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FOREWORD

The mission of the Maritime Cargo Transportation Conference, National
Academy of Sciences—National Research Council, is to provide guidance toward
improving transportation of general cargo by sea. As part of this program the San
Francisco Port Study was undertaken to:

1. identify factors limiting turn-around time of general cargo ships,

2. find means to reduce ship turn-around time in port, including methods to
increase cargo-handling productivity,

3. find ways to reduce the cost of cargo handling, and to reduce the arduous-
ness of the work,

4. develop methods to assess improvements in cargo handling systems and
their effects on the port.

The San Francisco Bay Area, including the ports of San Francisco, Oakland,
and Alameda, was chosen for this study because its problems in handling general
cargo are typical of most United States ports. Willingness of both management and
labor to assist in the study was an important factor in the site selection.

While the study was limited to one port, the results also apply to other ports.
A major purpose of the project is to stimulate similar programs throughout the
industry.

The study was undertaken in 1957 by the staff of the Maritime Cargo Trans-
portation Conference, resident in San Francisco, and operations were completed
there in 1962. The staff was guided in its work by the Port Study Committee of the
Conference and received advice and assistance from an Industry Advisory Com-
mittee and an Academic Advisory Committee, organized locally.

In a study of this nature the cooperation of management, labor, and govern-
ment are essential to success. This cooperation was generously given by representa-
tives of shipping companies, the Pacific Maritime Association, the International
Longshoremen’s and Warehousemen’s Union, the University of California, the
Maritime Administration, and, unstintingly, by the Army and Navy.

E. G. FULLINWIDER

Rear Admiral, USN (Ret.)

Executive Director, Maritime Cargo
Transportation Conference

National Academy of Sciences—

National Research Council
May, 1964

Washington, D. C.

iii
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PREFACE

From late 1957 until the end of 1959, the Pacific Maritime Association and
the International Longshoremen’s and Warehousemen’s Union bargained over the
terms of an agreement intended to permit the employers to introduce mechanical
cargo-handling methods with liberalized working rules. The men of the registered
work force were to be protected from loss of work, and the savings made possible by
the mechanization were to be shared with them. The agreement, which became
effective in 1960, applied to those longshoremen who were registered members of
the work force in 1958 and after.

The descriptions of the port and of the work force in Part I of this volume and
the analysis of cargo handling in Part III represent the port as it was just prior to
the introduction of the “Mechanization and Modernization” agreement. The infor-
mation can be used, therefore, as a base from which to measure the effects of
changes resulting from the agreement. Part II is the development of a productivity-
measurement procedure which distinguishes the results of deliberate changes from
those due to uncontrollable causes.

Volume II, an account of modified work methods tested at the Naval Supply
Center, Oakland, and the commercial piers in San Francisco, suggests some kinds
of change which can improve stevedoring productivity with relatively minor capital
outlay. Closely related to the methods tests is a discussion of the way in which
stevedoring planning and control affects cargo-handling productivity.

Finally, an analysis of the port system shows how changes in productivity and
in labor force size affect the total system cost. It demonstrates the effects of these
changes on ship turn-around time and on work force earnings. In this work, mathe-
matical models have been used to evaluate the relationship of ship waiting time to
availability of work gangs.
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Chapter 1

INTRODUCTION

The important elements of the cargo transfer op-
eration are ships, cargo, manpower, and terminal
facilities. Information is presented here concerning
these elements, as observed in the San Francisco Bay
Area, to quantify the role each plays in the cargo
transfer system. Finally, the interaction of these
elements on the performance of the port system is
analyzed.

While much numerical information is presented in
this volume, it is not an up-to-date compendium of
port facts. Coverage is limited to the system of trans-
ferring mixed dry cargo, excluding bulk commodities.
Bulk cargoes have been omitted because they usu-
ally require specialized facilities and little manpower

from the iongshore labor force. The problems to be
considered in this study are those of handling break-
bulk cargo, or its containers, by longshoremen.

The geographical area of the study is that encom-
passed by the dispatch of men from the hiring hall
for Local 10 of the International Longshoremen’s and
Warehousemen’s Union. This includes all the San
Francisco Bay Area, but excludes Stockton and other
river ports.

Excluding bulk cargo and limiting the area causes
cargo tonnage totals and ship traffic figures in this
report to differ from those found in standard refer-
ences.

Copyright © National Academy of Sciences. All rights reserved.
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Chapter 2

SHIPS

Approximately 3,000 cargo ship visits for long-
shore service are made to the San Francisco Bay Area
each year. Routes, arrival patterns, length of stay,
management while in port, and related information
concerning the visiting ships are discussed in this
section.

SHIP ARRIVALS

A study of general cargo and passenger ! ship ar-
rivals through the Golden Gate shows the following:

1. The number of ships arriving per day was quite
regular throughout the year. About half are U. S.
flag ships (Figure 1a).

2. Thursday was a preferred arrival day. Although
as many ships arrived on Sunday as on most other
days, some did not request gangs until Monday
(Figure 1b).

3. Apparently, steaming times were adjusted as
much as possible to arrive before 2000 or between
0400 and 0800 (Figure 1c).

4. From two to nineteen ships arrived each day.
On over half the days of the year, from six to nine
arrivals could be expected (Figure 2).

5. In 1958 there was little seasonal fluctuation, but
a considerable variation from day to day.

TRADE ROUTE SYSTEMS

For most of the cargo vessels entering the San
Francisco Bay the visit represents a small portion
of their journey. San Francisco is the home port for
some U. S. ships, but for other U. S. ships and for
most foreign ships it is only a stop-over. Approxi-
mately SO per cent of the cargo visits are by foreign
flag ships.

To analyze the factors which affect ship arrivals
and departures and to evaluate measures for im-

' Passenger ships in the Pacific carry a substantial amount
of cargo, and require the services of longshoremen, so are
included in general cargo ship data in this study.

proving ship turn-around, it is important to know the
trade route systems of which San Francisco is a part.

Information concerning these trade route systems
can be extracted from a simple analysis of publicly
announced arrivals, departures, and schedules. Such
an analysis is shown in Table 1. The following con-
clusions are drawn from the table:

1. Eighty per cent of the visits are by ships on
regular trade patterns.

2. The Japan-Far East trade route contributed the
most ship days in port. Northern European and
United Kingdom are next, and Atlantic Straits and
Far East trade are nearly tied for third with the
Hawaiian trade and the intercoastal trade.

3. Many of the trade route cycles take over three
months, and most take two months or more.

4. In a number of trades there are nearly twice as
many visits as there are cycles, because many ships
make separate discharging and loading stops in the
Bay Area while on the West Coast.

SHIP SIZE

Figure 3 shows a distribution of net registered ton-
nage (from Lloyd’s Register) for the 1,041 different
general cargo vessels which visited San Francisco in
1958. The net registered tonnage refers to the en-
closed volume of a ship in hundreds of cubic feet,
excluding essential space such as engine rooms and
crew quarters. While the measure system is far from
precise in providing cargo carrying capacity, it does
give an indication of size. The figure shows that about
45 per cent of the vessels are in the 4 to 5 thousand
ton range which is the size category into which most
of the U. S. World War 11 cargo ships fall. Some of
these ships of the C1 and C2 classes are listed be-
tween 3 and 4 thousand tons because they have
nominally opened the deck immediately under the
main deck into a so-called “shelter deck,” which space
is then exempt. This artificial device reduces some
port and canal charges when they are based on net
registered tons.

Copyright © National Academy of Sciences. All rights reserved.
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Figure 1. Cargo ship arrivals 1958.
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SHIPS 7

TABLE 1
Route Cycle and Ship Visit Information

Period: 1 September 1958—31 August 1959

sser No. Ship No. No.

Route - No. Ship Days Av.Days Ship Voyage Av. Days
# Trade Route U.S. For. Visits in Port per Visit Cycles Days per Cycle
17 Round-the-World .. ..... ... ... 2 — 47 339 7.2 46 5,772 125

17,23 Atlantic Straits & F. E.. ... ... .. 3 10 307 889 29 203 26,358 130
24 So. America East Coast........ 1 1 54 184 34 29 2,977 103
25 So. America West Coast. . ... ... 1 2 155 521 34 75 5,568 74

Latin America (Banana Rt.) .... 1 —_ 43 44 1.0 47 2,800 60*
So. America Circuit. . ...... ... — 1 25 90 2.2 12 1,551 129
26A, B No. Europe & U. K....... ... ... 1 11 410 1,226 3.0 233 25,724 110
27 Australasia Freight Rt.. . ... .. .. 1 5 68 213 3.1 45 4,611 102
Passenger Rt. ............ 1 1 14 63 4.5 14 654 47
28 Indonesia, India, Suez.......... 2 3 100 386 39 61 7,726 127
29 Japan, Far East. . ... ... .. .. .. .. 6 6 421 1,871 4.4 289 19,467 67
Freight & Pass. Exp... ... .. 1 - 24 111 4.6 24 1,090 45
So. America, Carrib.,, & Japan
Triangle ................... —_ 4 76 188 2.5 69 8,401 122
Europe & Japan Triangle. . ... .. —_— 2 46 99 2.2 37 4,811 130
Africa . ....... ... .. ... . .. —_ 2 35 123 3.5 19 3,077 162
Mediterranean . .......... .. .. — 2 46 132 2.9 29 3,239 112
Canada ..................... — 2 38 107 2.8 36 704 20
Hawaii Bulk ... .. .. ... ... .. 1 —_ 22 112 5.1 23 931 40
Freight .. ... ... ... .. .. .. 2 — 95 620 6.5 95 2,141 23
Passenger ............ ... 2 — 25 103 4.1 25 681 27
Guam ................... ... 1 —_ 61 340 5.6 46 2,777 60
Intercoastal .. ........... ... .. 5 —_ 209 757 3.6 143 10,683 75
Intracoastal—Alaska ....... ... 1 —_ 3 8 2.7 3 97 32
North West . ........... .. 1 —_ 24 40 1.7 24 415 17
Los Angeles ..... .. ... .. 1 —_ 5 4 .8 5 30 6
Irregulars .. ...... ... ..... ... — —_ 587 2,358 4.0 — —_ —_
TOTALS ................ 2,940 10,928 3.7

* While arrivals are regular, individual ships have varied itinerary often skipping San Francisco or going via New York

giving longer than round-trip cycle average.

MANAGEMENT ORGANIZATION

The ships appear in the port under the auspices
of either the ship operator or his agent. In 1958,
50 different operators or agents received longshore
gang service through the Pacific Maritime Association,
and the ILWU Local 10 Dispatch Hall. One steam-
ship agent often represents many steamship com-
panies.

Figure 4 shows the extent to which each company
utilized the facilities of the port in 1958. Port utiliza-
tion is roughly equivalent to the gangshifts worked
in handling cargo. In Figure 4, the gangshifts worked
for each company are shown as a proportion of the
total gangshifts worked by all companies. (One long-

shore gang working either one night shift or one day
shift constitutes one gangshift.) The five largest com-
pany users of the port account for nearly 50 per cent
of the gangshifts utilized. However, many of the
other 45 companies are large enough users to have a
significant impact on port operations.

Twelve stevedoring companies handled cargo for
the 50 different steamship companies in 1958. Two
were direct subsidiaries of steamship companies. Fig-
ure 5 shows the relative use of longshore gangs by
the twelve stevedores. The five largest stevedoring
companies performed over 50 per cent of the port
cargo handling task. However, the number of sizable
companies involved suggests strong competition.

Copyright © National Academy of Sciences. All rights reserved.
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Figure 4. Port utilization among fifty companies 1958.

The Pacific Maritime Association (PMA) allo-
cates * longshore gangs, handles longshore payrolls
and records, and represents management in negotia-
tions with longshore labor unions, and with offshore
labor unions. Both steamship companies and steve-
doring companies constitute the PMA membership.
Not all users of the port are members of this organiza-
tion, but a steamship company that does not belong
is represented by a stevedoring company or an agency
which is a member. Organization dues were assessed
in 1958 on the basis of tonnage handled and pas-
sengers transferred. Voting strength was calculated
on a similar basis.

STEVEDORE-STEAMSHIP COMPANY
RELATIONSHIP

The business relationship between many of the
private stevedoring firms and steamship companies

* Chooses ships to receive gangs; the hiring hall dispatches
gangs to fill specific jobs.
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Figure 5. Relative use of gangs by twelve steveuoring
companies 1958.

or agents is complex and varies from company to
company. A detailed study of the different cases has
not been made; however, certain features of this rela-
tionship occur often enough fo be considered typical.

Commodity rates are used in many stevedoring
contracts. On the basis of these rates, the stevedore
is paid for the tons of a specific commodity handled.
The rates are confidential and are often adjusted at
either the stevedore’s or the operator’s behest, on
a basis of observed changes in performance. They
do not usually include cost of overtime work, non-
commodity work, such as hatch opening and closing,
or detention time, where work is delayed for reasons
other than stevedoring.

The overtime cost differential is generally repaid
to the stevedore on a dollar for dollar basis.

Over-ride is a stevedore charge based on gang
hours of work. This is presumed to cover the over-
head cost of obtaining the labor and the equipment
for the job.

Copyright © National Academy of Sciences. All rights reserved.
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Most stevedoring contracts provide for automatic
adjustment in payment to the stevedore in the event
of a change in wages.

A contract stevedoring company may well be in
a position where it can derive little long-term benefit
from capital invested to improve productivity. The

great adjustability of the rate structure virtually
places him in a “cost plus” position where net profit
becomes a percentage of direct cost. In such a situa-
tion, capital investment which improves productivity
and reduces direct cost may simultaneously reduce
profit rather than increase it.

Copyright © National Academy of Sciences. All rights reserved.
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Chapter 3

CARGO TONNAGE TASK

The San Francisco Bay Area, as used in this sec-
tion, consists of San Francisco and Oakland Harbors,
including Alameda.> Work opportunity of the long-
shore labor force is measured primarily in terms of
the general cargo handled in the area. Though bulk
cargo tonnage is often greater than general cargo
tonnage it contributes less than 10 per cent to the
earnings of longshore labor. As the objective of the
Port Study is to develop facts useful to management
and longshore labor in the Bay Area, only general
cargo tonnage will be analyzed in this report.* Rich-
mond, Redwood City, and Suisun Bay, all bulk cargo
ports, are not included in the tonnage figures pre-
sented here.

Specifically, this report will show and analyze the
following data for the years 1954-58:

1. Changes in the Bay Area cargo tonnage task -
and the significant features of these changes.

2. Effects of a changing commodity mixture upon
the man-hours required to handle the cargo tonnage
task in the port.

Data regarding the cargo tonnage task of the San
Francisco Bay Area have been obtained from Water-
borne Commerce of the United States, Part 4, 1954-
58, Department of Army—Corps of Engineers pub-
lication, and the Office of Statistics and Special
Studies, Maritime Administration. In this report,
the term “‘ocean-borne domestic” is used in place of
“coastwise movements” by the sources to label the
non-contiguous, coastal and intercoastal tonnage
categories.

* The port areas of Oakland and San Francisco Harbor are
those defined in Waterborne Commerce of the United States,
Part 4, 1954-58, Dept. of Army—Corps of Engineers.

* The Commodity Classification listing presented in Water-
borne Commerce of the United States, Part 4, 1954-58, was
examined in conjunction with the “S™ and “T"” Commodity
Listings prepared by the Bureau of Census and general cargo
commodities selected. All other commodities have been
deleted from the cargo tonnage figures analyzed in this
report. Selected deletions were made from the following
commodity groups: 5—Non-metallic Minerals, 6—Maetal
Ore and Scrap, 9—Miscellaneous.

® The cargo tonnage task is the total general cargo tonnage
handled in the port during the years 1954-58.

10

The cargo tonnage has been broken down into
three major categories: foreign imports, foreign ex-
ports, and ocean-borne domestic. Import and export
tonnage is traffic between San Francisco Bay Area
and foreign ports, including the Canal Zone. Ocean-
borne domestic has been further separated into non-
contiguous, intercoastal and coastal traffic. Non-
contiguous traffic includes that between Bay Area and
Puerto Rico, Hawaii, or Alaska. Intercoastal traffic
includes that between the Bay Area and Atlantic or
Gulf Coast ports. Coastal traffic is that to other U. S.
ports contiguously located on the West Coast.

ANALYSIS

The following patterns characterize the annual
cargo tonnage task in the San Francisco Bay Area:

1. The pattern of change of the cargo tonnage task
of the San Francisco Bay Area shows a moderate
growth rate during 1954-56, followed by a decline
in 1957-58.

2. Ocean-borne domestic tonnage is consistently
the most important component of the cargo tonnage
task of the Bay Area, followed in turn by export
tonnage and then import tonnage.

3. There is a declining trend in coastal and inter-
coastal tonnages in the Bay Area during the five
years.

4. The pattern of change of the Oakland cargo
tonnage task is similar to the combined task of the
Bay Area. That is, Oakland’s peak task was attained
in 1956, with a subsequent decline in 1958.

5. The pattern of change of the cargo tonnage task
of San Francisco Harbor differs from the combined
task for the Bay Area. San Francisco’s peak task
was reached in 1955, followed by declines in each of
the three following years.

6. Non-contiguous tonnages in both Oakland and
San Francisco Harbor show an over-all growth pat-
tern. Decreases in the coastal and intercoastal ton-
nages are common to both ports.

These patterns may be seen in Figures 6a, 6b, 6c,
and 7a, 7b, 7c, and 7d.
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Source: Waterborne Commerce of
the United States, Part 4, 1954 —
1958, Department of the Army —
Corps of Engineers Publication

Figure 7. General cargo tonnage comparison, San Francisco and Oakland/Alameda

Harbor 1954-1958.
12
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CARGO TONNAGE TASK 13
TABLE 2
General Cargo Tonnage by Commodity Group
1954-°58
(Thousands of Tons)
Year

1954 1955 1956 1957 1958

Total Tonnage 3,505 3,805 3,941 3,888 3,588

1. Canned goods .. ........ .. ... 623 690 687 748 685
2. Rolled steel ... ... ... .. 226 240 299 336 325
3. Standard newsprint paper. . . . . .. .. 146 161 186 147 107
4. Barleyand rye. .. ... .. . ... 141 145 150 14 103
5. Coffee,raworgreen. .. .. ... ... 131 145 157 144 132
6. Rice .. ... .. ... .. ... ....... .. 112 140 56 80 67
7. Fruits, dried . . ... ... ... ... ... .. 89 88 100 100 97
8. Cotton, unmfrd. . ... .. . .. . 80 42 78 138 74
9. Animal products, inedible. . . ... .. 72 74 52 71 76
10. Bananas, fresh .... ... ... . .. .. 64 67 70 63 68
11. Liquors and wines. . .. ... .. .. . 51 63 64 60 56
12. Nitrogenous fertilizer ... . . . 29 90 28 36 42
13. Wheat . .. ... . . . 28 66 86 100 26
14. Allother ... .. .. .. . .. .. .. 1,652 1,742 1,852 1,801 1,699

COMMODITY MIXTURE EFFECT

The cargo tonnage task determines the man-hour
requirement of a port. The man-hour requirement is
a major part of the cost of stevedoring and the yard-
stick for measuring the earnings of labor. Thus, it is
important that the man-hour requirement be ac-
curately determined so that it can be used effectively
for evaluation of past and present cargo handling
performance and for planning purposes.

Examination of Table 2 shows that the cargo
tonnage task of the San Francisco Bay Area consists
of many commodities or commodity groups that may
vary greatly in tonnage from year to year. Many of
these possess characteristics that require different
cargo handling methods. As a result, the loading
rates (tons per man-hour) of these commodities can
differ greatly. To determine the total man-hour re-
quirement of the port, the commodity mixture mak-
ing up the cargo tonnage task must be considered.

Of the many commodities constituting the cargo
tonnage task of the San Francisco Bay Area, two com-
modities (canned goods and rolled steel) represented
approximately 25 per cent of the total during 1954-
58. To illustrate the possible effect of commodity
mixture upon the man-hour requirement, we assume
these two commodity groups to form a cargo tonnage
task.

1200

TONNAGE
(in Thousonds)
Rolled
1000 4 Steel
1954 — 226
1955 — 240
- ROLLED STEEL 1956 — 299
§ 800 1957 — 336
3 1958 — 325
E Canned Goods
£ —
Z 600 1954 623
- 1955 — 690
S 1956 — 687
- 1957 — 748
§ 400 CANNED G0ODS 1958 — 685
@ Total
1954 — 849
1955 — 930
2007 1956 — 986
1957 — 1084
1958 — 1010
0

1954 1955 1956 1957 1938

Year

Source: Woterborne Commarce of

the United States, Part 4, 1954—
1958, Department of the Army—
Corps of Engineers Pubiication

Figure 8. Tonnage of canned goods and rolled steel
handled in San Francisco Bay Area 1954-1958.

Figure 8 shows the tonnages of canned goods and
rolled steel constituting the assumed task during
1954-58. An evaluation of Figure 8 shows the
following:
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14 SAN FRANCISCO PORT STUDY
800
TABLE 3 |
Relationship of Canned Goods and Rolled Steel
Tonnages to Their Combined Total Tonnage * 700
(1954-’58) ROLLED STEEL MAN-HOURS
(IN THOUSANDS)
Rolled Steel Canned Goods €00 Rolled Stea!
Percentage of Total Percentage of Total —_—
- 1954 — 113
1954 26.6% 73.4% £ s00 1956 — 149
1955 25.8 74.2 g 1957 — 168
1956 30.3 69.7 = 1958 — 162
1957 30.9 69.1 £ 400+ Canned Goods.
1958 323 67.7 ' ';:; - ::g
2 CANNED GOODS 1956 — 572
* From Table 2. L 300 1957 — 624
3 1958 — 572
TABLE 4 ‘ Total
Percentage Change in Cargo Tonnage Task * 2007 ::; - g
- 722
(Base Year 1954) :::: — 792
100 1958 — 734
1954 —
1955 + 9.5%
{ggg i;g.l, ° 1954 1955 1956 1957 1958
1958 +19.0

* From Table 2.

The assumed task has the following characteristics:

1. The relationship of canned goods and rolled
steel tonnages to their combined tonnage remained ap-
proximately constant in 1954-55 and 1956-57, even
though their absolute values changed.

2. In 1956 and 1958 the relationship of canned
goods and rolled steel tonnages to their combined
total tonnage showed a definite shift from those of
the preceding year, in addition to a change in absolute
values.

3. In each year following 1954, there was a
marked change in the level of the combined tonnage
of canned goods and rolled steel handled in the San
Francisco Bay Area.

These conclusions are based on the figures in
Tables 2, 3, and 4.

These data can be used to study the consequences
of two basic situations in which the commodity mix-
ture affects the man-hour requirement.

The years 1954-55 and 1956-57 demonstrate the
changes in man-hour requirement that occur when
the percentage of the commodity tonnages to their
combined tonnage remains reasonably constant,
although total tonnage changes. Table 5 (based upon
the data given in Figure 9) shows the relative change

Man-hours required to handle rolled stee!l and canned goods
hove been computed on the basis of loading rotes of 18 ST/GH
ond 30 ST/GH, respectively. These loading rates are assumed
to remcin constant during 1954 —1958.

Source: Waterborne Commerce of

the United Stotes, Pgrt 4, 1954—
1958, Department of the Army —

Corps of Engineers Publication

Figure 9. Man-hours required to handle canned goods
and rolled steel in San Francisco Bay Area 1954-1958.

in man-hour requirement as compared to that of the
combined tonnage of canned goods and rolled steel
for the intervals 1954-55 and 1956-57.

From Table 5 it can be seen that the relative
change in man-hour requirement is equal to the
relative change in the cargo tonnage task.

TABLE 5

Percentage Change in Man-Hour Requirement and
Combined Total Tonnage, Canned Goods and
Rolled Steel (1954-55 & 1956-57)

(No significant change in commodity mix)

Man-Hour Combined
Requirement Tonnage
1954 — —
1955 + 9.5% + 9.7%
1956 — —
1957 +11.0 +11.0
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CARGO TONNAGE TASK 15

The years 1956 and 1958 when compared to the TABLE 6
preceding years, demonstrate the change in man-hour  Percentage Change in Man-Hour Requirement and
requirement that occurs when the percentage of the Combined Total Tonnage, Canned Goods and
commodity tonnages changes. Rolled Steel (1955-56 & 1957-58)

As shown in Table 6, when the commodity mix (Significant change in commodity mix)
changes the.percentage change in man-hour.s does Man-Hour Combined
not necessarily equal the percentage change in ton- Requirement Tonnage

nage. This example deals with only two commodities
assumed to compose the cargo tonnage task and is 1955

relatively simple. When many commodities make }ggg +3.9% +6.0%
up the cargo tonnage task, their handling rates and | g5g 73 _61

their mix must be determined to insure an accurate
measure of total man-hour requirement.
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Chapter 4

LABOR FORCE

A complete description of a port must include its
manpower. The longshoreman is a major factor in
the cargo handling process.

The stevedoring industry must have a labor supply
large enough to meet most of the peaks in demand,
yet not so large that individual income of the workers
is depressed, or payment made for idle workers. The
longshore work force must include clerks, super-
visors, equipment operators, and cargo handlers.
Mechanization of the stevedoring functions will affect
the longshoreman, the nature of his work, the organi-
zation of his gang, and the organization of his union.

This study is based on San Francisco longshore
labor force data for the year 1958, collected from
two sources: the Pacific Maritime Association
(PMA) and the International Longshoremen’s and
Warehousemen’s Union (ILWU).

The purpose of this chapter is to describe the
“men on the job” who make up the San Francisco
longshore labor force, to analyze their organization,
and to explain the method of allocating work op-
portunity within this labor force. Three major
divisions of the labor force are considered: (1) the
longshoremen, who perform the cargo handling tasks;
(2) the walking bosses, who supervise the longshore-
men; and (3) the clerks, who perform the clerical
functions directly associated with cargo operations
between ship and dock.

LONGSHOREMEN

Longshoremen are employed to perform the
physical tasks required in loading and unloading
ships’ cargoes. The Pacific Coast Longshore Labor
Agreement defines the work as *. . . all handling of
cargo in its transfer from vessel to first place of rest,
and vice-versa, including sorting and piling of cargo
on the dock, and the direct transfer of cargo from
vessel to railroad car or barge, or vice-versa.” These
definitions include the jobs of the winch operator,
jitney and forklift driver, and dockman. With few
exceptions the work is predominantly manual.

16

Registered and Non-Registered Men

In the San Francisco Bay Area there are two
groups of longshoremen, those who are registered
with the Joint Port Committee * and those who are
not. Nearly all registered longshoremen are mem-
bers of Local 10 of the ILWU,’ pay dues to the union,
vote on union problems, and receive the benefits asso-
ciated with union work. They are the primary source
of longshore labor. In 1958 this group was composed
of 3,273 men. The non-registered longshoremen are
referred to as “casuals.” These casuals are not mem-
bers of Local 10, but are obtained from other closely
related unions, and from the California State Depart-
ment of Employment, to augment the registered work
force during peak periods of demand. During the
year 1958, 4,607 casual workers were employed.

The casuals are unorganized workers, generally
unskilled in all but the most basic of the longshoring
functions. Many of the men constituting this group
also work elsewhere. They are needed and used in
longshore vacancies only for short periods. In 1958,
less than 10 per cent of the total longshore man-
hours were worked by casuals. These characteristics,
coupled with the dearth of records kept on this group,
make it difficult to develop information about these
men. Consequently, this report concentrates primarily
on the registered longshoremen.

Worker Classification

The men in the registered work force are classified
into several categories to identify work priority, job
category, pay rate, and work shift.

In the San Francisco Bay Area, the registered
work force is organized into regular gangs, each of
which functions as a work team to fulfill the require-
ments of loading or discharging cargo. Within each
gang there is a nucleus of permanent members,

" See Joint Port Committees, page 19.

? Union membership is not a condition of registration, but
nearly all registered men are members of the ILWU. For
the purposes of this study, the terms “registered” and “Local
10™ will be synonymous.
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LABOR FORCE 17

identified as “‘gang” men. By obligating themselves to
a particular gang, these men are assured of employ-
ment when the gang is working.® The remaining posi-
tions in every gang are filled by *“plug” ® men. These
plug men are available for work in any incomplete
gang. They retain the option of whether to work or
not, according to their own wishes. A well-defined
system of worker priority regulates the distribution of
work opportunity. This priority system rewards plug
men who show a willingness to make themselves
available for work. Whenever the supply of available

* Since gangs are hired on a rotational basis, each gang
can expect its share of the work opportunity. Gang men can
normally expect to be steadily employed.

° Originally these men indicated their desire for work by
inserting pegs with their names on them into a plug board
kept at the dispatch hall; hence the term “plug” man.

354

304

25—

plug men is exhausted, non-registered casuals are
employed.!®

In 1958, there were 206 gangs on the San
Francisco waterfront, with 1,797 registered men
listed as regular members. Thé regular membership
of the day gangs averaged 7.5 men; night gangs,
11.0 men. Generally, there were not enough regulars
to make up the entire gang for dispatch. Figure 10
presents a comparison of the distribution of regular
members of day and night gangs.

The size of the gang dispatched from the hiring hall
usually depends upon the specific task to be per-
formed. In loading operations a 14-man gang is

' Subsequent to this analysis a Class “B” membership in
Local 10 was established. Class “B™ men are in effect
“preferred casuals.”

D Day
. Night

[N
(<]
1

Number of Gangs

15

10

8-

: —1

-

4 S 6 7

8 9 10 " 12

Number of Regular Men per Gang

Source: PMA, ILWU

Figure 10. Number of men registered in day gangs and night gangs 1958.
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18 SAN FRANCISCO PORT STUDY

generally used; for discharging, 12 men are em-
ployed."* Gangs of these sizes are used for the
majority of work in the port.!* However, specialty
gangs of various sizes are employed for banana,
copra, and bulk cargoes. Their size depends upon the
type of cargo being handled.

Table 7 shows that the basic gang structure is built
around a regular group containing a foreman, 2 winch

4. Two dockmen are stationed on the pier apron
to engage and disengage the cargo loads from the
hook.

5. The holdmen are the largest group within the
gang. They perform the various manual operations
required for loading or discharging cargoes in the
holds of ships. When gang size is changed, the change
is usually in the number of holdmen assigned.

TABLE 7
Typical Manning Structure of Organized Gangs

Number of Men in Gang

Job Positions 4 b 6 7 8 9 10 11 12
Foreman ... .. . .. . 1 1 1 1 1 1 1 1 1
Winch driver o2 2 2 2 2 2 2 2 2
Jitney driver .. .. .. . 1 1 1 1 1 1 1 1 1
Dockman .. .. .. . 0 1 2 2 2 2 2 2 2
Holdman ... = .. . 0 0 0 1 2 3 4 5 6

drivers and a jitney driver. This group is then in-
creased with dockmen and holdmen to round out
the gang.

The job categories in Table 7 are described as
follows:

1. A foreman, or gang boss, is the leader of the
gang. He is the direct supervisor of the longshore-
men. The foreman is responsible for the work of his
gang to the walking boss representing the stevedore,
and the supercargo representing the steamship com-
pany. He directs the movement of the cargo between
the ship and the dock or barge. He also informs his
gang members when and where to report to work.
Foreman is the highest skill rating in the gang.

2. The winch operators, who control the ships’
cargo gear, work in pairs. While one of the operators
is at the winch controls, the other acts a signalman or
hatch tender, directing the winch driver in movement
of the cargo during the winch cycle. Occasionally,
as signalman, he will help in the manual positioning
of the cargo. The winch operator is the second high-
est skilled position in the gang.

3. The jitney, or forklift, driver operates the me-
chanical cargo handling equipment that is used on the
dock and within the ships’ holds.

" These do not include the gang clerk.

*In addition to the regular gang, a sufficient number of
spare men must be provided to give each hook-on man
15 minutes relief every two hours.

Neither dockmen nor holdmen are considered to be
skilled categories.

In addition to his occupation, a man is designated
as a day-man or a night-man, depending upon the
shift he works. There is a pay differential for night
work.

Table 8, which is based on 1958 records of the
PMA indicates the distribution of registered men by
work shift (day-night), work category (gang-plug),
and job, or skill, classification (foreman, winch opera-
tor, etc.). Men whose work categories or skill posi-
tions werc changed during the year were classed
according to the positions held the greatest length of
time during the year.

The distribution shown in Table 8 is created by
the following conditions:

1. The greatest demand for gangs occurs during
the day shift.

a. Many plug men are used in day gangs, espe-
cially holdmen, jitney drivers, and dockmen.

b. A foreman and two winch operators form
the nucleus of an organized gang, so plug men are not
often used in these positions. A vacancy in these jobs
is usually caused by vacation or sickness.

2. Although fewer gangs are employed in the night
shift, they are more permanently and fully organized.

a. Because of the favorable pay differential
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LABOR FORCE 19
TABLE 8
Distribution of Registered Men by Classification
1958
Day Night

Job Classification Gang Plug Gang Plug Total
Foreman ... ... ... .. 137 7 70 11 225
Winch operator . ... ... 240 97 141 54 532
Jitney driver . ... . . . 116 138 68 51 373
Dockman . ... .. . .. .. 260 199 136 124 719
Holdman .. .. .. . . 250 539 379 256 1,424
TOTAL .. ... . . .. 1,003 980 2 794 496 1+ 3,273

associated with night work, night gangs have more
permanent members than day gangs. Thus, fewer
plug men are used at night.

Joint Port Committees

If the registered workers were allowed to change
categories or work shifts at will, the supply of men
might vary considerably from day to day. To avoid
this, two committees within the port regulate the
movement of men from one job classification to
another.

The Joint Labor Relations Committee, which is
composed of both labor and management representa-
tives, determines the need for shifting men to dif-
ferent job categories. They analyze the needs of the
port on each work shift and in each job category
and then determine how many men are required for
the task.

When the manpower requirements have been
established, the second joint committee, the Promo-
tion Board, notifies the registered men of available
openings. Applications for positions are submitted
by the longshoremen; the Promotion Board makes
selections and assignments.'* If two men with
similar qualifications apply for the same position, the
man with the greatest amount of seniority, in terms of
length of service, will be chosen. If there is doubt
concerning the qualifications of applicants for a
particular position, the committee may test their

' This total does not include 332 day plug men with
related tasks such as “car men” or “storemen.”

" This total does not include 55 night plug men with
related tasks such as “car men” or “storemen.”

“Jt should be noted that this procedure is also used for
the gang boss assignment after he has been selected by the
gang.

skills in a “dry run” of the job requirements. This
procedure is not often used, since there are usually
adequately trained men applying for skilled positions.

At the present time there is no formal training
program for skilled workmen. Demands of the port
are met by men who have received on-the-job train-
ing.

Dispatching Methods

In San Francisco, the ILWU and the PMA jointly
maintain and operate a hall through which the port’s
demands for workers and the workers’ need for jobs
are met. The dispatch hall, operating in conjunction
with the Allocations Office of the PMA, orders and
dispatches workers to jobs available within the port.
The Allocations Office receives the orders for gangs
from individual stevedoring companies. A list of
the orders is tallied and relayed to the Chief Dis-
patcher at the dispatch hall. The dispatcher fills
the orders for each shift by coordinating them with
the gangs which have indicated their availability
to work. He notifies the gang foreman of the
location of the job, the number of longshore-
men needed, and the expected duration of the work.
The dispatcher also assigns the plug men and the non-
registered casuals needed to fill incomplete gangs. A
record of all time worked is maintained in the hall for
each permanently organized gang and for each
individual longshoreman who is not a member of a
regular gang. Assignments are made on the basis of
these records to equalize the amount of time worked
by all the registered longshoremen.

At times, there is a shortage of available workers
at the dispatch hall. When this occurs, “priority
numbers” are assigned by the PMA Allocations Office
to the ships on a first-come first-served basis. How-
ever, ships carrying highly perishable cargoes or
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Figure 11. Age distribution of registered men 1958.

passenger baggage are serviced as soon as possible,
taking precedence over the ships carrying normal
cargoes which arrived in port earlier.

Age of Longshoremen

One of the marked characteristics of the San
Francisco labor force is the advanced age of the
workers. Few other industries employ a work force
in which 75 per cent of the men fall between the ages
of 44 and 62 ycars. The average age of the long-
shoreman in 1958 was 52 years, and the ages of the
total labor force ranged between 29 and 82 years.

Figure 11 presents a distribution of ages of the
registered work force (based upon data obtained
from the Records Office of the PMA). The high
average age of the registered longshoremen is at-
tributed to two possible causes: (1) Registrations
were closed after 1948 and only a few men were
admitted to the rolls after that time. (2) A number
of men, over-age for military service, entered the work
force during the war years (1941-45). To qualify for
full retirement benefits they have continued to work
beyond age 65.

Table 9 is an age comparison between the gang and

TABLE 9
Ages of Longshoremen by Work Classification
Gang Men Plug Men

Job Category Day Night Day Night Average
Foreman .. .. .. .. 55 52 56 55 54
Winch operator . . . 53 51 53 52 52
Jitney driver ... . 56 52 55 52 54
Dockman 55 53 56 54 55
Holdman 51 47 50 49 49

Average . 53.5 49.8 52.1 50.8 51.8

Gang Average=51.8

Plug Average=51.8
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plug groups, day and night, and the several job oc-
cupations for 1958.

There was no difference between the average age
for the gang men and for the plug men. However,
it is interesting to note that the day men were older
than the night men. As might be expected, the
younger men are concentrated in the holdman cate-
gory where greatest physical exertion is required.

The influence of age upon workers’ availability is
indicated by Figure 12, which correlates ages of the
registered longshoremen with the average hours of
work performed during the year 1958. The figurc
shows a definite tendency for hours worked to decline
as the age of the longshoreman increases. This
tendency is significant when combined with the pre-
vious observation that the age of the registered work
force averaged 52 years in 1958. With few, if any,

additions of young men to the work force since that
time, the average age of the work force has been
steadily increasing each year, and it may be assumed
that this age increase will be accompanied by a de-
cline in number of hours worked by this group. This
decline is extremely important to the future of the
port, as it represents an important factor in estimat-
ing manpower requirements.

Length of Service

Length of service, rather than being measured from
the time a man first registered in the industry, is
measured in terms of the “qualifying™ years of work
he has put in. A man is required to work at least 800
hours for each of these qualifying years. Thus,
length of service and years in the industry are not
identical.
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Figure 12. Comparison of age and hours worked 1958.
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Figure 13. Length of service—registered work force 1958.

Length of service of the registered longshoremen
is shown in Figure 13. The outstanding characteristic
of this distribution is the two peaks. This illustrates
the registration policy of the Joint Port Committee
since 1934, when the union was recognized as the
bargaining agent. The initial registration period ac-
counts for the large peak at 25 years of service. The
war years, 1940-43, accounted for another prominent
rise in the curve at 13-16 years of service. The
men whose service falls between these peaks were
those registered and those who stopped working for a
few years since their 1934 registration. After 1948,
the registrations werc all but closed to entrants.
Therefore, those who have less than 10 years of
service are principally men who have not made them-
selves available to work.

Table 10 shows that skill classification increases
with length of service. The foremen have the greatest
seniority, winch operators rank next, and so on. The
length of service records indicate that the promotion

policies of the port place some emphasis on the length
of time in the industry. This, combined with the age
of the work force, supports a conclusion that the
essential skills of the port, i.e., foreman, winch and
jitney operator, will be most affected by depletion
through retirements. Even though -sgistrations are
reopencd a rapid turnover in the high skill classifica-
tions can be expected. On-the-job training may no
longer be adequate to supply the skills.

An attempt was made to correlate hours worked
with length of service records of the longshore popula-
tion. No relationship was found between these two
variables.

Attrition

In order for a longshoreman to qualify for full
benefits under the retirement program of the PMA-
ILWU, he must have attained the age of 65 years,
accumulated at least 25 qualifying years of service,
and be registered with the Joint Port Committee.
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TABLE 10
Length of Service Records by Work Categories
Gang Plug
Job Category Bay _I*th Day Night Avg. Yrs.
Foreman ... ... ... . .. 22 20 22 20 21.5
Winch driver ... .. ... 21 19 19 18 19.6
Jitney driver . . . .. o021 18 20 16 19.2
Dockman ... .. .. . . 17 16 17 15 16.4
Holdman .. .. ... .. . 15 14 15 14 14.6
Average yrs. ... ... 18.7 16.1 16.4 14.9 16.8

Data on age of the work force and length of service
were combined to estimate the possible effects of
retirements upon the work force. In 1958 approxi-
mately 1 per cent of the work force was eligible to re-
tire. Until 1966 the retirement rate is relatively con-
stant, when it increases sharply to a peak in 1969. By
1969 over 40 per cent of the 1958 work force will
have achieved retirement eligibility.

In all industries, workmen leave their employment,
either permanently or temporarily, for a number of
reasons, e.g., illness, death, or better job op-
portunities. An analysis of the withdrawal rate of the
San Francisco longshore labor force, other than
through retirement, has indicated that about 3 per
cent of that work force leaves the industry every year.
This rate, assumed to remain unchanged over future
years,'* has been combined with the retirement pro-
jection and presented in Figure 14. By 1969, ac-
cording to this projection, the 1958 work force will be
reduced to less than half its original size.

Although man-hours cannot exactly be equated
with men in relation to attrition, this yearly reduction
in workers indicates the reduction in man-hours due
to productivity improvement which the port system
can absorb without reduction in work opportunity.

Work Opportunity,
Registered versus Non-Registered

Table 11 compares the hours which the registered
and the non-registered groups worked in the port
during the year 1958, in total hours and average
hours per man.

Registered men accounted for about 92 per cent

of the hours worked and the non-registered men ac-
cumulated the remaining 8 per cent. The registered

™ Attrition by illness and death increases as age increases
so that the assumption of a constant figure is conservative.

men worked an average of 1,950 hours per man,
whereas the casuals worked an average of 122 hours
per man during the year.

Figure 15 shows the distribution of hours worked
by the registered and non-registered workers during
the year. The distribution shows that about 87 per
cent of the casuals worked between 1 and 300 hours.
Only 3 per cent of the registered men worked be-
tween 1 and 300 hours. Relatively few casuals
worked in excess of 300 hours.

Use of Casuals

Figure 16 illustrates the number of non-registered
men employed in the day and night shifts. The data
were obtained from the Records Office of the PMA
which recorded the day-by-day dispatch of casuals
in the port.

Figure 16 also shows the marked difference be-
tween the dispatch rates of day and night casuals. The
range of the day shift was 0-600 men per shift and
the night shift was 0-120 per shift. Night gangs,
it will be remembered, have more assigned gang men
than the day shift gangs. Thus, there are fewer open-
ings for casuals at night.

Figures 17a and 17b relate the dispatch of casuals
to the dispatch of gangs for the day and night work
shifts during the summer and winter periods. For a

TABLE 11
Man-Hours Worked—1958
Number Average
Total Hours of Men per Man
Registered 6,373,000 3,273 1,950
Non-registered 560,000 4,607 122
TOTAL 6,933,000 7,890
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Figure 14. Attrition of 1958 longshoremen through retirement and withdrawal
1958-1994.

given number of day gangs, more casuals are needed
to fill vacancies in the summertime than in the win-
tertime. In both summer and winter periods as the
number of day gangs working approaches the maxi-
mum number available, up to 10 casuals are needed
to fill the gang. The use of casuals is much lower
on the night shift than on the day shift. In 1958
an average of only about 0.3 casuals were used per
night gang employed while an average of slightly
more than two casuals were used per day gang em-
ployed. These averages would both be considerably
lower if there were not so much fluctuation in the
demand for gangs.

It was noted earlier that incomplete gangs were
usually short of holdmen. This is the longshore job
in which most of the casuals work. Vacancies in the

more skilled categories were usually filled by the
registered men.

Gang-Plug Distributions of Registered Workers

Of the 6,373,000 registered work hours accumu-
lated during 1958, gang men worked a total of
3,249,000, and plug men worked 3,124,000 hours.
The average hours worked by gang men was 1,808,
whereas plug men averaged 1,677 hours for the year.
Some of the plug hours were worked by gang mem-
bers when they were not working with the gang.

The average day gang was dispatched to work
1,875 hours during the year, and the average night
gang was dispatched to work 1,878 hours during
the year. Gangs were dispatched so that all gangs got
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Figure 15. Distribution of hours worked by registered and non-registered men 1958.

within 50 hours of the annual average work op-
portunity. The Joint Labor Relations Committee
switched gangs between day and night, balancing
the amount of work opportunity between day gangs
and night gangs.

Figures 18a and 18b show the day shift and night
shift man-hours worked by gang members and plug
men during 1958. In both day and night shifts, over
40 per cent of the men attached to gangs worked
approximately as many hours as the gangs themselves.
Some gang men managed to get more work than the
gang by going to the plug board on days when their
gang was not working. Of course, there are always
some who work less than their gang for a number of
personal reasons. On the day shift the plug men
averaged almost as many hours as the gang men,
and a somewhat larger percentage of plug men
than gang members worked over 2,000 hours. The
plug men in the night shift averaged 300 hours less
work than the gang members.

A plug man is dispatched according to the number
of hours he has worked over the previous three-

month period. Thus, each night plug man shares the
available work opportunity. However, with lower
work opportunity at night, a number of men could
have been shifted to day work if they had wanted it.
Because of the pay differential for night work, the
night plug men had greater average earnings than
the day plug men, even though they worked fewer
hours.

Vacations and Days Off

The supply of registered longshoremen is seasonally
decreased by vacations. Vacation scheduling is ar-
ranged by the Joint Labor Relations Committee of
the port and provides for a fairly even distribution
of vacations from May through October. During
each week of this six-month period, eight gangs and
about 60 plug men were scheduled to begin vacation.
The average vacation length was three weeks, so that
during any week in the May-October period, about
24 gangs were not available.

Registered longshoremen are entitled to at least
one day off during the work week. To insure that
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Figure 16. Employment of non-registered men by day and night work shifts 1958.

men will have the opportunity to take that day off,
the labor contract provides for the scheduling of days
off by the Joint Labor Relations Committee. The
contract states that Sunday is the day on which most
men should be off. Men are scheduled to have
consecutive Sundays off for a period of two months,
and a week-day off the third month. Thus, on Sunday,
about one-third of the registered work force is avail-
able for dispatch.

Union Meetings

In 1958, Local 10 held its general membership
meetings on the first and third Monday nights of
each month. Members were required, under penalty
of fine, to attend at least one meeting a month.

Because of the shortage of labor on Sunday, Monday
was often a day of peak demand for service. The
choice of Monday as a meeting night was unfortunate
for the registered workers and for the companies.
The meeting reduced the number of gangs available
for dispatch, and increased the number of casuals
performing work that could have been done by
registered longshoremen.

CLERKS

Under the terms of the Master Agreement for
Clerks on the Pacific Coast, clerks perform clerical
functions related to handling cargo, including keeping
records for individual employers.
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Registered, Limited-Registered and
Non-Registered Men

In 1958 there were two classes of clerks registered
with the Joint Port Committee. Casual clerks em-
ployed occasionally had no standing with the Joint
Port Committee. The two groups registered with the
Joint Port Committee were designated “fully
registered” and “limited-registered” clerks. Fully
registered clerks were members of Local 34 of the
International Longshoremen’s and Warehousemen'’s

Union. Limited registered clerks were not entitled to
all of the rights and benefits extended to fully
registered men, but were allowed to use the grievance
machinery and the dispatch hall. They received con-
tract scale pay and earned qualification toward
retirement pay. For such rights, these men were
required to pay to the union a sum equivalent to
dues. Limited-registered clerks were not entitled to
the benefits of work equalization given union mem-
bers; they were given work ahead of casuals. When
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the rolls of the fully registered group were opened
for new members, they were selected from the limited-
registered group.

Casual clerks worked intermittently and the group
changed rapidly in composition. Little data was avail-
able on this group; hence, this section applies only
to the fully registered and limited-registered groups.

Worker Classification

There are four classifications of men performing
clerical function: clerks, supervisors, chief super-
visors, and supercargoes. Following is a brief
description of these classifications.

1. Clerks perform the clerical functions related to
receiving, delivering, checking, tallying, sorting, and
spotting cargo, including the recording of necessary
notations and the keeping of such records as may
be required by the individual employer.

2. Supervisors direct or supervise the work of
clerks, but may be assigned to other work incidental
to their regular duties.

3. Chief Supervisors direct the work of the super-
visors.

4. Supercargoes supervise the loading and/or dis-
charging operations of a vessel and, as direct repre-
sentatives of the ship operator, in conjunction with
other representatives of the employer, are responsible
for the safe, efficient and proper handling of cargo.
They have the authority to hire, supervise, place
and/or discharge men and perform these duties in
accordance with the orders and requirements of the
employer. Supercargoes do not do the work of clerks
or supervisors except as incidental to their other
duties.

Dispatch Procedures

The ILWU and the PMA jointly maintain a dis-
patching hall in the port of San Francisco through
which clerks are assigned to available jobs. In 1958
there was generally one clerk assigned for each long-
shore gang, but assignment procedure varied some-
what from company to company. All clerks were
dispatched through the dispatch hall on a daily basis,
except for 44 ‘“monthly men.” Each of these
“monthly men” worked for a single company which
guaranteed him a minimum of 173 hours per month.
Some clerks were dispatched to particular companies
on a preferred basis, but worked elsewhere when
not needed by that company.

All fully registered clerks were given hiring pref-
erence, followed in turn by the limited-registered
men and then the non-registered clerks. A record
was kept of the hours worked by fully registered
clerks. This record was used to assure equalization
of work opportunity among these men. There was
no minimum guarantee of 173 hours work per month
for these clerks. However, it was possible for them
to work more than this total during any given month.
Should 173 hours be exceeded, the right to share
equally in the “‘excess” work hours was extended to
the clerks who were working full time for a single
company.

Age of Clerks

Figure 19 presents a distribution of the ages of
the fully registered and limited-registered clerks
whose records are maintained by the PMA. The
ages range from 23 to over 69, with the average age
being approximately 53 years. A total of 41 clerks
are 69 years of age or more. As in the case of
longshoremen the older men probably entered the
union during the war years and have continued to
work past the age of 65 in order to qualify for full
retirement benefits (25 years of service).

Length of Service

Length of service for clerks is calculated in the
same manner as for longshoremen. Length of service
for 690 of the fully registered and limited-registered
clerks is presented in Figure 20. The peaks of the
curve show that 98 men of this group had 25 years
or more of service as of 1958. These men were
original members of the ILWU. A second peak
occurs at 15 years of service. These were the World
War 11 entries. The third peak, at eight years service,
apparently relates only to the limited-registered men.

Attrition

In 1958 approximately one per cent of the clerks
were eligible to retire. Until 1965, the rate at which
men become eligible to retire is fairly constant. At
that time the rate of retirement will increase sharply.
By 1971, approximately half the clerks working in
1958 will have become eligible to retire. By 1983,
88 per cent of the 1958 work force will have earned
their retirement. Adding the three per cent attrition
rate for causes other than retirement, used for the
longshoremen, gives the prediction in Figure 21. This
projection of the 1958 clerks attrition affords a
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Figure 19. Age distribution of clerks 1958.
(690 clerks for whom information was available)

picture of the replacement needs of the industry if it
is to meet the rapid retirement rate of the late 1960’s.

Work Opportunity

Figure 22 shows the distribution of hours worked
by the registered clerks during 1958. The average
employment was high. More than 80 per cent of the
men received over 1,500 hours of employment for
the year and over 60 per cent received more than
2,000 hours. Undoubtedly some of the low hours
reported were “monthly men” whose major employ-
ment with a company is not included here, but extra
jobs they took from the hall during peak periods are
shown.

WALKING BOSSES

Walking bosses represent stevedoring companies
during cargo loading and discharging operations.
They are responsible for the stevedore gangs and

the performance of work. They are also responsible
for proper handling of equipment and gear during the
cargo handling operations.

Company-Preferred and Plug Walking Bosses

Walking bosses fall into two categories, ‘“‘company-
preferred” and “plug.” A company-preferred walking
boss works full time for a stevedoring company. A
plug walking boss works as the opportunity arises and
is not associated with a specific company.

There is no difference in skill classification between
the company-preferred and plug walking bosses. The
individuals constituting both these groups are mem-
bers of the ILWU. All permanent walking bosses
belong to Local 91. However, on occasions when
the membership of Local 91 is unable to meet the
demands of the port, temporary walking bosses are
obtained from ILWU Local 10, Longshoremen. At
no time are non-ILWU members permitted to work
as walking bosses.
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Figure 22. Distribution of total hours worked by clerks 1958.

(725 clerks for whom data were available)
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Walking Boss Selection

A man is selected to become a walking boss by a
company in need of his services. Local 91 is then
requested to admit the man as a member. The com-
pany must guarantee the man one year’s work as a
walking boss.

Walking bosses are selected from the membership
of ILWU, Local 10. Thus, men selected as walking
bosses are usually experienced in cargo handling, and
are known to the stevedoring companies. All walk-
ing bosses are selected in the same way. A man may
voluntarily transfer to the “plug” after he has worked
as a company employee. A man may be selected as
walking boss at any age or after any length of service.
In practice, he will have worked on the waterfront a
number of years before he is known to the companies.

Hiring Methods

Company walking bosses are given their work as-
signments by the stevedoring company for whom
they work. The company is responsible for their
men obtaining sufficient work during the year.

Number of

Plug walking bosses are dispatched by Local 91.
There is no joint dispatch hall such as that of the
longshoremen. Every effort is made by Local 91 to
insure that plug walking bosses share the available
work throughout the year. Plug walking bosses
averaged 1,889 work hours per year. Eighty-nine
per cent of the plug men worked more than 1,500
hours. Figure 23 shows the distribution of hours
worked by plug walking bosses.

If a company walking boss does not get enough
work from his company, he may become a plug man
upon request to the union.

Assignment of Walking Bosses

Walking bosses are assigned to ships on the follow-
ing basis: one walking boss for one stevedore gang,
two walking bosses for three gangs, three walking
bosses for six gangs, four walking bosses for nine
or more gangs.

Walking bosses are stationed anywhere on a vessel,
depending upon the requirements of the ship upon
which they and the stevedore gangs are working.

o T T T T
0- 25— 50I- 75I-
250 500 750 1000

| I I I I | I
1001- 1251- 1501
1250 1500

1751— 200l1- 225I- 250I-
1750 2000 2250 2500 2750

Hours Worked

Source: PMA, ILWU

Figure 23. Distribution of hours worked for plug walking bosses 1958.
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When more than one walking boss is assigned to a
ship, one of them is designated senior and the others
are responsible to him.

Membership in Local 91

Of the 171 walking bosses active in 1958, 134
were company employees and the other 37 were plug
men.

Approximately 80 per cent of the company men
(107) worked on the day shift. About 60 per cent of
the plug men (22) worked on the day shift.

Age

Walking bosses ranged from 36 to 67 years of age.
The average age was 52.8 years. The age distribution
of this group, shown in Figure 24, is strikingly similar
to that of longshoremen.

It might be expected that the age characteristics
of walking bosses would differ from those of long-
shoremen. However, since there was no seniority
requirement in the selection of new walking bosses
from Local 10 it was to the advantage of the steve-

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

35

dore companies to select men to be walking bosses
whose age was such that they would be available for
a number of years.

Length of Service

One hundred ten walking bosses had accumulated
25 or more years of service before or during 1958.
These men represent almost two-thirds of the 1958
work force. Figure 25 shows the length of service of
this group.

Retirement

Retirement is based on age and length of service.
Length of service commenced at the time a longshore-
man entered the industry. Registration as a long-
shoreman is the usual evidence of entry.

Data on the ages of the 1958 walking bosses and
their length of service were combined to estimate
the possible effect of retirement upon the future work
force. Figure 26 is a projection of the attrition caused
by retirement of this group. The retirement rate for
the group is relatively constant for the period
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Figure 24. Age distribution of walking bosses—plug and company-preferred 1958.
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indicated, 1958-80, inclusive. The peak retirement  a relatively even rate of retirement over the years,
years are 1967 and 1972 when 16 and 15 men, the skill level and competence of the walking boss

respectively, will be eligible for retirement. work force is maintained while replacements are
Walking bosses are replaced as they retire. With ~ OCCUrmng.
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Figure 25. length of service of walking bosses 1958.
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Figure 26. Attrition of 1958 walking bosses through retirement 1958-1978.
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Chapter 5§

TERMINAL FACILITIES

This chapter describes the general cargo terminal
facilities in the San Francisco Bay Area and discusses
the relationship of existing terminals to the perform-
ance of the port.

Table 12 lists the principal general cargo facilities
in the San Francisco Bay Area. The terminals are
classified as public, private, or military.

SAN FRANCISCO PORT AUTHORITY
PUBLIC FACILITIES

The piers in the Port of San Francisco represent
the most extensive public facilities for general cargo
operations in the Bay Area. They are owned by
the State of California and managed by the San
Francisco Port Authority. All of the facilities for the
63 berths listed in Table 12 were lcased in 1958 to
private steamship companies, or terminal operators,
on a so-called “preferential rent” basis. Under this
plan, an operator pays rent for the privilege of using

the pier for his own operations. If the pier is not
being used, the Port Authority is still at liberty to
assign other ships to the facility. All operators pay
dockage fees while ships are in berth, and wharfage
fees for cargo handled on the pier.

Most of the piers are finger piers with sheds. Piers
30 and 32 and Piers 15 and 17 are listed as pairs be-
cause the docks between them have been filled to
make double piers. Pier 50 is a large fill area provid-
ing six berths of a quay type. All of the San Francisco
piers have at least 30,000 square feet of cargo shed
arca per berth with the average over 50,000 square
feet. All piers have aprons (working area between
shed and ship) 15 fect, or more, wide. While many
piers were built after the 1906 earthquake, they are
in reasonably good condition. They arc adequate for
the rates of handling break-bulk cargo observed in
1958. Rail connections with the state operated Belt
Line are provided for all piers, although as of 1950

TABLE 12
General Cargo Berths in San Francisco Bay Area in 1958 *

Oakland-Alameda Piers

San Francisco Public Piers (Leased) Public Private Military
Pier No. Pier No. Pier No. Pier No. Pier No.
No. Berths No. Berths No. Berths No. Berths No. Berths
45 4 9 2 Market St. 2 Howard 4 OART 8
41 4 22 2 Grove St. 3 Encinal 6 NSC 8
39 3 24 2 9th Ave. 4
37 3 26 2 14th St. & 7th 6
35 3 28 2
33 2 30-32 3
31 2 34 2
29 2 38 2
23 2 42 2
19 2 44 2

17-15 3 46 A& B 3
48 3
50 6

TOTAL 63 15 10 16

* The few piers of the San Francisco Port Authority not listed in Table 12 are either bulk-handling terminals or unleased
general cargo piers of lower quality and/or in a poor state of repair.
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only 18 per cent of the general cargo was transferred
to or from rail cars. The proportion of rail cargo
has declined significantly since 1950. Except for a
small amount of cargo carried by barge, the rest of
the ocean-borne cargo comes or goes by truck. Trucks
can drive on all of the piers. Severe congestion occurs
at most piers during busy periods. The inability of
most of the facilities to accommodate the normal
accumulation of “last minute” truck arrivals repre-
sents the greatest inadequacy of the facilities. This, of
course, is a problem common to finger pier facilities in
many other ports, as well.

OAKLAND, PUBLIC, PRIVATE, AND
MILITARY FACILITIES

The public, private, and military facilities in Oak-
land are as good as the San Francisco Port Authority
piers. Oakland Army Terminal is a basin surrounded
by quay-type berths. Most of the berths have ample
adjacent shed space. Naval Supply Center piers are
well constructed, generously proportioned finger
piers. The private Encinal and Howard Terminals
operate from some of the Oakland piers, and also
from comparable facilities of their own.

The private terminals operate in a different fashion
from the public terminals. Basically, the private ter-
minal operators are agents for cargo shippers for
whom they perform various special services such as
storage, cargo marking, shipment consolidation, etc.
Ships calling for cargo at the private terminals bring
in their own stevedoring companies and, thus, are
responsible for loading and discharging their own
cargo. No preferential rent system is used, so many
different steamship companies use the same berths,
resuliing in higher berth occupancy than the public
piers.

Ships of many commercial companies call at the
Army and Navy terminals upon request of the Mili-
tary Sea Transport Service, which books all cargo
for both services. The military services, not the
steamship companies, are responsible for handling
cargo on commercial ships at the military terminals.
In 1958 all the Army stevedoring work was per-
formed by a commercial contract stevedoring com-
pany. Another contractor performed the clerical and
terminal work. The Navy used civil service employees
under Naval supervision for longshore and terminal
work. A commerical stevedore using union long-
shoremen was hired for peak load periods.

EFFECT OF FACILITY QUALITY ON
PERFORMANCE

Most of the piers in the San Francisco Bay Area
have adequate apron width and shed space for con-
ventional cargo handling operations as performed in
1958 and 1959. The analysis in Chapter 3 of Part
111 indicates that operations on the apron caused no
more than six per cent delay time in San Francisco
ship loading and discharging operations. The same
analysis suggests that the cargo handling system was
not functioning at a productivity rate which greatly
taxed the delivery capacity of terminal facilities. An
increase in shipments of unitized cargo and improve-
ments in break-bulk handling productivity could eas-
ily change this situation so that space, floor loading,
pillar location, doorway dimensions, etc., of the pres-
ent piers could become critical factors.

In January 1958, the Job Level Safcty Committee
of the ILWU made a survey of safety conditions on
Bay Area piers. Testifying before the State Legis-
lature, the committee stated that many piers through-
out the area did not meet the minimum safety stand-
ards of the General Industry Safety Orders, California
Administrative Code. Twenty-four piers in San Fran-
cisco and the East Bay were without curbs or rails.
Only one pier on each side of the bay was equipped
with a permanent safety ladder, and only a few had
portable ladders that could be used in an emergency.
Half the piers in the area had less than the required
number of life rings. Lighting was poor on most
piers, but was in the process of being corrected, at
least in San Francisco.

The effect of these deficiencies on productivity was
not measurable in the study. Obviously, accidents
disrupt operations and reduce performance.

An aspect of the terminals which can affect morale
and, indirectly, cargo handling productivity is the
number, location, and cleanliness of lavoratory fa-
cilities. Longshoremen are scldom allowed to utilize
shipboard toilets, but must use the facilitics on the
dock. If these are crowded or located a long distance
from shipside, delays in getting back and forth can
keep men away from the job for long periods of time.
The California General Industry Safety Code calls
for a combination of water closets and urinals pro-
viding about one unit for every 15 men involved. It
also calls for ‘“‘adequate washing facilities.” Under
this rule, toilets for 75 to 100 men were provided on
nine piers observed, including public and privately
owned terminals. The level of cleanliness varied
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considerably from pier to pier, but in most cases
was acceptable. Generally, the washing facilities
amounted to only one or two wash basins.

Lunch room facilities can similarly affect morale.
There is no state requirement concerning snack facili-
ties or lunch rooms. Four of the nine piers observed
had no lunch room facilities. All piers had some
candy, coke, and cigarette machines. Lunch room

facilities on the piers are important as they usually
provide the only location where longshoremen are
permitted to smoke.

TERMINAL UTILIZATION

In 1958, the two private terminals in the Bay Area,
with less than 10 per cent of the available cargo
berths, used 25 per cent of all longshore gangs
ordered. The right-hand scale on Figure 27 indicates
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Figure 27. Relative use of piers by category for cargo operations with union long-
shoremen 1958.
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the average number of gangshifts ordered per berth
at private, public, and military piers in 1958. The
cross-hatched bars represent gangshifts worked per
berth. The comparison shows that private facilities
worked three times as many gangshifts per berth as
the San Francisco public piers. This is a relative
measure of terminal utilization, since the cargo han-
dling rates were similar between public and private
terminals.

A similar relationship between terminal utilization
at public and private facilities is evident when per
cent of berth occupancy, rather than gangshifts or-
dered, is used as a measure. The per cent of time
San Francisco Port Authority berths are occupied by
ships is shown in Figure 28. Over half the berths in
San Francisco were occupied less than 15 per cent
of the time. The berths of the two private operators
had ships in them from 30 to 35 per cent of the time.

During the year 1958, there were never more than
22 ships handling cargo on San Francisco piers at
any one time. The average number of ships working
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was 13. The 63 berths were more than enough to take
care of the demand. In the Bay Area there was an
average of 21 ships handling cargo. At no time were
more than 38 ships handling general cargo, although
there were 105 berths available for cargo ships. It is
evident that the Bay Area had sufficient piers to
handle any probable demand.

PUBLIC TERMINAL COST

Figure 29 shows the revenue collected per square
foot of cargo space against the tons handled per
square foot during 1958 for each San Francisco Port
Authority pier rented. This revenue includes pier
rental, cargo wharfage, demurrage, and vessel dock-
age. All of the fees are charged by the Port Authority
under uniform principles set up by the California
Association of Port Authorities. In 1958 about 28
per cent of the Port Authority’s !* income from cargo

" Port of San Francisco, Facilities Improvement Survey;
Ebasco Services, Inc. (In two volumes) San Francisco, July
1959.
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Figure 28. Per cent of berth occupancy for San Francisco Port Authority piers 1958.
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Figure 29. Revenue per square foot of rented cargo area vs. cargo transferred per
square foot—San Francisco Port Authority 1958.

piers came from rental fees under the preferential rent
system which averaged about $0.27 per year per
square foot of cargo area. About 62 per cent of the
cargo pier income came from wharfage fees charged
on cargo crossing the pier, together with demurrage
fees charged on cargo stored on the pier beyond a
specified number of days. The remaining 10 per cent
of the cargo pier income in 1958 came from dockage
fees charged for each day a ship occupies a berth. The
income from all of these fees barely covered the port’s
operating expenses. Because wharfage and demurrage
fees are such a large part of port income, port revenue
per square foot of cargo space increases as more cargo
is handled per square foot of space (Figure 29).

Figure 30 shows that the greatest utilization rates
are associated with the lowest cost per ton of cargo
handled. Figures 29 and 30 together indicate that
both the Port Authority and the terminal operator
have something to gain from a high utilization of
facilities. The shape of the curve on Figure 30 indi-
cates that an operator with low utilization of facilities
has much more to gain from increasing his utilization
than an operator already achieving a utilization of
1.25 tons per square foot. The latter will not see
much reduction in cost per ton if he increases his
utilization to 1.75 tons per square foot or more. On
the other hand, Figure 29 suggests that measures
taken by the port to consolidate and improve facilities
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for better utilization will increase the revenue received
per square foot. The problem of consolidation is
complicated by the preferential rent system.

The abundant facilities in San Francisco may make
the “preferential rent” of the piers desirable for the
present as a convenience to the operators; however,
when modern facilities are constructed, amortizing
their higher cost per square foot may require higher
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1,20 -
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Yearly Cost to User, In Dollars per Revenue Ton Handled

0.40

utilization. Unless there is a sudden trade growth
pattern not indicated by past trends, older San Fran-
cisco facilities must be retired or converted to other
uses as newer ones are built so that the burden of
port maintenance costs is reduced. To utilize new
facilities economically, smaller operators will have to
share them to a greater extent than they have shared
the older piers under the preferential rent system.
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Figure 30. Terminal costs to users of general cargo piers—San Francisco Port
Authority 1958. (includes rental, wharfage, and dockage)
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Chapter 6

SYSTEM PERFORMANCE OF THE PORT

The varied interests in a port are difficult to deal
with as a single system. Labor wants high pay and
steady employment under good working conditions.
The steamship operator wants low costs, rapid ship
turn-around, and good port facilities. The terminal
owner wants the best possible profit from his invest-
ment in equipment and expenditure for labor.

In this welter of interests, there is one over-riding
interest that Port Authority, management, and labor
must heed if the port is to prosper—that is, the in-
terest of the shipper. All costs in port operations are
eventually passed on to the shipper. He wants safe,
reliable, and fast cargo transportation at lowest cost.
A shipper’s desire to use a port will depend on the
total cost of shipping through the port. This is not
just a factor affecting competition between one port
and another, but a factor affecting the entire level of
trade. United States products will not be shipped
overseas if transportation cost barriers make them
unable to compete with foreign products overseas.
Experience has shown that if we cannot export our
products, we cannot import foreign products. Cargo
trade is the life blood of a port, affecting all port
personnel.

It is logical, therefore, to measure port system
performance in terms of the total system cost which
is passed on to the shipper. Figure 31 shows a rough
breakdown of the total daily cost of turning cargo
ships around in the San Francisco Bay Area. The
total runs to about $150,000 per day or about $9.50
per short ton of cargo handled. The breakdown
shows the part each element plays in the over-all cost
pattern. Figure 31 is based on cost information
collected from a number of sources.

The 11 per cent terminal use cost covers wharfage,
demurrage, dockage, and rental fees. It is arbitrarily
obtained by applying San Francisco Port Authority
average rates per ton of cargo to cargo handled at all
facilities in the Bay Area: military, private, and
public. Military terminals do not levy such charges
on cargo for commercial ships, but it is reasonable
to assume that they incur nearly equivalent expenses.

44

Private terminals apply similar wharfage and dockage
fees, but do not have anything comparable to rental
fees on their own docks. They assess service charges
which reimburse the terminal operator for clerical
services involved in receiving and delivering cargo,
and defray a portion of his facility costs. If the carrier
performs the cargo receiving and delivery function a
facility charge in lieu of the service charge is assessed
by the terminal.

The 4 per cent cost for materials handling equip-
ment applies largely to fork lifts operated on the

docks. It is an estimate based on amortization and
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Figure 31. San Francisco Port System costs.
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machine operation costs of $4 per fork lift operating
hour, not including the wages of the operator. While
the cost allowance per equipment operating hour is
generous, the amount of equipment used is now a
minimum. Costs will increase to some extent as more
equipment is obtained and utilized to improve pro-
ductivity.

Terminal labor costs were only 5 per cent of the
total port cost in 1958, even though there was much
unnecessary double handling of cargo on the docks.
Much double handling has been eliminated by nego-
tiation among PMA, the longshoremen, and the
teamsters subsequent to the study.

The 19 per cent cost of ship time in port was evalu-
ated conservatively at $1,000 per eight-hour work
shift. The 1 per cent ship time lost because of gang
shortage was evaluated on the same basis. Ship time
spent solely on maintenance or sitting idle waiting
out a schedule was assumed to be no part of turn-
around time for the purpose of this calculation.

The 16 per cent for clerks and supervisors includes
both dock and shipboard work. It covers all wage
costs, including straight time, overtime, fringes, insur-
ance, taxes, etc. The 44 per cent, or about $65,000
per day spent for longshore work, also covers all
wage costs.

The longshore, clerk, and supervisory labor costs,
together with the cost of ship time, amounts to 80 per
cent of the total cost. All of these costs can be re-
duced as longshore productivity is improved. It is
for this reason that the major emphasis of this study
has been placed on cargo handling improvement.

Other aspects of port operation affect system per-
formance although they are not of such importance
in San Francisco that they require attention in this
report. However, they may be relatively more sig-
nificant in other ports. The Bay Area has more than
enough berths to take care of the largest observed
number of ships in port (see Chapter 5, Terminal
Facilities). The normal delays incurred by a ship
entering San Francisco Bay in picking up harbor and
dock pilots, receiving tugs, and obtaining quarantine
clearance are generally insignificant compared to the
time required for getting longshore gangs and ful-
filling the ship’s cargo handling task.

The availability of cargo on the dock also affects
ship turn-around time and cost. However, this factor
is largely beyond the control of port or waterfront
personnel except in so far as port facilities are de-

signed and maintained for rapid processing of incom-
ing truck and rail vehicles. This subject has already
been briefly discussed in Chapter 5, Terminal
Facilities.

LABOR SUPPLY AND DEMAND

Among the restraints on system performance are
longshore gang shortages. The cost of gang shortages,
expressed as lost ship time, is shown in Figure 31
to be only one per cent of the total system cost. When
averaged over the year this is a small part of the cost.
However, the yearly average hides the fact that dur-
ing some months the shortages represent seven per
cent of the cost. Large gang shortages in one port
may divert traffic to another port. Business once lost
may be very difficult to regain. On the other hand,
too large a supply of gangs, under a wage protection
plan may mean that many men would be paid for
being idle. Determination of the proper balance be-
tween gang shortages and idle gangs is discussed in
Part V of this study.

Gang shortages result from increased demand for
service or decreased supply of gangs. In San Fran-
cisco, sufficient gangs were available to take care of
the average demand for gangs. In spite of this, short-
ages occurred rather frequently.

Gang shortages caused by uneven demand for
gangs are shown in Figure 32. The example covers
the months of May through October, 1958, during
which time vacations reduced gang availability by
about ten per cent below the number available during
the winter months. Days on which shortages occur
are indicated on the figure by the shaded area in the
request distribution. The average daily request (ex-
cluding Sundays and holidays) was for 98 gangs
while the average number of gangs available was
about 109. If there had been no variations in labor
supply or demand, there would have been no gang
shortages. As it was, the deviations caused an average
shortage of about seven gangs per day shift. The un-
even demand and supply also caused an irregular
work schedule for the workers.

Figure 33 shows day-by-day variations of all gang
requests for day and night shifts during August, Sep-
tember, and October, 1958. The period chosen is a
peak period of port activity during 1958. Figure 33
demonstrates a number of characteristics of the devel-
opment and fulfillment of requests.

1. Requests for night work were far fewer than
requests for day work even though the two patterns

Copyright © National Academy of Sciences. All rights reserved.
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Figure 32. Fluctuations in requests and number of day gangs available.
(May through October 1958)

of daily variations are almost mirror images of each
other. In 1958, only 35 per cent of the total work
was night work. There were also fewer new requests
at night.

2. Shortages frequently occurred on Sundays or
meeting nights when labor availability was low for
contract reasons.

3. Following a holiday or period of low labor
availability, there was often a large demand and,
hence, a high probability for shortages.

Characteristic examples of such shortages are those
following Labor Day, September 1, and following the

stopwork meetings on August 12 and October 2.
Ships had been arriving on both Sunday and Labor
Day, so that, on Tuesday morning, September 2,
there were 18 new requests for gangs added to the
13 already in port. This increased the number of re-
quests well above the 22 or 23 which could be ac-
commodated during the summer period. The surplus
demand spilled over into the night shift as well, caus-
ing a shortage there, even though there were no new
night arrivals. To a lesser extent the same happened
every Sunday when only one third of the labor force
was available.
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Figure 33. Filled and unfilled daily requests.
(August through October 1958)

Average Request Size

Figure 34, also covering August through October,
1958, shows the average request size fluctuations and
gang shortages. The average night request was lower
than the average day request, because night work cost
almost half again as much as day work. A number
of ships made no request for night work, and fewer
gangs were ordered by those working. No relation-
ship is evident between gang shortages and average
request size.

SEASONAL AND LARGER TERM
FLUCTUATIONS

The previous discussion concerns day-by-day ef-
fects of changes in labor supply and in daily demand
for service. Superimposed upon these are seasonal
changes in labor force supply caused by the summer
vacation program, business fluctuations. and produc-
tivity changes affecting the demand for longshore
service.
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LABOR AVAILABILITY TRENDS

In San Francisco, the number of gangs available
for day or night shift has been limited by the number
of regular gangs enrolled rather than by the number
of men on the registered list. When vacancies in
dispatched regular gangs could not be filled with
registered plug men they were usually filled with non-
registered casuals.

From June 1956 through December 1960, the pat-
tern of labor availability has been reasonably con-

sistent. Under the control of a joint labor manage-
ment committee, there has been a gradual decline
from 208 to 200 (about 4 per cent) in the maximum
number of day and night regular gangs enrolled. Dur-
ing the winter months, from November through April,
the Dispatch Hall provided an average number of
gangs equal to about 90 per cent of the maximum
enrollment. Of the other 10 per cent, almost half
were unavailable because of contract requirements.
During the summer six months the number of gangs
dispatched dropped to about 80 per cent of the maxi-
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mum enrollment because an additional 10 per cent
of the gangs were on vacation. This resulted in more
severe gang shortages in summer than in winter.

Trend in Gangs Used

The level of cargo handling activity in the port can
be estimated roughly from the average number of
gangs used per shift. Sundays and holidays must be
included in the average since the work must ulti-
mately be performed regardless of holidays or short-

100

90 —

80 —

Average Day Gangs Used per Shift

70—

ages. Figure 35 shows seasonal fluctuations in
monthly average day gangs used over a five year
period. The most significant fluctuation is the peak
use of gangs in October during the vacation period.

AVERAGE GANG SHORTAGES

In Figure 36 the average day gang shortages are
compared to the average number of day gangs used
per shift for the winter months (November-April).
The same information for the summer months (May-

60
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Source: PMA

Figure 35. Seasonal fluctuations in day gangs used 1957-1961.
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Figure 36. Average day gang shortages during winter months.
(November 1956-April 1961)

October) is shown in Figure 37. The records from
which the comparisons were made covered the period
from June 1956 through October 1961. The higher
shortages in summer than in winter for the same
demand are due to the vacation schedule. Similar
comparisons of night gangs show the same pattern as
day gangs, except that they reflect the smaller num-
ber of gangs working the night shift. The pattern
of day and night shortages is similar because both
shifts are affected by changes in demand, and the
hiring hall adjusts gangs between the day and night
shifts to equalize work opportunity.

When the gang shortages in Figures 36 and 37 are
compared to the seasonal fluctuations in Figure 35,
an interesting and costly aspect of the vacation sched-
ule becomes apparent. The peak activity in October
occurs when gangs are still on the vacation schedule,
and according to Figure 37, shortages of about 12 day

gangs (10%2 night gangs) per shift can be expected.
Shifting the vacation period so that it starts in April,
putting October in the period of high gang availability,
would reduce the day shortages to about 5 gangs per
shift as shown in Figure 36. While reducing the Octo-
ber shortages by an average of seven per day shift, the
April shortages would have increased three per day
shift. A net reduction in shortages for both day and
night of 200 gang shifts would be obtained for the sea-
son. Elimination of gang shortages benefits the ship-
pers and shipping companies through shorter delays,
and benefits the career labor force through increased
work opportunity, because fewer casuals are needed
to fill vacancies at peak demand periods.

This discussion provides a base for additional
analysis of the process, and application of mathe-
matical models to changes in the stevedoring industry.
These subjects will be taken up in Part V of the study.
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Part |I

MEASUREMENT OF LONGSHORE PRODUCTIVITY CHANGE
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Chapter 1

SUMMARY AND CONCLUSIONS

The West Coast ‘‘Mechanization and Moderniza-
tion” agreement was signed in 1959 to improve steve-
doring productivity, reduce costs, and share savings
with the registered workers. The agreement created
a need for more accurate measurements of produc-
tivity than were then available.

Measurement of longshore productivity on an area-
wide basis is not new to the maritime industry. For
instance, in 1936 Mr. Frank Foisie, then head of the
West Coast Waterfront Employers Association, made
a major effort to provide this measurement for the
West Coast. A subsequent effort, stemming from
Mr. Foisie’s work, was made to develop valid pro-
ductivity measures for the area, but the results were
inconclusive. Little work on a productivity measure-
ment method for the West Coast was done until 1959
when the Pacific Maritime Association (PMA) en-
gaged Dr. Max Kossoris to develop a method.

Overseas, port-wide productivity measurement has
been employed for some time in several major ports:
Marseilles, Le Havre,' and Haifa.*

The Maritime Cargo Transportation Conference
(MCTC), in developing a productivity measurement
scheme for its study purposes, and PMA, in develop-
ing a method to meet its specific needs, arrived con-
currently at similar systems. Differences in detail be-
tween the two solutions came about from the specific
needs of the PMA, in contrast to the general orienta-
tion of the Port Study. PMA has successfully used
their system to determine the productivity changes
from 1960 to 1961-in the major areas of the West
Coast.*

This report defines and illustrates a method for
evaluating the effect of deliberate changes in the cargo
handling system upon longshoring performance. The

! Pierre Bonnot, “Etude au Port de Havre 1953-58,”
Bureau d’Etudes Economiques et Sociales, Paris, April 17,
1958.

?Israel Ports Authority, Haifa Port Directorate, “Steve-
doring Productivity at the Port of Haifa in 1960,” July 1961.

* Pacific Maritime Association, Longshore Productivity
Study, Pacific Coast. 1960-1961, San Francisco, March 1963.
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method applies to company or area-wide activities.
It also points out several problem areas in evaluating
longshoring performance and suggests methods for
resolving them.

Existing record-keeping procedures were used wher-
ever possible in developing the method outlined in
this report. Needs for further data have been noted,
so that the existing data collection system can be
modified to permit their accumulation. The illustra-
tions presented in this report are based on Bay Area
shipping company operations. However, the meth-
ods presented can be applied to shipping companies
and ports elsewhere.

The following has been concluded from the study:

1. It is both feasible and desirable to develop an
area-wide measurement of change in longshoring
productivity from company records now kept in the
San Francisco Bay Area.

2. The collection of company records on man-
hours and tonnages for all cargo handling operations
within a given area can provide:

a. the man-hour change through productivity
gain or loss caused by deliberate changes to the cargo
handling system.

b. man-hour change in the longshoring task
resulting from random occurrences beyond the con-
trol of the industry. The precise cause of the pro-
ductivity gain or loss cannot be isolated if several
methods are changed simultaneously—for example, if
manning and equipment changes are made con-
currently.

3. To identify effects caused by changes in cargo
mixture and to measure changes in longshoring man-
hours attributable solely to productivity gain or loss,
the cargo comprising the longshore task and the asso-
ciated man-hours must be categorized according to
cargo handling characteristics.

a. units of measurement for each category may
differ, but must be consistent from period to period.

b. large groups of miscellaneous or *“Not Other-
wise Specified” (N.O.S.) general cargo must be sepa-
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rated either by commodity or stowage factor, to isolate
effects of cargo mixture change.

c. segregation by load type (i.e., break-bulk,
pallet unit, or container) as well as segregation by
commodity or stowage factor, is necessary to dis-
tinguish changes in longshore man-hours caused by
shifts from one load type to another.

4. Indireét longshoring activities (rigging, hatch
opening and closing, dunnaging, etc.) must also be

considered when evaluating longshore performance.
For accuracy, it may be necessary to distinguish the
indirect time related to the amount and type of cargo
handled (i.e., shoring, dunnaging, lashing) from that
which is independent of the amount or type of cargo
handled (i.e., hatch cleaning, initial rigging, hatch
opening and closing, and rigging rain tents).

5. Improvements in company record keeping can
increase the accuracy of individual company and
area-wide productivity measurement.
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Chapter 2

THE STEVEDORING TASK

The performance of a port may be expressed and
measured in terms of the longshore man-hours re-
quired for loading and discharging the ships passing
through it. This labor requirement is affected by two
related factors: the mixture and quantity of com-
modities moving through the port and the produc-
tivity of longshore labor. Consider the following
hypothetical example. In 1957, longshoremen in a
port worked 10,000,000 man-hours. In 1958, they
worked 9,000,000 man-hours. Concurrently, the
tonnage through the port decreased by 1,500,000
tons. One might say, at first glance, that the decline
in longshore man-hour requirement resulted from the
decrease in traffic. But is this necessarily so? The
reduction in man-hours could have been caused by
a number of things, such as a shift in load type to
containers, a change in commodity mixture, a decline
in the volume of trade, or any combination of these.
The problem is to determine what caused the change
in the man-hour requirement.

The mixture of commodities moving through the
San Francisco port area was given in Part 1: San
Francisco Port Description. However, data on long-
shore productivity on a port-wide basis were unavail-
able. For purposes of this study it was necessary to
develop such data in the San Francisco area using
existing record-keeping procedures.

Units of Measurement

In expressing longshore productivity, the ton
is the measure of the task performed. The ton-
nage figure must be properly qualified, however. For
example, quantities of individual commodities may be
expressed in short tons (2,000 1b.), long tons (2,240
Ib.), measurement tons (40 cubic feet), or revenue
tons (weight or measurement tons upon which reve-
nue is charged). In some cases, tons may not be the
basic unit of measurement. Lumber, for instance, is
often measured in units of /1000 board feet. Thus,
in determining the productivity of a task, the unit of
measure for each commodity class must be uniform.
For example, a composite productivity figure com-
posed of coal (LT) and lumber (board ft.) would be
meaningless.
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A rate in tons per gang hour is useful in determin-
ing the time a vessel will spend working cargo; a rate
in tons per man-hour is useful in ascertaining steve-
doring costs. “Tons per man-hour” is a better ex-
pression of productivity because it provides a uniform
basis for comparison.

Commodity Breakdown

The cargo constituting the port-wide tonnage varies
not only in physical characteristics but also in han-
dling characteristics. Consequently, a single port-
wide productivity figure based upon total cargo pass-
ing through the port and total man-hours expended
is useless. However, by measuring the productivity
levels of logically grouped commodities, an evalua-
tion of longshore performance can be obtained.
Where commodities cannot be placed in separate
commodity classifications, they are grouped in a
classification labeled “General Cargo, N.O.S.” ¢ This
category creates special problems of productivity
measurement that are discussed in Section IV of this
report.

Base Period

To measure changes in productivity for perform-
ing a task, it is necessary to select a base period.
The productivity level in the base period becomes
the standard, against which all comparisons are made.

. To avoid seasonal variations, the length of the base
period should be at least one year. If shorter periods
are chosen they should only be compared to corre-
sponding periods in another year.

LONGSHORE MAN-HOURS

The stevedoring operations measured here are the
movement of cargo between the stowed position in
the vessel and the cargo pile in the transit shed. In
both loading and discharging operations cargo is in
continuous movement between these two locations.
The shoreside fork lifts, ship’s gear and hold gang
are all dependent upon one another, but the entire

*N.O.S. means Not Otherwise Specified.
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operation is relatively independent of other opera-
tions.

The man-hours included in productivity measure-
ments comprise the work hours of the hold gang,
winch operators, signalmen, apron men, machine
drivers and dockmen assigned to the gangs.

Direct and Indirect Man-hours

Longshore man-hours consist of direct and indi-
rect work. Direct man-hours are the fundamental

measure of the labor required to handle cargo. Indi-
rect longshore man-hours are those spent in related
tasks, such as opening and closing hatches, rigging,
laying dunnage, shoring, and lashing. Both are part
of longshore productivity.

Indirect man-hours contribute to the productivity
level and may reflect important elements of the task.
In some instances, indirect man-hours may be 40 per
cent of total man-hours. Indirect man-hours will be
discussed in detail in Chapter IV.
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Chapter 3

A METHOD FOR EVALUATING THE PERFORMANCE OF THE PORT OF SAN FRANCISCO

A method for evaluating the performance of the
Port of San Francisco is explained in this section.
It makes use of PMA data collection and record-
keeping procedures.

SOURCES AND NATURE OF
PRODUCTIVITY DATA

On the West Coast, PMA introduced a uniform
productivity data collection system in January 1960.
Individual shipping companies report loading and
discharging activities for each West Coast port call
of every ship of the company. Their reports provide
the following information:

1. Direct Longshore Man-hours—time directly in-
volved in loading or discharging cargo, associated
with:

a. commodity class.
b. load type (break-bulk or unitized).

c. weight or measurement of each commodity
class.

2. Indirect Time—man-hours involved in rigging,
opening and closing hatches, gear changing, dunnag-
ing, etc.

3. Dock Time.
4. Lost Time.

METHODS

The following hypothetical illustration demon-
strates uses of productivity data for solving the fol-
lowing problems:

1. Distinguishing between changes in man-hours
worked by longshoremen and related longshore work-
ers such as, clerks, dockmen, and supervisors.

2. Determining the effects of operational changes
upon direct longshore operations and indirect opera-
tions. Changes which would affect indirect operations
include introduction of quick opening hatches, new
types of cargo gear, and new types of tie down and
dunnage equipment.
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3. Identifying changes in man-hours caused by
productivity change as opposed to those resulting
from differences in traffic volume or commodity mix.

4. Assessing effects on man-hours of changes in
load type (e.g., transition from break-bulk to pal-
letized cargo).

In the illustration, operations occurring during
1957, the base period, are used as the standard
against which 1958 operations are compared. The
examples given for 1957 and 1958 approximate the
actual performance of those years, but have been
modified for purposes of illustration.

Direct Longshore Man-hours

Table 1 shows: (a) 1957 and 1958 volume of
business, (b) direct longshore man-hours, (c) indi-
rect longshore man-hours, and (d) computed produc-
tivity base rates in short tons per man-hour. “Direct
Longshore Man-hours” covers only actual shipboard
cargo handling. The Productivity Base Rates, given
in Column 3, are the short tons per man-hour for
1957. The 1958 performance is then evaluated by
comparing the actual man-hours required to handle
the 1958 cargo with the number of man-hours which
would have been needed to handle the same cargo
at the 1957 “Productivity Base Rates.”

Indirect Longshore Man-hours

To determine the roral change in longshore man-
hours between the base and comparison periods,
indirect man-hours must be added to direct man-
hours. Indirect man-hours include such activities as
the time required to rig cargo handling gear, open
and close hatch covers, secure cargo (dunnaging,
shoring, and lashing), or removing dunnage and shor-
ing in the discharging process. Indirect time can be
handled as a part of the regular work task by assum-
ing a constant ratio of indirect to direct man-hours
and determining an average value. This “Base Al-
lowance for Indirect Man-hours” in Table 1 (lines H
and J), is computed as a ratio of Indirect Man-hours
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(lines B and E, Col. 2) to Direct Man-hours (lines
A and D, Col. 2) over the base period. In Table 1
the base allowances for indirect work are 0.21004
for loading and 0.32108 for discharging. These were
obtained by dividing the 1957 indirect man-hours by
the 1957 direct man-hours. When 1957 Indirect
Work Base Allowances are applied to the 1958 Di-
rect Base Rate man-hours (lines A and D, Col. 6),
the result is Indirect Base Rate man-hours for 1958
(lines B and E, Col. 6). These are the man-hours
required to perform 1958 indirect work at the 1957
“Base Allowance for Indirect Man-hours.” Compari-
son of the 1958 total of direct and indirect actual
man-hours (line G, Col. 5) with the 1958 total of
Base Rate Man-hours (line G, Col. 6), shows that
Company A saved 13,861 man-hours in 1958. This
saving is a measure of changes in productivity for
handling the listed commodities. The saving repre-
sents an improvement in Company A port perform-
ance of 7.6 per cent (13,861/18,863) for load and
discharge operations and includes direct and indi-
rect work.

Indirect man-hours are affected by factors other
than direct man-hours. Certain commodities require
more indirect man-hours than others. For instance,
vehicles require more dunnaging and lashing time
than goods in cartons. In such cases, indirect time is
influenced by the direct man-hours associated with
particular commodity types. A second factor, which
may be expressed as a constant, is independent of
direct man-hours. With each port call, a vessel ex-
pends indirect man-hours in opening hatches, rigging
gear, removal of dunnage, and cleaning cargo spaces.
This work must be performed regardless of the
amount of cargo or the number of direct man-hours
worked on the ship.

While refinements accounting for the various fac-
tors are possible, insufficient data were available to
determine whether these refinements are worth the
effort involved. As a consequence they have not
been illustrated in this method.

Clerk, Dock, and Supervisor Activities

Clerk, dock, and supervisor activities can be de-
termined as a part of the work task in a fashion simi-
lar to that used for indirect work. Provided there are
no changes in the methods of cargo handling, the
work available for these job categories is directly pro-
portional to the work performed by regular longshore-
men. As in the case of indirect work, base allowances

can be calculated for clerk, dockwork, and supervisor
activities. The base allowances are ratios of clerk
man-hours, dock man-hours, and supervisor man-
hours to the sum of direct and indirect longshore
man-hours for the base period. The example in Table
2 shows how these base allowance ratios are devel-
oped and applied.

If the data are sufficiently detailed, it is advan-
tageous to develop commodity productivity rates for
dockwork in the same way that direct longshore rates
are established. Dockwork data were not analyzed
for this example to determine whether dockwork pro-
ductivity rates are feasible. Allowance is necessary
for that part of the cargo which is not handled by
dockworkers when calculating dockwork produc-
tivity. For example, truck drivers may assist in un-
loading or loading trucks. The reporting system must
provide detailed information on dockwork tonnage
and man-hours by commodity, in order to compute
dockwork productivity rates.

Clerks and supervisors are frequently assigned on
the basis of number of gangs employed. Under the
system described, a reduction in longshore gang size
will affect the calculated clerk’s and supervisor’s
man-hours. This may be corrected by translating
longshore man-hour figures into gang hour figures for
the base and comparison periods, and expressing base
allowances for clerks or supervisors in the form of
man-hours per longshore gang hour. The difference
between the original base rate man-hour figure for
clerks or supervisors, developed in Table 2, and the
new figure using the longshore gang hour as the basis
is a measure of the change in clerk and supervisor
employment resulting from change in longshore gang
size. For this reason, gang size information is im-
portant to the measurement system and should be
recorded.

The data available did not permit separation of
clerk and supervisor work associated with dock work
from that associated with ship loading and discharg-
ing. If such a separation is desired, more detailed
data are required.

Changes in Load Type

Load type is changed, for example, when canned
goods which have customarily been shipped in indi-
vidual cartons, are shipped on pallets or in contain-
ers. It is worthwhile to separate the effects of delib-
erate changes in load type, made for the purpose of
improving longshore productivity, from the conse-
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TABLE 2

Measurement of Increase or Decrease of Clerk, Supervisor, and Dockwork Man-Hours Due to

Productivity Change

Base Period: January 1—December 31, 1957 (Hypothetical illustration—Company A)

1 2 3 4 5 6 7 8
1957 Base Period 1958 Comparison Period
Base Rate Man-hour Increase
Actual Man-hours Actual Man-hours h . or Decrease
Man-hours Col. 2/Col. 3
Load Dischg. Load Dischg. Load Dischg. Load Dischg.
Total longshore
(direct & indirect) . . 125,244 106,212 107,300 75,563 106,258 90,466 +1,042 —14903
Clerkk .... .. . . 27,867 25,465 23,422 22,750 23,642 21,690 — 220 + 1,060
Supervisor . 4,324 3,952 3,532 3,825 3,668 3,366 — 136 + 459
Dockwork .. .. 10,365 16,969 8,865 14,216 8,794 14454 + 71 — 238
TOTAL .. . . 167,800 152,598 143,119 116,354 142,362 129,976 + 757 —13,622
TOTAL—Load
and Discharge . 320,398 259,473 272,338 — 12,865

Calculations of Base Allowances for Job Categories

. Load

Clerk base allowance:

=27,867/125,244=.22250

Discharge =25,465/106,212=.23976

Supervisor * : v Load =4,324/125,244 =.03452
Discharge =3,952/106,212 =.03721
Dockwork s . Load =10,365/125,244=.08276

Discharge =16,969/106,212=.15977

* 1958 base rate man-hours are obtained by multiplying the base rate longshore man-hour figure by the appropriate base
allowance, i.e., clerk base rate man-hours—(106,258) % (0.22250)= 23,642, with the exception of total longshore (direct and

indirect) which were obtained from Table 1.

quences of random changes in commodity mixture
which are beyond the control of the shipping com-
panies or the stevedoring contractors.

The manner of handling the effects of changes in
load type can best be demonstrated by an example.
Table 3 illustrates the computations necessary to
determine the man-hour changes between 1957 and
1958, produced by a shift in load type in the handling
of canned goods.

To establish the 1957 to 1958 change in man-
hours required for loading canned goods caused by
a shift in load type, it is first necessary to determine
what the 1958 man-hour requirement would have
been had no changes in load type or productivity rate
taken place. This man-hour requirement may be
found by assuming that the 1958 canned goods were
handled in the same tonnage proportions of break-
bulk, pallet loads, and container loads as in 1957,
and applying the 1957 base productivity rates for
each load type to the calculated tonnages. Then the

1957 base productivity rates are applied to the actual
1958 tonnages of each load type to find the man-
hours required to load the 1958 cargo at the 1957
productivity rates. Since the productivity between
the two years has been held constant, the difference
between the two man-hour figures is the change which
was caused by the shift in load type. By confining
the calculations to a single commodity, the effects of
change in commodity mix are eliminated.

In Table 3 the base tonnage proportion is shown
in Column 2 as the ratio of the 1957 individual load
type tons to the total 1957 tonnage. The modified
tonnage figure in Column 6 indicates how much of
each cargo type would have been handled in 1958
if the 1958 tonnage had been generated in the same
proportions as 1957. The 1958 modified tonnages
are divided by the productivity base rates, in Col-
umn 3, to obtain the modified base rate man-hours
in Column 7. The modified base rate man-hours in
Column 7 are those which would have been required
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http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port

http://lwww.nap.edu/catalog.php?record_id

20226

(3]
0

EVALUATING PERFORMANCE

aseq 9y ‘qeak 3seq Yl ‘,LG6] BuULINPp PI[PUBY SUO) OU IIM IIY} DUIS ¢
‘92UBMO[|Y 3seq 10] | JqB]L 39S,

‘3181 PIAIISQO 8561 Y) 3G O) PIWNSSE SI N8I

‘DUBMO[|V 3seY 10 T JQBL IS 4
‘s13ureluod pue sy9fjed Aidws Jo yBram Buipn|oxs ‘SUO] 19N .

ETEI— s3u10831ed yIom 13430 pue dioysSuo :981eyosig B peoT = TV.IOL
we — (L685—) X (LL6S1")= 331eyosiq
60 — (1psE—) X (92180 )= peoq " YiomydoQq
61T — (L68s—) X (12L£0°)= 381eydsiq
wr — (1psE—) X (TSP€0 )= peoq Josiazadng
1452 S (L685—) X (9L6£T" )= 38Ieysiq
88L — (1p5€—) X ¢ (05222')= peoy "t FRD
SaL0BAN.D YIOM IO
L68‘S — sInoy-uew oa41pu} P 12241p 331eyssiq—IvV.LOL
CEP ] — = e (9vrp—) X o(8012€) = s sinoy-uew oaspur 381eyssiq—IvVIOL
yov'y — tee'ey 66v°LY 698°8€ 66v‘LY LIL'YS sinoy-uew 22.tp 381eydsiq—IVIOL
s6e  + 0 0 S6¢ +098'¢ (1sLLe) 0 0 sidutejuod " "
rog‘c + 169'v o1e‘L §66°9 006°01 $86S°1 6£S1° «0Zv'8 pazndjled " "
€91°L — Tv9°8E 681°0p 6LY'1€E 6£LTE 00+0°1 198" LTy 38007 spood pauue)
SInoy-uey a1oysduo| 10wag—Bieyssiq
Ips'e — sinoy-uew oaspur P 30241p peoT—IVILOL
ST9 = o s (926T—) X o(p00IT) sinoy-uew j22.41put peoT—IVIOL
926C — €£0°11 0L$'0T Lo1‘s 0Ls'0T peEEl sinoy-uew 22.ip peoT—IVIOL
ozy + 0 0 oy +080't $(281L°6) 0 o sisureiuo) » "
1 + L89'€ 01911 889°¢ «TI9°11 L8Y1'E 14413 «098'L pazno|red ” "
Lve'e — Ive‘L 0968 666'¢€ 8L8Y L6171 9sEY” veg’s o 95007 spood pauue)
sinoy-uejy 1oysduo| 1AIg—peo]
L°10D € 100 10D 0L £ °19D/% 10D 17100 "10L
= § ‘100 +9°100 X T /1100
sRAINRQ sInoy-ue N SuojJ, sINOY-Uepy  SUO]L WOYS HW/1S [e1I0] 03  suo] uoys adf], peo] Aypowwo)
10 3SBAIOU] ey sseq PAYIPON ey Iseg [enpy sajey aseg  suo] odAL [enpy
sinoy-uejy P3YIpON Auanonpoiq peoT] :oney
poud{ uostredwo) poLId{ Iseq
8 L 9 S L4 € [4 I
G ) 8661 ‘1€ 15quaddq-| Arenuef :poudq uostredwio)

(Vv »:uanUlcoaabms___ _uoaoﬁoammv LS61 ‘1€ Iaquade(-| Alenue[ :poOlIdd dseq
ad£], peo ur IYS 01 an( SINOY-UBA Ul ISBIION(] IO ISBIIOU] JO JUIWIINSBIN

¢ 3T19V.L

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

64 SAN FRANCISCO PORT STUDY

had there been neither a change in productivity nor
a shift in load type. The base rate man-hours shown
in Column 5 are the man-hours that would have
been required to handle the acrual 1958 tonnage
listed in Column 4, had there been no change in pro-
ductivity. Therefore, the man-hour differences in
Column 8 are directly attributable to the shift in load
type that occurred in 1958.

A change in direct man-hours caused by a shift in
load type also affects indirect man-hours of the long-
shoremen and of the other associated work categories.
Corrections for this influence must be made to the
base rate man-hour figures derived in Table 1 for
indirect time and in Table 2 for the other work cate-
gories.

The man-hour changes in Table 3 are the com-
bined result of all changes in load type. It is possible
to show the man-hour changes in load type from both
loose-to-pallets, loose-to-containers and pallet-to-
containers.

The foregoing method, illustrated for one of the
many commodity groups which may be affected by
palletization or containerization, can be used for each
commodity category where there has been a change
in load type.

Identifying Causes of Productivity Change
Productivity rates may be affected by the following:

1. Increased use of mechanical handling equip-
ment.

2. Changes in supervision and manpower utiliza-
tion.

3. Changes in working rules and contract restric-
tions.

If only one of these factors changed during a com-
parison period, all productivity changes could be
attributed to that factor. However, all three types of
changes usually need to be instituted simultaneously.
Where more than one change is made, more detailed

analysis is required to isolate the extent to which
each contributed to man-hour savings.

Summary of Computations

Table 4 is a summary of the changes in man-
hours, among four occupations, attributable to the
various causes under discussion. Three major causes
of the difference between 1957 and 1958 actual man-
hours (60,925) are:

1. Productivity change produced a decrease in
man-hours of 12,865.

2. Shifts in load type caused a decrease of 13,232
man-hours.

3. The balance of the difference, 34,828 man-
hours, is caused by a change in task resulting from
a decline in the volume of business or a change in
commodity mixture.

Port- or Coast-wide Accumulation

A summary sheet such as Table 4 can be con-
structed for the operation of each company at a port
or terminal. The information can be accumulated
algebraically on a port-wide or coast-wide basis. Such
data provide a measure of the performance of the
port or area for the time periods involved, using
actual man-hour differences as the basis for the
evaluation.

USES OF RESULTS

The foregoing method has many uses. Among
these are:

1. Measuring the effectiveness of new cargo han-
dling systems compared to previous methods.

2. Measuring the reduction in work opportunity
resulting from improvements to cargo handling
methods.

3. Identifying some of the causes of change in
longshore man-hours between time periods.

4. Estimating the quantitative results of potential
changes in handling specific commodities.
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Chapter 4

SPECIAL PROBLEMS

It was noted earlier that the measurement of man-
hours required for General Cargo, N.O.S., and for
indirect work time, might require special procedures.
The preceding section, by use of a hypothetical illus-
tration, presented a method for evaluation of long-
shoring performance in which General Cargo, N.O.S,,
and indirect time were handled in an elementary
fashion. This section will indicate hazards of simpli-
fied handling of these factors, and suggest refinements
in the method of measurement.

GENERAL CARGO, N.O.S., COMMODITY
CLASSIFICATION

General Cargo, N.O.S,, is a “catch-all” category
that comprises all commodities not specifically cov-
ered by other classifications. It includes articles with
a wide range of handling and physical characteristics.
The N.O.S. category includes commodities or pack-
aged units moving in quantities considered too small
to warrant separate classification and new commodi-
ties just beginning to move in the trade. Therefore,
its composition may vary greatly from time to time.
This variation may lead to erroneous evaluation of
performance. That is, a change in the man-hour re-
quirement computed for the N.O.S. tonnage may be
caused by change in its composition rather than
change in productivity. The error may be slight if
the N.O.S. tonnage is small, but it may be so great
that it affects the evaluation of longshore performance.

In recent years some companies classified up to
65 per cent of the total tonnage handled in the Bay
Area as General Cargo, N.O.S. One large company
treated all of its cargo as one commodity group,
equivalent to General Cargo, N.O.S. These figures
show the importance of N.O.S. cargo to longshoring
performance and underscore the need for a method to
distinguish the effects of productivity change from the
effects of variations in handling characteristics.

Identifying Commodity Groups in General Cargo,
N.O.S.

For a number of shipping companies it is possible
to segregate their N.O.S. cargo tonnages into com-

66

modity groups and obtain tonnage data from mani-
fest records and other voyage reports. In the un-
likely case that actual man-hours are available for the
commodity groups, the method outlined in Section II
may be used to compute the influence of N.O.S. cargo
on longshoring performance. However, in many
cases loading and discharging man-hour records are
not available by individual commodities within the
N.O.S. category and, therefore, specific productivity
rates are unavailable.

The following paragraphs describe a method for
developing usable productivity base rates in the
absence of complete data on actual rates.

Table 5 (based on actual data) shows a typical
component grouping of the N.O.S. cargo of Com-
pany B. Tonnage data was available for each of the
component groups for the base and comparison pe-
riods, (Cols. 1 & 4).> However, only total man-hour
data were available for General Cargo, N.O.S. (Cols.
2 & 5). Portions of the “totals” could not be iden-
tified with any of the component groups.® For each
of the N.O.S. component groups, a characteristic
productivity base rate used for planning was ob-
tained from the stevedoring superintendent. The
characteristic rate and base period tonnages of the
N.O.S. cargo were used to compute the base period
man-hours required to handle each of the component
groups. The computed base period man-hours were
totalled; and the ratio of the total computed man-
hours to the total actual base period man-hours was
applied as a correction factor to each of the steve-
dore’s productivity rates. This ensured that for the
base period the corrected rates (Col. 3) would yield
a total computed man-hour figure equal to the actual
total man-hours. Longshore performance for General

® Tonnage data for each component group can be assem-
bled for the base and comparison periods from manifests for
each ship visit to the port or area.

¢ Man-hour data is generally available only on a “totals™
basis for the loading and discharging operations for each
ship visit and cannot be assigned to any one component
group of the N.O.S. cargo being handled. The total man-
hour figure presented in Table 5 was obtained by summing
all of the load totals for each ship visit.
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TABLE 5

Change in Longshore Man-Hours for N.O.S. Segregated into Commodity Groups
(Company B—San Francisco discharge)

1 2 3 4 5 6 7
Base Period * Comparison Period **
Corrected Calculated MH Change
Amount Stevedore  Amount Man-hours + or —
of Cargo Actual Prod. Rates of Cargo Actual Col. 4/ Col. 5-
ST Man-hours ST/MH ST Man-hours Col. 3 Col. 6
General Cargo N.O.S.***
TOTALS ................. 91,510 90,860 85,020 92,180 89,600 2,580
1. Misc. Gen. NOS........... 17,170 0.565 17,990 31,840
2. Cartons—canned goods ... .. 2,450 1.227 2,110 1,720
3. Cartons—Ilight breakable 1tcms
(more than 40 cartons per
2000 Ibs.), such as glassware,
drugs, toys ................ 16,950 0.812 19,750 24.320
4. Cartons and cases, heavy items
(less than 40 cartons per 2000
Ibs.), such as books, paper,
chewing gum .. ... ... .. .. .. 10,340 1.227 8,220 6,700
5. Bagged goods—coffee, dry
paints, chemicals, etc.. . ... .. 5,570 1.342 5,250 3,910
6. Reels and bundles, pails—rope
cable, paints, etc. (less than
1000 1bs. each) 2,710 0.979 1,210 1,240
7. Drums—chemicals, pitch, oils,
etC. ... 4,980 1.629 3,170 1,950
8. Cartons and cases—mostly
machinery and plumbing items 3,520 1.473 3,310 2,250
9. Reels, machinery, vehicles—
(items 1000 lbs. or more each) 4,860 1.501 2,840 1,890
10. Skids—printing paper . .. . . 7,080 2.043 7,560 3,700
11. Rolls—paper products ... ... 4,180 1.224 4,370 3,570
12. Bundles—pipe, tubing, con-
duit, etc. 5,700 1.940 2,900 1,490
13. Steel—plates, beams, angles,
channels,etc. .. ... ... ... ... 1,730 1.779 1,110 620
14. Pallet units—insulrock, toilet
preps, etc. .. ......... ..... 970 0.835 2,630 3,150
15. C-type containers ....... ... 3,300 2.043 2,600 1,270

* The data given for the Base Period is based upon actual information for Company B.

** The data for the Comparison Period is assumed.

*** The commodity breakdown of the General Cargo, N.O.S., category is based upon a comprehensive analysis of Company

B records.

Cargo, N.O.S., has been evaluated in Table 5 by
the same method used in Section III. There is a con-
siderable difference between the results obtained by
this approach (a 2,580 man-hour increase), and that
derived by treating all N.O.S. cargo as a single com-
modity (7,750 man-hour increase). (See Table 6.)

A statistical approach to obtaining productivity
base rates for the component groups—to be used in
lieu of the stevedore’s rates—was also evaluated. For

the data used in the computations, it was necessary
to solve 51 equations (one for each ship visit
during the base period) with 15 unknowns (one
for each component group productivity rate). The
rates developed by this method (which involved the
use of an electronic computer) only slightly improved
the measurement accuracy obtained from using steve-
dore’s rates for the N.O.S. cargo. Consequently, the
stevedore’s rates are preferred for their simplicity. A
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TABLE 6

Change in Longshore Man-Hours for N.O.S. Treated as a Single Commodity
(Company B—San Francisco discharge)

85,020

1 2 3 5 6 7
Base Period Comparison Period
B Productivity Amount .
Amount Man- Base Rate of Cargo Man-hours
of Cargo hours. ST/MH Base Rate + or —
ST Actual Col. 1/Col. 2 Actual  Col. 4/Col. 3 Col. 5-Col. 6
91,510 90860  1.007 92,180 84,430  +7.750

measure of the accuracy of these productivity base
rates can be made by applying the corrected steve-
dore rates to the corresponding component group
tonnages for each ship visit and comparing estimated
total man-hours with actual man-hours. Over a num-
ber of ship visits this comparison can be quantified by
taking the square root of the sum of the squared dif-
ferences between actual and estimated values for all
ship visits. The greater the resulting number, the less
confidence one can place on the rates used. The
single commodity method has a root mean square
error approximately double that of the methods us-
ing either the stevedore’s rates or the statistical analy-
sis, which were nearly equal.

Productivity base rates obtained from the stevedor-
ing superintendent, or by the statistical approach, are
estimates; thus, by nature, they are subject to error.
It is desirable that every effort be made to obtain
actual tonnage and man-hour data for each of the
component groups of General Cargo, N.O.S., to de-
velop actual productivity base rates. Cargo sampling
methods can be used which will yield base rate in-
formation superior to the stevedore’s or statistically
calculated rates where complete measurement is im-
practical. Sampling would require taking man-hour
measurements on commodity groups for every fifth
or every tenth ship visit, depending upon the desired
precision.

Use of Stowage Factor
to Measure General Cargo, N.O.S.

Many shipping companies may be unable to sub-
divide their N.O.S. categories into logical component
groups and obtain the requisite data. The inaccura-
cies inherent in the handling of N.O.S. cargo ton-
nage data as a single group are so great that further
refinement is desirable. To meet such situations, an
effort was made to determine whether a general rela-

tionship exists between productivity and stowage
factor of N.O.S. cargo that could be used to measure
change in N.O.S. man-hour requirement due solely
to productivity change. For those companies main-
taining both weight and cube information on General
Cargo, N.O.S., this method may be useful.

Two companies supplied loading data covering a
period of several months on weight tons, measure-
ment tons, and gang hours, by ship, for their General
Cargo, N.O.S,, Classifications. The data of Company
C comprised 72,000 long tons (LT); 165,000 meas-
urement tons (MT); and 8,780 gang hours (GH).
Company D data included 15,000 LT; 38,000 MT;
and 2,200 GH.

The data from each company were analyzed sepa-
rately. Productivity rates, expressed in LT/GH and
MT/GH, were calculated for each ship and grouped
according to the average stowage factor of N.O.S.
tonnage handled for the ship. The data were then
grouped by stowage factor interval and average pro-
ductivity rates computed for each group. The re-
sults, plotted for Companies C and D are shown in
Figures 1 and 2. Over-all average productivity rates
calculated for each company are also shown.

A wide range of stowage factors—40 cu. ft./LT
to 170 cu. ft./LT—are included in the General Cargo,
N.O.S., tonnages of both companies. Except for highly
specialized cargo that might occasionally fall into the
N.O.S. category, this range of stowage factors is
similar to the range of stowage factors in the Gen-
eral Cargo, N.O.S., category of other shipping com-
panies.

The trend of productivity data in Company C (Fig-
ure 1), expressed in MT/GH, is nearly constant over
the range of stowage factors shown. On the other
hand, the trend in productivity data for this same
tonnage, expressed in LT/GH declines with increas-
ing stowage factor. The pattern for Company D is
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Figure 1. Average cargo handling rates vs. stowage factor, General Cargo, N.O.S.,

Company C.

the reverse (Figure 2). That is, the trend of pro-
ductivity data expressed in MT/GH increases as
stowage factor increases, and the trend of productiv-
ity data expressed in LT/GH is relatively constant
over the range of stowage factors. These opposed re-
sults probably result from differences in the opera-
tions of the companies. Therefore, analysis of this
type must be made separately for each company, to
use this approach.

The probable variability among different com-
panies prevents using this method of analysis for all
companies operating in a port. However, the uni-

(with estimates of error at 99 % confidence level)

form use of this method may improve the data aggre-
gated for a port-wide evaluation of longshore per-
formance.

If productivity is constant, in either weight or vol-
ume measurement, over the entire range of stowage
factors, General Cargo, N.O.S., may be treated as a
single commodity in terms of the constant unit. Where
productivity varies over the range of stowage factors
on both a weight and volume basis, the General Cargo,
N.O.S., category may be subdivided into stowage fac-
tor intervals. The cargo falling into each stowage
factor interval can then be evaluated by the method
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Figure 2. Average cargo handling rates vs. stowage factor, General Cargo, N.O.S.,
Company D. (with estimates of error at 99 confidence level)

of Section II, treating each interval as a separate
commodity.

INDIRECT TIME MEASUREMENT

For a number of Bay Area shipping companies
indirect man-hours consumed from 20 per cent to 50
per cent of total longshoring man-hours. The data
presented in Table 1, Section 11, which are based on
actual facts, show that for Company A indirect man-
hours constituted approximately 21 per cent for load-
ing and 32 per cent for discharging operations. In-
direct man-hours generally constitute such a large
proportion of the total longshoring man-hours that
they must be accurately accounted for to obtain valid
information for evaluation purposes.

For many shipping companies the method of
handling indirect time developed in Section II may be

entirely adequate. However, a more accurate estima-
tion can be made if indirect time is separated into
two components, one based on the number of ship
calls and a second based on the amount of direct
commodity time.” The data in Figure 3 indicates that

" The equation use in Method 2 for indirect time estima-

tion is:
N N
ZYI = Na + KZX|
=1 i=1

N

ZY.:Total of indirect man-hours for the i**
voyage (Y:) summed over the base pe-

N

>x

where:

riod for N voyages.

Total of direct man-hours for all com-
modities handled in the i** voyage (X)
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even when direct longshore man-hours approach zero
there still must be a certain number of indirect man-
hours to open up and close the ship regardless of
the amount of cargo to be handled.

A further refinement of the above method of es-

summed over the base period for N
voyages.

K = Base period relationship between indirect
man-hours and total direct man-hours
for all commodity types handled.

N = Number of ship calls, base period.

a — Average indirect man-hours involved in
initial opening and final closing opera-
tions (independent of commodity time).

" The equation used in Method 3 for indirect time esti-
mation is:

N

N
ZY| = Na + Z ZK)XU
i=1

i=1 j=1
where:

N
z Y., N, and a are as in Method 2 above and
i=1
Xi; = Direct man-hours required to handle the
j*® commodity type for the i*" ship call.
K,; = Base period relationship between indirect
and direct man-hours for the '™ com-
modity (where j=1,2,... m; and m
is the number of commodity types han-
dled by a shipping company).

timating indirect time accounts for differences in
dunnaging, shoring time, and other indirect time re-
lated to differences in commodity types.* This refine-
ment may be desirable for a company handling a
number of commodity types with different dunnaging
and shoring requirements. It does involve measur-
ing the amount of indirect time as well as direct time
during the base period for each commodity group
handled.

Figure 4 compares the accuracy of the three meth-
ods of estimating indirect time by the month for the
same data shown in Figure 3. 1f Method 1, the over-
all mean ratio of indirect to direct time, had been
used, the actual monthly ratios would lie in a band
about 4 per cent on either side of the estimated value
(at the 95 per cent confidence level). Method 2
would produce a band about 3 per cent on either
side of the line of perfect estimation under the same
conditions and Method 3 would produce a band
about 2 per cent wide. Of course, the smallest band
width represents the most nearly perfect estimation
method for this company. Operations of other com-
panies might not be as sensitive to the factors ac-
counted for in the refined methods. Hence, each
company should carefully analyze its operations
before choosing a method of estimating indirect time.
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Part 111

ANALYSIS OF CARGO HANDLING

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

Chapter 1

SUMMARY AND CONCLUSIONS

One of the first projects undertaken as a part of
the San Francisco Port Study was an analysis of cargo
handling operations, to describe the present system,
locate bottlenecks in the operations, measure the
potential for improvement, and suggest specific
improvements. Quantitative information was ac-
cumulated to evaluate current cargo handling meth-
ods.

The elements of cargo handling tasks were timed
by specially trained union clerks. The apron, hook,
and hold phases of the loading and discharging proc-
esses on general cargo ships were examined. Included
were opening and closing, cargo handling, and related
work.

Observations of the work time elements, weight
and measurement of the cargo, equipment used, num-
ber of men working, work location within the ship,
and a description of the work elements of the process
were recorded. Seventeen variables associated with
commodity, ship, worker, shift, weather, etc. were
segregated in the compilation.

Many bottlenecks in the system were observed dur-
ing the data taking phase in 1958 and 1959. Since
then, many changes and improvements have been
made. The Pacific Maritime Association (the em-
ployer’s bargaining agent) has instituted a contract
conformance program to eliminate extracontractual
work practices (e.g., the 4-on, 4-off practice, unau-
thorized late starts and early quits) which were detri-
mental to productivity. The 1960 longshore labor
contract has eliminated most of the manpower restric-
tions of earlier contracts which affected productivity,
and has provided a basis for mechanizing the industry.

This analysis describes the cargo handling system
prior to 1959, and provides a basis for evaluation
of many of the changes made since that time. The
methods of the analysis are useful as study procedures
for others in the San Francisco Bay Area and
elsewhere.

The following conclusions have been drawn from
analysis of the time measurements:
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1. The cargo handling system in the San Francisco
Bay Area in 1958 and 1959 was operating well below
its capability. The deficiency could not be attributed
to any single cause. It was the sum of worker, super-
visory, and contractual shortcomings. Specific factors
which affected productivity:

a. Delays and lags consumed about 43 per cent
of the working time in the hold.

b. The practice of four of the eight-man hold
gang resting at one time while the others worked
(4-on, 4-off) drastically reduced performance on
loading operations.

c. Little mechanical equipment with lifting capa-
bility was provided to help men in the hold.

d. Drafts were limited by contract to inefficient
sizes and loads even smaller than permitted were
generally placed on the pallets.

e. The rigid practice of alternating drafts be-
tween the two sides of the hold stopped one side of
the hold gang from working when the other side was
delayed.

f. Unproductive time at the beginning and end-
ing of the work shift, including unauthorized late
starts and early quits, claimed approximately 7 per
cent of the 9-hour work shift.

g. Inflexible gang size prevented the efficient
utilization of manpower.

h. Little modern equipment was provided for
dunnaging, shoring, work platforms, running plates,
etc.

i. No provision was made for having more than
one draft ready for handling, on the apron or in the
hold, even though space permitted.

2. Productivity rate differences between companies
were noticeable within certain commodity groups.
No one company was consistently better than the
others for all commodities, however.

3. The methods of handling general cargo on the
San Francisco waterfront can be improved without
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requiring greater energy expenditure by the long-
shoremen. For some commodities the gang hour
productivity can be doubled and the handling cost
per ton reduced by 25 per cent or more. This im-
provement can be accomplished by:

a. leaving as much cargo as possible on pallets
when stowing aboard ship.

b. using more labor-saving equipment such as
fork lifts or pallet jacks in the hold.

c. improving supervision and selection of work
methods.

d. improving dunnaging, cargo shoring, and
blocking techniques; using block stow, plywood dun-
nage, cargo nets, running plates, etc.

e. improving communications between the men
in the hold and other gang members, including the
clerks on the dock.

f. establishing a cargo reservoir on the apron
and in the square of the hold.

g. providing more flexible assignment of man-
power. both in numbers used and in job assignment.

4. Cargo handling rates can be improved, costs
reduced, and safety increased by modifying shipboard
cargo handling facilities to provide:

a. mechanical hatch covers.

b. flat obstructionless decks with surfaces pre-
pared for the use of powered equipment.

c. larger reefer and locker openings with flush
sills.

d. flush cargo tie-down fittings.

e. topping lift and vang winches for rigging
booms.

f. improved, built-in lighting in the far reaches
of the compartments.

g. rectangular cargo spaces away from bow or
stern hull shaping.

h. high-capacity ventilation system in cargo
spaces.

5. Changes in methods of using men and existing
equipment promise more immediate improvement in
cargo handling productivity than changes requiring
sophisticated equipment and new ship designs.
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Chapter 2

PHYSICAL DESCRIPTION OF THE CARGO HANDLING SYSTEM

LOADING AND DISCHARGING CYCLES

For both loading and discharging, the hold gang
was split into two teams—one working on the star-
board side of the ship and the other on the port. The
activities of one team mirrored those of the other.
Each team received alternate service from the hook.
This work procedure simplified data taking for the
study, since it was only necessary to time one team
and adjust the tonnages.

For purposes of the study, the loading and dis-
charging systems were divided into two phases, the
hook cycle and the hold cycle. The hook cycle, for
both loading and discharging, started when the hook
left the apron on its way to the hold. The hold load-
ing cycle started with the arrival of the hook carrying
the cargo. It ended when the same team in the hold
received their next load from the hook. Each hold
discharging cycle commenced when the team started
to move its stevedore wagon to the position in the
hold where it was to be loaded. The hook made two
cycles for each hold team cycle.

COMPOSITION OF GANGS

The standard longshore gang in 1958 and 1959
comprised 12 men for discharging and 14 for load-
ing. The work assignments were:

Loading Discharging

Gang boss . 1 1
F/L driver on pier 1 1
Hook-on men on pier 2 2
Winch driver 1 1
Hatch tender 1 1
Holdmen 8 6

TOTAL 14 12

Spare hook-on men must be provided on the pier
in sufficient numbers to give each hook-on man 15
minutes relief out of every two hours.

WORK PROCEDURES AND EQUIPMENT

The standard working practice in 1959 was for
only four men to work in the hold at one time, two
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men to each team. Two men from each loading team
or one man from each discharging team would either
leave or rest in the hold. This practice was referred
to as 4-on, 4-off, even though in discharging opera-
tions there were only six men assigned with two
men “off.”

When loading, the hook delivered alternate loads
to each team. If a team which had received the pre-
vious load was ready for another load before the
team on the other side of the hatch, it waited, even
though it meant several minutes delay. The alternat-
ing procedure continued during all work in the wings.
When the teams were working in the square of the
hatch, the two teams joined. The alternating pro-
cedure was also used when the hook was taking
cargo out of the ship during discharging operations.

The conventional cargo handling equipment used
aboard ship in 1959 was the four-wheeled hand truck,
or stevedore wagon, having no lifting capability. It
was used solely to transport cargo between the point
where the hook deposited or picked up cargo and the
point of stowage in the hold. The cargo was man-
handled onto and off the truck, one piece at a time.
At times, one company used electric jitneys in place
of the hand trucks. The jitney had no lifting capa-
bility, so that its only advantage was to provide power
and braking for the transporting of loads. The cargo
still had to be manhandled at stowage position. Few
fork lifts were in use aboard ship in 1959.

When cargo was available in sufficient quantity and
there was no problem of overstowing, tier stowage
was used to reduce the arduousness of manually
lifting cargo. A tier was built to a convenient lifting
height over the entire stowage area. The cargo was
then “floored off” by laying dunnage over the top.
Walking boards were laid on the dunnage and the
stevedore wagon was pushed over the first tier with
its loads. If the stowage area did not extend into
the square, it was necessary to build a stage or “leg”
to the height of the cargo tier so that the stevedore
wagon could come under the hook to receive cargo.
The stage was usually built of stacked pallets, topped
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with plywood walking boards. When working in
spaces with confined headroom, it was often neces-
sary for one man to pass the cargo to the other, so
that both men handled each piece of cargo. Pro-
ductivity under these conditions was low.

Bales of cotton were sometimes transported within
the hold on the stevedore wagon, and at times were
rolled into place by hand. Oil drums were almost
always delivered to the hold on their sides. They were
then rolled to the stowage area and upended into
position by hand.

Conventional married-fall cargo handling gear was
used on all of the ships in the study. This gear con-
sisted of two guyed booms each with its own fall and
winch. The falls were joined to a single hook. The
booms were rigged, so that by coordination of the

two winches the cargo could be lifted off the dock
and deposited in the square of the hatch on either
the port or starboard side. The load was positioned
in the hatch, forward or aft of the line between the
heads of the booms by manually swinging it.

When discharging, the hook was sometimes used
to drag heavy cargo from the wings, and then lift it
from the square. Cargo could be picked up by the
hook from any spot in the square by first dragging it
to a spot on a line between the boom heads, so that
a direct lift could be made.

The winch driver and the hatch tender alternated
roles throughout the day. The hatch tender was
usually relieved by the gang boss when it was neces-
sary for him to leave his post.
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Chapter 3

PRODUCTIVITY ANALYSIS

Cargo handling productivity can be measured in
many ways and have many meanings, depending on
the purpose for which it is being measured. Cargo
units moved can be measured by weight, cube, or by
draft. Time units can be related to ship time, gang
time, or man time, depending upon which is the most
useful for the analysis. Regardless of the method
used to measure it, longshore productivity greatly
affects the cost of shipping cargo. Therefore, in a
study of longshore operations, it is important to
isolate the factors which influence productivity.

For the purposes of this study, productivity com-
parisons were made within commodity groups. Com-
modity groups were defined to include package type
and handling characteristics. Comparison within a
commodity group provided the most meaningful
basis against which changes could be evaluated. For
some purposes, other measures of productivity may be
more useful. For instance, productivity by area of
the ship may have special significance to a planner
who is trying to balance out the work to be done and
to minimize the ship time at berth. Even in this case,
however, commodity productivity is one of the vari-
ables that the planner will take into account in laying
out the stowage plan.

The details of sample size, commodity breakdown,
and companies observed are given in Appendix A.

VARIABILITY OF PRODUCTIVITY
DATA

The foremost characteristic of the productivity data
gathered in the San Francisco Bay Area was the wide
range of values observed. The differences in pro-
ductivity occurred within commodity groups, and
within the data associated with each of the variables
tested. Some of the factors which were tested for
their effects on productivity were: night work versus
day work, stowage in the wing versus stowage in the
square, type of ship, size of the sling load, number of
men working, and the percentage of time worked.
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NIGHT WORK VS. DAY WORK

Six of the thirteen commodities examined for dif-
ference between day and night productivity showed
significantly higher productivity for day work. The
differences ranged from three measurement tons per
hour for loading canned goods to 183% measurement
tons per hour for loading unitized cargo (Figure 1).
Seven of the commodities showed no significant dif-
ference between day and night loading rates.
Samples of other commodities tested were too small
for statistical verification of the differences. There
were no samples where night productivity rates were
measurably superior to day rates. Figure 1 shows
the productivity comparison and variability for sam-
ples of the 13 commodities which were of suffi-
cient size to permit analysis. The center mark on
each line is the mean productivity for the commodity.
The length of the line shows the range within which
approximately 96 per cent of the means of samples
taken under similar conditions could be expected to
fall.

The indication here that night work may be less
productive than day work suggests that additional
costs, other than premium wages, are incurred in
working at night.

STOWAGE IN THE WING VS. STOWAGE
IN THE SQUARE

No consistent difference between stowage in the
wing or in the square was found for most com-
modities. Vans and very large boxes did show a higher
productivity in the square, as might be expected. The
ability to spot the large units in stowage position with
the hook constituted a time saving. Small units were
often used for fill between large units in the square,
so that their average stowage rates did not improve
much. In addition, the hook was not as free to move
into the square when the men were working there
as it was when the men were in the wing. Further-
more, when the men were working in the wing, the
team on one side could be receiving cargo while the
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Figure 1.

other was stowing, so that the hook could move at
a more rapid pace. Figure 2 shows the comparison
between wing and square stowage work for several
representative commodities.

PRODUCTIVITY VS. PERCENTAGE OF TIME
WORKED

In the Cargo Ship Loading Study (NAS-NRC Pub.
474), a relationship was shown between the per-
centage of operating time during which the men were
actually working and the rate at which they worked.
The greater the percentage of time that the men were
working, the lower the work rate while they were
working. The decrease in work rate—as the percent-
age of time worked increased—was so sharp that
when the men worked more than 55 per cent of the
time the over-all productivity per man (work rate
x per cent of time worked) no longer increased. In
the conclusions on break-bulk loading productivity of
the Cargo Ship Loading Study, this decline in work
rate and in over-all productivity was interpreted as

Cargo handling productivity, day vs. night comparison—loading.

being due to fatigue caused by the increased work to
rest ratio.

An examination of the San Francisco Port Study
data was made to determine whether the findings of
the earlier study were valid for this port. Samples of
loading data for general cargo and canned goods were
analyzed for this purpose. For both commodities, it
was found that the statistical relationship between
percentage of time worked and productivity was too
weak to assert the same conclusion. The difference
between the findings of the two studies might be ex-
plained by the influence of the 4-on, 4-off work pat-
tern of the gangs in the San Francisco area. The
actual work rates per man while on the job (see
Table 2) were not far different on the two coasts for
the time that the men were actually working. The
longshoremen in San Francisco were only available
to work half the time however, reducing the actual
percentage of time worked to less than 30 per cent.

The above comparisons were made on cargo han-
dling time only, and did not include time used for
opening and closing or housekeeping.
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Figure 2. Cargo handling productivity, wing vs. square loading. (one company only)

DRAFT SIZE

A relationship was observed between the size of
the draft and the tons of cargo loaded per gang hour.
Figures 3, 4, and S all show an increasing productivity
as the size of the draft increases. For this presenta-
tion, measurement tons have been used because in
the higher stowage factor range, where most packaged
cargo lies, draft size is limited by volume rather than
by weight. Figures 6a and 6b, calculated on a smaller
sample, show that the relationship between hook
load and productivity is similar whether calculated
by weight or measurement units. The longshore
labor contract placed limits on the number of pieces
which may be placed on a pallet for many commodity
groups. Gang hour productivity in Figures 3, 4, and
5 is based on a gross work cycle which includes all
of the delays and lags occurring during the cargo
handling operations. The position of points with
reference to the sloping lines of constant drafts per
hour indicates average draft rate as well as showing
the measurement ton rate. In most cases the larger
draft sizes in Figures 3, 4, and 5 are high stowage
factor cargo. Most of the points fall in a narrow
range of drafts per hour, indicating that the drafts per
hour rate is relatively insensitive to draft size or
stowage factor variations.

The relationship between draft size and produc-
tivity agrees substantially with the findings reported
by MCTC in the Cargo Ship Loading Study.

COMPANY COMPARISONS

Differences in productivity between companies can-
not be evaluated directly. Draft size, which may be
beyond company control, may affect the performance
measurements. When draft size effects are isolated,
other differences in stevedoring methods can be
separated.

Figures 7a through 10 compare company pro-
ductivity rates for typical commodities. Average
productivity in measurement tons per gang hour for
each company has been plotted against average draft
size in measurement tons. Straight diagonal lines
through the origin represent lines of constant draft
rate. The steeper the slope of these lines, the higher
the draft rate. On each graph, the weighted average
draft rate has been drawn in. Companies above this
diagonal line have higher than average draft rates
and those below have lower than average draft rates.
All points on Figure 7a through Figure 9 represent at
least one hour of cargo operations and most of them
cover more than six hours of cargo time. Figures 7a
through 8b cover loading operations; Figures 9a
through 10, discharging.
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Figure 3. Gang productivity vs. draft size—general cargo and machinery.

These figures show that certain commodities are
handled by different companies at different pro-
ductivity rates. These differences may be due to draft
size, draft rate, or both.

A conclusion not evident from the figures (since
for proprietary reasons, points were not identified)
is that no one company was consistently better or
worse than others for all commodities. A company
which excelled in one situation may have been below
average in another. Superiority by one company in
handling a particular commodity may have resulted
from specializing in that commodity and gearing
stevedoring operations to it. The best company pro-
ductivity rates shown here are well below system po-
tential. This is discussed further in Chapter 5.

All company data within commodity groups has
been combined for the cycle time analysis in the next
section.

OTHER VARIABLES TESTED

Tests for relationships between productivity and
the type of ship in which the work was being per-
formed, and between productivity and the number
of men working in the hold proved inconclusive.

Tests of productivity versus the number of men
working were not definitive because of the 4-on, 4-off
work pattern. The number of observations in which
more than four men were working in the hold was
too small to make reliable comparisons between
gang sizes within a commodity group. For all
practical purposes, the working gang size during cargo
handling operations in the San Francisco Bay Area
proved to be four men in the hold.

Cargo handling productivity was apparently not
affected by characteristics of the various ship types.
As will be shown in the Time Analysis section of this
report, the Mariner class proved to have some ad-
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Figure 5. Gang productivity vs. draft size—miscellaneous cartons and cases.
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Figure 7. Comparison of productivity by company—loading.

vantage over other types in opening and closing ship
and in gear rigging time. Differences in effects may
exist between ships even though not identifiable in
this data. The productivity rates of the longshore
gangs may have been too low to tax the design limita-
tions of some of the older ship types. At a consider-

ably higher output of the gangs, differences between
ship types may have influenced productivity.

The type of operation (predominantly hand stow)
may also have covered up differences in productivity
potential due to ship type. Introduction of mechanical
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Figure 8. Comparison of productivity by company—loading.

equipment into the holds would undoubtedly have
shown that ships with smooth decks and adequate
hatch sizes provided more potential for improved
productivity.

Many other variables were classified during the
data taking phase of the study. Analysis was omitted
in some cases because the results would not provide
decision rules for improvement of work methods.

In other cases the sample size of the deviations from
standard practice was too small to make significant
comparisons. Among the latter were such things as
the type of equipment used in the holds and the type
of equipment on the ship’s hook.

The inconsistency of the productivity comparisons
when related to certain variables, and the wide range
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Figure 9. Comparison of productivity by company—discharging.

of the results within all of the variables, indicated a
need for a detailed time analysis of the system.

COMPANY RECORD ACCURACY

The detailed time data accumulated for the opera-
tions analysis was used to evaluate the hatch logs
kept by the companies. The purpose of the evalua-
tion was to determine whether the hatch logs were

suitable for accurate measurement of stevedoring
productivity. The time data provided a standard,
against which the hatch log accuracy could be
measured.

The time required for the performance of each
activity and the time spent handling each commodity,
as shown on the hatch log, was compared with similar
times obtained during the operations analysis. Figure
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Figure 10. Comparison of productivity by company—discharging.

11 shows the average time recordings made for each
of the activities by the company clerks compared to
those made for the same activities by the MCTC
data-takers. These averages cover 122 hatch logs.

The company records tended to overstate the
time used in handling cargo. The over-all difference
between the hatch logs and the MCTC time records
was about 10 per cent. Some of this overstatement
of commodity time resulted from a practice of round-
ing the time to the next 15-minute period. Almost all
company hatch log times were recorded in even
multiples of quarter-hours. That part of the over-
statement of commodity time which is not due to
rounding the entries can be accounted for by an
almost complete failure to indicate late starts and
early quits, lost time when changing from one activity
to another, and understatement of the time used in
support activity. The systematic nature of the errors
is evident in Figure 12.

The time used for support activity was under-
stated about 15 per cent on the over-all average.

The inaccuracies in recording of support activity
were much more random, and of greater magnitude
than the recordings of commodity time. Less than
one-fourth of the support activity time notations were
within 15 per cent of the true time. Figure 13 shows
the random nature of the errors in recording sup-
port activity times. When large errors occurred, the
times recorded appeared to be hatch clerks’ guesses
rather than measurements.

Although there were many inaccuracies and
anomalies in the recording of the logs, the over-all
average times for a great number of entries were
surprisingly close to the actual averages, as shown
by the “Total Time” in Figure 11. This tendency
for the unevenness in the logs to smooth out over a
large accumulation of data indicates that they may
safely be used for long term estimates of stevedoring
productivity. They are not reliable for determining
the productivity of any one commodity over a short
period. More accurate entries in the hatch logs
would greatly increase their usefulness in analysis of
stevedoring work methods.
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commodity time. (122 hatch logs)
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Chapter 4

TIME AND ACTIVITY ANALYSIS

The detailed time study provided a means for ex-
amining the activities of the men and the ship’s gear
separately and in their relation to one another.
Separation of the time elements helped to determine
which activities could be improved and what could
be done to achieve the improvement.

The time associated with handling and securing of
cargo is the major portion of the longshore work
shift. The following chapter emphasizes the cargo
handling portion, since improvements in this portion
are dependent on precise, detailed knowledge of
the system. In addition to the cargo handling time, a
longshore gang often spends time before and after
cargo handling in rigging the booms and opening and
closing hatches. The amount of time required for this
operation was often more than two hours of hatch
time per port visit, depending on the type of ship and
equipment. This segment was studied and will be
discussed briefly. However, significant time saving
in opening, closing, and rigging depends on new types
of equipment, more than revised methods.

A third part of the longshore work shift observed
in 1958 was the unproductive time at the beginning
and end of work periods. This lost time represented,
on the average, about 40 minutes or 7 per cent of the
nine hour shift. Reduction of this lost time is beyond
the scope of this study; however, some data is
presented to show the amount of time lost.

UNPRODUCTIVE TIME AT THE START AND
END OF WORK PERIODS

Unproductive time at the start and end of work
periods could be easily identified. Late work starts
were measured from the official start of the shift, or
end of lunch period, until the gang was aboard ship
ready to start work. Early stops were measured
from the time that the gang knocked off for lunch,
or at the end of the shift, until the scheduled lunch
hour or the time the shift was officially over. A gang
knocking off early because of a completed hatch
was not considered as stopping early. A gang arriv-

94

ing or leaving on schedule was recorded as zero
minutes late or early and was included in the calcula-
tion of the average.

No standard starting or quitting policies were
found among Bay Area terminals and shipping com-
panies. Many companies required attendance only
within the terminal at starting time and allowed a
reasonable time from the gate to the ship. Some
permitted five or more minutes off for wash-up before
lunch or at the end of the work shift. Additional prob-
lems existed in East Bay terminals where part of the
work force was carried from San Francisco in hired
busses which had allowances for arrival and
departure. Because of this variation in policy no
effort was made to segregate authorized lost time
from unauthorized late starts and early quits. Table
1 shows the unproductive time which is frequently
not recorded on hatch logs.

The lost times shown in Table 1 were obtained
from the commercial terminals during 1957-58 when
the nine-hour shift was still the rule in the Port of
San Francisco. For comparison purposes, similar
data was collected from a single terminal in 1959
when the shift had been reduced to eight hours.
The lost time remained approximately the same when
the shift length was reduced, resulting in a higher
percentage of time lost. Early stops were a cause of
two and a half times greater time loss than late starts.
The total time lost because of these rules and practices
averaged 38 minutes per shift, regardless of the shift
length.

In 1959, management began a contract conform-
ance campaign to eliminate inefficient practices not
supported by contract. The illegal portion of lost
time due to late starts and early quits was consider-
ably reduced, according to employer claims. To
further this program, the portion of unproductive
time permissible under the contract should be ap-
propriately labeled in stevedoring hatch logs, and
not included in commodity or support activity time as
is the current practice.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

TIME AND ACTIVITY ANALYSIS

95

TABLE 1

Summary of Late Starts and Early Knock-Offs
Summary and Average Lost Time in Minutes

Start Stop Total
Begin After Before Before
Shift Lunch Lunch Shift End
1957-1958 data . . (66) 281.1 (54) 476.2 (66) 881.4 (86) 1100.7
(9 hour shift)
Mean ... ... ... .. 4.3 8.8 13.4 12.8 39.3 = 7.3% of 9 hr. day
8.2% of 8 hr. day
1959 data ...... . (77) 298.5 (81) 449.3 (81) 1063.1 (90) 1415.1
(8 hour shift)
Mean .......... ... 39 5.5 13.1 15.7 38.2 = 8% of 8 hr. shift
All combined .... (143) 579.6 (135) 925.5 (147) 19445 (176) 2515.8
Mean ..... ....... 4.1 6.9 13.2 14.3 38.5 = 8% of 8 hr. shift

© Number of cases observed.

RIGGING, HATCH OPENING, AND CLOSING

The first activity of the gang after boarding ship
is usually opening hatches and rigging cargo han-
dling gear. At certain seasons of the year, the hatches
may be left open between work shifts so that they
need not be opened again unless the ship changes
berths. During the rainy season hatch tents are often
rigged as part of the opening process. The tents are
left up between work shifts, except when the ship
changes berths. The gangs may have to open the
hatches to the lower decks during the work shift. Be-

cause of difficulties in obtaining ship opening and
closing times on the same shifts in which the cargo
handling data were being taken, this phase was
studied separately. The results of the special study
are summarized in Figure 14 and presented in more
detail in Table B-1 of Appendix B. The data were
classified by ship type.

Mariner Superiority

Mariner ships with mechanical hatch covers and
topping lift winches required less than half the time

Others

Cc-2

]

Mariner

E, s

| | | | | [ | |
o

20 40 60 (- [o]
Minutes
m Tarpaulins
Deep tank operations, not observed in every Rigging
case, may add up fo 8 minutes to each total. |:] Opening & Closing of
Hatches to Lower Hold
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120 140

Figure 14. Summary of average hatch preparation time for various ship types.
(opening and closing three levels to lower hold)

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

96 SAN FRANCISCO PORT STUDY

necessary for rigging, opening, and closing ships with-
out this equipment (Figure 14). On a complete job
of rigging, opening, and closing to and from the lower
hold, the Mariner saved from 58 to 75 minutes. Six
to 13 minutes were saved because no tarpaulins were
required. The powered topping lift winches saved
from 7 to 18 minutes on rigging booms and securing
them. The mechanical hatch covers saved 43 to 66
minutes on initial hatch opening and final closing
operations. Thus, for the Mariner, the total time
saving per ship turn-around was on the order of
an hour or more. Other savings accrue to the Mariner
from reduced time spent rigging gear for different
hook positions while loading and discharging, and
from reduced time in hatch opening and closing at
the beginning and end of a work shift. These Mariners
were equipped with the early type mechanical hatch
covers which were opened and closed with the falls.
Newer, automatic hatch covers might provide further
time savings.

Rain Tents

Rigging rain tents seemed unnecessarily clumsy by
modern standards. This is an area where ingenuity
of design could make improvements of 30 to 90
minutes per rainy shift. The tent when rigged
provides only partial protection to the men and cargo.
The direct labor cost of tent handling for a single port
call can easily exceed $500. In the port of San
Francisco with its relatively short rainy season, there
is an annual labor bill for handling rain tents in excess
of one-half million dollars. Consideration also might
be given to equipping terminal facilities with quickly
adjustable shelters.

CARGO TIME

This portion of longshore work time requires co-
ordination between equipment on the dock, the hook
moving cargo between dock and hold, and the gang
handling cargo in the hold. Delays in one part are usu-
ally relayed to the others. The performance of each
part must balance that of the others. In the following
section delays and activities of hook and hold work
segments are discussed separately, although a change
eliminating delays or accelerating the performance
of one is only useful to the extent the performance
of the other can be made to match it.

Pier Delays

The hook data shows that the hook was delayed,
on the average, only 4 or 5 per cent of the time at the

apron by causes attributable to pier delays. This time
loss is insignificant compared to that observed else-
where in hook and hold cycles, although it might not
remain so if the others are improved.

Hook Delays

Figure 15 shows the hook delays and activity
periods while loading and discharging. The relatively
small hook delay at the apron has already been
pointed out. This small delay has little effect on the
rest of the system since the hook is normally working
only 48 per cent of the time in loading and 60 per
cent of the time in discharge. Figure 16 presents
hook work and wait percentages by commodity group.
This figure shows that, for loading, most commodities
have a percentage of delay time about the same as
the over-all average in Figure 15. For discharging,
the two different types of bagged commodities
provided the most significant departures from the
over-all average.

Wait for Hold

The “load” diagram in Figure 15 shows that the
time the hook is delayed during transit is greater
than the time which it moves during transit. The
“transit delay” time is mostly time that the hook
is waiting for the hold gang, so that it can deliver
cargo. The large combined percentage of hook-wait-
for-hold time (50 per cent for loading and 35 per cent
for discharging) is an indication that the capability of
the hook far exceeds the performance of the hold.
In San Francisco, improvements in the hook cycle are
not likely to increase system productivity, except
where the hold cycle is also accelerated. An excep-
tion is possible in certain situations where there is
interaction between the two cycles. Interaction is
discussed later in this chapter.

Hook Activity Time

While it has been shown that the hook was ap-
parently not the system bottleneck, analysis of hook
performance is still desirable. Improvements in hold
performance could easily press hook performance to
the limit of its capability. Figure 17 compares hook
cycle segments by commodity. Average draft sizes,
in measurement tons and in short tons, are also given
for each commodity. With the exception of vans, all
hook work cycles lie between 1.2 and 2 minutes, with
the majority in the vicinity of 1.5 minutes. This places
hook work cycle observations in the Port of San
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Figure 15. Analysis of load and discharge time—hook.
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Figure 16. Systems time analysis for hook cycle.
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LOAD AVERAGE DRAFT SIZE :
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Reefer Cargo SN = 096 0.64
Vans, Conex gggggggg//////// 6.68 1.94
Unitized Cargo = .43 1,02
DISCHARGE :
Canned Goods 2 7//// — | 1,02 MT/Dr  0.92
Misc, Ct'ns, Cases o0 %////// 1,20 0.58
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Figure 17. Average hook cycle time by commodity group.

Francisco precisely within the range of observations
at all other ports in the Cargo Ship Loading Study.
However, at no East Coast port did hook delays
average more than 30 per cent of the cycle for loading
operations. In Figure 17, the longer hook transit
times and longer times in hold for both load and
discharge occur usually where commodities are
handled in larger units. Here there is a tendency to
employ the hook not only for lifting cargo into and
out of the hold but for moving the cargo to and from
its stowed position. Thus, the hook is being used for
horizontal positioning as well as lifting. Automatic
topping-lifts or ship-mounted cranes may perform this
operation with no lost time. Positioning cargo with
conventional burtoning gear may be wasteful, how-
ever. It may be more productive to rely on equipment
in the hold, such as fork lifts or pallet jacks, to take
care of this horizontal transfer problem rather than on
the hook. Also, it is harder to engage or disengage

the sling or pallet bars when the load is spotted up
against other cargo.

Delays, Waits, and Lags in the Hold

Delays, waits, and lags accounted for 45 per cent
of the time that the hold gang was available for cargo
work during loading operations and 53 per cent dur-
ing discharge operations, as shown in Figure 18.
The greatest loss of time occurred while the gang in
the hold waited for the hook. (More detailed data by
commodity is given in Appendix B.)

Causes of Delays and W aits

Delays and waits were 30 per cent of the hold cycle
for both load and discharge operations. When the
gang was unable to work for reasons beyond their
control, the time loss was recorded as “delay” or
“wait.” Examples of hold delays were equipment
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DISCHARGE

In discharging one-third of the hold

Figure 18. Analysis of load and discharge time—hold.

breakdown, waiting for supervisory decision, and
waiting for the hook to deliver cargo (‘“‘wait for
hook™).

Lack of communications between the hold gang
and the men on the pier or on deck also contributed
to the delay time. Shouted instructions were often
drowned out by the noise of winches or chipping
hammers.

Causes of Lags.

Lags were periods of time lost between the
completion of one hold gang activity and the start of
the next. Lags were caused by the men in the gang
rather than by outside influence. A common lag oc-
curred in loading cargo when the men finished stow-
ing the cargo from one draft and “took five” before
signalling the winch driver that they were ready to
receive the next load. For analysis purposes, most
of the delays were combined with the lags. “Wait for
hook,” because of its importance, was treated
separately.

Commodity Effects

Figure 19 shows the percentage of time taken by
the segments of the hold cycle for each of the

principal commodity groups covered by the study.
While variation by commodity is to be expected,
there is a remarkable degree of consistency among
the commodity groups. Perhaps the most noticeable
difference one can detect is that, for most com-
modities, the percentage of work time is larger for
loading than for discharge.

4-On, 4-Off Practice

The effective work time of the individual long-
shoremen in the hold was reduced below the gang
work level shown in Figures 18 and 19 by the 4-on,
4-off system of worker relief, described in Chapter 1.
Thus, combining relief time with delay and lag time,
the individual holdman was working about 27 per
cent of the work shift. On discharge operations,
4-on, 2-off resulted in the individual holdman work-
ing about 31 per cent of the work shift.

Elimination of the 4-on, 4-off practice and reduc-
tion of the delays and lags which occurred in the
regular work cycle could provide a potential for in-
creased work time, and, hence, increased productivity
with no capital outlay for new equipment. This
potential will be discussed with other changes in
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Figure 19. Systems time analysis for hold cycle.
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Chapter 5. Efforts at reduction in lost time must
take into account the physical demands of long-
shoring work. The workers’ rest must be maintained
at a fairly high level as long as the task remains a
predominantly manual one. Forty per cent of the time
in the hold was taken for rest during the smoothest,
most productive manual operations observed at many
other ports in the course of Cargo Ship Loading
Study.

Hold Activity Time

In addition to examining the potential for gains
through reduction of delay and lag time, it is impor-
tant to investigate the possibilities for improving
operations during activity, or work time. Work time
was divided into two major categories for analysis.
They were cargo handling and support activity,
both of which were analyzed in relation to specific
commodity groups. The percentage of total hold time
needed for cargo handling is 50 per cent for loading
and 42 per cent for discharging. Support activity
claims only about 5 per cent of hold time in both
loading and discharging operations( Figure 18).

Cargo Handling

Cargo handling performed by the hold gang com-
prised servicing the hook, transporting cargo to or
from the point of stowage, and stowing or breaking
out cargo. Except when handling large units, the

LOAD:

only equipment observed in use was stevedore wagons
or electric-powered jitneys with no powered lifting
capability. Cargo was transferred to and from pallets
on wagons or jitneys by hand, a piece at a time.
Large units and strapped pallets were sometimes
handled by fork lifts.

Figure 20 shows the average size of the segments
in the hold cycle. The average hold cycle times in
Figure 20 are twice as long as the corresponding hook
cycle times in Figure 17 because the hold gang is
generally split into two sections supplied alternately
by the hook. “Preposit” time refers to time spent in
loading operations positioning a loaded pallet near
the stowage position. “Reposit” time refers to time
spent returning the empty wagon or jitney to a posi-
tion where it can receive a load from the hook. For
discharge, the same terms apply except the direction
of movement is reversed. The loaded pallet goes from
stowage position to hook on “preposit” and the empty
pallet is returned from hook to stowage position:on
“reposit.” Neither of these time elements is large.
The major time segment is that required for the two
holdmen working on a side to stow the cargo in
loading or stack it on the pallet in discharging. The
combined hold work cycle times for loading, includ-
ing all shaded portions in Figure 20, are generally a
minute or so longer than equivalent operations ob-
served at most East Coast ports in the Cargo Ship
Loading Study. This is to be expected because in
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Figure 20. Average hold cycle time by commodity group.
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East Coast operations in the hold, more than twice
as many men were generally available to handle the
loads. Table 2 shows, however, that in San Francisco
the productivity per man while working is essentially
equivalent to that measured in other ports. These
figures in Table 2 were obtained by dividing the

TABLE 2

Productivity per Man While Stowing Cargo
San Francisco vs. East Coast Ports

San East Coast
Francisco Ports *

MT/MH MT/MH
Cartons and boxes. . . . . 6.2 6.9
Bags . ... .. oo 132 10.8
Drums .... .. .. .. 140 15.6
Bales ... .. ... .. . 10.7 13.9

* Taken from Table 12, Cargo Ship Loading Study (NAS-
NRC Pub. 474).

average amount of cargo per draft by the average
time spent in handling and stowing a draft and also
by the number of men doing the job. In San
Francisco, only the four men “on” were considered
to be doing the job.

Suggestions for Improving Cargo Handling in Ship’s
Holds

Two possibilities for improving work output and
making the task less arduous are: (1) introduction
of powered devices with lift capability for moving and
stowing cargo, and (2) reassignment of work tasks to
provide the best team effort. Methods devised to im-
prove cargo handling must be sufficiently flexible to
cope with the wide range of conditions encountered
aboard a cargo ship.

Powered Equipment

Use of equipment such as fork-lifts for transport-
ing and stowing cargo in the hold, where space per-
mits, promises improvement in the stowage rate of
cargo. At the same time, the fork lift permits a
greater amount of block stowage, thereby reducing
dunnaging requirements. Pallet jacks often can be
a promising substitute where space restrictions pre-
vent the operation of fork lifts. There are other ad-
vantages in using powered mechanical equipment to
move and lift cargo. Men can perform dunnaging
and other miscellaneous duties while stowage work is
going on rather than push wagons. Use of powered

equipment may reduce hazards of toppling loads,
thereby permitting larger loads. There would also be
less exposure to strain injuries from pushing wagons.
The powered equipment, being equipped with brakes,
would provide greater control under a wide range
of shipboard conditions. The major disadvantage is
carbon monoxide and other exhaust fumes. This dis-
advantage can be eliminated by proper use of blow-
ers, or by change of equipment. Fork-lift equipment
observed on the San Francisco waterfront in 1958
was gasoline powered.

Task Assignments

Rearrangement of the holdmen’s duties can pro-
vide smoother operation by preventing interference
of one work element with another. An instance of
such rearrangement would be locating two men in
the square to receive cargo. This change permits es-
tablishment of a cargo reservoir in loading operations
so that cargo is always available to a stowage team
when it is needed. Since the stowage team would then
not have to wait for the hook, the mutual dependence
of the hook and the hold gang would be reduced.

Gang Size

Manpower productivity in manhandling cargo in
the hold varies greatly for different situations with
different types of commodities. Thus, in some cases
more men than the standard eight-man hold gang
might be effective, while in others, fewer would be
required. The number of men needed is influenced
by the type of cargo, the type of equipment used,
and by the character of the space in which the work
is being done.

Support Activity

Support activity consists of miscellaneous work
functions such as dunnaging, housekeeping, and gear
changing. Support activities of less than 10-minute
duration are treated as part of the hold cycle in the
analysis. Figure 18 shows that these activities took
about 5 per cent of hold cycle time for both loading
and discharging operations. Support activities requir-
ing a break of 10 minutes or more were treated sepa-
rately and excluded from the hold cycle analysis.
These larger breaks represented 7 per cent of the
operating time for loading and 12 per cent for dis-
charging. This essential work cannot be eliminated,
but improved methods may reduce the time require-
ments materially. Dunnaging time might be reduced
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by changing work patterns, so that dunnaging can be
performed simultaneously with the cargo stowage.
Block stowing, rather than tier stowing, will reduce
the amount of dunnaging required. New types of
dunnage, such as plywood or portable dunnage, might
also reduce the time requirements for this task. The
use of more modern dunnaging materials might also
reduce the time required for housekeeping duties.
Much of the trash which accumulates in the ship is
scraps of dunnaging lumber and paper used for sepa-
rating cargo lots.

Another time-consuming support activity was the
building of “legs” or work platforms from which loads
could be moved or placed on top of other cargo.
These work platforms were usually jury rigged by
placing piles of pallets together. The pallets were
covered with plywood *“walking boards” to provide a
smooth surface for rolling a stevedore wagon. On
occasion, 30 minutes or more would be consumed in
rigging a platform. Another disadvantage to these
temporary platforms, besides the time lost in rigging
them, is their inherent instability and uneven work
surface when they are placed on an uneven deck or
floor. Lightweight, portable stages with adjustable
leg lengths would probably reduce set-up time and
provide a safer, more stable work platform. In-
creased stability and safety could also have a favor-
able effect on stowage productivity in the hold,
thereby providing additional savings.

Hook and Hold Interaction

The time that the hold gang waited for the hook to
deliver cargo was of such importance that special
attention was given to it in the analysis. Over one-
fourth of the time that the men were available for
work was consumed in waiting for work to do. A
sample of 377 drafts taken at random showed that
38 per cent of the time the gang was waiting for cargo,
the hook was also waiting to deliver cargo. This
situation resulted from two causes. The hook often
waited for one of the teams to finish working so
that a load could be delivered. When the gang fin-
ished its activity, the men took a short rest before
signaling the hook that they were ready for the next
load. This appears in the data as simultaneous wait-
ing. Simultaneous waits were also recorded when
the team on one side of the hatch waited for cargo
while the hook waited to deliver a load to the team
on the other side of the hatch. This condition arose

out of the custom of delivering alternate drafts to
each team, regardless of the activities of the teams.
The hook did not enter the hatch until the team which
was to receive the load signaled that they were ready
for it. This lengthened the hold gang delay slightly
while the men waited for the hook to get in motion
and deliver the load from its waiting position over
the deck. Reduction of the time lost to this mutual
interference between the hook and the hold gang
could save up to one gang hour per working day.
This saving can be accomplished by revising the
system: (1) so that the hook delivers its load or
picks it up in the hold without waiting for holdmen
handling cargo elsewhere to do the hook-on or
hook-off task, and (2) so that alternate port and
starboard deliveries by the hook are not required.

SUMMARY

In 1958-59 there was much room for improve-
ment in the cargo handling system used in the San
Francisco Bay Area. To achieve the improvement,
changes were required in work methods, procedures,
use of mechanical equipment, and training of super-
visors and workers.

To improve productivity it is specifically suggested
that the following be done:

1. Use fork lifts or other mechanical equipment
aboard ship whenever the cargo, space, and operating
conditions permit.

2. Stow cargo on pallets whenever possible.

3. Organize manpower to supplement the work
of machines, when they are used.

4. Organize the work of the holdmen to elimi-
nate interference with the hook and between the port
and starboard teams.

5. Adjust the size of the gang to fit the task and
space requirements.

6. Use modern dunnaging and shoring techniques
and materials such as plywood, pneumatic dunnage,
built-in shoring posts, cargo nets, and tie-downs
spaced on a modular grid.

7. Perform support activity, such as dunnaging,
simultaneously with cargo handling tasks, whenever
manpower is available, by rearranging work patterns.

8. Use portable stages, with suitable safety fea-
tures, rather than pallets for building legs.
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9. Increase training of supervisors and equipment
operators so that more equipment and changed work
patterns can be used effectively.

10. Improve supervisory control over lost time due
to delays and lags during the work cycle.

11. Provide positive means of communication be-

tween the holdmen, winch driver, and dock workers.

These proposals were tested aboard ship during
normal operations. The tests are reported in Part IV
of the San Francisco Port Study, “Test Results of
Modified Cargo Handling Methods.”
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Chapter 5

SHIP DESIGN CONSIDERATIONS

Changes in ship design which might improve cargo
handling became evident during the Port Study. Some
of these changes have been made in ships recently
launched and in ships now in the design stage. The
large savings possible through improved cargo han-
dling methods emphasize the importance of designing
ships specifically for the cargo handling function. No
efforts are made to quantify costs or savings, since
they are dependent upon the use to which the ship
will be put and the trade in which it will operate.

HULL
Cargo Space Location

Cargo stowage is complicated by the convention
of placing the engines amidships and relegating the
cargo to less desirable areas at the bow and stern.
Where other conditions permit, reserving the maxi-
mum midbody for cargo stowage would simplify cargo
handling. The shape of the resulting compartments
would increase the benefits of unitized stow by
eliminating much lost space. Larger clear areas in
the hold would permit better utilization of mechanical
equipment. Although present hull designs preclude
construction of a ship with all rectangular cargo com-
partments, the ideal cargo handling configuration
should be given great weight in arriving at the ship
design.

Compartments

The wide variety of shapes and sizes of cargo com-
partments on conventional freighters complicates the
management of manpower and equipment in the
stevedoring process. More nearly rectangular com-
partments constructed to module standards and com-
patible with standards for cargo unitization would
simplify the process and provide protection for the
cargo while minimizing lost space. In addition to
being rectangular, all cargo spaces should be of suf-
ficient size to permit the operation of mechanical
equipment in the compartment.

Deep tanks are used more often for general cargo
than for bulk shipments, by many companies. Their
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limited access and restricted working space ill suit
them for cargo handling. The question arises whether
deep tanks are economically justified under these
conditions. The additional cost of loading general
cargo into deep tanks, over what the cost would be
if there were no deep tanks, may more than offset
the revenue from bulk cargo which determined the
need for deep tanks. In this situation, it may be
worthwhile to eliminate the bulk trade and create a
more suitable general cargo hatch in the area. The
cost differential for using deep tanks as general cargo
holds should also be considered in relation to the
cost of carrying bulk in containers.

Decks and Obstructions

The use of mechanical materials handling equip-
ment on board ship is seriously restricted by such
obstacles as raised hatch coamings, pillars, ventila-
tion ducts, deep tank and manhole covers, and board
and strongback hatch covers. Use of such equipment
requires that all access hatch covers below the main
deck be flush with the surrounding deck, with clear-
ances small enough so that the small wheels of a
fork lift or pallet jack will have no difficulty in
passing over the joints. It is desirable that the sur-
faces of all decks on which mechanical equipment
is to be used be treated to prevent wheel slippage,
for safety and efficiency. Load bearing characteris-
tics of all decks and hatch covers should be suitable
to withstand the wheel loads imposed by mechanical
equipment when loaded to capacity. If this specifica-
tion imposes undue hardship on the ship designer,
effort should be made to solve the problem through
redesign of the materials handling equipment. Switch-
ing from solid to pneumatic tires on a fork lift, for
instance, may greatly decrease the amount of steel
which would have'to be used in the deck.

The wooden gratings normally found in reefer com-
partments are unsuitable for carrying the loads im-
posed by mechanical cargo handling equipment. An-
other type of surface that will support the required
loads is needed. The surface can be designed to pro-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

106 SAN FRANCISCO PORT STUDY

vide ventilation, or this requirement can be accom-
plished by palletizing. The raised sill of wedge-type
reefer doors must be bridged with a portable device
for vehicle access on present ships. New types of
gaskets should make it possible to seal a reefer door
without resorting to the raised sill.

Coaming girders proved to be a formidable obstruc-
tion to the use of fork lifts in the ‘tween deck areas.
If the stress requirements of the hatch area can be
met in some manner which will reduce the web of
the girder, the efficiency of the space will be greatly
enhanced.

Hatch Covers

The time saved in opening and closing a ship
equipped with mechanical hatch covers, compared to
one with board and strongback or pontoon hatch cov-
ers, is impressive. Average time savings from 58 to 92
minutes were recorded for the opening and closing
of Mariners * over typical C-3’s. This one and one-half
gang hours per hatch multiplied by the average num-
ber of hatches worked per ship adds up to impressive
annual savings in direct labor. Even greater savings
in time can be anticipated on ships with completely
automatic hatches. The mechanical and automatic
hatch covers considerably reduce the exposure of the
workmen to a hazardous operation. Conversion to
mechanical hatch covers may be economical on exist-
ing ships with most of their service life ahead of them.

Winch Operator’s Station

The winch operator’s station on most U. S. ships
is located on the centerline of the ship, on the main
deck, and immediately adjacent to the hatch. From
this position the operator has a reasonably good view
of the hook while it is over the deck or in the hold.
He is usually completely unable to see the hook from
the deck line down to the apron. While the hook is
operating in the blind area, a signalman must be used
to relay information needed for safe operation of
the hook. This problem is aggravated when the deck
cargo is loaded higher than the winch operator’s eye
level.

A winch operator’s station elevated above the deck
far enough to provide a view of the hook through its
full range of travel would increase the safety and
efficiency of the operation, as well as eliminate the

' “Mariner” refers to the original Mariner Class built from
1952-54.

need for the signalman. Some thought should be
given to the value of placing the winch operator’s
station at the opposite end of the hatch from the gear
it controls, so the winch operator could watch the
gang further back into the wings than is now possible.
Making both sets of winches at a hatch controllable
from either set of controls, at the operator’s option,
would increase the flexibility of the gear.

Very few ships are equipped with seats or weather
shelters for the winch driver. As a result, many man-
hours are spent in jury-rigging wind breaks, seats,
and rain shelters. Often the time spent in providing
these rudimentary comforts delays the activities of the
rest of the gang with a consequent reduction in pro-
ductive time. Permanent seats and weather shelters
provided for the winch driver could eliminate these
delays.

CARGO GEAR

It was not possible to evaluate the cargo gear by
the results of the operations analysis as the system
was almost always working well below the capacity
of the cargo hook, except in the movement of large
unit loads. The Cargo Ship Loading Study, NAS
Publication 474, reports on a cargo handling system
which was mainly hook limited and presents recom-
mendations for improving hook performance.

The frequent doubling up required for lifting of
large unit loads and fork lift trucks indicated that
cargo gear of greater capacity could save time in
rigging gear. This saving will increase as the trend
toward unit loading of cargo continues, and as more
equipment is used in the hold.

ACCESSORIES
Electric Outlets

There is an increasing need for electric outlets in
all parts of the ship, particularly below decks in the
cargo areas. Electric power is needed for portable
lights, auxiliary ventilation blowers, and materials
handling devices, as well as for powered tools for the
carpenters and maintenance personnel.

Ventilation

The Bureau of Labor Standards regulations on
longshore health and safety require that, when internal
combustion engines are used in the ship’s cargo holds,
sufficient ventilation must be provided by the ship’s
ventilation system or by portable blowers to keep the
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carbon monoxide concentrations below one hundred
parts per million. In most cases, two 500 cfm blowers
will provide enough circulation to prevent carbon
monoxide accumulations in excess of these standards
when two fork lifts in reasonably good condition are
being used. Other products of combustion may ac-
cumulate in sufficient quantities to cause unpleasant
odors or to increase the humidity in the work space.
Such accumulations cause no physiological damage,
but can have a depressing effect on the workers. The
500 cfm blowers do little to eliminate the odors or
overcome the effects of high temperature or humidity.
Physiological studies of longshore work made by the
University of California at Los Angeles report that
high temperatures and high humidity in the hold
materially reduce the capacity of the cargo handlers
to perform their work.*

To provide a wholesome working environment, it
is desirable to have a fresh air circulating system
with a capacity of 4,000 to 5,000 cfm. Ideally, the
system should be useable as a blower or as an ex-

*F. C. Hale, J. J. O’'Hara, An Engineering Analysis of
Cargo Handling, Report 59-20, “Energy Expenditure of
Longshoremen,” Department of Engineering, UCLA, June
1959.

haust. Separate deck level controls are desirable, so
that ventilation can be provided where it is needed.
The system could also incorporate a monitor to meas-
ure and warn of accumulations of hazardous gases.

Lighting

Under-deck lighting is often inadequate. It is de-
sirable to have a fairly uniform light level in all parts
of the below-decks compartments. Supplementary
light is important during the day, as well as at night,
when fork lifts are being used. The strong contrast
of brightness and shadow in the hold on a bright day
can prevent a fork lift driver from seeing an obstacle
or a worker until too late to avoid an accident.

Communications

Communications were either inadequate or non-
existent between the men in the hold and those on
the deck or on the apron. Many cargo delays could
have been eliminated if a portable intercommunica-
tion system or sound powered telephone had been
available. Shouted instructions were difficult to trans-
mit over the noise of the winches and maintenance
work.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=20226

San Francisco Port Study: Volume I: Description and Analysis of Maritime Cargo Operations in a U.S. Port
http://www.nap.edu/catalog.php?record_id=20226

Chapter 6

ESTIMATION OF SYSTEM CAPABILITY

In Chapter 3, the dock, hook, and hold operations
were examined as individual parts of the system, and
methods for improving performance were suggested.
The operation must also be examined as an inte-
grated system. The interrelationship of the hook and
hold affects estimates of productivity increases. In
this chapter time and productivity data from ob-
served operations are used as a basis for calculating
new cycles for both hold and hook operations.

ANALYSIS OF OBSERVATIONS

The upper diagram in Figure 21 was constructed
for a sample commodity from observed time elements
listed in Appendix B. A similar multiple activity dia-
gram is shown for a revised system in the lower dia-
gram. These diagrams are used to analyze the bal-
ance between hook and hold performance. Hook
activities and waits are indicated in sequence in the
center of the three bars. Work teams on either side
of the hatch are represented by top and bottom bars.
These teams are served alternately by the hook. The
dark areas on the charts represent delays and lags.
The light areas represent work activities as indicated
by the number codes. As shown on the figures, the
hook goes through two complete cycles while each
half of the hold gang goes through one cycle. In both
diagrams the hook is assumed to be feeding the port
gang first. The top diagram of actual conditions was
typical of San Francisco area operations at the time
of data collection. A draft was unhooked by the port
gang as indicated by Activity 1. The hook then usu-
ally waited in the hold for an empty pallet from the
starboard gang, transporting it empty to the apron
in Hook Activity 2. After a short wait it hooked onto
the next load for Activity 3 and then waited for the
hold gang on the starboard side both before and
after its loaded trip, Activity 4. Then, of course, the
hook cycle was repeated.

The port hold gang unhooked the load for hold
Activity 1 and transported the load to stowing posi-
tion with wagon or jitney in Activity 2. There was
often a short lag before the cargo was stowed in
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Activity 3. The delay shown after cargo stowage is
the average delay due to a number of causes which
occurred during stowage. It is shown in this posi-
tion only for convenience in charting. A deliberate
lag often occurred before Activity 4 when the wagon
and pallet are returned empty to the hook. The port
gang often waited for the hook to serve the other gang
and on occasion placed dunnage or paper on the
loaded cargo in support activity shown as Activity 5
in the sequence. The starboard hold gang duplicated
the activity sequence of the port gang, but phased to
the alternate movement of the hook.

The notable feature of this diagram is the large
number of delays in the hook cycle. In the preceding
chapter it was indicated that the hook activity or work
elements in San Francisco are comparable to those
of other ports. The hook wait is not. There is 40 to
50 per cent wait, or slack time, in hook operations.

Because of the 4-on, 4-off system, each holdman
was at his post only half the shift. However, the four
men on were working over 50 per cent of the time
they were in the hold. In most other ports covered
by the earlier MCTC study, the hold gangs worked
less than 50 per cent of the time they were in the
hold. Over-all productivity was better at these other
ports, because more men were available for work in
the hold. The data from both studies, taken together,
suggests that protracted relief as in the 4-on, 4-off sys-
tem does not improve productivity. To match hold
capability to hook capability in San Francisco, the
four men working in the hold must be augmented
with men or equipment.

ESTIMATED HOOK AND HOLD
CAPABILITY

In Figure 21 the revised cycle was constructed by
using the activity elements of the observed hook cycle
and eliminating all delays. It was assumed that draft
size was increased to the maximum within safety
limits. The revised hook cycle set the pace for the
hold cycle. In the hold cycle all activity elements
except the stowing activity (Activity 3) were left
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5= SUPPORT ACTIVITY

B Lac

Figure 21. Analysis of hook and hold activities and estimate of capability.

unchanged. Since the sum of the hold activity ele-
ments must agree with the double hook cycle, the
time available for stowing a draft was determined by
the time remaining when other hold activity seg-
ments were accounted for. To make possible a bal-
ance between hold and hook performance, hold capa-
bility must be increased by adding men or machines
to permit the stowing of a single draft in the time
allowed in Hold Activity 3 of the revised cycle. This
segment is smaller than the corresponding segment
in the observed data, and the assumed draft size is
larger than observed. To take care of unavoidable
delays, a 15 per cent allowance was applied to both
hook and hold cycles. This allowance is considered

to be the minimum which can be achieved in prac-
tice. It is about typical of cases where the hook is
the bottleneck.

Hand Stow Simulation

The hand stow capability in Figure 21 was in-
creased by using more men, so that it balances hook
capability, and by adjusting gang operations, so that
hook and hold cycles do not delay each other. Com-
partment size will limit the number of men that can
be added to the hold gang.

Table 3 shows that the gang size chosen for the
revised hand stow operation was 21 men. It also
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TABLE 3
Basis of Estimated Hook and Hold Capability—Revised Cycle
o Revised Revised

Actual Hand Stow Machine Stow
Gang size . . S 14 21 15
Average draft size, MT/Dr 1.28 2.40 2.40
Average draft size, ST/Dr. 0.96 1.80 1.80
Relief pattern, in hold , 4-on,40ff 10stow,4ra* 4dstow,4ra*
Stow time per hold gang (%) 39% 51% 51%
Stow time per holdman (%) . .. 20% 37% 26%
Gang hr. productivity, MT/GH . . 24 78 78
Gang hr. productivity, ST/GH . . 18 59 59
Man-hour productivity, MT/MH 1.72 3.70 5.20
Man-hour productivity, ST/MH 1.29 2.81 3.90

* “ra” means related activity:

two men serve as hook on men in the hold, and two serve

as fork lift or pallet jack operators. The men stowing cargo interchange positions regularly

with the men doing related activities.

shows the draft size, per cent stow time, and esti-
mated productivity rates per gang hour and per man-
hour. If the hold men in the larger gang handle cargo
at the same rate per man as in the smaller gang, the
gang hour productivity rate will be more than three
times the observed rate and the over-all man-hour
productivity will be over twice that observed.

Disposition of the seven extra men in the gang is
given in Table 4.

Pier Manpower Requirements

One extra man is used on the pier as a fork lift
driver, to help feed the hook. A single 4,000 pound
fork lift is capable of delivering as much as 30 weight
tons per hour (see Cargo Ship Loading Study) where
the terminal is not congested and cargo distance from
ship hatch is nominal. If anticipated productivity

rates exceed this value, then more than one fork lift
or some other method of feeding the hook may be
needed to sustain the higher rates. Since the modified
system calls for a delivery rate of 59 short tons per
gang hour, it is apparent that under most conditions
one standard fork lift would be inadequate.

Since the revised cycle makes practically no allow-
ance for hook delays at the apron, measures are neces-
sary to eliminate such delays which claimed 4 or
S per cent of the time in observed operations. One
method of achieving this would be to provide a con-
veyor at the hook service position so that more than
one draft can be stored in position near the hook.
The hook-on men can then position the extra load
without the need for a fork lift. This system makes
the hook less dependent on having a fork lift on hand
to place a new draft on the pick-up spot at every

TABLE 4
Standard Gang Size Compared to Revised Gang Size for Hand Stow when Loading Bags of Flour and Feed
Standard Simulated
No. of Men No. of Men Job Location Function
1 2 Fork lift driver Apron Feed hook
2 2 Hook-on man Apron Service hook
1 1 Signal man (hatch tender) Ship Signal hook motions
1 1 Winch driver Winches Control hook motions
1 1 Gang boss Ship Direct gang
0 2 Hook-off men Hold Service hook in hold
0 2 Transport equipment op- Hold Transport loads to and
erator from hook
8* 10 Holdmen Hold To stow cargo

* Holdmen handle cargo as well as drive transport equipment.
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cycle. In other words, provision for storage of drafts
at the apron may eliminate the need for the hook
cycle and fork lift cycles to be in perfect phase.

Unchanged Jobs

In Table 4 the number of men and their function
for the revised operation remains unchanged for
positions of apron hook-on men, gang boss, signal-
man, and winch driver.

Hook-off Men in the Hold

Table 4 lists two hook-off men in the hold for
the modified gang. In the case of the standard gang
this function is performed by the same men who stow
cargo. The purpose of the new assignment of men in
the hold is similar to that of the hook-on men at the
apron. It is desirable to make the hook cycle inde-
pendent of the hold cycle as well as the fork lift cycle
on the pier. By providing two men with a primary
assignment to service the hook in the hold, the hook
can deliver one load and return for another without
disturbing stowing operations except when the gang
is working in the hatch square. Thus, it is possible
to store at least one extra draft in the hatch square,
so that neither stowing team will have to wait for
cargo. The advantages to be derived from this stor-
age operation have been shown in studies made by
the University of California, at Los Angeles.?

Another consideration is the handling of empty
pallets. In observed loading operations, the hook
often delivered a load to one side of the hold and
picked up an empty pallet from the other side on
each trip. If the hold capability is brought up to hook
capability the time for removal of an empty pallet
in exchange for every full pallet can become a limit-
ing factor. Hence, to the extent possible, empty pal-
lets should be accumulated in the hatch square or at
stowing position and removed on every fourth or
fifth draft. Under these assumptions delays no
larger than the 15 per cent allowed in the simulation
should be possible.

Mechanical Handling Equipment Operators in the
Hold

In the modified gang two men are assigned to op-
erate hold transport equipment. Since neither the

® Department of Engineering, UCLA, An Engineering
Analysis of Cargo Handling, Report 56-37, “Simulation of
Cargo Handling Systems,” Sept. 1956; and Report 61-
35, “A Deterministic Mathematical Model for a Two-Link,
One-Node System,” June 1961.

electric jitneys or stevedore wagons commonly used
are able to pick up drafts which are already deposited
in the square, operations with these vehicles have to
be altered in order to use the cargo reservoir. Extra
wagons can be inserted, where space is available,
and managed so that one or two empty wagons are
always on hand in the square for receiving loads from
the hook. When using electric jitneys, it is usually
not possible to use additional pieces of equipment.
The problem is not encountered when pallet jacks,
or fork lifts are used since these vehicles are equipped
to lift a pallet load or skid from the deck.

For estimation purposes, the mechanical handling
equipment in the hold for the revised system need
not be specified, so long as it is powered and capable

.of working from the storage reservoir.

Hold Gang for Stowing Cargo

Table 4 shows that the revised system for hand
stow calls for 10 holdmen in addition to hook-off
men and equipment operators just described. This
need for 10 men to stow cargo is derived from the
assumption that each man, while working, stows by
hand at the rate developed from observed data and
shown in Figure 17. The 10 men bring hold gang
capability on hand stow operations for this com-
modity up to the hook capability. The assumption
of a constant rate per man for the larger hold gang
is compatible with the productivity comparison in
Table 2. The East Coast rates in this table were
attained with hold gangs of 10 and 12 men. No data
are available to project rates beyond a 12-man hold
gang size. The calculations used for gang capability
are given in Appendix E. To determine the number
of men required for stowing operations, the number
of men in the hold is adjusted so that no team is re-
quired to work more than 65 per cent of the time.
There is an indication from data examined in the
Cargo Ship Loading Study that when teams are re-
quired to do heavy stowing work there is no improve-
ment in productivity when their per cent of work
time exceeds about 65 per cent. The revised system
can provide additional relief from heavy work for
individual holdmen if they interchange jobs regularly
with transport equipment operators and hook-off men.
At the bottom of Table 3 the effect of this method
of relief is indicated in the difference between the
51 per cent of stow time per hold gang and the 37
per cent of stow time per holdman.
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Comparison Between Observed that no more than the standard eight-man hold gang
and Revised Systems is needed. One extra man is placed on the pier to

The major difference between the two systems is drive an additional fork lift to supply the hook with
that the observed system used only four men at a time ~ €argo. Two machines, transporting and stowing cargo,
in the hold, while the revised system calls for 14  and eight men (two receivers, two machine operators,
men in the hold to balance the hook operation. The  and four stowers) in the hold are assumed to be
difference in manpower is a measure of the degree  equivalent to 14 men (two receivers, two transport
to which the observed system has been unbalanced.  equipment operators, and 10 hand stow men) for
The large manpower requirement is a measure of  hand stow operations.
the penalty paid for the arduous hand work still used
to move cargo on and off ships. It may not be pos-
sible to use the large gangs necessary to balance the
hook in situations where space is confined. This
emphasizes the need for flexibility in gang size and

The machine stow estimate shown in Table 3 indi-
cates the system potentialities if mechanical ingenuity
can solve the machine stow problem. In the machine
stow operation with a gang size one more than stand-

the desirability of using machines, where possible. ard, the calculated productivity per man-hour is about
three times the actual observed productivity per man-
Simulated Machine Stow hour. By comparison the simulated hand stow system

A revised system for machine stow operations is  could only achieve twice the actual productivity per
also shown in Table 3. For this system it is assumed man-hour.
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Figure 22. Man-hour and gang hour productivity improvement.
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ESTIMATED MAN-HOUR SAVINGS AND
GANG PRODUCTIVITY

A productivity comparison between the observed
operations and those calculated by the method just
described is shown in Figure 22a (details of the cal-
culations are shown in Appendix E). The produc-
tivity for the revised system is determined by the
hook cycle time and draft size. It is assumed that
sufficient manpower or machinery can be made avail-
able in the hold to match the hook performance.

The decrease in man-hours per ton which can be
achieved by these changes to the system is shown in
Figure 22b. Man-hours per ton are used here be-
cause they are related directly to stevedoring labor
cost. The estimated total gang sizes to match hook
performance are shown in each bar. There is no
basis for determining machine stow gang require-
ments without running tests, so the gang size shown
is the standard gang with an extra fork lift driver on
the pier. It is possible that machines in the hold
could match the hook performance with a smaller
than standard gang size.

CONCLUSIONS

The following conclusions concerning the capa-
bilities of the cargo handling system are drawn from
an examination of Figure 22:

1. Gang hour productivity may be more than
doubled for most commodities by using the full cargo
hook capability.

2. Increasing productivity to the full capability of
the hook may require increasing the size of the hold
gang when stowing by hand.

3. Machines may possibly be used to balance the
capability of the hold to that of the hook using
standard or smaller hold gangs.

4. Cost may be halved in many cases, by reducing
the man-hours per ton of cargo stowed; despite the
use of larger gang sizes.

5. ldeal gang size may vary with the commodity
encountered, equipment utilized, and work space
available.

6. Where alternate methods exist, choosing the
proper combinations of manpower and machinery
imposes increased demands on stevedoring planners.
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Appendix A

SAMPLE SIZE

A selected sample of cargo handling operations
was taken which approximated the range of com-
modities and techniques prevailing in the port. This
sample comprised data for 25 commodities loaded
and 18 commodities discharged. The sample also
reflected the port ratios of day to night work, loading
to discharging, and U. S. to foreign flag ships.

Data were collected on 92 work shifts, during
which 26,745 measurement tons of cargo were
handled. The 92 shifts were worked on five ship
types. All of the work was performed by union long-
shoremen. The ships on which observations were
made were berthed at San Francisco, Alameda, Oak-
land commercial piers, and the Oakland Army Ter-
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minal. At the time of the study two of the shipping
companies had house stevedores; the others used con-
tractors.

Tables A-1 and A-2 present a detailed breakdown
of the data sample. Table A-3 lists the shipping and
terminal companies selected as data sources, identi-
fies the trade routes served by these companies, and
names the types of vessels in the study. (The trade
routes are representative of those serviced by Bay
Area ports.)

The data for loading and discharging operations
was treated separately throughout the study. No
attempt was made to compare the load and discharge
operations.
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TABLE A-3
Cooperating Companies and Agencies
Company Trade Routes Served Ship Types
Matson Navigation Co.. . .. . West Coast—Hawaii C-3
Oceanic Steamship Co. . . . West Coast—Australia C-2
American President Lines. . . Trans-Pacific—Around the VC-2, P-2, C-3
World—Atlantic Straits Mariner
Luckenbach Steamship Co.. . . Intercoastal C-3, C4
Grace Line, Inc. .. .. .. ... West Coast—South America C-2
Holland America ... .. ... . West Coast—Europe Cargo/Passenger
Royal Mail . ... = . .. ... West Coast—Europe Cargo/Passenger
Oakland Army Terminal. . . . . All Pacific trade routes All ships
Encinal Terminals .. .. ... ... All Pacific trade routes All ships
Howard Terminals .. .. ... ... All Pacific trade routes All ships
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Appendix B
SUMMARY OF NUMERICAL DATA

This section presents complete data from hatch
opening and closing operations and from cargo
handling operations. Data from the various com-
panies listed in Appendix A have been accumulated
by ship type for opening and closing operations and
by commodity group for cargo handling operations.
Where cargo handling data are presented, a number
code has been indicated to designate various com-
modity groups.

Ship Opening and Closing Summaries

Table B-1 shows the average times recorded for
opening and closing several classes of vessels. The
times are the averages for the particular operation
and are not cumulative. The average total time
required to open a ship all the way to the deep tanks
would, therefore, be approximately the sum of the
times given on the line for that class of ship.

Cargo Handling Data

Tables B-2 through B-7 present cargo handling
data by commodity group. Tables B-2 and B-3 show
observed hook activity and delay times for load and
discharge operations. Tables B-4 and B-5 show
observed hold activity and delay times for load and
discharge operations. Cargo characteristics, in terms

of weight and volume, are also indicated on the latter
two tables. Tables for both hook and hold opera-
tions list the number of drafts observed in each com-
modity group sample. Often, there are differences
between number of drafts observed for hook and for
hold observations in the same commodity group.
Major differences are due primarily to situations
where hook data or hold data had to be invalidated
because of inaccuracies or improper data-taking pro-
cedures. Some minor discrepancies were inevitable
because of the data-recording techniques. The hook
observer recorded every draft handled regardless of
work methods in the hold. On the other hand, when
the hold gang was split into two teams, the hold
observer recorded only the drafts delivered to one of
the teams, and it was assumed that the other team got
an equal number of drafts.

Tables B-6 and B-7 present total gang hour pro-
ductivity rates in weight and volume units for each
commodity group. The total figures are derived from
the information accumulated in Tables B-4 and B-5
using Column 4 as the time denominator for ‘“‘gross
cycle” information. These total figures have also
been separated into day shift and night shift com-
ponents for comparison purposes. Average draft
sizes are indicated in weight and volume units.

TABLE B-1

Average Ship Opening Times
(Time in Minutes)

Rig Remove Shelter Lower Lower Deep
Type of Ship Booms  Tarpaulins Deck ‘Tween Hold Tanks
C-2 . . .. 18.8 35 7.1 10.0 5.7 59
C3 ... .... ... 246 6.4 12.1 18.9 19.7 Not ob.
Miscellaneous . 247 6.3 6.3 17.0 4.4 Not ob.
Mariner 14.1 —_ 29 29 3.6 4.0
Average Ship Closing Times
(Time in Minutes)
Deep Lower Lower Shelter Swing Lay
Type of Ship Tanks Hold "Tween Deck Booms Tarpaulins
C2 ... 4.2 16.1 104 8.2 4.4 2.9
C-3 ...... Notob. 12.3 16.8 8.5 9.5 7.2
Other . .. ... . 1.7 9.4 18.5 9.0 14 2.7
Mariner . ... .. Notob. Notob. 5.5 1.4 1.7 —_
117
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TABLE B-6
Gang Hour Productivity by Commodity, Load
1 2 3 4 5 6
Measure-
Short ment
Drafts Tons per Tons per
per Gang Gang
Hour Number Pounds Hour Hour
Ft®per (Gross of per (Gross  (Gross
Commodity Draft Cycle) Drafts Draft Cycle) Cycle)
Beer ... . ................ Total 39.0 21 419 1,597.1 16.72 20.40
Day 42.1 17 193 1,754.9 14.80 17.75
Night 36.3 26 226 1,462.3 19.28 23.92
Canned goods . .. ... .. ... Total 40.8 22 2,752 1,698.2 18.37 22.09
Day 41.3 23 1,565 1,713.3 19.36 23.33
Night 40.2 20 1,187 1,678.3 17.19 20.60
Dried fruits Total 39.3 17 417 1,804.9 15.79 17.18
Day 38.2 18 266 1,813.2 16.63 17.54
Night 41.1 16 151 1,790.3 14.48 16.62
Cigarettes ... .. ........... Total 68.5 28 135 1,152.0 15.89 47.23
Day 67.4 32 85 1,106.0 17.91 54.55
Night 70.4 22 50 1,231.0 13.56 38.77
Glass packed wet goods .. Total 42.1 18 383 1,739.5 15.74 19.05
Day 43.9 18 260 1,818.3 16.64 20.08
Night 38.3 18 123 1,573.0 13.90 16.94
Misc. cartons & cases . . . .. Total 47.4 17 1,194 1,149.9 9.65 19.90
Day 46.3 17 726 1,082.0 9.22 19.75
Night 49.1 16 468 1,255.2 10.28 20.13
Bags of beans & coffee. . ... .. .. Total 46.9 23 98 1,894.2 21.54 26.66
Day 43.5 18 4 1,633.5 14.41 19.19
Night 47.0 23 94 1,905.3 21.93 27.07
Bags of flour, feed, & misc.. . .. . Total 51.0 20 945 1,910.3 18.64 24.89
Day 53.2 19 671 1,900.4 18.24 25.53
Night 45.7 20 274 1,934.7 19.68 23.22
Appliances & misc. furn.. . .. . Total 83.0 21 744 659.0 6.90 43.45
Day 86.0 22 560 672.9 7.30 46.65
Night 73.8 19 184 616.5 5.84 34.95
Misc. general cargo ... ... ... Total 49.7 18 2,508 1,132.6 10.12 22.20
Day 54.4 18 1,611 1,173.0 10.28 23.85
Night 41.2 19 897 1,060.1 9.81 19.07
Bales—cotton, paper, misc.. . . . . Total 47.3 18 1,118 1,414.2 12.44 20.41
Day 49.4 19 508 1,544.0 14.36 22.95
Night 45.5 17 610 1,306.0 11.04 19.23
Drums—all types except fiber. . . Total 39.0 23 622 1,845.1 21.10 22.32
Day 39.8 23 513 1,929.4 22.42 23.15
Night 35.2 22 109 1,448.3 15.81 19.22
Fiber drums . ... ... ... ... . .. Total 50.1 21 77 1,441.2 14.86 25.84
Day 50.3 19 67 1,417.8 13.56 24.04
Night 49.2 38 10 1,598.0 29.96 46.13
Reefer—crates & cartons. . . . . .. Total 38.5 23 1,292 1,280.3 14.83 22.32
Day 39.7 22 594 1,398.7 15.17 21.50
Night 37.6 25 698 1,218.2 14.98 23.11
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TABLE B-6 (continued)

1 2 3 4 5 6

Measure-
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>