitely
appears that the benefit of a low value of Modulus of Elasticity stands out as a dictating
factor. This seems to contribute to an understanding of the superior performance of
FRP/Plywood panels in the container service enviconment. 1t had previously been sup-
posed that the performance advantage of FRP/Plywood was due mostly to the addition-
al material in the panel; FRP/Plywood panels are approximately 3.0 pounds/sq £t as
compared to 1.5 pounds/sq ft for aluminum and 1.8 pounds/sq it for steel. Intuition
and a numerical analysis of impact on a modeled container sidewall enable the author
to state unequivocally that corrugations are decidedly superior to the common stiffened
sheet-post type of construction in efficiently dispersing malerial to resist loads, Of
course, this particular design advantage would be even more pronounced for static-load
comparisons. An interesting result of the study is that the gain in design efficiency of
corrugatiors over stiffened sheets will overcome a material advantage and that conven-
tional steel panels are more resistant to impact than conventional aluminum panels,

New panel configurations can always be obtained: however, a significant
change of materials represents a higher risk in panel improvement versus that of present

day materials which can be readily reoriented into new configurations such that they are
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used more efficiently. For example, a higher risk developmental effort would relate to
bonded sandwich constructions, especially those involving materials which have no ser-
vice record in harsh structural applications. Nevertheless, it still appears to be possible
and most probable that by the above approach one can best tailor panel properties for
high-impact resistance and incorporate numerous other features such as maintenanee
procedures, productivity, corrosion resistance, and the like.

An optimum metal panel interfacing with a container framework of steel has
not been established. An all-aluminum configuration using thick aluminum sheets as
sidewalls and an aluminum framework including forged corner fittings does not appear
to offer the ultimate in design. 1t appears to be more of an expedient to allow the alum-
inum industry to offer something new and different to stem the tide from FRP/Plywood
containers in the commercial and maritime environment. The above is truly an advance
in the state-of-the-art and certainly surpasses the case of stiffeners applicd to one side of
a sheet, The aluminum sheet and post design is clearly the lowest ranking panel regard-
less of the intrinsic merits of the metal. Corrugation patterns have evolved empirically
and offer possibilities for further refinement. A refinement that requires additional at-
tention is sectional inertia and whether it can be increased by fewer webs, ie.. whether
the pattern can have greater spacing across the span for a given depth of section. Results
to date tend to indicate a minimum of effeet for variations in section depth and unit
weight. The depth of section should be held to lower thicknesses than presently used
in order to restore some of the lost cube taken up by overly deep sections. A panel
thickness in the range of 0.75 to 1.0 inch (similar to that of FRP/Plywood) would seem
to be a logical objective. Tt must be realized that the vast majority of 8- by 8- by 20-ft
conlainers are cube limited rather than weight limited.

It is casy to address the existing configurations and critically evaluate their
performance capabilities. The true problem arises when new panels are considered. An
example is foam with an aluminum sKin in a steel frame. The 8- by 20-6t panel is made
in picces as with aluminum and steel. Will this sandwich panel perform as well as the
FRP/Plywood which is one picee, 8 by 20 £t The answer is not readily apparent. One
must first attack the panel and determine if it is of high quality, i.c., is the bond of foam
to aluminum acceptable? In the problem formulation, a simple beam with free ends
and a concentrated, applied load was considered. The stresses caleulated were all within
aceeptable limits indicating a good match of materials. Thus, the core and face sheets
are working harmoniously. A definite mismatch would be steel on foam. In this case,
the transmitted stress would be quite low: thus, the foam is not working to its ultimate
potential. It must be realized that in the above discussion a simple bending load was
considered. For panels such as those above, the shear stressex should be examined to
deteet skin core delamination. Again in shear (which is really the dictating design factor).,
the loadings are reasonable. Fxperimental results substantiate this,
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From the above and numerous other sources of information. a simple deduc-
tion is presented, i.c., double-walled pancls appear attractive in the dynamic analysis,
However, there are some practical difficulties which accompany inherent advantages.,
The problem of matching core and face material properties disappears when only one
material is used. However, the fabrication of double-walled constructions has not heen
solved by a price competitive process let alone the integration of this panel into a frame.
Additionally, as was mentioned carlier, there is the problem of failure in tearing. With
double-wall construction, the material is inevitably thinner than in a corrugation of
comparable unit weight. Resistance to tearing ty pes of failure should be less for double
walls. However, it is obvious that if the thickness of the face sheets is in the neighbor-
hood of .075 in. there should be a significant improvement in tear resistance as com-
pared to conventional, stiffencd-sheet panels. Furthermore, double-wall constructions
have flat surfaces on hoth sides which will defleet many of the glancing impacts which
presently lead to damaged stiffeners, i.e., riveted “hat” section posts. With the sheet
thickness as cited and section depths in the range of 0.75 to 1.25 in., the upper limit of
unit weight will be approximately the same as the all-aluminum configuration previous-
ly discussed.

IV. DISCUSSION

The report, to this point, has presented numerous aeguments for various materials
and their interrelationship with a container. This section has been prepared to acquaint
the reader with the many nebulus areas within containerization. Also, the discussion on
new and different design material techniques currently being employed or planned for
the near future will portray to the reader the art as it currently exists. An Evaluation
Matrix has been prepared. The author has utilized this specific matrix in justifying nu-
merous conclusions contained in this report.

8. Initial Panel Testing. Work has heen directed toward obtaining materials com-
binations which will sustain a given impact. For example, the concept of fiber glass as a
sheet material bonded to an aluminum or steel honeycomb core Eax heen examined. In
this case, one would of course find that the ratios of moduli of elasticity will be reversed
from the argunient made earlier in addressing the aluminum on foam honeycomb or
wood configuration. Preliminary efforts have shown the material to be an absorher of
shock loadings; however, these panels were, ax were numerous others, approximately
2inches thick. All sandwiches seemingly behave quite well in the dynamic environment
as related to the nonexistenee of puncture through the inner skin, Tests performed in
our laboratory showed that paper honeycomb with any material facing identified tended
to delaminate much more readily than any other core material. Stainless steel faired ex-
tremely well; however, our specimen was a plate 0.1875 in. thick.
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The sandwich configurations of all types displayed exeellent flexural strength
characteristies. Impact resistance was a relative factor. In the laboratory tests, the very
thick stainless steel faired best of all: however. a material this thick is impractical,
Thus. in relating standard configurations such as the 047 in. thick steel sidewall of the
MILVAN against FRP/Plywood or other sandwich pancls, the latter consistently rated
superior, Included within the testing program for the various panels was exposure to
the elements, general repairability . and, of course, the all-important impact testing.
Panels were placed in special test cells to determine the biological deterioration of the
foams. honeycombs, and woods, Results indicate that the majority of panels consid-
ered were not vigorously attacked when the edges of the specimens were sealed. Panels
were placed on site at Albrook Air Force Base, Panama Canal Zone, and at Fort Belvoir,
Virginia. while the arctic-type testing was simulated. Results again show little degrada-
tion in panel performance after exposure for nearly 2 years, These results are based
upon the premise that the panel is protected at its edges, I sealing had not been done,
the wood and paper honeycomb would have eventually deteriorated.

Impact testing is a very interesting subject, At a time when dynamie loadings
are so very important, decisions are stil being made based on static analysis only. It is
the author’s opinion that this is due to a lack of Knowledge in this particular field and
a complete breakdown of inter-agency coordination. The Department of Transportation
has been doing excellent work in the area of impulsively applied loadings, To standard-
ize on a number of fixed tests and essentiably eliminate the statie tests would certainly
upgrade the engineer’s capability to cither aceept or reject a given item. In our tests, we
originally used a 1 2-inch-square section and impacted this with a typical fork tine. It
was a simple drop test. Knowing the mass of the falling object and its height prior to
drop immediately gives one the energy imparted into or absorbed by the panel. It was
found that the section originally affixed on all four sides did not exhibit behavior traits
found in larger sheets of like material. The panels being fixed tightly could not hehave
as originally intended. The framework was actually working with the panel; thus, the
panel was truly not being tested. To improve on these relative testing results, a larger
panel—18 inches square—was used. The results improved.  However, the author still be-
lieves that the test apparatus was inadequate. A better mathematical approach would
have found this to be true in the beginning: however, at that time there was little, if any,
feel for how the materials would behave, Thus, the specimen size did not become eriti-
cal until after the samples were exhausted and no further funding was available to con-
tinue the testing.

The testing proved to be most fruitful because the vast amount of raw data
has provided a great deal of insight into the relationship between materials and their be-
havior while in a specific configuration. Highlights, of course, include the wealth of in.
formation obtained as related to sandwich construction, corrosion resistance, repairabil-
ity . maintainability, biological deterioration, structural shapes, electrolysis, and the like.



These data have been used throughout this report in a qualitative fashion and have defi-
nitely influenced the overall program as related to objectives such as meeting and coping
with the military environment rather than the commercial. Flame resistanee was consid-
ered because a situation could readily oceur where the exhaust from a motor vehicle
could impinge the container sidewall and perhaps provide the heat required to initiate a
fire. 1t was found that the foams tend to melt, the FRP/Plywood will not support sus-
tained combustion, and the metals simply lose strength,

9. Military Environment. The military environment is significantly different
than the commercial enviconment, However, the differences are not found in the ship-
ping mode. i.e.. rail. truck, or sca. Rather, the notable changes are found in the areas
of dunnaging. terminal and port handling, transfer. storage, maintenance, and availabil-
ity. Most areas listed above are conceplually different than the procedures commonly
used within the normal industrial comples,

Dumnaging is drastically different in the military environment as compared
with the commercial. As an average, industry requires approximately 1 hour to stuff,
block, and brace: to tie down: and to prepare the manifesto for shipping, On the other
hand. the military requires approximately 6 hours to accomplish the same tasks, The
military containers for which this figure is presented are of two types. One has an ecight-
rail-per-side dunnage restraint system, and the other is the standard, flat-wall-type con-
tainer typically found in industey today. (Expensive restraint systems such as found in
the present-day MILVAN container have not been readily accepted by industry becanse
of two main contributing factors: initial cost, and additional cost in time and manpower
to use the restraint bars which are casily lost or stolen.) The private entrepreneur. in his
quest to save excessive expenditures, will establish a quota of containers which have to
move in 8 hours. lncentives are then provided to the workers such that corners are cut.
the workmanship becomes shoddy, and the cargos are in a stute which could precipitate
damage. Itis a fact that men associated with containerization know from experience
what they can “*get away with.” Thus, 1 have found this group of men most forward
and direet in readily establishing the idea that, if a container experiences internal damage,
the insurance company will cover the loss. The supervisor realizes this and readily agrees
with the method of doing anything to get a job done. It is a very competitive world to
these people, and they realize that ships will not wait for them to stuff a container., Thus,
to make or save a dollar, depending upon your viewpoint, is a most desirous goal. The
military certainly does not compete in shipping goods: thus, expedited deliveries appear
to mean little, The objective to date by the military has been to follow a course much
like that feeling found in numerous offices, i.e., don’t do any thing which would tend 1o
throw containerization into disfavor with the superiors.

Both types of military containers are dunnaged far in excess of the required
limits. Air bags, blocking and bracing, proper pallet spacing, additional restraint bars,
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exact and proper pallet configuration. i.c.. 40 by H in. with an allowable 3-inch over-
hang on all sidex and a height of 43 inches, and additional strapping (in many cases this
is found to be a package in a class A configuration) of the goods to pallets contribute

to a monumental amount of effort in stuffing a military container. The situation is not
good; however, prominent individuals have recognized the fact that a total systems ap-
proach to containerization is required and the problem of adequate dunnaging apparent-
ly will be addressed.

The military owns very little materials-handling equipment (MHE) to handle
containers. There are numerous accounts of the port operator actually using his gantry
cranes and yard trucks to drag containers into a position such that the crane can be
used as it was designed—to load or unload a container from a ship’s cellular hold. In
some transfer facilities, underrated forklift trucks iry to pick up containers and end up
hy driving their forks through the sidewall. One individual interviewed actually saw
two forklift trucks, side by side. moving a container onto a truck. Problems such as
those mentioned are being rectified by having the container shipped to modern ports
and not allowing the container to be taken from the trailer chassis. New spreader bars
prevent buckling loads in the upper rails because they aceept this loading and relieve the
container of an unusual strength requirement. However, away from a port, the military
in numerous cases can only offer the 20-ton Rough Terrain Crane which, with a sling,
positions the container on’the ground. The loads applied when this i< done tend to ap-
proach the upper limit of the allowable stress for the upper rail.

Transfer equipment utilizing spreader bars is used by all major port facilities
in the world. This equipment falls into three categories:

a.  straddle truck (Fig. 7).
b.  side load (Figs. 8 and 9).
¢. front loader (Fig. 10).

All, when operated correctly convey the container in such a way that little or no dam-
age is imparted. Damage does oceur when the operator drives his spreader bar into the
roof of the container, This occurs usually when a heavy workload exists and the man

is rushing. The equipments identified do have a fine performance record, and the mili-
tary must hegin to procure for their depots these types of commercial MHE to handle
the ever-increasing flow of containers. To offer additional incentive to rapid procure-
ment, the Military Traffic Management and Terminal Services (MTMTS), a major com-
mand of the United States Army, projects that 80% of all Department of Defense cargos
are capable of being transported by container and that, currently, approximately 50%
are containerized.
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Fig. 9. Lancer Series side loader in operation,
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The military uses containers essentially for storage at the far shore, This is
unheard of in commercial practice because the operator is striving to have his container
continually in motion. He makes his living this way: thus, there is little time to actual-
Iy deadline a container for, as an example, preventive maintenance or routine mainte-
nance. Containers used by the U. S, Army can be Tfound throughout the Republic of
South Vietnam. An interview with former U. 8. Army and U. 8. Marine personnel
brought the following to light. 1f at all possible, the container will be moved to a posi-
tion where it can be readily camouflaged and repainted. In one case, a container was
used as an officer’s club, In another, a container was used as a signal and map shack
with room to sleep. Both were air conditioned, and the men implicd that these tended
to make life “a little casier.” 1 felt that these particular incidents could contribute guid-
ance to the methodology to be employed in sending containers to a forward area, Per-
haps some containers should actually be fitted prior to shipment to be used by the
troops for all types of operations including messing, medical, beething, administrative,
maintenance, storage, and the like.

The maintenance of containers in the commercial environment is good when
the container has received noticeable damage, but preventive maintenance is essentially
nonexistent. This is poor practice, especially with regard to steel which should be sand-
blasted and repainted once every 2 to 3 years.

The military again far surpasses its counterparts of industry by repairing every
damaged spot ranging from dents to the replacement of the entire undercarriage or side-
wall, Great time and effort are spent in the process of repairing containers. The most
costly item in the repair is paying a man to fix the container. His hourly wage and the
total number of hours required to repair the container far surpass the cost of the repair
materials. One can again see why American industry will allow a container to move
through its system until the container reaches a point where labor is the lowest cost.
This point can be found in the Far East, for example. In that part of the world, the
materials are the expensive factor. The maintenance performed in both military and
industry is adequate. In my opinion, the military docs a better job in making a container
usable and putting it back into “like new” condition.

Industry does not keep containers on the side awaiting a hopeful load. They
procure only as many containers as are necessary so that the containers are supposedly
moving constantly. If additional containers are required, these can be leased readily.
However, leasing containers is expensive. Shippers try to avoid leasing because, inevit-
ably, the container will suffer damage and leased containers must be returned in excel-
lent condition. This, then, costs extra monies because the repair performed is of high
quality. By the very philosophy of usage, the military has a large supply of readily avail-
able containers at its major depots. The inference is that a systems approach to the
actual utilization of a container has not been fully developed., and one of the imposing
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loopholes is the fact that most consolidation efforts take place at th> dep .t Industry
will stuff a container at the consignor’s plant. The military does little if any of this.
Again, this tends to increase cosis and in some cases provides evidence that containeri-
zation is more expensive than the old-fashioned. break-bulk shipping technique.

10. Operational Attributes and Evaluation of Container Designs. Noting the ex-
tensive taaterials work, it seemed most reasonable to consider the manner in which ma-
terials and design approaches lend ' “mselves to fabrication, on a large scale, to yield a
finished product. This became more interesting as some of the sandwich materials be-
gan to receive high ratings under test. The fact that an 8- by 20-ft panel, in one solis
picce, could not be delivered is an apparent downfall for this configuration. It was also
determined that those thicknesses, sheet sizes, extruded shapes. and the like which were
found to have the highest degree of merit were available in adequate quantities from
commercial sources, Single-source availability for any item would decrease the credibil-
ity of the cost predictions. Combining with the above estimates was the amount of
welding and riveting required for normal containers. Problems such as joining dissimilar
materials brought new insight to the general problem of corrosion and associated electro-
Iytic effects. Availability of appropriate hardwares, such as hinges, door casings, and
corner fittings, compatible with the various designs demonstrates to the author that
these types of fittings are obtainable if the quantity desired is substantial.

Investigation in the operational environment addressed whether or not any of
the generic approaches to container design provides superior operating attributes, The
influence of the transportation mode on design requirements, along with the above.
certainly provided clear insight to the advantages of FRP/Plywood over all other con-
tainers disregarding costs. It became evident that an extreme. weight-saving design did
little in an operational sense to add merits to any containers. The final question cen-
tered around the average density of cargo carried by the operator and how frequently
the containers are weight limited. volum» limited. or limited by available trade. The
figure used in this program for gross load was approximately 15 lons per container.
From a military point of view, this weight is not as critical as it is to the commercial
operator. The U. S. Army is not trying to make money: it is trying to save money:
thus, the concept of a container with a long life. low maintenance cost, and immediate
availability is established.

The final area of major concern was the dunnaging techniques employed.
The military is currently using a very expensive and sophisticated tiedown technique
utilizing longitudinal restraint bars. The sad fact of this decision by management was
the total lack of adequate structural design considerations prior to embarking on such
an expensive adventure. Typical or not, the situation is most cumbersome because the
Government procured the cheapest container possible and then spent nalf again as much
money to put in a restraining system which seems most illogical and simply an expedient
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until a better mechanism is develeped.

Taking gross loads in the sidewalls of covtainers is poor practice. The floor
has been construeted in suck a manner o as to aceopt this type of loading and should.
therefore, be addressed in affixing unit loads. The MILVAN of today has restraint rails
welded to the frame and steel wall. I the practice of installing rails continues, much of
the etfort contained in this document is unapplicable. For example. adding cight rails
to a side of an FRP/Plywood container would increase the overali moment of inertia.
the average modulus of elasticity . and. of course. the unit weight. The wall could no
longer flex as it does now bult. instead. would tend to fight the restraming members.
Inevitably. the wall and rail would tend to pull apart. Affixing rails would be detri-
mental to an otherwise fine material. Other sandwiches would be affected similarly.
The aluminum configuration would not experience the same problems and would be-
have more hke the steel. Thus, one would have a wall which is extremely rigid and
most vulnerable to failure in the dynamic mode. Clearly, a new or different restraining
mechanism is required. This should be designed using the rigors of our engineering dis-
cipline rather than the hearsay of those who do not recognize that the designer must
attack a given problem by usage of the basic principles of engineering.

The container designer is faced with a typical design problem-—choosing a
material and a structural configuration that will satisfy all design requirements at mini-
mum cosl. The designer’s task is made difficult in this case by the fact that the environ-
mental loads are not well defined. and the cost equation is complex since it must ac-
count for factors such as weight. available cubage. original cost and maintenance. and

repair cosls,

It i+ outside the scope of the present investigation Lo address the problem of
load and cost definition. However, in order to aid in future container design studies,
the factors which are judged to be of importance in the choice of container configura-
tion have been identified and are presented in the Evaluation Matrix (Table ). Several
factors were chosen to allow evaluation of competing design configurations on the hasis

of structural response to the external loads. material properties. and also cost.

The Evaluation Matrix presents a ranking ol several competing structural con-
ficurations including those which are presently in service in the military and commer
cial sectors. For each performance factor, the various designs were ranked on a one-to-
ten basis with the results shown in the table. The appropriateness of these factors in
container design is discussed in succeeding sections,

11. Evaluation of Material Properties. In any structural application, it is neces

sary lo consider the pll_\'n‘il‘ill propertics of the material e the context of the assumed
or known environment. In the present case, the environment 1= hostile in that the
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container is subjeet to both static and dynamic loads and must withstand extremes in
temperature, climatic conditions, and the inevitable scawater spray.

In considering only the ability of the container to resist the applied loads. the
following material properties are found to be important:

a. LElastic constant

b.  Factors of safety based on yield and ultimate strength
¢, Elongation at failure

d.  Hardness

e Mass density

These material properties may be combined with the geometrie properties of
the structure to define additional structural indices which may be used to evaluate the
relative effectiveness of several designs. Structural indices which appear appropriate for
the container design are:

a. Center deflection of a container wall,
b, Peak stress produced by a mass impacting on the wall,

The material properties and the struetural indices which have been defined
are discussed in detail,

a.  Elastic Constants. The clastic constants define the lincar relationship be-
tween the stress, or force-type quantities, and the strain, or deflection-ty pe quantities,
for an clastic material. An elastic material is defined as one for which the same relation
between stress and strain holds during both the loading and unloading process.

There may be as many as 21 elastic constants for a very general material
or as few ax 2 elastic constants for isotropic materials. The common metal materials
used in structure are normally considered to be isotropic. Their material behavior is de-
scribed in terms of the familiar engineering elastic constants:  the modulus of elasticity
and Poisson’s ratio.

One of the popular materials used in container fabrication. fiber-glass
reinforced plastic, is orthotropic rather than isotropic. This means that the material be-
havior is described by 4 elastic constants rather than 2 constants as is the case for an iso-
tropic material. For this reason, it is impossible to evaluate prospective container mate-
rials strictly on the basis of elastic constants. It is necessary to define a behavioral fune-
tion for the structural configuration which includes both the material properties as well
as the structural geometry. The center deflection and impact stress were chosen to he
appropriate hehavioral funetions for the container overall material design study .
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b. Ultimate and Yield Stress. The ultimate and yield stress represents the
maximum stress level that can be sustained in a material before failure; and the yield
stress represents the limit of elastic behavior while the ultimate strength represents the
maximum ordinal to the stress-strain curve. These stress mits are found by physical
testing of candidate materials, The most common tests are the uniaxial pull to deter-
mine the maximum tensile stresses and a shear load to determine the maximum shear

stresses,

It is found that the ultimate and yield stresses vary greatly not only
from material to material but also according to heat treatment within a specific material
gwoup. Thus, itis not sufficient to state the yield and ultimate for steel, for example,
without specifying the type of steel and its heat treatment which may be represented
by the hardness of the steel,

These limiting values of stress represent the ability of the materials to
sustain an external load; and, thus, they provide a basie structural index which may be
used to evaluate relative importance of competing designs. When these stresses are used
as structural indices, it is useful to define ratios of actual stress-to-yield stress or actual
stress-to-ultimate stress, These ratios are termed the factors of safety based on yield
and ultimate, respectively. Given the same load environment for all competing desigms,
that design for which the factor of safety is greatest would have the highest confidence
level of not failing.

c.  Elongation. The strain, or elongation, at failure is a measure of the due-
tility of the materials or the ability to deform without failure. Materials that exhibit
large clongation at failure are defined as ductile: while materials which exhibit small
clongations at failure are defined as brittle. Ductility is a desirable attribute in container
design since plastic deformation is allowable within limits. The main concern is protee-
tion of the contents rather than container cosmetic appearance,

d. Hardness. The hardness of a material is a general measure of yield and
ultimate strength, In the context of container design, hardness also includes the attri-
bute of resisting abrasion and small nicks—which may prove to be stress risers. A high
hardness indicates good abrasion resistance, high strength, and low ductility. (Hardness
was not included in the Evaluation Matrix because its relative importance seems slight.)

e.  Mass Density. The weight of competing structural designs is dependent
on the mass density. I weight is a factor in container selection then, of course, mass
density is an important factor. The mass density is also important since it affects the
dynamic response. For a specifie design, itis found that the peak stress increases with
increase in density. In order to reduce the dynamic streases for a container of a single
material, the lowest mass density should be used.
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f.  Side Panel Center Deflection. The side panel deflection is a function of
both the material properties and the structural configuration and is, thus, a structural
index which may he used to compare the relative stiffness of competing container de-
signs. The center detlection for a uniformly loaded panel with simply supported edges
is given by the following relationship:

where  ais a parameter which accounts for aspect ratio
G,, is the magitude of the uniform load
a is the length of the longest side

w is the transverse deflection

Eh®

12 (1-9%)

where s the modulus of clasticity
h is effective thickness

Rk 8
v is Poisson’s ratio

The derivation of the equation is based on the assumption that the trans-
verse deflection is small and that the material is linearly clastic. Deflections which are
greater than approximately one-tenth the thickness are bevond the range of the theory:
but, since the equation is used only ina comparative sense, deflection of any value is
acceptable for the purpose of this study.

g Dynamic Impact Stress. The pancls of the containers are subject to dy-
namic loads which are not considered in the design standards. However, since a great
deal of damage does appear to be the result of impact loads, it is important that a strue-
tural index he defined which provides a measure of the ability of the structure to re-
spond to this type of load. A suitable structural index is the peak stress produced a the
container wall due to the impact of a steel sphere having a given mass and initial velocity !

The peak stress is found to be a function of the cross section, the modu-
lus of elasticity. and the mass of the wall. The method of calealating this stress is also
presented in Berger, et al? which also presents a discussion of the computer code that

lS. Berger, ). G. Schaeffer, and . P. Weis, Container Development Concepia for Improved Resistance to the Dy -
namic Environment, dated October 1971, AD 732491, prepared for the United States Army Mobility Equipment
Research and Development Center, Fort Belwoir, Vieginia, by Contrul Systems Research, Arlington, Virginia.

21bid,
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is used. The analy sis is based on the linear bending theory and small transverse deflec-
tions: and. while the caleulated results may be outside the range of the theory in a
quantitative sense, they can be used in a comparative sense,

h.  Preventive Maintenance. Since preventive maintenanee is constantly an
area of concern, one must ash hmself, “*Can this container arrive at the far shore with
the contents in aceeptable condition?”  Jostling, jolting, mishandling, and general en-
virommental abuse tend to cause a degradation in the container’s “like new” condition,
With steels. one immediately addresses areas where the material has begun corroding.
If this ix a simple repair with little cost involved, the spot will be repaired. In the
Exaluation Matrix, this factor is used to measure the case in which a material hehaves
to maintenance and the inherent capability of the material to withstand weathering.
for example, such that no preventive maintenance is required.

i.  Repairability. When a container has sustained damage such that it no
longer conforms to the 180 requirements dimensionally or to the shipper’s own set of
criteria for damage. it is deadheaded. Depending on the extent of damage, the contain-
eris cither moved to a shop facility or a portable repair rig is sent to the container, The
case of repair is considered. Can the mechanic use a simple plug to repair a sidewall
puncture or must he replace an entire panel? The question is addressed ina relative
manner, Containers which experience little damage to start with are rated superior to
those which have been found to exhibit high damage rates, The repairs for sidewalls
differ dramatically, A fiber-glass pateh, a welded steel pateh, or ariveted aluminum
patch for the same size hole takes different amounts of time, from a labor viewpoint,
and the material used varies in price. Also.in cach case, supporting equipments vary;
and, again, this can be quite expensive,

i+ Corrosion Resistance. Because the container walls are used mainly as a
protective covering, their resistance to the enviconment, either operational or climatic,
is imperative. Numerous materials have been addressed which are not affected by salt-
water spray or the standing of water in sills or on the roof. The materials which have
the inherent properties to fight the envirconment are rated superior. One obvious con-
clusion appears to be that low-carhon steel must be painted (this is standard practice in
the commercial and military environments). Large uwsers of the aluminum-type contain-
crs paint the containers an aluminum color.

K. Flexibility. This is a material property which addresses, specifically.
modulus of elasticity times moment of inertia of the material divided into one:

FLEX = 1.



Originally used in sandwich panel arcas of design, the final figure appears most appeal-
ing as it correlated quite well in the laboratory for materials other than foam or honey-
comb sandwich. Thus, it was used throughout.

. Insulation Properties. The unit heat conductance and thermal condue-
tivity were addressed. As mentioned carlier, containers, especially those construeted of
metal, can become extremely hot inside if leftin the open sun. Alowing heat to pass
casily could be a detriment to namerous goods, All the sandwich configurations faired
extremely well. This would appear most logical becanse refrigerated containers use a
reat deal of sandwich construction in depths of <cction up to 6 inches, A simple dead-
air space is most effective; and, when a steel or an aluminum container wall has a ply-
wood liner, the wall then contains a dead air space. Thus, we have another strong rea-
son for the incorporation of a plywood liner in a non-sandwich contiguration,

m.  Workability. Many materials are difficult to form, mold. extrude, or, in
general, just fabricate. After fabrication, many materials become diffi W8 o use be
cause they are not amenable to welding, drilling, punching, or repairing without extra
cost and loss of material integrity. One can readily deduee that corragated steel is much
qasier to make and employ than aluminum on a foam sandwich or aluminum ona honey-
comb sandwich. Therefore, the productivity of the wall is incorporated. Fase of repair
and preventive maintenance are additional factors which are dependent on the workabil-
ity of the material,

n.  Flame Resistance. The military enviconment addresses flame retardancy
and fireproofing in many of its equipments, The question posed in this effort was,
“Does the panel support combustion?” The answer for all panelsis “no.” This answer
should be qualified inasmuch as the metals, of course, became much more ductile: the
plywood sandwich charred; and although the foam sandwich did not support combus-
tion, the foam appeared to have melted, thus leaving a void under the aluminum or FRP
skin. The resin in the fiber-glass reinforced plastic did not burn. The plastics in the ex.
panded metal and punch plate materials tended to lose strength and began to flow,

o. Joining. An important concept in the fabrication and repair of a con.
tainer is the method used to form an 8- by 20-ft wall. The fabricator buys smaller sized
sheets and welds or rivets these together. The FRP/Plywood panel is. in reality. a series
of 4 by 8-t pancls which are laminated with the fiber-glass to become a one-piece con-
struction which is then sent to the fabricator. For this pancel, the fabricator would then
rivet the single unit to the frame. For sandwiches which are less than 4 by 8 {t in size
the same principle holds—the idea of forming a 20-foot span. Sandwich panels other
than FRP/Plywood are not made into a continuous panel but rather are joined
mechanically.



p-  Usable Cubage. In order to have a beneh mark to work from. the author
determined the usable cubage for a container neglecting liners and other obstructions.
Since containers in the 20-foot class appear to be severely volume limited, this refative
scoring allows the reader to seleet a configuration which he feels is aceeptable even
though it may not have the cubage of a second container. To the military., this param.
cter appears to rate quite low, while industry has been selecting the higher figures in
order to make maximum use of the space available,

q. Initial Cost/Sq Ft. The cost of a panel on a persquare-fool basis essen-
tially tells one that the frame and floor costs are constant. The relative scores show, to
no surprise, that steel is the most inexpensive material initially . while the elaborate sand-
wich constructions cost a great deal. Costing has purposely been played down through-
oul this report becanse it is the author’s belief that enough information has been present-
ed to document the overall costs. Further, it is the author’s belief that the competent
manager will realize the fact that, in buying any thing, there are life-cy cle costs involved
along with a general amortization and serapage value pricing which must be considered.
These and many more factoes establish cost effectiveness, Many of the aforementioned
areas of concern are direetly related to costs, The best source of information in the par-
ticular area is Berger, et al 3

12. Evaluation Matrix. The Evaluation Matrix (Table 1) has been developed in
such a manner as to be readily utilized by the interested technical reader. The first ver-
tical column has been established so that one may put a weighting factor on each of the
different properties, For example. if one considers impact resistance and initial cost to
be of equal and highest importanee, he should enter a relative value of. for example. 25
in these leading boxes. The next item of importance could be weight or corrosion resist.
ance: but feeling these to be less significant. one would assign, for example, a weighting
factor of 15. Cubage might be considered to be of little importance and would receive
avalue of 1 or 2 versus the values of 15 and 25 previously assigned. Now, one can read-
ily determine the optimum panel by multiplying the weighting factor by the scores in
the matrix. The total score will yield a final value for cach candidate material. The
highest score achieved will thus give the best panel based upon the biases of the reader.
The author feels that cach organization has identified the arcas of greatest coneern:
therefore, the organization should be allowed to seleet the parsmeters of greatest im-
portance and thereby justity its material selection. For the example cited, the follow-
ing is offered:

. Berger, et al., A Critical Analysis of the State of the Art in Containerization, dated December 1970, AD 877259,
peepared for the United States Army Mobilty Equipment Research and Deselopment Center, Fort Belvorw, Virginia.
by Control Systems Research, Arlington, Virginia.
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The Evaluation Matrix

Table 1.
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Weight

25 Impact Resistance

25 Initial Cost

15 Weight

15  Corrosion Resistance
1 Cubage

With this rating, the top five materials for sidewalls are:

(1) Corrugated Aluminum, .100 in. thick
(2) Punched Plate Aluminum and Plastic
(3) Expanded Metal Aluminum and Plastic
(4) 18-ounce FRP/Plywood, ‘4 in. thick
(5) 24-ounce FRP/Plywood, %2 in. thick

The above materials have been determined by utilizing the following methodology:

(1) Multiply all scores in the row marked Impact Resistance by 25.
(2) Multiply all scores in the row marked Initial Cost by 25.

(3)  Multiply all scores in the row marked Weight by 15,

(4) Multiply all scores in the row marked Corrosion Resistance by 15,
(5)  Multiply all scores in the row marked Cubage by 1.

Now, for cach material, go straight down the column adding the newly ac-
quired scores. In this example, there are 5 scores to sum. (One can actually use all the
parameters—thus, there will be 18 scores to add.) The total for each column having
heen attained, the material with the highest score ranks as number one, the second
highest score yields the number two panel, and so on down the line through all 44
material choices,

The past narrative addresses the utilization of the Evaluation Matrix, The
avid reader may wish to pursue the relative scores within the matrix, These were all ob-
tained by normalizing a spread of values ranging, for example, from 82 to 901 with the
lower score being best, 1t was then deduced from these data, for example, that a curve
could be plotted (in most cases linear) such that 82 compared with 10. the highest score
possible, and 901 compared with 1, the lowest score possible. From this curve, all inter-
mediate values could immediately be determined. Some cases proved far more compli-
cated, but a logarithmic plot offered a possibility to handle the range of values that oc-
curs, In one case, for example, the fourth root of the numbers was taken so that the
procedure deseribed above could then be used. The mostimn: tant thing to remember
is that throughout the entire matrix the method was consiseent. The scores shown are
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relative, but this is the only kind of meaningful figure the engineer or scientist can use
in selection of an optimum panel for his particular application. It is felt that the Evalua-
tion Matrix represents the true technical worth of this report and justifies all of the ex-
penditures in the past. One is now able forthrightly to select a panel design which is
most acceptable.

13. Aluminum Alloys. All the combinations of steel alloys and aluminum alloys
were not presented in the Evaluation Matrix. Since steel has been sufficiently covered
in the Evaluation Matrix and numerous aluminum alloys have been left unidentified,
the following detailed discussion of these alloys is presented. The aluminum properties
used in the matrix were average values; thus, the exact aluminum used is really a com-
bination of several panels and cannot be identified in the Evaluation Matrix.

To clarify an apparent ambiguity, the Aluminum Matrix (Table 11) identifies
those properties which tend to change with the major alloying agents. The performance
factors listed in the Aluminum Matrix appear to be the only ones which show a dramatic
change. To review the aluminum alloy classifications in brief, the following is offered:

Alloy Number Major Alloying Element
1000 None
2000 Copper
3000 Manganese
4000 Silicon
5000 Magnesium
6000 Magnesium and Silicon
7000 Zinc
8000 Other Elements

Noting the above, six readily available materials have been selected for use in the Alumi-
num Matrix. It is interesting to note that if the manufacturer of containers buys any of
these materials in sufficient quantity the costs are all in the same general neighborhood.

The values obtained from this matrix follow closely the procedure outlined
for the Evaluation Matrix. The Aluminum Matrix simply relates the most eritical arcas
of variance. Onc can utilize this matrix to identify the aluminum which appears to best
suit the user’s purpose. (The Selected Bibliography contains a vast amount of informa-
tion regarding these alloys.) However, one must stop and question the Aluminum Matrix.
Earlicr, it was mentioned that if aluminum were corrugated, much like steel, its perform-
ance attributes would definitely increase. Not all the materials identified in the Alumi-
num Matrix are amenable for forming as suggested due to the low ductility of some of
the aluminum alloys. Thus, the shape of material, i.e., its vertical cross section, will vary.
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A flat sheet does not require any forming. thus the rationale for aluminum sheet and
post construction. However, from the Evaluation Matrix (Table 1), one can readily see
that this type of construction rates low when compared to the corrugated aluminum
configuration.

Table 11, Aluminum Matrix

Aluminum

<
Alloy 4 e | 2 2| 2 =4
| | | | | |
- 1L
Attribute (<3 g § =
Impact Resistance 10 45 | 28| 8 1 7.8
Safety Factor Based
on Yield Strength 10 45 | 28| 8 1 7.8
Safety Factor Based
on Ultimate Strength 10 42 | 18| 756 1 8
% Elongation 356 | 8 1 1 10 4
Workability 6 7 6 6 8 4

Corrosion Resistance 5 9 10 10 10 3
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V. CONCLUSICNS AND REMARKS

14. Conclusions and Remarks. The narrative has presented a variety of insights
into the construction and applicability of materials as related to use in a large drey freight
shipping container. Also discussed were the attributes a container must present in order
to cope with its environment. To synopsize the manuseript, a matrix has been prepared
which presents numerous candidate materials versus a large number of significant param-
eters which tend to either influence the purchase of a specifie configuration or to mathe-
matically rate numerous quantitative data. The end result is a numerical ranking of the
candidate sidewall materials based upon the author’s best judgment for the nebulus de-
sign criteria and the results of extensive structural calelilations for the design and mate-
rial property type criterion,

Numerous immediate conclusions are readily apparent and are substantiated
by the Evaluation Matrix. Other conclusions are established from the matrix and rele-
vant references,

a.  The current state of containerization is an ambiguous subject when one
considers the numerous materials-design interrelationships along with the varied philoso-
phies. Of all words used to describe container performance, “ruggedness™ is the one key
word which stands far above all others. The commercial carrier is currently paying for
ruggedness because, in general, FRP/Plywood is being well received. Steel containers
are being procured by the U. S. Government and, in very small quantities, by leasing
corporations; however, it has been found that the leasing organizations have become
stabilized to a point where they are procuring FRP/Plywood. Aluminum is being pro-
cured in a different configuration than the regular sheet and post. A container with o
0.1875 in. thick wall of corrosion-resistant aluminum has appeared on the market, and
it is the author’s understanding that this container is being well received.

b. A weight savings in the container appears to be a moot subjeet, The
small containers (8 by 8 by 20 ft) are found in 90% of the cases investigated to he cube-
limited rather than weight-limited. Thus, the trend is to the longer 40-foot container
with a gross load of 67,200 pounds. For a doubling of allowable usable cube. the allow-
able gross weight increases by one-half, If one were to find container weight a signifi-
cant factor, it would scemingly appear as an important design consideration in the longer
containers; but, as of this writing, lightness of weight has not been found. The operator
will not compromise his principles—he wants a rugged container no matter what the size
or configuration may be.

¢.  National, international, and military standards attempt to identify the

loading conditions which must be resisted in service, These documents have been se-
verely criticized by the author as not being representative of the real situation.  Efforts
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made 1o cheek the adequacy of these standards showed that one true discrepancy exists.
This is the criteria for the end wall  In this case. the majority of standards miss by a
factor of approximately four. It is interesting to note that in the majority of current
container designs additional material has been added to absorb the impulsively applied
loadings. On the other hand, the specification: for the sidewall appear adequate. For
example, in a rough sea state on the North Atlantic, one ship being monitored registered
sidewall loadings of less than the required test criteria of .6g. The loadings at sea were,
of course, dynamic. A strong case can be made for the current specifications requiring
numerous static-loading-ty pe tests. However. over the long haul. dynamic testing pro-
cedure will undoubtedly prove to be superior.

d.  Sandwich-type materials clearly tend to have an advantaze over alumi-
siwnm or steel sheet. The heat-transfer characteristios of a sandwich with a foam core of
2 inches rate as much as 1000 times better in allowing heat to transfer from the outside
to the inside when compared to the basic sheet material. [t must be realized that in the
tropical or desert environment the containers eventually behave as ovens and could.
therefore, be detrimental to the stored goods. On impact. the sheet can be punctured
casily. The same sheet backed by foam or honey comb and another skin is obviously
much stronger. The ideal sandwich has not been identified; however. 0.040 in. alumi-
num on 2-inch foam with 0.040-1n. aluminum as the inside face faired well in test,
FRP/Plywood is a sandwich that has faired well in all test.. This is not to say that this
particular sandwich is an optimum, but it does appear to exhibit characteristies which
are most acceptable.

¢.  The integration of all structural members into a more unified structure
would lead to weight savings and improved damage resistance. The matter of various
bottom members is only one case in point. The possibility exists that a design could
evolve which integrates all panels. rails, and other structural members to provide a total
container with adequate bending resistance while being handled and at the same time to
allow the panels enough weight, moment of inertia. ete. to resist handling abuse. An ex-
cellent example of this is a controlled filament winding or rotomolding process which
tends. for the most part. to satisfy the above requirements. Additionally. these processes
reduce manpower costs because the assembly line <ould be fully automated.

.  Containers should be designed to meet a given set of requirements rather
than the present practice of evolution, e, value engineering of a current design which
may have basic inadequacies. If rational design techniques were used. then one could
immediately determine areas of maximum stress and design to meet these. One could
effectively reduce expenditures by employing design shapes of less weight and strength
where deemed desirable. If the military were to undertake the task of designing 4 true
military container. there is no question that industry would foilow and procure much
the same article especially if the two groups value the same performance. It must be
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realized that the sophisticated companies, i.c.. those with a great deal of experience,
have outstanding handling facilities: and the need for the most durable container de-
creases as the amount of refined handling gear increases. The military lacks refined
equipments that address containerization and must. therefore. pay the price for avery
rugged, maintenance-free container.

g.  Procurement of containers with sandwich sidewalls along with the stand-
ard aluminum and steel has provided USAMERDC with data to formulate many of the
opinions offered. Much has been learned in the additional investigation of materials
and design. Highlighted have been those areas which consistently rated superior. For
example, if a container wall is not a one-picce construction, the wall does not behave as
well as would be desired. The sandwich construction had the inherent design plan of
being multipieced. FRP/Plywood of multipiece construction was found to be very poor
in service whereas the one-piece siding rated superior. The design-material interrelation-
ship for FRP/Plywood has been proven to be eritical. The designer must consider not
only the material behavior but also its relationship with a framework and the dynamic
environment in general.

h.  The work performed herein addressed shipping containers which were at
least 20 feet in length. If a smaller configuration is considered. for instance a TRICON
(8- by 8- by 6-2/3-f1) conlainer. one must realize that the design material relationship
differs because the walls no longer behave as in the larger container. From a design
point of view, the TRICON is a box and not a container. One must select a material for
a TRICON siding which will best serve the purpose of the container. In most cases, a
strong argument can be made for the material which is of least cost. Clearly. steel would
appear Lo have an advantage, but new materials innovations allow the designer to exam-
ine expanded wiremesh with a plastic-ty pe covering. Certainly . prior to a major procure
ment. all innovative ideas must be considered. The intangibles which may exist in the
large containers are eliminated in the box. For example. fork tine puncture would ap-
pear to be a major source of damage: and, rather than adding extra material to the en-
tire wall, the area about the tineway slots should be addressed. Loadings on the smaller
boxes are not the same as those found in larger structures. The modules when coupled
or nested either transmit loadings more effectively or. in the case of nestig. do not ex-
perience the same loadings as the large dry freight shipping container.

i. A computer program now exists for the dynamic comparison of materi
als. An impacting sphere is used in the simulation. Within the program is the capability
to vary the sphere’s mass and impacting veloeity. The results appear to be aceurate
throughout the elastic range for all isotropic materials. Anisotropic materials also appear
to have been modeled effectively so that firm conclusive results can be obtained. An ex-
perimental effort is currently in progress to determine the validity of the computer pro-
gram for numerous sandwich materials. The results of this simulation have tended to

H




place FRP/Plywood and expanded metals in a superior category when compared to the
standard aluminum and steel panels. The preliminary experimental results have justi-
fied this position and ranking.

j-  The military environment is substantially different than that of the com-
mercial. This immediately implies that containers procured for use solely within the
military environment must meet criteria which are more stringent than the ISO recom-
mendations. Specifically, the framework must address the logistical system employed
today. With acknowledged shortecomings, such areas as corner fittings, upper rails, side-
walls, doors, door framework, endwalls, and transverse rails must be upgraded. This
will reduce maintenance costs and should relate well to the handling environment over-
the-beach or at inland depots where proper handling gear is not currently available. To
address the military's entire capability, a select number of containers should be used-
within present-day aireraft without need for 4631 pallets. The container should be
locked direetly into the aircraft’s restraining system and be required to meet require-
menls which are realistic. Much work should be undertaken to adequately describe the
air transport environment. 1 light weight is the one overriding area of consideration,
this should be substantiated; and the design can accommodate this criterion.

K.  No attempt was made to numerically rate the several container designs.
The relative importance of the design attributes is a management decision. Thus, a
column has been provided on the Evaluation Matrix so that the reader may assign his
own weight and, thereby, perform his own evaluation. (Reference is also made to the
numerical example presented in Section 1V where relative values were selected and
utilized.)

. Generally speaking, it is scen that the impact resistance of designs which
incorporate walls made from material having a low modulus of elasticity shows better
performance. Other attributes which lead to a higher performance rating are:

(1) Low panel weight
(2) High cross sectional moment of inertia
(3) High yicld stress

It can be seen from Table 1 that the designs which incorporate FRP as a face sheet mate-
rial give a high performance index. Other attractive materials include the punch and ex-
panded plate. These materials incorporate a low modulus face sheet which undergoes
large deformation and thus attenuates the contact foree and the resulting stress, 1t is an
anomaly that the steel material, with a superior rating to that of aluminum considering
the density of steel compared to aluminum, is expeeted to lead to the opposite results,
Since the present investigation was to use available information, no effort was made to
identify the mechanical reason for this behavior.
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m.  The highest performance numbers associated with factors of safety re-
sult from configurations which have low working stress and high yield or ultimate
strengths. It is seen that the sandwich panels with steel, fiber-glass; or aluminum facings
all rate well and give entirely satisfactory safety factors. Of noteworthy significance is
the fact that Martinsite, stainless steel, and the expanded steel rate highest in the safety
factors based on ultimatc strength; and titanium, expanded metals, and 2-inch-thick
foam and honeycomb sa  iches with FRP facings rate quite well in the safety factor
based upon yield strength.

n.  The highest performance parameters are associated with the configura-
tions which have a high flexibility and an attendant large center deflection. Since the
impact resistance of the configuration is enhanced by high flexibilities, the judgment
was made that large deflection was a positive attribute. The reader who disagrees can
reverse the ranking by subtracting the value given in the Evaluation Matrix from eleven
which will then rate small deflection as the desired attribute,

0. The highest ratings associated with elongation were given to those mate-
rials with a high elongation which is indicative of the ability to absorb energy through
plastic deformation. High ratings are thus given to the ductile metals which exhibit
large elongation while the configurations utilizing FRP face sheets rate relatively low,
This rating obviously does not account for the ability of sandwich cores to crush and
absorb energy. Because of the difficulty of including this important effect in this per-
formance parameter, it is felt that a low weighting factor, relative to the other panel
attributes, should be given to elongation in evaluating potential design configuration

p-  Military Specification MIL-C-52661(ME) should be scrutinized for pos-
sible changes with respect to the following areas:

(1) Restraint System: Without question, this arca must be addressed
since the mechanical restraint system, as currently employed, does not address,
satisfactorily, FRP/Plywood or aluminum sided containers. The specification is
biased in this regard.

(2) Walls: The side and end walls are critical areas for failure due to
dynamic loadings. The static criteria is not capable of producing a container
which is applicable to the military enviconment. Dynamice criteria must be estab-
lished, especially for the end wall,

q. If the lowest bidding type of procurement must remain, then the Mili-
tary Specification should be changed to reflect a preference for the FRP/Plywood panel
material. The materials currently being utilized in containerization should be changed.
Innovative procedures have evolved which yield a superior container, but current
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procurement practices do not allow potential offerors to quote sinee the Military Speci-
fication is biased toward steel,

r. Aluminum sheet and post constantly faired poorly : however, the new
aluminum sheet construction offers promise. Also. the high ratings for stainless steel
must be acknowledged. To up-grade the military s capability to procure quality end
items, the steel unit as it cuerently exists must be disregarded in favor of corrosion re-
sistant steels with a greater wall thickness, The punched plate and expanded metal
plates with plastic face sheets and filler result in a very low modulus material at the
outermost position of the material combination. For impact resistance this is exeellent.

s, The above addresses actions which should be initiated in the near future
through FY 77, During the next few years, capabilities of manufacturing containers
may have changed to a point where new and different materials will prove to be cost.
cffective. Thus, although the answer to today’s current containerization problem is at
hand. that i, procurement and utilization of FRP/Plywood containers, it may he that
this particular container may not be the most cost-effective in 5 years,

. Impact resistance has to be accommodated satisfactorily. Usable cube
must also be addressed. The standard 20-foot configuration must be reevaluated to
determine if this truly represents the type of container the military requires, It is se-
verely cube limited. Noting the types of container vessels currently in seevice, another
length dimension does not appear to be unreasonable.

u.  FRP/Plywood containers should be considered in the refrigerated mode
of transport. This panel faired favorably with the currently preferred foams and honey-
comb sandwich-type construction. If doubt exists, the reader should use the Evaluation
Matrix and weight cach factor appropriately. This material certainly appears to be a
universal type which deserves further consideration,

v.  Ammunition containers are by no means special because they currently
comprise over 50 pereent of the available military container inventory. Thus, noting
this most important fact, the military should consider heavier gauged steels, stainless
steel, punched plate, expanded metals, and FRP/Plywood. The latter should not be
addressed without an acceptable restraint system in the floor. Restraint bars on the
sidewalls of FRP/Plywood are seemingly most impractical. A thorough design analysis,
however, could be conducted for little expenditure of funds when one considers the
total dollar value of a procurement of containers,

w. The military at the far shore will have a large surplus of empty containers,

With this fact realized, there appears to be little reason why usage by the troops cannot
be addressed. The U. S. Navy in their Tactical Container Shelter System (TACOSS) or
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Quick Camp programs address usage by military personnel as well as the U, S, Air Foree
in their Bare Base efforts. Thus, if the container were to be utilized as a protective unit,
for example, the military has an obligation to make its containers readily adaptable for
field usage.

x.  Shelters, much like refrigerated containers, appear to address like mate-
rials. The modulus of rigidity is most important in sandwich panel construction, and
the illustrative efforts in this report tended to over-emphasize this attribute. However,
additional computer runs, which have not been presented, indicate a strong tendeney
toward the same materials as those identified with refrigerated containers, Thus. to
those individuals involved with shelter work. it appears again that specifications which
are essentially antiquated are being used by the modern-day servieces, These should be
severely critiqued such that new sandwich materials can be addressed and evaluated
through a small rescarch and development effort. Again, the computer program should
be employed using weighting factors which appeared to be most appropriate to shelter
design in order to identify materials,

y.  Tospecifically address the initial two directives posed. the following
suggestions are offered:

(1) 1t is most advisable to consider a material other than low grade
carbon steel for sidewalls in dry freight shipping containers,

(2) Itis most advisable to consider materials other than steel for the
entire container exeept the superstructure, undercarriage and corner fittings
which should remain steel or comparable high-strength metals,
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APPENDIX

A SAMPLING OF RESULTS OBTAINED FROM THE EVALUATION MATRIX

AND A DISCUSSION ON THE UTILIZATION OF THE PROGRAM

The following are representative results obtained from the Evaluation Matrix and the
total of all the author’s efforts in trying to obtain a solution to a most ambiguous prob-
lem. The weighting factors employed were all normalized to a common base, percent-
age-wise; thus, if the figure 25% is used, the reader should immediately say to himself,
“In this particular case, utilizing all 18 parameters the author has deemed one particular
criteria as being worth 25% of the total; thus, the 17 other criteria are, in total, worth

5%

a.  DRY FREIGHT CARGO CONTAINERS

()

RESULTS:

(2

CASE 1

Weightings for the attributes are as follows:

Impuct PORBLIICE .......cooooiereniniiisnissensesnensansesssasnisscassasssnssesensasssase 20%
Y  .....o....oociiiiisiinsuineassessstusssatsRnsserssTesUIseirasaess esssash 7.69%
Safety factor based on yield........ovverieiinnrininninininniiinen. 7.69%
Modulus of elasticity ...oiviviinieinienini, 7.69%
TN | il e onthonssnet b as st oy p sl wigamams sens <o evenavmet 7.69%
R A o v . e e s s s e snimensie oo SE R Az assussssams o 7.69%
INSEIEIRIN,  ticovessosamusoritasosisss Assass T sssusents dasinssse ase sssesion 6.15%
Corrosion Resistance ....oceeniencnininninnennnnnes 6.15%
AHOMREES  ....ocniniinnniinninnenisninniscesssnsissssssssssssisssssnssnssnssssnsans negligible

FRP/Plywood in all thicknesses and weights of fiber glass along with stain-
less steel rated above the 85th percentile. Aluminum sheet, punched plates,
and expanded metals were above the 70th percentile; and, the majority of
other sandwich materials along with the steel configurations rated below
the 50th percentile along with the aluminum sheet and post construction.

CASE 1l

Weightings for the attributes are as follows:

T T e oot s sics U St e T renke sl 20.37%
USADIC CUBE ..oeiniriineiresererciesneessesessesssasasssssrssssssassesssassrsesssssssse 20.37%
T a R R e Ry S e 6.17%



RESULTS:

)

RESULTS:

L))

Safety factor based on yicld o 6.17%

Modulus of elasticily .o 6.17%
DETICCHON  corrveiinieieniiiiiniireecreeeiinteeernreesssrsessssseseeeasessassosasssessssanes 6.17%
Repairability oo +.94%
COrrosion ReSISEANCE  coviiiiiiiiiieiiieeieresiieseersseseeteassaeseesssssessesases 4.94%
JOHAL COSE ettt resreeeesesesesssssessereesssasssnsssssssssssrenses 4.94%
Safety factor based on ultimate ..., 4.32%
ANOhers e e s saaes negligible

FRP/Plywood in all thicknesses and weights of woven roving, stainless
steel, and the two punched-plate configurations rated above the 85th per-
centile. The expanded metals and aluminum sheet rated above the TOth
pereentile. The foam and honeycomb sandwich construction with FRP
facings rated above the 50th pereentile along with the numerous aluminum
designs except aluminum sheet and post. The steel configurations rated
poorly.

CASE 1l

Weightings for the attributes are as follows:

Impact Resistance ... 20.34%
INIal CoSt i 20.34%
Flexibility ....ccccovviiiminiinnisne o 5.81%
Safety factor based on yield —.....vevenniinnnnnnne SEOSeRRERST EE 5.81%
Modulus of elasticity ..., 5.81%
Deflection  .eeviniiiinens ST e uaas oty o SRS VARt MBS s vt ® 5.81%
Usable cube ..., 5.81%
COrrosion resistanee e e 4.65%
RAPIREIII . .cooose vt oo SIS} i« S5 . SRR » g ERETRS s spnasieno 4.65%
Safety factor based on ultimate .......covviiieninnnenncnnenniennn 4.07%
FRP/Plywood with a variable thickness and weight of fiber glass dominates

above the 85th percentile. Aluminum sheet, punched plates, and the ex-
panded metals rated above the 70th pereentile. Steel, aluminum, and nu-
merous sandwich constructions with FRP facings rated above the 50th per-
centile. Sandwich configurations with metal skins faired poorly.

CASE 1V

Weightings for the attributes are as follows:

Impact Resistance ... oo sivok SemTieTTedves 200%

Usable Cube  oo.oeeeveiiceniicniiirennnseeesssssssssssensassses TTTAETSITE TR ST e e s T 20%

INIGIAY COSE o rvveieiiiiiieinneiireesesesssntiseesescsssssssesesssssssesssssssssossassasases 20%

Safety factor based on yield ..., 4%
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RESULTS:

(5)

RESULTS:

Modulus of elasticily ... %
Deflection e 4%
Flexibility ..o 4%
ANOhers e negligible

FRP/Plywood with the various thicknesses and weights of fiber glass,
stainless steel, and the two punched-plate configurations rated above the
85th percentile. Martinsite steel, the two expanded metals, and corrugated
aluminum (0.100 in. thick) rated ubove the 70th percentile. The steels,
l-in. thick foam and honeycomb sandwiches, and plywood in various thick-
nesses with aluminum facings rated above the 50th pereentile. The thicker
sandwich constructions faired poorly along with the aluminum sheet and
post design.

CASE V

Weightings for the attributes are as follows:

Impact Resistance ..ot 16.76%
Usable cubie ..ot e, 8.38%
Safety factor based on yield .o 7.26%
Flexibility .o 6.70%
Initial COSt i s 6.70%
Deflection .. s 6.70%
Safety factor based on ultimate —........coiineininiiniiniin. 6.14%
AN Others e negligible

FRP/Plywood in all thicknesses and weights of fiber-glass facings along
with stainless steel rated above the 85th percentile. The two punched
plates and expanded metals plus the aluminum sheet rated above the 70th
pereentile. The sandwich constructions with FRP facings and the corru-
gated aluminum designs rated above the 50th percentile. The sandwiches
with aluminum skins and the steel designs faired poorly.

b. REFRIGERATED CONTAINERS

)

CASE VI

Weightings for the attributes are as follows:

Insulation Properties ... 19.9%
Preventive MAaINLENANCE ........cccvvveveriiiiiccsnneseseeseeessesessessensonsasososes 14.9%
Flame FesiStANCE ..uoviiiiviinniiinineeeeeseioiisessressenessesstscssssssassssasssnn 11.9%
Modulus of EJasticily ... T.5%
Safety factor based on ultimate .........ciciviviininiviiniinin 7.5%
COPPOSION FESISLANCE .oovviieiiiierseisesesernrernressessosssersssseesenssssssssssssssns 7.9%



RESULTS:

)

RESULTS:

3)

ANNOIRERS s negligible

Two-inch foam sandwiches, 2- and 4-pound density with FRP facings, and
all FRP/Plywood pauels rated above the 90th percentile. One-inch foam
sandwiches, 2- and 4-pound density with FRP facings and 2-inch honey-
comb sandwiches with aluminum (0.040 in. thick) and FRP facings.
2-pound density cores rated above the 75th pereentile. All other sandwich
configurations except plywood with metal facings rated above the 50th
percentile. The metals faired poorly.

CASE VI

Weightings for the attributes are as follows:

Insulation properties ..., 16.6%
INIIAL COSE  oivrriivnrreecerererinineeecreresserrsreesnssesssessssessersresosesassensersenns 16.6%
Preventive maintenanee ... eeeveieveeinienenieecrecsconsnesssisssrassssessanes 12.4%
Flame FesiStanee ...oeevveeieenineeniennneineeonenensersonseesesssessraessassssnssersessass 10.0%
COrrosion Fesistanee ......vvveeiiiciieneneeeinicenenecreeenimesssessessen 6.2%
Safety factor based on ultimate ... 6.2%
Safety factor based on yield ., 6.2%
Modulus of Elasticity ..., 6.2%
ALothers i negligible

FRP/Plywood in all varictics rated above the 90th percentile. Two-inch
foam sandwiches with 2- and 4-pound density cores and FRP facings rated
above the 75th percentile. One-inch foam sandwiches with 2. and 4-pound
density cores, 2-inch paper honeycomb with 2- and 4-pound density cores,
and l-inch paper honeycomb with a 2-pound density core, all with FRP
facings, rated above the 50th percentile.

CASE V1l

Weightings for the attributes are as follows:

Initial cost i e 25.83%
Ineulation properties ... 14.76%
Preventive maintenance ... 11.07%
Flame resistance .......ovveninnninnnnninnsenisnmen. 8.86%
COrosion FEsIBlance  .......coiicnicnncimniniinecsiisneseissssesssses 5.54%
Safety factor based on ultimate .......ovvvviinnnninnenninienen. 3.34%
Safety factor based on yield ... 5.54%
Moadulus of elmslicily ... 5.54%
ANOREES e s s e sessasenes negligible
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RESULTS:

FRP/Plywood in all configurations rated above the 90th pereentile. No
materials rated above the 75th percentile exeept those just mentioned,
The sandwich materials discussed in Case VI, corrugated steel (0.047 and
0.062 in. thick), and Corten steel rated above the 50th pereentile, The
punched plates, expanded metals, and plywood with metal facings faired

poorly.

¢.  AMMUNITION CONTAINERS

)

RESULTS:

CASE IX

Weightings for the attributes are as follows:

Impact TEHBERICE  ......oovieeininenninsisasinsiinsninissaninisisessnssronsanssssssasane 16.8%
Flame resistance ..., 16.8%
Safety factor based on yield ..., 8.4%
Workability ..o T.0%
Safety factor based on ultimate ..., 7.6%
L N e T T e S eSS s MO S 6.7%
Percent elongation ... 6.7%
ORI R, 4. oqouesssrmsstne s eoasea R e SaTae el SR FoFga ol 3e S5 5.9%
Modulus of rigidity ..., 5.0%
ANLOthers i s negligible

Stainless steel rated solely above the 45th percentile. All the various con-
figurations of FRP/Plywoaod, punched plate (steel). aluminum sheet, cor-
rugated aluminum (0.100 and 0.152 in. thick), and all the steels except
muffler grade rated above the 70th percentile. All plywood cores with
metal facings, expanded metals, punched plate, and titanium rated above
the 50th percentile. Aluminum sheet and post rated under the 30th
percentile.

CASE X

Weightings for the attributes are as follows:

Impact resistance i 14.6%
Initial CoSt i e 14.6%
Flame resistance .o 14.6%
Safety factor based on yield ..o, 7.3%
Safety factor based on ultimate ..., 6.6%
Workability o s 6.6%
Percent clongation ... 9.8%
Repairability oo, 0.1%
AITOthers v e negligible



RESULTS:

(3)

RESULTS:

All steels. except muffler grade, and % inch thick plywo d with FRP fac-
ings rated above the 90th percentile. The rest of the FRP/Plywood panels
rated «bove the 85th percentile. Steel punched plate. aluminum sheet. and
the corrugated aluminum (0.100 and 0.152 in. thick) rated above the 70th
percentile. The remaining expanded metals and punched plate along with
plywood clad with metal rated above the 50th percentile. The remaining
sandwiches rated lowest.

CASE XI

Weightings for the attributes are as follows:

) 14

I OSE T sd s nasasiveavivensnns i 2 48 %
bnpaet FeRBURCe s 08 S e e e oo (4
Y e o g eGSR S e i e R R ) D e L
Safety factor based o vieldr ... oiiiiininiviieie Seesssssave O 0T
Safety factor'based onullimate | ..o icneiniriiiinniesbeirnisianesar D4 0D

O A e i eususkrmusrannesnsisisinsoncsdirssasas | Oe L DI

JOMNBND e e R s ey R e 5.1%

Percent elolgabianl e i s e e v et el 1D, 108

AMEothers i o a s e, e nanéolimble
| 2 )

Al steels except muffler grade rated above the 85th percentile. Corrugated
aluminum (0.100 in. thick) and all FRP/Plywood panels rated above the
70th percentile. All other corrugated aluminums., plywood clad with alumi-
num or steel in all thicknesses, steel expanded metal, and steel punched
plate rated above the 50th percentile. The remaining sandwich materials
faired poorly.

d. SECONDARY USAGE

(hH

CASE XII

Weightings for the attributes are as follows:

Preventive maintenanee  .........cccveeieiimesssisscoresseenssansssssssacssssvassarss sos D21 %
Sutety-tactor basetl b=yl = .. i i i L 90T %
Insulation properties ... e e b e e S e s 9.01%
Blamse eSS tanGe e e e e s idianss 9.01%
Usable cube .......... e S A e e st s sl 10100 %
FOMBY. i e oo Ll L bt ioni v Waes sevans osshbedbeanados A we 8.10%
REparaiilily S it carss Astbaviiosesisrssaineais Rt 7.21%
T 0 ] b e e e L .21%
VT e R T e S e S R e T £
RHOtRErs ) anti e R S R T negligible



RESULTS:

(2)

RESULTS:

FRP/Plywood in all the various combinations rated above the 85th per-
centile. Aluminum sheet rated above the 70th percentile. The majority
of the panels excluding foam and honeycomb sandwich and aluminum
sheet and post rated above the 50th percentile.

CASE XIII
Weightings for the attributes are as follows:

Iitial cORE e e i e 953492
BBl elIBe s L e e i 0.85%
Preventive MaiNeNANCE  .o.iiieecriioiniessessssassnisosssssssranssssssssessasesnnsese 0.85%

Salety IRCIORDAtER ONEVIEId = (ol i i vl i i sinsssssossssnsssinies 6.85%
el ST e T e e o SRR (1 1
Flame resistance  ......oooocevvvvvvernnnnns s e R GRS %

A OIREEY & L et i hien sl asnmssinen s negligible

FRP/Plywood in all the various configurations, corrugated steel (0.047 and
0.062 in. thick), and Corten steel rated above the 85th percentile. Alumi-
num sheet, stainless steel, and Martinsite steel rated above the 70th percen-
tile. Muffler grade steel and all corrugated aluminum designs rated above
the 50th percentile. A large number of other panels rated in the 40 io 50
percentile region with few rating poorly.

e. SHELTERS

(1

RESULTS:

CASE X1V

Weightings for the attributes are as follows:

MOdUIE ORI ool i ot sovsinissshirssvaiisiaas et (| et
Insulation properties ..o 3 e e G 7.69%
Modalus ofielastiolty .0l it iaiias i i 109%
St Aty factOR Based O MEIMAE il siiios bt dosbhssinssansnsassosssnssion 6.15%

AL TeSISHANTE e s e e = G 5%
Impact resistan 6.157
Deflection: v b s L e s = 5.38%
00 A e S e P e s e i e R S e RN ow i 5.38%
Safety factor based on yield ................. Ao i SThliveesinisiavrecnasnins: D OB
All others .......... SR Sl TR s T Mt s nepligible

Stainless steel rated superior and was the only material over the 85th per-
centile. Martinsite steel, steel expanded metal, and steel punched plate
rated above the T0th percentile. The remaining steels, metal clad plywood
in all thicknesses, and the aluminum sheet rated above the 50th percentile.
Numerous sandwich materials rated between the 40th and 50th percentile.

o8



(2)

RESULTS:

(3)

RESULTS:

CASF XV

Weightings for the attributes are as follows:

Modulus of Figidity v 14.92%
Preventive mainlenanee  voviieeoieeeeeen s eessens 7.46%
B S e O B s e e e e e e SRS 7.46%
IMpact resistance e 7.46%
Insulation properties ..o 7.46%
Modulus of elasticity .oivviii 7.40%
Usahle cube oo ssvenreneerseseesineisneseeesiaessanesens 7.46%
Allothers negligible

All FRP/Plywood configurations, stainless steel punched plate, and steel
expanded metal rated above the 85th percentile. Aluminum sheet rated
above the 70th pereentile. The remaining steels, corrugated aluminums.
metal clad plywood in all thicknesses, and aluminum expanded metal
rated above the 50th percentile.

CASE XVI

Weightings for the attributes are as follows:

Initial COSt i 25.00%
Modulus of Figidity ..o, 25.00%
Modulus of elasticity —......coiviviivine 5.68%
Insulation properties ..o 5.68%
Safety factor based on ultimate .......ocoveriveniiniiniviiiiniieen 4.55%
Impact reMBLMREE  .........cooiierenearsviseessinnasmnsssmsdstesiesnssnsasesissasausses 4.55%
ANLORErs it e negligible

All steels except muffler grade rated above the 85th pereentile. No mate-
rials rated above the 70th percentile. Muffler grade steel, steel expanded
metal, steel punched plate, and all FRP/Plywood configurations rated
above the 50th percentile. As in numerous cases before, the majority of
the sandwich configurations rated between the 40th and 50th percentile.

The above 16 cases which were run using the enclosed computer program (see Annex)
cover a multitude of areas, and the interested reader can readily see how the weighting
factors can be altered depending upon the type of container or shelter being addressed.
These examples are by no means the final product, especially in the arca of shelter de-
sign. This program was presented, however, to show that the Evaluation Matrix can be
utilized for that particular configuration.

For the reader to use this short program as listed, it is only neeessary to first read in
the Evaluation Matrix which the author has entitled “ZWOL.” To enter this correetly.
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the 44 values listed after cach attribute should be key punched by entering the first
value for preventive maintenance in column 2 of the data card. After the number is
written, follow it immediately with a comma: then, continue with the next number,
and so on until the first line approaches column 72, the last usable column. 1f the row
of numbers ends at column 68 be sure to place a comma and go to the next card again
starting in column 2. Repeat this until the last number of the 44 is reached, and follow
that number with a comma. Now, go to the next card and begin entering the second
row of data as described above, Continue until all the rows have been punched onto
the data cards, The last number should be followed by a comma. On completion of
this exercise, the Evaluation Matrix is now ready to be entered. The author utilized
the CDC 6600 computer: however, the above should hold for other computers. To
enter the weighting factors, one goes first to the Evaluation Matrix and enters a value
for cach attribute. Thus, one has 18 values to enter. This data is entered differently.
In columns 2 through 9 of the data card, enter the following: SWGHT B = .
column 11, write the first weighting factor followed by a comma. Continue until
column 72 is approached where the last entry should be a comma, and then proceed to
the next card starting a new number in column 2 until all the weighting factors are en-
tered. Now, instead of ending this row with a comma, the following symbol should be
entered immediately after the last number: § . To enter a seeond or third or how-
cver many sets of weighting factors, continue to follow the above. In one operation,
the user can obtain the relative rankings for any number of combinations or variations
of weighting factors. From this. one can obtain his own conclusions. If questions exist.
an individual at your computational facility can readily assist in running this program.

One of the author’s major goals is that this document can and will be used by the
reader as a tool to justify materials of construction.

60



ANNEX TO APPENDIX

*  ENTIRE PROGRAM LISTING

PROCRAM ARMY(IMPLY,OUTFUT,TAPES=INPLT,TAPEG20LTFLY)
CIMENSICAN Atul,18), B(18), ClLb), DlLL,7), 1JCLWL)
NAPELIST /72nCL/A/WGHY/E
REBCIE4300C) ((T(TyJ)y J21,7),1=1,044)
3ner FCRMATCAZ,€810)
PEAC(E,2hCL)
WPITF(Ey2hCL)
1 FFAC(5,500C)
RFAC( E4hGHFT)
WRITECE ZhGHFT)
€ENNC FORMAT(7¢H
+ )
WPITFLELECCO)
ECND FORMAT(1HY)
WRITELEHECL(C)
CC 3 I=1,44
SLM=(,
CPC 2 J=1,1°
SUMzSLIMeR (I J) R (V)
CtI)=8L¥
WRPITF(EL,EO0CY)
FCNY FCRMET(L1FH0H® FRENK®,6X,*SCORE®, 5x, PCESIGN NUFEER AND CESIGMN CCNCE
{eve, /)
CC © I=1j 4l
€ IJ(1) =1
10 IFLAG=s §C
NC 2¢ I= 1,43
TF(CUIJCI)) GELC(TIJ(T+1))) GC YC <O
vz JJUTe2)
IJ(I+1y = 1J(1)
IJ(iy = ¥
JFLRG = 1§
¢0 CCATINUE
IFCIFLAG.EC.3) GC TO 10
DO & T=z1,44
b WPITLCELECCEZ) Iy CUIJLINY, (CCIULI) yJ) yd=1,T)
€0N2 FCRMAT(3IXg129229E12,59IXN,AC)3X,€010)
GC YC 1
ENC

td N

ol



1CCRRUGATEC STEFL
2CCRRUGATEC STEEL

JCCRTEN STEEL
WMUFFLER GRADE STEFL
SMARTINSITE STEFL
ESTAINLESS STEEL
TCCPRUGATEC ALULMINLY
8CCRRUGATEC ALUMINUY
GCCRPUGATELC ALUMINUY
10CCRRUGATED ALUMINUF

11ALUMINUM SHEET 0,

0.0L7 1IN,
0,062 IN,
0.100 IN,

Co
1875

152 1IN,

12ALUMINUM SHEET ANC PrSTY (STANCARD)
1324 OUNCE FRP/PLYRKCCT=-1/2 1IN,
1418 CUNCE FRP/FLYWCCC=-1/2 1IN,

GeT4? INJ(STANCARD)
Ced€2 IN.

15172 IN. PLYWCCD SANCWICH = Co.04C AL FACINGS

16172 IN, PLYWCCC SANCRICH = 0,G4C ST FRCINGS

1724 CUNCE FRP/FLYWKCCN - 5/8 1IN,

1818 OUNCE FRP/PLYWCCT - 678 IN,

195/8 IN, PLYWCCD SANDWICH - Co.04C AL FACINGS

20578 INe PLYNCCEC SANCWICH = GoC4C ST FECINGS

2124 CUNCE FRP/FLYWCCT = 274 IN. (STANCERD)

2218 OUNCE FRP/PLYKCCC - 3/& IN,

23374 IN, PLYWCCC SAMNCRICH C.040 BL FPCINGS

24374 IN, PLYWCCD SANCRICH = CoC4C ST FACINGS

25374 IN, PLYWCCD SANDWICH 0.G4C AL FPCE, 0,040 SY FACE
2€2 IN, FOAM SANDWICKF 2 LB nEhclYY = 0.C40 AL FACINGS

272 IN. FOAM SANDWICE 2 LR CENSITY = 24(2 FRP FACINCS

282 IN, FOAM SANDCHKICK & LB CENSITY - 0,C40 AL FACINGS

292 IN. FOAM SANCRICE 4 LR CENSITY - 2u4(2Z FRP FACINGS

308 IN, FOAM SANDWICE 2 LR CENSITY - 0,C40 AL FACINGS

314 IN, FOAM SANOWICK 2 LB DENSITY = 24(2 FRP FACINGS

321 IN, FOAM SANCWICK & LP DENSITY - 0,(40 AL FBCINGS

331 IN, FOAM SANCAICH & LP CENSITY = 24CZ FRP FACINGS

342 IN, HONEYCCMP SANCWICH 2 LE CENSITY = 2402 FRP FACINGS
362 IN, HONFYCCME SANCWICH 2 LE CENSITY - 0,040 AL FACINGS
3€2 IN, HONEYCCMF SANTWICH & LE CENSITY = 2402 FRP FACINGS
372 IN, HONEYCCOME SANCWICH 4 LE CENSITY - 0,040 AL FACINMNGS
381 IN. HONEYCCOMB SANCWKRICH 2 LE CEMNSITY = 240Z FRF FACIMNCS
391 IN. HONFYCCMB SANDWRICH 2 LE DENSITY = 2,040 AL FACIMNGS
LOTITANTIUM T,0€2 1IN,

GIEXPANDED METAL STEEL AND PLASTIC

L2EXPANDED MFTAL ALUMINUM ANC FLASTIC
GIPLNCHEN PLATE STEEL ANC PLASTIC
LUPUNCHED PLATE ALUMINUM ANC FLASTIC
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1060910009306 093060917¢C9p106098el)20e09Ce0yBeDy8e0yB8e09€E0lyEely8e091CeCy
€el9bolyR o0y 0e096eCsFelpBelypiCel920elsbely6e09beal9pbo0slbolyCelobelyEaly
“oO’“ocohoC'QOU'“oc,“.0’100C’200,2.ﬁ’2.092.0,

1060910609800 98aNgBe03Ee09Pe098elyPe09306098609660910e0,31C.09840964C»
8¢098e09Boel96009yBe09B8s09Be09Calyp€aBybbol9EaNyba09€ea092e09UaN92409boCyb,C,
Coelg€EolgWelylal9pCalpceloBelyEsly10,052,0,

1060310609905 99eC9Ea795e0910%980%91e%93¢592¢5916¢59108930895409%.549148,
108950099e591¢893¢€95¢099¢59Ce¢595e09208956098:895:6092:89€,051.8,1,8,

Ce€ 95 eh950€95 098 eF 10009 ey el yCebygC oy TeI9glelbtpBoltgB8.8,8,6984697,8,
TeC€oBel9Be097e297eT97 byl ey elbygtelylelylelyt, 0)601950995 19505160,
1009060910095 eC9€019Ce€9e09Cel(9Sel9G.C,

1060996393 eBoleltgCol 9207 9C eI pCebyglalyZeT93eF9gColaglbolgle 6’1 T91e5,5403,
“o.’lo?,i Selbee 3’“ G9le€91e5914€91€910ly1alylelsleC,ytie? Selelbylely
103;10001-2,1.“91.7’100,1-6,1.“01.5,1.“,

1060910609909 Fe091Ce0930e09089ePy3eb93eRpT0ly30ly1:0914092.8,S,.0,
160901009 3¢89960930C930e093e89C4C03Cel93e8 9360930893409 308y91.09308451,0,

1. O,V.R,1.0 3¢89240530895¢%91Ce0930053C,0,3,8¢

1e0ypbelybaCoZedscalySely
041040, 9 €9Ceb9Se69Ce€y1l.0y
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EVALUATION CRITFRIA NC 1

SHGHY E= 3,08 9€0159€ e15,50e7 797 eFC35,3092000976€99263197.€C,37.6C,3,084,
067793608, 348BUy74€C, L ,E1,3,5U8

EVALUATICN CRITFRIA NC ¢

EWGHT F= 24T gl oOlgleoClgNof2y€ 37 ylal29204379€:1791.85)€.17,3€6417,3.,09,
0.€29264793609920e3790,%4,1,23¢

EVALUATION CRITERIA NC 2

SRGHT Bz 2432900 o6 y)lba€5,0.C89Ce8894e07920e3695.8193.74,5.21,5.81,2.€1,
0658926329291 95.81,2%,34,1,1€¢

EVALUATION CRITERPIA KT &

CWOHT R=1,739,3 678, ,6478)0e435)4s3UB,y3,C03,20s0ybe308,1.2304,04,.348,
UoJbB,y2,17Lg 0353173932174 420.0920,(90.,869¢

FVALUATION CRITEPIA NC €

SHGHT Rz 2,793yl obbC )G CERF 2eCI69E o770l yFolltS)1E.7697,2€63,5.028,5.52€,
Boe70Ugl o 0h092,23Cglios¥€Cy3,35C9R32,€.7CUy1.117¢

EVALUATION CRITEFIA NC €

CHCHT B= 146928 )b oC75,7eb€390,C7552e0C37,46391090,2,463,1C,8,7,4€E3,
10€9,2.488,110%30eSC)C0aCC590eC%590sSC5,yN,99¢¢

EVALUATION CRITEPIB NO 7

EWOHT Rz 12,0648 0bo14C,€e2209Uel1UCy146€906,226y14€69€,22Uy1€6,5C0,6,224,
1,66,2407579,S59,0,839083,0Co23,1€,5002,97,82¢

EVALUATICN CRITEFRIA NC 2

SHGHT Bz 134079 30€C)5e535930€Cy1047€95053591.47695.53591447695.535,
1oU7€91.845,8,85€,0,778,50,728,0,738,2%.,83,0,738¢

EVALUATICON CRITEFIA NC ¢

SHGHT Pz 3¢3F 90688921 e€E8 30 qBU92e5797eFC91€e898cly0elbybe29Ce5297:56,
1608'6.72’6.72’0.6“’1068,5.0“‘

EVALUATION CRITFPIA NC 10

SWGHT PRz 2,92054312393 e4€ 900?390l CoCe®7,31UeCyTe390073936€592.19,6.57,
T1Ue€95484,5.8490673914E b330

EVALUATION CRITERPIA NC 1%

SHGHT A= 2455, elb9d 027 90eCl91.919Ce73912e74p€o3790.6493:41891.%1,5.73
12.7“'501’501'006‘0|250“8,3062:

EVALUATION CRITERIA NC 32

$WGHT R= 9.01,7.21,7.21,1.60.3.6,h.5.c.9,9.01.9.01.3:&,1.e.7.21,€.01.
8e19leb593,01918,2.7¢

FVBLUATICN CRITERIA NC 13

SHGHT Bz R,8595 o889 ehB89103792e70530b290e689€+8596485,2.74,51:3795.4¢8,
6005’6.16Q30"2.E.05,2=03‘0’20051

EVALUATION CRITERIA NC 14

SHGHT Bz 348593e8591e5U91e5G9%309E015960159%03897.€G,7:,€€,5,38,3,08,
385,01 ,5U53,0891e8b91,84,y30,77¢

FVALUATION CRITERIA NC 35

SHOHT B3 7,467 ob€pl o091 bG95,2C95e0797eh695.22)7e4CyT.4E,5.2292.9¢,
3731549792699 97 €1 4C,14,C2¢

EVALUATION CRITFRIA NC 16

SHOHY B= 2,806,928 b 9101l adlgdeClyle55)UeS593,C895.€8,5.€8,3.98,2,27,
Qe8lyg1,20,y2:2791614,525,092C.0¢



