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!n thll study containerization is referred to as the
eiy

r tion of commodities into common denominator module

(21

liné systems they will encounter. Nominal size freight
gutnect

containers are 8 ft. x 8 ft. in cross section and vary in
fater

length from 20 to 40 feet.

il

X Containerization has experienced rapid growth
t:éontly in overseas shipments and some United States ports
are expected to handle as much as 90 percent of their cargo
1é‘thil fashion within the next few years. However, rail
cnntai.ner service accounts for only about 0.5 percent of all
eu‘loadings today despite the fact that it was pioneered for
Mltie shipments way back in 1921. The literature abounds

ot
with projections and pronouncements concerning the factors
deant,

are :.nhi.bitmg the growth of containerization in

luzfaee freight shipments. This investigation
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was developed in which respondents
icate the relative importance of 20
which are said to be inhibiting domestic
A response of over 60 percent was ob-
463 questionnaires mailed to representatives
“mtng business sectors: (1) freight users
~and nondurable goods manufacturers, retailers,

d freight forwarders), (2) freight carriers (motor, rail,
ne, and air carriers and port authorities), and (3)
bphimz equipment suppliers. Replies were coded and
subjected to statistical analysis in computer programs.
Interviews were conducted with representatives of business
and government to develop recommendations in light of the
study findings.

Economic considerations which are listed as most
important by all population sectors include, (1) rate struc-
tures which are inadequate to promote containerization and
(2) the burden of empty container traffic. Shortages of
containers and equipment, as well as the available alter-
native of TOFC (Trailer on Flatcar) piggyback are signif-
iﬂnﬂy more important to freight users than to the other

groups. Conversely, coordinative matters, such as problems

carrier responsibility, are of less concern to

s than to the others. Equipment suppliers see
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or carriers. All sectors ranked
high in importance. However, from
this evaluation is influenced by
the dockside involving foreign
of the groups considers the
of government as comparatively important in inhib-
h of domestic containerization.
Questions were also asked concerning the container-
‘\1‘ tion activities of the freight user respondents. Almost
1 of the freight users indicated that some or all of their
- goods is containerizable. Almost none own most or all of
the containers that they use. There is a weak relationship
between the use of containers by firms in foreign commerce
and their use in domestic trade. However, there is no sig-
nificant relationship between the use of TOFC piggyback and
domestic containerization. Durable goods manufacturers use
containers in domestic service significantly less than do
nondurable goods manufacturers, retailers, or freight for-
warders. The larger manufacturers are significantly greater
users of containers in foreign trade than are their smaller
counterparts. No important relationships can be developed

when the freight user population is subdivided according to

shippers, consignees, combined shipper and

or freight forwarders.
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'!hi.l study deals with the factors which are inhibit-

don

qrcuth of containerization in domestic surface

"l.'ht lhiplunts. Expansion of containerization promises
Migh ¢

lﬂiql in physical distribution costs through reduction of

' o

mm from damage and pilferage as well as through improved
MRes ur

efficiencies in intermodal transfers. Identification of the

real as well as envisioned growth limiting factors is impor-

24

tant for the development of programs to encourage greater
B 40 et

plfti.cipation by those concerned with domestic distribution

of goods.

The literature presents a diversity of opinion con-
3 a0
cerning the relative importance of factors said to be inhib-
faine
iting containerization growth. The vested interests of the
et &4

various authors, relative to their professional activities,

In this research a questionnaire




~o£ bvonty factors inhibiting con-

p‘d in the literature. An examina-
ltltmrization practices of freight users
;éef: r
agh intermodal transfers include all possible
ns of motor, rail, air, inland waterway and mari-
lol'l, this survey has been confined primarily to
otor and rail operations. These two modes constitute the
&ﬁl of domestic shipments suitable for containerization.
‘iﬁltnd motor modes are also the major interface members
with overseas shipments. While containerization in air
cargos is currently experiencing significant growth, ton-
nages are still small when compared with surface movements .
Further, the factors influencing the growth rate of contain-
erization in motor/rail modes are expected to be likewise
applicable to air transport movement.

In order to provide clarity, a few definitions are

useful. Containerization is referred to as the integration

of commodities into common denominator module freight con-
tainers which are compatible with the materials handling
Systems they will encounter.® Tabak's definition of a

& 2
freight container is used as a guideline in this study.

““ﬁ'ﬂsht container is an article of trans-
¢ uipment: a) of a permanent character a
y strong enough to be suitable for
; b) especially designed to fuil-.

~of goods, by one or mo




thout intermediate reloading;
3 ices permitting its ready
ﬁm.xly its transfer from one
t to another; d) so designed
> £ill and empty. . . .

k ined a freight container as having an

lume of at least one cubic meter (35.3 cubic
this small size is limited primarily to use on

' The nominal size in use today is 8 ft. x 8 ft.
section, by 20 feet long (1,280 cubic feet). Van
containers which are 40 feet long are growing in popu-
larity. Highway trailers could also be considered as meet-
ing the freight container definition given above since they
are used in intermodal transfers on rail flatcars and in
“"roll-on/roll-off" movements on ocean-going vessels. How-
ever, they are not included in the "container" category by
transport trade. Containers are sometimes referred to as
"wheeless containers" to emphasize their difference from

highway trailer vans.

Present State of Container Practices

Containerization of international 'shipments has
experienced dramatic growth over the past 10 years. con-
tinued "'Pid expansion of overseas containerization is
M‘fo: the future. In 1970, at least one container-

‘expected to sail from North Atlantic ports of the

daily. These sailings will provide a shipping
3, T



e Re e : . 4
| handle will be 90 percent containerized.

e P

ort Ministry predicts that by 1973 as much as
ote

'Lth-t year's 2.6 million tons projected Japan-

BE L ¢
..!ro‘ight‘. will be containerizable.® Increased

Decreased time delays in dockside
., of goods, less damage to merchandise, and lower
Nu.ru;o rates have also been obtained.

“‘M Despite such recognized and demonstrated benefits in

o

overseas shipments, containerization has lagged in domestic
l'f‘x"ci‘.ghti shipments. The major accomplishment of integrated
’tranlfers in domestic shipments has been piggyback opera-
tions. These have recently been divided approximately 90
percent trailer-on-flatcar (TOFC) and 10 percent container-
on-flatcar (COFC). The TOFC/COFC carloadings rose from

417,000 in 1959 to 1,337,000 in 1968. However, piggyback

service increased less than 1 percent further to 1, 344,000

carloadings in 1969.° 1n total, TOFC accounted for 4.8 per-

cent of the 1969 carloadings. COFC, in comparison, was

insignificant in accounting for less than 0.5 percent of




ast f.aw years. There are a number of

FTH
d exclusively to the field and many

!'&umtion magazines regularly carry special
guant i ¥

the subject. Proceedings are frequently reported
Boini

meetings of various organizations concerned with
s

_i.ng dcvelopment of containerization.

.Pet purposes of organization,statements in the

gathere
- literature relating to lagging domestic containerization can

roughly be categorized into five areas of concern. These

areas are not mutually exclusive since economic considera-
tions can be read into almost any comment, but the following
classification provides a useful basis for analysis:

1. Economic reasons

2. Container equipment availability

3. Coordinative activities

4. Labor resistance

5. Governmental regulation and influence.

The problem of this investigation is the
- development of a list of factors which are inhib-

of domestic containerization. The

lht of factors must be arranged in ordered
of 3 P a so as to provide
y\ﬂdena for programs to promote more
ive use of containers.

3






ifficulties are confronted in attempt- i
red listing of inhibiting factors. ;
‘considerably diversity of opinion as to the
w« of influencing factors and as to their

ance. Second, opinion is subjective and not
ified for scientific analysis. Third, those
” inions have diverse backgrounds and their atti-
‘must be related to the requirements of the sectors
they represent. Finally, the evaluations must be
‘J‘a"»‘]lltkud.fron qualified authorities who are scattered across

the country.

Methodology

The general methodology summarized below includes
the development of a questionnaire and its distribution to
a randomly chosen sample. The sample design provides for
adequate representation from recognized strata in the popu-
lation. Questionnaire replies were used to test eleven
hypotheses. Follow-up interviews were conducted to help
develop conclusions in the light of questionnaire replies.

The Questionnaire

The primary research instrument in this study is a

8Nt

L wﬁtch was mailed to a sample of 464 people who
abiv £
in activities related to the movement of freightl =
A0 open-
tionnaire which contains four gxmpga
Lad L4 L ‘undm 3




of questions consists of twenty

mentioned in the literature as being

- inhibiting the growth of containerization in
shipments. In order to develop quantifiable
et
bs from subjective evaluations, respondents were

¥

te their opinion concerning the relative

i A 1. Extremely important
2. Quite important

3. Medium importance

4. Not very important

5. Almost no importance.

Five questions comprise the second group of ques-
tions. They were designed to develop relationships in
present container practices. Respondents who are Freight
Users were asked for a Yes/No reply to questions concerning
their use of (1) domestic containerization, (2) foreign
freight containerization, and (3) TOFC piggyback. They were
also asked about their ownership of containers and whether
some of the goods they shipped were considered containeriz-
able.

The third group of questions was used to categorize

el d

"ﬂ’ﬁg‘lnta as to their type of business, freight activity,
- BiQ e

relative size of their firm.
RRER tieks,

"1n; , an open-ended question was presented to




e was structured from the following

eyed population: !

ers--durable and nondurable goods
retailers, and freight forwarders.

ht éarriers-—motor, rail, marine, and air ¢
g.gtl, and port authorities. 4

16 Lo
Eleven hypotheses were developed relating to the

m;r;tl of the questionnaire. The hypotheses, presented in
the ;:ull. form, are abstracted below.

) Hypothesis 1: There is no statistically significant
d-ifference in the relative importance of factors inhibit-
ing growth of domestic surface freight containerization,
a:. evaluated by representatives of the following sectors:
(1) potential or actual users, (2) carriers, or (3) con-
tainerization equipment suppliers.

Hypothesis 2: There is no statistically significant
difference in the relative importance of factors inhibit-
ing growth of domestic surface freight containerization,
based upon collective evaluations of the following
nctar- of the freight user population: (1) durable
ﬁ.iﬂnuﬁactuers, (2) nondurable goods manufacturers,
(3) re ﬁl‘l, or (4) freight forwarders. X




3: There is no statistically significant

‘relative importance of factors inhib-

f containerization in domestic surface !
its, based upon collective evaluations
ives of larger and smaller firms in the
‘m population.

Hypothesis 4: There is no statistically significant
relative importance of factors inhib-
iting growth of containerization in domestic surface
freight shipments, as viewed by representatives of the
freight user population, segregated according to their
activity as (1) shippers, (2) consignees, (3) shipper
and consignees, or (4) freight forwarders.

Hypothesis 5: There is no statistically significant
difference in the relative importance of factors inhib-
iting growth of domestic surface freight containeriza-
tion, based upon the collective evaluations of the
freight carrier population in the following segments:
(1) motor, (2) rail, (3) marine, (4) air, or (5) port
authorities.

‘Hypothesis 6: There is a statistically significant

tfr‘latiomhip between the use of containerization by
ie ot
irms in foreign shipments and their use of container-~
aurd fuow
ion in domestic shipments.
want y e .




. There is a statistically significant
the use of TOFC (Trailer On Flat-

by firms and their use of containeriza-

stic shipments.

is 8: There is a statistically significant

ip between ownership of containers by firms

‘their practice of containerization in either foreign

relationship between the type of business and use of

containers in domestic or foreign service by freight

users.

Hypothesis 10: There is a statistically significant

relationship between the size of business and use of
containers in domestic or foreign service by freight

users.

Hypothesis 11: There is a statistically significant

relationship between the type of freight user activity
(shipper, consignee, shipper and consignee, or forwarder)
and use of containers in foreign or domestic service.

Y Lowen

‘Hypotheses 1 through 5 were subjected to two

different methods of statistical analysis. The mean values

sure from the numerical rating scale of importance for

y factors were used. A ranking of the




ions concerning present containerization practices.

The facilities of the Michigan State University

é& ter Laboratory were used in analyzing questionnaire
idbliea. Programs developed by the Computer Institute for
boci.al Science Research (CISSR) and the Schoool for Advanced
Studies of the College of Education were used in testing the

hypotheses.

The Interviews

To supplement questionnaire responses personal
interviews were conducted with representatives of business,
trade organizations, and government. The interviews were
held after correlation of the questionnaire results. " Inter-
Viewees were advised of the questionnaire findings and were
Eﬂabp;lgggc_st approaches to obtaining increased applica-

gaﬁir'u‘rization to domestic freight. A copy of the

mmi,- also included in Appendix A.
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is i.l organized into six chapters, including
ot

which provides an introductory overview of
n

] In Chapter II the fundamentals of intermodalism
A;:;Q;y of containerization and piggyback movements

‘ The technology relating to containers and hand-
J equipment is also reviewed.

The factors which have been reported by various
speakers and writers as being responsible for the lag in
containerization of domestic freight are presented in
Chapter III. Information contained in this section of the
thesis was used in developing the factor questions in the
research questionnaire.

The methodology of research is evolved in Chapter IV
Matters considered in development of the hypotheses and
“determination of the size and nature of the population
sample are reviewed. The rationale of the program for
statistical testing of the hypotheses is explained.

The results of the research are reported in Chap-
ter V. These include the tests of the hypotheses and sum-

maries of replies to open-ended questions. In addition,

"“‘ fﬂ! biases which might have resulted from the methods

w.

administering the questionnaire are also considered.







by both government and industry in
ting the practice are suggested.

he instruments used in collecting the

in Appendix A. Tabulations of data used
!@ hypotheses are assembled in Appendix B.

N &‘ropliea to the interview questions is
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CHAPTER II

o d REVIEW OF LITERATURE--I

Background for Containerization

gimaco
g It has been said that so much has been written
- and published about containers, their advantages,
disadvantages, shapes, sizes and economics that it
. would take a man all his working life to read it.
It has also been stated recently that so much is
- now happening with containers throughout the world
that it would take a fairly sophisticated informa-
tion storage and retrieval system to keep the
information current.

. . . 1969 has seen the true start of the
"Container Age." Many ships, port installations
and inland transport facilities planned and con-
structed over the past three or four years have
come into service and many more will be completed
and operating by the end of 1970. From now on
theories talked about for so long will have to be
made to work and the initial practical difficulties
which face the intermodal movement of cargo through

- different transport media from producer to consumer
will have to be ironed out, as they do with any new
system which is introduced.

. 3
(Foreword to Jane's Freight Ccontainers)

The purpose of this first section of the literature

and background of containerization as practiced in domestic
Rt ol

nl@:
AR Vi
o aid in considering the factors which qfﬁ

8. The background material has been selec-

":“" is to develop for the reader a general understanding
L &t %



e extent of its potential usefulness. He envisions
equipment which would be interchangeable in rail,
m, water and air transport. Achievement of an inte-
ﬁmd transport system requires the complete coordination
of the total physical plant, abetted by compatible govern-
mental policy and managerial philosophy. This section
cpnli.dau the broad concept of intermodalism as the basis
of an integrated transport system.

) A discussion of modal systems which allow an inter-
change of cargo units includes rail, highway, water and air
routes, but omits pipelines as incompatible to the process.
Interchange is desirable between modes in order to take
vl\dvantaga of their respective favorable factors. Inter-
change within modes (intramodalism) is necessary when the
initial and final points for a freight movement are not

W to the boundaries of a single carrier. A compar-

lative desirabilities for the modes under

s presented in Table 1 below.>

. the yoats are preAantid be







ratings of transportation modes?®

Rail Highway Air Water

<! ; 2 4

2 3 1 4

2 3 4 4 &

2 4 3 it

2 gk 3 4

2 1 3 4

3 A% 2 4

’ Surge or peak handling capacity 1 2 3 4

8] = most desirable.

The numbers in the table are somewhat arbitrary and

are subject to modification with changing technology. Cost

of service depends upon such factors as the type of goods,
the size of shipment, distance of shipment, and auxiliary
services such as need for refrigeration, pick up and deliv-

e?y and special in-route services. All things being equal,
cost comparisons between modes vary directly with the speed
Dow 31

of service.

spanialis:

o

us combinations of modal services which
¥

mmpmmm







Air Water =
ji=
Intramodal
Air-Truck Intramodal
Air-Bus
TxaLn-sth Roll-On/Roll-Off s Intramodal
Fishyback

In terms of numbers, the most important transfers in
domestic freight movements are the intramodal shifts. Each
of the major modes developed and improved its carrying units
to maximize their usefulness in accordance with the physical
characteristics of its system. For example, rail boxcars
are designed to be interchangeable on standard gauge tracks
across the country. Highway trailers can be hauled inter-
qhangeably on motor tractors. For the most part, inland
waterway barges can be moved in mixed tows. In the case

of ﬂix shipments, development of standardized containers is
nllwing greater freedom in intramodal shipments. The

\m.
lgﬁshl“ization for maximum utility within the mode resulted
-SFatanh,n

ﬂﬂ Imal labar for transfer of cargos betw.‘gi \ =

fol.l.gn P‘ydth. Govo'







f rail cars). Finally, the evolution

is pfwiding the means for bridging

ity of the various modal carrying units.

eh er

nestic intermodal movements, the rail-highway

' On Flatcar/Container On Flatcar (TOFC/COFC) shifts
important in terms of numbers, with the TOFC por-
counting for about 90 percent of piggyback traffic.

- The development and characteristics of piggyback and con-

tainerization are of sufficient importance to this study
‘that they justify independent treatment in a later section

of this chapter.

Rail-Water

For rail-water transfers, boxcars were rolled onto
ships equipped with rails in ferry service on Lake Michigan
as far back as 1892.4 Since that time the practice has
e;tpanded to the use of ocean-going vessels more than 400
feet long and capable of carrying over 100 loaded freight
cars. Special loading facilities were installed at each
port served, consisting of elevators capable of lifting

loaded boxcars and positioning them over the hold of the
eont el

‘With the advent of the 20 foot and longer con-~

20 L < et -
1 to decline in favor of containerships. 1In
B Ehe high dses S







'n addition, the containers can be
- carrier at the destination port for

ry, whereas trainship is limited to rail

end of the trip.

comparatively recent innovation in highway-water
fers is roll-on/roll-off "fishyback"; also referred to
0." The largest ship designed for this service has
’ ‘operating for over two years on a weekly run between
New York and San Juan, Puerto Ri.co.5 The vessel can carry
240 highway trailers as part of a 500 total vehicle mix.
The major advantage claimed is total flexibility for hand-
ling anything that can be rolled aboard. There is no need
to be limited to standard sizes as is the case with con-
tainers. Using multiple port openings, the ship loads and
unloads at the rate of one trailer on and one trailer off
every two minutes. Turnaround time at the docks averages
about 12 hours. About 20 percent of the ship's cargo comes
directly from piggyback trains and the percentage has been
q:evi.ng, with a 40 percent share expected in the future. a
more recent development is the combined roll-on/roll-off

Jopea
Q‘gtllmuhip. Vessels are available with a capacity for

ndai:d 20 foot containers, plus a lower deck load of
diacre)

u: reil.d-on vehicles, and are designed to oper-
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n the high seas. §
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r service are the barge lines that

rivers and intracoastal waterways.

Mil
s have joint routes with rail and truck 1
t since this mode is most advantageously used

ity shipments, the business is primarily port-

‘Since airports are generally located on the fringes
urban ‘centers, alr carriers must interface with motor
freight service to provide door-to-door coverage. Coordi-
nated service agreements have been established, including
those in which a single bill of lading is used. In order to
serve smaller communities not provided with direct air
freight connections, air-bus package express service is
provided to about 6,000 communities. Shippers can use bus
service to deliver packages to the nearest airport and bus
tfanlfer can also be used to deliver from the final port to
the consignee.

Relative Importance of the Modes

v The relative importance of the various modes in

ﬁ“mutip freight movements can be evaluated in terms of

I

&Xﬂty, generally measured in ton miles, or total revenues.
discrepancies in the numbers available, depopdi&
s of information, but the numbers presented

3 5 o Ly 2 i




1/




e
‘ibution among intercity carriers I
o kel L

llions Ton Miles Percent of Total J

=
1966 1980° 1966  1980° f

- 750,800 1,025,569 43.0 34.4
PREES850, 917 737,623 21.8 24.8 |
280,000 487,335 16.0 16.4

332,900 709,625 2 - sl 238
2,250 18,138 0.1 0.6
1,746,867 2,978,290 100.0 100.0

The selective transport by air and motor carriers of
8L
higher value goods which justify payment of higher freight

rates is reflected in Table 4.7

‘Table 4. Revenue distribution among regulated carriers

Percent of Total

e
Railroad
Motor carrier
Inland water







of ton miles moved and in revenue
road and motor carrier modes are the most
cipants in domestic shipments and this situa-
ted to continue into 1980. Intramodal and
ansfers between these two modes represent the
al for containerization growth in domestic

The emphasis of this paper is directed to these

- cation of containerization to air cargo traffic, but as
- noted in Tables 3 and 4, total volume and revenues are a

‘minor factor in domestic movements.

Relative Importance of Foreign
Shipments

Although the current major interest and activity in
containerization relates to foreign shipments, this study is
primarily concerned with domestic movements. The volume of
freight moved in domestic traffic is much larger than that
in foreign trade, and containerization is already well
developed in the latter area. Directly comparable numbers
are not readily available since domestic freight is usually
‘reported in ton-miles, while foreign trade is given in tons

or value of shipments. However, if a generous average 1,000

Wiﬁr shipment is used for foreign movements for pur-







Millions Ton Miles

Domestic Foreign

750,800 NA
380,917 NA
2,250 366
- 452,052
1,4133,:967 452,418
E
tyan The numbers on U.S.-foreign surface trade are not |

readily available, but would include primarily Canada and
Mexico. Recent statistics indicate that these would add no
more than 100 million ton miles to the foreign total. There-
fore, it can be seen that foreign shipments comprise only
about one-half of those of domestic movements in the modes
that are primary targets for containerization; namely, rail,
motor carrier, marine, and air. Nevertheless, marine ship-
ments in foreign trade have been the locus for the recent
growth of containerized traffic.

The discussion thus far has been intended to place
the various modes in proper perspective with respect to

their relative importance in national freight activity.

‘Effective coordination of the modes would allow the transfer







rriers involved and containers are a

‘bridging modal interface barriers.

Benefits of C;mtainerization

t of the benefits of containerization derive from

q‘(po.pt: if you put something in a container you

;@ﬁect it and make it easier to handle. Benefits

practice accrue to both the shipper and the carrier.

portunity for savings is highlighted by a former

§ transportation analyst with Fruehauf Trailer Company, who
‘pointed out that one-half the cost of transporting domestic
‘goods is spent in shuffling between vehicles, across docks

- and platforms, in packaging, loss and damage claims, pilfer-

age, and :lnsur:amz:e.9
Reduction in Claims Due to Damage
and Thef:

Containerization eliminates much of the extra hand-
ling costs and thereby reduces likelihood of damage and loss
from pilferage. A measure of the reduction in claims costs

A ‘through containerization is presented in estimates developed
:b}tha National Academy of Sciences, based upon published
ICC data for truck and rail cargo during 1960.10 mhe fig-

for inland claims per measurement ton of cargo include

. claim pay s and related cleri-







tion was estimated to reduce damage
rcent and almost completely eliminate

The numbers are presented in Table 6

Lo s

5. Cargo claims: unit load vs. break-bulk systems

Dollars per Measurement Ton

T Truck Rail

A E’:k-bulk 0.16 0.26
‘Containers 0.04 0.07
Pallets 0.08 0.13

Some idea of the potential for loss reduction
through containerization is apparent from the fact that in
1963 the combined claims paid by rail and motor carriers
were $226 million. Furthermore, the total cost of claims
is estimated at five times the actual claim dollars paid
ﬂut.n In 1969 clothing accounted for better than 10 per-~
cent of total claims paid on motor carrier losses, and this

was followed by household appliances at 6 1:4ex:<:em:.]'2 In

the protection afforded by containers is demon-




n containerized cargos over the past few

- about 10 percent of conventional break-

s in packaging costs are not always as readily
%

for foreign containerized shipments as for domes-
porte
In the former the possibility frequently

s that the contents may not move door-to-door in the

J Saennc
same container because of labor agreements, customs inspec- i

h“:’t;l, and errors in documentation. On the other hand,
d:véntai:ﬁerization allows the use of lighter packaging in
domestic trade if the cargo is properly stowed so as to
;void shifting of the load. Estimates based upon data
provided by such shippers as the General Services Adminis-

tration were prepared by the National Academy of Sciences

and are presented in Table 7,]‘4 Not included in the table

Table 7. Packaging costs: unit load vs. break-bulk

Load Type Type of Packaging Packaging Cost®
Break-bulk Export pack 32.00

mmr Domestic pack 20.00

Domestic pack & sheathing 22.54
Bonkain:x ¢ e Ly







reduced tare weight due to lighter
~as reduced cube. The adjustment of
ntainerized shipments is best subjected to
is, wherein the savings from packaging are
the risk of damage to goods in transit.
ily concerned with import traffic, Mattel,
d containers removed the need for all-weather
ging required for cargo stowed loose, and a reduction

n damage to goods was also realx’.zed.15 They were also

.
‘able to negotiate favorable volume commodity rates on the

‘inland portion of their import movements because the use of
‘van containers made it more economical to handle the goods

from the harbor to their plants.

Additional Benefits to Shippers

The experience of Mattel, Inc. demonstraltes addi-
tional benefits through the use of containers (primarily in
import shipments, but not necessarily limited to this area).
Reductions in door-to-door transit time of two to three
extra work days were obtained, mainly because of elimination
of the need for unloading, sorting, and reloading loose

cartons on trucks. Containers could also be loaded aboard

rail flntcarn on the west coast for movement eastward with-
fgetar ¢

hetlrl of arrival at the piers. Priorities in handling




Bthe! container in the plant and then
ectly to an over-the-road truck, city
eliminated at each end of the trip. The box
temporary storage at either end, free from
d of damage, contamination, or pilferage. For
storage, containers meeting ISA specifications are
' being stacked as many as six high. The benefits
K iimum handling and storage under proper conditions are
‘.ﬁ;&nﬁlarly important in the shipment of fresh produce in
Mﬂ;ge:ated containers. A citrus fruit shipper testified
that switching to containers provided longer shelf life for
the goods and higher market prices.16
The benefits of containerization are readily appar-~
ent to the Department of Defense, which has pioneered in the
development, particularly with the CONEX container in the
early 1950's. (The CONEX container is roughly a seven foot
metal cube that holds five tons of cargo.) It has been
estimated that full application of containerization to the
Vietnam operation would have saved over $l1 billion in trans-
port costs, losses in shipment and storage, and in packaging
costs. Required logistical personnel would have been re-~
duced and there would have been increased efficiency and
faster deployment of goods.17 The Department is now engaged

; h#? dtv.lapmnt of a containerized logistics distribution

. Of mniu;n. ALIM

L chea u\m\







licopters for unloading goods in ports

ies are unavailable or too congested.

y of the benefits of containerization for ship-
 accrue to the carriers. For example, reduced

g means faster turnaround of equipment; less dead
at the docks and rail sidings. There are also benefits
- mainly for the carriers and a goodly share of them are
brought out in frequent arguments concerning COFC versus
TOFC piggyback. Some years ago a consulting engineer pre-
sented a list of advantages of COFC that would eventually
allow it to displace TOFC. His predictions have not mate-
rialized but the factors he presented are still valid.l8
They include the following:

1. standard van containers or flat cars are
within railroad clearance regulations and
do not require selective routing sometimes
necessary for semi-trailers on flat cars.

2. Van containers can be positively secured to
flat cars and highway chassis with a minimum
of attachments.

3. Loading or unloading of van containers from
flat cars with cranes or fork trucks can be
done randomly and more quickly than the roll-
on, roll-off type end loading of trailers.

4. Van containers are lighter in tare weight

than semi-trailers of similar capacity.

n confaimra represent a lower investment
an semi-trailers of similar capacity.






to the last item noted, a consultant
. estimated that special freight trains
t flatcars and containers can save as much
n ton-miles per day in deadweight as compared

. TOFC t:x:ai.ns.19 With the higher center of
‘the conventional piggyback trailer, the load is

to more damage from jars and jolts of rail haulage.

pliin With trailers, the cost of license plates, tax
plates, tires (more than $2,300 worth on over~the-road
trailers), bogies, etc., are tied up on a TOFC load, whereas
they can be kept in revenue service when used with a demount-
able container. There is less exposure to vandalism for a
container attached to a flatcar, as compared to a pneumatic-
tired trailer van lashed to the car. One final factor
offered is that the widre V§riety of liquid carrying con-
tainers offers the ;iwc?:l‘a‘nvas greater flexibility of service
and does not require dead-head time for unloading, since the
container can be dropped off for use directly on the produc-

tion line.

History of Piggyback

7€ pment

he histories of container and trailer piggyback
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recorded by James Anderson, an Englishman, in 1801. 1In
1834, the state-owned Main Line of Public Works in Pennsyl-
vania began rail shipment of canal boats in detachable
sections without breaking bulk between Philadelphia and
Pittsburgh; this service was maintained until 1857. Just
prior to 1850 the Pennsylvania Railroad began using con-
tainers for transporting passengers' bagc_:;age.?‘O For a
several year period beginning in 1885, the Long Island Rail-
road Company operated a "Farmer's Train" between Long Island
points and the East River, carrying four loaded produce
wagons per flatcar, with the teams riding along on the same
train in specially provided box cars.2l

The New York Central pioneered present day type
container service, which it began in March, 1921, between
Cleveland and Chicago. The Boston and Maine established
rates on containers over points on its lines in March, 1927.
The Lehigh Valley followed with offerings in 1928. The
Pennsylvania first offered container rates over three routes
in 1928 and soon added additional routes. By 1931, the
three above mentioned lines had petitioned to extend the
service to principal points in their territories.22

As an example, the rate established by Boston and
Maine covered "miscellaneous less~than-carload shipments,
rated not lower than fourth class--when loaded into steel
and wood containers, the outside dimensions of which must
be seven (7) feet in length, eight (8) feet in width, and

seven (7) feet in height." The service, in this case, was
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established to accommodate a forwarding company which owned
the containers, loaded and unloaded them, and was desirous
of switching from an electric rail line which it had been
using.23
The first trailer-on-flatcar service was instituted
by the Chicago North Shore and Milwaukee Railway in 1926
between Chicago, Illinois and Milwaukee, Wisconsin. The
railroad used 1l6-foot highway trailers for operation over
city streets for pickup of less-than-carload shipments at
the door of the shipper. The trailers were loaded three to
a flatcar for the rail journey, and then the goods were sub-
sequently delivered by trailer to the destination. The
service was discontinued in 1947.24 During the 1930's and
1940's various similar operations were conducted by several
other railroads with varying degrees of success. For
example, in 1932 the North Shore invited over-the-road
carriers to ship semi-trailers by train between Chicago and
Milwaukee at a rate a little lower than what it would cost
to move the same trailer over the highway. The railroads
experimented with several rate bases and discovered that
rates on a per-mile basis with a maximum charge per con-
tainer were the most practical basis. This basis was lit-
gated before the ICC, who issued a new formula based upon
classification of freight in the containers. The rates were
not attractive to shippers and this resulted in the end of

container service for that period25 (ICC Docket No. 21723

referenced as footnote 22).
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In 1936 the Great Western began transporting highway
trailers between Chicago and St. Paul, using a basic rate
per loaded trailer, open to the general public. The trail-
ers were loaded aboard flatcars by the shippers, two to a
flatcar, and were returned empty at half Ehe full trailer
charge. The New Haven instituted TOFC operations in 1937
under an open tariff in which motor common carriers reserve
the right to substitute TOFC service for highway transporta-
tion. The railroad was compensated according to a published
schedule. Over 50,000 trailers were transported by the New
Haven under this plan in 1953.26

Over the subsequent years a number of piggyback
plans have been developed. These apply equally to trailers
or containers carried on flatcars. The basic plans are
described in Table 8 following.27 The plans developed more
or less in chronological order, with Plan I initiated by the
Great Western as described above. Plan 1I came into service
in 1955, Plan III in 1956, Plan IV and Plan V in 1958. Plan
IT% was initiated in 1964 by the Missouri Pacific Railroad.Z28
A discussion of the relative advantages to the shippers,
motor carriers, and railroads is deferred to a later section
dealing with rates.

Development of piggyback service from the experi-
mental stage to its present scale occurred largely in the

decade following the ICC decision in 1954 which clarified

an accumulation of issues concerning the practice (ICC
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Docket 31375 referenced as footnote 21). The record of

growth for selected years is given in Table 9 below.29

Table 9. Piggyback carloadings

Year Year
1955 168, 150 1967 1,207,242
1959 416,508 1968 1,337,000

1964 890, 748 1969 1,344,000

The relative importance of the various plans 1is
illustrated in Table 10 below.30 It should be noted that
the number of trailers and containers listed in 1968 is
greater than the number of carloadings shown in Table 9.
This is because more than one trailer or container can be
loaded on a flatcar.

There were 59 railroads participating in piggyback
service in 1965. There was substantial concentration of
Operations in a few railroads,with five of them accountipg
for 41 percent of the total shipments. The majority of
Piggyback terminations moved in local service, with waybill
Samples indicating that 86 percent of the traffic originated
and terminated in the same territory; i.e., official, south-

€rn, and western. The average local haul was 589 miles and

for inter-line service was 929 miles. Ten states accounted
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Table 10. Trailers and containers terminated
by Class I railroads, 1968

Terminations

Plan (thousands)
Plan I 276.0
Plan II 657.6
Plan IIX% 462.5
Plan III 169.3
Plan IV 131.6
Plan V 57.2
Total reported by plan 1,754.2
Other arrangements _141.0
Total terminations 1,895.2

for 72 percen%: of piggyback waybills. 1Illinois, New York,
and New Jersey ranked high, with a large share of the traf-
“fic mc;v'mg between Illinois and the latter two states.>t

A measure of the relationship between containers and
all piggybaék loadings for the domestic movements in 1968 is
shown in Table 11 below, which was compiled from individual

carrier reports to the ICC.32

Table 11. Piggyback units and containers moved by all modes,
1968

Total Piggyback Containers Containers
Mode Units Units % of Total
Rail 1,915, 200 154, 600 8
Motor 308,000 63, 200 21
Forwarder 242,800 10,000 4
Water 50, 900 40,500 80

Totals 2,516,900 268, 300 10.6

;
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According to Table 11, approximately 10 percent of all
piggyback movements are now being handled in containers.
The same relationship applies if discussion is limited to

motor and rail modes.

Marine Containerization

Although the primary area of concern in this paper
is containerization in domestic freight shipments, the
development of containerization in marine traffic deserves
treatment because of its important influence in domestic
activity., Those responsible for development of the practice
in overseas shipments have provided leadership in improve-
ments to "the box" and dockside handling equipment, and have
created the "demand push" to move containers to inland
destinations.

As in the case with domestic activity, containerized
marine shipments had early origins. 1In the late 1800°‘s
"lift vans" were used in Germany, but they did not make an
appearance in the United States until the 1890's because
the hatches on the ships used then were too small to accom-
modate the large boxes. In order to avoid a duty on foreign-
built 1ift vans, the Bowling Green Storage and Van Company
was organized and began movement of household goods in
American-built vans across the Atlantic in 1901. (The com-
Pany is still in operation.) The Anglo-American Lift Van Co.
Was organized in 1911 for shipment of household goods to and

from Europe. They ‘had constructed fifty steel vans, each
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about 16 feet by 8 feet squafe, which could be fastened to
flat bed trucks and were capable of handling the furniture
in a six room apartment.33
Credit for the first major international use of
containers goes to the United States Army. During World War
II the Army turned to industry for solution to the problem
of maximizing usage of available shipping space. A reusable
container for shipping aircraft engines was developed and
its use was later extended to other items. From this begin-
ning the concept of the CONEX container, previously de-
scribed, was developed. The Armed Services have now had
over 20 years of experience with CONEX. By 1965, the fleet
had grown to 100,000. 1In 1968, under the logistics pres-
sures of the Vietnam war, the inventory of CONEX containers
was expanded and stabilized at 200,000 units, which is the

largest container fleet in the world.34

The inventory is
now in the process of being modified to include 20 and 40
foot standardized van containers.

Credit for initiation of present-day commercial
marine container movement is generally credited to Malcolm
McLean, at that time head of a trucking company, who recog-
nized the potential for reduction of repetitive handling of
freight in intermodal transfers. McLean purchased the Pan-
Atlantic Steamship Company as the nucleus for Sea Land Com-

pany, which he founded in 1955. The ships were converted

for container service, which was offered on intercoastal
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routes between the east and west coasts of the United States
and to Puerto Rico. Success of the undertaking in filling a
demand is indicated by present estimates that over 20 percent
of the marine traffic to Puerto Rico moves in containers.
Sea-Land adopted a "non-standardized" 35 foot container on
the basis of highway trailer dimensions which were in use at
that time. Today the company controls a fleet of more than
30,000 containers and an ocean-going fleet of 46 trailer-
ships which provide regularly scheduled calls at 36 termi-
nals throughout the world.35
Matson Lines developed traffic with Hawaii based
upon a 24 foot long container which could be hauled in
tandem on West Coast highways. Grace Lines developed routes
between the East Coast, West Coast, and South American ports
using a 17 foot box initially and then switching to the
standard 20 foot container. These lines were soon followed
by United States and foreign firms in the development of
Atlantic and Pacific containerized trade routes. An 1idea
of the extent of growth is offered in the statistics pre-
sented below which were compiled by the Maritime Adminis-
tration for the year 1968.

U.S. North Atlantic/Europe Trade Route:36

Twenty-eight percent of total commercial
liner traffic moved in containers.

Cargo movement was carried in a total of
201,000 20-foot container equivalents.

U.S. flag ships carried 47 percent of the
containerized commercial cargo.
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U.S. Pacific/Far East Route:

About 6 percent of the total commercial
liner cargo moved in containers.

The equivalent of 78,000 20-foot containers
were used to carry the containerized cargo.

U.S. flag ships carried 49 percent of the

commercial container traffic.

Third-quarter volume of containerized freight on the
North Atlantic route increased from 479,000 long tons in
1968 to 824,000 long tons in 1969. Traffic on the United
States/Far East route likewise increased from 159,000 to
518,000 long tons for the same periods.37

A 1969 listing by the Maritime Administration indi-~
cated that there were 79 United States flag containerships
in service and another 103 ships with partial capacities for
containers. At the same time there were under construction
or on order a total of 122 containerships and 112 ships with
partial capacities for containers. Twenty-three of the
former group and seven of the latter group were being con-
structed in the United States.38 It was estimated that
there were about 79,000 containers in service on the oceans
in 1967, and this number has had to increase considerably
since then in order to take care of the dynamic growth in

their use.
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Air Cargo Containerization

A few comments are presented here on containeriza-
tion of air cargo, primarily to round out the picture. The
containers moved by air are subject to surface movement on
short hauls to and from the airport. It is only within the
past couple of years that aircraft capable of handling con-
tainers with an 8 foot by 8 foot cross section have been
flying. Thus, the practice has been limited to use of a
special line of containers designed to match the eliptical
contours of plane cross-sections. These have been stan-
dardized under agreements reached by the International Air
Transport Association (IATA) and have external volumes
ranging up to about 425 cubic feet. A program for bulk
unitization was introduced in October, 1969, whose purpose
was to encourage shippers to offer to the IATA member car-
riers larger unit loads which would be packaged ready for
transport. Reduced freight charges were offered in return
for the expected reduction in ground handling costs and
faster equipment turn—around.39

It is not likely that aircraft will haul the present
standard 8 foot by 8 foot by 40 foot containers because they
are too heavy. A minimum target by aircraft manufacturers
of a weight to cube ratio is 1% pounds to one cubic foot
volume for containers, whereas the lightest weight contain-
ers that will stand up under surface use today run about 3
4% to one ratio. Some progress has been made through the

use of magnesium and honeycomb wall construction. World
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production of aircargo van size containers was reported at
80 units in 1967 and was expected to climb to 1,480 units in
19&L40 It may be surmised that such units would find ini-
tial use by the military on the giant C5A air cargo trans-
port plane.

The critical need to conserve on tare weight has led
to the development of unitized loads for aircraft based upon
"igloo" shaped packages stabilized with nets or shrink film.
These are used interchangeably with containers of similar
shape, also called "igloos" and meeting IATA standards.

Rapid transfer of baggage at terminals is important
to passenger convenience. This problem has been magnified
with the advent of the new generation of planes, such as the
Boeing 747, which are capable of discharging as many as 400
passengers at one time. Specially designed containers have
been provided for use in these planes in order to handle
miscellaneous baggage as unit loads, but they are not used
intermodally.

Growth Projections for
Containerization

Projections of the growth of containerization in the
various modes have been made almost since the innovation was
first practiced. It is a favorite subject for presentation
at professional meetings. Numbers presented may be based
upon careful analysis of existing trends, examination of

potentials based upon the goods being handled in a given
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trade channel, or may merely be a reflection of enthusiasm
on the part of the particular author. This section will
treat briefly on some of the projections which are available

in the literature.

Piggyback Projections

Rosey projections for piggyback growth were pre-

sented in an article in Railway Age in August, 1963, as

follows:

The trailer/container manufacturers have
some intriguing predictions to egg them on:

Their market researchers agree with TOFC experts
who are estimating that railroads will carry 10
million trailer/container loads annually by 1970.

. The highway hardware men can see where
TOFC may be accounting for as much as 35% to 45%
of all trailer and container production by 1970;
production in 1962 was slightly in excess of
72,000 trailers.

Predictions [as to how fast TOFC will grow)
range from a low of a 15% increase compounded
annually to a high of a 30% increase also com-
pounded annually. Sticking to a rather conserva-
tive 20% annual increase, new trailer/container
requirements involved in piggyback operations
could amount to 118,000 units--even assuming that
none of the trailers or containers in the existing
fleet would need replacing in that period,4l

The purpose of presenting a projection made in 1963
is to illustrate how far off the experts can be and to
generate caution in accepting projections made today. It
was noted previously in Table 11l that the total piggyback
units and containers moved by all modes in 1968 was only
2.5 million and there was essentially no further growth in
the practice in 1969. In the period 1963-1968 piggyback

carloadings actually grew at about a 12 percent compounded
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annual rate. Trailer production for all uses was estimated
by the president of Fruehauf, the nation's largest trailer
builder, %2 at about 150,000 in 1969 and projected at only
100,000 for 1970 because of an economic downturn.

A more recent forecast, which also appears to be

optimistic, was made in 1967 by Railway Age after a survey

of major TOFC/COFC operators. For clarity it is presented

in tabular form below, compared with 1966 figures.43

Table 12. TOFC/COFC--1966 actual vs. 1972 projection

1966 1972
Piggyback carloads, millions 1.1 2.6
Trailers handled, millions 1.9 4.6
Piggyback revenues, $ millions 478 1,100
Piggyback car fleet, units 28,000 56,000
Trailer and container fleet, units 100, 900 250,000

The same article quoted the general manager of
Container Marine Lines, a division of American Export
Isbrandtsen, that in the long run the Container-On-Flatcar
(CoFc) system would prevail, primarily because it requires

less investment.
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The forecast of the size of the piggyback car fleet
in 1972 was not too far off, since Trailer Train Company,
the major supplier, reported over 29,000 of its piggyback
cars in service as of early in 1970.44 Of the 100,900 unit
trailer and container fleet referred to in Table 12, only
about 16,000 were containers (20 foot equivalents) and this
number had increased only to about 20,000 at the beginning
of 1968. A report by Pullman-Standard quoted a rule-of-
thumb that for every ten containers built for maritime
service, approximately one is built for purely domestic use.

Kaiser Aluminum Company recently made a more con-
servative estimate of the piggyback van trailer and con-
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tainer fleet at 198,700 units by 1977. The estimate also

included the following production schedule for that year:

Piggyback van trailers and containers 31,900 units
Highway van trailers 88,100 units
Total 120,000 units

A survey among piggyback managers of the major rail-
roads at the end of 1969 developed the conclusion that
piggyback operations are expected to continue to expand in
numbers of carloadings, trailers and containers handled, and
in the share of total freight revenues. Profitability will
be enhanced by taking a more selective look at the type of
traffic the railroads will handle; unprofitable short hauls
will be pruned. Better service will be provided through the
use of all piggyback trains. The trend is already acceler-

ating, with announcements by Missouri Pacific, Penn Central,
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and Southern Railroad of such schedules. Experitr;ents with
the present rate plan structure are forecast in an effort
to make piggyback more attractive to the shipper. Optimism
prevails and the current slowdown in growth is attributed
to the downturn in the economy, combined with an extended

nationwide truck strike in 1970.

Projections of Total Container
Usage

The discussion has centered on containers for piggy-
back service since this relates to domestic surface freight
shipments. However, to develop a picture of total container
growth projections, it should be pointed out that the piggy-
back segment amounts to only about 14 percent of the con-
tainer inventory. The relationship is borne out in Table 13,

which follows. 46

Table 13. United States container inventory (number of 20
foot equivalents as of January, 1968) :

Owner No. %
Marine 100,840 70
Leasing and forwarding 23,840 16
Rail 19, 950 14
Truck 170 -

Total 144,800 100
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The Commercial Research Division of United States
Steel Co. recently developed a container annual demand
schedule over the period 1969-1977 which was based upon an
estimated range maximum inventory of 640,000 units and a
minimum of 320,000 units by 1977.4'7 The big spread in the
projection was justified upon the numerous uncertainties
facing full acceptance of their use-~the central concern of
this research. Their estimates of annual demand for 20 foot
equivalent units were:

Year 1969 25,000 to 38,000 units

Year 1977 45,000 to 88,000 units.

The general concensus of most surveys is that there
will be 300,000 to 400,000 containers in service by 1975,
The major source of demand will continue to be for marine
service. Litton Systems published a study of oceanborne
shipping demand for the years 1973 and 1983 under a contract
with the Department of Transport:ation‘,48 The forecasts were
developed by analyzing characteristics of 34 trade routes in
terms of growth characteristics and percer;tages of container-
izable cargo carried. Their overall summarized conclusions
are presented in Table 14.

The important point about the projections is that
break bulk cargo is expected to decline in favor of contain-
erized movements, in spite of an overall growth in trade.
Pertinent to the investigations of this paper are the
Projections of the amount of liner trade which will move

in unit trains in the domestic portion of the journey.
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Table 14. Projected containerization of United States liner

cargos
1973 1983
Tons % Tons %
Containerized 12,320,700 23 25,605,600 41.5
Break bulk 41,117, 300 77 36,143,400 58.5
Total 54,438,000 61,749,000

These are summarized in Table 15,

and are based upon the

assumption that essentially all of the "prime" container-

izable items will be so handled in 1973 and the "suitable"

containerizable items will be added by 1983.
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Table 15. Projected liner trade moving on unit trains

Total Trade

Unit Train Volume

Year (thousand long tons) (thousand long tons) %
Exports:

1973 8,955 1,659 18.5
1983 11,876 5,646 47.5
Imports:

1973 4,531 1,380 30.0
1983 5,811 2,924 50.0
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Expansion of unit train operations is expected to
cause a decline in the Great Lakes overseas trade and pro-
duce some reallocations between the Gulf, Atlantic, and
Pacific Coast ports. In any event, such developments are
sure to act as a catalyst to further growth of domestic
surface freight containerization. Increased demand for
service will justify investment in facilities which can be
used to expedite goods consigned to both foreign and domes-
tic destinations.

Little has been said about the role of the highway
carriers in projected growth of containerization. Figures
in Table 13 indicate that truckers owned only about 0.1
percent of the United States container inventory in 1968.
However, few international movements of containers are
completed withouty the service of truck lines, whether for
line-haul or pick up and delivery service. Truckers are
largely disinterested in containerization, for reasons more
fully developed later in this investigation. However, as
truckers gain experience in the practice they can be
expected to become party to intermodal transfer agreements
which may prove economically advantageous to themselves as
well as to the shippers.

Containerization of air shipments can be expected to
expand at the highest growth rate among the modes over the
next few years, first because of its present small base, and
secondly, because it expedites ground handling, thus allow-

ing more active use of very expensive planes.
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Containers and Handling Equipment

This literature review is aimed at developing a
background of understanding of the practice of container-
ization of goods for freight shipments. This section is
intended to provide a description of the tools of the prac-
tice, namely, the containers themselves and the specialized
equipment used to handle them. A review of developments in
this field indicates two opposing forces at work: (1)
efforts to standardize containers and equipment in order to
simplify and minimize costs of intermodal and intramodal
transfers and (2) continuous innovation and modification of
the hardware to meet specialized needs and to improve pro-
jected investment returns. It appears that continued growth
in the use of containers will require the needs to be served
in both areas, hopefully with a reconciliation of OoppoOsing
aims,

A large number of containers in service today meet
the requirements of the International Organization for
Standardization (IOS). The work of this organization and
standards in general will be discussed more fully in Chap-
ter III. However, the dimensions for the two groups of
containers included in the standards are presented here now,
since much of the discussion in this section relates to them.

Series I has an 8 by 8 foot cross section as

follows:50
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Nominal Size Volume
(feet) (cu. feet)

40 x 8 x 8 2560

30 x 8 x 8 1916

20 x 8 x 8 1272

10 x 8 x 8 628
6-2/3 x 8 x 8 413
5 x8 x 8 320

Series II has a uniform nominal height of 6 foot, 11 inches

and the three containers have the following nominal dimen-

sions:
Height width Length
6 ft., 11 in. 7 £t., 7 in. 9 ft., 7 in.
6 ft., 11 in. 6 ft., 11 in. 7 ft., 11 in.
6 ft., 11 in. 7 ft., 7 in. 4 ft., 9 in.

Standard terminology has been developed. Of partic-
ular interest is the standard definition of a freight con-
tainer, as follows:

By freight container is meant an article
of transport equipment

(a) of a permanent character and accordingly
strong enough to be suitable for repeated
use;

(b) specially designed to facilitate the carriage
of goods by one or more modes of transport,
without intermediate reloading:;

(c) fitted with devices permitting its ready
handling, particularly its transfer from
one mode of transport to another:

(d) so designed to be easy to fill and empty;

(e) having an internal volume of 35.3 cu. ft.
(1 cu. meter) or more.

The term freight container does not include
vehicles or conventional packing.

The American Bureau of Shipping has a similar definition for

a cargo container, but sets a minimum volume of 628 cu. ft,
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The Bureau tests, inspects and certifies containers meeting

its requirements.

Types of Containers in Service

Containers in actual service vary as to dimensions,
materials of construction, and in special features, accord-
ing to the needs of the users. Steel is the basic building
material, especially where strength is required and where
weight is not of prime importance, as in marine service,
However, an area of continuing development involves the use
of material combinations designed to reduce tare weight with-
out sacrificing serviceability. Major materials include
plywood, aluminum, magneéium, honeycomb panel constructions,
and fiberglass reinforced plastic panels.

A recent port activity survey by the United States
Maritime Administration developed the following analysis of
container lengths in use, while the Truck Trailer Manufactur-
ers Association published the distribution of container
lengths produced in 1968, as listed in Table 1.6.52

Usage was surveyed in North Atlantic Ports; had the
'Pacific Coast been used, 24 foot containers (used by Matson)
would more closely have balanced production. The 35 foot
output is presumably to meet demand from Sea Land. The bulk
of production is in the standard 20 and 40 foot lengths, with
the latter growing in importance, especially for domestic

traffic,
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Table 16. Container length--usage and 1968 production

Selected Area Usage Production
Length Proportion Length Proportion
(feet) (%) (feet) (%)

10 1.96 10 0.48

20 55.93 20 37.45

30 0.13 24 9.25

35 15.25 35 25.50

40 25.58 40 27.30
Other 1.15 Other 0.02

Total 100.00 Total 100.00

In addition to the general dry cargo freight con-
tainer the following are among those available for special
services:

1. Open top general cargo to permit overhead loadings
and discharge.

2. Refrigerated cargo or "Reefers" to transport meats
and other perishables.

3. Controlled temperature cargo which is heavily
insulated for transport of perishables and delicate
equipment.

4. Heated cargo for use in cold climates, such as
Canada, to prevent freezing of such commodities
as beer.

5. Tanks to transport whiskey, liquid foodstuffs and
chemicals.

6. Cattle carriers to transport live animals.
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7. Open tray bulk, similar to general cargo but less

than 8 feet high for high density materials.

The Flexi-Van fleet of the Penn Central comprises a
special group of containers; the company has over 5,000 of
them in service, as well as over 1,500 special fl.at:cars.53
The Flexi-Van differs from other containers in that it
has all the features of a trailer (except wheels); it is
equipped with a fifth wheel plate and kingpin, folding prop
legs, and wiring. Of the twenty-two railroads with con-
tainer handling facilities, four have Flexi-Van facilities
only. The Penn Central has found that while an ordinary

boxcar spends 43 percent of its life empty, Flexi-Vans are

idle only 8 percent of the time.

Container Handling Equipment

Because of their large size and weight when loaded,
containers require specially designed equipment for handling.
The containers must be loaded and unloaded from flatcars,
from over the road chasis, into holds of containerships, énd
stored at shipping docks or stacked in multiple height tiers.
Handling equipment includes regular cranes, gantry cranes,
straddle cranes, and special fork lift trucks. Capacities
of railroad owned equipment vary up to fifty tons lifting
ability, with a large share of the equipment capable of
handling at least forty tons. Where a rail line does not

have handling equipment at a destination terminal, the
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container is shipped on a chassis/bogie assembly and

unloaded from a ramp. A special system which is partic-
ularly popular in Canada is the Steadman side-transfer unit.
It involves the use of a semi-trailer equipped to move a
container on or off a flatcar in a sideway movement. The
importance of handling equipment to a containerized opera-
tion is demonstrated by the experience of the Southern Rail-
road. They attribute part of their success to their ability
to design and build handling cranes at a cost which allows
them an acceptable return on their investment.

Special flatcars are needed to carry containers over
the rails. In 1955 a group of railroads created the Trailer
Train Company with the basic purpose of providing standard-
ized piggyback cars to the industry.54 The original fleet
consisted of five hundred 75-foot roller bearing flatcars
equipped with standardized trailer locking devices. Since
then additional models have been developed to handle longer
and heavier loads. The "All-Purpose" car will handle con-
tainers and trailers interchangeably and is over 89 feet
long (thus two 40-foot containers can be carried on the one
car). Rental rates are based upon a combination per diem

and mileage charge, with the schedule designed to promote

high active use of the cars.
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Pallets and Unitized Loads

A brief review of the literature on pallets and
unitized loads is included because this shipping alternative
can affect the growth of containerization by offering some
of its advantages at lower investment cost. 1In this review
the definition of the Unit Load Council is used:

A unit load is one or more packages secured

to a pallet, skidded or strapped together in

such a manner that the entire unit may be

handled efficiently from the manufacturer's plant,
received by the ocean carrier, safely loaded,
stowed under deck in the vessel and quickly
delivered at the port of discharge by mechanical
equipment.

The Unit Load Council, comprising a group of ship-
lines, has been formed to develop and promote the unit-load
concept in international trade. However, the practice finds
wide application in domestic surface and inland waterway
movements as well as in air traffic. 1In fact, unit-loading
methods are used in a high proportion of air cargo traffic.

Many of the advantages claimed for containerization
are also available in unitized loads. Included are reduc-
tion in handling time and costs, less damage to goods, door-
to-door movement of consignments, simplification of billing
procedures, and increased customer satisfaction. Because
the unitized lots are normally much smaller than containers
they do not require the use of sophisticated, expensive
handling equipment. The loads can be placed aboard boxcars,

ordinary flatcars, or in over-the-road highway trailers

using common fork lift trucks. Offsetting this latter
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advantage, when compared with containers, is the greater
time required for transfers at the intermodal interface.

Pallets are the most common and one of the most
efficient means of unitizing loads. Complete pallet loads
can be stacked in consolidated tiers during shipping or
storage without the need of racks, thus maximizing utiliza-
tion of cubic space. Since they are used universally, dead-
head returns of empty pallets to equalize unbalanced traffic
is not a major problem. They can be constructed cheaply
enough so as to be expendible if dead heading is a problem.
The sizes most frequently used are 40 by 48 inch and 32 by
48 inch. The Department of Defense has established military
standard palletized loads based upon the 40 by 48 inch pal-
lets, skids, runners, or pallet-type bases.56 Standardized
arrangements have been developed for positioning unit goods
on pallets in order to stabilize the load and minimize void
spaces.

The most recent development which is likely to
influence the growth rate of containerization is the advent
of shrink wrapping of pallet loads. It has been estimated
that by 1975 some 1,000 package-using companies will have
pallet-load shrink-wrap systems, as compared to about 80
using them in 1970. In 1968, eighteen million pounds of
polyethylene film was used for shrink wrapping, and this is
projected to grow to 200 million pounds by 1975.°7 A large

share will be used on pallets.
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A hand unit which allows one to shrink wrap a pallet
in eight minutes can be purchased for less than $500. A
typical average machine now sells for about $20,000, while
a highly automated high capacity installation may cost up to
$140,000. The point is that small operators can adopt the
innovation with a minimum investment, and some goods that
might otherwise be containerized can be handled on shrink
pallets instead. Items which have been so wrapped include
refractory bricks, cement sacks, cartoned goods, and five
gallon paint can loads.

Economies of shrink film wrapping have been sug-
gested in five areas: (1) lower cost packaging materials
may be acceptable, (2) automated equipment can reduce labor
cost, (3) pallet overwrapping does not require highly skilled
labor, (4) the lightweight plastic film helps reduce freight
charges, and (5) inventory costs of packaging materials is
reduced.58 Savings of $0.50 to $2.40 per pallet load over
conventional palletizing methods have been reported.

It can be expected that shrink-wrapped pallet loads
will also be moved in containers. Reduced costs in trans-
ferring unitized loads in the containers at both ends of
the trip can be realized. Elimination of damage by abrasion
during shipping is a pc;ssible benefit. Unitization of odd-
shaped items can aid in reducing stuffing time and in improv-
ing stability of the container load. The advantages of

containerization and unitization of loads can be cumulative
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but the ultimate growth patterns will be determined by

relative benefits and customer satisfaction.

Conclusions to Containerization
Background

The literature review presented thus far has been
intended to bring out the role that containers fill in
expediting intermodal transfers. The background material
includes the historical development of intermodalism, the
benefits derived from the practice, and some of the factors
which have had to be dealt with in order to arrive at the
present state of the art.

The next section reviews those offerings in the
literature which shed light on factors which are assumed to
be inhibiting growth of containerization in domestic freight
shipments. The background presented thus far should be help-
ful in orienting the reader to a better understanding of the

problems.
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CHAPTER III

REVIEW OF LITERATURE--II

Factors Affecting Containerization
Growth

Current literature provides a rich source of opinion
and facts relating to factors influencing growth of domestic
containerization. Economic considerations can be identified
as the basis for most matters appraised, whether they be
government regulation or standardization of equipment. This
literature review first examines the primary factors of cost,
investment, and income determining rate structures which are
normally considered to influence profitability of physical
distribution activities. The areas of equipment standard-
ization, equipment availability, government influence, and
labor which bear on the problem of containerization develop-
ment are then reviewed.

Factors discussed in the literature have been used
to develop the research questionnaire presented in Appendix
A. The questionnaire has been used to establish the rela-
tive importance of the various factors believed to be
impeding growth of domestic containerization, as viewed by

those engaged in physical distribution activities.
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Major Economic Factors: Operating
Costs, Investments, and Rates

Comparative Operating Costs

Comparative operating costs generated by break-bulk
versus van trailer and/or container consolidated movements
are of importance to the carrier in determining service to
be offered. An innovation, such as containerization, is
attractive if it offers a carrier the opportunity of in-
creasing profit margins given current business, or helps to
attract traffic from competing modes, or allows generation
of new volume.

Table 17 (presented in three parts A, B, and C),
taken from the literature, develops an analysis which shows
the cost benefits of cargo unitization, both in the inland
portions and in the overall costs of a marine export ship-
ment.l Savings are much more dramatic in the total trip
but are also evident in the inland segment. The analysis
may mirror the basic reason for the explosive growth of
containerization in marine shipments as compared to domestic
activity, 1In the development of Table 17, inland line haul
distances are assumed at 220 miles for truck and 370 miles
for rail. Cargo of 29.5 1lb. per cubic foot is assumed
unitized at the shipper's premises.

The tables indicate about a 20 percent savings for
the containerized shipment as compared to the break-bulk

transfer. The palletized load is the least desirable in
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Table 17-A. United States inland cost for 220-mile truck

haul
Container/
Other Line Pallet

Unitizing Handling Haul Ownership Total

(dollars per measurement ton)
Break-bulk -- 1.20 2.53 -- 3.73
Pallets 2.06 0.53 2.72 0.04 5.35
40 ft. vans 10.38 0.20 2.62 0.10 3.30
20 ft. vans 0.38 0.20 2.69 0.14 3.41

Table 17-B. United States inland cost for 370-mile rail

haul
Container/
Other Line Pallet

Unitizing Handling Haul Ownership Total

(dollars per measurement ton)
Break-bulk -— 1.40 2.42 - 3.82
Pallets 2.06 1.22 2.60 0.04 5.92
40 ft vans 0.38 0.20 2.37 0.10 3.05
20 ft vans 0.38 0.20 2.39 0.14 3.11

Table 17-C. Shipper-to-consignee costs for export cargo
(assumes two 220-mile inland truck hauls)

U.S. Steve- Other Overseas
Inland doring Pier-to-Pier Inland Total

(dollars per measurement ton)

Break-bulk 3.73 5.15 5.83 2.63 17.34
Pallets 5.35 1.33 3.66 2.50 12.84
40 ft. vans 3.30 0.94 3.80 2.53 10.57

20 ft. vans 3.41 0.94 3.94 2.63 10.92
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this case because of the extra cost of preparing the pallets,
cube lost by pallet volume, and no opportunity for rehand-
ling savings. Of particular interest is the lower total
cost for a container movement carried 370 miles by rail as
compared to a 220 mile truck haul. The benefits of unitiza-
tion become more pronounced in the analysis of the cost of
the same shipment, from shipper to consignee, including two
inland and a marine movement. This is shown in Table l7—C.2
The comparative costs for boxcar and TOFC shipments
were developed in a study at the University of Pittsburgh.3
Eight regional freight districts in the United States were
analyzed for different load levels and different hauling
distances. While total cost levels changed with different
parameters, out-of-pocket costs were always higher for TOFC
movements., As an example, for the New England Region, a
load of 20 tons hauled a distance of 500 miles was estimated

at the following out-of-pocket costs:

Cents/100 1lbs.

Boxcar Terminal 18.8
Line-haul 47.0

Total 65.8
TOFC Terminal 19.9
Line-haul 47.4
Sub-Total 67.3
Truck terminal 6.5
Trailer rental 6.9

Total 80.7
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Boxcar service includes the cost of movement from
the shipper's siding, whereas the TOFC movements to and from
the rail ramps are added to develop "equivalent" service out-
of-pocket costs.

While not directly comparable, results of a study by
the ICC covering out-of-pocket costs for eight transcontinen-
tal truck lines indicate line-haul numbers higher than those
listed above for TOFC transfers. At an average cost of
0.13 cents per cwt.-mile, a 500 mile truck run would cost
65 cents per 100 pounds, as compared to 47.4 cents for TOFC.4
However, with rail terminal costs eliminated, line-haul
costs from the truck terminal appear to be about equal for
both systems.

The numbers presented do not indicate that piggyback
has grown because of savings provided the carriers in line-
haul and terminal car handling costs. Although presented
back in 1931 in a landmark ICC container rate case, the cost
and revenue analyses submitted below comparing less-than-
carload and container experience indicate freight claims,
clerical and platform costs provide savings more than off-
setting higher line-haul and terminal costs for containers.>

Because of container rental charges, the Lehigh
Valley showed less net revenue for container traffic than
for boxcar shipments. New York Central had contract rights
to use containers without rental; the ICC stated that
claimed savings would have been entirely eliminated if equal

container charges had been assessed. After reviewing all
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Table 18. Revenue and expense--boxcars vs. containers

New York Central Lehigh Valley

Boxcar Container Boxcar Container

(dollars) (dollars)
Gross revenue per ton 13.76 8.71 13.32 8.99
Expenses per ton 9.47 2.24 5.59 3.55
Net revenue per ton 4.29 6.47 7.73 5.44
Expense items as per-
cent of total expenses (percent) (percent)
Rental of containers - - -- 34.39
Freight claims 1.30 - 1.84 -
Clerical costs 26.77 1.85 21.39 1.75
Platform costs 24 .47 -— 28.10 --
Crane costs - 4.27 - -
Switching costs 19.55 31.89 13.85 16.43
Road haul costs 23.55 55.34 31.51 44.44
Car maintenance 4.36 6.65 3.31 2.99
Total selected
expense 100.00 100.00 100.00 100.00

the data the Commission concluded that in many cases con-
tainer rates were lower than carload rates, without justi-

fication, and ordered then existing container rates

cancelled. 6

Despite higher operating costs, piggyback has been
profitable to the rail carriers. In 1966 the New York
Central reported that containers represented less than 1 per-
cent of its total operating equipment (Flexivan service),
yet provided 9 percent of its revenue and 16 percent of its
earnings. Evidently the carriers learned that improved ser-

vice could justify higher rates. As stated by Roberts,
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The potential benefits of coordination are
to some extent measurable in terms of two of its
possible effects on the performance of the trans-
portation system: the costs of providing the
services required for a particular transport
mission, and the gquality of these outputs. . .

Both aspects of performance are reducible to
cost terms since the qualitative attributes in-
fluence shippers' overall costs, either through
direct monetary effects on production and dis-
tribution outlays or through the opportunity
costs of different sales levels attributable to
customer servicing standards.”

As an indication of the comparative quality of ser-
vice (measured in terms of mean days of transit time) for
the modes under consideration, Roberts offered the following

as shown in Table 19.8

Table 19. Mean transit times and sﬁandard deviations for
selected modal transfers

Rail Truck TOFC
' Mean std. Mean std. Mean std.
Mileage Band Time Dev. Time Dev. T ime Dev.
(days) (days) (days)
200-400 6.00 2.49 1.51 1.14 1.73 1.01
800-1,000 7.34 2.24 6.47 2.66 2.36 1.04
2,000-2, 400 8.64 2.34 -~ - 4.22 1.20

The numbers indicate that beyond 400 miles TOFC pro-
vides faster service, and in all cases it provides more

reliable service (smaller standard deviation).
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Thus far the discussion has centered primarily on
cost differences relating to boxcar or over-the-road move-
ments, as compared to piggyback traffic. The literature
offers some information comparing costs of container on
flatcar (COFC) and trailer on flatcar (TOFC) movements which
are important to this study. Santa Fe reported on tests
comparing a 31 Flexi-Van car train (2 containers per car)
and a 29 car conventional TOFC train (2 trailers per car)
over a 20 mile high-speed track. Speeds ranged from 35 mph
to more than 80 mph. Conclusions from the test were that
"the cost of hauling a ton of freight is lower in containers
than in semi-trailers . . . that use of containers would at
least mean a savings in fuel, locomotive maintenance, number
of drive units and equipment investment." An all container
train was expected to have the advantage in speed, fuel
consumed, motive power requirements and dependability; these
considerations were important in the development of Santa
Fe's "Super C" high speed piggyback service between Los
Angeles and Chicago.9

The penalties for hauling trailers with added weight
from chasis, as compared to containers, higher center of
gravity and higher wind resistance have been estimated at
up to 30 percent extra in terms of motive power and fuel to
pull a trailer train.lo The higher center of gravity of
trailers was said to limit speeds on curves, contributed to
instability problems, and to damage claims resulting when

subjected to above-normal acceleration and deceleration.
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Deadweight from the trailer bogie and trailer hitch was

estimated at 2% tons per unit.

After studying rail transport costs in the United

States and Europe, a consultant from McKinsey & Company,

concluded,

,”‘J
Railroads in the United States have a sig-

nificant opportunity to use containerization to
competitive advantage in developing traffic and
holding their share-of-market over road trans-
portation. To do this, they will have to develop
inland container train services not necessarily
based on coast-to-coast, land-bridge operation,
but rather on modern container train services
with dedicated equipment and efficient, low-cost
road/rail terminal operations.

It appears that the key to success of con-

tainer transport systems lies in high utilization
of capital resources and low-cost, rapid transfer
between modes and at terminals. Where this is
being obtained, development of container services
is moving ahead quickly. But where the age-old
inefficiencies and high costs of intermodal trans-
fer are retained, development is stymied.

Inc.

The major emphasis of the literature review thus far

has been primarily related to rail movements. However,

there is considerable demand for motor carrier transfer of

marine containers to and from dock areas.

One major water

carrier states that 40 percent of his overseas cargo orig-

inates less than 200 miles from port.

ment is only marginally economical on distances up to 300

miles.

Railroad COFC move-

Highway carriers are not enthusiastic about handling

marine containers because they do not compare favorably in

dead weight and load capacity with standards of regular van

trailers. These differences are presented in Table 20

following.

12
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Table 20. Marine containers vs. regular trucking equipment

Conventional Two
40 Foot 40 Foot 20 Foot
Semi-Trailer Container Containers

Tare Weight: (pounds) (pounds) (pounds)
Tractor 15,000 15,000 15,000
Trailer 10,125 - -
Container (s) - 5,630 7.270
Chasis 7,000 7,000

Total tare weight 25,125 27,630 29,260

Container increment - 2,505 4,135

Cubic Capacity: (cu.ft.) (cu.ft.) (cu.ft.)
Trailer or

container 2,390 2,258 2,220

Container decrement - 132 170

Efforts have been made to overcome the disadvantages
of dead weight and unfavorable cube. There are couplable
20 foot containers which require less chassis support, but
truckers claim the coupling operation is bothersome. Cost
of boxes constructed of materials lighter than steel tend to
be higher, but the added cost is not borne directly by the
trucker.

In carrying high-density cargo, marine carriers may
load containers beyond the limits allowed in over-the-road
transfer. This results in a trade-off between added hand-
ling costs at dockside and greater load aboard ship.

Partial unloading of containers can cause delays for truck-

ers. Another problem relates to the fact that containers on
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chassis moved inland for unloading must be returned to the
seaport. The containers are less efficient for hauling
domestic commerce on the back-haul and the geographical
distribution of regular equipment is thr’own out of balance.
on the favorable side, truckers' capitai investment 1is
reduced, since the steamship lines supply the containers
and the trucker must supply only the tractive unit, chassis

AN

and bogies. Savings are also made in dockside deliveries

where the container is turned over to be loaded aboard a
single ship instead of making several stops at various
piers to unload LCL deliveries.

Perhaps the greatest concern of truckers is that
they may have more to lose than to gain by a domestic con-
tainer revolution. More than $4.6 billion of their total
revenues comes from hauls greater than 400 miles. If the
unit train concept takes hold, railroads are sure to go
after a greater share of this traffic, as they have done
in rack car hauling of new automobiles.

Nothing has been said thus far with respect to
cost considerations of containerization for the shipper
and consignee. 1In their case, costs are generally of the
nonrecurring type that are associated with acceptance of
innovation, such as training of personnel in any special
procedures which might be involved in handling containers,
Actually, the shipper receives a container on chassis

delivered by the trucker in the same manner as he receives
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a van trailer. If the shipper's goods are of low density,
the reduced cube may be bothersome and a source of cost,
since additional movements will be reguired to accommodate
the same volume transferred. Ifvthe shipper incorporates
the container into his production line or warehousing system
he is faced with possible handling equipment investments,

but these are likely to be justified by reduced production
handling costs. Shipping costs will be discussed later, but

piggyback charges are the same for a van or a container

delivered to the rail yard.

Investment Costs for Containerization

It has been estimated that transportation private
capital expenditures in the United States traditionally
average about 2 percent of the gross national product for
equipment alone.13 At present levels this amounts to near
$20 billion annually. No more than 10 to 20 percent can be
generated internally through depreciation and retained earn-
ings, so the burden is carried by the investment community.
Tight investment money and high interest rates restrict new
project considerations to those with assured high returns
and quick payout. These requirements are apparently being
met in marine transport containerization, based upon the
proliferation of containerships and containers to fill them,
However, investment opportunities are not nearly so attrac-
tive for domestic containerization. For one thing, cost

improvements are small when switching from trailers to
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containers, as compared to switching from marine bulk to
containerized freight. Secondly, a huge investment exists
in piggyback trailer equipment; the National Railroad
Trailer Pool operated by REALCO is currently about 20,000
um'.ts.]'4
The cost of a standard 20 foot container has been
reported at about $1,500 in steel, $2,000 in aluminum, and
$6,000 in plastic construction. Special co?xtainers, such
as "reefers" (refrigerated boxes) cost up to §$18,000 each.
To the cost of the container must be added approximately
$3,500 for a set of wheels. Thus, the combination cost is
$5,000 to $5,500 for a 20 foot box, and $6,000 or more for
a 40 foot container/chassis assembly. In comparison, a
highway trailer costs about $4,500 and a rail boxcar sells

15 Thus, a container/chassis rig is more

for about $9,000.
expensive than a highway trailer by $1,500-$2,000, and the
equivalent shipping volume (two containers) is more expen-
sive than a boxcar. The unfavorable economics of shipping
containers on wheels, as is the practice on most eastern
railroads, is evident. On the other hand, for containers
shipped without wheels, it is estimated that an average of
one chassis is required for two containers where the move-
ments are between major centers. This number approaches
one-to-one as the system expands to include minor terminals.

On a one chassis for two container basis, investment require-~

Ments are about equivalent to TOFC costs.






78

As was mentioned previously, the prospect of large
operating savings in marine containerization justifies large
equipment investments. It is estimated that two containers
are required on shore for each container "'on board" to
assure rapid turnaround. Thus, for a ship designed for
1,000 containers, about 3,000 boxes would be included in the
capital investment. The total cost for them would range
from $6 million up to $17 million, depending upon their
construction; this is comparable to the total cost of the
vessel.]'6 |

Originally, loading and unloading of TOFC trailers
was accomplished through the use of ramps in a "circus train*
fashion. A tractor would back up a ramp, hook on to a
trailer and haul it off. The process was repeated until the
string of flatcars was empty and was reversed to reload the
train. Because of the low investment, in the neighborhood
of $10,000, the ramps proliferated. However, as volume at
major centers increased the limitations of "circus train"
loading became apparent and ramps are being replaced with
mechanical loading equipment as quickly as volume justifies.
It is estimated that it requires an average of 7 minutes per
trailer to unload a normal piggyback train of 29 cars from a
ramp. With modern cranes or side handling equ.ipment, this
can be done at an average time of 2 minutes per container.

The difference in unloading time is thus about;_ 5 hours when

there are two trailers per flatcar. The extra time can make
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the difference in meeting connecting train schedules and in
promised overnight delivery of trailers to customers.

A Steadman side-loading trailer, capable of trans-
ferring one 40 foot or two 20 foot containers from a flatcar
is currently available at about $20,000. It has found
acceptance in smaller yards and in captive use of large
shippers who handle containers. Side-loading fork trucks
large enough to handle containers range in cost from
$120,000 to $180,000. Overhead craﬁes, depending upon
capacity, range in price from $30,000 to $1 million, but
the larger equipment is most likely justified at a marine
terminal. Two trayeling gantry cranes were installed at the
Long Beach, California port to handle 20-ton containers at
the rate of 60 per hour; cost was $1.3 million. A crane
suitable for efficient handling of containers (or trailers)
in a rail yard can be built for about $300,000. However,
the possibility of interrupted customer service because of
crane breakdown generates pressure from the marketing groups
to provide backup equipment, even to the extent of dupli-
cated facilities.

Flatcars provided with special fittings to tie-down
trailers or containers are also expensive. A regular piggy-
back car offered for service by Trailer Train Co. costs
about $16,500.17 Newer "all-purpose" cars, which will
handle combinations of 20 and 40 foot trailers and/or
containers are estimated to cost near §$20,000 each. This

Compares with a boxcar costing $9,000. However, one writer
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claimed to show that investment costs in cars and containers
were not overburdening when viewed as part of total operat-
ing cost. Using a 50,000 mile per year service (actually

being obtained by Trailer Train leasees) the following num-

bers were presented: 18

(per mile)

Investment-~--flatcar $0.016
Investment--containers 0.024
Transportation cost
Flatcar 0.0825
Container & load 0.055
Maintenance--car 0.019
Total $0.1965

A measurement of the investment requirements for
piggyback distribution yards is indicated by a recent $3.5
million expenditure by Burlington Northern at its Seattle,
Washington location. The installation included enough
trackage to spot 100 flatcars, a 4l-truck distribution
center, a side-loading lift truck, and an 82 acre site.19
With 1969 traffic at 22,000 piggyback units, the project was
already scheduled for expansion. The facility highlights
another investment requirement for piggyback operations:
lots of land area for storage of trailers and containers.
Here containers offer an advantage, since it is possible to
stack them in storage and aisle space can be minimized where
cranes and handling equipment are used for spotting them.
Limitations of available space for piggyback distribution
Yards in urban areas are particularly pressing in the

heavily populated Eastern states.
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