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This report represents a landmark work for the SSC as it is the
first report to f ecus solely on our third goal, to “Support the
United States and Canadian maritime industry in shipbuilding,
maintenance and repair, “ by specifically exploring innovative
hull structural concepts from a producibility standpoint. As a
first step, the report establishes foreign baselines that are
used to measure alternative concepts from a construction time and
labor-hour viewpoint. While there may be controversy over the
labor-hour estimates, and uncertainties over the technical
approach and computational judgments used, there can be no doubt
of a need for substantial United States and Canadian productivity
improvement relative to foreign shipbuilding.

As we look forward it is evident that our maritime industry is in
a period ~f change and there is a need to reexamine the entire
design, material handling, and production process. We need to
recognize the importance of time and competitive ship delivery
schedules along with increased usage of international standards,
the metric system and foreign vessel designs as cooperative
working arrangements are reached between our shipyards and those
overseas. Our thought process must also change and reflect an
emphasis on an international competition basis and the critical
importance of the production time line.

I hope this report stimulates the readers to ask probing
questions about the substantial differences between North
American and foreign construction and impact of structural design
on the overall ship producibility.

Rear Admi%al, U.S. Coast Guard
Chairman, Ship Structure Committee
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1.0 INTRODUCTION

It k generally acknowledged that the labor hours of constructing commercial ships in U.S.
shipyards is higher than foreign shipyards, particularly those in the Far East, Scmthem Europe
and Brazil. There are significant differences of a technical nature which will have a substantial
impact, including labor hour requirements for design and construction, materials, equipment and
machinery lead time, shipbuilding practices and facilities, use of standards, contractual
processes, and institutional constraints.

During the past twenty years, U.S. shipyards, various agencies of the government and the
Society of Naval Architects and Marine Engineers (SNAME) have tried to address the matter
and improve producibility. U.S. shipyards have acknowledged the advancement of Japanese
shipbuilding techniques and, together with the U. S, Maritime Administration (MARAD), have
imported technology from innovators like IHI Marine Technology, Inc. (IHI), who has
transfemed information to Bath Iron Works Corporation, Newport News Shipbuilding, Ingalls
Shipbuilding, Avondale Shipyards, National Steel and Shipbuilding Company (NASSCO) and
others. MARAD and later SNAME have sponsored the National Shipbuilding Research Program
(NSRP) (now under SNAME sponsorship with U.S. Navy funding), which supports extensive
and varied research in shipbuilding technology from design through delivery. However, a
significant gap still appears to be present between the U.S. and the major world shipbuilders.

The time required for the construction of a vessel has been identified as having a major
impact on vessel labor hours. Reported delivery times in foreign shipyards are considerably less
than U.S. shipyards. The reasons for this must be largely tied to the nature of the structure
being manufactured and to the degree it facilitates installation of outfit and much of the painting
prior to erection on the building berths, The design phase and its integration with construction
has a significant influence on achieving this goal. These matters, which are in the shipbuilder’s
control, are addressed herein.

It is acknowledged that the world’s aging tanker fleet must be replaced in the years to
come. This will provide a significant opportunity to revitalize shipbuilding in the U.S.
Furthermore, the passage of OPA ’90 has resulted in new requirements for tankers, specifically
double hulls, and this allows significant latitude for the development of designs with innovative
enhancements for producibility. These could give the developer a significant advantage over the
competition.

The objective of this project was to “develop alternative structural system concepts” for
40,000 (i.e. 40K) and lOOK deadweight tons (KDWT) (reduced to 95KDWT later) Jones Act
double hull tankers for construction in existing U.S. shipyard facilities. These should result in
decreased labor requirements in the design, construction, and outfitting phases of the
shipbuilding program as well as providing for low cost maintenance during the life of the
vessels. It is hoped that addressing this type and these sizes of vessels will provide information
to shipbuilders which will be useful in identifying improvements necessary for competing in the
upcoming boom for rebuilding the world tanker fleet.

1
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The objective of the project was approached by a series of six “tasks”:

Task I - Concurrent Engineering Requirements

Task II - Structural Elements

Task III - Alternative Structural System Concepts

Task IV - Application to Specific Double Hull Tankers

Task V - Estimates of Physical Production Characteristics for Alternative Structural
System Concepts

Task VI - Labor Hours and Schedules

Summaries of the results obtained for each task now follow.

,-..



2.0 TASK I - CONCURRENT ENGINEERING RECN.JIREMENTS

2.1 OBJECTIVE

Concurrent engineering is an approach to the development of a product or system which
seeks to integrate design, production and user requirements from the outset, to arrive at the
optimum solution in the most direct manner. The objective of this task is to define the
characteristics of concurrent engineering which when applied to tanker structural design will
facilitate identifying the optimum characteristics of a vessel which also result in the least
construction labor hours and schedule.

Recent discussions have proposed introducing the ship construction method and sequence
earlier into the design process (i. e. at the conceptual/preliminary design level), with emphasis
on preliminary build strategy, subdivision of the hull into erection blocks and outfit modules,
and advance planning for the development of work instruction packages during the detail design,
References [1][2][3]*. The interests of the shipowner have been incorporated as well, [2]. By
expanding on this approach a concurrent engineering philosophy and its characteristics for this
project can be readily established.

2.2 PHILOSOPHY OF CONSTRUCTION

The objective of both the shipyard and owner should be identical in the delivery of a ship.
An enlightened shipowner and shipyard manager will negotiate a contract design which
simultaneously incorporates the owners’ performance requirements and the yards’ build strategy.
However, their individual concerns along the way will be different.

Shipowners may tend to be unconcerned with the distinction between the design phases,
but will seek to understand the nature of not only the principal design characteristics, but the
intended detail of the construction and character of the equipment provided, in particular as to
how it impacts reliability and maintainability. AS an additional concern, OPA ’90 has placed
a significant amount of liability for spills on the shipowners, and it can be expected that their
concern for risk, reliability and safety will be especially acute.

Shipyards are concerned with the design and construction details of the vessel once a
contract has been signed. Theoretically, a shipyard is free to incorporate the production
attributes of the organization into the design process at any stage, As personnel most
experienced in production may not always be associated with the design departments, successful
integration of production into design must involve a coordination of disciplines, which does not
always occur.

Design, construction and shipowner requirements should be properly integrated to achieve
the most desirable structural alternatives at lowest cost.

* Numbersin bracketsindicatereferencenumbersin Section10.0.
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2.3 DESIGN STAGE

It has been noted that about 30 % of the difference in productivity between the typical U.S.
shipyard and good foreign shipyards can be accounted for by superior design for production in
the foreign yards, [1]. Accordingly, any improvement in producibility at the preliminary design
stage can have a major impact on the labor hours of ships.

The design stage in shipbuilding consists of a sequential series of design phases, i.e.
Conceptual, Preliminary, Contract, Functional, Transition and Detail Phases. Transition desire
is the phase in which there is usually a translation
necessary to establish functional performance, to
es~blish production requirements.

The Conceptual/Preliminary design represents

of the design from a systems orientation
a planning unit orientation necessary to

the design phase at which rou,gh order of
magnitude (ROM) price quotations may be ~equired for a tim-el~ response to a pote;tial buyer.
Competitive shipyards simultaneously produce a material budget, which they employ with their
history of man-hours required to process materials, for predicting cost. Production
improvements should be fully considered at this stage in determining price. This will result in
the opportunity to make a meaningful improvement in producibility before the ship construction
process begins, when significant changes are still possible without disrupting the entire process.
lHI advised nine-years ago “. . that initial or basic designers have most affect on a ship’s cost,
about 60%, while at the same time the cost of their efforts accounts for no more than 3 % on
incurred direct costs. . . all design phases combined with material procurement activity affects
85% of a ship’s cost while such efforts account for approximately 10% of incurred direct costs.
Obviously, the efforts of design engineers are the most significant and decisive, ” [4].

The conceptual design phase establishes an overall outline design to meet an owner’s
outline specification. It can also define a marketable design as part of a shipyard’s product
development. Essentially, it embodies technical feasibility studies to determine such fundamental
characteristics of the proposed ship as length, beam, depth, draft, hull form coefficients, power
or alternative sets of characteristics, all of which meet the required speed, range, cargo cubic,
payload or deadweight. Although the main outcome is a design to meet specified ship mission
requirements, an account can and should be taken of production requirements. At this stage,
the designer has considerable flexibility in his choice of dimensions and other parameters which
define the vessel, and those selected can be for enhanced production. For example, the tank
length versus a shipyard’s maximum plate panel line length may be considered in determining
the length of cargo tanks for oil tankers.

The preliminary design builds on the concept design with the intent of solidifying certain
vessel principal characteristics. These usually include the vessel’s length, beam, depth, draft,
displacement and propulsion power. Its completion provides a precise definition of a vessel that
will meet service requirements. Concurrent with the fixing of certain vessel principal
characteristics, it is possible to further elaborate on the production scenario.

The contents of any design phase can be defined as a series of inputs and outputs. The
concept/preliminary design inputs may be presented in the form of an outline specification or
service requirements. A more complete list of inputs and outputs is given in Table 2,1. During

4
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each of the design phases, from conceptual design through detail design, the entire ship is always
addressed. The design process is really continuous definitization. At first, information is
grouped in a large-frame sense with few such groups. Thereafter the design process is one of
grouping information into smaller frames while increasing the number of frames. The process
ends when the final grouping, detail design, exactly matches how work is to be performed.

Table 2.1:
CONCEPT/PRELIMINARY DESIGN CHARACTERISTICS

lNPUT/OUTPUT

Design Input
. Service requirements, such as cargo capacity and speed.
● Routes.
. Critical components and equipment.

Design Outputs
. Preliminary specification.
. Preliminary general arrangement and midship section.
. Preliminary calculations (dimensions, capacities, weight etc.).
● Preliminary hull form body sections and lines.

Simultaneously at this stage, the shipbuilder or production discipline should identify the
essential production inputs and outputs given in Table 2.2.

Table 2.2:
CONCEPT/PRELIMINARY DESIGN PRODUCTION CHARACTERISTICS

lNPUT/OUTPUT

Production Inputs
● Shipbuilding policy.
● Facility dimension and capacities.
● Interim product types, including blocks and outfit modules.
● Material choices.
● Fabrication choices.

Production Outputs
. Outline build strategy,
● Preliminary block breakdown.
● Zone identification.
● Material preferences.
. Fabrication preferences.

... . . .....
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Prelimin ary Arrangements. The general arrangement is among the most important aspects
of preliminary ship design, as it largely defines the functional effectiveness of a vessel. The
arrangement drawings must consider the functional spaces, cargo spaces, superstructure,
machinery spaces and their relationships, No less important is the provision for access between
all spaces, meeting operational and regulatory requirements.

During this phase, the machinery systems arrangement may be incorporated in the general
arrangement. The principal components are the main propulsion and auxiliary machinery,
including the main engine and large auxiliaries, electrical generators, switchboards and control
areas, shafting, propellers, and the steering gear, The main engine and shafting may be the only
machinery items actually shown, with space allocations provided for the remaining items.

The general and machinery systems arrangements of the nature described provide a
blueprint of space allocations which can be utilized for determination of preliminary structural
block breakdown, block definition and outfit module considerations. It is at this point that major
changes to the design to best accommodate these production considerations can be introduced
and the arrangements of the vessel altered to suit.

Preliminary Calculations, Preliminary design calculations include powering, tank
capacities, weight, trim, stability and structural strength requirements. Estimates of vessel
weight must be maintained during all phases in the development of the design. The designer
should be aware of the placement of major machinery components and their effect on the balance
of the vessel. Weight estimates are needed to establish stability, trim and list of the vessel, in
addition to verifying the design deadweight. The basic weight calculations can form the basis
for estimating the construction labor hours.

Although weight is an appropriate parameter for an initial labor hour estimate, it must be
treated with caution. A reduction in weight will reduce the relevant material cost, but will not
necessarily reduce the induced labor hours. In some circumstances, it may result in a labor hour
increase as more time intensive fabrication or equipment may be involved. With the potential
improvement in production resulting from a comprehensive build strategy introduced at an early
stage, weight can only give a partial indication of labor hours, Labor hours as affected by
producibility should impact the production more significantly than relative changes in weight.

If weight is a serious consideration, then an innovative approach based on more detailed
structural analysis may provide a more optimum solution. Alternatively, a review of the main
design parameters can be undertaken with an eye toward relaxation of those having the greatest
negative impact. Both of these alternatives should be investigated rather than rigid applications
of rules and guidelines to a weight-sensitive design, which may result in a design incorporating
complex fabrication and a wide variety of material sizes. On the other hand, as it is to be
expected that material costs will be less than labor costs, where weight is not a serious problem,
a reduction in stiffening elements with increased plate element scantlings should seriously be
considered as a means of reducing the number of welded elements and thereby reducing labor
hours.



Structural Considerations. Upon completion of the preliminary general arrangement, a
midship section is developed. This design development will have a profound effect on
production. Basic decisions pertaining to the location of framing elements must be made along
with the establishment of the material to be used in certain areas of the vessel. Consideration
should be given at this time to the standardization of the elements of frame spacing, types of
structural elements to be utilized and the use of minimum number of different shaped elements,
all in order to simplify fabrication. Methods of structural element fabrication should be
considered as well, including stiffeners and supports (rolled vs. built-up vs. flanged plate),
bulkheads (plate-stiffeners vs. corrugated), etc.

In the conceptual/preliminary design phase, the designer has considerable freedom to
attempt innovative structural element arrangements. As a minimum, he should avoid the use of
fabricated sections which inherently have greater work content than standard rolled sections.
If it is shipyard practice to utilize fabricated sections, then this option should be re-analyzed.

This task considers the alternative structural system concepts for tankers in the context of
conceptual/preliminary design. Accordingly the aspects of these phases as just discussed will
be considered and some of the design/production input/output characteristics presented in Tables
2.1 and 2.2 applied to the structural alternative system will be identified.

2.4 APPROACH

In order to obtain concurrent engineering input from knowledgeable parties, contacts with
shipbuilders, shipowners, designers and classification society representatives were made as
follows:

o American Bureau of Shipping Tanker Seminar with shipowners, shipbuilders,
designers and Classification Society personnel.

o NSRP Panel SP-4 Design/Production Integration.
o Conducted 3 shipowner interviews.
o Conducted 1 shipbuilder interview.
o Received information from 2 shipbuilders.
o Received information from ship surveyor.
O Received comments from Government Agencies.

The inquiries addressed those requirements related to the design/production outputs given
in Table 2.1 and 2.2 and the desired characteristics of the components of double hull tankers of
40K and approximately 100KDWT. Simultaneously, a literature search was conducted to
identify information pertinent to the project and to identify gaps in the literature which might
be filled by input from the marine community. In order to address gaps in background data
obtained as a result of the above, two questionnaires were also developed, one aimed at owners
and the other at builders. The information requested therein was relevant to Tasks I & II, and
also addressed Alternative Structural System Concepts for construction of tankers.
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2.5 RESULTS OF SURVEY

2.5.1 General

The features of the concept/preliminary design and production inputioutput characteristics
identified in Tables 2.1 and 2.2 were considered in grouping the information collected from the

survey described in Section 2.4, This information has been highlighted herein and utilized later
in the appropriate remaining tasks. A summary of shipyard facility considerations is also
provided, followed by a discussion of institutional restraints. Construction schedule and labor
hour data obtained are discussed in Section 5.3.

2.5.2 Desi~n/Production Immt

2.5.2.1 Design Input

With regard to design, the following input was established from the survey:

O Service requirements -
The vessels studied were to be 40K and 100KDWT Jones Act double hull tankers.

However, it was established that tankers in the 100KDWT size range are being
constructed internationally in Aframax sizes of 95KDWT. For consistency,
comparison purposes and application to the international market, this capacity has
therefore been adopted herein in lieu of 100KDWT.

o Routes -
The routes include those for the U, S, Panamax and Aframax type Jones Act trade
vessels.

o Critical components and equipment -
Risk in design is a significant potentially overriding concern for a shipowner
considering the scope of liability in the event of an oil spill. Components,
equipment or structural alternatives which are not based on previous full scale
experience inherently introduce. risk through possible failure.

The availability of machinery and equipment relies on many foreign vendors.
owners may have typical lists of acceptable vendors, many of which are foreign
and with which U.S. shipyards have had limited interchanges,

The 40K and 95KDWT vessels should be single screw with medium speed twin
diesels or slow speed diesel, dependent on owners preference.
Maintenance and repair requirements should be given a high profile.
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2.5.2.2 Production Input

With regard to production, the following input was established from the survey:

Shipbuilding policy -
To suit structural alternatives within constraints of U. S. shipyards without facilities
enhancements,

Environmental restrictions may impact on construction practices, coatings, etc..

Incentives for workers maybe considered as a means to increase productivity;
what are trade/union restrictions?

Fitting accuracy is very important in block production. The less rework due to
poor marrying of blocks, the faster the hull will be erected.

Side blocks should be landed on the bottom blocks. Production capabilities will
be different between 40K and 95KDWT vessels; what may be possible with one,
may not be possible with the other.

Landing inner bottom plating above
although generally not applicable to

With regard to machinery/outfitting,

bilge turn is good practice for producibility,
double hull tankers.

owners should provide any specific material—
coating and equipment preferences and reasons for preferences; i.e. types of

pumps, pump locations, equipment makers, coatings, materials, cable types, cable
trays, piping arrangements, valve types, valve locations, windlass arrangements,
hose arrangements, etc.

Material and fabrication choices -
It is considered that the more conventional large double hull tankers will be
constructed of high strength steel (HSS) at the deck and bottom, with mild steel
(MS) in the mid height section. This is to take advantage of the higher bending
stress and reduced thickness afforded by the HSS (typically AH32). One would
expect the more unusually configured vessel such as the unidirectional hull, with
its complete double envelope and unusual number of girders, to be constructed of
mild steel throughout, since its longitudinal strength is very high and high strength
steel is generally not required, Of course, it may be made lighter with the use of
HSS, but the cost factor would have to be considered and evaluated.

Compound curvature in plates should be severely limited, including the bulbous
bow shape which can be simplified.

High strength steel is considered less the ideal material than previous, due to
fatigue problems experienced in ships with less than optimum attention to detail.
Corrugated versus stiffened plate bulkheads is mostly an owners choice.

9
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2.5.3

Table

There are welding problems in U.S. yards with joining bulb flats, resulting in poor
quality weld splices,

There is a question as to where on a vessel to introduce transverse framing, which
is less production friendly than longitudinal framing. Transverse framing may
sometimes be installed at the ends of otherwise longitudinally framed vessels, due
to the amount of twist required in end longitudinal.

Bilge plates without longitudinal and possibly also without brackets, are good
from a production viewpoint.

Lapped joints in plating maybe acceptable in non-critical areas, but maybe more
expensive than butt joints.

Tapered plating is not liked, possibly due to cost.

Shi~vard Facility Considerations

2.3 depicts what is considered to be an existing U.S. shipyard, that is, one that
would be capable and interested in competing in the world commercial ship market (adopted and
modified from [5]). Table 2.4 depicts a notional shipyard, which may be considered typical of
a modern foreign shipyard,

The study herein is concerned with existing U.S. shipyards without significant
facilities enhancements, Consequently, the data contained in Table 2.4 is presented for
informational and comparison purposes only.

2.5.4 Institutional Constraints

The burden of institutional constraints, in the form of the added cost of compliance with
U.S. regulations in the marine industry, has often been cited as a significant contributor to the
high cost of building commercial ships in the U.S. This subject was discussed in Reference [6],
specifically with regard to the impact of U. S. Coast Guard (USCG) regulations. Some important
points extracted from this paper are as follows:

o U. S, shipbuilders have little choice, in many cases, but to purchase marine machinery
and equipment from foreign vendors. According to a recent statement by the
Shipbuilders Council of America (SCA), foreign manufacturers of marine machinery
charge premium prices, adding an average of 15% to the material costs of a U.S. -flag
ship built in a U.S. shipyard, to cover the costs - real or perceived - of compliance with
USCG design and inspection requirements for U.S. flag ships. The cause of this is the
erosion of the U.S. supply base for marine equipment and material.

o The American Commission on Shipbuilding, created by Congress through the Merchant
Marine Act of 1970 in its “Report of the Commission on American Shipbuilding” cites
an addition of 3-5% of the cost of a U.S.-flag vessel for compliance with the technical

10
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requirements of the Coast Guard, American Bureau of Shipping (ABS), and U.S. Public
Health Service. Other added costs are cited which range from a low of 1% to a high
of 9% of total vessel cost. These differences in cost were largely attributed to
implementation of the International Convention for the Safety of Life at Sea, 1974
(SOLAS 74) and its Amendments. The impact of this was particularly severe on the
conversion of older ships built before SOLAS 74. However, it should be noted that
SOLAS 74, as amended, and other IMO requirements, have minimized the difference
between design requirements in force worldwide and those in USCG regulations.

o The cost of ABS classification has been cited as an “add on” cost; however, all
commercial ships in foreign trade must be classed by a reputable classification society
in order to obtain insurance, and the technical standards and service charges of the
leading Classification Societies are not all that different.

o It is not clear whether all percentages quoted are based on total ship cost or the price the

purchaser pays the shipyard for the ship, which may exclude sizeable foreign
government subsidies.

o mile the percentage figures quoted vary widely, it appws that some small incremental

cost of compliance with USCG regulations exists. USCG is sensitive to this incremental
cost and continues to make efforts to reduce the regulatory burden. In any case, a U. S.
flag vessel built in a foreign shipyard or within the U.S. is required to comply with the
same regulations. Therefore, the differences in cost and added time for approval may
then be in favor of the vessel building in a U.S. yard.

o USCG regulations are not applicable to foreign flag ships even if built in U.S. yards.
The absence of foreign flag shipbuilding in the U.S. must be attributed to factors such
as long delivery schedules and corresponding high costs at U.S. yards, not any “added”
cost of compliance with USCG regulations,

11
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Table 2.3: EXISTING U.S. SHIPYARD
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Table 2.4: NOTIONAL SHIPYARD
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3.0 TASK II - STRUCTURAL ELEMENTS

3.1 OBJECTIVE

The objective of this task is to identify structural elements which can be utilized in
assembling alternative structural system concepts having the potential of improving the
producibility of double hull tankers. The characteristics of the structural elements which can be
utilized in assembling structural systems for double hull tankers will be identified first. These
include tanker structural arrangements, individual structural components, structural standards,
and, processes. This was achieved by the identification of structural elements utilized in the past,
proposed concepts, variations suggested by new and relatively modest fabrication equipment, and
characteristics suggested for possible reduction of potential oil pollution.

I
At this stage, it is useful to define some structural terminology as used herein - see Table

3.1

Table 3.1: STRUCTURAL TERMINOLOGY

Structural Elements.
Fundamental features of a structure, such as individual components, type of
framing (longitudinal or transverse), flat versus curved plating, incorporation of
structural standards etc., or a production process such as plate forming, flame
burning or welding.

Structural Standards.
Standard designs of such items as webs, brackets, collars, outfit modules, etc.

Blocks.
Pre-assembled portions of ship’s structure. Blocks may be 2-dimensional, such
as a stiffened panel of plating, or 3-dimensional, such as a portion of a double
bottom or wing tank. Blocks may be pre-outfitted, i.e. portions of outfit such
as piping, access hatches, ladders, etc. may be installed prior to erection of the
block on the building berth,

Modules.
Outfit assemblies consisting of functionally related components and fittings (such
as a pump unit with associated piping, valves, etc.) mounted on a steel frame
ready for installation in the ship. Applies particularly to machinery spaces.

Process Lane (or Street),
A group of work stations designed to produce a family or families of products
which require similar processes.

14



3.2 TANKER STRUCTURE - OVERALL CONSIDERATIONS

.-

Tank vessels have been traditionally designed as single skinned hulls with transverse and
longitudinal bulkheads. The overwhelming majority of such vessels are longitudinally framed,
(Figure 3.1). Because of major oil spills and the resulting damage to the environment, the U.S.
Congress mandated in OPA ’90 the use of double skinned tanker designs, (Figure 3.2) as an
effective means to protect the ocean environment from potentially devastating oil pollution.
Since then, a number of alternative generic configurations have emerged as well, most
prominently the mid-deck design, (Figure 3.3), and are being considered by the international
community, although not permitted by OPA ’90. Such designs are not therefore considered
herein. All of the new designs are aimed at achieving the same objective, i.e., reduction of the
amount of outflow in the event of hull puncture.

The function of a tank vessel’s structural system may be viewed from the standpoints of
normal operation and casualty operation. In providing adequate resistance for normal
operations, the objective in structural design is to maintain structural integrity of the hull girder,
of bulkheads, decks, plating, stiffeners and details. other design considerations relate to vessel
size, complexity and weight of the structure, producibility, and maintainability. In terms of
casuzdty operations, the objective is to maintain vessel integrity and to protect cargo, or,
conversely, to protect the environment from oil pollution in case of a casualty. In this case, the
primary structural design considerations should encompass:

o Resistance to fire and explosion damage and its containment,
O Resistance to collision and grounding damage.
o Containment of petroleum outflow if damage does occur.
O Maintenance of sufficient residual strength after damage to permit salvage and rescue

operation.

Tanker structure is characterized by structural arrangements consisting of a number of
elements oriented in repetitive patterns. Examples are the traditional transverse system
consisting of transverse frames supported by girders and bulkheads, and the longitudinal system
consisting of longitudinal girders and frames supported by transverse web frames and bulkheads.
These have been incorporated in most tanker construction to date. However, the transverse

system has largely been discontinued for tankers (except in the bow and stern) in consideration
of the minimization of steel weight.

In recent times, unidirectional double hull structural systems have received attention from
the commercial community, [7] [8] [9]. Specifically, this hull structural system uses a double
hull structure supported between transverse bulkheads by a series of longitudinal girders between
the inner and outer hulls (Figure 3.4). Structural simplification is significant, with intersections
between the longitudinal and transverse members reduced to a minimum. Longitudinal stiffeners
have been eliminated except for the girders, which are spaced wider apart than conventional
longitudinal. As a result, the thickness of shell and other plating increases, resulting in heavier
hull structure than that of the more conventional double hull tankers. However, the number of
pieces and unique pieces required for construction decreases considerably. Other new unidirec-
tional concepts have been developed as well, such as the dished shell plate system, [10] - see
Figure 3.5.
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Figure 3.1 Single Skinned Tanker,..

Figure 3.2 Double Hull Tanker
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FIGURE 3.4

UNIDIRECTIONAL DOUBLE HULL

STRUCTURAL SYSTEM.

Lon itudinal
%Gir er

Inner Bottom

Bottom Shell
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FIGURE 3.5

DISHED PLATE UNIDIRECTIONAL

DOUBLE HULL STRUCTURAL SYSTEM
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3.3 RESULTS

.-

Table 3.2 provides concepts for
identifying structural elements for
improvement.

A.

B.

c.

D.

E.

F.

G.

H.

improved producibility which can be utilized in
double hull tankers which exhibit the desired

Table 3.2s CONCEPTS FOR IMPROVED PRODUCIBILITY

Maximize areas of flat plate
Continue parallel midbody as far forward and aft as possible, replacing
curved plate with flat as far as practicable.

Maximize areas of single curvature and developable surfaces for remaining shell
plating, including bow and stern.
Compound curvature of plating to be avoided wherever possible,

Maximize frame or longitudinal spacing
Increase frame or longitudinal spacing as far as practicable to obtain an efficient
structure with fewer piece parts. A balance between heavier structure and benefits
from this concept will have to be reached. Maximize web frame and longitudinal
spacing without the plate thickness requiring additional weld passes.

Maximize ease of fit-up and accuracy of construction configuration
Endeavor to provide block breakdown that provides ease of fit up and associated
increased accuracy of construction. Employ statistical accuracy control for producing
parts subassemblies, blocks and for all hull erection work.

Maximize stiffener cross-section efficiency
Maximized stiffener cross-section efficiency will provide the least weight. In addition
if a structural piece is made up of a number of sections, care in their arrangement will
not only give the most efficient structure but will facilitate fit up. Maximize use of flat
bar stiffeners; use angle bars, tee bars or bulb flats elsewhere. Where angle bars are
used, endeavor to vary only the web depth and use the same flange width with the
varying web depths, Use smallest variations in bar stock size practicable.

Maximize producibility friendly structure
This is structure that when properly arranged will facilitate the erection process due to
self-supporting and self-aligning characteristics. This also means that hull blocks will
be defined that are stable when they are upside down and when they are right-side up
in order to facilitate preoutfitting and painting.

Maximize applicability to automatic devices and robotics.
The structure should be arranged as much as possible to take advantage of automatic
devices and robots for welding, painting, and inspection, although this will require the
structure to be built to finer tolerances.

Maximize plate forming compatibility ~
Arrangement of seams can facilitate the efficient forming of plate in areas of compound

curvature, e.g. arrange seams so that both ends of plate have approximately the same
curvature.
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I. Maximize use of standardization of parts and procedures
(a) Standardize brackets, stiffeners etc.
(b] Standardize construction blocks as far as possible.
(c) Use of process lanes.

J. Optimize the weights and sizes of blocks to be transported for the purpose of
facilitating work flow.
Maximize weights and sizes of blocks commensurate with lifting capacity at the
building berth.

K. Minimize the total number of piece parts required.

L. Minimize weight without sacrificing producibility
Do not increase the number of piece parts while minimizing weight,

M, Minimize fatigue effect of structural detailing while improving producibility.
Try to minimize fatigue without sacrificing producibility.

N. Minimize welding
One sided welding, use of robotics, prefabricated pieces. Minimize fitting and welding
lengths for subassembly, block assembly and erection work.

O. Support pre-outfitting
Provide as much pre-outfitting as possible in blocks and outfit modules, including
painting on block. Devise block shapes that provide good access for pre-outfitting,
(including electric-cable pulling), and painting and that facilitate handling by cranes
and/or transporters.

P. Support machinery packaged outfit module development
For machinery space, pump rooms, etc.

Q. Minimize staging
Possibly through use of structure that is self supporting and by performing work when
blocks are upside down,

R. Maximize maintainability without compromising producibility,
Plan for flat surfaces which will shed cargo, i.e. easy or self-draining surfaces.

S. Maximize automatic welding
Some foreign shipyards may incorporate 60% of semi-automatic or automatic welding.
Endeavor to plan blocks for its maximum use. Participate in the development of
lightweight automatic welding devices for preferred structural configurations vice being
just depended upon what welding machine manufacturers have available.

T. Maximize the dual use of structural components
e.g. Bulkheads below deck supporting above-deck foundations, and substituting square

steel tubing that can serve as vent ducts for H-beams that support engine room flats.
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The list of concepts for improved producibility provided in Table 3.2 have been utilized
to identi@ candidate structural elements including components, material> processes,
shipyard facilities or design features, as shown in Table 3.3 below.



Table 3.3: STRUCTURAL ELEMENTS

Element
1. Extra wide plating to reduce the number of welded seams.
2, Tapered plating.
3. High percentage of single curvature plate at forward and aft ends.
4. Reduced numbers of piece parts in structural assemblies.
5. Built up plate piece vs. single plate with cut-outs (e.g. lower wing tank web)
6. Corrugated or swedged plating - see Figure 3.6.
7. Rolled vs. built up sections.
8. Fabricated stiffeners and girders (possibly of two strength materials) vs. rolled section
9. Stringers - to facilitate construction and aid inspection.

10. Use of bilge brackets in lieu of longitudinal in the bilge turn area.
11. No longitudinal in bilge turn area and bilge brackets negated due to thicker shell

plating.
12. Longitudinal girders without transverses.
13. Standardized plate thicknesses in inventory. Establish limiting plate thickness to avoid

weight gain from transition thickness plate.
14. Standardized stiffener sizes in inventory.
15. Standardized structural details (good producibility and weldability together with low

failure rate).
16. Standardized equipment and foundations.
17. Coiled plate - Presumably in rolls and would be available in longer lengths.
18. Stiffened elements fashioned from one frame space width of plate with stiffener formed

on one side - see Figure 3.7.
19. Double bottom floors and girders lugged and slotted into bottom shell and inner bottom

for easier alignment, Similar technique could be used in wing tanks and on double plate
bulkheads etc. - see Figure 3.8.

Materials
Limit steel grades used to those which do not present problems with welding, fatigue due

to less than optimum datailing, etc.

Processes
1. Use of a product work breakdown structure which identified interim, i.e. in-house

products.
2.. Statistical analysis of in-process structural accuracy variations.
3. Employment of statistically obtained data to anticipate shrinkage caused by flame-cutting

and welding operations.
4. Automatic and robotic welding.
5. Automatic and Robotic painting.
6. Automatic and robotic inspection,
7. Numerically-controlled flame cutting,
8. Line heating both for creating required curvature and for removing distortions in

process.
9. Standardize welding details.

10. One-sided welding.
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Use of Shimard Facilities
1. Optimize block size to suit shipyard transporter and crane capacities.
2. Optimize structure to suit shipyard panel line and other facilities.

Desism Features
1. No dead rise, camber or sheer,
2. Standardized stiffener spacing.
3. Standardized double skin separation (keep same in all size vessels if feasible).
4. Standardized aft end design - engine room, mooring etc.
5, Standardized forward end design - mooring, anchoring etc.
6. Standardized transition of double skin to single skin.
7. Formed hopper comer knuckle - see Figure 4.1,
8. Flat deckhouse sides and ends.
9. Standardize deck heights to minimize number of different heights.

10. Standardize size and type of closures, scuttles, and accesses to the smallest variation
practicable.

11. Align and locate all sanitary spaces to simplify piping.
12. Collocate spaces of similar temperature characteristics to minimize insulation

requirements.
13. Locate access openings clear of erection joints to allow pre-installation of closures.
14. Provide specific material coating and equipment preferences and reasons for preferences

i.e. types of pumps, pump locations, equipment makers, coatings, materials,
cable types, cable trays, piping arrangements, valve types, valve locations, windlass
arrangements, hose arrangements, etc..

15. Structural trunks for cables and pipes (lower tween deck height is then possible).
16. Design risk and possible failure should be considered when proposing new structural or

outfit concepts.

Structural Arrangements

1. Longitudinal framing with formed hopper side corner and corrugated bulkheads.
2. Unidirectional stiffening supporting inner and outer shells.
3. Dished plate unidirectional hull, wherein the added strength due to the curvature in the

shell and other plating increases the resistance to deformation and buckling and therefore
permits decreased thickness of plating for a given spacing of girders.

Table 3. indicates those structural elements applicable to existing shipyards as set forth in
Table 2.3. Table 3.5 indicates those alternative elements applicable to a notional shipyard as
set forth in Table 2.4.
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Flat bars, angle bars, tee–bars

or bulb flats.

(a) Conventional Stiffening
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(c) Corrugated Platinq

Figure 3.6
ALTERNATIVE METHODS FOR STIFFENER PLATING
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Full penetration weld /

Figure 3.7
STIFFENED ELEMENTS FORMED FROM ONE FRAME (OR STIFFENER)

SPACE WIDTH OF PLATE WITH STIFFENER FORMED ON ONE SIDE.

r Floor plote lugged and slotted
through inner bottom and
bottom shell for easy olignment.
After welding (full penetration)

Inner Bottom
lugs burnt 6ff flush ond ground
smooth,

~

00I~ ~
Transverse Floor

(or Longitudinal Girder)
Bottom

Figure 3.8
LUGGED AND SLOTTED STRUCTURE

Shell

NOTE: With the structure depicted in Figure 3.7, there may be

problems with small bending radii in thick plates, full penetration
welds in every frame or stiffener space, locked in stresses,

and maintenance problems due to the large number of shell
penetrations.

With the structure depicted in Figure 3.8, there may be
problems with cutting away longitudinal material, stress risers,
fatigue and cracks.
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Table 3.4: STRUCTURAL ELEMENTS
APPLICABLE TO EXISTING U.S.

SHIPYARDS

Table 3.5: STRUCTURAL ELEMENTS
APPLICABLE TO A NOTIONAL

SHIPYARD
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4.0 TASK HI - ALTERNATIVE STRUCTURAL SYSTEM CONCEPTS

4.1 OBJECTIVE

The objective of this task is to synthesize the structural elements discussed in Section 3.0
into alternative structural system concepts based on their apparent potential for improved
producibility. These then become the candidate alternative system concepts to be utilized in the
remaining tasks.

The nature of the alternative structural concepts selected is to be such that their principal
characteristics are sufficient to establish the entire structural concept for a tanker. That is, they
are to include shell, inner hull, shell stiffening, inner bottom, deck, subdivision bulkheads and
other primary hull structure. Some aspects of the alternative concepts may be similar to those
already utilized in tanker construction, as these have proven effective. On the other hand, even
previously adopted concepts may offer opportunity for optimization as, for example, in the
number of structural pieces or processes employed in their fabrication.

4.2 APPROACH

In order to assemble the structural elements identified in Task II into alternative structural
system concepts for a double skin tanker, they were first grouped into categories associated with
the components of the structural, machinery and outfitting systems, as shown in Table 4.1.

Table 4.1:
COMPONENTS AND ELEMENTS OF

STRUCTURAL SYSTEMS

Hull Form
Flat surfaces
Developable surfaces
Compound curvature
No bulbous bow
Cylindrical bulbous bow
Bulbous bow with compound curvature
Cylindrical bow
Single screw stern
Single screw stem with bulb
Twin screw stem

Deckhouse
Block configuration
Straight sides and ends
Flat decks

Tank Arran~ement (in addition to double skin)
No CL or wing bulkheads
CL bulkhead (oil tight or non-tight)
Wing bulkhead P/S

Machinerv
Single screw slow speed diesel
Single or twin screw medium speed diesels

PumDinp Svstem
Variable

Rudder
Horn type
Spade type

~

Smooth plate
Dished plate
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Table 4.1 continued

Shell and Deck Lorwitudinals
None
Flat bars
Angles
Tees
Bulb flats
Rolled vs fabricated sections
Unidirectional system

Deck
No sheer
No camber
Parabolic camber
Straight line camber with C.L. knuckle
Straight line camber with knuckle P/S
Single vs double skin

Main Bulkheads
Stiffened Plate
Corrugated
Double Plate

Girders
Stiffened plate
$wedged plate

Plate
Flat
Swedged
Corrugated
Dished

Inner Hull Connection to Inner Bottom
Bracketed
Sloped hopper
Sloped hopper with formed corners
Radiused corner (unidirectional designs)

Main Deck/Sheer Strake Connection
Square (sheer strake extends above deck)
Radiused

Blocks
Number of blocks
Size and weight

Blocks Cent’d.
Structural complexity
Number of pieces
Shoring, pins or jigs
Number of turns

Material
Mild Steel (MS)
High Strength Steel (HSS)
Combination (HSS/MS)

Welding
Manual
Automatic
Robotic

Plate Forming
Rolling
Pressing
Line Heating

Accuracy
Normal standard
High standard

Shir.ward Facilities
Cranes
Transportation
Automation
Material throughput
Process lanes

Structural Details
Standard
Specialized/Fitted

-
Pre-construction primer
Standard quality
High quality

-
Standardization

Maintainability. Strenpth and Fatigue
Accessibility
Smooth surfaces
Structural intersections.
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In order to maintain a manageable number of alternatives and facilitate an objective
producibility comparison, some elements and components had to be selectively considered on
a subjective basis. This was accomplished as follows:

1. Hull Form - Hull form should be based on the principles of developable surfaces, with
compound surfaces avoided except for minor areas such as those at the forward and after ends
of the bilge turn. This provides for simpler and more accurate production of curved plates by
rolling in one direction, [11]. The bow portion of the 40KDWT alternatives has been assumed
to have a cylindrical bulbous bow. The 95KDWT alternatives have been assumed to have a
cylindrical bow (no bulb), since such a bow at block coefficients above 0.825 has been shown
to reduce power requirements at 15 knots for the size of vessels considered herein, [12], versus
the typically shaped bow and bulb with compound curvature, The stern is configured as a
conventional single screw vessel without bulb. There has been some consideration of a twin
screw configuration for a “get us home” redundance, but this would be an owner’s option.

As the alternative structural concepts are basically of the same configuration, the effect
of the ship’s end structure on labor hours will be similar with the exception of the dished plate
unidirectional alternatives. The transition from dished to flat and curved plate at ends is a
unique feature of these vessels, but the effect on labor hours was considered to be small.

2. Deckhouse - The deckhouse is located aft and should be of block configuration with
straight sides and ends. To support producibility, the decks should have no camber and be of
uniform height between decks. Decks should be continuous with the structural bulkheads
(including outboard bulkheads) intercostal. This requires a small piece of each deck to project
outside the peripheries of the house to provide space for fillet welds. This will improve
producibility, since pre-outfitting and painting can be accomplished on upside-down blocks prior
to erection of the complete deckhouse. Structural bulkheads may have swedged plate stiffeners.

The machinery casings on the weather deck and the stack should forma structure separate
from the main deckhouse, so that the latter can be completed without interference from
machinery space related work.

3. Tank Arrangement - Owner preference and the results of stability studies have favored
a centerline bulkhead for the sizes of vessels considered herein, Two longitudinal bulkheads
with no centerline bulkhead have been utilized for the larger VLCC’s, but are not considered
here. The centerline bulkhead may be omitted or be tight or non-tight, leading to two or one
cargo tanks across, depending upon stability requirements. One of the 40KDWT alternative
structural concepts has no centerline bulkhead, for comparison purposes. The wing tanks and
double bottom tanks are port and starboard ballast tanks,

4. Machinery - A single screw slow speed diesel has been used for the baseline ships as a
representative option. As the sterns of the alternative structural concepts are of basically similar
configuration, the effect of differences in machinery pre-outfitting and machinery/piping package
units on producibility can therefore be assumed small and neglected.

5. Pumping System - This is a variable that will depend on owners preference, products
carried or production considerations, There may be a pump room or deep well pumps. Pumps

may be electric or hydraulic. For study purposes, all alternatives were assumed to have a pump
room with similar pumping and piping arrangements, cargo piping on deck and ballast piping
run through a tunnel in the double bottom.



6. Rudder - The horn rudder is the predominant type provided for tankers. It k

characterized by a large horn casting or weldment with a gudgeon and pintle. On the other
hand, the spade rudder does not include these characteristics, although the rudder stock will be
larger. The anticipated improved producibility of the spade rudder supports its being utilized
despite the larger stock.

7. Shell - Both smooth shell and dished shell were considered for the alternative structural
concepts. The dished shell provides additional strength as a result of its curvature.

8. Shell and Deck longitudinal - Shell and deck longitudinal may be flat bars, angles, tees
or bulb flats. Large flat bars are often installed at the main deck as a means of reducing deck
plate thickness. They are easier to install than other sections, but very large flat bars require
significant welds at butt joints. The unidirectional hulls, both smooth and dished plate, have no
longitudinal stiffeners in the conventional sense of the word, but are framed longitudinally with
plate girders joining the inner and outer shells. The longitudinal plate girders are supported by
the transverse bulkheads, with no intervening transverse webs.

Tee sections are more desirable than angle sections from the viewpoint of structural
stability and fatigue. Also, although they are harder to paint, it is understood from various
owners that there is not much trouble with them in pooling of cargo. Therefore, tee sections
were considered to be a viable alternative to angle sections.

For the conventionally framed vessels, bulb flats have advantages when considering surface

corrosion, cargo shedding, fit-up and painting because of less surface area and lack of flanges.
However, they introduce problems at butt joints, due to difficulty in getting a satisfactory weld
in way of the bulb. Considering strength, available bulb flats are generally too small for
applicability to a vessel of 95KDWT, but recent information on jumbo bulb flats has become
available (although physical availability is questionable) and bulb flats are therefore considered
for both tanker alternative structural system sizes, notwithstanding the problem with butt joints.

Another consideration is the need to fabricate sections as their size increases past the
available rolled section level. Recent advances in welding technology, laser, and high frequency
resistance welding have decreased the distortion associated with fabricated sections, although
these new welding technologies have not as yet made significant inroads into shipbuilding
practice, [13]. However, for all sizes of sections, all but bulb plates were considered fabricated
in the yard, with the welding of stiffener flanges to webs accounted for in the evaluations of
weld length and volume. Comparisons between rolled and fabricated sections can be found in
consideration of alternative structural concepts for both 40K and 95KDWT vessels with bulb
flats and similar concepts constructed with fabricated angles and tees, The impact of rolled VS.
fabricated sections on labor hours and schedule can be gleaned from these comparisons.
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In summary, one conventionally framed structural alternative of each vessel size is
stiffened entirely with bulb flats. The remainder of the conventional alternatives have tees on
the bottom shell and inner bottom, angles on the side shell and flat bars on the deck, so that all
available section shapes have been used. Also, as described in Section 5,4, an additional range
of stiffener sizes was incorporated in one alternative structural concept for both 40K and 95
KDWT vessels.
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9. Deck - Sheer or camber of weather decks is undesirable from a producibility point of
view, and sheer has been generally eliminated from large cargo vessels. It has therefore been
eliminated from the vessels under consideration. Camber has been retained since its lack would
allow pooling of water on deck. However, parabolic camber has been replaced by the more
producible straight line camber having a central flat portion with port and starboard knuckles.

With regard to a single vs. double skin main deck, it appears that the double deck has been
generally avoided in the design of double hull tankers, due to its impact on vessel dimensions
and cost. However, it was noted that some of the proposed unidirectional designs, [7] [8] [9]
[10], have opted for a double skin at the deck, so as to continue the double envelope with its
longitudinal girder system across the deck. Therefore, the alternatives considered are a single
skin deck for conventional double skin tankers and a double skin deck (tight or non-tight inner
deck) for the unidirectional designs, It may be noted that a double deck provides a convenient
location for a pipe tunnel for cargo piping, should this be considered desirable.

10. Main Bulkheads - Main transverse bulkheads have been constructed from plate and
vertical stiffeners in the conventional double hull alternatives, with the exception of vertically
corrugated bulkheads with top and bottom stools on one 40K and one 95KDWT alternative, for
producibility comparisons, Centerline bulkheads have also been constructed from plate and
longitudinal stiffeners. With regard to the corrugated bulkhead option, such bulkheads are not
necessarily the bulkheads of choice due to reported problems with cracking in service, although
they are preferd by some owners for their cargo shedding property as compared with
conventional bulkheads. Corrugated bulkheads may also provide some producibility advantages.
The unidirectional and dished unidirectional plate alternatives have been constructed with
vertically corrugated bulkheads, conventionally stiffened bulkheads with horizontal stiffeners and
double plate bulkheads.

11. Girders - A swedged girder maybe described as one in which the web plate stiffeners are
formed by pressing swedges (see Figure 3, 6) into the web plate in lieu of fitting flat bar or angle
bar stiffeners. However, swedged girder webs are not used (particularly for primary structure),
since it is believed that the accordion like swedging will not allow the web to develop the full
shear transfer capabilities that a flat plate would develop.

12. Plate - The option between stiffened and swedged plating is not viable for the primary
structure of a vessel. However, swedged plating can be used for miscellaneous bulkheads and
deckhouse bulkheads. Corrugated plating is applicable to main or miscellaneous bulkheads.
Dished plating is a feature of the dished plate unidirectional concept.

13. Inner Hull Connection to Inner Bottom - This alternative is concerned with the form of
the outboard lower corners of the. cargo tanks. “Bracketed corner”, “sloped hopper”, “sloped
hopper with formed corners”, as shown in Figure 4,1, have all been considered from the
standpoint of producibility. This alternative component is largely in the hands of the designer
and owner, and there may be a noticeable but perhaps small difference in producibility. The
unidirectional alternatives have rounded corner connections in these areas.
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14. Main Deck/Sheer Strake (Gunwale) Connection - This is usually a square corner, with
the sheer strake extended a short distance above the deck plating. Alternatively, a radiused
comer may be fitted for the purpose of alleviating stress concentration, Since the square comer
generally requires less labor hours than the radiused type, it has been adopted as standard for
the various alternatives, with the exception of the unidirectional vessels. Radiused gunwale
connections are a particular feature of the latter designs.

15. Blocks - The breakdown of structural blocks was dictated by the use of a crane capacity
of 75 tons. This was selected as a weight that can be easily handled throughout a U. S. shipyard
facility capable of constructing the alternative designs. Although it was endeavored to keep the
block size below 75 tons, some of the blocks exceed this throughout the alternative structural
concepts considered. The heavier blocks were then considered as grand blocks to be handled
on the building berths. From information reviewed concerning shipyard facilities, 150 tons can
be handled on the berths by any U. S, facility large enough to produce the alternative structural
concepts.

A potential reduction of 11% in labor hours was reported by Hills et al [14] for a
reduction of blocks in the midship section of a RO/RO vessel from nine to three, and a similar
savings was reported by Bong et al [15] for a reduction of blocks in the midship section of a
bulk carrier from eight to four, Although these savings are applicable only to the construction
of the midship portion of these vessels (one block length), it is apparent that block size should
be maximized to suit yard facilities.

The need for shoring, pins or jigs in the construction of blocks depends upon their
structural complexity and the amount and shape of curved plating. The need for turning blocks
over depends upon types of welding processes used, lifting arrangements, etc. For example, the
use of one sided welding on a flat plate structure removes the need for turnover of such a unit.
Such considerations are typically the same for all of the structural alternatives considered, since
the breakdown of blocks is the same throughout.

16. Material - As discussed in Section 2.5,2.2, it is considered that large conventional double
hull tankers will be generally constructed with HSS (typically grade AH32) in the deck to the
lower edge of the sheer strake, and in the bottom to the upper turn of the bilge. The
unidirectional designs will be constructed of MS throughout. However, for comparative
purposes, one 40K and one 95KDWT alternative have been constructed of MS throughout and
one 40KDWT unidirectional alternative has been constructed with a combination of HSS and MS
as above.

17. Welding - There is a wide range of welding considerations - manual, automatic, robotic,
one sided welding, the type of welding process, welding position, etc. Such considerations and
their application to the structural alternatives are addressed quantitatively in Section 6.0. Typical
U.S. shipyard welding facilities have been assumed m a baseline.

18. Plate Forming - The choice of rolling, pressing or line heating for forming plating
depends largely on the nature and complexity of the required shape or curvature, whether it be
simple (one-directional), conical or compound. As indicated in Section 6.0, only the midship
portions (one tank length) of the various structural alternatives have been evaluated for
producibility. Thus, the only plate forming required for the majority of these consisted of the
corrugated bulkhead plating (by pressing) and the curved bilge shell plating (by rolling). The

dished plate unidirectional alternatives provide the only exception, where a large quantity of
plating required rolling or pressing to the desired curvature,

.
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19. Accuracy - In the process of building ships, it has long been known that in manufacturing
components in accordance with design drawings, the dimensions of these components may vary
to an extent that adjustments have to be made during the construction process to arrive at the
vessel depicted in the design. These adjustments can include a significant amount of re-work,
including trimming of excess material, inserting additional material, pulling, straightening and
bending structure to suit alignment, and in some cases discarding components which are too
distorted to be reasonably utilized, The setting of accuracy goals and the understanding of the
actual accuracy attainable in various manufacturing processes in the shipyard has been identified
as a means of pre-determining some of the aforementioned problems and to avoid them by
adjustments during the manufacturing process.

Although this matter has always been of importance in shipbuilding, it is probably more
critical in modern shipbuilding techniques utilizing Product Work Breakdown Structure (PWBS)
as units, blocks and complex modules are erected and a multitude of systems need to fit
together. This is opposed to the older systems approach to ship construction where simultaneous
interconnection at one time of many systems or components of the same system did not occur.

In order to address accuracy control, the NSRP has compared accuracy levels
measurement such as those contained in NSRP 0371, [16]. This reference provides data on the
cutting of individual pieces for fabrication and on the fabricated components themselves. It is
interesting to note from this data that the U.S. shows some superiority over Japan in the cutting
of components, whereas the reverse is true for fabricated components. This may be due to the
fact that most shipyard cutting is accomplished by numerically controlled equipment which is
available world wide, whereas fabrication requires control of many other processes. This
suggests that the Japanese have a better control of accuracy on fabricated components.

,,....

This also suggests thatthe Japanese followed the Pareto principle for prioritizing their
methods development. They recognized that for hull construction typically about 5 % of work-
hours are required for parts cutting, 50% for sub-assembly and block-assembly, and 45% for
hull erection. Thus, they first focused on statistical accuracy control and line heating as means
to reduce the work hours associated with the large percentages. This ultimately led to the need
to provide shrinkage compensation both for flame cutting and for subsequent welding operations.
In contrast, shipyard managers elsewhere focused on the least amount of work hours with N/C
cutting and ultimately direct computer control of cutting machines, They continued to look for
devices to force fits without significant drop in sub-assembly, block assembly, and hull-erection
work-hours, without improvement in safety, and with the continuance of locked-in stresses.

The most modern approach which has been taken to achieve accuracy control in
shipbuilding is termed “Statistical Accuracy Control. ” In this procedure, the manufacturing
processes throughout the shipyard are closely monitored, dimensional data of components is
collected and a data base established. This data is then statistically analyzed and based on the
mean dimensions and standard deviations exhibited by any repetitive production process,
adjustments are made to the “designed” dimensions of components so that “adjusted” dimensions
can be used in the production process to enable components to be produced having dimensional
characteristics that are within anticipated mean values and variance. The process, when applied
to all the various components throughout the vessel, can result in a pre-determined knowledge
of the ultimate dimensions of the entire vessel within the combined mean dimensions and
standard deviation of its parts. Further adjustments can then be made such that the dimensional
characteristics of each of the components can be defined for the construction process and
fabrication can proceed to these specific dimensions with the confidence that the results will be



within an acceptable tolerance level. This will result in all components fitting together to form
the complete vessel without the need for expensive and time-consuming rework. The practice
of incorporating additional material into components, to be trimmed later as necessary, can be
virtually abolished, since all material can be cut to a predetermined tolerance.

Accuracy control is not considered as a separate structural alternative herein, but the
amount of rework assumed for alternatives is identified in Section 7.0. Reduction of this rework
by greater accuracy control will be self evident in the results presented in that Section.

20. Shipyard Facilities - The production inputs including shipbuilding policy, facility
dimensions and capacities and interim product types (blocks) were selected in a manner that can
be accommodated by existing U.S. shipyards. As an example, crane lifting capacity was limited
to 75 tons for individual blocks and 150 tons for grand blocks,

The importance of identifying the entire production strategy cannot be over emphasized.
When utilizing advanced shipbuilding systems, a general yard practice is to carry out extensive
study and evaluation prior to finalization of the basic hull block breakdown to assure that the
best compromise of fabrication cost, block erection and outfitting cost is achieved. Also, the
use of large multi-system machinery/piping package units is one of the most significant
improvements in ship construction methods and these units have to be defined as well. These
decisions should be made very early in design for production.

21. Structural Details - Specialized/fitted structural details are considered time consuming in
design and fabrication. On the other hand, the use of standardized structural details eliminates
design and can save time in fabrication and are therefore more producible. In order to obtain
a comparison, two alternative choices were selected. Specialized/fitted structural details have
been taken as indicating the norm and standardized structural details have been taken as
indicating the option supporting higher producibility, although details have not been specifically
identified.

22. Coatings - Coating choice can be complicated by many factors, including owners
preference, yard capability, quality, etc.. The selection of coatings is usually more closely tied
to the level of maintenance acceptable to the owner, Although this will not be explicitly
considered herein, the type of coating system used will also depend upon whether the alternative
system concept is constructed of mild steel or high strength steel. The latter will be thinner than
the equivalent mild steel and may therefore require superior coatings to provide adequate
corrosion resistance.

Coatings are also complicated by the need to have a weld-through pre-construction primer
that will be satisfactory as a base for the next paint coat together with a fast enough work flow
so that the primer is sufficiently intact when the next coat is applied. Otherwise there must be
complete blasting and painting rework, It can be seen therefore that the primers are an
important consideration in producibility.

23. Design (Standardization) - An important aspect of Japanese shipyard productivity is that
tanker design has been totally standardized. Unfortunately, it takes a great amount of effort and
experience to obtain the standard design, and it is highly unlikely that the first go around on the
ship design would be suitable for use as a standard without exceptional effort.

For example,
flexible approach to

Ishikawajima-Harima Heavy Industries Col, Ltd. (IHI) exploits a very
standardization. For a so called standard ship, even hull blocks can vary

.
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significantly while achieving the benefit normally associated only with a standard design that
must be rigidly followed. They employ group technology, wherein manufacturing characteristics
are emphasized. As long as the distribution of work does not change significantly, insofar as the
shipbuilding system is concerned, a standard ship is being produced regardless of the design
differences. Regarding engine-room outfitting, IHI employs four basic machinery arrangements.
Two are for different low speed and two are for different medium speed main diesel engines.
For each auxiliary machine position in an arrangement, two or three different vendor catalog
items are certified as shipyard standards. The items are functionally equivalent but physically
different. For the purpose of declaring vendors’ equipments as shipyard standards, preference
is given to those vendors who each produce machines of the same basic design for a range of
capacities. Thus, each standard machinery arrangement can expand or contract with engine
horsepower. Therefore, IHI’s standards system offers options that can be negotiated during
contract design and provides for more than one vendor’s equipment for each application in order
to insure competitive pricing. IHI has been able to incorporate the standards in its Future-
Oriented Refined Engineering System for Shipbuilding Aided by Computer (FRESCO).
FRESCO also features separation of engine room fittings into module assemblies with companion
diagrammatic modularized the same way [17].

Due to standardization, there is no need for preliminary design, design studies or
component selection. Everything has already been determined from midship section to main
engine selection. The makes and models of equipment to be used are known, and there appears
to be a loyalty to suppliers. The most extreme case of the latter occurs when a shipyard has a
product license. For example, if a shipyard is licensed to build a particular engine, all ships
from that shipyard will be powered by those engines.

Even drawing numbers are standardized. If the Inert Gas System diagram on one ship is
numbered PAZO031, then it is numbered PAZO031 on every ship they build, no matter how if
differs. The name of the appropriate ship is all that appears on the drawing to distinguish it
from other drawings. This procedure saves significant time in obtaining drawing numbers,
references and correct schedules. In Japan, they never change and it is obviously very time

saving when preparing control documents such as drawing schedules. One drawing schedule can
be used for any ship with minor modifications.

A minimal number of final drawings is provided to the owner. For example, HVAC,

pipingand electrical diagrams are provided, but detail routing/armngements are not. In the
accommodation spaces, even the diagrams do not indicate the quantity and location of fixtures.
Deck, machinery space and pump room piping arrangements are prepared, but are not provided
to the owners as final drawings. However the diagrammatic are quasi arranged and
supplemented with whatever information is needed for regulatory approvals and for use by
operating engineers.

The ship drawings are the same on each vessel. Basically they are a standard drawing
with minor modifications. For example, all diagrams are basically the same. As a comparison,
consider the labor hours and time required to design and prepare the diagram for a cargo oil
system, and then estimate the labor hours and time required to change an existing diagram to
suit say an increase in the number of tanks. If the discharge rate was also to be increased, the
next standard pump size could be selected and the pipe sizes (also standard) changed to suit.

Similarly, the main engine cooling water system on different ships would not change if
they all had the same engines and auxiliary equipment. For the next engine size, it would only
be necessary to increase pipe sizes and some quantities,



‘Once the drawings are completed there are few revisions, compared to the large number
encountered in the U.S.

Even the vendor drawings are standardized, An engine control console remains essentially
the same for each of the main-engine types maintained in the shipyard’s file of flexible
standards. For each particular console there is apt to be at least two vendors, not more than
three, for competitive pricing, Only vendors who adopt the same flexible approach are so listed.
Thus their vendors’ operations are regarded as extensions of the yard’s shipbuilding system.

When Japanese managers participate with an owner in negotiating a contract design they
typically offer a design that they believe will fulfill the owner’s requirements. At the same time,
they may have available options for altering their initial offer all of which, because of their use
of group technology, are consistent with their shipbuilding system. Furthermore, it appears they
prefer to keep contract changes to a minimum to avoid any impact on production.

However, they do accept changes provided work classifications per group technology logic
and work amounts do not substantially change so that the scheduled launch date remains
unchanged. Otherwise there would be deleterious impact on other construction projects. After
launch, they would entertain any change the owner is willing to pay for and would, if necessary,
employ subcontractors and/or rent a pier, so that there is no adverse impact on the cadence of
their shipyards work flows.

As a result, Japanese shipyards have files of flexible standards which detail everything in
work instructions. It is therefore plausible that the level of design labor hours can be as low as
50,000, as indicated in Section 5.3.3

As discussed in Section 7.0, 200,000 and 225,000 design labor hours have been assumed
for 40K and 95KDWT tankers building in the U. S., starting from a preliminary design and
ending with worldng drawings. In the absence of a standard design, this scenario will also
impact the phased material procurement and places some risk on the construction schedule, in
that as the design progresses and equipment and material are identified, there is no guarantee
that issuing purchase orders at that time will result in delivery to the shipyard to support
construction in a timely manner.

As a means of comparison for identifying schedule impact, a structural alternative has been
assumed where some design standards exist and less design material is required by the shipyard
workers. In this case, 100,000 labor hours have been assumed for design.

24. Maintainability, Strength and Fatigue - The proper application of effective coatings is
an important aspect of maintainability, Double hull tankers have an advantage regarding the
coating of cargo oil tanks in that the internal structure of the tanks is free of longitudinal and
transverse stiffening except for under deck and bulkhead stiffeners. Even greater advantage is
possessed by unidirectional vessels with a double skin deck and in some cases, double plate
bulkheads. Cargo tank cleaning is also simplified on double hull tankers.

With regard to the coating of water ballast tanks contained within the double hull, the
unidirectional alternatives have a further advantage of smoother surfaces and greater
accessibility, due to the longitudinal girder system. It should be noted, however, that effective
accessibility is dependent upon suitable spacing of the girders. In the conventional double hull
tankers, the water ballast tanks are framed with longitudinal stiffeners which are difficult to coat,
and are therefore more subject to corrosion, particularly in the bottom of the tanks.



Steel renewals dueto corrosion, onalong term basis, would therefore appear to be more
likely in the conventional alternatives than in the unidirectional vessels.

In addition, the nature of the unidirectional hulls, where relatively thick plating is required
for the hull and tank envelopes, dictates that the available hull girder strength is well above
typical classification society requirements. This results in the longitudinal hull envelope steel
operating at lower induced stressesthan the more conventionally framed alternatives, with
consequent longer fatigue life for structur~ components.

With regard to structural connections, the simple intersections of bulkheads and girders
on the unidirectional alternatives provide a detail more preferable from a fatigue viewpoint than
the typical intersections of longitudinal, webs, floors and bulkheads on the conventionally
framed alternatives. A significantly greater number of possible fatigue areas, operating at higher
longitudinal operating stresses, render the conventionally framed alternatives less desirable than
the unidirectional vessels from a fatigue viewpoint.

4.3 RESULTS
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A series of alternative structural system concepts has been synthesized from the
components and elements shown in Table 4.1. Each alternative consists of 24 components or
elements generically depicted in Table 4.2. As can be seen, of the 24 components or elements,
eleven are directly varied, while the remainder are in accordance with the baselines described
in Section 4.2. The complete set of structural alternatives is described in Section 5.0.
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Table 4.2: GENERIC ALTERNATIVE STRUCTURAL SYSTEM CONCEPTS

COMPONENT OR ELEMENT

1. Hull Form
2. Deckhouse
3. Tank Arrangement
4. Machinery
5. Pumping System
6. Rudder
7. Shell
8. Shell and Deck Longitudinals
9.

10.
11.
12.

13.

14.

15.
16.

17.

18.
19.

20.
21.
22.
23.
24.

Deck
Main Bulkheads
Girders
Plate
Inner Hull Connection to

Inner Bottom
Main Deck/Sheer Strake
(Gunwale) Connection
Blocks
Material
Welding
Plate Forming
Accuracy
Shipyard Facilities
Structural Details
Coatings
Design (Standardization)
Maintainability, Strength and

CHARACTERISTICS

Baseline Sect. 4.2 - item 1
Baseline “ “ - item 2
Per Alternative
Baseline Sect. 4.2 - item 4
Baseline “ “ - item 5
Baseline “ “ - item 6
Per Alternative
Per Alternative
Baseline Sect, 4,2 - item 9
Per Alternative
Baseline Sect. 4.2 - item 11
Per Alternative
Per Alternative

Baseline Sect, 4.2 - item 14

Baseline Sect. 4.2 - item 15
Per Alternative
Per Alternative
Per Alternative
Baseline Sect. 4.2 - item 19
Baseline ~’ “ - item 20
Per Alternative
Baseline Sect, 4.2 - item 22
Per Alternative
Baseline Sect, 4.2 - item 24

Fatigue
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5.0 TASK IV - APPLICATION TO SPECIFIC DOUBLE HULL TANKERS

5.1 OBJECTIVE

The objective of this task is the application of the alternative structural system concepts
identified in Section 4.0 to 40K and 100KDWT Jones Act double hull tankers to investigate the
potential for improved producibility in the U.S. A further objective is the estimation of baseline
construction schedules and labor hours for these vessels.

5.2 SELECTION OF BASELINE VESSELS

The statement of work for this project required the application of the alternative structural
systems to tankers of 40K and 100KDWT for the U.S. Jones Act trade. The 40KDWT vessel
would likely be a product carrier or a shuttle crude carrier. The 100KDWT vessel would likely
be a crude carrier only. Furthermore, it is desirous that a baseline vessel be identified which
has been built in a foreign shipyard under a recent building schedule.

The Jones Act trade has made use of tankers of approximately 40KDWT over the years,
although they have been rarer in the international market with vessels in the 30K+ and
54KDWT sizes being more prevalent. The 100KDWT size range tanker has also been used in
the Jones Act Trade. Foreign vessels in this size range are generally just under 100KDWT and
of the “Aframax” type.

As a result, the following procedure was adopted:

o A vessel resembling a 95KDWT 1993-95 vintage Far Eastern built crude carrier was
adopted as the baseline vessel. The general arrangement and midship section are shown
in Figures 5.1 and 5.2 respectively. The principal characteristics are given in Table 5.1.
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o A foreign design example for the 40KDWT vessel was not available. Accordingly, a
hybrid was prepared utilizing the generic features of the 95KDWT Far Eastern vessel and

principal characteristics indicated by previously built 40KDWT tankers for the U.S. Jones
Act trade. The general arrangement and midship section are shown in Figures 5.1 and 5.3
respectively. The principal characteristics for the vessel are given in Table 5.1.



Table 5.1: BASELINE DOUBLE HULL TANKER PRINCIPAL CHARACTERISTICS

Length B.P. (LBP)
Breadth B
Depth D
Design draft
Block Coefficient C~
SHP
Displacement
Lightship
Wing Tank Width
Double Bottom Depth
Cargo Tanks

40KDWT

183.00M
31.00M
17.70M
11.28M
0.80

8,500
52,790MT
12,790MT

2.20M
2.20M

7@ 17.90M

95KDWT

234.00M
41.50M
19.75M
13.75M
0.83

13,000
114,280MT
19,280MT

2.70M
2.20M

7@ 25.06M

The unidirectional hulls have slightly different dimensions to suit assumed proportions of the
structural cells in the double skin, as shown in Table 5.2, but cargo capacity is essentially the
same as that of the baseline vessels.

Table 5.2: UNIDIRECTIONAL DOUBLE HULL ALTERNATIVES

95 KDWT

Breadth B
Depth D
Wing Tank Width
Double Bottom Depth
Bottom Girder Spacing
Side Girder Spacing
Deck Void Depth

40 KDWT

Breadth B
Depth D
Wing Tank Width
Double Bottom Depth
Bottom Girder Spacing
Side Girder Spacing
Deck Void Depth

~

40.75M
21.0 M

2.0 M
2.6 M
1.75M
1.45M
1.0 M

w

30.5 M
17.57M
2,0 M
2.6 M
1.75M
1.45M
1.00M

~

41.8 M
22.4 M

2.2 M
2.2 M
1.15M

1.15M
2,2 M

m

30.85M
19.35M

2.2 M
2.2 M
1.15M
1.15M

2.2 M*

m
(Dished Plate)

40,4M
21.2M

2.2M
2.2M
2.4M
2.4M
2.2M

m
(Dished Plate)

30.8M
18.8M
2.2M
2.2M
2.4M
2.4M
2,2M

*open to cargo space
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5.3 BASELINE CONSTRUCTION SCHEDULES AND LABOR HOURS

5.3.1 General

This Section provides highlights of schedule and labor hour data obtained from the
survey described in Section 2.5, and projections made therefrom.

5.3.2 Construction Schedules

The importance of time in terms of schedule on ship cost has been addressed in
Section 1.0. Typical schedules of construction, distribution of labor hours as well as actual
labor hours, were sought in the literature, from shipowner experiences and through foreign
shipyard contacts. Pertinent information was received from all sources on shipbuilding schedules
and distribution of labor hours, However, virtually no current information on actual labor hours
was obtained, presumably due to its proprietary nature.

Construction schedules have been identified from the sources noted above. Figure
5.4 shows examples for several types of vessels constructed in the U. S. and abroad, indicating
months from start of fabrication to launch. Fabrication is defined as commencement of steel
cutting.

Figure 5.5 indicates two schedules from contract to delivery for constructing
double hull tankers. These schedules are for a Danish yard (84KDWT) [18] and a Japanese
y~d, [18]. Note that the total schedules from contract signing to delivery are 22 and 20’/2
months respectively.

5.3.3 Labor Hours

Figures 5.6 and 5.7 are U.S. versus Japanese comparisons of hull and machinery/
outfitting work for the PD 214 general mobilization vessels, [20], which have the characteristics
of containerships and roll-on/roll-off carriers, both of which are more complex than tankers.
They provide estimated labor hours between the U.S. and the Japanese. Note that these vessels
were not built. The total labor hours for design and construction of the vessels was estimated
to be 710,000 hours in Japan and 1,834,000 in the U.S. for the first ship. One would expect
that the design engineering would be greater than indicated (about 50,000 hours) for the Japanese
yard. All that can be said is that for design engineering, production engineering and mold loft,
the projected Japanese effort is 2096 of the labor hours of the U.S. yard. This low figure is
undoubtedly due to the extensive collection of standards and modules in computerized design
systems that are integrated for design, material, and production functions. These are employed
like building blocks and many automatically adjust in size during detail design commensurate
with different capacities, [21].

Table 5.3 shows a 1992 comparison [22] of labor hours and period required for
delivery of the first 80KDWT tanker after contract for an average U.S. shipyard and a typical
Japanese shipyard. It indicates that the U.S. is superior in outfit and piping construction, but
inferior in design techniques, casting techniques and production control. Although the data
compares an average U.S. shipyard and a typical Japanese shipyard, no justification is offered
for the large differences in the numbers, nor is it clear if the values are applicable to 1992. As

shown, the labor hours are 594,000 for the Japanese and 1,374,000 for the U.S. yard, (Note:
the reference indicated the U, S. labor hours as 2,374,000, which is believed to be a
typographical error.)
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Table 5.4 assesses the impact of technologically advanced shipbuilding techniques
on labor hour requirements and shipbuilding cycle time, [23]. It is a comparison between an
automated and a conventional yard in 1985, and indicates a 32% reduction in labor hours for
the automated yard. In addition to labor hour savings, this effects a higher facility utilization
(more throughput), resulting in higher return on investment capital. For this comparison, an
automated yard is one in which investments have been made into increasing automation, i.e.
automatic beam forming, cranes with pneumatic or magnetic lift, self traveling staging, welding,
robots, etc.

It has been stated that: “Strict dimensional control of interim products through the
different assembly stages is vitally important for profitable ship production, [24]. Studies in
Finland show that a 30% reduction in labor costs is possible in hull construction, [25]. This
reduction can be gained by eliminating unnecessary fitting and rework using tight accuracy
control methods, [11]. Reference [26] indicates that large savings in labor hours and costs in
Japan, as compared with U.S. shipyards, are due to scientific management methods, which
include statistical control of manufacturing. The percentage of erection joints requiring no
rework at a Japanese shipyard for a vessel in 1977 was 67.4%; in 1982, it was 75% for all types
of ships, [27]. “Through organizational input,., minimization of unnecessary rework through
a proper accuracy control program . . . . . .can yield a typical potential increase in output of 15%, ”
[28].
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FIGURE 5.6

HULL HORK LABOR HOURS, [20]
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FIGURE 5.7

MACHINERY/OUTFITTING LABOR HOURS, [201
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Table 5.3: COMPARISON OF PRODUCTIVITY (Baseline of 1.0 for Japan, unless

otherwise specified) (1992), [22].

Itern U.s.a Japan

Ships Construction of five 80000 dwt class tankers.
Area of plant 2,5 1.0
Travel distance of materials 5.0 1.0
Number of built-up blocks 209 250
Period required for delivery of 140 weeks (2.33) 60 weeks (1.0)

the first ship (after contract)

Labor hours for first ship 1,374,000 (2.31) 594,000 (1.0)

‘ U.S. superior points: outfit, piping construction.
U.S. inferior points: designing techniques, casting techniques, production control.
Source: U.S. Maritime Administration,

Table 5.4: LABOR ALLOCATION (High-class cargo ship) (1985), [23].

Labor % Labor%
Automated Yard Conventional Yard

.-

Steel fabrication
Panel and shell
Outfitting:

Electrical
Pipe
Machinery
Other

Subassembly
Block assembly
Ship erection
Launch
Post-launch outfit

3
4

4
2
4
5

22
31
14
1

JQ
100%

4
6

4
3
5
5
11

G
1

~
100%

Total labor hours 68% 100%
Time required 54% 100%
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Table 5.5 provides data for five single hull vessels built and delivered at IHI Yokohama
Shipyard in the year 1972, [18]:

Table 5.5: DATA ON SINGLE HULL SHIPS BUILT AT HH in 1972, [19]

Type ae

OBO 224,070 dwt
Tanker 230,906 dwt
Tanker 227,778 dwt
Tanker 219,803 dwt
Tanker 232,315 dwt

The new construction of Table 5.5 was achieved with one building dock, supportedby
two 120-ton cranes andone30-ton crane, [29]. Thearea of theyard used for such construction
was just over 50 acres. According to Reference [19], the above vessels were constructed with
a labor force of 1900, with 1150 employed on steelwork and 750 employed on machinery/outfit
installation. A further 800 workers were employed on ship repair contracts. The work week
consisted of 44 hours, with one shift per day and about 8 hours of overtime per worker per
week. Since the five vessels were built in one year (say 50 weeks), then an average of 988,000
manhours per vessel was required for construction, excluding design hours.

Recent labor hour distribution data for construction of 40 and 95 KDWT double hull
tankers in Japan was obtained from [19] and data for construction of an 84KDWT double hull
tanker in Denmark was obtained from [18]. This data is summarized in Table 5.6 below.
Tables 5.7 and 5.8 give the steel and outfitting breakdowns of Table 5,6.

Table 5.6: STEEL AND OUTFITTING RELATIVE LABOR HOURS
FOR DOUBLE HULL TANKERS

Japanese* Danish**

Steel 55-63% 70%
Outfitting 45-37% 30%

*lH1 **B&w
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Table 5.7: STEEL LABOR BREAKDOWN FOR DOUBLE HULL TANKERS

Japanese Japanese Danish
40KDWT 95KDWT 84KDWT

Parts Cutting & Bending 15% 14% 13.75%
Sub-assembly 13% 13% 12.75%
Assembly 45% 48% 45.25%
Erection 27% 25% 28,25%

Steel Total 100% 100% 100%

Table 5.8: MACHINERY/OUTFITTING LABOR BREAKDOWN

Machine Shop
Pipe fab. and machinery pkgs.
Pipe installation
Misc. steel outfitting

,— Hull & Accommodations
Mechanical Installation
Joiners & carpenters
Machinery Outfitting
Electrical Outfitting
Tests & trials incl. Dry Dockg.
Painting

Outfitting totals

FOR DOUBLE HULL TANKERS

Japanese
40KDWT

11%*

25%*

18%
9%
6%

31%

Japanese
95KDWT

lo%*

23%*

16%
9%
8%

34%

100% 100%

Danish
84KDWT

2%
10%
21%
17%

8%*
8%*

16%

18% Danishcoatingof cargo
& WB tankssubcontracted

100%

*Affected by hull structural concept

To produce the Table 5.7 breakdown of steel labor hours, the original categories received
from the Danish shipyard (steel processing, sub-assembly, flat and curved panels, blocks, erection,
transport and riggers) were re-combined to better compare with those of the Japanese shipyard so
that a meaningful comparison of labor hours could be made. Note that the Danish coating of cargo
and water ballast tanks were subcontracted, It can be seen that if this item is added into the Danish
total, then their outfitting percentage would increase and their steel percentage would decrease,
possibly coming into closer agreement with the Japanese values,

If it is assumed from Table 5.6 that an average of 59 % steel and 41 % outfit breakdown
in labor hours was consistent with Japanese production in 1972, then the 988,000 labor hours
derived from Table 5.5 for single hull tanker construction in Japan would divide into 582,920
labor hours for steel and 405,080 labor hours for machinery/outfitting. Some support for
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assuming identical distribution of labor hours in 1972 and 1994 can be gleaned from a
consideration of the advances made in shipyard steel fabrication through automation, and at the
same time the modular nature of some of the outfit delivered to a shipyard together with pre-
outfitting. The above data can then be used to estimate the labor hours required in Japan in
1972 to construct 40K, 95K and 84K double hull tankers, and then to project the estimates to
1994.

For this purpose, it has been assumed that the total steel labor hours vary in some
manner with the total weld length required for construction. To determine the relationship
between weld length and vessel dimensions, a flat plate structural unit with longitudinal and
transverse webs was first considered. The number of welds (butts and fillets) in the width w of
the unit varies with plate width and the spacing of longitudinal, which both vary with w. Then
the total length of welds varies with w1, where 1“is the length of the unit. Similarly, the total
length of welds required for the transverse plate butts and webs (including face plates, etc.)
varies with lw. Then the total length of welds for the complete unit varies with w1, i.e. the area
of the unit.

To extend this reasoning to a ship, it may therefore be assumed that the total length of
welds (and therefore the steel labor hours) in similar ships, with similar construction and block
coefficients, varies approximately with an area numeral such as L (B +D). For a better account
of welding on main transverse bulkheads, a factor xBD may be added, where x is the number
of bulkheads. For comparing ships with different internal arrangements however, such as single
hull and double hull tankers, the numeral must be modified to take account of the inner bottom,
the side tanks and any additional longitudinal bulkheads. Thus, for a single hull tanker with two
longitudinal bulkheads and say ten transverse bulkheads, the numeral becomes N,= (2LB +
4LD + 10BD). For a double hull tanker with a center-line longitudinal bulkhead and ten
transverse bulkheads, the numeral becomes ND = (3LB + 5LD + 10BD),

The average Japanese tanker deadweight in Table 5.5 was taken to be 228,000 tons
(single hull) and estimated dimensions of the vessel were derived. The dimensions of the
84KDWT Danish double hull tanker were obtained from [18], while the dimensions of the 40K
and 95KDWT double hull tankers are those given in this Section for the baseline vessels.

Table 5.9 was then prepared, providing a comparison of labor hours for the
construction of tankers in Japan in 1972. The labor hours for construction of the 228KDWT
single hull tanker were derived previously by assuming steel labor hours and
machinery/outfitting labor hours to be 59% and 41% of the total hours respectively. The steel
labor hours for the 40K, 95K and 84KDWT double hull tankers were then obtained from those
of the 228KDWT tankers by application of the factors N~/N~. The resulting hours were then
taken to be 59% of the total, with the remaining 41% applying to machinery/outfitting. Total
labor hours were increased by 50,000 for design, as surmised from Figures 5,6 and 5.7,
although this figure appears to be quite optimistic.
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Table 5,9: ESTIMATED LABOR HOURS JAPAN 1972
(All vessels double hull except 228KDWT)

DWT LxBxD Steel Machy/Outfit Total*
Q&L) H N. or N. N~/N~ Hours(59%) Hours(41%) LaborHours

228K 313x51x26.18 N~=78055 - 582,920 405,0s0 1,038,000

40K 183X31X17.7 N~=38702 0.50 291,460 202,540 544,000

95K 234x41.5x19.75 N~=60437 0.77 448,848 311,911 810,759

84K 229x32.24x21.6 N~=53845 0.69 402,215 279,505 731,720

* Includes50,000hoursfordesign

It was now assumed that by 1972 the Japanese had developed half of the improvement
in producibility indicated in Table 5.4 for automation (i.e. 16%) and half of the improvement
discussed in Section 5.3.3 for statistical accuracy control (i.e. 7.5%). Then the labor hours for
construction in Japan in 1994 can be derived from those in Table 5.9 (excluding design hours)
by applying similar percentage improvements, i.e. by multiplying by 0.84x0.925 = 0.777.

Using the 1994 values of steel and machinery/outfitting labor hours derived in this
manner, a comparison can be made using both the Japanese and Danish labor hour breakdown
percentages of Tables 5.7 and 5.8 to construct Tables 5.10 and 5.11. These Tables represent

. an estimate of labor hour distribution for the 40K and 95KDWT base alternatives and an
84KDWT tanker, using 1994 estimates of total labor hours. It should be noted that the total
hours for the 84KDWT data are based on the Japanese data, but its labor hour distribution is
based on the Danish data. The latter distribution has been included for purposes of comparison.
It maybe noted that the total labor hours for the 84KDWT vessel compare favorably with those
for an 80KDwT tanker given in Table 5,3, although it is not know whether the latter vessel was
a single or double hull tanker.

Table 5.10: STEEL FABRICATION LABOR HOURS (Japan 1994)

40KDWT 95KDWT 84KDWT

Parts Cutting & Bending 33,970 48,826 42,972
Sub Assembly 29,440 45,338 39,846
Assembly 101,909 167,402 141,416
Erection 61,145 87,189 88,287

Steel Total 226,464 348,755 312,521
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Table 5.11: MACHINERY/OUTFITTING LABOR HOURS (Japan 1994)

..

Machine Shop
Pipe fab. and math. packages
Pipe installation
Misc. steel outfitting
Hull & Accommodations
Mech. installation
Joiners & carpenters
Machinery Outfitting
Electrical Outfitting
Tests & Trials incl. Dry Docking
Painting

Machinery & Outfitting Total

40KDWT

17,311*

39,344*

28,327
14,164
9,442

48,786

157,374

95K!2!m

24,235*

55,742*

38,777
21,812
19,388
82,401

242,355

84KDWT

4,343
21,717*
45 ,607*
36,920*

17,374*
17,374*

34,748

39,092 Danishcoating
of cargoand

WEtanks
subcontracted

217,175

Table 5.12: TOTAL STEEL & MACHINERY OUTFITTING

40KDWT 95KDWT 84KDWT

Total Steel and Machinery Outfitting 383,838 591,110 529,696

*Affected by uniqueness of hull structural concept

and difference from base vessel

According to information recently received, [29], the following labor hours for
construction were achieved by Japanes~

280KDWT single hull tanker
280KDVVT double hull tanker
150KDWT single hull tanker

and Korean shipyards in 1992:

Japan Korea
380-450,000 700-800,000
550-650,000 850-950,000

About 300,000 About 640,000

This information indicates that the projected Far East labor hours for 40K and
95KDWT double hull tankers given in Table 5.11 are supported by the Korean data.

Reference [31] states that some medium and smaller Japanese shipyards are building
double hull Aframax tankers (approx. 95KDWT) for 200,000 hours. These hours and the
Japanese labor hours above are so low compared with historical and other databases that for the
purpose of this study, the Korean hours have been taken to be typical of Far East construction.

54

,,, -.-
!

:!,l-
, ,.,

L_. $“



Figure 5.8 provides the Danish B&W yard’s “Learning Curve” for series production
of 17 double hull tankers of 84KDWT, [18]. The production index of that figure shows that
after production of the 17 vessels, the index dropped from 100 down to nearly 50. Stated
another way, a shipyard building such a series design can construct the last vessel in one half
the labor hours of a shipyard with a one-off design. This displays a clear case for series
production and its effect on producibility which, on face value, is likely to overshadow any other
improvements on producibility.

However, the advantage of series production is available to all shipyards. A learning
cunw is not a fixed line and can be improved (i.e. displaced downwards) by superior work
methods or design changes. A shipyard that can improve a learning curve by constant small
downward displacements will be more competitive. >,

NEX

IY.......................,.4,,... . . . . . . .

I
I ‘G-’-”’”””
I ‘1

+ ~.- . . .. . . ..l . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Figure 5.8
Learning Curve for Series Production, [B&W]

5.4 APPLICATION OF ALTERNATIVE STRUCTURAL SYSTEMS

From the list of generic alternative structural system concepts given in Table 4.2, a
series of alternative concepts was identified for study and evaluation for both the 40K and
95KDWT vessels.

For the identification of the various structural alternatives, a key code was established
as follows. The key number for each 40KDWT alternative starts with 40 and ends in a number
such as 10, assigned to identify the structural configuration of the alternative. For example, the
40KDWT base alternative has the number 4010 assigned to it, The other 40K alternatives have
numbers 4020, 4030 etc. assigned to them. Similar key numbers, such as 9510, 9520 etc. have
been assigned to the 95KDWT alternatives. A full list of the alternatives investigated, together
with their key numbers, is provided in Table 5.13. These numbers appear on all calculation
sheets. Alternatives 9590 thru 95112, 95130 , 95140 and 95150 were not evaluated since
experience with other alternatives indicated that the relationship of their producibility
remainder of the 95KDwT series would not differ greatly from the relationship exhibited
40KDWT series.

._..-“..,..
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Table 5.13: ALTERNATIVE STRUCTURAL SYSTEM CONCEPTS

NOTE: Allvessels 4010 thru4090and 9510 thru9580 have high strength steel (grade

Key NQ
4010-

9510-

4020-

9520-

4030-

9530-

4040-

9540-

4050-

9550-

4060-

9560-

4070-

9570-

4080-

9580-

4090-

AH32) in the deck and bottom except 4020 and 9520. All unidirectional vessels

are mild steel except 40112, which has high strength steel in the deck and bottom.
All vessels have conventionally stiffened transverse bulkheads (vertical stiffeners)
and center line bulkheads (longitudinal stiffeners), except where noted otherwise.

40KDWT base vessel with square (bracketed) lower outboard corner of cargo tamk.

95KDWT base vessel with sloped tank side (hopper) at lower outboard comer.

Same as 10, except all mild steel.

Same as 10, except all mild steel,

Same as 10, three times the stiffener sizes in order to minimize weight.

Same as 10, with additional stiffener sizes, as in 4030.

Same as 10, with vertically corrugated transverse bulkhead.

Same as 10, with vertically corrugated transverse bulkhead,

Same as 60, but sloped hopper fitted with formed corners.

Same as 10, but sloped hopper fitted with formed corners.

Same as 10, but with sloped hopper at lower outboard corner.

Same as 10, but with square (bracketed) lower outboard corner of tank.

Same as 10, but with bulb plates in lieu of other stiffeners.

Same as 10, but with bulb plates in lieu of other stiffeners.

Same as 10, but with stiffened elements fashioned from one frame space width of
plate with stiffener formed on one side. This in lieu of plate stiffener combinations.

Same as 10, but with stiffened elements fashioned from one frame space width of
plate with stiffener formed on one side. This in lieu of plate stiffener combinations.

Same as 10, but with all floor, girder and web stiffeners assumed automatically
welded,
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4o1oo-

40110-

4o111-

40112-

40120-

95120-

40121 -

95121 -

4o130-

4o140-

4o150-

U4 - Unidirectional alternative with vertically corrugated transverse and center line
bulkheads.

U5 - Unidirectional alternative with vertically corrugated transverse and center line
bulkheads.

U5 - Unidirectional alternative with double plate transverse bulkhead and vertically
corrugated center line bulkhead.

U5 - Unidirectional alternative with high strength steel deck and bottom, vertically
corrugated transverse bulkhead and no center line bulkhead.

U6 - Dished plate unidirectional alternative, with vertically corrugated transverse and
center line bulkheads. Dished plating formed by rolling.

U3 - Dished plate unidirectional alternative, with vertically corrugated transverse and
center line bulkheads. Dished plating formed by rolling.

U6 - Dished plate unidirectional alternative - same as 120, but dished plating formed
by pressing and credit given for unique welding. Also, floor, girder and web
stiffeners assumed automatically welded.

U3 - Dished plate unidirectional alternative - same as 120, but dished plating formed
by pressing and credit given for unique welding. Also, floor, girder and web
stiffeners assumed automatically welded,

Same as 10, but double bottom floors and girders lugged and slotted into bottom shell
and inner bottom for easier alignment.

Same as 10, but 50 % labor hour reduction for series production of standard vessels.

Same as 10, with use of design standards for contract/detail designs, Design labor
hours reduced from 200,000 to 100,000 and schedule reduced to suit.

A midship section was synthesized for each structural system concept considered. The
midship scantlings for all longitudinal items were obtained from the American Bureau of
Shipping (ABS) program OMSEC, which incorporates all pertinent sections of ABS Rules. The
input consisted of the basic geometry of the midship section, spacing of longitudinal and
girders, position of stringers, deck camber and other information pertinent to geometry. With
this information, a bending moment estimation provided by the older ABS Rules within the
program and an internal table of stiffeners and plating (which can be modified), the program
calculates the midship section longitudinal scantlings with required hull girder section modulus
and minimum weight as the design parameters. Sample OMSEC outputs for the base alternatives
are given in the Appendix.
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It should be noted that stiffener sizes were selected from a limited range of flat bars and
built-up shapes included in the program, which can result in some stiffeners being oversized.
This procedure was followed since it is the practice in some shipyards to restrict stiffener sizes
to a limited range to simplify storage, handling and design details. However, intermediate sizes
of stiffeners were also added to the program and alternatives 4030 and 9530 included in the list
of structural alternatives studied, so that any oversized stiffeners could be replaced by smaller
sizes. Alternatives 4030 and 9530 are otherwise similar to the base alternatives 4010 and 9510
respectively.

Since they are not included in the OMSEC program, the scantlings of transverse structure
and bulkheads were determined from ABS Rules for the 40KDWT and were adapted from
similar ship’s drawings for the 95KDWT alternatives.

For the unidirectional alternatives, an assumed spacing of longitudinal girders was used
to enable the OMSEC program to calculate the required minimum ABS Rule shell plating
thickness. In addition, some approximate calculations were performed to obtain representative
scantlings for the longitudinal girders.

For the dished plate unidirectional alternatives, plating thickness was estimated by
considering the additional strength due to curvature over an equivalent flat plate structure. It
should be noted that the spacing of longitudinal girders for the dished plate vessels is greater
than that of the other unidirectional alternatives, as approximately identical shell thickness was
maintained and the additional strength due to curvature allowed greater girder spacing. Also,
the scantlings of the dished plate double hull were maintained constant around the entire
periphery of the midship section. This feature, which can be applied to any of the unidirectional
alternatives, enables the number of unique structural blocks to be considerably reduced, but
incurs some weight penalty.

5.5 STRUCTURAL BLOCKS

To simplify the producibility investigation, yet keep it meaningful, only one midship
cargo tank length of each structural alternative concept, including one transverse bulkhead, was
selected for initial comparison and evaluation,

Since the producibility study required seams and butts of plating to be located, it was then
necessary to break down the midship tank structure into suitable blocks for erection. Some
discussion of block breakdown is provided in Section 4.2, item 15, and the actual breakdown
selected is shown in Figures 5.9 and 5,10. It may be noted that the breakdown is similar for
both the 40K and 95KDWT alternatives, although the numbering systems are different, as
indicated in Section 6.3.

The lengths of the blocks were based on the length of cargo tanks (17.9m. for 40K and
25.06m, for 95KDWT alternatives) and the 3.58m, spacing of transverse floors and webs,
Thus, the block lengths are 7. 16m. forward and 10.74m. aft for 40K and 10.74m. forward and
14.32m. aft for 95KDWT alternatives. These arrangements provide some repetitive blocks
within the parallel mid-body of the vessels. The transverse bulkheads inside the double hull
formed separate blocks.
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6.0 TASK V - ESTIMATES OF PHYSICAL PRODUCTION CHARACTERISTICS
FOR ALTERNATIVE STRUCTURAL SYSTEM CONCEPTS

6.1 OB,IECTIVE

The objective of this task is the development of production characteristics such as weight,
number of pieces and other quantifying estimates for each of the alternative structural system
concepts. They are utilized in the next Section to study the concepts in terms of producibility.

6.2 APPROACH

In considering the producibility of the various alternative structural system concepts, it
is necessary to consider many characteristics aspects of the structure, including the following,
rnll.LJAJ.

b

●

●

●

●

●

●

●

●

●

●

●

●

●

●

amount of welding
type and number of frames, and stiffeners
number of unique pieces
total number of pieces
weight
surface area for coatings
number, type and position of welded joints
self-alignment and support
need for jigs and fixtures
work position
number of physical turns/moves before completion
aids in dimensional control
space access and staging
standardization
number of compartments to be entered to complete work

The quantification of these characteristics for producibility considerations should
generally be in terms of physical quantities, i.e. weight, number of pieces, number and length
of welded joints, etc., or the labor hours and schedule time required for their construction or
application, The remainder of this sub-section describes how the physical quantifications were
made. The labor hour and schedule quantifications are described in Section 7.0.

As indicated in Section 5.5, the structure of one complete midship tank section for each
alternative, port to starboard, including one transverse bulkhead, was studied for the purposes
of considering producibility. Following the breakdown into structural blocks described in
Section 5.5, the quantification of the characteristics noted above then required each one tank
length alternative to be broken down into all its component plates, longitudinal, stiffeners,
brackets and chocks. A spreadsheet computer program was utilized for this purpose to form the
basis for quantifying the various physical steel construction properties of the alternatives. The
spreadsheet format is shown in Figure 6.1. An entire sample data set is presented in the
Appendix, on pages A29 through A60, for both the 40 and 95KDWT baseline alternatives.
These data include the number of unique pieces, total number of pieces, dimensions and
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SPREADSHEET FOR QUANTIFYING THE
PHYSICAL PRODUCTION CHARACTERISTICS
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thickness of plates, type, length, thickness and cross section area of longitudinal and stiffeners,
surface areas of plates, longitudinal and stiffeners, weights, weld type (automatic, manual,
fillet, butt), weld position, weld length and weld volume. These properties of the various
alternatives were derived for each structural block and then totalled for all blocks. Metric units
were used throughout. Certain characteristics were defined and handled as follows:

o Number of Unique Pieces - Any structural member such as a plate or longitudinal with
unique dimensions, including thickness, was counted as a unique element within each one tank
length alternative.

o Total Number of Pieces - The number of separate structural pieces such as plates or
longitudinal in each alternative,

o Number and Dimensions of Plates and Longitudinal etc. - The number,
dimensions and thickness of plates were listed, together with the length,
thickness and cross section area of all sectional material such as flat bars,
angles, tees and bulb flats,

o Surface Area of Plates and Sections - The surface area (one side only) of all
plates and sections in each alternative. No account was taken of lightening
holes or other cutouts in plating. This data was used in Section 7.0 to
estimate the labor hours required for coatings,

o Steel Weight - The total weight of all structural members in each alternative.
No account was taken of lightening holes or other cutouts in plating.

o Welded Joints and Weld Volume - As previously indicated, weld volume was
adopted as a measure of steel labor hours, although it was later replaced by
weld length and steel thickness.

Manual and automatic welding processes were considered for both fillet and butt welds.
Longitudinal erection seams were assumed to be automaticidly welded, while transverse erection
butts were assumed to be manually welded. Elsewhere, manual or automatic welding was
assigned in accordance with current shipbuilding practice. Plate thicknesses were subdivided for
welding purposes according to whether they were less than/equal to 19 mm or greater than
19mm, since the latter require significantly more edge preparation than lesser thicknesses, such
as 10 to 16 mm., [7]. Weld length for plates was split up into flat and curved plate categories.
Weld volume was estimated as a function of steel thickness for butt welds and leg length for
fillet welds. Leg length was selected according to steel thickness,

Weld positions considered were flat (i.e. downhand), horizontal (on sloping or vertical
structure), vertical and overhead. Since welding speeds vary with weld position, the calculated
volumes were increased by suitable factors to account for the relative speeds in estimates of
labor hours. Factors of 1 for flat, 2 for horizontal, and 3 for vertical were applied, [33], while
an estimated factor of 4 was applied to overhead. For a downhand/overhead weld, an estimated
factor of 2 was applied. A further factor of 2 was applied to manual welds to take some account
of the difference in labor hours for manual versus automatic welding, [34]. The welding
positions for each alternative was derived from a construction scenario for each unit based on
laying plate, attaching stiffeners, placing cross structure, including floors, and turning to
maximize downhand welding,
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Weld volumes were therefore determined from the following formulae:

Fillet Weld

Volume V~
where 1

12/2
f,
f2
f3

L

Butt Weld

Half Volume V~
where t

b,
b~
b~

L

= %12 x fl x fz x f~ x L (cm2. M)
= leg length (cm)
= total fillet weld area (cm*)
= 1 for one fillet, 2 for two fillets
= 1 for automatic, 2 for manual
= 1 for flat
= 2 for horizontal
= 3 for vertical
= 4 for overhead
= length of weld (M)

= U3t2x bl x b2 x b~ x L (cm2.M)
= thickness of material joined (cm)
= 1 for single Vee, Vi for double Vee
= 1 for automatic, 2 for manual
= 1 for downhand
= 2 for horizontal
= 3 for vertical
= 4 for overhead
= Length of weld (M)

NOTE: Half volume of butt welds calculated since volume computed on
spreadsheet by summing up the half volumes on each of 2 adjoining plates or
sections.

The welding of the hull structure of the unidirectional alternatives was assumed to be
conventional, i.e. longitudinal plate seams butt welded clear of longitudinal girders, which are
fillet welded to the shell plating etc. However, for the dished plate unidirectional alternatives,
it is understood that a highly automated welding process is being developed for the welding of

the longitudinal girders to the shell plating etc., [10] [35]. As shown in Figure 3,5, the junction
of a longitudinal girder with adjacent panels of dished plating forms a 3 way joint. Since it is
believed that this joint is welded completely by the above process, it would appear that the
welding must be performed with the joint set vertically. Robotic welding of the girder stiffeners
has also been proposed.

Since details of the welding of the 3 way joint are not known, the weld cross-section was
assumed to be rectangular (sides defined by the plating thicknesses) for the purpose of
calculating weld volume,

For estimating steel labor hours for the dished plate unidirectional alternatives 40120 and

95120, welding of the 3 way joints was assumed to be equivalent to automatic vertical butt
welding, with manual welding of the girder stiffeners, However, in anticipation that the special
welding technique referred to may be transportable in some form to an existing U.S. yard

without existing facilities enhancements, dished plate unidirectional alternatives 40121 and95121
were assumed to be welded with this technique, to represent the application of such technology.

,,...-..,,,
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The labor hours for the vertical 3 way joints were then assumed identical to those for the fastest
conventional welding, i.e. automatic downhand welding. Automatic welding of the girder
stiffeners was also assumed, so as to mimic the proposed robotic welding. It should be noted
that the 3-way joints could also appear in the smooth plate unidirectional alternatives, and their
application in 40121 and 95121 should be indicative of the benefit in both types of alternatives.

6.3 RESULTS

Although the data listed was calculated for each alternative, only summaries by block for
the remainder of the alternatives of each ship size are presented in the Appendix on pages A61
through A72, since full data sets for each alternative would require too voluminous a document.
Summaries of the number of pieces, areas, weights, weld lengths and weld volumes for the 40K
and 95K alternatives are also presented in the Appendix on pages A73 through A84. Graphs of
areas, weights, weld lengths and weld volumes are presented in the Appendix on page Al 17
through A122. Graphs of lengths for flame cutting, edge preparation and different types of
welds are presented on pages A126 and A127.

The original numbering system adopted for the structural blocks is utilized for the 95KDWT
alternatives, but the block numbers were later changed to reflect numerically the erection
sequence anticipated for both sizes of vessel. The revised numbers were then utilized for the
40KDWT alternatives. It maybe noted that the block breakdown is the same for both sizes of
vessels. A discussion of block breakdown is provided in Section 4.2, item 15 and Figures 5.9
and 5.10 show the block breakdown and block numbers for the 40K and 95KDWT alternatives
respectively.

Although it was originally intended to use the length of welded joints as a measure of steel
labor hours, weld volume was later considered to be a more realistic measure. However, it
was later decided to use References [36] and [37] for the estimation of steel labor hours, which
require weld length and steel thickness in lieu of weld volume.

,~,—.,
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7.0 TASK VI - LABOR HOURS AND SCHEDULES

7.1 OBJECTIVE

The objective of this task is to estimate the labor hours and schedules required to produce
the alternative structural system concepts for each of the 40K and 95KDWT double hull tanker
designs. The principal characteristics of interest are the labor hours and schedules to produce
the vessels.

7.2 APPROACH

As indicated in Section 6.3, it was decided to estimate steel labor hours by adopting and
modifying a method proposed in References [36] and [37]. Initially, the intent was to utilize the
relative producibility procedure of Reference [36], based on the Analytic Hierarchy Process
(AHP). However, further study indicated that with some modifications, the labor hour approach
of this reference would be more suitable for the study of the alternatives, Full details of the
method to determine labor hours and schedules are given in Sections 7.3 thru 7,5.

In order to establish a baseline for studying of the alternatives, it was first necessary to
establish more accurate estimates of the labor hours and schedules for the construction of the
baseline vessels in a typical U.S. shipyard.

U.S. shipbuilding’s introduction of automation and accuracy control has been advancing
but is acknowledged as being behind that abroad. As a result, both were taken as one-half of
the 32% presented in Table 54 for a Far Eastern automated yard’s advantage over a traditional
yard in 1985. One half of the 15% improvement in overall production by implementation of
strict dimensional controls and statistical accuracy, as discussed in Section 5.3.3 for Far Eastern

yards. Then the U.S, yards can be expected to achieve the labor hours and schedules of
construction for the base alternative vessels shown in Table 7.1 and 7.2 respectively.

The schedules in Table 7.2, also shown in Figure 7.1, are from contract signing to
delivery, and have been developed to incorporate about 12 months from the start of fabrication
to launch, since this was required in 1983 for the last series of tankers to be constructed in the
Us. - see Figure 5.4. These schedules have some potential slack at the beginning and end
(particularly from trials to delivery), allowing for meeting contractual dates. It may be noted
that the design labor hours were based on the anticipated performance of U.S. shipyards. It may
be further noted that according to the data provided by Reference [19], there is almost no
difference between the 40K and 95KDWT Far East baseline building schedules. Therefore no
difference is shown in Table 7.2.
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Table 7.1

TOTAL ESTIMATED LABOR HOURS FOR CONSTRUCTION OF BASELINE SHIPS

IN Us. IN 1994

40KDWT 95KDWT

Far East Base Labor Hours for construction (from Table 5. 11) 383,838 591,110

t
Increase for U.S. due to lesser

utomation and accuracy control. 110,162 169,649
Design Labor 200.000 225.000
U.S. Total Labor Hours 694,000 985,759
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U.S. BASELINE
ALTERNATIVE

CON TRACT AWAR13

9 MONTHS

14 MONTHS8

START OF FABRICATION

7.6 tda ●

DESIGN
+

-KEEL LAID

4.8 M

3.2 kl

iJIBLY

I

LAUNCHING

SEA TRIALS

4,2 M

1-2.24 M

PAINTING

29.1 MONTHS
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Table 7.2

ESTIMATED SCHEDULE FOR CONSTRUCTION OF
BASELINE SHIPS IN U.S. IN 1994.

40KDWT 95KDWT

Far East Baseline Schedule, including design (from Figure 5.5) 20.5 months 20.5 months

b

Increase for U.S. due to lesser automation
d accuracy control, applied from 2.6 “ 2.6 “

abdication to sea trials.
Additional Design Period 6.0 “ 6.0 “

U.S. Schedule for Construction 29.1 months 29.1 months

7.3 LABOR HOURS FOR STEELWORK

The following notes provide the assumptions, approaches and details of the method used to
estimate the steel labor hours required for the construction of the various one tank length
alternatives.

a) In order to estimate the steel labor hours required to construct one midship cargo tank
section for the various structural alternatives, the steel labor hours required to construct the
complete 40K and 95KDWT base vessels were first obtained from the total labor hours
(excluding design labor) given in Table 7.1. For this purpose, the average percentage
breakdown of steel versus outfitting hours given in Table 5.6 for the construction of vessels in
Japan was used, i.e. 59% for steel construction and 41% for outfitting.

Then total steel labor hours to construct 40K and 95KDWT base vessels are 291,460 and
448,848 respectively.

An estimate of the steel labor hours to construct one cargo tank section for the base
vessels was then obtained from a consideration of the relative lengths of the separate parts of the
vessels (i.e. 7 cargo tanks + bow + stern + superstructure), the structural contents of each part
and the relative complexity (e.g. curved shell plating] of the structure, Approximately 10% of
the total steel hours was required, but this was later refined to 9.53% and 10.42% for the 40K
and 95KDWT vessels respectively in the following manner:

The 40K and 95KDWT vessels each have 7 cargo tank sections, with constant lengths
of 17.9m and 25.06m respectively, Steel labor hours for Ngl & 2 cargo tank sections were
estimated to be 85% and 95% respectively of those for the midship cargo tank section. Steel
labor hours for the remaining five tank sections were all assumed to be the same as for the
midship tank section. Steal labor hours for the remaining bow and stern portions of the vessels
were assumed initially to vary with those for the midship tank in proportion to length, and were
then corrected for volume and structural contents by applying an estimated correction factor of
0.7. Estimated structural complexity factors of 1.5 and 1.3 for bow and stern respectively were
then applied to allow for more difficult construction. Steel labor hours for the deckhouse and
stack were similarly assumed to vary with length, followed by the application of an estimated
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single correction factor of 0.5. Lengths of the bow, stem and deckhouse for the 40K and
95KDWT vessels were taken to be 10.5m/10.66m for the bow, 47.2m/47.92m for the stem and
24/30.7m for the deckhouse.

Based on these assumptions, it can be shown that the total steel labor hours to construct
the 40K and 95KDWT base vessels are equivalent to the hours required to construct 10.49 or
9.60 midship tanks respectively, Then the steel labor hours to construct one midship tank
section for the 40K and 95K base vessels can be obtained by multiplying the total steel hours
by 1/10.49 (i.e. 9.53%) or 1/9.60 (i.e. 10.42%) respectively. Thus the required labor hours
are 27,785 or 46,755.

b) In order to study the various structural one tank length alternatives, a method of
estimating the steel labor hours for each, as compared with the two base designs, was now
required. As indicated in Section 7.2, it was therefore decided to utilize the method provided
in References [36] and [37] to obtain the man hours to construct the various one tank length
alternatives.

This method identifies all of the work processes used to manufacture a steel product (e.g.
flame cutting, welding, etc.) and assigns appropriate work units such as linear feet or square feet
to each. The individual work units are then multiplied by an appropriate process factor (labor
hours/work unit) to obtain the labor hours for each process.

Each work process is performed in or at a particular work site or construction stage (e.g.
fabrication shop or erection site) and for each of these, difficulty factors have been assigned to
account for the progressive increase in the difficulty of manufacturing a product under varying
conditions. The stages utilized and their associated difficulty factors are shown in Table 7,3.

1.
2.
3.
4.
5.
6.
7.
8.

Table 7.3: Construction Stages and Difficulty Factors, [36]

Difficulty
WEE Location Factor

Fabrication
Pre-PaintOutfitting
Painting
Post-PaintOutfitting
Erection
Outfitting
Waterborne
TestsandTrials

InShop
On Platten- Hotwork
PaintSkii@age
OnPlatten- ColdWork
ErectionSite
ErectionSite
PiersideafterLaunch
Pierside& ~ndwway

1.0
1.5
2.0
3.0
4.5
7.0

10.0
15.0

To account for the impact of construction stages on steel labor hours, the typical stage
for each process is identified as standard. If a process is performed in a later stage, the labor
hours obtained as above are increased in the ratio of actual to standard difficulty factor. Values
of this ratio less than 1.0 are not permitted by the program.

When the labor hours for each work process have been obtained, they are summed to
provide the total steel trade labor hours. This total is then increased by an appropriate
percentage to account for steel trade support labor hours.
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The calculations are performed on spreadsheets, and a typical example from Reference
[36] is shown in Table 7.4. The spreadsheet input files provided with the above references are
contained on computer disks for Lotus.

Further to the process factors, many of these vary with material thickness and appropriate
factors are automatically selected from “look-up” tables within the program spreadsheet when
the thickness is inputted. The steel thickness used for each alternative in this evaluation
procedure was the average thickness, derived from the weight of the tank section and the surface
area of the steel components. The programmed process factors are given in Table 7.5 for a
range of thickness from 0.25 inch to 2.00 inches. The factors for shaping steel are standard
except for bending, rolling and pressing. These have basic values of 0.40, 1.00 and 0.02
respectively, which are multiplied by appropriate thickness factors to obtain the required process
factors. Other factors not listed in Table 7.5 have the standard values shown in Table 7.4.

c) For the application of this procedure to the structural alternatives, surface preparation,
coating and testing were removed from the list of work processes, since they were considered
to be part of machinery/outfitting for the purposes of this report,

However, “rework” was included as an additional factor. Furthermore, the process
factors needed adjustment to correlate with commercial construction, since the factors in
Reference [35] were based on Philadelphia Naval Shipyard repair information. This may be
illustrated by the application of the described procedure to the 40K and 95KDWT baseline
vessels, using the programmed process factors with no modification and with no rework
included. This resulted in steel labor hours exceeding those estimated in paragraph (a) by
62.70% and 47.28% for the 40K and 95KDWT vessel,s respectively. As indicated in Table 7.1,
the estimates of labor hours required to construct the 40K and 95KDWT base vessels assume
that U.S, yards have instituted one half of the effort expended by the Japanese on accuracy
control. However, some rework will still be required, as it is in Japan, and for the purposes
of evaluation of the structural alternatives, this has been assumed to require 10% of the labor
hours expended on flame cutting, edge preparation, fit up/assembly and welding. Finally, the
process factor of 0.10 hours/sq. ft. for obtaining material/receipt etc. was considered to be too
high and was reduced to 0.01 hours/sq.ft.
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Table 7.4
NSRPPANELSP-4-.. -

STRCTMS COST ESTIMATING FORM FOR STRUCTURAL WORKtlLt:

1

2

3

4

5

6

7

8

9

10

11

12

PROJECT: ‘TITLE MATERIAL:
FILE : ml 23.WKI THICKNESS

WORK PROCESS

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITING
AUTOMATIC
MANUAL

EDGE PREP-GRINDING
FWT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

WORK
UNITS

SQ Fr

LN ~
LN ~

LN ~
LN IT
LN ~

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

WELDING, AUTO/hlACHINE
FILLET LN !7
Bul-r LN H

WELDING,MANUAL
FILL=
DOWNHAND LN ~
VERTICAL LN ~
OVERHEAD LN H

BUIT
DOWNI+AND LN ~
VERTICAL LN ~
OVERHEAD LN ~

MARKING PIECE

HANDLING
STORAGE PIEOE
TRANSPOM7NG ASSY
Ll~lNG ASSY

SURFACE PREP
BIASTING SQ m
GRINDING FOOT

COATING SQ Fr

TESTING
DYE PENEIRANT FOOT
AUDIOGAGE FOOT
x RAY FOOT

PROCESS
FACTOR
(MNHRS/

WORK UNIT

0!100

0.050
O.m

0.040
O.oaa
Oao

0,480
1,200

10.000
15.000
0.024
0.020

o..5eO

0.0s5
0.48

0.340
0.510
0.630

1.m
1.s50
2.6m

o,lm

O.lm
5.m
5.om

0.100
O.m

0.100

0.250
O.m
0.500

UNIT
AMOLINT

o

0
0

0
0
0

0

;
o
0
0

0

0
0

0
0
0

0
0
0

0

0
0
0

0
0

0

0
0
0

TOTAL TRADE MANHOURS
TRADE SUPPORT MANHOURS (35% OF TRADE MANHOURS)

TOTAL Production MANHOURS

LABOR COST (MANHOURS X MNHR COST)
MATERIAL COST (FROM MATERIAL SCHEDULE)

TOTAL COST

MS-STS
0,57 INCHES

ACTUAL STANDARD
STAGE STAGE

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

3
3

3

2
2
2

$20.00
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1

1
2

2
2
2
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2
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2
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2
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3
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3

2
2
2

ACTUAL STANDARD
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1,0

1,0
1,5

1,0
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1.5

1,0
1.0
1.0
1.0
1.0
1,0

1,5

1.5
1,5

1,5
1.5
1.5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

2.0
2.0

2.0

1.5
1,5
1.5

FAG I UH

1.0

1,0
1,5

1,5
1.5
1,5

1,0
1,0
1.0
1.0
1,0
1,0

1,5

1,5
1.5

1.5
1.5
1,5

1,5
1,5
1,5

1,0

1,5
2.0
3.0

2.0
2.0

2.0

1,5
1.5
1,5
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NSRP PANEL SP–4
FILE: STRCTMS

THICKNESS
(INCHES)

0.250
0.375
0.500
0.750
1.000
1.250
1.500
2.000

THICKNESS
(INCHES) “

0.250
0.375
0.500
0.750
1,000
1,250
1.500
2.000

1
FIAME

CUTTING
AUTO

0,05
0,05
0.05
0.07
0.07
0,08

0.1
0.12

2
FIAME

CUTTING
MANUAL

0,09
0.09
0.09
0.12
0.16
0,17
0.18
0.23

3
EDGE PREP

GRINDING
FLAT
0.02
0.03
0.04
0,06
0.08
0.12
0.17
0,17

4
EDGE PREP

GRINDING
VERTICAL

0.04
0.05
0,06
0.12
0.17
0.21
0,26
0.26

5 6
EDGE PREP ASSEMBLY

GRINDING
OVERHEAD

0.06 0.56
0.07 0.56
0,08 0.56
0.17 0.56
0.26 0.56
0.30 0.56
0,34 0.56
0,34 0.56

7
MACHINE

FILLET

0,04
0.05
0.07
0,08
0.09
0.11
0,13
0,16

1 2 3 6 7
================== WELDING-MAN~AL =====~=====
=========FILLET =======: ======= BUTT======== THICKNESS

DOWN VERT OVHD DOWN VERT OVI-ID FACTOR
0.12 0.24 0.36 0.62 1.24 1.86 i .00
0.23 0.38 0.54 1,00 1,67 2,33 1.20
0,34 0.51 0.68 1.30 1.95 2.6 1,20

0.6 1.2 1,7 1.80 3.6 5.3 1.20
1 2.13 3.25 2.40 5,1 7,8 1.20

1,2 2.1 3.00 3,20 5.6 8 1,20
1,44 2.2 2,88 3.80 5.81 7.6 1.20
1.73 2.64 3,46 5.10 7.8 10,2 1,20

Table 7,5

PROCESS FACTORS



d) When the remaining programmed process factors were applied to the 40K and 95KDWT
base designs for one tank length, the resultant steel labor hours were found to be higher than the
estimates given in paragraph (g). The excess amounted to 40.23% for 40K and 23.58% for
95KDWT designs, with an average of 3 1.90%,

It would appear justifiable therefore, to reduce some of the process factors to enable the
labor hour estimates of paragraph (a) for the two base designs to be correlated. It would appear,
in particular, that process factors for work processes 2,3,5,6 and 7 in Table 7.4 should be
reduced. Since it was desirable to use identical process factors for both ship sizes, varying only
with material thickness, it was decided to reduce programmed factors by 20.75%. The standard
35% used on the spreadsheet (Table 7.4) for trade support hours was also reduced by the same
percentage, i.e. to 28 %. This procedure provided steel labor hours for the midship cargo tanks
of the 40K and 95KDWT base designs that differed from those given in paragraph (a) of this
Section by about +6%, which was considered satisfactory. The amended labor hours for the
midship tanks then became 29,578 and 43,872 respectively. The steel labor hours for all
alternatives were therefore computed on this basis. The corresponding modified spreadsheets
are shown in Tables 7.6 and 7.7.

e) Further to the application of the estimating procedure of References [36] and [37], the
following assumptions were made to suit the format of the procedure shown in Tables 7.6 and
7.7:

0
0
0

0

0

Manual flame cutting assumed employed on 5% of total plate edge length.
Edge preparation and grinding employed only in way of manual flame cutting.
On data sets and block summaries in the Appendix, welding has been delineated as
automatic or manual, welded joints as butts or fillets and welding positions as flat (i.e.
downhand), horizontal, vertical or overhead. To suit the estimating spreadsheet, welding
lengths were then regrouped into automatic butt or fillet welds - or manual butt or fillet
welds in downhand, vertical or overhead positions.
Although metric units have been used throughout this report, British units were used in
the estimating procedure since these units were used in References [36] and [37].

The completed spreadsheets for the estimation of the steel labor hours for the one tank
length structural alternatives are given in the Appendix on pages A87 through Al 15 for both the
40 and 95KDWT designs. The results are also shown graphically in Figures 7.2 and 7.3 for the
40K and 95KDWT designs respectively, and in the Appendix on page A124. Figures 7.2 and
7.3 include a breakdown of the labor hours required separately for obtaining material/flame
cutting etc. (work processes NQ 1 thru 4), fit up and assembly (work process NQ5), automatic
welding (work process NQ6), manual welding (work process NQ7), marking and handling etc.
(work processes NQ8and 9) and rework (work process NQ 10).

g) F~fiher to the c~ibration of the steel labor hours to suit the estimating procedure
described in paragraph (d), it was considered desirable to validate this further by applying the
same procedure to the estimated steel labor hours for the construction of the 40K and 95KDWT
vessels in the Far East in 1994.
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Table 7.6

NSRP PANEL SP-4
FILE:

1

2

3

4

5

6

7

e

9

10

STRCTMS Revised L4BOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
40KDWT BASE ALTERNATIVE

PROJECT Entire Tank Section MATERIAL: MS-STS

FILE : 4010

WORK PROCESS

OBTAIN MATERIAL
RECEIPT & PREP

FIAME CUlllNG
AUTOMATIC
MANUAL

EDGE PREP-GRINDING
FIAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

WELDING, AUTO/MACHiNE
FILLET
BUIT

WELDING, MANUAL
FIM
DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERllCAL
OVERHEAD

MARKJNG

HANDUNG
STORAGE
lRANSPORllNG
UFllNG

WORK

UNITS

SQ !=r

LNFr
LNFr

I-N%
LNFr
LNFr

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

I-NIT
LNl=r

LNi=r
LNFr
I-NIT

I-NIT
LNIT
LNFr

PIECE

PIECE
ASSY
ASSY

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,040
0.071

0.032
0.048
0.063

0.360
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

THICKNESS 0,57 INCHES

UNIT ACIUAL STANDARD
AMOUNT STAGE ‘–- ‘–

79149

47502
2504

1990
407
108

0
4
0

0
0

.0

6568

49968
3530

22352
4571
1213

1579
323

86

1642

1642
24
24

560

TOTAL TRADE LABORHOURS
TRADE SUPPORT IABORHOURS (2a% OF TRADE LAEIORHOURS)

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

;
4

5

STAGE

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

2

ACTUAL STANDARD
FACTOR

1,0

1.0
1.5

1.0
1.5
1.5

1.0
1.0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

1.5
1.5
1.5

1.5
1,5
1.5

1.0

1,5
2.0
3.0

4.5

FACTOR

1.0

1,0
1.5

1,5
1.5
1.5

1.0
1.0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

1.5
1.5
1.5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

1.5

MNHRS
REQD

791

1885
179

63
19

7

0
4
0
0
0
0

2915

2574
1343

6023
1847

653

1627
499
177

164

164
120
120

1981

23156
6423

TOTAL PRODUCTION LABORHOURS
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Table 7.7

NSRP PANEL SP–4
FILE: STRCTMS Revised IABOR HOUR ESTIMATING FORM FOR STRUCTU~L WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank SectIon MATERIAL: MS-STS

FILE : 9510 THICKNESS 0.6 INCHES

PROCESSWORK PROCESS WORK
UNITS

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
AMOUNT STAGE STAGE FACTOR FACTOR REQ’DFACTOR

(MNHRS/
WORK UNIT)

0.010

0<040
0.071

0.032
0,048
0,063

6,380
0.951

10.000
15.000
0.019
0.020

0.444

0,052
0.3804

0.269
0.404
0.539

1,030
1.545
2.061

0.100

0.100
5.000
5,000

1.000

1 OBTAIN MATERIAL SQ FT
RECEIPT& PREP

132358 1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

5

1 1.0 1>0 1324

2 FMME CUITING
AUTOMATIC LN 17
MANUAL LN R

75044
3950

3157
674
119

0
4
0
0
0
0

9828

82561
6294

30775
6568
1164

2346
501

89

2457

2457
24
24

970

1
2

1,0
1.5

1.0
1,5

2974
282

3 EDGE PREP-GRINDING
FUT LN FT
VERTICAL LN ~
OVERHEAD LN FT

2
2
2

1,0
i ,5
i .5

1.5’
1.5
1.5

100
32

8

4 SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

1
1
1
1
1
1

1,0
1,0
1.0
1.0
1.0
1.0

1.0
1,0
1.0
1,0
1,0
1.0

0
4

0
0
0
0

5 FIT UP & ASSEMBLY JOINT 4362
.

2 1.5 1,5

6 WELDING, AUTO/MACHINE
FILLET LN ~
BUIT LN ~

2
2

1,5
1,5

1.5
1.5

4253
2394

7 wELDING, MANUAL
FILL=
DOWNHAND LN ~
VERTICAL LN ~
OVERHEAD LNFr

BUIT
DOWNHAND LN H
VERTICAL LNFr
OVERHEAD LNFr

2
2
2

1.5
1.5
1.5

1,5
1.5
1.5

0292
2654

627

2
2
2

1.5
1.5
1.5

1.5
1,5
1.5

2417
774
183

8 MARKING PIECE 1 1.0 1,0 246

9 HANDLING
STORAGE PIECE
TRANSPORTING ASSY
UFllNG ASSY

2
3
4

1.5
2.0
3.0

1,5
2.0
3.0

246
120
120

10 REWORK JOINT 2 4,5 1.5 2935

TOTAL TRADE LABORHOURS
TWDE SUPPORT I-ABORHOURS (28% OF TRADE L4BORHOURS)

34346
9527

TOTAL PRODUCTION LABORHOURS 43872
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AS shown in Table 5.10, the estimated steel labor hours for these vessels were 226,464
and 348,755 respectively, based on increased use of automation and accuracy control. The

above procedure was therefore applied to the estimated steel labor hours for the midship cargo
tanks, obtained as described in paragraph (a), assuming transverse erection butts to be welded
automatically instead of manually (in order to give some credit for the increased automation),
and using 2%% rework instead of the previously assumed 10%. This resulted in an average
excess of labor hours of 43.59%, The reduction of the same process factors as before by
26.50% then gave steel labor hours for the midship tanks which again differed by about ~ 6 %
from the initial estimates, which was again considered satisfactory. This result provided further
validation of the calibration procedure and also gave some credence to the estimated labor hours
for construction in the Far East in 1994. The latter estimates, of course, provided the basis for
the later estimates for construction in the U.S.

These steel labor hours were then extended to the complete ships, using the procedure

given in paragraph (a]. The corresponding total labor hours for the vessels were then obtained
by adding in the machinery/outfit labor hours from Table 5.11 and the 50,000 hours for design
from Table 5.9. The resulting labor hours for the construction of the 40K and 95KDWT vessels
in the Far East in 1994 were 447,480 and 622,057 respectively. For comparison, these results

are included in Figures 7.4 and 7.5, and also in the plot of total labor hours given in the
Appendix on page A125.

An important result of this analysis is that it highlights the main causes of reduced labor
hours in the Far East as being the greater use of automation and accuracy control, together with
reduced hours for design.

7.4 LABOR HOURS FOR CONSTRUCTION OF COMPLETE VESSELS

As indicated in Section 7.3, paragraph (a), the steel labor hours for the construction of the
midships one tank length alternatives were estimated to be 1/10.49 and 1/9.60 of the total steel
labor hours for the 40K and 95Kdwt designs respectively. Therefore, the total steel labor hours
for the construction of a complete vessel could be obtained by multiplying the labor hours for
one midships tank length by the appropriate factor 10.49 or 9.60.

However, to allow for the transition of cargo tank structure into the bow and stern portions
of the vessels, it was decided to maintain the steel labor hours for the construction of NQ1cargo
tank section, the bow and the stern constant for the two sets of vessel sizes and equal to the
hours determined for the 40K and 95KDWT base alternatives in these areas. The steel labor
hours for the deckhouses were similarly held constant. Thus, from the information derived in
Section 7.3, paragraph (a), the constant portion of the steel labor hours for the 40KDWT
alternatives was obtained from

(10.49 - 5.95) 29,578 = 134,284 hours.
where 10.49 expresses the ratio of the total steel labor hours for the vessel to those required for
the midship cargo tank section and 5.95 expresses a similar ratio for the steel labor hours for
N%?thru N~ cargo tank sections. The corresponding figure for the 95KDWT alternative was
obtained from

(9.60 - 5.95) 43,872 = 160,133 hours.

Thus, only the steel labor hours for the construction of N%l thru NQ7cargo tank sections
were varied to suit the structural alternatives. These hours were obtained by multiplying the
derived labor hours for the construction of the midship tank section for the various alternatives

79



by 5.95. The total steel labor hours were then obtained by adding the appropriate constant labor
hours given above.

As further indicated in Section 7,3, paragraph (a), the machinery/outfitting labor hours
required to construct the complete 40K and 95KDWT base vessels were taken to be 41% of the
total labor hours (excluding design labor) given in Table 7.1.

Then machinery/outfitting labor hours for the complete 40K and 95KDWT base vessels
are 202,540 and 311,911 respectively. All such labor hours were assumed constant for all
alternatives with the exception of the labor hours required for painting.

Table 5.8 gives a percentage breakdown of the labor hours required for machinery/
outfitting, and indicates that the labor hours required by the Japanese for painting were 31% of
the total machinery/outfitting hours for 40KDWT vessels and 34% for 95 KDWT vessels. These
percentages were applied to the two base vessels, and for the remaining alternatives, the labor
hours for painting were varied in proportion to the surface area of the steel components.

Thus, the constant portions of the machinery/outfitting labor hours for all alternatives are
139,753 for the 40KDWT vessels and 205,861 for the 95KDWT vessels. The total
machinery/outfitting labor hours were obtained by adding the appropriate painting hours for the
various alternatives to these figures.

Design labor hours for the 40K and 95KDWT alternatives were estimated at 200,000 and
225,000 hours respectively, as indicated in Section 7,2, except for alternative 40150 providing
for enhanced standardization where significant detail design data or working drawings are on
file, for which they were reduced to 100,000.

The total labor hours for the various alternatives were then obtained by summing up the
hours for steel construction, the constant hours for machinery/outfitting, the hours for painting
and the hours for design. For the baseline vessels, the resulting total labor hours for the
construction of the 40K and 95KDWT alternatives in the U.S. in 1994 were 712,813 and
958,082 respectively. The results of all calculations are shown graphically in Figures 7.4 and
7.5 respectively, and also in the Appendix on page A124.

7.5 CONSTRUCTION SCHEDULES

80

As indicated in Section 7.2, Figure 7.1 and Table 7.2 provide the estimated construction
schedules in a U.S. shipyard for the 40K and 95KDWT baseline vessels. These schedules are
a modified version of those provided by Reference [19] for similar vessels building in the Far
East. AS indicated in Section 7.2, this reference shows almost no difference in schedules for
the 40K or 95KDWT vessels, and this is reflected in Table 7.2, The Far East schedule was
modified to reflect predicted U.S. attainment in 1994 as follows:
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o

0

0

0

The design time was increased from 8 months to approximately 14 months (6 months
increase) to provide additional design time for one off ships with less incorporation of
interim products.

It is assumed that the time line between the commencement of steel fabrication and trials
increases by 2.6 months to allow for the lesser utilization of automation and accuracy
control in U.S. shipyards. The figure of 2.6 months was obtained by increasing the Far
East schedule of 9 months by the factors (1/0.84) x (1/0.925) - see Table 7.2,

The time line between commencement of steel fabrication and launching was increased from
7.4 to 12.4 months, to suit the U.S. construction data for 40KDWT tankers in Figure 5.4.
This 5 month increase was overlapped into the design period,

The time line between sea trials and delivery (3.5 months) was unchanged, assuming the
same yard would produce all alternatives with a 3.5 month seatrial to delivery time.

Thus, the U.S. baseline schedule was increased to 29.1 months, and this was used as a basis
for the estimation of schedules for the various structural alternatives. Key milestones such as
the commencement of fabrication, keel laying and launching are included in Figure 7.1, which
also incorporates time lines for assembly, erection and painting. The time spread of these time
lines and the locations of the key milestones given in the Far East schedule were modified to suit
the above changes. It should be. noted that in preparing the basic schedule for construction in
U.S. shipyards, it has been assumed that all required material and equipment would be delivered
to the shipyard as required to meet the schedule. Any delay in such deliveries would impact on
the schedule and increase vessel costs.

For estimating the construction schedules for the various 40K and 95KDWT alternatives,
the pertinent information derived from their evaluation for this purpose consisted of the total
steel labor hours and the labor hours (or surface areas of steel components) for painting. As
indicated in Section 7.4, the machinery and outfitting labor hours for the 40K and 95KDWT
base vessels have been assumed constant, with the exception of those required for painting.
Therefore, it has been assumed that the time lines for steel assembly and erection are
proportional to the total steel labor hours, and the time line for painting is proportional to the
labor hours (or surface areas) required for painting. As indicated in Section 7.4, labor hours
for painting were varied in proportion to the surface areas, so that either quantity maybe used
to modify the time line.

As previously stated, the base construction schedule shown in Figure 7.1 shows key
milestones in the building process, and since it was considered desirable to include these in all
schedules, the following procedure was adopted to estimate the construction schedules for the
structural alternatives:

o

0

With reference to Figure 7.1, no change was made to the location of the milestone for the
commencement of steel fabrication.

The time line for steel assembly preceding keel laying was modified
total steel labor hours, resulting in relocation of keel laying and
milestones.

in proportion to the
all subsequent key

83



o The time lines for steel assembly and erection located between keel laying and launching
were modified in proportion to the total steel labor hours. The time line for painting
preceding launching was modified in proportion to the total painting labor hours. Since
these three construction processes overlap in this portion of the schedule, the changes in
their corresponding time lines were then averaged to provide the accumulative effect upon
the time required between keel laying and launching. Keel laying and all subsequent key
milestones were then again relocated to suit.

o The time line for painting following launching was modified in proportion to the total
painting labor hours, resulting in further relocation of the milestones for sea trials and ship
delivery.

The resulting construction schedules for all of the 40K and 95KDWT structural alternatives
are shown in Figures 7.6 and 7.7 respectively. For comparison purposes, the Far East schedule
of 20.5 months has also been incorporated in these figures.

7,6 IMPROVEMENTS TO DESIGN AND CONSTRUCTION

The labor hours and construction schedules shown in Figures 7.4, 7,5, 7.6 and 7.7 for
baseline vessels constructed in the Far East are considerably smaller than those for the various
alternatives constructed in the U.S. and show the effect of increased automation, increased
accuracy control and reduced design labor hours, as these were the only variables considered
significant in differentiating the U.S. and Far East labor hours and schedules, as discussed in
Section 7.2.

In the interest of testing this hypothesis, the automation, accuracy control and design time
were improved for alternatives 4010, 4090 and 40110 yielding alternatives 401 ON, 4090N and
401 10N. The improvements reflect the following:

o Floor and girder stiffeners me assumed automatically welded. Field welds of side shell
decks and longitudinal bulkhead are assumed automatically welded.

o Accuracy control improved by careful edge preparation and increased statistical

measurements and rework was reduced from 10% to 2%.

O Design labor hours, due to standardization was reduced to 100,000 hours.

84

A comparison of the alternatives before and after these assumptions are shown in figures
7.8 and 7.9, using the method of evaluations contained herein. They demonstrate that the
improvements noted reduce the difference in labor hours between the Far Eastern Baseline and
the U.S. constructed vessel is in the order of 12%.
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FIGURE 7.7
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8.0 CONCLUSIONS

The physical characteristics, estimated in Section 6,0 and the labor hour and construction
schedules estimated in Section 7.0, provide a measure of producibility of the alternative
structural concepts. The estimated labor hours for construction of the 40KDWT alternatives,
shown in Figure 7.4, indicate that the labor hours for most of the alternatives are within 20,000
(about 3%) of the 712,813 hours estimated for the baseline alternative 4010. As an example,
alternative 4070 shows the benefit (about 10,000 hours reduction) of using rolled sections (bulb
plates) in lieu of built-up sections. The results show that the effect of the different structural
elements used in the various alternatives is generally small. Exceptions to this trend include
unidirectional alternative 40100 (+80,000 hours) and dished plate unidirectional alternatives
40120 (+150,000 hours) and 40121 (+40,000 hours). These results are perhaps surprising,
since unidirectional designs incorporate significantly less structural pieces, but the increased
labor hours for these vessels appears to be largely due to increased flame cutting/welding hours
etc. necessitated by increased plating thickness. Also, as indicated in Section 5.4, the scantlings
of dished plate unidirectional alternatives were maintained constant around the entire periphery
of the midship section, which again incurs additional labor hours due to oversized scantlings in
some areas. More notable exceptions are alternative 40140, which shows the advantage of series
production of the baseline vessel, assuming labor hours are halved, and alternative 40150, which
shows the advantage of using standard designs for structu~al details, assuming the design labor
hours are halved. Finally, the comparisons in Figures 7.8 and 7.9 represent alternatives where
the design hours have. been halved, welding automation increased and accuracy control increased
to reduce rework to 2%.

The estimated labor hours for construction of the 95KDWT alternatives, shown in Figure
7.5, indicate similar trends relative to the 958,082 hours estimated for the baseline alternative
9510 as exhibited by the 40KDWT alternatives. Labor hours for unidirectional alternative 95100
were not estimated (see Section 5.4), but dished plate alternatives 95120 and 95121 show about
+ 100,000 hours and -10,OOOhours relative to the baseline vessel 9510. This shows a somewhat
improved level of producibility than that shown by the corresponding 40KDWT vessels.

Further to the increased plating thickness for unidirectional alternatives referred to above,
this increase is due to the wider spacing of the longitudinal girders as compared with
conventional longitudinal stiffeners. Some reduction in plating thickness is achieved in dished
plate unidirectional designs by the adoption of dished plating, but the hull steel weight of both
versions of the dished plate hull exceed those. of a corresponding conventional double hull
design. The advantage of dished plating compared with flat plating may be illustrated by
comparing the shell plating thickness for each case, utilizing dished plate alternative 40120 with
2.4M. girder spacing. A thickness of 25,4mm. was estimated for dished plating, but this
increased to 45mm. for flat plating. The steel weight of one midship cargo tank length would
then increase by 37.6%, and the estimated steel labor hours would increase by 45%.

The construction schedules for the 40KDWT alternatives, shown in Figure 7.6, indicate
that the schedules for most of the alternatives are equal to or slightly lower than that of the 29.1
months required for the baseline alternative 4010. Exceptions include 40100, 40120, 40140 and
40150, referred to in the preceding discussion of labor hours. It maybe noted that the schedule
for 40140 is only slightly greater than the 20,5 months required for construction in the Far East,
but of course a similar advantage for series production should be expected to apply there as well.
The schedule for 40150 shows a reduction of about 3 months from the schedule for 4010.

.1, .
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Similar trends are exhibited by the construction schedules for the 95KDWT alternatives,
shown in Figure 7.7. The schedule for the baseline alternative 9510 is 29.1 months, as for the
40KDWT baseline 4010.

The labor hours and construction schedule shown in Figures 7.4, 7.5, 7.6 and 7.7 for
baseline vessels constructed in the Far East are considerably smaller than those for the various
alternatives constructed in the U.S, Figures 7.8 and 7,9 demonstrate how improved automation
accuracy control and reduced design labor hours can reduce the labor hours significantly. This
suggests that these areas are where the greatest gains may be possible to make U.S. shipyards
more productive and more competitive on a world scale. It is likely that to maximize such
improvements will require facilities enhancements to mimic Table 2.4, which is beyond the
scope of this study.

The differences between the design labor hours in Japan and the U.S. can only be
explained by the existence of standard ship designs and design standards in Japan, as discussed
in Section 4.2, paragraph 23, It should also be noted that the absence of such standards incurs
increased risk in time phased material procurement. These differences can also suggest a
production labor force which requires fewer drawings for construction, which also suggests
standardization.
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40KDWT Base Alternative Vessel 4010 Longitudinal
Scantlings with

ABS OMSEC Program



ABS/OMSEC
(BASED ON
INP FILE:
TITLE :

PROGRAM VERSION 3.02
PROPOSED ABS RULE CHllNGES FOR 1991)
4BASE.INP TLB FILE: TABLE2.TLB
40KDWT BASE W/BKT W/OMSEC SCANTL. 4010

TYPE OF VESSEL: OIL CARRIER
IBCODE : 1

LBP
L(SCANT.) :
BREADTH
DEPTH
DRAFT :
WIDTH SHEER:
WIDTH–KEEL :
ZDIST–
WIDTH STRNG;—

DISPLACEMENT

ISCODE : 1

183.00
181.00

31.00
17.70
11.58

1.71
1.80

.00
1.85

(METER)
(METER)
(METER)
(METER)
(METER)
(ivl13TER)
(METER)
(METER)
(METER)

53280.

ISTRUT

BILGE
D. B.

:0

=IUS :
HEIGHT :

DEADRISE
CAMBER
GUNWALE RADIUS;
WIDTH FLATDECK:
WIDTH–FLATBOT. :—

(METRIC TONS)
BLOCK COEFFICIENT : .800

EXTENT OF MATERIALASSIGNED

MATERIAL
NUMBER

2
1
2

---- -—__ ____ ____ __ YIELD
BOTTOM TOP STRESS

DESC (METER) (METER) KG/MM2

AH32 00 1.90 32.
MILD 1:90 16.00 24.
AH32 16.00 18.50 32.

NOMINAL WEB SPACING = 3.58
FLOOR OR SUPPORTING SPACING = 3.58

PAGE -

OUTPUT FILE: 4BASE.OUT

1.90 (METER)
2.:: (METER)

(METER)
.70 (METER)

00 (METER)
4:00 (METER)

.00 (METER)

ULTIMATE
STRESS ~;FAJT~;
KG/MM2 . .

48. 780
41. 1:000
48. .780

(METER)
(METER)

‘A2-



ABS/OMSEC PROGRAM VERSION 3.02 PAGE - 2
(BAsED oN PROpOSED ms RULE CmGES FOR 1991)
INP FILE: 4BASE.INP TLB FILE: TABLE2.TLB OUTpT-JT FILE: 4BAsE.OUT
TITLE : 40KDWT BASE W/BKT W/OMSEC SCANTL.

S E CT I ON MODULUS
----- ----- _____ _____ _____ _____

7;AsED ON pROpOSED ms RULE cHANGES FOR 1991)

LENGTH OF VESSEL : 1~~.~g (METER)
BREADTH OF VESSEL : .OO (METER)
BLOCK COEFFICIENT :

cl : .945E+01
C2 : .1OOE-O1

STILL WATER BM (Msw) = 98687.90 (TONs-METERS)
ABS Wave Sagging BM (Mws) = -161555.00 (TONs-METERS)
ABS Wave Hogging BM (Mwh) = 148749.60 (TONs-METERS)

BENDING MOMENT (FOR THE DESIGN) = 247437.50 (TONs-METERS)

(6.3.4 A SECTION MODULUS)

FP = 1.784 (MT/cM**2)
SM = 138698.20 (cM**2-M)

(6.3.4 2. MINIMUM SECTION MODULUS)

cl=. 94519E+01
SM = 143988.40 (cM**2-M)

(BENDING sTREss ~D REQUIRED sECTION MODULUS)

SIGMA B = 1.718 (MT/cM**2)
SM = 143988.40 (cM**2-M)

(6.3.4 B REQUIRED HULL-GIRDER MOMENT OF INERTIA)

HGMI = 782639.70 (cM**2-M**2)

(VALUES MODIFIED BY Q FACTOR)

REQ. SECTION MODULUS Q-FACTOR LIMIT STRESS
(cM**2-M) (1’4T/cM*’2)

TOP 112311.00 .780 2.203

BOTTOM 112311.00 .780 2.203

-A3-
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ABS/OMSEC
(BAsED ON
INP FILE:
TITLE :

SHELL
SECTION

1
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6

PROGRAM VERSION 3.02
PROPOSED ABS RULE CHANGES FOR 1991)
4BASE.INP TLB FILE: TABLE2.TLB
40KDWT BASE W/BKT W/OMSEC SCANTL.

PLATE SEAM COORDINATES
---- ---— ____ ____ ____ ____

DESCRIPTION

BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
SIDE
SIDE
SIDE
SIDE
SIDE
SIDE
MAIN DECK
MAIN DECK
MAIN DECK
MAIN DECK
MAIN DECK
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD

NODE

1
2
3
4
5
6
7
1
2
3
4
5
6

;
3
4
5
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6

GIRTHS
(METER)

00
1:80
4.57
9.14

13.30
13.60
16.58

00
:30

4.20
11.42
14.10
15.80

00
1:85
2.20

11.52
15.52

00
4:57
9.14

13.30
15.50

00
3:00
6.00
9.00

12.00
16.20

00
3:00
6.00
9.00

12.00
15.63

Y -COORD
(METER)

.00
1.80
4.57
9.14

13.30
13.60
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
13.65
13.30

4.00
.00
.00

4.57
9.14

13.30
15.50

.00

.00

.00

.00

. 00
00

13:30
13.30
13.30
13.30
13.30
13.30

PAGE -

OUTPUT FILE: 4BASE.OUT

Z-COORD
(METER)

00
:00
,00
.00
.00
00

1:90
1.90
2.20
6.10

13.32
16.00
17.70
17.70
17.81
17.83
18.40
18.40

2.20
2.20
2.20
2.20
2.20
2.20
5.20
8.20

11.20
14.20
18.40

2.20
5.20
8.20

11.20
14.20
17.83
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ABS/OMSEC
(BAsED ON
INP FILE:
m.-. -
.~~,l~~ ;

SHELL
SECTION

1
1
1
1
1
1
2
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
5
6
6
6
6
6

.

PROGRAM VERSION 3.02 PAGE - 4
PROPOSED ABS RULE CHANGES FOR 1991)
4BASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: 4BASE.OUT
40KDWT BASE W/BKT W/OMSEC SCANTL.

PLATE AREA, MoMENT, AND INERTIA /uNIT THIcKNEss
----- ----- _____ ____ ---- ---- ____ ____ ____ ___ —--- --

DESCRIPTION

BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
SIDE
SIDE
SIDE
SIDE
SIDE
MAIN DECK
MAIN DECK
MAIN DECK
MAIN DECK
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD

PLATE

:
3
4
5
6
1
2
3
4
5
1
2
3
4
1
2
3
4

;
3
4
5
1
2
3
4
5

AREA
(METER)

1.80
2.77
4.57
4.16

.30
2.98

.30
3.90
7.22
2.68
1.70
1.85

.35
9.32
4.00
4.57
4.57
4.16
2.20
1.50
1.50
1.50
1.50
2.10
3.00
3.00
3.00
3.00
3.63

MOMENT
(M**2)

00
:00
.
.::

00
2:06

.62
16.18
70.11
39.21
28.72
32.85

6.31
168.80

73.60
10.05
10.05

9.15
4.84
5.55

10.05
14.55
19.05
34.23
11.10
20.10
29.10
38.10
58.20

INERTIA
(M**3)

o
:0
.
.:

0
2:4
1.3

72.1
712.1
576.3
484.4
583.3
112.5

3058.4
1354.2

22.1
22.1
20.1
10.6
21.7
68.5

142.3
243.1
561.0

43.3
136.9
284.5
486.1
936.3
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ABS/OMSEC
(BAsED ON
INP FILE:
TITLE :

PROGRAM VERSION 3.02 PAGE - 5
PROPOSED ABS RULE CHANGES FOR 1991)
4BASE.INP TLB FILE: TAJ3LE2.TLB OUTPUT FILE: 4BASE.OUT
40KDWT BASE W/BKT W/OMSEC SCANTL.

BOTTOM GIRDERS -

ITEM X-ORD. Y-ORD . WEB H WEB T FACE W FACE T AREA ARM XIO

1 00
2 4:57
3 9.14
4 13.30

.00 2200. 13.

.00 2200. 13.

.00 2200. 13.

. 00 2200. 13.

0.
0.
0.
0.

0. 28600. 1.10 11535.
0. 57200. 1.10 23071.
0. 57200. 1.10 23071.
0. 57200. 1.10 23071.

SIDE STRINGERS -

ITEM X-ORD. Y-ORD. PLT L PLT T AREA ARM XIO

1 15.50 6.10 2200. 13.
2

57200. 6.10 0.
15.50 13.32 2200. 13. 57200. 13.32 0.

“-\
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ABS/OMSEC
(BAsED ON
INP FILE:
TITLE :

SHELL

SECTION
---- ____ __

.-.

PROGRAM VERSION 3.02 PAGE - 6
PROPOSED ABS RULE CHANGES FOR 1991)
4BASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: 4BASE.OUT
40KDWT BASE W/BKT. W/OMSEC SCAIYTL.

KEEL PLATE
BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
SIDE
SIDE
SIDE
SIDE
SHEERSTRAKE
STRINGER
MAIN DECK
MAIN DECK
MAIN DECK
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD

LONGITUDINAL PLATE - 0.4L AMIDSHIPS
---- ____ ____ ____ ---- ---- ---- ---- --

PLATE THICKNESS (MM) LENGTH
LOCAL RULE

ELE. MAT’L KG/M2 DESIGN ( REQ’D ) (METER) FRAMED--- --—_ ____ ____ _

1
2
3
4
5
6
1

:
4
5
1
2
3
4
1
2
3
4
1
2
3
4
5
1
2
3
4
5

AH32
AH32
AH32
AH32
AH32
AH32
MILD
MILD
MILD
MILD
AH32
AH32
AH32
AH32
AH32
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
AJ332
MILD
MILD
MILD
MILD
AH32

---- ___ ____ ____ ____ _ —--- ——__ ____ ____
i;i~6; 16.000 (16.000) 1.80 LONGITUDINAL
113.82 14.500 (14.500) 2.77 LONGITUDINAL
113.82 14.500 (14.500) 4.57 LONGITUDINAL
113.82 14.500 (14.500) 4.16 LONGITUDINAL
113.82 14.500 (14.500) .30 LONGITUDINAL
113.82 14.500 (14.500) 2.98 LONGITUDINAL
117.75 15.000 (15.000) .30 LONGITUDINAL
117.75 15.000 (15.000) 3.90 LONGITUDINAL
117.75 15.000 (15.000) 7.22 LONGITUDINAL
117.75 15.000 (15.000) 2.68 LONGITUDINAL
113.82 14.500 (14.500) 1.70 LONGITUDINAL
113.82 14.500 (14.500) 1.85 LONGITUDINAL
113.82 14.500 (14.500) .35 LONGITUDINAL
113.82 14.500 (14.500) 9.32 LONGITUDINAL
113.82 14.500 (14.500) 4.00 LONGITUDINAL
121.67 15.500 (15.500) 4.57 LONGITUDINAL
121.67 15.500 (15.500) 4.57 LONGITUDINAL
121.67 15.500 (15.500) 4.16 LONGITUDINAL
121.67 15.500 (15.500) 2.20 LONGITUDINAL
117.75 15.000 (15.000) 3.00 LONGITUDINAL “-”
109.90 14.000 (14.000) 3.00 LONGITUDINAL
98.13 12.500 (12.500) 3.00 LONGITUDINAL
78.50 10,000 ( 2.500) 3.00 LONGITUDINAL

113.82 14.500 (14.500) 4.20 LONGITUDINAL
117.75 15.000 (15.000) 3.00 LONGITUDINAL
109.90 14.000 (14.000) 3.00 LONGITUDINAL
98.13 12.500 (12.500) 3.00 LONGITUDINAL
78.50 10,000 ( 2.500) 3.00 LONGITUDINAL

113.82 14.500 (14.500) 3.63 LONGITUDINAL



ABS/OMSEC
(BASED ON
INP FILE:
TITLE :

PROGRAM VERSION 3.02 PAGE -
PROPOSED ABS RULE CHANGES FOR 1991)

7

4BASE.INP TLB FILE: TABLE2-.T~B OUTPUT FILE: 4BASE.OUT
40KDWT BASE W/BKT W/OMSEC SCANTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
---- --L_ ____ ____ ____ _---- -—__ ____ ____ ____ ____ ---- -

)

PLATE

SECTION NO. = l(BOTTOM NOMINAL SPACING = .800
---- --- —__

SCANTLINGS AREA PLATE
EFW

---- --

800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.

Y-ORD. Z-ORD. RULE
SM(ABS)

--—— ____
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.
1067.

CALC .
SM

---- --

1314.
1314.
1301.
1301.
1301.
1301.
1301.
1301.
1301.
1301.
1301.
1301.
1301.
1301.
1301.

THK
---- -_

16.0
16.0
14.5
14.5
14.5
14.5
14.5
14.5
14.5
14.5
14.5
14.5
14.5
14.5
14.5

--

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

-----

AH32
AH32
AH32
?SH32
AH32
AH32
AH32
AH32
AH32
?U332
M32
AH32
AH32
AH32
AH32

---- ____ ____ _+__

4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
400XIOOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18

---- --

7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.
7000.

—--- --

.80
1.60
2.40
3.20
4.00
5.37
6.17
6.97
7.77
8.57
9.94

10.74
11.54
12.34
13.60

-——_ __

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
00

:00
.00
.00

SPACING = .780) NOM INAL

PLATE Y

SECTION NO. = 2 (SIDE
----

MAT’L SCANTLINGS AREA

--—_ __

Z-ORD. RULE
SM(ABS)

--—— ___ ____ ___

1.90 936.
2.98 1124.
3.76 1070.
4.54 1015.
5.32 960.
6.88 851.
7.66 796.
8.44 741.
9.22 686.

10.00 632.
10.78 577.
11.56 522.
12.34 467.
14.10 344.
14.88 289.
15.66 234.
16.44 140.
17.22 97.

NO PLATE
THK

---— __

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
14.5
14.5

ORD .

----

CALC. ;
SM ~

---- --
1019.
1303.
1303.
1019.
1019.
1019.
1019.
1019.
728.
728.
728.
532.
532.
532.
532.
532.
531.
531.

EFW
---- --

780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.

--

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

-—_ __

AH32
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
MILD
AH32
AH32

---- -———____ ____

35OX1OOX12X17
4OOX1OOX13X18
4OOX1OOX13X18
35OX1OOX12X17
35OX1OOXI2X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
300X90X11X16
300X90X11X16
300X90X11X16
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15

5900.
7000.
7000.
5900.
5900.
5900.
5900.
5900.
4740.
4740.
4740.
3850.
3850.
3850.
3850.
3850.
3850.
3850.

15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50
15.50

- .-Af! -



ABS/OMSEC PROGRAM VERSION 3.02 PAGE - 8
(BASED oN PROpOSED ABs RULE CWGES FOR 1991)
INP FILE: 4BASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: 4BASE.OUT
TITLE : 40KDWT BASE W/BKT W/OMSEC SCANTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
--+-- ----- ----- ----- _____ _____ _____ _____ _____ _____

SECTION NO. = 3(MAIN DECK )
----

NO MAT’L SCANTLINGS AREA PLATE
THK

--- ____

1 AH32
2 AJ132
3 AH32
4 AH32
5 AI132
6 AH32
7 AH32
8 AH32
9 AH32

10 AH32
11 AH32
12 AH32
13 AH32
14 AH32
15 AH32
16 AH32
17 AH32
18 AH32

---- ---— ---- ---- ---- --- ---- _

200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5
200X15 3000. 14.5

SECTION NO. = 4(INNER BOTTOM)
---—

NO MAT’L SCAJNTLINGS AREA PLATE
THK

--- ——-- ---- ——__ ---- --—_ ---- ___ ____ _

1 MILD 450X150X11.5X15 7425. 15.5
2 MILD 450X150X11.5X15 7425. 15.5
3 MILD 450X150XII.5X15 7425. 15.5
4 MILD 450X150X11.5X15 7425. 15.5
5 MILD 450X150X11.5X15 7425. 15.5
6 MILD 450X150X11.5X15 7425. 15.5
7 MILD 450X150X11.5X15 7425. 15.5
8 MILD 450X150X11.5X15 7425. 15.5
9 MILD 450X150X11.5X15 7425. 15.5

10 MILD 450X150X11.5X15 7425. 15.5
11 MILD 450X150X11.5X15 7425. 15.5
12 MILD 450X150X11.5X15 7425. 15.5
13 MILD 450X150X11.5X15 7425. 15.5
14 MILD 450X150X11.5X15 7425. 15.5
15 MILD 450X150X11.5X15 7425. 15.5
16 MILD 450X150X11.5X15 7425. 15.5

NOMINAL SPACING = .800
——--- -

PLATE
EI?W

---- --
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.

Y-ORD.

---- --

14.70
13.90
12.50
11.70
10.90
10.11

9.31
8.51
7.71
6.91
6.11
5.31
4.52
3.72
2.92
2.12
1.32

.52

Z-ORD.

---- --

17.75
17.80
17.88
17.93
17.98
18.03
18.08
18.13
18.17
18.22
18.27
18.32
18.37
18.40
18.40
18.40
18.40
18.40

RULE
SM (ABS)

---- --—— -
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.

NC)MINAL SPACING = .800
---- -—

PLATE
EFW

---- --

800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.

CALC.
SM

---- -
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203.
203. “-”

Y-ORD. Z-ORD. RULE CALC .
. SM(ABS) SM

---- ___ ____ ___ ____ ___ ____ _

80 2.20 1435. 1669.
1:60 2.20 1435. 1669.
2.40 2.20 1435. 1669.
3.20 2.20 1435. 1669.
4.00 2.20 1435. 1669.
5.37 2.20 1435. 1669.
6.17 2.20 1435. 1669.
6.97 2.20 1435. 1669.
7.77 2.20 1435. 1669.
8.57 2.20 1435. 1669.
9.94 2.20 1435. 1669.

10.74 2.20 1435. 1669.
11.54 2.20 1435. 1669.
12.34 2.20 1435. 1669.
14.10 2.20 1435. 1669.
14.90 2.20 1435. 1669.

... ,.. ,’~. .. .

. . .

?-

‘1, -A9-
L



ABS/OMSEC
(BAsED ON
INP FILE:
TITLE :

PROGRAM VERSION 3.02 PAGE - 9
PROPOSED ABS RULE CHANGES FOR 1991)
4BASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: 4BASE.OUT
40KDWT BASE W/BKT W/OMSEC SCANTL.

I LONGITUDINAL STIFFENER SCAJNTLINGS - 0.4L AMIDSHIPS
---- ---- ---- ____ _+__ ____ ____ ____ _—--- ---- —___ ____ _

SECTION NO. = 5 (BULKHEAD )
----

NO MAT’L SCANTLINGS

--- ----

1 MILD
2 MILD
3 MILD
4 MILD
5 MILD
6 MILD
7 MILD
8 MILD
9 MILD

10 MILD
11 MILD
12 MILD
13 MILD
14 MILD
15 MILD
16 MILD
17 MILD

l— 18 AH32
19 AH32
20 AH32

——--- ---- ---- —_

4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
300X90X11X16
300X90X11X16
300X90X11X16
300X90X11X16
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15

AREA

---- -.

7000.
7000.
7000.
7000.
5900.
5900.
5900.
5900.
5900.
4740.
4740.
4740.
4740.
3850.
3850.
3850.
3850.
3850.
3850.
3850.

PLATE
THK

---- --

15.0
15.0
15.0
14.0
14.0
14.0
14.0
12.5
12.5
12.5
12.5
10.0
10.0
10.0
10.0
14.5
14.5
14.5
14.5
14.5

NOMINAL SPACING = .780
---- ——

PLATE
EFW

---- --

780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.

Y-ORD.

--L_ __

.00

.00

.00

.00

.00

.00

.00

.00

.00

. 00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

Z-ORD.

---- ._

2.98
3.76
4.54
5.32
6.10
6.88
7.66
8.44
9.22

10.00
10.78
11.56
12.34
13.12
13.90
14.68
15.46
16.24
17.02
17.80

RULE CALC .
SM(ABS) SM
---- .——_ ____ __

1204. 1303.
1150. 1303.
1095. 1303.
1040. 1293.
985. 1012.
931. 1012.
876. 1012.
821. 1001.
766. 1001.
712. 716.
657. 716.
602. 702.
547. 702.
493. 514.
438. 514.
383. 531.
328. 531.
213. 531.
171. 531.
128. 531.

i:
.:,,, -
\

L,” . . .

“ MO ‘



AES/OMSEC PROGRAM VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)

PAGE - 10

INP FILE: 4BASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: 4BASE.OUT
TITLE : 40KDWT BASE W/BKT W/OMSEC SCANTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
---- ---- ____ ____ ____ ____ ____ ___ ---- --—— ____ ____ ___

SECTION NO. = 6 (BULKHEAD )
----

NO MAT’L SCANTLINGS AREA

--- ---— ____ ____ ____ ____ ____ __

1 MILD
2 MILD
3 MILD
4 MILD
5 MILD
6 MILD
7 MILD
8 MILD
9 MILD

10 MILD
11 MILD
12 MILD
13 MILD
14 MILD
15 MILD
16 MILD
17 MILD.-. 18 AH32
19 AH32

4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
300X90X11X16
300X90X11X16
300X90X11X16
300X90X11X16
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15

7000.
7000.
7000.
7000.
5900.
5900.
5900.
5900.
5900.
4740.
4740.
4740.
4740.
3850.
3850.
3850.
3850.
3850.
3850.

PLATE
THK

---- __

15.0
15.0
15.0
14.0
14.0
14.0
14.0
12.5
12.5
12.5
12.5
10.0
10.0
10.0
10.0
14.5
14.5
14.5
14.5

NOMINAL SPACING = .780
--- ——_

PLATE
EFW

---- --

780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.

Y-ORD .

13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30
13.30

Z-ORD.

--—— __

2.98
3.76
4.54
5.32
6.10
6.88
7.66
8.44
9.22

10.00
10.78
11.56
12.34
13.12
13.90
14.68
15.46
16.24
17.02

RULE
SM (ABS)
---— ————

1204.
1150.
1095.
1040.
985.
931.
876.
821.
766.
712.
657.
602.
547.
493.
438.
383.
328.
213.
171.

CALC.
SM

---- --
1303.
1303.
1303.
1293.
1012.
1012.
1012.
1001.
1001.
716.
716.
702.
702.
514.
514.
531.
531.
531.
531.

.,.,.“,

?

- All -



ABS/OMSEC PROGW VERSION 3.02 PAGE - 11
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: 4BASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: 413ASE.OUT
TITLE : 40KDWT BASE W/BKT W/OMSEC SCANTL.

SUMMARY OF LONGITUDINAL MATERIAL - 0.4L AMIDSHIPS
---- ---- __—_ ____ ____ ____ ____ ____ ____ ____ ____ ____ _

SECTION
---- ---

1
2
3
4
5
6

DESCRIPTION
---- ---- ----

BOTTOM
SIDE
MAIN DECK
INNER BOTTOM
BULKHEAD
BULKHEAD

SUB-TOTAL---

PLATE
---— ____ ____ ____ __
AREA (MM-M) (MT/M)
---— ____ ____ ____

243.18 1.91
236.15 1.85
225.06 1.77
240.25 1.89
107.70 .85
207.19 1.63

1259.52 9.89

LONGITUDINAL
---- -—__ ---- —___

tiEA (MM-M) (MT/M)
—--- ---- —--- ----

105.00 82
90.57 :71
54.00 .42

118.80 93
51.71 :41
99.56 .78

—---- ----— ----- --

519.64 4.08

DECK GIRDERS

BOTTOM GIRDERS

SIDE STRINGERS

MISC. VERT. PLTS

(ONE SIDE) TOTAL

TOTAL

SECTION

:Mi;i;
---- --—

2.73
2.56
2.19
2.82
1.25
2.41

---- ---
13.97

TOTAL WEIGHT OF LONG’L MATERIAL - 0.4L AMIDSHIPS
---- ---- -—-- ---- ---— ---- ---- ---- ---- -—.- ---- --—_ _

0.4L AMIDSHIPS = 72.40 (M)
STEEL WEIGHT = 2201.13 (MT)

. 00

.79

.45

.00

15.20

30.40

- A12 -
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ABS/OMSEC PROGRAM VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)

PAGE - 12

INP FILE: 4BASE.INP TLB FILE: TABLE2.TL13 OUTPUT FILE: 4BASE.OUT
TITLE : 40KDWT BASE W/BKT W/OMSEC SCANTL.

SUMMARY
---— ____ ____ _

NEUTRAL AXIS HEIGHT = 7.36 (M) ABV. KEEL

PROPOSED
ABS 1990 RULE CHANGES

CALC SECTION MODULUS REQ. SECTION MODULUS SM RATIO
(cM**2-M) (cM**2-M) SMR/SMA

TOP

BOTTOM

166568.10 112311.00 .674 ;

234093.30 112311.00 .480

CALC HULL-GIRDER REQ. HULL-GIRDER
MOMENT OF INERTIA MOMENT OF INERTIA

(CM**2-M**2) (~**2_M**2)

1722569.00 782639.70

- A13 -



95KDWT Base Alternative Vessel 9510 Longitudinal
Scantlings with

ABS OMSEC Program .—.



ABS/OMSEC PROGRAM VERSION 3.02
(BAsED ON PROpOSED ms RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TL13 FILE: TABLE2.TLB
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL. 9510

TYPE OF VESSEL: OIL CARRIER
IBCODE : 1 ISCODE : 1 ISTRUT : 0

LBP : 234.00 (METER)
L(SCANT.) : 231.54 (METER) BILGE RADIUS :
BREADTH 42.00 (METER) D. B. HEIGHT ,
DEPTH 19.50 (METER) DEN3RISE :
D~FT 13.60 (METER J CAMBER
WIDTH SHEER: 2.90 (METER) GuNnmm RADIUS:
WIDTH–KEEL : 2.43 (METER) WIDTH FLATDECK:
ZDIST– “ 5.00 (METER) WIDTH–FLATBOT. :
WIDTH_STR~G : 2.s0 (METER) –

DISPLACEMENT 108450. (METRIC TONS)
BLOCK COEFFICIENT : .800

ASSIGNED EXTENT OF MATERIAL

PAGE - 1

OUTPUT FILE: lBASE.OUT

1.90 (METER)
2.20 (METER)
.00 (METER)
.80 (METER)

(METER)
61~~ (METER)
.00 (METER)

VT’LIT.TT TTT rOTn/?n -n

MATERIAL BOTTOM
NUMBER DESC (METER)

2 AH32 00
MILD 1:90

; AH32 16.60

NOMINAL WEB SPACING
FLOOR OR SUPPORTING

L LULIIJ

TOP STRESS
(METER) KG/MM2

1.90 32.
16.60 24.
20.40 32.

= 3.58
SPACING = 3.58

48. 780
41. 1:000
48. .780

(METER)
(METER)

,-

, ,,>.-...

- A15 -



ABS/OMSEC PROGWN4 VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)

PAGE - 2

INP FILE: lBASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: lBASE.OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

S E CT I ON MODULUS
—--- ---- ____ ____ __---- —___ ---- __
(BAsED ON

LENGTH OF VESSEL :
BREADTH OF VESSEL :
BLOCK COEFFICIENT :

cl :
C2 :

PROPOSED ABS RULE

231.54 (METER)
42.00 (METER)
.800

.102E-!-O2

.1OOE-O1

CHANGES FOR 1991)

STILL WATER BM (Msw) = 242301.80 (TONS-METERS)
ABS Wave Sagging BM (Mws) = -385909.10 (TONS-METERS)
ABS Wave Hogging BM (Mwh) = 355320.70 (TONs-T4ETERS)

BENDING MOMENT (FOR THE DESIGN) = 597622.50 (TONs-METERS)

(6.3.4 A SECTION MODULUS)

FP = 1.784 (MT/cM**2)
SM = 334990Y20 (cM**2-M)

(6.3.4 2. MINIMUM SECTION MODULUS)

c1 = .1OI84E+O2
SM = 343947.50 (cM**2-M)

(BENDING STRESS AND REQUIRED SECTION MODULUS)

SIGMA B = 1.738 (MT/cM**2)
SM = 343947.50 (cM**2-M)

(6.3.4 B REQUIRED HULL-GIRDER MOMENT OF INERTIA)

HGMI = 2391520.00 (cM+*2-M**2)

(VALUES MODIFIED BY Q FACTOR)

REQ. SECTION MODULUS Q-FACTOR
(cM**2-M)

LIMIT STRESS
(MT/cM**2)

TOP 268279.00 .780 2.228

BOTTOM 268279.00 .780 2.228
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ABS/OMSEC PROGRAM VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

SHELL
SECTION

1
1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6

PLATE SEAM COORDINATES
---- -—-- ---- ---- ---- ----

DESCRIPTION

BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
SIDE
SIDE
SIDE
SIDE
SIDE
MAIN DECK
MAIN DECK
MAIN DECK
MAIN DECK
MAIN DECK
INNER BOTTOM
INNER BOTTOM
INNER BOTTOM
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD

NODE GIRTHS

;
3
4
5
6
1
2
3
4
5

:
3
4
5

;
3
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7

,..--—— \\ lVl~’~~K )

2:::
8.00

16.00
19.10
22.08

.00
4.20

12.78
14.70
17.60

.00
2.50
2.70

14.42
21.02

.00
8.00

16.00
00

2:44
4.53
7.88

10.38
12.94
15.63
18.08

00
3:00
6.00
9.00

12.00
15.00
18.10

Y-COORD
(METER)

00
2:43
8.00

16.00
19.10
21.00
21.00
21.00
21.00
21.00
21.00
21.00
18.50
18.30
6.60
.00
00

8:00
16.00
16.00
17.25
18.30
18.30
18.30
18.30
18.30
18.30

.00

.00

.00

.00
00
:00
.00

PAGE - 3

OUTPUT FILE: lBASE.OUT

Z-COORD
(METER)

.00

.00
00
:00
00

1:90
1.90
6.10

14.68
16.60
19.50
19.50
19.64
19.65
20.30
20.30
2.20
2.20
2.20
2.20
4.30
6.10
9.45

11.95
14.51
17.20
19.65
2.20
5.20
8.20

11.20
14.20
17.20
20.30

- A17 -



ABS/OMSEC PROGIW.M VERSION 3.02 PAGE - 4
(BAsED ON PROpOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: lBASE.OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

PLATE AREA, MOMENT, AND INERTIA /UNIT THICKNESS
----- ----- ----- ----- ----— ----- ---—— ----- --—-- ---

SHELL
SECTION

1
1
1
1
1
2
2
2
2
3
3
3
3
4
4
5
5
5
5
5
5
5
6
6
6
6
6
6

DESCRIPTION

BOTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
SIDE
SIDE
SIDE
SIDE
MAIN DECK
MAIN DECK
MAIN DECK
MAIN DECK
INNER BOTTOM
INNER BOTTOM
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD

PLATE

1
2
3
4
5
1
2
3
4
1
2
3
4
1
2
1
2
3
4
5
6
7
1
2
3
4
5
6

AREA
(METER)

2.43
5.57
8.00
3.10
2.98
4.20
8.58
1.92
2.90
2.50
.20

11.72
6.60
8.00
8.00
2.44
2.08
3.35
2.50
2.56
2.69
2.45
1.50
1.50
1.50
1.50
1.50
1.55

MOMENT
(M**2)

.00

.00

.00
00

2:06
16.80
89.15
30.03
52.34
48.92
4.01

234.07
133.98
17.60
17.60
7.94

10.84
26.05
26.75
33.87
42.65
45.14
5.55

10.05
14.55
19.05
23.55
29.06

INERTIA
(M**3)

o
:0
.0

0
2:4

73.4
978.9
470.2
946.9
957.4
78.8

4675.9
2719.8

38.7
38.7
26.7
56.9

205.6
287.5
449.5
677.8
833.0
21.7
68.5

142.3
243.1
370.9
546.2

..

((’{
<-a.””
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ABS/OMSEC PROGFWVl VERSION 3.02
(BAsED ON pROPOSED ABs RULE CWGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

PAGE - 5

OUTPUT. FILE: lBASE.OUT

BOTTOM GIRDERS -

ITEM X-ORD. Y-ORD . WEB H WEB T FACE W FACE T AREA ARM XIO

1 00 . 00 2200. 14. 0. 0. 30800.
8:00

1.10 12423.
2 00 2200. 14. 0. 0. 61600. 1.10 24845.
3 16.00 :00 2200. 13. 0. 0. 55000. 1.10 22183.

SIDE STRINGERS -

ITEM X-ORD. Y-ORD. PLT L PLT T AREA ARM

1 21.00 6.10 2700. 14. 72900. 6.10
2 21.00 14.68 2700. 14. 72900. 14.68

XIO

o.
0.

– A19 -



ABS/OMSEC PROGIUN4 VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

SHELL

SECTION
---- ____ ____

KEEL PLATE
BOTTOM
BOTTOM
BOTTOM
BOTTOM
SIDE
SIDE
SIDE
SHEERSTRAKE
STRINGER
MAIN DECK
MAIN DECK
MAIN DECK
INNER BOTTOM
INNER BOTTOM
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD
BULKHEAD

LONGITUDINAL PLATE - 0.4L AMIDSHIPS
---- ____ ___+ ____ ____ ___ ---— ____ ___

PLATE

ELE. MAT’L KG/M2
---- ---— ___ ____

1
2
3
4
5
1
2
3
4
1
2
3
4
1
2
1
2
3
4
5
6
7
1
2
3
4
5
6

AH32
AH32
AH32
AH32
AH32
MILD
MILD
MILD
AH32
AH32
AH32
AH32
AH32
MILD
MILD
MILD
MILD
MILD
MILD
MILD
?KH32
AJ432
MILD
MILD
MILD
MILD
AH32
AH32

129.52
117.75
117.75
117.75
117.75
137.38
137.38
137.38
122.36
122.36
122.36
122.36
122.36
125.60
125.60
121.67
117.75
109.90
102.05

90.28
98.13

125.60
121.67
113.82
105.97

94.20
98.13

125.60

THICKNESS (MM)

DESIGN
---- -.
16.500
15.000
15.000
15.000
15.000
17.500
17.500
17.500
15.587
15.587
15.587
15.587
15.587
16.000
16.000
15.500
15.000
14.000
13.000
11.500
12.500
16.000
15.500
14.500
13.500
12.000
12.500
16.000

LOCAL RULE
( REQ’D )

---- —

iii:i~o)
(15.000)
(15.000)
(15.000)
(15.000)
(17.500)
(17.500)
(17.500)
(15.500)
(15.500)
(15.500)
(15.500)
(15.500)
(16.000)
(16.000)
(15.500)
(15.000
(14.000
(13.000
(11.500
(12.500
(16.000
(15.500
(14.500
(13.500
(12.000
(12.500
(16.000

PAGE - 6

OUTPUT FILE: lBASE.OUT

LENGTH

(METER) FRAMED
---- -—_ ____ ____ ___

2.43
5.57
8.00
3.10
2.98
4.20
8.58
1.92
2.90
2.50

.20
11.72

6.60
8.00
8.00
2.44
2.08
3.35
2.50
2.56
2.69
2.45
3.00
3.00
3.00
3.00
3.00
3.10

LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL
LONGITUDINAL

-A20-



.

ABS/OMSEC PROGRAM VERSION 3.02 PAGE - 7
(BAsED ON pROpOSED ABs RtJLE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: lBASE.OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
---- ---- ---- ____ ____ ____ ____ ____ ____ ---— ____ ____ __

SECTION NO. = l(BOTTOM ) NOMINAL SPACING = .800
----

NO MAT’L SCANTLINGS AREA

--- ----

1 AJ132
2 AH32
3 AH32
4 AH32
5 AJ132
6 AH32
7 AJ132
8 AH32
9 AH32

10 AH32
11 AH32
12 IKH32
13 AH32
14 I$J132
15 AH32
16 AJ132
17 AH32
18 AH32
19 AH32
20 AH32
21 AH32
22 AH32

---- ____ ____ ____ ____ __

4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOXI3X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
400XIOOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
400XIOOX13X18 7000.
4OOX1OOX13X18 7000.

---- --

PLATE PLATE Y-ORD. Z-ORD. RULE CALC .
THK EFW SM(ABS) SM

---- ___ ____ ___ ____ ____ ___ ____ ____ ____ _

16.5
16.5
16.5
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

800. 80
800. 1:60
800. 2.40
800. 3.20
800. 4.00
800. 4.80
800. 5.60
800. 6.40
800. 7.20
800. 8.80
800. 9.60
800. 10.40
800. 11.20
800. 12.00
800. 12.80
800. 13.60
800. 14.40
800. 15.20
800. 16.80
800. 17.60
800. 18.40
800. 19.10

.00

.00

.00

.00

.00

.00

.00
00

:00
.00

00
:00
.00
.00
.00

00
:00
.00
.00
.00
.00
.00

1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.
1168.

1318.
1318.
1318.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305.
1305. _:
1305.
1305.
1305. ~
1305.
1305.
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ABS/OMSEC PROGRAM VERSION 3.02
(BASED ON PROPOSED A13S RULE CHANGES FOR 1991)

PAGE - 8

INP FILE: lBASE.INP TLB FILE: ‘TtiLE2.T~E OUTPUT FILE: IBASE.OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCAJSJTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
---— ____ ____ ____ ____ ____ ____ ____ _---- ---- ——__ ____ _

NO MAT’L

SECTION NO. = 2 (SIDE

--+ ____

1 AH32
2 MILD
3 MILD
4 MILD
5 MILD
6 MILD
7 MILD
8 MILD
9 MILD

10 MILD
11 MILD
12 MILD
13 MILD
14 MILD
15 MILD
16 MILD
17 MILD,-
18 AJ132
19 AH32
20 AH32

--—_

SCANTLINGS

---- ---- ____ ____

4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
300X90X11X16
300X90X11X16
300X90X11X16
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
250X90X10X15
25OX9OX1OX15

AREA

----- -

7000.
7000.
7000.
7000.
7000.
5900.
5900.
5900.
5900.
5900.
4740.
4740.
4740.
3850.
3850.
3850.
3850.
3850.
3850.
3850.

)

PLATE
THK

---- -_

17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
15.6
15.6
15.6

NOMINAL SPACING = .780

PLATE
EFW

---- --

780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.

Y-ORD.

--— ___

21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00
21.00

---- —_

Z-ORD.

---- -_

1.90
2.68
3.46
4.24
5.02
6.88
7.66
8.44
9.22

10.00
10.78
11.56
12.34
13.12
13.90
15.46
16.24
17.02
17.80
18.58

RULE
SM (ABS)

---- ----
1035.
1272.
1217.
1162.
1107.
977.
922.
867.
813.
758.
703.
648.
594.
539.
484.
375.
320.
207.
164.
122.

“A22’

CALC .
SM

---- __

1323.
1323.
1323.
1323.
1323.
1034.
1034.
1034.
1034.
1034.

739.
739.
739.
540.
540.
540.
540. ;..
534.
534.
534.



ABS/OMSEC PROGRAM VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

PAGE - 9

OUTPUT FILE: lBASE.OUT

LONGITUDINAL STIFFENER SCAJNTLINGS - 0.4L AMIDSHIPS
---- ---- ---- -——_ ____ ____ ____ ____ ____ ____ ____ ____ —-

SECTION NO. = 3(MAIN DECK )
----

NO MAT’L SCANTLINGS AREA

-—_ ____ ____ ____ ____ ____ ____ __

1 AH32
2 AH32
3 AH32
4 AH32
5 AH32
6 AH32
7 AH32
8 AH32
9 AH32

10 AH32
11 AH32
12 AH32
13 AH32
14 AH32
15 AH32
16 AH32
17 AH32

-. 18 AH32
19 AH32
20 AH32
21 AH32
22 AH32
23 AH32
24 AH32
25 AH32

300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18
300X18

5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.
5400.

PLATE
THK

---- --
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6

NOMINAL SPACING = .800

PLATE
EFW

---- --

800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.

Y-ORD.

20.20
19.40
18.60
17.50
16.70
15.90
15.10
14.31
13.51
12.71
11.91
11.11
10.31

9.51
8.71
7.92
7.12
6.32
5.52
4.72
3.92
3.12
2.32
1.52

. 72

---- -—

Z-ORD.

---- -—

19.54
19.59
19.63
19.69
19.74
19.78
19.83
19.87
19.92
19.96
20.01
20.05
20.09
20.14
20.18
20.23
20.27
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30

RULE
SM(ABS)
---- ----

190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.
190.

CALC .
SM

---- --

517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517.
517. ““”
517.
517.
517.
517.
517.
517.
517.
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ABS/OMSEC PROGRAM VERSION 3.02 PAGE - 10
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: lBASE.OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
---- ____ ____ ____ ____ __+_ ____ _---- ____ ____ ____ ____ _

SECTION NO. = 4(INNER BOTTOM) NOMINAL SPACING = .800

NO MAT’L

--- ----

1 MILD
2 MILD
3 MILD
4 MILD
5 MILD
6 MILD
7 MILD
8 MILD
9 MILD

10 MILD
11 MILD
12 MILD
13 MILD
14 MILD
15 MILD
16 MILD
17 MILD
18 MILD

----

SCANTLINGS AREA PLATE
THK

--—— —___ ____ ____ ____ ___ ____ _

450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0
450X150X11.5X15 7425. 16.0

PLATE
EFW

---- --
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.
800.

Y-ORD.

--- --—

80
1:60
2.40
3.20
4.00
4.80
5.60
6.40
7.20
8.80
9.60

10.40
11.20
12.00
12.80
13.60
14.40
15.20

-.

Z-ORD.

---- --

2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20

----

RULE CALC .
SM(ABS) SM

-- -——- ---- -
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.
1579. 1673.

,,J.--------
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ABS/OMSEC PROGN VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

NO MAT’

--- ---

LONGITUDINAL STIFFENER SCANTLINGS
.——_ ____ ____ ____ ____ ____ ____ ____ __

SECTION NO. = 5 (BULKHEAD )

L

1 MILD
2 MILD
3 MILD
4 MILD
5 MILD
6 MILD
7 MILD
8 MILD
9 MILD

10 MILD
11 MILD
12 MILD
13 MILD
14 MILD
15 MILD
16 MILD
17 MILD
18 MILD
19 AH32
20 AH32
21 AH32
22 AH32

----

SCANTLINGS

---- ____ ____ ____

450x150x11.5x15
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
4OOX1OOX13X18
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
35OX1OOX12X17
300X90X11X16
300X90X11X16
300X90X11X16
300X90X11X16
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15
25OX9OX1OX15

AREA

.—-- --

7425.
7000.
7000.
7000.
7000.
7000.
5900.
5900.
5900.
5900.
5900.
5900.
4740.
4740.
4740.
4740.
3850.
3850.
3850.
3850.
3850.
3850.

PLATE
THK

---- __

15.5
15.5
15.5
15.0
15.0
14.0
14.0
14.0
14.0
13.0
13.0
13.0
13.0
11.5
11.5
11.5
12.5
12.5
12.5
16.0
16.0
16.0

OUTPUT

PAGE - 11

FILE : lBASE.OUT

- 0.4L AMIDSHIPS
---- ---— —___ ____

NOMINAL SPACING = .780

PLATE
EFW

---- --
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.

Y-ORD.

---— __

16.38
16.77
17.15
17.55
17.93
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30
18.30

---— ——

Z-ORD.

---- --

2.84
3.49
4.13
4.82
5.47
6.85
7.63
8.41
9.19

10.05
10.83
11.61
12.39
12.35
13.13
13.91
15.50
16.28
17.06
17.85
18.63
19.41

RULE
SM(ABS)
---- ---
1340.
1295.
1250.
1202.
1156.
1059.
1004.
950.
895.
834.
780.
725.
670.
673.
618.
564.
452.
397.
267.
224.
181.
138.

.
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CALC .
SM

---- --
1666.
1307.
1307.
1303.
1303.
1293.
1012.
1012.
1012.
1005.
1005.
1005.

719.
711.
711.
711.
524.524. ..

524.
535.
535.
535.



ABS/OMSEC PROGIU%M VERSION 3.02 PAGE - 12
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: -TfiLE;~;~E OUTPUT FILE: lBASE.OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

LONGITUDINAL STIFFENER SCANTLINGS - 0.4L AMIDSHIPS
---— —___ ____ ____ ____ ____ __---- —___ ____ ____ ____ ____

NO MAT’L

SECTION NO. = 6(BULKHEAD )

--- ____

1 MILD
2 MILD
3 MILD
4 MILD
5 MILD
6 MILD
7 MILD
8 MILD
9 MILD

10 MILD
11 MILD
12 MILD
13 MILD
14 MILD
15 MILD
16 MILD
17 MILD
18 MILD
19 AH32
20 AH32
21 AH32
22 AH32

--+-

SCANTLINGS AREA

--— ___ ___ ___ ___ __ ___ __

450X150X11.5X15 7425.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
4OOX1OOX13X18 7000.
35OX1OOX12X17 5900.
35OX1OOX12X17 5900.
35OX1OOX12X17 5900.
35OX1OOX12X17 5900.
35OX1OOX12X17 5900.
35OX1OOX12X17 5900.
300X90X11X16 4740.
300X90X11X16 4740.
300X90X11X16 4740.
25OX9OX1OX15 3850.
25OX9OX1OX15 3850.
25OX9OX1OX15 3850.
25OX9OX1OX15 3850.
25OX9OX1OX15 3850.
25OX9OX1OX15 3850.
25OX9OX1OX15 3850.

PLATE
THK

---- --

15.5
15.5
15.5
14.5
14.5
14.5
14.5
13.5
13.5
13.5
13.5
12.0
12.0
12.0
12.0
12.5
12.5
12.5
12.5
16.0
16.0
16.0

NOMINAL SPACING = .780

PLATE
EFW

780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.
780.

Y-ORD.

---— —_

.00

.00

.00

.00

.00

.00
00

:00
. 00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

---- -.

Z-ORD.

---- -—

2.98
3.76
4.54
5.32
6.10
6.88
7.66
8.44
9.22

10.00
10.78
11.56
12.34
13.12
13.90
14.68
15.46
16.24
17.02
17.80
18.58
19.36

—,,

RULE
SM(AES)

---- ----
1331.
1276.
1221.
1166.
1112.
1057.
1002.
947.
893.
838.
783.
728.
674.
619.
564.
509.
455.
400.
269.
227.
184.
141.
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CALC .
SM

---— __

1666.
1307.
1307.
1298.
1298.
1298.
1016.
1009.
1009.
1009.
1009.
997.
714.
714.
714.
524.
524. _,
524.
524.
535.
535.
535.



ABS/OMSEC PROGRAM VERSION 3.02
(BASED ON PROPOSED ABS RULE CHANGES FOR 1991)
INp “FILE: lBASE.INP TLB FILE: TA13LE2.TLB OUTPUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

PAGE - 13

FILE : lBASE.OUT

SUMMARY OF LONGITUDINAL MATERIAL - 0.4L AMIDSHIPS
.——_ ____ ____ ____ ____ ____ ____ ____ ____ ____ ___

SECTION
---- ---

1
2
3
4
5
6

DESCRIPTION
-—— —__ ___ ___

BOTTOM
SIDE
MAIN DECK
INNER BOTTOM
BULKHEAD
BULKHEAD

SUJ3-TOTAL---

PLATE
--- --- --— ___ ___ ___
AREA (MM-M) (MT/M)
---- --—— —___ ____

334.92 2.63
302.45 2.37
327.68 2.57
256.00 2.01
250.80 1.97
126.80 1.00

---- ---- ---- ____ __
1598.65 12.55

LONGITUDINAL
---- ---- -.—— —_

AREA (~-M) (MT/M)
——--- ---- --—— —

154.00 1.21
105.67 83
135.00 1:06
133.65 1.05
119.89 .94

59.50 .47
---- ---- ———_____ __

707.70 5.56

DECK GIRDERS

BOTTOM GIRDERS

SIDE STRINGERS

MISC. VERT. PLTS

(ONE SIDE ) TOTAL

TOTAL

TOTAL WEIGHT OF LONG’L MATERIAL - 0.4L AMIDSHIPS
---- ---- ---- ---- ---— —___ ____ ____ ____ ____ ____ ____ _

0.4L AMIDSHIPS =
= 35%:% (R]STEEL WEIGHT

SECTION
---- ---
(MT/M)

---- ---

3.84
3.20
3.63
3.06
2.91
1.46

---- ---

18.10

.00

.58

.57

.00

19.26

38.51

“A27-



ABS/OMSEC PROGRAM VERSION 3.02 PAGE - 14
(BASED ON pROPOSED ABS RULE CHANGES FOR 1991)
INP FILE: lBASE.INP TLB FILE: TABLE2.TLB OUTPUT FILE: lBASE,OUT
TITLE : 95KDWT BASE HULL W/OMSEC SCANTL.

SUMMARY
---- ---- ---- _

NEUTRAL AXIS HEIGHT = 8.59 (M) ABV. KEEL

PROPOSED
ABS 1990 RULE CHANGES

CALC SECTION MODULUS REQ. SECTION MODULUS SM RATIO
(cM**2-M) (cM**2-M) SMR/SMA

TOP

BOTTOM

267620.80 268279.00 1.002

339548.60 268279.00 .790

CALC HULL-GIRDER REQ. HULL-GIRDER
MOMENT OF INERTIA MOMENT OF INERTIA

(cM**2-M**2) (cM**2-M**2)

2918411.00 2391520.00
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2
242

m14 s5m 1 1 1 1 1 1 1 > s

2
2+2

am 15,m3 1 1 1 1 1 1 2 1 1

M,44 ?,m 1 1 1 1 1 1 2 1 1
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2
2+2

10,74 1mm 1 1 > 1 1 1 1 1 1

2
242

am I 5m 1 1 1 1 > 1 2 1 1
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2Z0
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a,o

2
242
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2
24,2

3,m 15m 1

2
1 1 i 2 1 1

3,m 1503 m+ 7,.91 1 ; ;
Z,o

1 2 2
1 1 $ 2 1 1

1n74 1503 * 1 1 1 1 , 1 , 1
2LD

2
242

1&74 1503 1 1 1 1 1 1 1 1 1
2

242
2,72 1502 1 1 1

2
1 1 1 2 1 1

2,72 Imxl S343 6,m 1 > 1 , , , 2 , 1
as

1 2 2 1074 x?,% 1 1 1 1 1 1 1 >
z-

law 17,%
;

1 1 : 1 2 1 1 1 1
32.9

34 17,50

2

1 1 1 1

a45 17,50 74,3? m22 ; 1 1 ; ; ; : 1 1

Eze

1 1 10,74 16,W

4?-4

1 1 1 1 1 1 1 , 1 lx?
4 10,74 1&m

424

1 1 1 5 1 1 1 1 ,

1
13.7

am lam 1

1
1 1 1 2 1 1

am lea 2222 40s ! ; ;
15.4

1 1
1 1 1 2 1 1

1L74 1603 1 1 1 1 1 1 1 1 ,

1

154
137

1fL74 16m 1 1 1 1 1 1 1 1 1 33,7
1 3,m mm 1 1 1 1 1 5 2 1 1
1 3m mm =2? 4,05 5 1 1 1 1 1 2 1 1

154

1 1 1074 1603
t

1 5 1 1 1 1 1 t ,
1%4

i3,7
1n74 16,m 1 1 4 1 1 1 1 t

1 1 1 1 1 2 , :
13,7

1
:: :: 3222 4,Q5 1 1 1 1 , , 2 1 ,

>5,4
1

1 10.74 I 6.m
;

1 1 1 1 11 1
15.4

4 ; > 1 1 1 11
137
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13.7
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154

1 1 12 1 1

1 1 10,74 1603
154
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1

1 1 1 1 1 1 , ,

1 4 1 1 1 2 1 1
13,7

3,m mm 1
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154
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154
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1 10,74 mm
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m

6
5
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6 2al 1= 07z 6a1 1 , 1 , , , 1 , ,
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1 6 B
10,3
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5
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X4
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2

1 > 1 1 2 i 1 > 85
%,2

510 15,m
=5

1 1 1 1 2 1 1 85
2 2a 15,m 1 t 1 1 3 1 1 :

=5

2 221 15m 2744 2,E5 ; , , , , , , 1 1
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1 z ; 279 m74 Tmm
B
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m
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2ZQ 1301 1 1 1 1 a 1 I ;

Zal lWXI 47,2% 4,m 1 I 1 1 1 3 1 1 ,
223
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1 mm 15m 1 1 1 1 2 1 1

am 1503 31Z2 m 1 ; ; 1 1 1 2 1 1
125

1
1

4
10?4 1503

135
1 1 1 1 1 1 1 1 1 121

1D,74 1s03 1 1 1 1 1 1 1 1 1 121
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1

b [ 1 1 2 1 1

2.XI lam
5 54

1 > 1 5 3 1 1 ;1
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I I I I I m.61 I I I I 1 I I I I }
i !“ ‘ 1 Z2a ! !,,, =, . .

a,

i
10,0
10,B

15,5
1 1 1

1 8,5
m9

E24
1 p : 1 5 215
113 1 1 1 223

1 1 5
1 1 1;,:
1 1 ;

!
100

1 1 1 755 ,

m,9 I ! ! ! I I I I I I I II.!j!1,1,,1,1,,,,, ,,,,, I I I I I,,.,.,,,., ,., , ., ,ag
H.,

649
I I I I :1 ‘tii1!,!,

7,2
Z17

1 i ‘!

7,2

12,9
129

7,2
7,2

;,, - . .

,-=, I I I 1 1 1 1
I I I 510,21 I 47521 I I I I i

I t i I t
1 I I I I I I I I I I I I

I I I 1 1 1 1 1 1



-A51-

...



Alternative 9510 WGHKWOWDWJME FmCNETAW Wdlm.=m mm I w.+,,..,- m. I
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1 1 1 1 2 1 1 1 55 174

6 1,X ram 1 i 1 2 1 1

c. 123 1am 34% 3,67 ; 1 t 1 2 1 1 1 ;
55 ml
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21.B

6 I 1,= 13,55 am am 1 1 1 1 1 3 1 1 5,5

6 6
1&3

1,m mm
6 I 1,% 15.m
c. 0. m 15,m
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.5 14.32 mm
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Alternatives Summary WEIGHTS AND WELD VOLUME FOR VARIOUS ALTERNATIVES

c‘

-.,
--
,.

“i. .7... *‘“)?=–-7
.
Y-.J

&
--l

P
I

Alternative

~

~

~

~

~

~

4070

~

~

40100

40110

401 i 1

40112

40120

40121

40130

40140

40150

BLK Description

40KDWT Base Vessel

Base Mjld Steel

B w/add itkmal choice stii

B w/Corrugated bhd

B w/ formed Flop

B WI hopper side

B w/Bulbs

B w/Pit Ang combination

B w/Flr,etc Stiff Auto Welt

U4 Unidirect WI Corrugat

U5 w/corrugakd bhd

U5 w/double plate bhd

U5 wlcorrug & I-ITS D&B
no CL bhd

U6 Dished plate

U6 Dished Plate/rev

B w/Slotted I.B.

B w]Stand & Series

B w/Std Design

ELEMENTS OF BLOCKS - ONE TANK LENGTH

Unique Total j
Item of /ten

157” 164

157 1642

195 164t

155 156f

159 165C

170 181C

223 1642

96 153C

157 1642

133 136C

105 992

107 99a

86 854

67 21j6

67 2116

757 1642

157 1642

157 1642

L

rrn’
2215

2215

225E

2215

2215

2359

2215

1606

2214

1295

829

829

781

3448

3448

2214

2214

2214

)

L
Angk

(m)
2357

2357

2357

1789

2414

2307

3828

2356

653

466

466

328

1306

1306

2356

2356

2356

L
Tee
(m)
931

931

931

931

967

931

930.

930.

930.

930.

L
Bulb
(m)

3238

512

512

512

Area
Surve P
(MA 2)

182.C

182.C

182.C

1~7.4

182.0

182.0

182.0

182.0

182.0

117.4

117.4

117,4

117.4

293?.6

2931.6

182.0

182.0

182.0

Area of
Plate

(MA2)
7353,~

7467.5

7257.(

7309=s

7287. S

7185,5

6803,&

7288.0

7353.4

8971,7

8291.3

8597.7

7087.1

8155.3

8155.3

7353.4

7353.4

7353.4

Weigh
Item
(MT)
848.1

870.7

840.:

841 .C

839.7

829.6

841.3

840.5

846.7

455,5

178,2

213.3

979.1

369.5

369.5

846.7

846.7

846.7
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Alte ~natives S u m m ary WEIGHTS AND WELD VOLUME FOR VARIOUS ALTERNATIVES

ELEMENTS OF BLOCKS

Alternative I Description

9510 95KDWT Base Vessel

9520

9530 .

9540

9550

95120

95121

Base Mild Steel

NO n Std Stiffnrs

Base w/Corrugated

Formed I-lpr Side

Bkt in lieu Hopper

Base w/Bulb Flats

W/angle Plt units

J3 Unidir dished

J3 Uni dished/rev

*

153 245;

153 2457

191 2457

142 2440

157 2465

149 2279

181 2457

83 2133

67 2375

67 2375

3796 3433 2004

3897 3922 2005

3603 3402 2005

3797 3434 2005

3643 3405 2105

2581 6533

2594 6641

Length Area Area of Weight
/Width Curve PI Plate hem

(m) (Mn2) (M n 2) (hIT)
452,2 12296,8 j4i’2,g

452,2 12498.0 1587.()

452,2 12194.2 1580.5

452.2 12364,7 1486.0

452.2 12296,8 1472.8

452,2 12424.6 1490,0

3813 1441

3813 1441

I

452.;

452.Z

5579,6

5579.6

I
11544,6 1496.5

12264.4 1490.9

11263.52 1944,

11263.52 1944.
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Alternatives Summary
WELDING VOLUM5

ONE TA14K LENGTH

Descdptkm

40 W Base Vessel

Bass Mld SIeSI

8 wladdltiond chdc~ tin

B wlConugat4d bhd

B W( farmed HqJ

B W! hopper slds

B V,’fBdbS

B wlPk Ang mtilnation

a WIFlr,atcsJJfl Auio Wek

u 4 Unidirnct QJ Cmrugm

u 5 Wfrnrmgated bhd

u S wldotile plate bhd

u 5 Wlcwug a i-m O&B

no CLbhd
u 6 ~shed p]aM

u 6 Dlshsd Plat@rw

B wlS1.attti LB,

a wlB!ard.&S e[im

a wlStd Design

fil I.t

<=igfnnl t>tgr

[cmZ-M) {cm2-

313B,0

3135.7

3157.2

26(3Z5

913m9

3685,2

2110,6

412.6

4342.7

069.1 2515.

6022 7031>

!OT5.1 1311.

420, ~ 9+342

1039.0 72,;

1791.0 i 150.!

3!39,0

31ss.0

3138.0

WeMina F3at Phm

2201.2

2140.2

1091.5

219Z6

1997.9

221B.7

422.0

2140.2

1433,6 5153.9

575.3 29529

f266.0 3724,9

641.5 253C,7

W,o 2 73636

5DB,0 012i.2

2140,2

2140.2

2140.2

54i9.51 1450.9 I

5502.2

7459,4

5s99,5

6-,5

5417.3

4902.7

3092.0

4733.4

3325.6

3720.4

3076.9

34@a.9

1623.5

55022

5502.2

5502.2

1450.9

1560.2

1439.0

1439,0

4354,7

143B,6

1450,9

4916.0

3919.5

3976.3

2570,7

2733,0

375,s

145C,S

1450,9

1450,9

—

3094.3

2659.3

2716,6

9144,2

WS4,0

2524,B

23B0.9

2042.3

6773.2

4069.2

4980.6

4139,6

976,9

976,S

2D42.3

2042.3

2042.3

00.0

C.30

60,0

60.0

60.0

277.5

60.0

60.0

74652

4262,3

44M2

3757,8 I
1S62.2

10622

60.0

60.0

We!dhg Cuwd!=wm

.4uio matic J Manual
fl am filtet sun

one sided iwo tided two Sided
> iomm t<=19mm t> j9m~t<. Igmrn t> Ignl” t<=jgmm t> jg~~ t<= ,gmm ,>, g~
[cmz -M) @n2- M) (cm2 – ~cm2-M) (.7m2-h (cm2 -M) (cn12-M Jcm2– M) {cm2-

5B,3 29.1 63.0

56,3 20.1

58.3 29.1

5B.3 29. ~

5s.2 29.1

56,3 29 t

56,3 291

50,3 2D. 1

Z2m

zms

5B,3 29.1

5m3 20.1

56.3 29.4

I

71.4

6s0

63,0

61,0

63,6

94,5

63.0

63.0

i3B.e

136.3

135.0

110,3

5B33. 1

5Lt35, 1

03,0

W,o

E3,0

sum

web%
t 5264,0

155m,3

15314,2

?6524.3

15527,0

163B0,1

14065.7

964e,5

14079.3

=2+36

227n,3

23sm,2

le445.1

44i66.5

23744,0

15264.0

t 5264.0

15264.0

‘J
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I AlternativesSummary

W/eking Flat pfate
Weldlng Curved Pli

tlo matic Manual

- i; “:: ; ‘::, “’%’%’

<=19mm l>79m tc=19m ts19mm c=19mm t>lgnlfr t< ZIgmm f>lg~~ ~<=lg~~
{cm2-M) (cm2- (cmE-M) (cmZ–M) (cm2_M) [cm2-h (cm2–M) (cm2-W (cm2-M

F

II==%==

Base Mild Steel 4532.o 551.

Non Std Stlffm 4099.0

Base w/Cormgated 5543.7

Formed tipr Side 5163,9

Bkt in Ileu Hopper 5257.5

Base weulb Flats 3761,s

W/angle Pli units 325,3

3925.4 2075.6

4513.2 105.6

5410.1 105.6

4949.0 105.6

4575.9 105.6

3743.4 1308.5

566.1 105.6

874,6 43 825.1

641,4 1460BA

7940.0 1100.3 4771.7 57,6

6326.2 797.5 4399.3 175.2

8026.1 1193.6 5035.6 57,3

8414.7 1067.7 4818.6 57,3

6310.6 1315.3 3593.!4 1413.4

7744.6 1095.0 3734,3 51,3

3916,4 2247.2 902,4 2300.1

19639 3B1.O 909.3 2300.1

230.2

230.2

230.2

230.2

230.2

230.2

II

Uft
two sided

<=19mm i> 1g~

(cm2-M) {cm2-

476.7

476.7

476.7

476.7

478.7

476.7

23B.3

2230
I

-1
223,6

94,7

648

a4.B

84.B

a4.8

a4.6

64.6

6764.2

a764.2

2ale5.9

24159.5

25463.4

25323.3

25063.4

242431

14176,0

62354.o

30725.5
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Alternatives Summary

Alternative

4010

4020

4030

4040

4050

4060

4070

4080

4090

40100

40110

4011 i

40112

40120

40121

40130

40140

40150

Description

40KDWT Base Vessel

Base Mild Steel

B w/additional choice stif

B w/Corrugated bhd

B w/ formed Hop

B WI hopper side

B w/Buibs

B w/Pit Ang combination

B w/Flr,etc.Stiff Auto Wek

U4 Unidirectional w/corr

U5 wlcorrugated bhd

U5 w/double plate bhd

U5 w/corrug & HTS D & E
no CL bhd

U6 Dished plate

U6 Dished Platelrev

B w/Slotted I.B.

B w/Stand & Series

B w/Std Design

WELDING LENGTHS
ONE TANK LENGTH

Average t
mm

?4.6!

14.8E

14.72

14.64

14.6E

14.69

15.73

14.67

14.65

20.64

18.08

17.96

17.58

21.37

21.37

14.65

14.65

14.65

Auto matic
‘illet

M
15196.(

151 18.!

15286.C

~3497,2

15279.2

15089.7

9247.4

4486.7

17695.1

4932.0

5180.1

3928.4

5436,6

8433.1

11703.8

15196.0

15196.0

15196.0

3utt
M
1084.5

1086.0

1083.5

962.2

1124.4

1016.5

928,3

1280.0

1262.9

856,5

964,8

905.5

1036.2

1107.0

1596.7

1084.5

1084.5

1084.5

Manual
Fillet

lownhanc
M

67975

6848.C

6871 ,~

6821 .C

6901,9

7625.2

5738.1

3297,6

4812.1

4131.9

4096.6

3302,4

4227.4

3710.7

2666.0

6797,5

6797.5

6797.5

Jeriical
M
1390.[

1401.:

1375.2

1903.5

1389.C

1591.’5

1529.E

1177,s

984.0

1514.2

1392.C

1123.4

1404.6

3039.3

370.4

1390.0

1390.0

1390.0

Overhead
M
368.i

370.:

305,:

413.1

378.2

339.1

369.:

279.s

261 .C

593,s

597.5

561.7

564.2

262.E

120S

368.7

368.7

368.7

lownhanc
M
485.1

491 .s

487.1

486,2

507.9

513.7

576.0

940,8

343.4

717.4

763.0

761.2

805.8

487.1

383.7

485.1

465.1

485.1

km
Jertical

M
99.2

100.7

97.5

135.7

i 02.2

107.2

153X

336.1

70.2

262.9

259,3

259.0

267.7

399.0

50.5

99.2

99.2

99.2

overhead
M

26.{

26.f

211

29.!

27.t

22.f

37.1

7g.g

18.t

103.1

111.:

129.5

111.3

34.5

16.5

26,3

26,3

26.3

rOtd Iengt
M

25447.5

25443.2

25528.0

24248.5

25710.9

26306,0

18579.4

11879.0

25447.5

13112.7

13384.4

10971.1

13873,8

17473.3

16888.5

25447.5

25447.5

25447.5
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I

I

I

I

II Alternatives SummaryII
WELDING LENGTHS IN METERS

I ONE TANK LENGTH
.—

i . . .
I 11 Auto matic

II Ivianual
Alternative Description Fillet

I Averg thk II1 Fillet Butt !]Dnwnhand I \/at-tie= I
Butt

1“’erhead Down hand Vertical Overhead Total Ingth
M M M M

355
M

715 153 27 39775

I

51209

95721

mm
95KDWT Base Vessel

- I

15.24

Base Mild Steel 16,16

Non Std Stiffnrs 16.49

BaseW/Corrugated 15.29

Formed Hpr Side 15.24

BId in lieu Hopper 15.26

Base wlBulb Flats 16.49

w /angle Plt units

U3 Unidir dished

U3 Lhi djshed/rev

15,47

21.97

21.97

640

10278

13422

944a

9247

8951

9003

8942

7528

383I

3301

2743

——.. .. .. . ..
M

.“, .,UU, ““<
M M M

25165 1919 9380 2002

25074 1916 357

25591 1936 328

25763 2146 326

25315 2084 348

25530 1989 343

15210 1686 351

2286 365

1733 241

2351 110

I

2024

1982

1692

1906

1766

2014

1577

3334

234

I

722

700

746

734

697

834

1367

556

480

155

150

141

155

138

223

563

562

41

27

25

27

28

27

39

130

41

19

1

-----

39722

39957

39793

39554

39431

27886

16522

20045

19400
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40KDWT Alternative Vessels
Estimation of Labor Hours Calculations for one Tank
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NSRP PANEL SP –4
FILE:

1

2

3

4

5

6

7

6

9

10

STRCTMS Revised

PROJECT
FILE :

LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
WJRIJVV I BHfiE AL I EHNA I IVL

Entire Tank Section MATERIAL: MS–STS
4010

WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

THICKNESS 0.57 INCHES

WORK PROCESS PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,040
0.071

0.032
0.048
0.063

0.380
0.951

10,000
15.000
0.019
0.020

0.444

0,052
0,3604

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
REQ’DAMOUNT STAGE STAGE

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

FACTOR

1.0

1.0
1.5

1.0
1.5
1,5

1.0
1.0
1.0
1.0
i .0
1.0

1.5

1.5
1.5

FACTOR

1.0

1,0
1.5

1.5
1.5
1.5

1.0
1.0
1.0
1.0
1.0

1.0

1.5

1.5
1.5

OBTAIN MATERIAL
RECEIPT & PREP

79149

47562
2504

1990
407
108

0
4
0
0
0
0

6568

49968
3530

22352
4571
1213

1579
323

86

1642

1642
24
24

660

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

791

FIAME CUITING
AUTOMATIC
MANUAL

1885
i 79

EDGE PREP–GRINDING
FIAT
VERTICAL
OVERHEAD

63
19
7

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

o
4
0
0
0
0

FIT UP& ASSEMBLY 2915

WELDING, AUTO/MACHINE
FILLET LN FT
BUTT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

2574
1343

2
2
2

2
2
2

1.5
1.5
1,5

1.5
i .5
1.5

6023
1847
653

2
2
2

1

2
2
2

1,5
1.5
1.5

1.5
1.5
1.5

1627
499
177

1 1.0 1.0 164

2

3

4

2
3
4

1.5

2.0

3,0

1.5
2.0
3.0

164
120
120

5 2 4.5 1.5 1981

TOTAL TRADE IABORHOURS 23156
6423TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 29578
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NSRP PANEL SP –4
FILE:

1

2

3

4

5

6

7

6

9

10

STRCTMS Revised LABOR HOURS ESTIMATING FORM FOR STRUCTURAL WORK
40KDWT BASE ALTERNATIVE

PROJECT Entire Tank Section MATERIAL MS–STS
tlLL : 4(J2U I HIGKNESS 0.58 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN !7
LN FT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0,010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10,000
15,000
0.019
0.020

0.444

0.052
0.3804

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
REQ’DAMOUNT STAGE STAGE FACTOR

-..-.---
FAL I Uil

1.0

1.0
1.5

1.5
1,5
1.5

1.0
1.0
1.0
1.0
1.0
i .0

1.5

1.5
1,5

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUTTING
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
FIAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

80382 1 1 1.0 804

47622
2506

1
2

1
2

1,0
i .5

1887
179

1991
407
108

1
2
2

2
2
2

1.0
1,5
1.5

63
19
7

BEND o
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1.0
i ,0
1,0
1.0
1,0

0
4
0
0
0
0

PIECE
PIECE
PIECE
PIECE
CU IN

JOINT 6568 2 2 1.5 2915 ---

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

49601
3563

2
2

2
2

1,5
1,5

2555
1355

WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

LN !7
LN FT
LN FT

0.269
0.404
0.539

22467
4597
1215

2
2
2

2
2
2

1.5
1,5
1.5

1.5 6054
1.5 1858
1,5 655

LN FT
LN FT
LN H

1.030
1.545
2.061

1614
330

87

2
2
2

2
2
2

1.5
1.5
1,5

1.5 1663

1,5 510
1.5 180

MARKING PIECE 0.100 1642 1 1 1.0 1.0 164

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

0.100
5.000
5.000

1642
24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5 164

2.0 120

3.0 120

REWORK JOINT 1.000 663 5 2 4.5 1.5 1990

TOTAL TRADE LABORHOURS 23266
6453TRADE SUPPORT LABORHOURS (28% OF TRADE IABORHOURS)

TOTAL PRODUCTION LABORHOURS 29719
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NSRP PANEL SP–4
FILE: STRCTMS Revised L4BOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS-STS

FILE : 4030 THICKNESS 0.58 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,040
0,071

0.032
0.048
0,063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
REQ’DAMOUNT STAGE STAGE FACTOR FACTOR

1.0

1.0
1.5

1.5
1,5
1.5

1.0
1.0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

1

2

3

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CL.HTING
AUTOMATIC
MANUAL

EDGE PREP-GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

78112 1 1 i.0 781

47682
2510

1
2

1
2

1.0
1.5

1889
179

2016
404

90

1
2
2

2
2
2

1.0
1.5
1,5

64
19
6

4
BEND o

4
0
0
0
0

6584

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1.0
1.0
1.0
1.0
1.0

0
4
0
0
0
0

PIECE
PIECE
PIECE
PIECE
CU IN

JOINT.-.,\ 5

6

2 2 1.5 2922 ,--

WELDING, AUTO/MACHINE
FILLET
BUll

LN H
LN FT

50150
3555

2
2

2
2

1.5
1,5

2583
1352

7 WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BL.HT
DOWNHAND
VERTICAL
OVERHEAD

LN FT
LN FT
LN FT

0.269
0.404
0.539

22544
4512
1002

2
2
2

2
2
2

1.5
1.5
i .5

1.5
1.5
1.5

6075
1824
540

LN FT
LN FT
LN FT

1.030
1.545
2.061

1598 2
2
2

2
2
2

1,5
1.5
1.5

1.5
1.5
i .5

1646
494
14671

16468

9

MARKING PIECE 0.100 1 1 1.0 1.0 165

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

0.100
5.000
5.000

1646
24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5
2.0
3.0

165
120
120

REWORK10 JOINT 1,000 658 5 2 4.5 1.5 1974

TOTAL TRADE LABORHOURS 23068
6398TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 29466
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NSRP PANEL SP-4
FILE: STRCTMS Revised

PROJECT
FILE :

COST ESTIMATING
40KDWT BASE ALTERNATIVE

FORM FOR STRUCTURAL WORK

MS–STS
0.57 INCHES

ACTUAL STANDARD

Entire Tank Section MATERIAL
4040

WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

THICKNESS

WORK PROCESS PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.360
0.951

10,000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1,030
1.545
2,061

0.100

0.100
5.000
5.000

1.000

UNIT
AMOUNT

78681

45332
2386

1781
497
108

0
4
0
0
0
0

6264

44261
3157

22378
6245
1356

1595
445

97

1566

1566
24
24

671

ACTUAL STANDARD MNHRS
REQ’D

787

1796
170

56
24
7

0
4
0
0
0
0

2780 ,.

2281
1201

FACTOR

1.0

1.0
1.5

1.0
1,5
1.5

1.0
1.0
1.0
1.0
1.0
1,0

1,5

1.5
1,5

STAGE

1

i
2

1
2
2

1
1
1
1
1
1

2

2
2

STAGE

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

FACTOR

1.0

1,0
1.5

1.5
1.5
i .5

i .0
1.0
i .0
1,0
1.0
1.0

1.5

1,5
1.5

1

2

3

4

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITING
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
H-AT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY.- 5

6

7

WELDINGI AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

LN FT
LN FT
LN FT

2
2
2

2
2
2

1,5
1.5
1.5

1.5
1.5
1,5

6030
2524

731

LN FT
LN FT
LN FT

2
2
2

2
2
2

1.5
1.5
1.5

1.5
1.5
1.5

1643
688
199

8

9

10

MARKING PIECE 1 1 1.0 1.0 157

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

2
3
4

2
3
4

1.5
2.0
3.0

1,5
2.0

3.0

157
120
120

REWORK JOINT 5 2 4.5 1.5 2013

TOTAL TRADE MANHOURS 23487
6515TRADE SUPPORT MANHOURS (28% OF TRADE MANHOURS)

TOTAL PRODUCTION MANHOURS 30002
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NSRP PANEL SP–4
FILE: STRCTMS Revised L4BOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS–STS

FILE : 4050 THICKNESS 0.57 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
154000
0.019
0.020

0,444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’13

1 OBTAIN MATERIAL SQ FT
RECEIPT & PREP

78445 1 1 1.0 1,0 784

2 FIAME CUl_HNG
AUTOMATIC LN FT
MANUAL LN FT

48307
2542

1
2

1
2

1.0
1.5

1.0
1,5

1914
181

3 EDGE PREP–GRINDING
FLAT LN !7
VERTICAL LN FT
OVERHEAD LN FT

2024
407
111

1
2
2

2
2
2

1.0
1.5
1.5

1.5
1.5
1.5

64
19
7

4 SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

o
4
0
0
0
0

1
1
1
1
1
1

1,0
i .0
1,0
1.0
1.0
1.0

i .0
1.0
1,0
1.0
1.0
1.0

0
4
0
0
0
0

1
1
i
i
1
1

5 FIT UP & ASSEMBLY JOINT 6600 2 2 1.5 1.5 2929 ----.-

6 WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

50128
3689

2
2

2
2

1.5
1,5

1,5
1.5

2582
1403

7 WELDINGI MANUAL
FILLET

DOWNHAN13 LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

22644
4557
1241

2

2

2

2
2
2

1.5
1.5
1.5

1.5

1.5

1.5

6101
1842
669

1666
335

91

2
2
2

2

2
2

1.5
1.5
1,5

1.5
1.5
1.5

1717
518
188

8 MARKING PIECE 1650 1 1.0 1.0 1651

9 HANDLING
STORAGE PIECE
TRANSPORTING ASSY
L[FHNG ASSY

1650
24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5
2.0
3.0

165
120
120

10 REWORK JOINT 671 5 2 4.5 1.5 2014

TOTAL TRADE IABORHOURS 23508
6520TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION IABORHOURS 30028
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NSRP PANEL SP–4
FILE: STRCTMS Revised LA!30R HOUR ESTIMATING FORM FOR STRUCTURAL WORK

4URIJVV I UASt AL I bHN/+ I lVk
PROJECT Entire Tank Section MATERIAL MS–STS

FILE : 4060 THICKNESS 0.58 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN ~
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15,000
0,019
0.020

0.444

0.052
0.3804

UNIT ACTUAL STANDARD
AMOUNT STAGE STAGE

ACTUAL STANDARD
FACTOR FACTOR

MNHRS
REQ’D

773

1932
183

65
20

6

0
4
0
0
0
0

3213

2550
1269

1

2

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITING
AUTOMATIC
MANUAL

EDGE PREP-GRINDING
FLAT
VERTICAL
OVERHE/4D

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

77342 1 1 1.0 1.0

48757
2566

1
2

1
2

1.0 1.0
1.5 1.5

3

4

4

2048
427

91

1
2
2

2
2
2

1.0 1.5
1.5 1.5
1.5 1.5

0
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0 1.0
1.0 1.0
1.0 1.0
i .0 1.0
1.0 1.0
1.0 1.0

1,5 1.5,,..—. 5

6

724o 2 2

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

49506
3335

2
2

2
2

1.5 1.5
1.5 1.5

WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHWD

BUTT
DOWNHAND
VERTICAL
OVERHEAD

7

LN FT
LN FT
LN ~

0.269
0.404
0.539

25017
5222
1112

2
2
2

2
2
2

1.5
1.5
1.5

1.5
1.5
i .5

6741
2111

599

LN FT
LN FT
LN FT

1.030
1.545
2.061

1685
352

75

2
2
2

2
2
2

1.5
1.5
1.5

1,5
1,5
1.5

1736
544
154

8

9

MARKING PIECE 0.100 1810 1 1 1.0 1.0 181

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

0,100
5,000
5.000

1810
24
24

2
3
4

2
3
4

1.5

2,0
3,0

1.5
2.0
3.0

181
120
120

10 REWORK JOINT 1.000 704 5 2 4.5 1.5 2112

TOTAL TRADE LABORHOURS 24615
6828TRADE SUPPORT LABORHOURS (28% OF TRADE L4BORHOURS)

TOTAL PRODUCTION LABORHOURS 31442
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NSRP PANEL SP –4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILE : 4070
—
THICKNESS 0.62 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
04019
0.020

0,444

0,052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

1 OBTAIN MATERIAL SQ FT
RECEIPT& PREP

73232 1 1 1.0 i .0 732

2 FLAME CUTTING
AUTOMATIC LN FT
MANUAL LN FT

36878
1941

1
2

1
2

1.0
1.5

1.0
1.5

1461
138

3 EDGE PREP–GRINDING
FIAT LN FT
VERTICAL LN FT
OVERHEAD LN FT

1458
389

94

1
2
2

2
2
2

1.0
1.5
1.5

1.5
1.5
1,5

46
18
6

4 SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

o
4
0
0
0
0

1
1
1

1

1

1

1
1

1

1

1

1

1,0
1.0
1.0
1,0
1.0
1.0

1.0
1.0
1.0

1.0
1.0
1.0

0
4
0
0
0
0

5 FIT UP & ASSEMBLY JOINT 6568 2 2 1.5 1.5 2915

6 WELDING, AUTO/MACHl NE
FILLET LN FT
BUll LN FT

30339
3046

2

2

2
2

1.5
1.5

1.5

1.5
1563

1159

7 WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LNFT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

18826
5018
1212

2
2
2

2
2
2

1.5
1,5
1.5

1.5
1.5
1.5

5073
2028

653

1890
504
122

2
2
2

2
2
2

1.5
1.5
1.5

15
1.5
i .5

1947
779
251

8 MARKING PIECE 1642 1 1 1“o 1641.0

9 HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

1642
24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5
2.0
3,0

164
120
120

10 REWORK JOINT 601 5 2 4“5 1.5 1804

TOTAL TRADE LABORHOURS 21145
5865TRADE SUPPORT LABORHOURS (28% OF TRADE IABORHOLIRS)

I TOTAL PRODUCTION LABORHOURS 27010
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NSRP PANEL SP –4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILE ; 4080 THICKNESS 0.58 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0,3804

0.269
0,404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

1

I
2

3

OBTAIN MATERIAL SQ FT
RECEIPT & PREP

FLAME CUl_HNG
AUTOMATIC LN FT
MANUAL LN FT

EDGE PREP–GRINDING
FLAT LN ~
VERTICAL LN FT
OVERHEAD LN FT

SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

FIT UP& ASSEMBLY JOINT

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN H

WELDING, MANUAL
FILLET

DOWNI-IAND LN FT
VERTICAL LN FT
OVERHEAD LN R

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

78445 1 1 1.0 1.0 784

30774
1620

1
2

1
2

1.0
1.5

1.0
1.5

1219
116

1123
401

95

1
2
2

2
2
2

1.0
1,5
1.5

i .5
1.5
1.5

36
19
6

4
7657

4
0
0
0
0

1
1
1
1
1
1

1
1
1
i
1
i

1.0
1.0
1.0
1.0
1.0
1.0

i .0
1.0
1.0
1.0
1.0
1.0

2913
4
0
0
0
0

5

6

6120 2 2 1.5 1.5 2716 ----

14720
4200

2
2

2
2

i .5
1.5

758
1598

1.5
1.5

7

10819
3865

918

2
2
2

2
2
2

1.5
1.5
1.5

1.5 2915
1.5 1562
1.5 495

3087
1103

262

2
2
2

2
2
2

1.5
1.5
1.5

1.5 3180
1,5 1704
i .5 540

8

9

1530 1 1 i .0 1.0 153

1530
24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5 153

2.0 120

3.0 120

10 562 5 2 4.5 1.5 1686

TOTAL TRADE LABORHOURS 22796
6323TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 29120
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NSIIP PANEL SP –4

FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
40KDWT BASE ALTERNATIVE

PROJECT Entire Tank Section MATERIAL MS-STS
FILE : 4090 THICKNESS 0.57 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10,000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1,030
1,545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

1 OBTAIN MATERIAL SQ FT
RECEIPT & PREP

79149 1 1 1.0 1.0 791

2 FIAME CUITl NG
AUTOMATIC LN FT
MANUAL LN FT

47582
2504

1
2

1
2

1.0
1.5

1,0
1.5

1885
i 79

3 EDGE PREP-GRINDING
FIAT LN FT
VERTICAL LN FT
OVERHEAD LN FT

1990
407
108

1
2
2

2
2
2

1,0
i .!3
1,5

1,5
1,5
1“5

63
19
7

4 SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

o
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1.0
1.0
1.0
1,0
1.0

1.0
1.0
1.0
1.0
1.0
1.0

0
4
0
0
0
0

5 FIT UP & ASSEMBLY JOINT 6568 2 2 1.5 2915 .-,--, 1.5

6 WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

58054
4143

2
2

2
2

1.5
1,5

1.5
1.5

2991
1576

7 WELDING, MANUAL

FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT

DOWNHAND LN R
VERTICAL LN R
OVERHEAD LN R

15788
3228

856

2
2
2

2
2
2

1.5
1.5
1.5

1.5

1,5
1.5

4254
1305
462

1127
230

61

2
2
2

2
2
2

1.5
1.5
1.5

1,5
1.5

1.5

1161
356
126

8 MARKING PIECE 1642 1 1 i .0 1.0 164

9 HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

1642
24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5
2.0
3,0

164
120
120

10 REWORK JOINT 577 5 2 4.5 1.5 1730

TOTAL TRADE LABORHOURS 20392
5656TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 26048
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NSRP PANEL SP–4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS-STS

FILE : 40100 THICKNESS 0,61 INCHES

WORK PROCESS PROCESSWORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRs
REQ’DFACTOR

(MNHRS/
WORK UNIT)

0.010

0.055
0.095

0.048
0.095
0,135

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.062
0.45965

0.476
0.951
1.347

1.427
2.853
4.042

0.100

0.100
5.000
5.000

1.000

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUTTING
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

1

I
2

3

96568 1 1 1.0 1.0

29504
1553

1
2

1
2

1.0
i .5

1.0
15

1637 ,
148

1028
377
148

1
2
2

2
2
2

1.0
1.5
1.5

1.5
1.5
1.5

49
36
20

4
0
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0
i .0
1.0
1,0
1.0
1,0

i .0
1.0
1.0
1.0
1.0
1.0

0
4
0
0
0
0

5!i

6

5440 2 2 1.5 1.5 2414 ,- ~~

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN ~

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

16183
2810

2
2

2
2

1.5
1.5

1.5

1,5

1000

1292

13556
4968
1949

2
2
2

2
2
2

1.5
1,5
1,5

1.5 6446
1.5 4724
1.5 2625

2354
863
338

2
2
2

2
2
2

1.5
1.5
1,5

i .5 3358
1“5 2461
1.5 1367

8

9

1360 1 1 1.0 1.0 136

1360

24
24

2
3
4

2
3
4

1.5
2.0
3.0

1.5 136

2.0 120

3.0 i 20

10 919 5 2 4,5 1.5 2758

TOTAL TRADE LABORHOURS 31816
8025TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 40641
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NSRP PANEL SP-4
FILE

1

2

3

4

5

6

7

8

9

10

STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
40KDWT BASE ALTERNATIVE

PROJECT Entire Tank Section MATERIAL MS–STS
FILE : 40110

WORK PROCESS

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUl17NG
AUTOMATIC
MANUAL

EDGE PREP-GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

WORK
UNITS

SQ FT

LN FT
LN FT

LN FT

LN FT

LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN !7

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIEcE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0,380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0,3804

0.269
0.404
0,539

1.030
1.545
2.061

0.100

04100
5.000
5.000

1.000

THICKNESS 0,7 INCHES

UNIT ACTUAL STANDARD
AMOUNT STAGE STAGE

89244

30637
1612

1085
369
158

0
4
0
0
0
0

3968

16995
3165

13440
4567
1960

2503
851
365

992

992
24
24

547

TOTAL TRADE IABORI-IOURS
TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION L4BORHOURS

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

5

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

2

ACTUAL STANDARD
FACTOR FACTOR

1,0

1.0
1,5

1.0
1.5
1.5

1.0
1.0
1.0
1.0
1.0
1.0

1.5

1,5
1.5

1.5
1.5
1,5

i .5
i .5
i .5

1.0

1.5
2.0
3.0

4.5

1.0

1,0
1.5

1.5
1.5
1,5

i .0
1.0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

1,5
1.5
1.5

1.5
1.5
1,5

1.0

1.5
2.0
3.0

1.5

MNHRS
REQ’13

892

1214

115

34
18
10

0
4
0
0
0
0

1761 -

875
1204

3621
1846
1056

2579
1314

752

99

99
120
120

1640

19375
5374

24750
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NSRP PANEL SP-4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS–STS

FILE : 40111 THICKNESS 0.7 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

1

2

3

OBTAIN MATERIAL
RECEIPT & PREP

92543 1 1 1.0 1.0 925

FL4ME CUl_HNG
AUTOMATIC
MANUAL

LN FT
LN FT

32005
1684

1
2

1
2

1,0
1.5

1.0
1.5

1268
120

EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

LN FT
LN FT
LN FT

1146
381
158

1
2
2

2
2
2

1.0
1.5
1,5

1.5
1.5
1.5

36
18
10

4 SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

o
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0

1.0
1,0
1.0

0
4
0
0
0
0

5

6

FIT UP& ASSEMBLY JOINT 3992 2 2 i .5 1.5 1772 , -.

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

17837
3400

2
2

2
2

1.5
1.5

1.5
1.5

919
1293

7 WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

LN FT
LN Ft
LN FT

13869
4608
1917

2
2
2

2
2
2

1.5 1,5 3737
1.5 1.5 1863
1.5 1.5 1033

LN FT
LN FT
LN FT

2644
878
365

2
2
2

2
2
2

1.5 i .5 2723
1.5 1.5 1357
1.5 i .5 753

8

9

MARKING PIECE 998 1 1.0 1.0 1001

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

998 2
3
4

2
3
4

1.5 1,5 100
2.0 2.0 120
3.0 3.0 120

24
24

10 REWORK JOINT 563 5 2 4,5 1.5 1690

TOTAL TRADE LABORHOURS 19961

5537TRADE SLIPPORT LABORHOURS (28% OF TRADE !ABOFIHOURS)

TOTAL PRODUCTION LABORHOURS 25498
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NSRP PANEL SP–4
FILE:

1

2

3

4

5

6

7

8

9

10

STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
4UR!JVV I BA=L AL I PHIW+ I IVL

EntireTank Section MATERIAL: MS–STSPROJECT
FILE : 40112

WORK
UNITS

SQ FT

LN FT
LN FT

LN R
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

THICKNESS 0.69 INCHES

ACTUAL STANDARDWORK PROCESS PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0,010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT
AMOUNT

76283

267o5
1406

931
317
158

0
4
0
0
0
0

3416

12088
2971

10835
3686
1843

2497
850
425

854

854
24
24

490

ACTUAL STANDARD MNHRS
REQ’DSIAEIE

1

1

2

1
2
2

1
1
1
1
1
1

2

2
2

STAGE

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

FACTOR

1.0

1.0
1.5

1.0
1.5
1.5

1.0
1,0
1.0
1.0
1,0
1,0

1.5

1,5
1.5

FACTOR

1.0

1.0
1.5

1.5
1,5
1.5

1!0
1.0
1.0
1,0
1,0
1,0

1.5

1.5
1.5

OBTAIN MATERIAL
RECEIPT & PREP

763

FLAME CL.HTING
AUTOMATIC
MANUAL

1058
100

EDGE PREP–GRINDING
FIAT
VERTICAL
OVERHEAD

30
15
10

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

o
4
0
0
0
0

FIT UP& ASSEMBLY 1516

WELDING, AUTO/MACHINE
FILLET LN FT
BUll LN R

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

TOTAL TRADE LABORHOURS

664
1130

2
2
2

2
2
2

1.5
1.5
1.5

1.5

1.5

1.5

2919
1490
993

2
2
2

2
2
2

1.5
1.5
1.5

1.5

1.5
i .5

2573
1313

875

1 1 1.0 1.0 85

2
3
4

2
3
4

85
120
120

1.5

2.0

3.0

1 “5
2.0

3.0

5 2 4.5 1.5 1469

17332
4808TRADE SUPPORT LA130RHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 22140
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NSRP PANEL SP–4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJPCT Entire Tank Section MATERIAL: MS–STS

FILE : 40120 THICKNESS 0,84 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0,010

0.055
0.095

0,048
0.095
0“135

0.380
0.951

10.000
15.000
0“019
0.020

0,444

0.062
0.45965

0.476
0.951
1.347

1.427
2.853
4.042

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
REQ’DAMOUNT STAGE STAGE FACTOR - -‘- -FACTOR

1 “o

1.0
1.5

1,5
1.5

i ,5

1,0

1,0

1.0

1.0

1.0

1.0

1.5

1 “5

1.5

1.5

1.5
1.5

1.5

1.5
1.5

1.0

1.5

2.0

3.0

1,5

1

2

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITING
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
FIAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

87781

43028
2265

1198
981

85

0
4
0
0
0
0

8464

27667
3632

12174
9971

862

1598
1309

113

2116

2116
24
24

1093

1 1 1.0 87’6

1
2

1
2

1.0
1.5

2387
215

3
1
2
2

2
2
2

1.0
1.5

1.5

57
93
11

4
1.0
1.0

1.0

1.0

1.0
1.0

0
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

‘\ 5

6

2 2 1,5 3756 ‘-

WELDING, AUTO/MACHINE
FILLET
BUIT

1710
1669

LN FT
LN FT

2
2

2
2

1.5
1.5

7 WELDING, MANUAL
FILLET
DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

5789
9483
1161

1.5
1.5
1.5

2
2
2

2
2
2

1.5
1,5
1“5

2280
3734

457

2
2
2

2

2
2

1.0 2126

9

MARKING PIECE 1 1

HANDLING
STORAGE
TRANSPORTING
LIFTING

212
120
120

PIECE
ASSY
ASSY

2
3
4

2
3
4

1.5

2,0

3,0

4,5 3260REWORK JOINT 5 210

37629
10437

TOTAL TRADE LABORHOURS
TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

48067TOTAL PRODUCTION LABORHOURS

–A101 –



NSRP PANEL SP–4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILE : 40121 THICKNESS 0,84 INCHES

WORK PROCESS

1 OBTAIN MATERIAL
RECEIPT & PREP

2 FIAME CLHTING
AUTOMATIC
MANUAL

3 EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

4 SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

5 FIT UP & ASSEMBLY

WORK
UNITS

SQ FT

LN FT
LN FT

LN ~
LN FT
LN ~

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

6 WELDING, AUTO/MACl-llNE
FILLET LN FT
BUIT LN FT

7 WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

8 MARKING PIECE

9 HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

10 REWORK JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.055
0.095

0.048
0.095
0.135

0.380
0.951

10.000
15,000
04019
0.020

0.444

0.062
0.45965

0.476
0.951
i .347

1.427
2.853
4.042

0,100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD
AMOUNT STAGE STAGE

87781

42117
2217

1872
260

85

0
4
0
0
0
0

8464

38398
5239

8747
1215
397

1193
166
54

2116

2116
24
24

648

TOTAL TRADE LABORHOURS
TRADE SUPPORT IABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

i

2
3
4

5

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

2

ACTUAL STANDARD
FAG I L)H

1.0

i .0
1.5

1.0
1,5
1.5

1.0
1,0
1.0
1,0
1,0
1.0

1,5

1,5
1,5

1,5
1.5
1.5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

4.5

I-AC I LIH

1.0

1.0
1.5

1.5
1,5
1.5

1.0
i .0
1,0
1.0
1,0
1.0

1.5

1.5
1.5

1.5
i .5
1.5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

1.5

MNHRS
REQ’D

878

2336
211

89
25
11

0
4
0
0
0
0

3756

2374
2408

4159
1156

534

1702
473
219

212

212
120
120

1945

22943
6364

29307

–Al02-



NSRP PANEL SP –4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILE : 40130 THICKNESS 0.57 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0,019
0.020

0,444

0,052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD
AMOUNT STAGE STAGE

ACTUAL STANDARD MNHRS
REQ’D

791

1885
179

63
19
7

0
4
0
0
0
0

2915

2574
1343

—
FACTOR

1,0

1.0
1.5

1.0
1.5
1.5

1.0
1,0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

FACTOR

1.0

1.0
1.5

i .5
1.5
1,5

1.0
i .0
1.0
1.0
1.0
1.0

i .5

1“5
1.5

OBTAIN MATERIAL SQ R
RECEIPT & PREP

FLAME CLHTING
AUTOMATIC LN FT
MANUAL LN FT

EDGE PREP–GRINDING
FLAT LN FT
VERTICAL LN ~
OVERHEAD LN FT

SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

FIT UP& ASSEMBLY JOINT

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFHNG ASSY

REWORK JOINT

79149

47582
2504

1990
407
108

0
4
0
0
0
0

6568

49968
3530

22352
4571
1213

1579
323

86

1642

1642
24
24

660

1 11

2

3

4

1

2
1
2

2
2
2

1
2
2

1
1
1
1
1
1

1
1
1
1
1
1

5

6

7

2 2

2
2

2
2

15
1.5
1.5

1.5

1.5
i .5

1.0

1.5
2,0
3.0

4“5

1.5
1.5
1.5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

1.5

6023
1847

653

1627
499
177

164

164
120
120

1981

23156
6423

29578

–A103–

2
2
2

2
2
2

2
2
2

2
2
2

8

9

10

1 1

2
3
4

2
3
4

5 2

TOTAL TRADE LABORHOURS
TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION L4BORHOURS
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NSRP PANEL SP–4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

THICKNESS 0.57 INCHESFILE : 40140

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN R

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0,071

0.032
0.048
0.063

0.380
0.951

10.000
15,000
0.019
0.020

0,444

0.052
0.3804

0.269
0.404
0.539

1.030
1,545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
REQ’D

x 0.5
AMOUNT STAGE STAGE FACTOR FACTOR

1

2

3

4

5

6

7

8

9

10

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITING
AUTOMATIC
MANUAL

EDGE PREP-GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

79149

47582
2504

1990
407
108

0
4
0
0
0
0

6568

49965
3530

22352
4571
1213

1579
323

86

1642

1642
24
24

165

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

5

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

2

i .0

i .0
1.5

1.0
1.5
1.5

1.0
1.0
1,0
1.0
1.0
1,0

1.5

1.5
1.5

1.5
1.5
1,5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

4.5

.,

1.0

1.0

1,5

1.5
1.5
1.5

1.0
1.0
i .0
1.0
1,0
1.0

1,5

1.5
1.5

1.5
1.5
1.5

1.5
1,5
1.5

1.0

1.5
2.0
3.0

1.5

943
89

32
10
3

0
2
0
0
0
0

1457

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN ~

1287
671

WELDING, MANUAL
FILLET
DOWNHAND
VERTICAL
OVERHEAD

BL.HT
DOWNHAND
VERTICAL
OVERHEAD

LN FT
LN FT
LN FT

3011
924
327

LN FT
LN !7
LN FT

813
250

88

MARKING PIECE 82

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

82
60
60

REWORK JOINT 495

TOTAL TRADE LABORHOURS 11083
1537

12620

–Al 04–

TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS



NSRP I
FILE: ““ “-” ”--

----- .. ---- -- —... .—...- ----- --- -—-. .-—, .—. , . ..--”.
STRCTMS Revised LAtKIH HC)UH ES 1IMA IlNti FUIIM FLIH S IHUG IUHAL WLIHK

40KDWT BASE ALTERNATIVE
PROJECT Entire Tank MATERIAL: MS–STS

FILE : 40150 THICKNESS 0.57 INCHES

WORK PROCESS WORK
UNITS

PROCESS UNIT ACTUAL
FACTOR AMOUNT STAGE

STANDARDACTUAL STANDARD MNHRS
STAGE FACTOR FACTOR REQ’D

(MNHRS/
WORK UNIT)

OBTAIN MATERIAL SQ FT
RECEIPT & PREP

FIAME CUl_HNG
AUTOMATIC LN FT
MANUAL LN ~

EDGE PREP–GRINDING
FLAT LN FT
VERTICAL LN FT
OVERHEAD LN FT

SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

FIT UP& ASSEMBLY JOINT

WELDING, AUTO/MACHIN

0.010 79149

47582
2504

1990
407
108

4

6568

49968
3530

22352
4571
1213

1579
323

86

1642

1642

24

24

660

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

1

1
2

2
2
2

1

1

1

1

1

1

2

2

2

1.0

1.0
1.5

1,0
1.5
1.5

1.0
1.0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

1.0

1!0
1,5

1.5
1.5
1,5

1.0
1.0
1.0
1.0

1.0
1,0

1.5

1.5
1,5

791

1805
179

63
19
7

4

2915

2574
1343

1

2

3

0.040
0.071

0.032
0.048
0.063

4
0.380
0,951

10.000
15.000
0.019
0.020

5

6

0.444

FILLET
BUIT

WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUll_
DOWNHAND
VERTICAL
OVERHEAD

MARKING

HANDLING
STORAGE
TRANSPORTING
LIFTING

REWORK

LN FT
LN FT

LN H
LN ~
LN FT

LN R
LN R
LN FT

PIECE

PIECE
ASSY
ASSY

JOINT

0.052
0.3804

7

0,269
0.404
0.539

1,5
1.5
1.5

1.5
1.5
1.5

1.0

1.5

2.0
3.0

4.5

1.5
1,5
1.5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

1,5

6023
1847
653

1627
499
177

164

164

120

120

1981

23156
6423

29578

–A105–

2
2
2

2
2
2

2
2
2

1.030
1.545
2.061

2
2
2

8

9

0.100 1 1

0.100
5.000
5.000

2
3
4

2
3
4

10 1.000 5 2

TOTAL TRADE LABORHOURS
TRADE SUPPORT L4BORHOURS

TOTAL PRODUCTION LAB

(28% OF TRADE LABORHOURS)



95KDWT Alternative Vessels
Estimation of Labor Hours Calculations for One Tank

- A106 -

~........>



,,-

NSRP PANEL SP–4
FILE: STRCTMS Revised IABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS-STS

FILE : 9510

WORK PROCESS WORK
UNITS

1 OBTAIN MATERIAL SQ FT
RECEIPT & PREP

2 FL4ME CUITING
AUTOMATIC LN FT
MANUAL LN FT

3 EDGE PREP–GRINDING
FLAT LN FT
VERTICAL LN FT
OVERHEAD LN FT

4 SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRES$ PIECE
MACHINING CU IN

5 FIT UP & ASSEMBLY JOINT

6 WELDING, AUTO/MACHINE
FILLET LN FT
BUTT LN FT

7 WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

8 MARKING PIECE

9 HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

10 REWORK JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0,539

1.030
1.545
2,061

0.100

0.100
5.000
5.000

1,000

THICKNESS 0.6 INCHES

UNIT AcTUAL STANDARD
AMWUN I SIAtit

132358

75044
3950

3757
674
119

0
4
0
0
0
0

9828

82561
6294

30775
6568
1164

2346
501

89

2457

2457
24
24

978

TOTAL TRADE LABORHOURS
TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LA130RHOURS

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

5

ACTUAL STANDARD
31Atit

1

1
2

2
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

2

I-AC 10H

1.0

1.0
1.5

1,0
1.5
1.5

1.0
1.0
1.0
1.0
1.0
1,0

1,5

1.5
i .5

1,5
1,5
1,5

1.5
1.5
1.5

1.0

1.5
2.0
3.0

4.5

FACTOH

1,0

1.0
1.5

1.5
1.5
1.5

1.0
1.0
1.0
1.0
1.0
1.0

1.5

1.5
1.5

1.5
1.5
1.5

i .5
1,5
1.5

1.0

1.5
2.0
3.0

1.5

MNHRS
REQ’D

1324

2974
282

100
32

8

0
4

0’

0

0

0

4362

4253
2394

8292
2654

627

2417
774
183

246

246

120
120

2935

34346
9527

43872

- A107 -



NSRP PANEL SP-4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

!35KUW I UASL AL I tHNA I IVIZ

PROJECT Entire Tank Section MATERIAL MS–STS
FILE : 9520 THICKNESS 0.63 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,040
0,071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD
AMOUNT STAGE STAGE

ACTUAL STANDARD
FACTOR FACTOR

MNI+RS
REQ’D

1

2

3

OBTAIN MATERIAL SQ FT
RECEIPT & PREP

134524 1 1 i .0 1“o 1345

FLAME CUlllNG
AUTOMATIC LN FT
MANUAL LN FT

75087
3952

1
2

1
2

1.0 1.0
1.5 1.5

2975
282

EDGE PREP–GRINDING
FIAT LN ~
VERTICAL LN FT
OVERHEAD LN FT

3157
676
119

1
2
2

2
2
2

1.0 1.5
1.5 1.5
1.5 1.5

100
32

8

SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

4
0
4
0
0
0
0

1
1
1
1
1
1

1.0 1.0
1.0 1.0
1.0 1.0
1,0 1.0
1.0 1.0
1,0 1.0

1.5 i .5

0
4
0
0
0
0

1
1
1
1
1
1

5

.,,
6

FIT UP& ASSEMBLY JOINT 9828 2 2 4362

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

82262
6287

2
2

2
2

1.5 1“5
1.5 1.5

4238
2392

7 WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN ~
VERTICAL LN FT
OVERHEAD LN FT

30996
6639
1170

2
2
2

2
2
2

1.5
1,5
1.5

i .5
1.5
1.5

8352
2683

630

2369
507

89

2
2
2

2
2
2

1.5
1.5
1.5

1.5
1.5
1.5

2441
784
184

8

9

MARKING PIECE 2457 1 2461 1.0 1,0

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

2457
24
24

2
3
4

2
3
4

1.5
2!0
3.0

1.5
2.0
3,0

246
120
120

10 REWORK JOINT 982 5 2 4.5 1.5 2946

TOTAL TRADE L4BORHOURS 34489
TRADE SUPPORT IABORHOURS (28% OF TRADE LABORI-IOURS)

TOTAL PRODUCTION LABORHOURS 44055

– A108 –



NSHP PANEL 5P–4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS–STS

FILE : 9530 THICKNESS 0465 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0,063

0.380
0.951

10.000
15.000
0,019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD MNHRS
REQ’DAMOUNT STAGE

1

2

3

OBTAIN MATERIAL
RECEIPT & PREP

SQ FT 131254

75405

3969

3176

681

112

0

4

0

0

0

0

9828

83957

6351

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

5

1 1.0 1.0 1313

FLAME CUITING
AUTOMATIC
MANUAL

LN FT
LN FT

1
2

1.0
1.5

1.0
1.5

2988
283

EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

LN H
LN FT
LN FT

2
2
2

1.0
1.5
1,5

1.5
1.5
1,5

101
32

7

4 SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

1
1
1
1
1
1

1.0
1,0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1,0
1.0
1.0

0
4
0
0
0
0

FIT UP& ASSEMBLY JOINT 2 1.5 1.5 4362

WELDING, AUTO/MACHINE
FILLET
BUIT

..

4325 ‘
2416

LN FT
LN FT

2
2

1.5
1,5

1.5
1.5

7 WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

Bul-r
DOWNHAND
VERTICAL
OVERHEAD

LN ~
LN FT
LN FT

2
2
2

1.5
1.5
1.5

1.5
1.5
1.5

8174
2628

579
6502
1075

2295
492

81

2457

2457
24
24

973

LN FT
LN FT
LN FT

2
2
2

1.5
1.5
1,5

i .5
1,5
1.5

2364
760
168

MARKING8

9

PIECE 1 1.0 1.0 246

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

2
3
4

1.5
2.0
3.0

1“5
2“0
3.0

246
120
120

10 REWORK JOINT 2 4.5 1,5 2919

TOTAL TRADE LABORHOURS 34153
9473TRADE SUPPORT”ti”BORH”OtiRS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABO17HOURS 43627

—
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NSRP PANEL SP –4
FILE: STRCTMS Revised L4BOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILL : 9540 IHIGKNESE 0.6 INCHES

WORK PROCESS UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

WORK
UNITS

SQ FT

LN FT
LN FT

LN W
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048”
0.063

0,380
0.951

10.000
15,000
0.019
0.020

0.444

0.052
0.3804

0,269
0.404
0.539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

MNI-IRS
REQ’D

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITiNG
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

1

2

3

133089 1 1 1.0 i .0 1331

76319
4017

1
2

1
2

1.0
1.5

1.0
1.5

3024
286

3278
620
119

1
2
2

2
2
2

1.0
1.5
1,5

1.5
1.5
1,5

104
29

8

4
0
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1.0
1.0
1.0
1.0
1.0

1.0
1,0
1.0
1.0
1.0
i .0

0
4
0
0
0
0

5 9760 2 2 1.5 i ,5 4331

6

7

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN R
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

84524
7042

2
2

2
2

1.5
i .5

1.5
1,5

4354
2679

29367
5551
1069

2
2
2

2
2
2

1.5
1.5
1.5

1.5
1,5
1,5

7913
2244

576

2447
462

89

2
2
2

2
2
2

1,5
1.5
1.5

1,5
1,5
1,5

2521
715
184

8

9

2440 1 1 1.0 1.0 244

2440
24
24

2
3
4

2
3
4

1.5

2.0

3.0

1,5

2.0

3.0

244

120

120

10 966 5 2 4.5 1.5 2897

TOTAL TRADE LABORHOURS 33927
9411TRADE SUPPORT IABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 43338
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NSRP PANEL SP–4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL: MS–STS

FILE : 9550 THICKNESS 0,6 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNll)

0,010

0.040
0.071

0.032
0.048
0,063

0.380
0,951

10,000
15,000
0.019
0.020

0.444

0.052
0.3804

0,269
0.404
0.539

1.030
1.545
2.061

0.100

0,100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

1

2

OBTAIN MATERIAL SQ H
RECEIPT & PREP

FLAME CUITING
AUTOMATIC LN FT
MANUAL LN FT

EDGE PREP–GRINDING
FIAT LN FT
VERTICAL LN FT
OVERHEAD LN FT

SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

FIT UP& ASSEMBLY JOINT

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

BUIT
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

132356 1 1 1.0 1.0 1324

75580 1 1 1.0 1.0
3978 2 2 1.5 1.5

2995
284

3
3181 1 2 1.0 1.5

674 2 2 1.5 1.5
123 2 2 1.5 1.5

101
32

8

4
0 1 1 1.0 1.0
4 1 1 1.0 1,0
0 1 1 1.0 1,0
0 1 1 1.0 1,0
0 1 1 1.0 1.0
0 1 1 1.0 1.0

9860 2 2 i .5 1,5

0
4
0
0
0
0

5

6

4376

83053 2 2 1.5 1,5
6771 2 2 i .5 1.5

4276
2576

7

29538
6255
1141

2408
510

93

2465

2
2
2

2
2
2

1.5
1.5
1.5

1.5

1.5
1.5

7959
2528

615

2
2
2

2“
2
2

1,5
1,5
1,5

1.5
1.5
1.5

2481
788
192

8

9

1 1 1.0 1.0 247

2465
24
24

974

2
3
4

2
3
4

1.5
2.0
3.0

i .5
2.0
3.0

247
120
120

10 5 2 4.5 1.5 2921

TOTAL TRADE LABORHOURS 34193
9484TRADE SUPPORT LABORHOURS (28% OF TRADE IABORHOURS)

TOTAL PRODUCTION IABORHOURS 43677
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NSRP PANEL SP–4
FILE: STRCTMS Revised

PROJECT
FILE :

LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
95KDWT BASE ALTERNATIVE
Entire Tank Section MATERIAL MS–STS
9560 THICKNESS 0.6 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

LN FT
LN FT

LN !7
LN FT
LN FT

LN FT
LN FT
LN FT

PIECE

PIECE
ASSY
ASSY

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0,539

1.030
1.545
2.061

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD
AMOUNT STAGE STAGE

ACTUAL STANDARD
FACTOR FACTOR

MNHRS
REQ’D

OBTAIN MATERIAL
RECEIPT & PREP

1

2

133734

74774
3935

3184
629
122

0
4
0
0
0
0

9116

83759
6526

29337
5795
1124

2286
452

88

2279

2279
24
24

944

1 1 1.0

1,0
1.5

1.0
1.5
1.5

1.0
1.0
1,0
1.0
1.0
1.0

1.5

1.5
1.5

1.5
1.5
1.5

1.5
i .5
1.5

1.0

1.5
2.0
3.0

4.5

.,- ‘-’,~.
4
“, 1“ ),

1.0

1“o
1.5

1,5
1.5

1.5

1.0

1.0

1.0

1.0

1,0
1.0

1.5

1,5
1.5

1.5
1.5
1,5

1.5
1,5
1.5

1.0

1.5

2.0
3.0

i .5

1337

FLAME CUITING
AUTOMATIC
MANUAL

1
2

1
2

2963
281

EDGE PREP-GRINDING
FLAT
VERTICAL
OVERHEAD

3
1
2
2

2
2
2

101
30

8

4 SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

1

1

1

1

1
1

1
1
1
1
1
1

0

4
0
0
0
0

5

...
6

FIT UP& ASSEMBLY 2 2 4046

WELDING, AUTO/MACHINE
FILLET
BUIT

WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

MARKING

HANDLING
STORAGE
TRANSPORTING
LIFTING

REWORK

2
2

2
2

4315
2483

7

2
2
2

2
2
2

7905
2342

606

2
2
2

2
2
2

2355

698

180

8

9

1 1 228

2
3
4

2
3
4

228
120

120

10 5 2 2831

TOTAL TRADE IABORHOURS 33179
9203

42382

TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS

..._.-’
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NSHP PANEL SF’ -4

FILE:

1

2

3

4

5

6

7

8

9

10

STRCTMS Revised IABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK
95KDWT BASE ALTERNATIVE

PROJECT Entire Tank Section MATERIAL: MS–STS
FILE : 9570 THICKNESS 0.6 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,040
0.071

0.032
0.048
0.063

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.052
0.3804

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

OBTAIN MATERIAL
RECEIPT & PREP

FIAME CUl_HNG
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

124262 1 1 1.0 1.0 1243

56902 1 1 i.0 1.0
2995 2 2 1,5 1.5

2255
214

2279 1 2 1,0 1,5
610 2 2 1,5 1.5
106 2 2 1.5 1,5

72
29

7

0 1 1 1.0 1.0

4 1 1 1.0 1.0
0 1 1 1.0 1.0
0 1 1 1.0 1.0
0 1 1 1,0 1.0
0 1 1 1“o i .0

9828 2 2 1.5 1.5

0

4

0

0

0
0

4362

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

49901 2 2 1,5 1.5
5531 2 2 1.5 1,5

2571
2104

WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

LN FT
LN FT
LN FT

0.269
0,404
0.539

24699
6607
1152

2
2
2

2
2
2

1.5
1.5
1.5

1.5
1.5
1.5

6655
2670

621

LN FT
LN FT
LN FT

1.030
1.545
2.061

2738
732
128

2
2
2

2
2
2

1,5
1,5
1.5

1.5
1.5
1.5

2821
1132

263

MARKING PIECE 0.100 2457 11 1.0 1.0 246

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

0.100
5.000
5.000

2457
24
24

2
3
4

2
3
4

1,5

2.0

3.0

1.5
2.0
3.0

246
120
120

REWORK JOINT 1.000 859 5 2 4.5 1.5 2577

TOTAL TRADE LABORIIOURS 30330
8413TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 38742
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NWiF FANtL SP –4
LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
Entire Tank Section MATERIAL: MS–STS

FILE: STRCTMS Revised

PROJECT
FILE : 9580

WORK

UNITS

SQ FT

LN FT
LN FT

LN FT

LN FT

LN FT

BEND

PIECE

PIECE

PIECE

PIECE

CU IN

JOINT

THICKNESS 0.61 INCHES

WORK PROCESS UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.040
0.071

0,032
0.048
0,063

0.380
0.951

10.000
15,000
0.019
0.020

0.444

0.052
0.3804

0.269
0.404
0.539

1.030
1.545
2.061

0,100

0.100

5.000

5.000

1.000

MNHRS
REQ’D

OBTAIN MATERIAL
RECEIPT & PREP

1

2

3

132009

45338
2386

1503
652
151

13283
4
0
0
0
0

8532

21011
7499

12566
5173
1199

4485
1846
428

2133

2133
24
24

809

1 1 1.0 1.0

1.0
1.5

1.5
1.5
1,5

1.0
1.0
1.0
1,0
1.0
1.0

1,5

1.5
1.5

1.5
1.5
1.5

1.5
1,5
1.5

1.0

1.5

2.0
3.0

1.5

1320

FLAME CUITING
AUTOMATIC
MANUAL

1
2

1
2

1.0
1.5

1797
170

EDGE PREP-GRINDING
FIAT
VERTICAL
OVERHEAD

1
2
2

2
2
2

i .0
1.5
1.5

50
31
10

4 SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1,0

1.0
1.0
1,0
1.0

5053
4
0
0
0
0

5

..>
6

FIT UP& ASSEMBLY 2 2 1,5 3787

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

2
2

2
2

1.5
1,5

1082
2853

7 WELDING, MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

1.5
1,5
1.5

3386
2091

646

2
2
2

2
2
2

LN FT
LN FT
LN FT

2
2
2

2
2
2

1.5
1.5
1.5

4620
2853

882

8

9

MARKING PIECE 1 1 1.0 213

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

2

3

4

2
3
4

1.5
2.0
3.0

213

120

120

10 REWORK JOINT 5 2 4.5 2426

TOTAL TRADE LABORHOURS 33726
9355

43080

TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS

..
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NSRP PANEL SP–4
FILE: STRCTMS Revised IABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILE : 95120 THICKNESS 0,86 INCHES

WORK PROCESS WORK
UNITS

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0,055
0.095

0.048
0.095
0.135

0.380
0.951

10.000
15.000
0.019
0.020

0.444

0.062
0.45965

0.476
0.951
i .347

1,427
2,053
4.042

0.100

0.100
5.000
5.000

1,000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNI-IRS
REQ’D

1212

2983
269

65
131

13

0
4
0
0
0
0

4216

2084
2613

OBTAIN MATERIAL SQ FT
RECEIPT & PREP

FLAME CL.HTING
AUTOMATIC LN FT
MANUAL LN FT

EDGE PREP–GRINDING
FLAT LN FT
VERTICAL LN FT
OVERHEAD LN FT

SHAPING
BREAK BEND
ROLLING PIECE
LINE HEATING PIECE
FURNACE PIECE
PRESS PIECE
MACHINING CU IN

FIT UP&. ASSEMBLY JOINT

WELDING, AUTO/MACHINE
FILLET LN FT
BUIT LN FT

WELDING, MANUAL
FILLET

DOWNHAND LN FT
VERTICAL LN FT
OVERH!3D LN FT

BUll
DOWNHAND LN FT
VERTICAL LN FT
OVERHEAD LN FT

MARKING PIECE

HANDLING
STORAGE PIECE
TRANSPORTING ASSY
LIFTING ASSY

REWORK JOINT

1

2

3

121237 1 1 1.0 1.0

53768
2830

1
2

1
2

1.0
1.5

1.0
1.5

1359
1372

99

1
2
2

2
2
2

1.0
1.5
1.5

1,5
1.5
1.5

4
0
4
0
0
0
0

1
1
1
1
1
1

1
1
1
1
1
1

1.0
1.0
1.0
1“o
1,0
1.0

1.0
1.0
1,0
1.0
1.0
1,0

5

6

9500 2 2 1.5 1.5

33721
5684

2
2

2
2

1.5
1.5

1.5
1.5

7
10829
10938

789

2
2
2

2
2
2

1.5
1.5
1,5

1.5
1.5
1.5

5149
i 0402

1063

1825
1844

133

2

2
2

2
2
2

i .5
1.5
1,5

1.5

1.5
1.5

2604
5260

538

8

9

2375 1 1 1.0 1.0 238

2375
24
24

2
3
4

2
3
4

1.5
2.0
3.0

238
120
i 20

1.5

2.0
3.0

373910 1246 5 2 4.5 1.5

TOTAL TRADE LABORHOURS 43061
11944TRADE SUPPORT LABORHOURS (28% OF TRADE IABORHOURS)

TOTAL PRODUCTION IABORHOURS 55005
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NSHI-’ PANtL SP-4
FILE: STRCTMS Revised LABOR HOUR ESTIMATING FORM FOR STRUCTURAL WORK

95KDWT BASE ALTERNATIVE
PROJECT Entire Tank Section MATERIAL MS–STS

FILE : 95121 THICKNESS 0.86 INCHES

WORK PROCESS WORK
UNITS

SQ FT

LN FT
LN FT

LN FT
LN FT
LN FT

BEND
PIECE
PIECE
PIECE
PIECE
CU IN

JOINT

PROCESS
FACTOR
(MNHRS/

WORK UNIT)

0.010

0.055
0.095

0.048
0,095
0.135

0.380
0.951

10,000
15.000
0,019
0.020

0.444

0.062
0.45965

0.476
0.951
1.347

1.427
2.853
4.042

0.100

0.100
5.000
5.000

1.000

UNIT ACTUAL STANDARD ACTUAL STANDARD
AMOUNT STAGE STAGE FACTOR FACTOR

MNHRS
REQ’D

1

2

OBTAIN MATERIAL
RECEIPT & PREP

FLAME CUITING
AUTOMATIC
MANUAL

EDGE PREP–GRINDING
FLAT
VERTICAL
OVERHEAD

SHAPING
BREAK
ROLLING
LINE HEATING
FURNACE
PRESS
MACHINING

FIT UP& ASSEMBLY

121237

52783
2777

2467
211

99

0
4
0
0
0
0

9500

44034
7713

8998
768
361

1576
135
63

2375

2375
24
24

740

1

1
2

1
2
2

1
1
1
1
1
1

2

2
2

2
2
2

2
2
2

1

2
3
4

5

1 1.0 1.0 1212

1
2

1.0
1.5

1.0
1.5

2927
264

3
2
2
2

1.0
1.5
1.5

1.5
1.5
1.5

117
20
13

4
1
1
1
1
1
1

1.0
1.0
1,0
1.0
1.0
1.0

1,0
1.0
1.0
1,0
1.0
1.0

0
4
0
0
0
0

5 2 1.5 1.5 4216

1- 6

7

WELDING, AUTO/MACHINE
FILLET
BUIT

LN FT
LN FT

2
2

1“5
1.5

1.5
1.5

2722
3545

WELDINGI MANUAL
FILLET

DOWNHAND
VERTICAL
OVERHEAD

BUIT
DOWNHAND
VERTICAL
OVERHEAD

LN ~
LN FT
LN FT

2
2
2

1.5
1.5
1.5

1.5 4278
1,5 731
i .5 487

LN FT
LN FT
LN !7

2
2
2

1.5
1.5
1.5

1.5 2248
1.5 384
1.5 256

8

9

MARKING PIECE 1 1.0 1.0 238

HANDLING
STORAGE
TRANSPORTING
LIFTING

PIECE
ASSY
ASSY

2
3
4

1,5

2.0
3,0

1.5 238
2.0 120
3.0 120

10 REWORK JOINT 2 4.5 1.5 2221

TOTAL TRADE LABORHOURS 26360
7312TRADE SUPPORT LABORHOURS (28% OF TRADE LABORHOURS)

TOTAL PRODUCTION LABORHOURS 33672
–All!5-
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Plots for 40KDWT and 95KDWT Alternatives

Comparison of Tank Steel Area
(One Side of Plate, One Tank)

Comparison of Tank Steel Weight

Comparison of Tank Weld Lengths

Comparison of Weld Volumes
Includes Factors for Weld Position and Technique

Average Steel Plate Thickness
for One Tank Length
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Plots for 40KDWT and 95KDWT Alternatives

Comparison of Estimated Labor Hours - Steel
for One Tank Length

Estimated Ship Labor Hours
U.S. 1994 Design and Construction

Break Down of Cutting, Preparation and Weld Lengths
40KDWT Alternatives U.S. - One Tank

Break Down of Cutting, Preparation and Weld Lengths
95KDWT Alternatives U.S. - One Tank
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Estimated Ship Labor Hours – U.S. 1994

Design and Construction
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Project Technical Committee Members
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technical review of the work in progress and edited the final report.
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Ship Structure Committee
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