Laurent Deschamps and Charles Greenwell, SPAR Assates, Inc.

Integrating Cost Estimating with the Ship Design Pocess
ABSTRACT

The ship design process is an evolutionary proskese at the conceptual design level, pre Milestane
for Naval acquisition programs, few details arewramd the metrics used for estimating costs aredas
on analogous platforms and limited parametric fiomst As the design process continues towards
Milestone B the design begins to take shape witlefeanalogies and an increasing number of paragnetri
cost drivers. At this point, 80% of the life cydests (LCC) are set and the cost risk associattttine
design becomes an important piece of the overglliaition costs. It is imperative that the methaded

to estimate the cost and cost risk are tightly texivith the design iteration process and are paniam

in nature in order to support the needs of the rRmgManager in terms of not only the basic desigin b
design trade-offs.

The authors present the use and benefits of enrmg@yset of parametric cost models during the qaince
and preliminary phases of ship design. Thesemoskls produce quick assessments of costs and risk,
for design and mission trade-off alternatives. Tast models, being parametric, can follow the
evolutionary design process. At early stages efdisign, when many details of the design are @it y
available, the cost models automatically providdistically-synthesized values for missing paramsete
Then, as the design matures, these default vahrebereplaced with values developed for the design

INTRODUCTION

The cost models provide a range of structural, pmgeand manning selections to predict weightsios
and various performance characteristics. Theroskels substitute default ship design parameters,
developed from statistical data analyses, untila@alesign data can be determined. In this wagyctst
estimate can follow the design evolution and cankiyiproduce cost changes due to design trade off
alternatives. Since the models are parametricallos/s many different design variables to be medif
and the impact of these changes measured directost and cost risk. Similar parameters applifdo
cycle elements including the impact of crew, fuétg, and speed.

Separate baseline models are used for differehtypds (Mono-Hulls, Catamarans and Trimarans). In
addition, the baseline models have been extendistts on particular ship types: for example, vagio
high speed vessels, tankers, bulk carriers, cagtaimps, patrol boats, cutters, frigates, hydapgics
vessels, RO-CON-PAX ships, etc.

These cost models have been successfully usetinmes costs across a wide range of projects both
military and commercial. The following are onlgelection of projects where the cost models haea be
used.

* Navy Heavy Air Lift Seabasing Ship (HALSS): CCDodst estimates & risk assessments for
building large trimaran under two different des&uild strategies (traditional & virtual
shipbuilding).

» Short Sea Shipping Trailership (SSST): CCDoT ceshmtes for concept trimaran design for
commercial and military modes, including prelimipaeturns on investment estimates.



* American Marine Highways High Speed Trimaran DuakU railerShip: CCDoT design,
construction and life cycle cost estimates to esitncost of naval defense features and
commercial return on investment (ROI).

* Navy High Speed Sealift Navy Vision Trimaran (HSSEWCCD cost estimates for high speed
composite sealift concept ship.

» Cost estimates for commercial SWATH & SLICE ferr&esrew/supply boats

* Navy Joint High Speed Vessel (JHSV) Concept TrimaGost estimates for baseline design plus
three military variants.

* Navy Joint High Speed Vessel (JHSV) Concept CatamaZost estimates for baseline design
plus two military variants.

» USCG FRP-B Fast Response Patrol Boat (Steel, Alumi& Composite Variants) with alternate
build strategies

* USCG NSC National Security Cutter for five altembtild strategies

» Foreign-built Naval Hydrographic/Anti-Mine Warfaghip: Cost estimates for three (3) size
ships built under two different design & build ségies.

» Foreign-built frigate cost estimates

» Cost estimate for concept naval corvette: Estingatimst and schedule savings potential from
advanced design and construction methods with naoided equipment and outfit components.

HOW THE COST MODELS WORK
The following describes the general characterisifdsow the cost models work.
Parametric Cost Data

The cost models are parametric and offer a widgeaf options: dimensional; cargo carrying capacity
propulsion systems; crew and passenger size; stalichaterials, systems and equipment.

The Cost Estimating Relationships (CERS) represavitle cross-section of current and historical
shipyard construction costs at many levels of defhiey reflect how ships are built.

The CERs primarily are not weight-based, but basechany different metrics: for example, crew size,
power kW, compartment volume, etc., etc. These O&E&e developed from a comprehensive data
library residing on SPAR’s estimating system caB&RCEPTION ESTI-MATEThese CERs, while
parametric in nature, focus on a specific areansf.systems, subsystems, components and modules.
Each reflects the specific material and the manufangy and assembly processes required.

The CERs used in the cost models are based ongaveoats that are expected from a mid-sized U.S.
commercial shipbuilder. These CERs are referrebtine “generic” CERS. In order to compile gemeri
CERs for the cost models, adjustments have beee foadifferent shipyard productivities,
manufacturing and construction methods and mateosts. The cost models provide features for
applying various productivity factors to these CE®Raccommodate average cost differences between
commercial and military shipbuilding business pies as well as for other non-generic consideration
discussed below.

The cost model’'s approach for an estimate is bfustdipon the composition of the hull's structural
components (decks, bulkheads, shell, double boftsuperstructure, etc.). Each block type carries a
different CER, mostly for labor, since each reqiaedifferent set of manufacturing, assembly and
erection processes; therefore each type has itscostron a per ton basis. However, structural rizdge
also can vary from component to component, sudhighsstrength steel for high stress areas or armor



protection, light aluminum or composite materials$uperstructures, etc. The CERs address these
differing requirements. For applications wheregtractural definition is less detailed, the cosidels

use more global CERs based mostly on similar louihg, such as typical high speed mono-hulls, high-
speed catamarans, etc. However, estimators atsapgdy their own judgment factors to these CERs in
order to address non-typical differences that mighapparent in the specific design at hand.

The cost models then focus on the user-definedsstitems (mechanical, piping, electrical, HVAC,etc
and upon other ship dimensional and performanceactexistics.

Details of the estimate are generated at approgisndie 3-digit level of the Ship Work Breakdown
Structure (SWBS).

Estimate Calculations

The cost models generate estimates using the fioiipgeneral calculations for labor and materiak cos
and price:

Labor Hours, Cost & Price

Labor Hours = QTYom X CER Lapor X FACtOrysageX FACtOlproductivity [1]
Where,
QTYyuom = Quantity of the unit of measure used for devigigphe labor cost
CER Lapor = Labor Hour CER per unit of measure
Factorysage= Usage factor that may increase/decrease the wdline CER
Factorprauctiviy= Labor productivity Factor

Labor Direct Cost = Labor Hours x Labor Rgtg,r [2]
Where, Labor Ratgy.,, = Unburdened dollars per hour

Labor Indirect Cost = Labor Direct Cost X Rat8erhead [3]
Where, Ratg, overheas= Percentage overhead applied to direct labor cost

Total Labor = [Labor Direct Cost + Labor Indirecd&E] x [1 + %Profit] [4]
Where, %Profit = the percent profit applied to tatast

Material Cost & Price

Material Direct Cost = QTY¥om X CERwaterial X FaCtONyaterial X FACtOMysage [5]
Where,
CER yateria = Material CER per unit of measure

Factoryaeria = Material cost factor

Material Indirect Cost = Material Direct Cost X B@tyaterial caa [6]



Where, Ratg, waterial caa = Percentage of general administrative costgpfieable, to be applied
to direct material cost

Total Material = [Material Direct Cost + Materialdirect Cost] x [1 + %Profit] [7]
Productivity Factors

The cost models provide features for applying potiglity factors for both design and constructiorstot
anticipated contractor performance; the type gbydmd and its established product line; its faesitand
production capabilities; and the expected effectdss of the shipyard to plan and manage its ressurc
costs and schedules.

When estimating cost, there are a number of ishizseed to be considered.

The models are sensitive to the cost impact obthlel strategy and allow cost comparisons for défe
approaches. Factors that need to be considerddeaamticipated extent of on unit, on block and on
board construction and the relative density of oarld outfit.

While there is a concept of a standard cost foiop@ing a specific element of work, the actual cosl
always vary depending who, when and where the gt be performed. A shipyard that has the right
equipment and facilities, a skilled work force,aampetent plan and management team will almost away
perform the work more quickly and less expensitiegn the shipyard that is compromised in one or
more of these areas. In addition, a standardroagtidentify expected costs for work under “normal”
circumstances, but the actual cost will likely tighier if the work area is congested, confined and/o
difficult to reach.

There are other technical issues that need to i&d®red. Working to a poorly engineered desigh wi
always be more costly than working to one thated done and easier to build. An extension to itis
whether or not technical information is readily iéadsle when the work is scheduled to begin. For
example, if technical information is not availableearly stages of construction, when work can be
performed more efficiently, the work will need te scheduled later in time when efficiency is léealy,
often by cost factors of 3-5 times. Such savimgmfearly stage construction is the objective fowuait
and on-block outfitting versus on-board outfittiwgen work carries a much higher burden of lost
productivity.

Therefore, for a cost estimate to be realistidttlewing issues need to be considered and théscef
included:

Available & capable facilities

Experienced & skillful work force

Good planning & early stage outfit scheduling
Experienced and competent management
Efficient business practices

Quality design and engineering

Minimum change orders

NogahrwbdE

It is assumed that rework is not included in a estimate except as a consideration for cost I@kner
changes can impact costs too, but they should bered with a set aside estimate line item or detcide
later as a subsequent renegotiation of the scop@iid.



All of the above issues influence the relative lefeproductivity for the shipbuilder working ongaven
contract.

The cost models provide for several types of pradibg factors.

1. For technical support

2. For structural manufacturing and assembly work

3. For outfit manufacturing and assembly work
4. For material costs

For the notional shipyard for which the generic GERply, each of the above productivity factorsaéqu

1.00. For more productive shipyards, the factoedess than 1.00. For a less productive shipyhed,
factors increase to values greater than.1.00

As prime contractor for the U.S. Navy's Productédted Design and Construction (“PODAC”) Cost
Model in the late 1990s, SPAR researched relatigdyztivities of a number of U.S. shipyards. Its
findings are summarized in Figure 1. The studg atsmpared data from various commercial shipyards
and from data collected from several projects imvigy Northern European shipyards. Additional
productivity factors were compiled and reportedKimenig, Narita and Baba, 2003 for East Asia.

Productivity Factors to Apply to Generic CERs
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Figure 1: Relative Labor Productivity Factors



Outfit Density Factor

Recently, there have been documented assertiohgrtbaeason why naval ships have become so much
more expensive to build is that they have becomesroomplex and the density of outfit materials
(SWBS Groups 200-700) in relatively confined spdw@s driven up labor costs. Ship spaces that have
high density outfit are more difficult to accesslaxecute onboard work, hence higher constructibarl
cost.

However, as more work is being performed on-shoneufit, on assembly, on block, etc.) the impact of
higher space density on labor cost should becossedfa problem.

Nevertheless, the cost models attempt to quariéged effects. It should be recognized that théoaet
used by the cost models should not be considemdate portrayals of how outfit density directlyezts
labor construction costs. There are considerabt@apancies in the data obtained from variouscasr
and the results used within the cost models may paint to a likely direction.

From a selection of ships, commercial and navalftHowing density metric was developed:
Density = (SWBS 200-700 MTON weights)/Shipdisplacement. [8]

It attempts to measure outfit density (metric tomihin the confines of the ship envelop as measbse
the ship displacement (cubic meters). Clearly ithia very simplistic approach as it makes no
adjustments for large volumes of essentially encprgo spaces and large tank spaces, nor doesiit off
any granularity of density that may be more evidemqtarticular areas of the ship such as the machin
spaces. Other short-comings are the following:

1. No adjustments made to labor hours due to diffeeint shipbuilding technology (par ex., pre-
outfitted hull blocks, zone outfit, and bulk mancti#ing)

2. No adjustments made to added labor hours for plessitstable or inadequate design that impacts
upon production

3. No adjustments made to labor hours for differencgsoduction costs, military versus
commercial practices

4. No adjustments made to outfit weight (SWBS Group®-200) due to possible lighter weight
systems or systems involving higher levels of tézdirsophistication.

5. No adjustments made for differences in type ofesystnaterials that otherwise affect labor hour.

6. No adjustments made for outsourcing selected outiik that otherwise would be accounted for
not as labor cost, but as material.

Figure 2 presents a statistical relationship fdeasity productivity factor that is a function betratio of
total outfit (SWBS 200-700) weight to full load pglacement (cubic meters). The generic CERs apply t
more open area ship designs such as tankers anddikers where their outfit density productivity
factors are approximately 1.0. More complex shjges with greater densities of outfit exhibit highe
density productivity factors.



Predicted Impact of OQutfit Density on Labor Productivity
(SWBS 200-700 Only)

200

z3] 7

Z.00

130
0.9757x

y=e

1.00

Density Pred icted Outfit Product irity Factor

.30

QZ000 0.2000 05000 02000 10000 1z000

Outfit Density MTONs SWEBS 200-700 per Cubic Meter Displacement

Figure 2: Cost Multiplier to Outfit Labor Hours per MTON versus Density
Material Cost Factor

Material costs also can vary, depending on the tfp®ntract (Table 1). Mil-Spec materials are
generally regarded as being of higher standard$, asi for added shock protection. More signifigant
vendors and suppliers will increase their pricesaeer their added costs to provide the usuallyireqg
military MIL-SPEC documentation on their productoreign shipbuilders often enjoy lower material
prices due to greater backlogs and higher levepgthasing power.

Combatants (Large) 1.210
Dual-Use Non-combatants (Large) 1.140
Generic US Modern Commercial (Large) 1.000
Generic US Modern Commercial (Mid-Size) 1.000
US Mid-Tiered 1.000
Northern European (Large) 0.850
South Korean (Large) 0.720

Table 1: Examples of Differences in Material Costbetween Types of Shipbuilders

Commodity Based Material Cost Escalation



The cost model summarizes material costs and éssdleem to a common or base year value defined by
the user. The cost models assume that a contihprevide an escalation clause that reimburses th
shipbuilder for cost increases expected for cohyraars beyond the base year.

Figure 3 tracks average U.S. shipbuilding matexdats by major commodity index category, and
estimates (forecasts) their changes for the foeddeduture. There is no reliable method available
forecast future year escalation and exchange r&esecasts are especially difficult to make during
volatile economic and political conditions as tlaeg today.

These indexes have been compiled from recognizedeas, both U.S. Government and commercial
experts, and are utilized directly within the costdel. Examples of sources of commodity cost
escalation data and forecasts: U.S. Bureau of L8tatistics (BLS); London Metal Exchange (LME);
Bloomberg; MEPS; Naval Center of Cost Analysis (MgRoyal Bank of Canada; MetalPrices.com;
Forecasts.org; KITCO metals; and others.

These factors are used to escalate/de-escalatdahatst for those specific commaodities instead of
using a single generic escalation/de-escalaticoféor all commodities.

Material Commodity Cost Escalation Factors
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Figure 3: Sample of Material Cost Escalation Factas

Default Parameters



The cost models substitute default ship designmpeters, developed from statistical data analysad, u
actual design data can be provided. In this wagy/cbst estimate can follow the design evolutich @an
quickly produce cost changes due to many diffedestgn trade-off alternatives.

Figures 4 and 5 provide two examples of defaulapeters used where specific design informatiomis n
yet available. Other statistically derived degigmameters will be used if not provided by the user
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Figure 5: Sample Statistical Default for Full LoadDisplacement versus LOA

It should be recognized that the defaults devel@ebapplied by the cost models are based staatly
statistical analysis of existing ship designs andhaot necessarily satisfy conclusions made fromrags
naval architectural and marine engineering anafgsithe design being estimated.

Effects of Build Strategy

One of the single-most important strategies to cedwnstruction costs is to perform work during riest
productive periods of the overall construction pg® This means, maximizing the amount of work
performed in the controlled environments of thepshand minimizing the work aboard the ship. Shogkw
can be done undercover and offers much easiersatwagork areas with men, materials and equipment.
Shop work also can be performed without the needXpensive staging.

This build strategy culminates in exploiting thesesavings benefits of modular construction techesy
Modules can be developed in a wide variety of waystfit and equipment modules, hull assembly
blocks, and outfitted hull blocks.

Outfit and equipment systems can be designed eseufrdded as a complete module that then
can be installed either on hull assemblies anddslpcior to erection or installed later on-
board. Such modules are called outfit-on-units.



Hull block assembly is the process of building iodl structure in modular form of building
blocks. This assembly method replaces older mesthwat built structures on the building
ways from the inside out (traditional “stick” buitd)). Hull block construction saves time
because it can be performed much more easily atdlegis expensive material handling and
worker access costs.

By outfitting hull block assemblies, productivitgrcbe enhanced even further. On-block work ce80B&-
50% less expensive in labor costs than equivalerit done on-board ship. The cost models provide
features for simulating these cost savings.

Extended Modularization

Shipbuilding modules may take on almost any nunatbepnfigurations and extents. Hull blocks are
modules that, as described above, benefit fromaexticosts compared to older stick-built methods of
assembly at the building ways. Outfitting thes# blocks offers further cost savings by allowing
outfitting to occur at earlier stages of constraectivhere work can be focused on a platen rather tha
occurring later on board.

Other types of modules carry the concept of eddgesconstruction cost savings even further. Gin un
outfit may be as small as a single piece of equiimm®unted on its foundation and ready to install o
block or on board. Or, on unit outfit can be a ptar assembly of equipment, piping, electrical and
other systems all pre-mounted on a support streictur

The following are good candidates for modular cartsion:

Weapons modules (guns, missiles, ASW, electronics)
Propulsion plant & auxiliary systems modules

Electric generator modules

Accommodations modules

Masts & stacks

Hull blocks

ourwNE

Modules can cover a very wide spectrum of applce] sizes, and systems. Modules can include one o
more pieces of equipment and machinery with foundatand other support structures; they may include
sections of multiple ship systems such as pipiegtilation duct, local electrical systems, etc. ddles

may be installed on other modules, on hull subrabties, assemblies, and on hull blocks and finally
directly on-board.

Extended modularization promises a number of benetiring ship construction and assembly:

Lower fabrication and assembly costs

Lower installation costs

Lower installation time thus shortening constructszchedules
Reduced testing time thus shortening constructibiedules

pwdPE

Additional savings in time and money are possiblmaintenance, repair and upgrade programs.
Modularized Weapons Systems

Weapons modules (Figure 6) should enable aboigaime level of installation cost and schedule saving
as should be expected for other ship hull, meclaaitd electrical (HM&E) systems modules. Weapon



systems modules have become an integral and vegyriamt design and build strategy for mod
European combatants.

Figure 6: Modularizing Weapons System

A good example can be seen in the German MEKO olesisips (Figure 7 The MEKO ships us
sockets of standard dimensions for installing weapar other standardized equipment modules. T
ships are built from large hull blocks and a widgisty of equipment and outfit modules. Examplie
include modules for propulsion systems; power gaiar and supply; HVAC; masts; and speciali
ship and weapons equipment. These modules areng to be easier arldss expensive to undake

replacement and repairs of damaged equipment amlige similar benefits for future modernization i
upgrade programs as well.

Figure 7: MEKO Module Technology

The cost models providspecial options fosimulating the improved installation efficienciesdecost
reductions potential from extended modularizatigigre8). These savings potentials are derived f
actual shipbuilding cost studies across a widegarigutfit system



Potential Cost Savings from Extended Modularization
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Figure 8: Sample Potential Cost Savings from Extated Modularization

Program Management Fees

The cost model has provisions for an overall cantProgram Management Organization (PMO) to plan
and manage a program that involves multiple paasségned to execute various major aspects of the
contract. For example, the program may identifyasate companies for the detail engineering and
production planning; for construction of major hoilequipment modules; and for construction of
multiple hulls in parallel. All of these efforth@uld be coordinated and managed by an overalragnog
manager.

The PMO typically is accountable for the overallnagement of the product and service results of the
following functional team members:

1.
2.
3
4.

5.
6.

7.

The prime contractor shipyard (s)

The shipyard design and construction company

The major subcontracting shipyards, pre-outfittell &r unit builders (from major hull modules
to complete hulls)

The major detail design companies (smaller firmg suwbcontract to and be the responsibility of
the major design firms or preferably pre-outfittedt and hull builders)

The major ship system suppliers for turnkey maatyimaed electrical installations

The major logistic support companies providing Ib&intenance and preparation for future
repair

Any overall test and evaluation subcontractors

The cost models provide features for identifying®kbsts and fees.

NON-RECURRING DESIGN & DETAIL ENGINEERING COST
ESTIMATES



Estimating costs for shipbuilding requires a goaderstanding of the costs involved in the up-fneotk
required to design, engineer and plan for prodactio

These efforts are non-recurring, and their cogisygically spread equally among the number ofsship
involved in the construction contract. For segb# contracts, these efforts are likely to be more
comprehensive than for one-off ship projects. Haweover the course of a multiple ship prograre, th
higher non-recurring costs may well result in lowegerage ship construction costs that one wouleé&xp
from better engineering and more rigorous and #ffe@roduction planning. The quality, completeness
and timeliness of this technical work will largelgtermine the costs and schedules for production
whether for one ship or multiple ships.

Non-recurring costs may include research, prelinyigad contract design, detail production engimegeri
and production planning (Figure 9).
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Applicable) 2008US$
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Figure.9: Work Breakdown of Non-Recurring Cost Effarts

U.S. Navy ship non-recurring costs are generalijéi than for commercial ship programs. The
following are examples expressed as percentage®dbiction hours (not including shipyard support
services):

1. Navy auxiliaries AO program 60%, and TAO 54%
2. Amphibious LHD program 65% and the LSD program gQ®D-17 program was much, much
higher).



3. Research and Surveillance AGOR 20% and TAGOS 60%

4. Combatants incur even higher non-recurring costtierorder of 100% to 200%, depending on
the complexity of the ship design and the numbeshgls being built that necessitates more
engineering efforts to improve down-stream consimaacosts and delivery schedules.

Typically, U.S. Navy contracts catalog both reaugrand non-recurring technical costs together under
SWBS 800. Therefore, the majority of engineeriagts appear for the lead ship. The cost models,
instead, catalog only the recurritechnical costs under SWBS 800 (engineering chardgrs, refined
production engineering changes, etc.) and cataloggecurring costs under a separate “project” WBS.
This separation allows the non-recurring costsetesily allocated to all ships of a series program

The cost models offer an option to estimate desigalties and/or out sourced engineering efforts.

RECURRING COST ESTIMATES

Recurring costs include all basic construction £ést each ship. For series ship construction fanog
costs are estimated for follow-on ships by applystmated learning curve factors for labor and
potential material cost savings.

The recurring cost estimate is broken down intd categories similar to the Navy’s Ship Work
Breakdown Structure (SWBS), Figure 10. Differeneegrimarily in SWBS 200 which carries only
propulsion machinery items and their installatiétiping systems for propulsion are cataloged under
SWBS 500 for auxiliary systems along with all otpgring systems for the ship.

SWBS 300 carries all non-propulsion electric geti@naequipment for ship services, as well as all
electrical distributed systems, lighting, etc.

SWBS 800, Technical Services, includes only teadirsapport for change orders, etc. after non-reogirr
activities are complete. A figure of approximat8¥ of production labor hours (SWBS Groups 100-
700) is a typical figure applicable to a North Aiman commercial shipyard for contracts that hawy ve
limited change orders and redirections of the bsfitdtegy.

Technical support services is expected to be nwrthé combatant shipbuilder due to the addedteffor
required to address expanded procedures to sbkiSfyNavy technical and contractual requirements.

SWBS 900, Shipyard Production Support Servicesidehll the miscellaneous efforts required to
support production. A major component of this d@st in supervision and production control. 3&e
shipyard support efforts can be a difficult soun€eost to control because it is mostly level dbet
However, they can be reduced by implementing a murabmodern shipbuilding methods:

1. Early stage outfitting (on unit and on block) elvaies considerable support costs required for on
board outfit efforts.

2. Early stage outfitting minimizing or eliminatingaféolding and related support costs.

3. Improved material flow to work areas minimizes naeiransport costs.

4. Higher level of work skills and higher quality ofgaluction engineering reduces supervision and
quality assurance costs.

NOTE: The cost model places costs for producing igd templates, etc. under the Non-Recurring Detai
Production Engineering and Planning described above



A figure of approximately 20% of production labaruns (SWBS Groups 100-700) may be used for an
estimate of production services. This is a figuoeatypical of North American commercial yardsttha
employ reasonable control over this level of effortl follows a regimen that minimizes unnecessary
costs.

Shipyard production support services is expectdzbtmore for the combatant shipbuilder due to the
added effort required to address expanded proceduder to satisfy U.S. Navy technical and
contractual requirements.

An additional SWBS 1000 is used for external fe&83, financing fees and MARAD title XI when
applicable, etc.) and for various shipbuilding rilskurance costs, warranty bonds, etc. This SWWB8[g

also includes a contingency cost item for margmange orders and for yet-undefined ship system
requirements.

Figure 10: Recurring Cost Estimate Work Breakdown $ructure

Additional Cost Issues

The cost model addresses costs specific to shigrdesngineering, planning and construction and
normally does not estimate the cost for ancilléeynis or services that may be included in shipbugdi
contracts. The cost model, however, does havarissafor adding others on a case by case basis:

Margin (expressed as a percentage of total cost).



Mark-up (expressed as a percentage of total dkety to be added by the shipbuilder if new
work would strain available resources due to a #aglof existing contracted work.

Change Orders (expressed as a percentage of astakicat are likely to be required after
contract award.

Program Costs (expressed as a percentage of ¢éstalitincluded in the total contract cost
estimate. Contingencies (expressed as a perceoitéggal cost) to covered for systems and
components not yet identified.

These cost items are catalogued under SWBS 1000.

The cost estimates for recurring costs are broksvndnto details that are cataloged by a modifie8.U
Navy SWBS groups.

Lead Ship Construction Estimate

The cost models provide a lead ship cost estimaterary (Figure 11) that identifies most of the basi
top level information about the non-recurring dasigd engineering and lead ship construction.

Additional information summarizes the cost riskamy other graphical charts are available that
summarize labor hours, material costs, weights, etc



Figure 11: Cost and Price Estimate Summary Report



The cost models contain a full array of ship systietails that can be turned on and off as required.
Quantities and density factors can be appliedlectsd details by the user as well.

Various detail tabular reports can be generateshasn in Figure 12.

Figure 12: Sample Detail Estimate Cost Item ListindSWBS Sort Order) Showing Extended Cost and Price
Multiple Ship Cost Estimates

The cost models estimate costs for follow-on sffigure 13) according to a user-defined labor hour
learning curve and sequentially allocating the rexurring costs equally to each ship of the seriiace
many multiple ship programs have costs for the se@&hip that does not follow such a learning cuave,
option allows the second ship to have a manuafigssed learning, if any, and the defined learnumgec
applied to the third and remaining follow ships.

Learning depends greatly on the quality and corapkss of the engineering and production planning.
Large learning typically can be experienced whenl¢lad ship suffers many problems in this regamty; o

to see the follow ships benefit from efforts toreat these problems. The degree of learning aikbev

less if the shipyard employs standard engineettediin products and manufacturing processes. @ettin

it right the first time means that the learningqess was essentially done at an earlier periodnef. t

There is a lot of “ifs” involved in trying to estatte learning as it involves a lot of how well earg
performs, how innovative is the shipyard in maximigproductivity, and how many changes are required
from ship to ship both from within the shipyard &naim without.



Figure 13: Estimates for Multiple Ship Production Rograms

Material Cost “Learning” (Discounts)

The cost model has provisions for introducing apéted material cost discounts for series ship
programs.

COST RISK ESTIMATES

The cost risk computations used in the modelsemsive to expected technical, material, and
construction risk and performance issues (Figuje Tte estimates further reflect the impact on
performance of schedule, overlapping engineerirth pioduction and relative outfit density of thépsh
design.

The models develop cost risk within several fooeas:

Cost risk of applied CERs

Cost risk due to shipbuilder’s relative experience

Cost risk due to compressed production schedule

Cost risk due to anticipated performance problefretail engineering including
unknown technology issues

Cost risk of rework due to immature and changingitiengineering when overlapping
with production

e N

o



Figure 14: Sample Chart Showing Cost Risk Relativéo “Should” Costs for Non-Recurring Design &
Engineering and Lead Ship Construction.

ESTIMATED MANPOWER REQUIREMENTS

The cost models automatically generate estimatgoheering and shipyard production manpower
requirements within the schedules determined byifiee (Figure 15). This is a good cross-checken t
defined schedule and the estimated labor hours.



Figure 15: Sample Lead Ship Construction Manpower Etimate

LIFE CYCLE COST ESTIMATES

For life cycle costs, annual estimates are gengfatecapital financing and return on equity;
maintenance; salvage/resale; insurance; admin@iraupplies and crew (Figure 16). Fuel, port and
drayage costs complete the operational cost egtiwellere average voyage scenarios (speeds and
distances) are defined by the estimator. Therooskels develop Required Freight Rates (RFR) on the
basis of unit (trailer, TEU, barrels, etc.) voyagst, tonnage, and/or equivalent statute land miléwe
models allow sensitivity cost studies such as fracRFR versus fuel costs and many other design,
construction and operational parameters.

The cost models offer benefits to non-commercialiagtions as well. Speed and power requirements
carry costs of fuel consumption. The cost modaisrelate changes in operational costs where trabe
other parameters such as manning levels are chamgeddition, the cost models can generate cost
estimates for transporting military cargos that barcompared against transportation offered byredte
means such as by air.



Figure 16: Sample Estimates of Annual Capital, Opeational & Maintenance Costs

CONCLUSION

Use of cost estimating tools like the cost modelscdbed above provide a valuable compliment to the
ship design process. Where cost is a criticabfasuch tools enable the ship designer to ex@glasnge
of different design options and render results tlwdtonly improve ship performance but at a reduced
cost, both short term and potentially long ternmede tools provide the designer a quick assessrhent
cost regardless of the stage in the design devedlopm

The ability to focus on specific areas of cost psavides new opportunities to minimize their impac

long before they can come into play. Without samséility of where to reduce risk, potential prebis
too often result in construction programs thatiargerious cost and schedule jeopardy.
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