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DEPARTMENT OF THE ARMY

U. S ARMY AVIATION MATERIEL LABORATURIES
FORT EUSTIS. VIRGINIA 23604

The cost effsctivenass analysis of a modelar air
transportable container concept to be used for
CONUS-to-user (Combat Zone) airiine of communi-
cation (ALOC) as a means for improving combat
logistic support by Army-type transport aircraft
provides the basis for this investigation.

This Command concurs in the approach and

analytical techniques used by the contracter in
conducting this analysis. The study clearly
irdicates that effectiveness improvements accrued
to Army aircraft in the intra-theater movement
phases by virtue of the modular air transportable
containar are minor. Consequently, follow-up
phases (design fabrication and test) as recommended
by the contractor are not being scheduled.

Cust effectiveness gains indicated for the total
ALOC appear to be of sufficient magnitude to
warrant conslderation. Accordingly, this report
will be forwarded to the U. S. Army Logist‘cs
Management Center for consideration under their
project, '"Study of Unitization Systems, Policies
and Techniques' (SUNSPOT).
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ABSTRACT

This report presents the results of a study to determine the feasibility of con-
tainerization for Army resupply items. The study has been limited to air trans-
portation of supply classes I through IV shipped from a point of origin in the
United States to an overseas forward area.

Container criteria for size, weight, cost, strength, effectiveness and general

characteristics were developed. Then the design criteria were used as the basis
for evaluating the suitability of various materials and conceptual container designs.
An acceptable container design appears to be feasible.
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SUMMARY

This report analyzes containerization for air shipment of Army resupply items
from CONUS to the point of use overseas. The transportation system for mov-
ing Army resupply includes commercial surface, MATS and Air Force theater
airlift. plus Army aircraft and surface vehicles. Unitiized pallet 1oads of
standard size have been used as the basis for comparison to the proposed con-
tainer system, and the container has been considered as a nonaccountable item
to be used only once.

The study has been done in two phases. In Phase I, the container criteria for
size, weight. cost, strength. effectiveness, and general characte.istics were
developed. In Phase II, the design criteria were used to evaluate the suitability
of various materials and conceptual container designs aimed at fulfilling these
criteria. Using the constraints specified in the statement of work and the
criteria developed therefrom, a container which will meet all requirements
appears to be feasible.

There is n> significant operational effectiveness imprevement for a container
system in comparison to unitized pallet loads when considering such effective-
ness measures as response time for support operations, aircraft restraint
operations or terminal operaticas. Effectiveness improvement will accrue
principally to the Air Force through increased aircraft capacity if married
container modules were transported through the air logistics system

As specified. the container has been considered for air transportation of all
supply classes except bulk Class Il and Class V (ammunition) Although rations
and packaged POL are included in the resupply items to be air transported, the
major usefulness of the proposed container system was considered for trans-
porting other types of supplies.

The developed container criteria are as follows:

Size = 44" x 54" x 70" high (approximately)

Internal volume = 84 ft3

Allowable weight of container = 195 ibs

Average weight of container and contents = 1600 lbs (approximately)

- Maximum weight of container and contents = 2000 lbs



Justifiable cost has been estimated at $58.00. Of this amount, savings resulting
from replacing level A packing anc unitizing material amosunt to an estimated

$24.00. The additional savings are a direct result of replacing the 463L master
platform by multiple container units when transporting supplies through the ALOC.

The strength requirements imposed by the 9 g forward restraint dictate a con-
tainer construction of such quality that it could be reused if recovery were
practical and retrograde shipment were economical.



CONCLUSIONS

Using the constraints specified in the statement of work and the criteria
developed therefrom, a container that will meet all requirements except
the minimum justifiable cost appears to be feasible.

The preferred contairer design is estimated :o weigh 161 pounds and
cost $62.80. This weight is 34 pounds less than the estimated allowable
weight, and the cost is $4.80 in excess of the minimum estimated justi-
fiable cost .

Strength requirements dictate a container construction that is capable of
reuse, even though this study has been based on a single trip.

The 9 g forward load factor is the controlling design requirement for
strength. The container has been designed to yield, but not to rupture
under this condition.

A container that does not replace the 463L. master platform and net holds
no specific advantages for air transportation over present unitizing
methods such as the STRAC pack.

The following conclusions were drawn during the Phase I study of design criteria
and technical characteristics.

6.

The preferred container size is 44" x 54" x 7C" high outside dimensions,
having 4" base height, 3/4" wall thickness, an internal volume of approxi-
mately 84 ft3, and an average loaded weight of approximately 1600 pounds.

The container should be modular to the 463L. materials handling support
system and should fit aircraft equipped with this system without the use
of the MATS cargo platform.

Allowable container weight, based on level A packing and unitizing mate-
rials replaced by level C packing, ranges from 128 lbe to 378 lbs, de-
pending on the quantity and type of level A packing materials replaced.

Cortainer design weight, based on replacing an average pallet load con-
sisting of 10% wooden boxee, 25% V2S carton materizl, and 65% V3C
carton material is 195 lbs.



10.

11.

12.

13.

-
VSN
.

15.

Estimated savings in packing material cost resulting from contaireriza-
tion cange from $18.00 to $36.00, depending on the quantity and type of
level A packing materials replaced. Based on replacing an average
pallet load consisting of 10% wooden boxes, 25% V2S, and 65% V3C
carton material, the savings in material is $24.00.

Estimated savings in transportation, handling, and labor for moving the
container through a typical ALOC from CONUS to overseas batt.: lion
range from $34.00 0 $67 .00, depending on the length of the ALOC.

Savings in cost and increased effectiveness will accrue to the Air Force
as a result of iniroduction of the proposed container in the air logistics
system.

Increased effectiveness in the form of "recovered” airlift capacity would
accrue to the Army if, when the 463L system is introduced, the proposed
container is transported instead of using the “pallet on pallet” system.

Containerization will reduce cargo damage, breakage, and pilferage to
a limited extent.

It is uneconomical to return empty containers to the United States by air
transport.

RECOMMENDATIONS

Detail design, procurement, and testing of a prototype container should
proceed, with minimum production cost being an important objective.

Further consideration should be given to container reuse in evaluating
potential cost savings.
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INTRODUCTION

Technical advances have brought abcut radical changes in the concepts for war-
fare in recent years. In addition to rhe rapid advances in weapons, correspond-
ing advances in transportation and communications have resulted in a high
degree of mobility for fighting forces. This has complicated the logistics of
supplying highly mobile field forces. The prcblem is complicated further by
the complexity of equipment necessary for sustaining a fighting force. An ever
increasing number of spare parts and supplieg is required to keep the equipment
in operation. Rapid response to logistic demands is asst ming greater impor -
tance, thus making air transportation necessary in many cases. This is likely
to become still more important as supply bases on foreign soil are phased out
and greater reliance is placed on direct logistic support from the United States.

Much thought is being given to the possibilities cf streamlining and standardizing
the resupply function. The Army has adopted the 40" x 48" pallet as a standard
for unitizing loads of resupply items. Plans such as supply segmentation are
being considered for simplifying the huge resupply problem. Under ordinary
conditions, supplies would be stockpiled at distribution points overseas, and
they would be shipped to the user by the most appropriate transportation means.
However, the need for a complete air line of communications (ALOC) extending
from the United States directly to the user in the field is recognized for rapid
response to logistic support.

THE DISTRIBUTION SYSTEM

Supplies that must be transported by air from a point of origin in the United
States would be airlifted by the Air Force. Figure ] illustrates the general flow
of cargo originating at an Army depot or factory ir the United States to the
brigade level overseas. The first segment in the system would be by truck or
ra‘l to the most convenient point for air transportation. For this study, it is
assumed that the ¢;'antity of resupply to be airlifted would justify MATS pick up
at an inland airfi. ... The cargo would be transported overseas via MATS where
it would be transferred to the Air Force theater airlift. The theater airlift
would deliver it to the Army at an interface point. From here, it would be air-
lifted by Arvay aircraft to the point of use. Army airlift would be either fixed-
wing or rotary-wing aircraft. Also, it is possible that some seginent of the
transportation cycle in the foreign theater would be accomplished by Army sur -
face vehicles The exact routing would depend on specific conditions.
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CONTAINER REQUIREMENTS

The container is considered as a possible replacement for the present method of
unitizing and shipping resupply items on 40" x 48" paliets. General require-
ments, which are given in the USAAML work statement, are listed below. Other
requirements for the container are developed throughout the report.

Compatibility With Military and Commercial Transportation System - The con-
tainer size and carrying capacity should optimize the capacity of the Army CV-2,
CV-7, and CH-47 aircraft. It should fit the Army 3/4-ton and 2-1/2-ton trucks
efficiently. It will also be carried on the 25-ton flatbed trailer. The container
should be compatible with the Air Force 4631 materials handling support system.
In addition, it should be compatible with commercial transportation vehicles

and be capable of handling by standard forklift trucks plus field Army materials
handling equipment.

Protection to Contents - Tl.e contents should be protccted against weather and
other environmental conditions equivalent to military level-A packing.

Material Transported - Supply Classes I, II, IV, and packaged III will be trans-
ported .

Design Strength - The container should withstand forces encountered in air and
surface transport and the associated terminal handling.

Weight - Container weight sh~uic be the minimum consistent v"ith strength re-
quirements. Maximum tare weight is specified as the equivalent of conventional
overseas packing and unitizing materials replaced by the container. The target
gross weight for the container and contents is 2000 pounds .

Modular Design - Containers should be capable of being joined in mu.ti-modules
to facilitate handling and transportation through those segments of the distribu-
tion system equipped to handle the larger modules. Joining and separating con-
tainers should be fast and efficient, without special tools or procedures.

Method of Delivery - In addition to delivery by the conventional air or surface
method, the container should be airdroppable when adequate cushioning material
is attached. Also, it should be capable of being transported as a slung load from
a helicopter.




Other Uses - Upon delivery of its contents, the basic module or married multi-
ples should be suitable for other field Army uses.

FACTORS INFLUENCING BASIC DESIGN

The fundamental purpose for any logistics system is to provide the timely de-
livery of goods in usable condition at the lowest cost. The design of the pro-
posed container must be aimed at achieving this goal. As described earlier ii
this report, the delivery of Army supplies by air to an overseas destination
utilizes the Military Air Trangport Service and Air Force Theater Airlift. These
two air transport systems constitute the major portion of the distribution system
in terms of miles. Hence, an improvement in the efficiency of these systems
would result in substantial savings, due to the distance traveled.

These Air Porce service organizations are being fitted with 463L. materials
handling support equipment. One of the features of the 463L system is the cargo
platform which is used for unitizing loads up to 10, 000 pounds per platform.

The master platform is 88" x 108" and weighs approximately 300 pounds. A
half-size platform is 54" x 88" and weighs approximately 175 pounds. At the
present time, these platferms, plus associated netting, are used for unitizing
nearly all general cargo transported in 463L equipped aircraft.

Substantial improvement, either in terms of dollar savings or increased aircraft
carrying capacity, would be realized if the proposed container system were de-
signed to fit the installed 463L equipment in aircraft without using the unitizing
platform and net. Accordingly, we have considered only container sizes that
are modular to the installed aircraft handling equipment. The influence of this
approach is illustrated in this report by estimating the transportation cost of a
container which does not fit the installed 463L roller and rail system.

The new Army CV-7 transport aircraft is to be equipped with the 463L roller and
rail system for experimental use. If the Army decides to employ this materials
Liandling system, or a comparable system, comparable savings would be realized
by the proposed container.

Design Characteristics

The container is envisicned as being right rectangular with fastening devices
at the corners for joining individual units together. Figure 2 illustrates the pro-
posed concept. The container base would be designed with a groove extending



FIGURE 2 CONCEPT OF A MODULAR CONTAINER FOR
AKRKMY SUFPLIES



around all four sides. This groove would fit the installed restraining rails of
463L aircraft. The bottom face of the container would be flat for rolling on

conveyors. The base section of the container would incorporate four-way entries
for forkiifting.

10



SIZE AND CARRYING CAPACITY EVALUATION

The factors which affect container size and capacity are considered in this sec-
tion. The limitations on size and capacity which are imposed on the container
by the stated requirements are listed. Additional requirements, developed as

a result of analyzing the interaction of possible container shapes and sizes with
system characteristics, are discussed. A quantitative analysis of cargo density
and size distribution is developed. The efficiency of containers as cargo carry-
ing devices and their efficiency in various vehicles is analyzed. Three accept-
able containiers are chosen from the sizes evaluated.

LIMITATIONS ON SIZE AND CAPACITY

Restrictions placed on the size and physical configurations of containers by the
separate transportation systems are summarized in Table 1. Commercial truck
and railroad car effects are included because they make up a portion of the ALOC.

TABLE 1

INFLUENCE OF TRANSPORTATION SYSTEM
ELEMENTS ON SIZE CHOICE

Transportation Effect on Comtainer

Element Effect on Container Dimensions Configuration
Army Surface Must fit in all truck cargo spaces Limits maximum size.
Vehicles (described below), must be of

size to maximize car- o capacity,
width-length must be less than
45-1/2 x 64", and height should
be less than 54" (3/4-ton truck
dimensions).

Army Afrcraft Must fit all spaces (described Must have adequate tie-
below), must fit the 88" rail down attachments and
system in the CV-7. Must be of allow space for tie-down,
size to maximize cargo capacity. where required.

Single or stacked height should
be less than 70" .

11



TABLE 1 (contd)

Transportation Effe-* on Container
Element Effect on Container Dimensions Configuration
MATS Should approach area of 88" x If designed to fit in the

Air Force Air-
lift Theater

Commercial
Surface
Trucks

Rail Cars

Flatbeds

108" when joined., must be less

than 120" high, singly or stacked.

Same as MATS

Should be less than 90" wide
x 8' high when joined.

Should be less than 110" wide
x 126" high when joined or
stacked.

No unique requirements

rail system, it must

fit exactly the 108" rail
width singly o~ joined.
Bottom surface must be
desigred to roll on 463L
conveyors .

Same as MATS

The six U.S. Army vehicles in which the Air Transportable Container (ATC) is
intended to be carried have the following important characteristics as shown in
Table 2. The aircraft capacities are chosen to correspond tc the speed, altitude,
and distance assumed for each plane's mission in the air resupply system. The
mission characteristics will, of course, vary about the expected mission re-
sulting in higher or lower cargo capacity. Use of the expected or average air-
craft capacity does not affect the measures for performance of a particular
container substantially. Truck heights represent available space in trucks with
hoops and canvas tops installed, although these heights may be excluded.

12



TABLE 2

CAPACITIES AND DIMENSIONS OF ARMY TRANSPORT VEHICLES

Vehicle Cargo Capacity Cargo Compartment Dimensions
(pounds) (inches)

Width  Length  Helght
CV-2 - Caribou 7, 000* 73.5 345 75
CV-7 - Buffalo 8, 500* 92 377 78
CH-47 - Chinook 8, 000°* 90 366 78
M-37 - 3/4-ton Truck 2, 000 45.5 63 54°*°¢
M-36 - 2.5-ton Truck 5, 000 88 210 64°*
M-172A1 - 25-ton
Flatbed Trailer 50, 000 115 192 --

* Estimated from Army Aircraft Charact=ristics, Office of Director of Army
Aviation, Department of the Army, 30 November 1960. All other informa-
tion in table supplied by USAAML.

**  Dimensions under hoops .

Cargo of Classes I, 11, IV, and III (packagad) are intended to be carried {n the
ATC. It is expected that by the time an ATC system is adopted and implemented,
congiderable change will have taken place in tne design and, hence, in the con-
figuration of much of the cargo intended for air resupply.

DEVELOPED REQUIREMENTS AS RELATED TO CONTAINER SIZE AND
CAPACITY

Restraints are placed on the air transportable contatier system by the physical
characteristics of the logistics system through which the container moves, the
practical considerations of engineering design, the manufacturing costs, and the
handling procedures. The following developed requirements result from an
analysis of these restraints.

The Container Should be Right Rectangular, With Rigid Walls - This precludes
the possibility of an odd-shaped, for instance hexagonal, container. Such an odd
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shape might have particular advantages in one situation or in one vehicle, but
for a series of vehicles the only shape with sufficient loading flexibility is a
right rectangular one. The requirement that the container have rigid walls ob-
viates the possibility of expandable or flexible walls, inflatable, expandable, or
other non-fixed configuration.

The Container Should be Handled in the Up Direction Only - This requirement
is brought about by the fact that many items are packaged with the intention that
they not absorb the same shocks or vibrations from the top or sides. Further-
more, handling in more than one direction would unduly complicate fastening
modules together and fitting the 463L aircraft raiis. This requirement elimi-
nates an additional degree of freedom, however.

A Maximum Total Weight Should be Specified for the Container Plus the Cargo
Contained - This requirement arises from the fact that the 3/4-ton truck has a
specified maximum load of 2, 000 pounds.

The Choice Should be Limited to One Container Size Only - Although a greater
degree of flexibility would result from two or more size containers, the com-
plications introduced throughout the logistic system sutweigh this advantage.

The Container Preferably Should be Filled in the United States and not Opened
Until Reaching the Final Destination - This removes tiie possibility of adjusting
the weight of a particular container to meet the: load capacity of a particular
aircraft in a given situation.

Loaded Containers Should be Stackable for Storage - Containers of such height
which would permit stacking in aircraft should have the additional capability of
being fastened together when stacked.

The Container Should be Modular to the 463L System - A container. or group of
containers when joined together, should fit the 88" rails of the CV-7 aircraft
and the 108" rails of large Air Force transport aircraft.

CARGO DENSITY AND SIZE DISTRIBUTION

In order to choose a container size that has the requisite performance, it is
necessary to establish estimates of two important cargo characteristics: the
distribution of densities and the distribution of the maximum dimension for in-
dividual supply items.

14



- ——

Densgity Distribution

The nature of cargo density to be carried in a supply system affects almost every
feature of the system, and consequently is a basic consideration in the design of
container size. Cargo density directly affects the expected weight of a particu-
lar container, the container's utilization of space and weight capacity in a vehicle,
the utilization of container internal volume, and the weight and volumetric ef-
ficiency of a container with a specified maximum weight.

Although it is impossible to precisely define the nature of the distribution of
density of Army cargo that would be carricd in a future air resupply system, it
is necessary to construct an estimate of what this distribution is likely to be.
Compilations of mean or average densities for the supply classes of interest
have been made for recent studies of Army logistics. Table 3 includes such a
compilation, and for comparisons the results of a study of actual unitized loads
of Army overseas cargo.

TABLE 3

AVERAGE DENSITY AND PERCENT OF TOTAL
_CONSUMPTION FOR SUPPLY CLASSIFICATIONS

g T ey e e— = o — — o T e - - e —

*1 #2 #3

Average Dens‘ty*  Average Density** % of Total***

lbs/ft3 lbs/ft3 Consumption
Class I 23.8 37.12 36.1

Classes II & IV

Chemica! 13.2 14.4 .4
Engineers 31.8 25.5 3.7
Medical 20.0 17.1 .6
Ordnance 27 .8 36.4 9.3
Quartermaster 27 .4 17.8 7.5
Signal Corps 13.2 33.2 4.7
Transportat 0 -- 42.8 .1
Class .. (package .. 33.3 -- 37.7
100.1

*  Supply Segmentation and Unitization for Combat Support, QM Board Project
No. 23, Quartermaster Board, U.S. Army, June 1961, p. 69.

** "Consoli”:ted Recapitulation of 16 Gamb-Odex Army Ocean Manifests..."
Based on unitized loads shipped from New York and Hampton Roads, 1952-
1954. Unpublished working paper, USACDCTA, Fort Eustis, Virginia.

*** Baged on FM 101-10, Part I, Staff Officers’ Field Manual, Department of

the Army, October 1961| P, 326.
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These figures are somewhat inappropriate as a representation of the density of
future air resupply cargo for the following reasons:

They represent mean densities. In reality, densities in =ach cargo class
vary widely and have e different distribution for each class.

They represent World War II and Korean War experience--many of the
supply items will have changed in weight and cube by the time they are
incorporated into an air resupply system. They represent all supply
items --initial and resupply, air transportable and non-air transportable,
and in Column #1, unitizable and nonunitizable.

With these inadequacies in mind, however, a plot of cumulative proportion of
cargo versus density can be conatructed for comparison purposes. Using the
densities in the first column and the usage percentages ir the third column, the
cumulative mean densities are plotted in Figure 3. In like manner, the ob-
served densities of overseas unitized loads in Column : are combined with the
usage percentages and presented in Figur~ 3.

Figure 4 is a cumulative plot of densities in Classes I. I, III (packaged), and
IV, based on data more closely related to future unitized air resuppiy of combat
divisions. The data sources were:

a. 58 unitizable items packaged for air resupply in the Korean conflict.]

b. 41 unitized loads of subsistence, clothing, and repair parts shipped
from the New Cumberland, Pennsylvania depot, (1960).

c. 29 selected supply items’ densities when unitized on 40 x 48’ pallets 3

Figure 4, although not weighted by theoretical consumption rates, is a useful
reference for density range and distribution since the items from a. and b. were
compilations of actual Army air or surface unitized supply, and since the data
refers to discrete supply items, not mean densities for cargo classes.

1  Export Packaging Study for Aerial Delivery Planring, September 1954,
7-87-03-004 Aerial Delivery Equipment.

2  Unpublished working paper da.ed 20 July 1960, Quartermaster Food and
Container Institute for the Armed Forces, U.S. Army.

3 Based on several unpublished, undated working papers prepared by the
Food and Container Institute, U.S. Army Natick Laboratories.
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Percent of Cargo Less Than Density "D"
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FIGURE 3 DISTRIBUTION OF AVERAGE DENSITIES FROM

TWO DATA SOURCES FOR CLASSES 1, II, 1V,
AND III (PACKAGED) ARMY CARGO
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Percent of Items Less Than Density D"
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FIGURE 4 DENSITY DISTRIBUTION OF A SAMPLE OF
UNITIZED ARMY SUPPLY ITEMS
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The above air resupply cargo density distributions compare rather closely with
commercial air cargo density. Ina reportl prepared for The Boeing Afrcraft
Company, a detailed analysis was made of a wide range of current and probable
1ear-future air cargo freight classes and items, their densities, and their
proportion of the total air freight tonnage. The resulting air cargo density
distribution is redrawn on Figure 5. The average density for this distribution
was 20.2 lbs/ft3.

An assumed density distribution for future Army resupply based on the above
information is shown in Figure 6.

This distribution has the following characteristics:

A range of density of 5 lbs per cu ft to 40 lbs per cu ft. These maximum
and minimum figures are not meant to exclude the possibility of any
heavier or lighter cargo, but to reflect the fact that, based on currept
and past densities of unitizable cargo, the preponderance of cargo is
expected to fall within this range.

A straight-line distribution of densities over the range. This estimate
results from an unbiased, or rectangular, frequency function of cargo
density. Although such a flat frequency function may be defended as a
reasonable expression of a variable whose detailed nature is not known,
as is the case with future cargo density, it ts interesting to note that
Figure 6 agrees rather closely with the unweighted densities of Army
cargo in Figure 4.

A mean density of 22.5 lbs per cu ft. This is about 15% lighter than
the weighted average figure of 26.4 lbs per cu ft, resulting from
weighting the current densities in column 1 of Table 3 with the con-
sumption rates in column 3. This agrees well with the observed trend
toward smaller but even lighter equipment, rations, and other cargo
for air resupply.

1  The Density Fantasy - Air Cargo Density Trends, Hackney Airlift
Associates Inccrporated, Sierra Madre, California, 1961.
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Percent of Cargo Less Than Density "D"
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Percent of Cargo Less Than Density "D"
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Maximum Dimension Distribution

In the choice of an Army air cargo container size, it is desirable to select a size
that would physically contain as great a proportion of cargo items as possible.
Precise description of the distribution of dimensions in air resupply cargo pack-
ages is not feasible since the future mix of air-carried items is indefinite. An
indication of the probable cargo length distribution is available, however, from
records of Army resupply items airdelivered during the recent Kurean conflict.

Akrep, in a recent reportl, analyzed avatlable length data for unit packs of air -
delivered cargo in the Korean conflict. Figure 7 summarizes the results of the
analysis. From the data available, it appears that a container having a maximum
internal dimension of 50" will contain the majority of Army air resupply items.

EVALUATION OF CONTAINER SIZES

In order to select an optimum container size or set of preferred sizes, it is nec-
essary to establish criteria for evaluating candidate sizes, to develop a method-
ology for applying the criteria, and to arrive at the set of possible sizes that are
consistent with the criteria.

Evaluation Criteria

A cargo container may be evaluated from two viewpoints: its performance or
efficiency as a device for unitizing cargo, and its performance when used as a
cargo containing element within the specific transport vehicles in a transporta-
tion system.

Measures of Efficiency as an Independent Unit

A mumber of approaches exist for evaluating the relative worth of a particular
container as a cargo-carrying device. Some of these evaluation methods are
more relevant than others, and most are not coribirational; that is, the meas-
ures of evaluation cannot be added meaningfully. The most appropriate meas-
ures for the performance of an air transportable container considered independ-
ently from transport vehicles are as follows:

1 A Survey of Quartermaster Corps Air Cargo Packaging Problems . . . .,
QMFCIAF Report No. 2460, July 1960, p. 29.
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Percent of Air Cargo Items with Length

Less than "L"
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FIGURE 7 SUMMARY OF LENGTH DISTRIBUTION OF
ARMY AIR CARGO IN UNIT PACKS DURING
THE KOREAN CONFLICT
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Volumetric Efficiency: This is a measure of the extent that a container
system ''gets in the way" of the transporting of the cargo itself. The
container’s external volume must be fitted into the larger "container’--
the truck, plane, or other cargo space. The container, however. has
only its internal volume available for the actual cargo. Consequently,
"Volumetric Efficiency” is defined as the ratio of a container's internal
to its external volume.

Weight Efficiency: In similar manner, the weight of the container
reduces the efficiency of the carrying vehicle. Unlike volumetric
efficiency, however, the weight efficiency of the container is not a
fixed figure. When the container is loaded to its gpecified maximum
weight. the ratio of cargo (net) to cargo-plus-container (gross) weights
is fixed. Otherwise, when carrying cargo of lower densities with
which it is impossible to reach the maximum weight, the net/gross
ratio will vary as the density varies. Consequently, the "Weight
Efficiency” is defined as the expected cargo net weight divided by

that net plus the container weight.

Internal Stowage Utilization Factor: When loose cargo is loaded into
any space, not all of the available space can be utilized because the
cargo packages do not fit the space exactly. Therefore, unused space
may be expected in containers employed in air resupply unless all
items are required to be packed in boxes whose sizes are modular

to the internal dimensions of container.! If this requirement can be
met, the "stowage factor” or ratio of volume utilization will be close
to 1.0.

It may be expected, however, that this condition will not be consistently
met for several reasons: (1) the large number of possible air resupply
items would make such size control difficult; (2) the wide diversity in
sizes of unpackaged items would cause space wastage if required to be
pac.ked in one of a small set of standard boxes; and (3) the items may be
carried by cargo systems other than containers. Consecuently, it
should be anticipated that a certain proportion of the internal cubic

Such as the "General Purpose Containers" proposed in the report Supply
Segmentation and Unitization, QMB Project No. 23, June 1961, Quarter-
master Board, U.S. Army, Fort Lee, Virginia, p. 72. This modular
subsize concept is also similar to the CONEX insert container.
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capacity of the container will not be occupied with cargo because of the
impossibility of perfect fitting.

Internal stowage factors experienced in modern cargo systems may vary
between 0.50 for large items in ship's holds to as high as 0.85 or 0.90
with small rectangular boxes packed in large transporters or containers.

It is immediately apparent that stowage factor is a function of the con-
tainer internal dimensions and dimensional ratios, plus cargo package
dimensions and dimensional ratios. For a given population of packaged
items, the expected internal stowage factor in a container will vary
between containers of different dimensions. In general, as the internal
volume decreases, the stowage factor decreases. It is also interesting
to note that a package or a container with an exactly square base is not
desirable, since the possibility of improving packing efficiency by
changing orientation is reduced.

In a recent paper, 1 results of a detailed computer calculation of stowage
factors were reported for a wide variety of package sizes stowed in
containers of different internal volume. Stowage factors fluctuated
widely for each package in varying container sizes, or for each con-
tainer filled with varying package sizes. It is possible, however, to
extract representative levels and trend of stowage factor versus internal
volume for the package size range of interest (approximately .05 3

to 6 ft3) from the fluctuations caused by complex interactions of specific
dimensional ratios. The lower curve in Figure 8 shows stowage factor
extracted from the results in the report.

Improvements in stowage factor in an Army air cargo container over
those calculated in the report will result from (1) mixing of different
package sizes in modularized loads, or (2) adopting a limited amount
of standardized package sizes designed for container fit, and (3) more
ingenious packing than the simple choice routine that was used in the
computer program. Because of these three factors, stowage loss
(1.0 minus stowage factor) in an Army container is assumed to be
only one-half as great as that calculated for the cargo treated in the
report.

An Engineering Analysis of Cargo Handling- -VI Containerization, July
1957, by Joseph D. Carrabino, Department of Engineering, University of
California, Los Angeles, sponsored by Office of Naval Research under
Contract No. Nonr 233(07).
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If the stowage factor is adjusted upward by this consistent proportion,
stowage factor as a function of container volume may be considered to
behave as shown by the upper curve in Figure 8.

Measures of Cargo Carrying Efficiency in Vehicles

Besides the above considerations concerning the influence of a container's size
on its performance as a cargo carrying device, it is necessary to examine the
effect of container size on the cargo carrying performance of the aircraft and
vehicles in which the container moves. Two requirements are readily apparent:
(1) the weight carrying capacity of the vehicle should be optimized and (2) the
vehicle cube utilization should be maximized.

Cube-Out Loss

In order to express the loss of vehicle capacity caused when the vel.icle is filled
with containers but does not contain its maximum capacity, the concept of cube-
out loss is introduced. For each vehicle, the maximum rnumber of a particular
container that can be loaded within it is calculated. If, when this maximum
number of containers is filled with cargo of the minimum density, the votal
weight is less than the vehicle capacity, a cube-out loss is seen to occur.

The critical cargo density is the density at which the maximum number of con-
tainers exactly equals the aircraft weight capacity when filled with cargo of that
density. Below this critical density, cube-out loss occurs; above it, no cube-out
loss is sustained.

Because the dengity assumption is based on a distribution of «cusities versus
their frequency of occurrence, the probability of a cube-out loss can be cal-
culated for each container in each vehicle. Similarly, the expected number of
pounds of cube-out loss for the container -vehicle combination under study can
be calculated. Figure 9 shows a plot of the density distribution, with the density
at which cube-out occurs for a particular container and a particular vehicle
plotted on the line and the method of calculating this density shown above the

figure.

Step-Function Loss

A second class of cargo capacity loss occurs as a result of imperfect matching
of total container load with vehicle weight capacity. For example, if containers
weighing 2000 1bs are to be carried in an aircraft with cargo capacity of 7500 lbs,
only three containers may be loaded aboard, since four would exceed the weight
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Probability of
Occurrence of Cargo of Density Less than "D"

CALCULATION

For vehicle with capacity = 73500 lbs

Container with effective internal volume = 38 ft3
and tare weight = 150 lbs

Maximum number of containers that may be loaded = 6

a. Density at cube-out = [1_5??2 - 150] -3% = 29 lbs,/ft3
(29 -5) _

b. Probability of cube-out =

1001

[
=
1

(Percent of Cargo Less than Density "D'')
[ )
?

.685

(40 - 5)

| Condition at
Which Cube-out
Occurs

liDensity at C ube-out

FIGURE 9

L e
20 30 40

Density "D - Lb/Ft3

EXAMPLE OF CUBE-OUT DENSITY
AND PROBABILITY CALCULATION
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limit. Consequently, a loss of cargo capacity of 1500 lbs is sustained. A step-
function loss may be expected with loads that do not "'cube-out” the vehicle.
Since Army trucks are expected to "cube-out” ir the ma jority of loadings, the
step-function loss is of concern chiefly in the aircraft. It depends on the weight
of the containers to be loaded and the cargo capacity of the aircraft, both of
which will vary. In order to compare the step-function loss of different con-
tainers, aircraft cargo capacity i3 fixed and the influence of the container's
capacity is studied.

Similar to the cube-out loss, the step-function loss varies with the varying
density of the cargo. A certain proportion of containers will be ioaded with
material of such high density that they will weigh the specified maximum weight
before they are fully loaded. However, when the density is lower the containers
may be filled completely and inay have a tota! weight over a wide range. How-
ever, since the cargo density is described with an assumed probebility distribu-
tion it is possible to calculate the probability that a step-function loss occurs.
Likewise, an expected amount of step-function loss, or the average loss of this
type over a long period of time, can be calculated.

Figure !0 shows an example of varying cargo density for a certain container in
a particular vehicle and shows the number of contairers that can be loaded into
that vehicle when fiiied with cargo of density varying across the agssumed range.
The vertical distance between the continuous curve and the stairstep curve is
the step-function loss for the container specified when filled with cargo of the
density on the abscissa.

The importance of the step-funciion loss consideration is reduced to the extent
that the following situations exist when an aircraft is loaded.

Cergo of more than one type, and hence containers of different total
weights, are available to be loaded into the aircraft. This allows a

degree of freedom of choice when attempting to load to meet the air-
craft capacity.

Noncontainerized cargo is available for loading with the containers--
allowing freedom to adjust the total cargo load to meet the aircraft

weight capacity.

Conflicting Requirements

It is clear from consideration of the evaluatioa criteria tha* for different reascns
ons might prefer to have either a large or a small container in an air trinsportable
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cargo system. As may be shown by simple geometry, a container with 1-inch
walls, a 4-inch base, snd smaller than 3 feet on a side results in very low
volumetric efficilency Aeight efficiency in like manner decreases for small
containers. Also, a lower stowage factor can be expected for small internal
volume containers. For these reasons it would be desirable to have ae large

a container as possible. However, the larger container is more difficult to fit
into vehicles of different sizes and shapes. Similarly, the larger container has
greater weigl.t for a particular cargo density, and the step-function loss is in-
creased. Since the 3,4-ton truck effectively places a 2000-1b upper limit on the
weigh® of the cargo anu container, it is necessary to have a container small
enoug'i so that it does not too frequently reach a total weight of 2000 lhs bafore
being filled. When this occurs, a waste of space inside the container is ex-
perienced, some type of dunnage i8 required, and the weight efficiency of the
container a8 a cargo carrying element is reduced.

Zvaluation Methodology

In order to determine the container size meeting the developed requirements
that is optimum with respect to the evaluation criteria, it was necessary to
calculate the values of the evaluation criteria for a large number of possible
sizes. In addition, it was desirable to investigate the sensitivity of each of
these criterion to changes in container dimensions and to changes in initial as-
sumptions such as container material weight, cargo density, and methods of
stowing the containers in the vehicle cargo spaces. For the purpose of rapid
evaluation of many container sizes under variation of the several assumed
variables. a computer program was written in FORTRAN for the IBM 1401 com-
puter. This program allowed evaluation of any container size under any chosen
set of exterior conditions. Variables or exterior c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>