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ABSTRACT

This cost model for U.S. Naval auxiliary and amphibious type vessels
provides a means of estimating basic construction costs with ship's
characteristics information available at the end of the feasibility design

stage.

The basic construction cost of a ship has been divided into a
two-digit SWBS cost model structure, consisting of 24 cost groups, where
ship subsystems with similar cost characteristics are grouped together.
These characteristics form the basis for the cost estimating relationships
(CER's ) used to derive material costs in FY 86 dollars, and labor costs in
manhours. Cost estimating worksheets are provided in the Appendices to
facilitate use of this model.
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1. INTRODUCTION

The purpose of this report is to update a procedure to estimate the
basic construction cost of U.S. Naval auxiliaries and amphibious vessels,

The original model (Reference 1) was first developed by Gibbs & Cox,
Inc. in 1983 and uses a two-digit SWBS (Ship Work Breakdown Structure)
model structure to group costs according to ships' characteristics and
costing information. The model uses ship characteristics available at the
completion of feasibility design as independent variables for cost
estimating relationships (CER's) that are based on return costs and cost
estimates provided by shipyards, and from reports developed for NAVSEA.
The CER's are used to estimate material costs in dollars and Tabor costs in
manhours for each cost group. These individual cost group material and
Tabor cost estimates are then summed in order to derive a total basic ship
construction cost estimate.

The cost estimates produced from this model include shipyard costs
of materials and labor for construction; design, except for detail design
and engineering services; and construction services. Items that are not
covered in the cost model include the acquisition of most government
furnished equipment (GFE) in the areas of command, control, communications
and weapons systems; Navy program support; integrated logistics support
(ILS); crew training; preliminary and contract design; profit, etc.

Material costs and labor manhours have been divided into a two-digit
breakdown that groups together ship subsystems with similar cost
characteristics into 24 SWBS groups. This encompasses groups 100-900 of
the U.S. Navy's SWBS. The ship and cost data for the various ships were
broken down into the 24 SWBS groups and analyzed to determine best fit,
representative CER's based on weight, length x beam, SHP, electric
generating capacity, total ship volume, and ship complement. When
appropriate, multiple CER's have been developed for individual cost groups
to account for differences among the various ships systems.

An /Q\rwt—,-)\ C( M\ 7/((‘/
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The original 1983 version of the model was developed with the
support of cost estimators from the National Steel and Shipbuilding Company
(NASSCO) and was based upon both actual return costs and cost estimates

available at the time for representative auxiliary and amphibious vessels.

The current update was developed with the support of cost estimators
from Bath Iron Works (BIW) and adds estimated cost data on the SWATH
T-AGOS-19. In addition, the data base has been computerized, the data
reanalyzed, and a new set of CER's developed. Material costs have also
been updated to 1986 dollars and inflation factors provided that are
consistent with current NAVSEA practice. Finally, the text of the report

has been revised to reflect those changes and streamline the original
report.
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2. SHIP TYPES

2.1 Introduction

In order to develop this model, a number of different auxiliary and
amphibious ship types were used. These ships represented those for which
data was available. They are also considered to provide a sufficiently
diverse sample of data to bound the range of auxiliary and amphibious ships
and to provide a sufficient number of data points for developing CER's.
The ships considered in this model are:

Auxiliary Ships

AD-41 Destroyer Tender

AFS-6 Combat Store Ship

AOR-7 Replenishment Oiler

A0-180 Oiler

T-AGOS-19 Ocean Surveillance Ship (SWATH)
ASR-21 Submarine Rescue Ship

Amphibious Ships

LST-1179 Tank Landing Ship
LST-1182 Tank Landing Ship
LHA-1 Amphibious Assault Ship
LPH-12 Amphibious Assault Ship
LSD-41 Dock Landing Ship

A brief description of these ships 1is provided in the following
sections. Additional information about the characteristics of these ships
that was used in development of CER's is provided in Appendix C.

It should also be noted that for cost Group 2, Propulsion Plant,
data points have been provided for the results of two conceptual studies
for the T-AGX and 27K-SHP. The T-AGX dis a multi-mission SWATH
oceanographic research and surveillance ship. It is a forerunner of the
T-AGOS-19 ship. The 27K-SHP is an estimate developed by NASSCO in the
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original model for a 27,000 shaft horsepower twin medium speed diesel

plant. The values used in the model for these data points are contained in
Appendix C.

2.2 Auxiliary Ships

2.2.1 AD-41 Destroyer Tender - The AD-41 is a member of the first class of
destroyer tenders built after World War II. The AD-41 was built at NASSCO
and commissioned in May 1980. The cost data listed in this model for the
AD-41 was provided by NASSCO (Reference 1). The AD-41's principal
characteristics include:

Length (ft) 644
Beam (ft) 85
Draft (ft) 22.5
Displacement-Full Load (long tons) 20,224
Lightship (long tons) 13,290
Shaft Horsepower (SHP) - 20,000
Main Engines ~ Steam-Geared turbine
No. of Shafts 1
Complement 1803

(Reference 2)

2.2.2 AFS-6 Combat Store Ship - The AFS-6 is a member of the "MARS" class
combat store ships. The AFS-6 was built at NASSCO and commissioned in May
1969. The cost data used in this model for the AFS-6 was provided by
NASSCO (Reference 1). The AFS-6 principal characteristics include:

Length (ft) 581
Beam (ft) 79
Draft (ft) 24
Shaft Horsepower (SHP) 22,000
Displacement-Full Load (long tons) 18,663
Lightship (long tons) 9,000
Main Engines Steam-Geared turbine
No. of Shafts 1
Complement 486
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Cargo Capacity (long tons of dry stores) 2625
(Tong tons of refrigerated
stores) 1300
Aircraft 2 UH-46 Sea Knights

(Reference 2)

2.2.3 AOR-7 Replenishment Oiler - The AOR-7 is a member of the "WICHITA"
class replenishment oilers. The AOR-7 was built by NASSCO and was
commissioned in October 1976. The cost data used in this model for the
AOR-7 was provided by NASSCO (Reference 1). The AOR-7's principal
characteristics include:

Length (ft) 659
Beam (ft) 96
Draft (ft) 33
Displacement-Full Load (long tons) 37,000
Lightship (long tons) 12,850
Shaft Horsepower (SHP) 32,000
Main Engines Steam-Geared Turbine
No. of Shafts 2
Complement 390
Aircraft 2 UH-46 Sea Knights
(no hangar)
Cargo Capacity - barrels of liquid fuel 160,000
long tons of munitions 600
long tons of dry stores 200

long tons of refrigerated stores 100
(Reference 2)

2.2.4 A0-180 Oiler - The A0-180 is a "CIMARRON" class oiler. The AO-180
was built at Avondale Shipyards and commissioned in December 1982. The
cost data listed in this model for the A0-180 is based on Reference (1).
The A0-180's principal characteristics include:

Length (ft) 592
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Beam (ft) 88

Draft (ft) 35
Displacement-Full Load (1ong tons) 26,110

Lightship (long tons) 8,256
Shaft Horsepower (SHP) 24,000
Main Engines Steam-Geared Turbine
No. of Shafts 1
CompTlement 135

(Reference 2)
2.2.5 T-AGOS-19 Ocean Surveillance Ship (SWATH) - The T-AGOS-19 s a
follow-on to the “STALWART" class of ocean surveillance ships. The ship
is used for support for the SURTASS towed array surveillance system. The
T-AGOS-19 is the first small waterplane area twin hulled (SWATH) vessel
built for the class. The vessel is currently being built at McDermott,

Inc. The T-AGOS-19's principal characteristics include:

Length (ft) 232
Beam (ft) 94
Draft (ft) 49
Displacement-Lightship (long tons) 2561
Main Engines Diesel-Electric Drive
Shaft Horsepower (SHP) 2800
No. of Shafts 2
Complement 33

(Reference 4)

2.2.6 ASR-21 Submarine Rescue Ship - The ASR-21 is a member of the
"PIGEON" class submarine rescue ships. This class are the first ships

built for the role of surface support for deep submergence rescue vehicles
and operational control for salvage operations. The ship is a twin hulled
catamaran configuration. The ship was built at Alabama Drydock and Ship
Building Company and was commissioned in April 1973. The cost data listed
in this model s an estimate provided in Reference (1). The ASR-21's
principal characteristics include:



Length (ft) 251

Beam (ft) 86
Draft (ft) 21
Displacement-Full Load (long tons) 3411
Shaft Horsepower (shp) 6000
Main Engines Diesels
No. of Shafts 2
Complement 115

(Reference 2)

2.3. Amphibious Ships

2.3.1 LST's 1179 and 1182 Tank Llanding Ships - The LST's-1179 and-1182 are
merbers of the “NEWPORT" class tank landing ships. This class is the first
class to use the over the bow ramp for unloading tanks and other heavy
vehicles. The LST-1179 was built at Philadelphia Naval Shipyard and
commissioned in June 1969, The LST-1182 was built by NASSCO and
commissioned in November 1969. The cost data listed in this model for the
LST-1182 was provided by NASSCO (Reference 1). The LST's 1179 and 1182's
principal characteristics include:

Length (ft) 522

Beam (ft) 70

Draft (ft) 18

Displacement-Full Load (long tons) 8450
Lightweight (long tons) 4590

Shaft Horsepower (SHP) 16,000

Main Engines Geared-Diesels

No. of Shafts 2

Complement 196

No. of Troops 400

Reference (2)
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2.3.2 LHA-3 Amphibious Assault Ship - The LHA-3 is a member of the
"TARAWA" class of multi-purpose amphibious assault ship. The LHA-3 has a

flight deck below which is a split hangar. Below the hangar is a 268-foot
x 78-foot floodable docking well. There is also a large garage for trucks
and AFVs, troop berthing for a reinforced battalion and extensive medical
facilities. The LHA-3 was built by Ingalls Shipbuilding Corporation and
was commissioned in May 1976. The cost data listed in this model for the
LHA-3 is based on an estimate provided in Reference (1). The LHA-3
principal characteristics include:

Length (ft) 820
Beam (ft) 106
Draft (ft) 26
Flight deck width (ft) 118
Displacement-Full Load (long tons) 39,300
Shaft Horse Power (SHP) 70,000
Main Engines Steam-Geared Turbine
No. of Shafts 2
Complement 975
Troops 1703
Aircraft - CH-53 Sea Stallion Helicopters 19
or
CH-46 Sea Knight Helicopters 26
Landing Craft - LCU 1610 Type 4
Storage - Vehicle petrol (gallons) 10,000
JP-5 Helicopter Fuel (gallons) 400,000
Vehicle Storage (sq ft) 33,730
Palletized Stores (cu. ft) 116,900

(Reference 2)

2.3.3 LPH-2 Amphibious Assault Ships - The LPH-2 is a member of the "IWO
JIMA"™ class amphibious ships. The "IWO JIMA" class was the first class of
ships designed specifically to operate helicopters. The LPH-2 can carry a

marine battalion landing team, its guns, vehicles, and equipment, plus a
reinforced squadron of transport helicopters and personnel. The LPH-2 was
built by Ingalls Shipbuilding Corporation and was commissioned in August
1961. The cost data listed in this model for the LPH-2 is based on an
estimate in Reference (1). The LPH-2's principal characteristics include:
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Length (ft) 602
Beam (ft) 84
Draft (ft) 26
Flight Deck Width (ft) 104
Displacement-Full Load (long tons) 18,042
Lightship (long tons) 11,000

Shaft Horsepower (SHP) 22,000
Main Engines Steam-Geared
No. of Shafts 1
Complement 754
Troops 1746
Aircraft - CH-46 Sea Knight Helicopters 20
CH-53 Sea Stallion Helicopters 11

Storage - Vehicle Petrol (gallons) 6500
JP-5 Helicopter Fuel (gallons) 405,000

Vehicle Storage (sq ft) 4,000

Palletized Stores (cu ft) 37,400

2.3.4 LSD-41 Dock Landing Ship - The LSD-41 is a member of the "MODIFIED
WHIDBY ISLAND" class of dock landing ships.
well deck. It was built by Lockheed Shipbuilding and Construction Company
and was commissioned in May 1985. The cost data listed in this mode] for

Turbines

(Reference 2)

the LSD-41 is based on an estimate in Reference (4). The LSD-41's
principal characteristics include:
Length (ft) 608
Beam (ft) 84
Draft (ft) 20
Displacement-Full Load (1ong tons) 15,726
Lightship (long tons) 11,125
Shaft Horsepower (shp) 41,600
Main Engines Geared-Diesels
No. of Shafts 2, & T
Complement 356
Troops 450
Aircraft-CH-53 Sea Stallion Helicopters -
Landing Craft - LCAC
or
LCM-6 21
Cargo Capacity - Marine Cargo (cu ft) 5000
Vehicle Storage (sq. ft.) 12,500

2-7
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3. MODEL DESCRIPTION

3.1 Model Description

The original (1983) version of this model was developed to provide
an improved and updated method of predicting ship construction costs by NCA.
During this update of the model no attempt was made to change the model
structure. Instead this update provides additional data points and revises
CER's based on analysis of the revised data set.

The model develops basic construction costs only. These basic
construction costs include construction, labor and material, and the
shipyard's costs for design support, construction, engineering, and
construction services. The model does not provide an estimate for plan
costs, change orders, combat system GFE, or any escalation or growth
factors.

The model is based on the two digit SWBS breakdown shown in Figure
3-1.  Costs are subdivided into costs for materials in dollars and labor
expenditures in manhours. Material costs include those materials purchased
by the shipyard, such as steel, engines, generators, winches, pumps,
lifeboats, and galley equipment. Labor costs include the man hours involved

in the construction and assembly of raw materials and in the installation of
equipment .

The shipyards have observed that their level of confidence in the
costs is higher at the one digit level than at the two digit level. In
certain cases it was not possible to accurately identify appropriate cost
factors for a two digit group. In these cases the cost factors were
estimated to produce a correct one-digit group cost total.

The data provides costs for representative subsystems installed on
various auxiliary and amphibious vessels. The differences in these costs
reflect differences in characteristics among the ships. If inflation is
taken into account, a series of trend lines and algorithms can be developed
that reflect relationships between these costs and ship's characteristics.

3-1 At ?ﬂf"f’)\ e\ ‘ff%



GROUP

1A
1B
1C
1D

2A
2B

2C

2D

3A
3B

4A
4B

Figure 3-1 Two Digit Cost Model Structure

Group Title

Hull Structure (Total)
Structural Envelope/Subdivisions
Superstructure

Foundations

Structural Attachments

Propulsion Plant
Propulsion Energy Systems

Propulsion Transmission Systems

Propulsion Gases (Intake and
Exhaust) Systems
Propulsion Service Systems

Electric Plant
Electrical Power Generation
Electrical Power Distribution

Command and Surveillance

Vehicle Command
Weapons Command

3-2

Groug

5A
58
5C
5D

6A
6B

6C
6D
6E

Group Title

Auxiliary Systems

Environmental Systems

Fluid Systems

Maneuvering Systems

Equipment Handling
Systems

Outfit and Furnishings
Hull Fittings
Non-Structural

Subdi visions
Preservation
Ship Support
Habitability

Armament

Integration/Engineering

Ship Assembly and
Support Services



Inflation primarily affects the material costs in dollars in this
model. Labor costs are presented in manhours. Selection of a manhour rate
by the model user will take inflation into account for labor. The material
cost data, however, represents shipyard costs in dollars accumulated against
a vessel from the contract award to the delivery date. These costs must be
escalated from a point midpoint in the construction cycle to 1986 constant
year dollars. This escalation was performed using the NAVSEA “Inflation

Data Sheet" values for converting then-year dollars to constant year dollars
in the following manner:

o 1986 Material Cost = Material Cost (Mid-point of Construction
Date) x Inflation Factor

Inflation factors used are shown in Figure 3-2.

The cost data was analyzed by plotting the costs against various
ship characteristics, i.e., cost group weight, ship's cubic nurber, length x
beam, complement, SHP, installed electrical generation capacity in KW, and
total ship volume to determine data fit, establish trends, and define CER's.
A number of CER's were generated from the cost data for individual cost
groups based on various ship's characteristics, and the best fit CER was
selected for the model. If a number of characteristics showed a good fit,
these CER's are also provided. Also, within 1individual independent
variables within a cost group, a number of CER's were developed to account
for different materials or systems involved.

Often individual or scattered groups of data are used to develop a
CER. This treatment of data is different from the approach used in other
models where outliers are not used on the presumption that they are not
representative of the trend. This treatment of the data was considered
necessary considering the limited number of candidate ships available for
use in this model, which precluded obtaining a large number of data points
for a cost group, and, more specifically, for each subsystem variation
within a cost group. However, based on an analysis of the data by the
shipyard estimators and Gibbs & Cox, Inc., the approach taken is considered
sufficiently accurate for this model.
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The independent variables against which cost or man hours were
plotted in each group were arrived at through engineering judgement, taking
into consideration the ship characteristics available during early stages of
cost estimating and the fit of the data. The CER's provided in the model
are all linear. This 1is based on the limited number of data points
available and the generally good fit provided by the linear relationships.
Nonlinear relationships have been investigated as part of this effort and
are provided in Reference (5).

The CER's were developed using the least squares regression
technique. The primary criteria for selection of a CER were the coefficient
of determination, rZ2, and the number of data points included in the
equation. The coefficient of determination is a measure of the fit of the
regression equation to the data points. An rZ2 of 1.0 would indicate a
perfect fit, implying that all data lie on the curve. An adjusted r2 is
provided for each CER which modifies the obtained r2 by a factor based on
the number of points used to derive the CER. In certain cases there was
either too few points or too low a correlation to develop a meaningful
adjusted r2, In these cases the best fit algorithm was used and the
adjusted r2 is called "N/A-insufficient points".

This cost model does not include the government furnished equipment
(GFE) associated with the combat system of the ship. Combat systems GFE is
excluded for several reasons. Equipment in the combat system is extremely
costly, compared to HM&E subsystems and, therefore, is usually acquired by
the Navy in multi-ship lots. Costs are unique to the various combat system
equipment and are driven by the complexity of the system, not usually by
ships characteristics such as weight, etc. Also, equipment is selected for
installation on ships in a variety of combinations depending upon the ship's
mission requirements. For these reasons NCA uses other models avajilable to
estimate these GFE combat system costs. In this model installation costs of
the combat suite that are incurred by the shipyard are 1included.
Installation includes the material and labor costs for foundations, mounts,
magazines and hoists, the supporting hydraulics, cables, and electrical
systems and their testing. Cost groups that are most affected by GFE
considerations are Groups 4B and 7.

Two means are available for estimating costs: graphs and
mathematical relationships. Both the graphs and mathematical relationships
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are provided for each one-digit and two-digit cost group. The mathematical
relationships are provided as the CER's for the cost groups and reflect the
trend lines shown on the graphs. The graphs permit the analyst to use his
or her own judgement to adjust the estimate if the characteristics of the
system being estimated are similar to that of a specific data point.

The data base contains two types of data points, actual adjusted
return costs and estimated or derived costs. On the graphs the actual data
points are marked by an "o" while estimated and deri ved points are marked by

"', Different line types are provided on the graphs where more than one

relationship is presented.

A nurber of CER's have been derived for cost groups based on only a
single data point. These CER's pass through that point, are linear, and
have a slope based on the slope of the principal CER of that group.

Many of the 24 cost groups use weight as the independent variable.
This assumes the availability of a three-digit weight estimate. When there
is a lack of weight data for a particular cost group area, the alternative
is to estimate the missing information. Appendix (C) is provided for this
purpose to be used to compare the known data for the new ship to the average
data for the model baseline ships.

In this update of the model, an additional parameter has been used
to estimate costs. This parameter is total ship volume. Several cost
groups failed to have good correlation with the other standard parameters,
but demonstrated strong dependence on volume. Although total ship volume is
not typically available during early stages of design, it is possible to
estimate volume based on known ship characteristics and comparing these to
known characteristics and volumes of other ships.

3.2 Procedure for Use of Model

Chapter 4 contains the descriptions and graphs for the two levels of
detail that can be taken in the use of this model: one at the one-digit
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Tevel SWBS groups, and the other at the two-digit level SWBS groups. Each
approach has an associated input data requirements work table, an output
worksheet (Appendix A) for arriving at the cost estimate, and the requisite
algorithms to perform the analysis.

3.2.1 One Digit Level Cost Model

The procedure for estimating ship construction costs at the
one-digit Tevel is as follows:

1. Determine the input parameters - estimated weights (in long
tons), shaft horsepower, kilowatts, etc., as appropriate
for each of the cost groups (Table A-1).

2. Select the one-digit level CER for material costs in Chap-
ter 4 for each cost group. Determine the cost using the
respective input parameter for that particular group.
Record the cost on the worksheet (Table A-2). Repeat this
process for each group until all material costs are
obtained, then total.

3. Repeat step 2 for manhours of labor using the one-digit
level CER's in Chapter 4.

4, On the worksheet, multiply the manhours by a manhour
cost/hour for the year concerned. (The cost per manhour
must be supplied by the user of the model.)

5. If the year for which material costs are being projected is
not constant year 1986, then adjust the material costs by
the escalation factor as described in Figure 3-2.

6. Determine SWBS Group 8 and 9 manhours and costs from
Chapter 4 and make adjustments as appropriate, using the
procedures described in steps 4 and 5.

/. Add the material cost to manhour cost to obtain the total
basic construction cost.
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3.2.2 Two-Digit Cost Model

The procedure for estimating ship construction costs at the

two-digit level is as follows:

1.

Determine the input parameters - estimated weights (in long
tons ), shaft horsepower, kilowatts, etc., as appropriate
for each of the 24 cost groups (Table A-3).

Select the two-digit level CER for material costs in Chap-
ter 4 for each cost group. Determine the cost using the
respective input parameter for that particular group.
Record the cost on the worksheet (Table A-4). Repeat this
process for each group until all material costs are
obtained, then total.

Repeat step 2 for manhours of labor using the two-digit
level CERs in Chapter 4.

On the worksheet, multiply the manhours by a manhour
cost/hour for the year concerned. (The cost per manhour
must be supplied by the user of the model.)

If the year for which material costs are being projected is
not constant year 1986, then adjust the material costs by
the escalation factor as described in Figure 3-2.

Determine SWBS Group 8 and 9 manhours and costs from Chap-
ter 4 and make adjustments, as appropriate, using the

procedures described in steps 4 and 5.

Add the material cost to the manhour cost to obtain the
total basic construction cost.
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4. COST ESTIMATING RELATIONSHIPS

4.1 Introduction

The cost estimating relationships (CER's) are provided in two
formats, equations and graphs of the data points and their trends.

The equations represent the best estimate of the trend lines shown.
The equations used in this model are all linear. The graphical
representations are provided to show the distribution of the data and to
allow the model user to exercise discretion in selecting values based on
similarities to specific ships used in the data base.

In the following sections the two digit SWBS groups are described
and the CER's for the SWBS groups provided. Also, a short narrative is
provided which discusses the characteristics of the ships that influence
the selection of the CER's. The CER's are provided for both material in
FY 1986 dollars and labor in manhours.
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4.2 Group 1 - Hull Structure (Total)

This one digit SWBS Group includes the following four two digit
SWBS Groups.

Group 1A - Structural Envelope/Subdivisions
Group 1B - Superstructure

Group 1C - Foundations

Group 1D - Structural Attachments

Material Costs - Two CER's are provided for material costs for Group

1, a steel deckhouse CER, and an aluminum deckhouse complex ship CER. Both
CER's are based on Group 1 weight. The graph for Group 1 material costs is
shown in Figure 4-1, and the CER's for Group 1 material costs are:

CER: $ = 794(WT) + 149,600

Variable: Group 1 WT (long tons)

Adjusted r2: .97 - 5 points

Application: Ships with steel deckhouses

CER: $ =770 WT + 1,594,600

Variable: Group 1 WT (long tons)

Adjusted r2: N/A - insufficient points
Application: Ships with aluminum deckhouses or

complex ships

Labor Costs - Four CER's are provided for labor costs for Group 1.
Two are for costs based on Group 1 weight and two are for costs based on the
ship's length x beam. In both cases CER's are provided for conventional
auxiliary and amphibious ships, and for complex auxiliary and amphibious
ships, as exemplified by the AD-41. The graphs for Group 1 labor costs are
shown in Figures 4-2 and 4-3, and the CER's for Group 1 labor costs are:

CER: MH = 110(WT) + 33,200
Variable: Group 1 WT in long tons
Adjusted r: .82 - 5 points
Application: Conventional ships
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CER: MH = 18 (WT) - 32,100

Variable: | Group 1 WT in long tons
Adjusted r2: N/A - insufficient points
Application: Ships with aluminum deckhouse or

complex ships

CER: MH = 20 (LXB) - 100,700
Variable: (LXB) in square feet
Adjusted r2: .79 - 6 points
Application: Conventional ships

CER: MH = 20 (LXB) - 88,000
Variable: (LXB) in square feet
Adjusted r: N/A - insufficient points
Application: Complex ships

4.2.1 Group 1 A - Structural Envelope/Subdivisions

This group includes the shell plating, framing, structural bulkheads
and decks.

Material Costs - A single CER is provided for material costs for
Group 1A. This CER is based on Group 1A weight. The graph for Group 1A
material costs is provided in Figure 4-4 and the CER for Group 1A material
costs is as follows:

CER: $ = 821 (WT) - 129,500
Variable: Group 1A WT in long tons
Adjusted r2: .98 - 9 points
Application: A1l ships

Labor Costs - Three CER's are provided for labor costs for Group 1A.
A1l three are based on Group 1A weight. The three CER's are for
conventional auxiliary and amphibious ships, complex auxiliary and
amphibious ships, as exemplified by the AD-41, and amphibious ships, with
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flight deck, such as LPH-12 and LHA-3.

is shown in Figure 4-5, and the CER's for Group 1A labor costs are as

follows:

CER:
Variable:

Adjusted ré:
Application:

CER:

Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

MH = 87 (WT) + 51,000
Group 1A WT in long tons
.83 - 6 points
Conventional ships

MH = 143 (WT) + 83,500
Group 1A WT in long tons
N/A - insufficient points
Complex ships

MH = 100 (WT) + 157,400
Group 1A WT in long tons
N/A - insufficient points
Flight deck ships

The graph for Group 1A labor costs

4.2.2 Group 1B Superstructure

This group includes the deckhouse structure and helicopter hangar,
but does not include masts, stacks and macks.

Material Costs - Two CER's are provided for material costs for Group
1B. Both are based on Group 1B weights. One CER is for a steel deckhouse
and one CER is for an aluminum deckhouse as exemplified by the LST-1182.
The graph for Group 1B is shown in Figure 4-6, and the CER's for Group 1B
material costs are as follows:

CER: $ = 628 (WT) + 32,900
Variable: Group 1B WT in long tons
Adjusted r2: .95 - 6 points
Application: Steel deckhouse
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CER: $ = 4,531 (WT) + 237,100
Variable: Group 1B WT in long tons
Adjusted r2: N/A - insufficient points
Application: Aluminum deckhouse

Labor Costs - Two CER's are provided for labor costs for Group 1B.
Both are based on Group 1B weights. The two CER's are for conventional
superstructure and for aluminum or complex ship superstructure as exempli-
fied by the LST-1182 and AD-41. The graph for Group 1B labor costs is shown
in Figure 4-7 and the CER's for Group 1B labor costs are as follow:

CER: MH = 120 (WT) - 2,200
Variable:

Adjusted r2:
Application:

Group 1B WT in long tons
.63 - 5 points

Conventional superstructure

CER: MH = 130 (WT) - 36,400
Variable:

Adjusted r:
Application:

Group 1B WT in long tons
N/A - insufficient points
Aluminum or complex ship

superstruture

4.2.3 Group 1C Foundations

This group includes the foundations for propulsion plant machinery,
auxiliaries and other equipment.

Material Costs - Three CER's are provided for material costs for
Group 1C. A1l three are based on Group 1C weights. The three CER's are
for conventional auxiliary or amphibious ships, complex auxiliary or

amphibious ships, as exemplified by AD-41, and commercial auxiliary and
amphibious ships, (i.e., designed to purely commercial specifications) as
exemplified by the T-AGOS-19.
shown in Figure 4-8 and the CER's for Group 1C material costs are:

The graph for Group 1C material costs is
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CER:

Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

CER:

Variable:

Adjusted r2:
Application:

$ = 257 (WT) + 106,700
Group 1C WT in long tons
.16 - 5 points

Conventional ships

$ = 303 (WT) + 125,600
Group 1C WT in long tons
N/A - insufficient points
Complex ships

$ = 131 (WT) + 54,500
Group 1C WT in long tons
N/A - insufficient points
Commercial ships

Labor Costs - Two CER's are provided for labor costs for Group 1C.

Both are based on Group 1C weights.

One CER is for conventional auxiliary

and amphibious ships and one is for complex auxiliary and amphibious ships

as exemplified by the AD-41.

The graph for Group 1C labor costs is shown in

Figure 4-9, and the CER'S for Group 1C labor costs are as follows:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted ré:
Application:

MH = 800 (WT) - 51,800
Group 1C WT in long tons
.92 - 5 points
Conventional ships

MH = 1,930 (WT) - 125,000
Group 1D WT 1in long tons
N/A - insufficient points

Complex ships

4.2.4 Group 1D - Structural Attachments

This group includes structural castings, forgings, doors, hatches,

masts, towers, and sonar domes.
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Material Costs - Two CER's are provided for material costs for Group

1D. Both are based on Group 1D weights. One is for conventional
structural attachments and one is for complex structural attachments such as
those that would be found on a tender (AD-41). The graph for Group 1D
material costs is shown in Figure 4-10 and the CER's for Group 1D material
costs are as follows:

CER: $ = 2550 (WT) - 39,500

Variable: Group 1D WT in long tons

Adjusted r2: .95 - 6 points

Application: Conventional structural attachments
CER: $ = 602 (WT) - 93,300

Variable: Group 1D WT in long tons

Adjusted r2: N/A - insufficient points
Application: Complex structural attachments

Labor Costs - Two CER's are provided for labor costs for Group 1D.
Both are based on Group 1D weights. One is for conventional auxiliary and
amphibious ships and one is for complex auxiliary and amphibious ships, as
exemplified by the AD-41. The graph for Group 1D labor costs is shown in
Figure 4-11 and the CER's for Group 1D labor costs are as follows:

CER: MH = 187 (WT) - 1,900
Variable: Group 1D WT 1in long tons
Adjusted r2: .83 - 6 points
Application: Conventional ships

CER: MH = 274 (WT) - 2,800
Variable: Group 1D WT in long tons
Adjusted re: N/A - insufficient points
Application: Complex ships
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4.3 Group 2 - Propulsion Plant

This one digit SWBS Group includes the following four two digit SWBS
Groups:

Group 2A - Propulsion Energy Systems
Group 2B - Propulsion Train Systems
Group 2C - Propulsion Gases Systems
Group 2D - Propulsion Service Systems

Material Costs - Six CER's are provided for material costs for Group
2. Three are based on Group 2 weights, and three are based on total shaft
horsepower. In each case, the three CER's are for steam geared turbines,
geared diesel or diesel electric drive powered ships. The graphs for Group
2 material costs are shown in Figures 4-12 and 4-13 and the CER's for Group
2 material costs are:

CER:
Variable:

Adjusted r2:

$ = 5,890 (WT) + 4,718,200
Group 2 WT in long tons
.39 - 4 points

Application: Steam geared turbine
CER: $ = 29,500 (WT) - 3,313,200
Variable: Group 2 WT 1in long tons

Adjusted r2:

.99 - 3 points

Application: Geared diesel
CER: $ =230 (WT) - 2,004,100
Variable: Group 2 WT in long tons

Adjusted r2:

N/A - insufficient points

Application: Diesel electrical drive
CER: $ = 264 (SHP) + 2,310,000
Variable: Shaft horsepower

Adjusted r2:
Application:

.74 - 4 points
Steam geared turbine
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CER: $ = 651 (SHP) - 3,544,900

Variable: Shaft horsepower

Adjusted r2: .61 - 4 points
Application: Geared diesel

CER: $ =229 (SHP) + 2,004,100
Variable: Shaft horsepower

Adjusted r2: N/A - insufficient points
Application: Diesel-electric drive

Labor Costs - Six CER's are provided for labor costs for Group 2.
Three are based on Group 2 weight, and three are based on total shaft
horsepower.  In each case the three CER's are for steam geared turbines,
geared diesel or diesel electric drive ships, or ships with double steam
forced draft blowers as exemplified by the AD-41. The graphs for Group 2

labor costs are shown in Figures 4-14 and 4-15, and the CER's for Group 2
labor costs are:

CER: MH = 206 (WT) - 20,700

Variable: Group 2 WT in long tons

Adjusted rZ: .73 - 3 points

Application: Steam geared turbine

CER: MH = 77 (WT) + 25,600

Variable: Group 2 WT in long tons

Adjusted r2: N/A-insufficient points Application:
Geared diesel or diesel-electric
drive

CER: MH = 180 (WT) - 96,000

Variable: Group 2 WT in long tons

Adjusted r2: N/A - insufficient points

Application: Double steam forced draft blowers

CER: MH = 7 (SHP) -45,400

Variable: Shaft horsepower

Adjusted r2; .99 - 3 points

Application: Steam geared turbine
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CER:

Variable:

Adjusted r2:

MH = 2 (SHP) + 26,100
Shaft horsepower
.10 - 6 points

Application: Geared diesel or diesel electric drive
CER: MH = 13 (SHP) - 84,900
Variable: Shaft horsepower

Adjusted r2;
Application:

N/A - insufficient points
Double steam f.d. blowers

4.3.1 Group 2A - Propulsion Energy Systems

This group includes propulsion boilers, turbines, reduction gears,

fuel and condensate systems, auxiliary propulsion devices, etc.

Material Costs- Four CER's are provided for material costs for Group
2A.  Two are based on Group 2A weight and two are based on total shaft
horsepower. In each case, the CER's are for steam geared turbines, and
geared diesel ships. The graphs for Group 2A material costs are shown in
Figures 4-16 and 4-17, and the CER's for Group 2A material costs are:

CER:
Variable:

Adjusted r2:

$ = 7,270 (WT) + 2,648,400
Group 2A WT in long tons
.61 - 4 points

Application: Steam geared turbine
CER: $ = 23,550 (WT) + 65,800
Variable: Group 2A WT in long tons

Adjusted r2;:

1.0 - 5 points

Application: Diesel powered
CER: $ = 171 (SHP) + 1,704,200
Variable: Shaft horsepower

Adjusted r2:
Application:

.88 - 4 points
Steam geared turbine
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CER:
Variable:
Adjusted r2:
Application:

$ = 300 (SHP) - 70,200
Shaft horsepower

.80 - 5 points

Diesel powered

Labor Costs - Four CER's are provided for labor costs for Group 2A.

Two are based on

Group 2A weights

and two are based on total shaft

horsepower. In each case the two CER's are for steam geared turbine, and
geared diesel or diesel electric drive powered ships. The graphs for Group
2A labor costs are shown in Figures 4-18 and 4-19 and the CER's for Group 2A

labor costs are:

CER:
Variable:
Adjusted r:
Application:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:

MH = 79 (WT) + 33,100
Group 2A WT in long tons
N/A - insufficient points
Steam geared turbine

MH = 29 (WT) + 3,400

Group 2A WT in long tons

.16 - 5 points

Geared diesel or diesel electric drive
powered

MH = 2 (SHP) + 14,100
Shaft horsepower

N/A - insufficient points
Steam geared turbine

MH = 0.4 (SHP) + 2,400

Shaft horsepower

.53 - 6 points

Diesel or electric drive powered

4.3.2 Group 2B - Propulsion Train Systems

This group includes shafting, shaft bearings, propulsors, etc.
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Material

Costs

Group 2B.

horsepower.

are:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted ré:
Application:

CER:
Variable:
Adjusted r2:
Application:

- Four CER's are provided for material

costs for
Two are based on Group 2B weight and two are based on total shaft

In each case, the two CER's are for fixed pitch propellers and
controllable pitch propellers.

The graphs for Group 2B material costs are
shown in Figures 4-20 and 4-21 and the CER's for Group 2B material costs

$ = 2,670 (WT) + 492,700
Group 2B WT in long tons
.31 - 8 points

Fixed pitch propellers

$ = 24,114 (WT) - 160,500
Group 2B WT in long tons

.88 - 3 points

Controllable pitch propellers

$ = 20 (SHP) + 470,000
Shaft horsepower

.10 - 6 points

Fixed pitch propeller

$ = 57 (SHP) + 891,400

Shaft horsepower

N/A - insufficient points
Controllable pitch propeller

Labor Costs - Four CER's are provided for labor costs for Group 2B.

Two are based on

horsepower.
propellers.

Group 2B weights
The CER's are

The graphs for Group 2B labor costs are shown in Figure 4-22

for

and two are based on total

fixed pitch and

and 4-23, and the CER's for Group 2B labor costs are:

CER:
Variable:
Adjusted r2:
Application:

MH = 50 (WT) + 3,400
Group 2B WT in long tons
46 - 7 points

Fixed pitch propeller

4-31
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CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Applications:

MH = 40 (WT) +11,000

Group 2B WT in long tons

N/A - insufficient points
Controllable pitch propeller

MH = .43 (SHP) + 1,100
Shaft horsepower

.98 - 6 points

Fixed pitch propeller

MH = ,13 (SHP) + 12,600
Shaft horsepower

N/A - insufficient points
Controllable pitch propellers

4.3.3 - Group 2C - Propulsion Gases Systems

This group includes the combustion air system, uptakes, etc.

Material Costs - Two CER's are provided for material costs for Group

2C.  One is based on Group 2C weight and one is based on shaft horsepower.
The graphs for Group 2C material costs are shown in Figures 4-24 and 4-25
and the CER's for Group 2C material costs are:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:

$ = 13,380 (WT) + 1,000
Group 2C WT 1in long tons
N/A - insufficient points
A1l ships

$ = 20 (SHP) + 10,300
Shaft horsepower

N/A - insufficient points
A1l ships
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Labor Costs - Two CER's are provided for labor costs for Group 2C.

Both are based on total shaft

horsepower and are for the following

conditions: steam geared turbine and geared diesel. The graph for Group 2C
labor costs is shown in Figure 4-26 and the CER's for Group 2C labor costs

are:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted rZ:
Application:

MH = 0.4 (SHP) + 1,200
Shaft horsepower

.84 -~ 3 points

Steam geared turbine

MH = 0.4 (SHP) + 3,800
Shaft horsepower

.04 - 6 points

Geared diesel

4.3.4 Group 2D Propulsion Service Systems

This group includes

systems, seawater circulating and

cooling system, high pressure steam drain system, fuel service, and Tube o0il

systems.

Material Costs - Four CER's are provided for material costs for

Group 2D. Two are based on

Group 2D weight and two on total shaft

horsepower. In each case, the two CER's are for steam geared turbine and
geared diesel ships. It should be noted that propulsion control systems
costs are not included in this cost group. The graphs for Group 2D material
costs are shown in Figures 4-27 and 4-28 and the CER's for Group 2D material

costs are:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

$ = 10,032 WT + 513,300
Group 2D WT in long tons
.53 - 4 points

Steam geared turbine

$ = 24,221 WT + 57,700
Group 2D WT in long tons
.68 - 5 points

Geared diesel

A.170
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CER: $ = 45 (SHP) - 88,200

Varjable: Shaft horsepower
Adjusted r2: .32 - 4 points
Application: Steam geared turbine
CER: $ = 64 (SHP) + 190,400
Variable: Shaft horsepower
Adjusted r2: .70 - 6 points
Application: Geared diesel

Labor Costs - Four CER's are provided for labor costs for Group 2D.
Two are based on Group 2D weights and two are based on total shaft
horsepower. In each case the CER's are for the following conditions: steam
geared turbine and geared diesel ships. The graphs for the Group 2D labor

costs are shown in Figures 4-29 and 4-30 and the CER's for the Group 2D
labor costs are:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted rZ:
Application:

CER:
Variable:

Adjusted r2:
Application:

MH = 754 (WT) - 4,300
Group 2D WT in long tons
.96 - 3 points

Steam geared turbine

MH = 270 (WT) + 6,600
Group 2D WT in long tons
N/A - insufficient points
Geared diesel

MH = 3 (SHP) - 35,600

Shaft horsepower
.88 - 3 points
Steam geared turbine

MH = 0.9 (SHP) - 8,000
Shaft horsepower

N/A - insufficient points
Geared diesel
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4.4 Group 3 - Electric Plant

This one digit SWBS Group includes the following two digit SWBS
Groups:
Group 3A - Electrical Power Generation
Group 3B - Electrical Power Distribution

Material Costs - Four CER's are provided for material costs for
Group 3. Two are based on Group 3 weight and two are based on the total
installed generating capacity. In each case, the two CER's are for the
following conditions: conventional auxiliary and amphibious ships, and
cormercial auxiliary and amphibious ships. The commercial ships wuse

cormercial design standards, equipment and material as opposed to military
specifications. The graphs for the Group 3 material costs are shown in
Figures 4-31 and 4-32 and the CER's for Group 3 material costs are:

CER:
Varjable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted rl:
Application:

CER:

Variable:

Adjusted r2:
Application:

$ = 7,435 (WT) + 4,108,100
Group 3 WT in long tons
.55 - 5 points

Conventional ships

$ = 2,780 (WT) + 1,583,000
Group 3 WT in long tons
N/A - insufficient points
Commercial ships

$ = 281 (Kw) + 4,077,800
Generating capacity in Kilowatts
.70 - 6 points

Conventional ships

$ = 113 (KW) + 1,632,400
Generating capacity in Kilowatts
N/A - insufficient points
Commercial ships
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Labor Costs - Two CER's are provided for labor costs for Group 3.
One is based on Group 3 weight and one is based on total installed
generating capacity. The graphs for the Group 3 labor costs are shown in
Figures 4-33 and 4-34 and the CER's for the Group 3 labor costs are:

CER: MH = 903 (WT) - 78,000

Variable: Group 3 WT in long tons

Adjusted r2: .77 - 6 points

Application: A1l ships

CER: MH = 30 (KW) - 54,200

Variable: Installed generating capacity in
Kilowatts

Adjusted r2: .61 - 6 points

Application: A1l ships

4.4.1 Group 3A-Electric Plant

This group includes ship service power generation, emergency
generators, power conversion equipment, diesel and turbine support systems.

Material Costs - Two CER's are provided for material costs for Group

3A. One is based on Group 3A weight and one on total installed generating
capacity. The graphs for Group 3A are shown in Figures 4-35 and 4-36, and
the CER's for Group 3A material costs are:

CER: $ = 21,432 (WT) + 207,900
Variable: Group 3A WT in long tons
Adjusted r2: .60 - 6 points

Application: A1l ships

CER: $ = 267 (KW) + 626,200

Variable: Generating capacity in Kilowatts
Adjusted re: .90 - 6 ships

Application: A1l ships
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Labor Costs - Four CER's are provided for labor costs for Group 3A.

Two are based on Group 3A weight and two are based on total
generating capacity.

installed

The CER's are for the following conditions: steam

turbine generators, diesel generators. The graphs for Group 3A labor costs
are shown in Figures 4-37 and 4-38 and the CER's for Group 3A labor costs

are:

CER:
Variable:

Adjusted r:
Application:

CER:

Variable:

Adjusted r2:
Application:

CER:

Variable:

Adjusted r:
Application:

CER:
Variable:

Adjusted r2:
Application:

MH = 34 (WT) - 2,800
Group 3A WT in long tons
.41 - 3 points

Steam turbine generators

MH = 40 (WT) - 500

Group 3A WT in long tons
N/A - insufficient points
Diesel generators

MH = .29 (KW) - 900

Installed generating capacity in
Kilowatts

.73 - 3 points

Steam turbine generators

MH = .13 (KW) + 1,300

Installed generating capacity in
Kilowatts

N/A - insufficient points

Diesel generators

4.4.2 Group 3B-Electrical Power Distribution

This group includes lighting distribution and fixtures

Material

Costs =~ Four CER's are provided for material costs for

Group 3B. Two are based on Group 3B weights and two are based on total

ship's volume.

auxiliary and amphibious ships.

In both cases the two CER's are for conventional auxiliary
and amphibious ships and commercial

The

graphs for Group 3B material costs are shown in Figures 4-39 and 4-40 and
the CER's for Group 3B material costs are:
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CER = $=7,025 (WT) + 2,086,100

Variable = Group 3B WT in long tons

Adjusted r2 = N/A - insufficient points
Application = Conventional ships

CER = $ =5 (WT) + 300

Variable = Group 3B WT in long tons

Adjusted r2 = N/A - insufficient points
Application = Commercial ships

CER = $ = 0.43 (VOL) + 2,082,600
Variable = Total ship's volume in cubic feet
Adjusted r2 = N/A-insufficient points
Application = Conventional ships

CER = $ = 250 (VOL) + 300

Variable = Total ship's volume in cubic feet
Adjusted r2 = N/A - insufficient points
Application = Commercial ships

Labor Costs - Two CER's are provided for labor costs for Group 3B.
One is based on Group 3B weight and one is based on total ship's volume.
The graphs for Group 3B labor costs are shown in Figures 4-41 and 4-42 and
the CER's for Group 3B labor costs are:

CER = MH = 1,285 (WT) - 45,700

Variable = Group 3B WT in long tons

Adjusted r2 = .77 - 6 points

Application = A1l ships

CER = MH = .07 (VOL) - 25,600

Variable = Total ship's volume in cubic feet
Adjusted r2 = .74 - 6 points

Application = A11 ships
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4.5 Group 4 - Command and Surveillance

This one digit SWBS Group includes the following two two digit SWBS
Groups:

Group 4A - Vehicle Command
Group 4B - Weapons Command

Material Costs - No discernible CER could be identified that
established a trend for Group 4. As such, a consistent value of $ = $1.1
million should be used for estimating Group 4 material costs for all ships.

The graph for Group 4 material costs versus Group 4 weight is shown in
Figure 4-43,

Labor Costs - A single CER is provided for labor costs for Group 4.
This CER 1is based on total ship volume. The graph for the Group 4 1labor
costs is shown in Figure 4-44 and the CER for Group 4 labor costs is:

CER: MH = 0.012 (VOL) 3/24,800
Variable: Total ship's volume in cubic feet
Adjusted r2: .21 - 6 points

Application: A1l ships

4.5.1 Group 4A - Vehicle Command

This group includes navigation equipment, interior communication,
and countermeasure systems such as degaussing.

Material Costs - Two CER's are provided for material costs for Group

4A. One is for costs based on Group 4A weight and one is for costs based on
total ship volume. The graphs for Group 4A material costs are shown in
Figures 4-45 and 4-46 and the CER's for Group 4A material costs are:
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CER:
Variable:

Adjusted ré:
Application:

CER
Variable
Adjusted r2
Application

$= 20,060 (WT) - 417,000
Group 4A WT in long tons
N/A - insufficient points
A1l ships

$ = .074 (VOL) + 884,700

Total ship's volume in cubic feet
N/A - insufficient points

A1l ships

Labor Costs - Two CER's are provided for labor costs for Group 4A.
One is based on Group 4A weight and one on total ship's volume. The graphs
for Group 4A labor costs are shown in Figures 4-47 and 4-48 and the CER's
for Group 4A labor costs are:

CER
Variable
Adjusted r2
Application

CER
Variable
Adjusted r2
Application

It

MH = 1951 (WT) - 13,000
Group 4A WT in long tons
.64 - 6 points

A1l ships

MH = .011 (VOL) + 12,700

Total ship's volume in cubic feet
.28 - 6 points

A1l ships

4.5.2 Group 4B - Weapons Command

This group includes the installation costs for fire control systems,
electronic countermeasures, radar and sonar.

No discernible CER would be identified which
As such, a constant value of $ = 190,000
The data
distribution for Group 4B material costs versus Group 4B weight is shown in
Figure 4-49,

Material Costs -

established a trend for Group 4B.

should be used for estimating Group 4B costs for all ships.
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Labor Costs - Two CER's are provided for labor costs for Group 4B.
Both are based on Group 4B weight and are for the following conditions:
conventional auxiliary and amphibious ships, and commercial auxiliary and
amphibious ships, as exemplified by the T-AGOS-19. The graph for Group 4B
Tabor costs is shown in Figure 4-50 and the CER's for Group 4B labor costs
are:

CER = MH = 12,700

Variable = N/A

Adjusted r2 = N/A

Application = Navy standards

CER = MH = 1000

Variable = N/A

Adjusted rZ = N/A

Application = Commercial standards
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4.6 Group 5 - Auxiliary Systems

This one digit SWBS Group includes the following four two digit SWBS
Groups:

Group 5A - Environmental Systems

Group 5B - Fluid Systems
Group 5C - Maneuvering Systems
Group 5D - Handling Systems

Material Costs: Two CER's are provided for Group 5 material costs.

One is based on Group 5 weight and one is based on the ship's Tength times
beam. The graphs for Group 5 material costs are shown in Figures 4-51 and
4-52 and the CER's for Group 5 material costs are:

CER: $ = 9,054 (WT) + 3,340,900
Variable:
Adjusted r2:

Group 5 WT in long tons
.52 - 6 points

Application: A1l ships

CER: $ = 470 (LxB) - 6,046,600
Variable: (LXB) in square feet
Adjusted r2: .81 - 6 points

Application: A1l ships
Labor Costs =- Five CER's are provided for labor costs for Group 5.

Two are based on Group 5 weight, two are based on ship's length times beam,
and one is based on total ship's volume. The two based on Group 5 weight
and on ship's length times beam, are for conventiona) auxiliary and
amphibious ships, and for complex auxiliary and amphibious ships, as
exemplified by the AD-41. The graphs for the Group 5 labor costs are shown
in Figures 4-53, 4-54, and 4-55 and the CER's for Group 5 labor costs are:

CER:
Variable:
Adjusted rZ2:
Application:

MH = 266 (WT) + 83,900
Group 5 WT in long tons
.23 - 5 points
Conventional ships
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CER:

Variable:

Adjusted r2;:

MH = 706 (WT) + 222,400
Group 5 WT in long tons
N/A - insufficient points

Application: Complex ships
CER: MH = 14 (LxB) - 200,600
Variable: (LxB) in square feet

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2;
Application:

CER:
Variable:

Adjusted r2:
Application:

.70 - 5 points
Conventional ships

MH = 41 (LxB) - 593,700
(LxB) in square feet

N/A - insufficient points
Complex ships

MH = .32 (VOL) - 124,500

Total ship's volume in cubic feet

.74 - 6 points
A1l ships

4.6.1 - Group 5A - Environmental Systems

This group includes the heating, ventilation and air conditioning
systems, plus the refrigerated spaces.

Material costs - Three CER's are provided for material costs for
Group 5A. Two are based on Group 5A weight and one is based on total ship's

volume. The two CER's based on Group 5A weight are for conventional
auxiliary and amphibious ships, and for complex auxiliary and amphibious
ships, as exemplified by the AD-41. The graphs for Group 5A material costs
are shown in Figures 4-56 and 4-57 and the CER's for Group 5A material costs
are:

CER: $ = 6,717 (WT) + 820,500
Variable: Group 5A WT in long tons
Adjusted r2: .59 - 5 points
Application: Conventional ships

4-79



006G

96-v NI '9-GdY WOIJ PednIjqng
ue}sAg uoyipieBrirey ;o jYBIeM PUD }sO0D)

AddD xo[dWoD ... ISOD psIpWsy

q9D AUOD 1SOD UdNay] p8isnipy o

SUCL PUOT "LHOIAM
00v 00¢ 002 001 0

I f I I 0

61-509DVL
* M

* -]

L-UOV z811-181  081-0V

Ir-av

(SUOCTITING) "LSOD

LSOD STVIIIIVIN
VS d00OdD
SINALSAS TVLNIWNOUIANI

4-80



LS-v RNIIA

}SOD PoIDUITIST % AdD ——  1SOD UIniey] paisn(pvy o

('Ld 'ND JO SUOIIIIN) "TINNTOA

® v 9 4 l

h-av

_ _ ! _

9-54V

z811-151

61-509VL

(SUOTITING) "1SOD

LSOD SITVIJAILVIN
VS dN0OAD
SINTLSAS TVLNIWNOJIIANI

4-81



CER: $ = 10,707 (WT) + 1,307,900

Variable: Group 5A WT in long tons

Adjusted r2: N/A - insufficient points
Application: Complex ships

CER: $ = 9.7 (VOL) + 322,900

Variable: Total ship's volume in cubic feet
Adjusted r2: .90 - 6 points

Application: A1l ships

Labor Costs - Four CER's are provided for labor costs for Group 5A.
Three are based on Group 5A weight and one is based on total ship volume.
The three CER's based on Group 5A weight are for the following conditions:
conventional auxiliary and amphibious ships, complex auxiliary and
amphibious ships, as exemplified by the AD-41, and auxiliary and amphibious
ships, built with an emphasis on commercial standards as exemplified by the
T-AGOS-19. The graphs for the Group 5A labor costs are shown in Figures
4-58 and 4-59 and the CER's for Group 5A material costs are:

CER: MH = 316 (WT) + 99,500
Variable: Group 5A WT in long tons
Adjusted rZ: .71 - 4 points
Application: Conventional ships

CER: MH = 893 (WT) + 281,000
Variable: Group 5A WT in long tons
Adjusted r2: N/A - insufficient points
Application: Complex ships

CER: MH = 76 (WT) + 24,000
Variable: Group 5A WT in long tons
Adjusted r2: N/A - insufficient points
Application: Commercial standards

CER: MH = 0.12 (VOL) - 61,140
Variable: Total ship's volume in cubic feet
Adjusted r2: .67 - 6 points
Application: A1l ships
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4.6.2 Group 5B - Fluid Systems

This group includes plumbing, firemain, drainage, ballast,
freshwater, steam, compressed air and fuel systems.

Material Costs - Two CER's are provided for material costs for Group
5B. Both are based on weight and are for the following conditions:

conventional auxiliary and amphibious ships, and complex amphibious and
auxiliary ships. The graphs for Group 5B material costs are shown in Figure
4-60 and the CER's for Group 5B material costs are:

CER: $ = 12,037 (WT) + 187,800
Variable: Group 5B WT in long tons
Adjusted r2: .83 - 4 points
Application: Conventional ships

CER: $ = 16,159 (WT) + 252,200
Variable: Group 5B WT in long tons
Adjusted ré: N/A - insufficient points
Application: Complex ships

Labor Costs - Two CERs are provided for material costs for Group 5B
labor.  Both are based on weight and are for the following conditions:
conventional auxiliary and amphibious ships, and complex auxiliary and
amphibious ships. The graph for Group 5B labor costs is shown in Figure
4-61 and the CER's for Group 5B labor costs are:

CER: MH = 619 (WT) - 2,100
Variable: Group 5B WT in long tons
Adjusted r: .85 - 5 points
Application: Conventional ships

CER: MH = 1,694 (WT) - 5,700
Variable: Group 5B WT in long tons
Adjusted r: N/A - insufficient points
Application: Complex ships
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4.6.3 - Group 5C - Maneuvering Systems

This group includes the steering systems and rudder.

Material Costs - Two CER's are provided for material costs for Group

5C.  Both CER's are based on Group 5C weight and are for the following
conditions: conventional auxiliary and amphibious ships, and SWATH
configured auxiliary and amphibious ships, as exemplified by the T-AGOS 19,
since the T-AGOS-19 includes a forward canard system and bow thruster in
addition to the aft rudder-stabilizers. The graph for the Group 5C material
costs is shown in Figure 4-62 and the CER's for the Group 5C material costs
are:

CER: $ = 9,918 (WT) - 176,300
Variable: Group 5C WT in long tons
Adjusted r2: .95 - 5 points
Application: Conventional ships

CER: $ = 39,472 (WT) - 701,700
Variable: Group 5C WT in long tons
Adjusted r2: N/A - insufficient points
Application: SWATH ships

Labor Costs =~ Four CER's are provided for labor costs for Group 5C.
One is based on Group 5C weight and three on ship's length times beam. The
CER's based on ship's length times beam are for the following conditions:
single rudder, twin rudder and SWATH ship. The graphs for Group 5C 1labor
costs are shown in Figures 4-63 and 4-64 and the CER's for the Group 5C
labor costs are:

CER: MH = 217 (WT) - 1,200
Variable: Group 5C WT in long tons
Adjusted r2: .67, - 6 points
Application: A1l ships

CER: MH = 0.47 (LxB) - 14,100
Variable: (L x B) in square feet
Adjusted r2: .13 - 3 points
Application: Single rudder
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CER: MH = 0.37 (LXB) + 0

Variable: (LXB) in square feet
Adjusted r2;: N/A - insufficient points
Application: Twin rudder

CER: MH = 0.37 (LXB) + 10,000
Variable: (LXB) in square feet
Adjusted r2: N/A - insufficient points
Application: SWATH ships

4.6.4 Group 5D - Equipment Handling Systems

This group includes anchoring and mooring systems, replenishment at

sea equipment, cargo handling systems, boats, boat handling systems and
other miscellaneous auxiliary equipment.

Material Costs - Two CER's are provided for material costs for Group
5D. Both are based on Group 5D weight and are for the following conditions:
non-replenishment ships and replenishment ships, as exemplified by the
AO-180, AFS-6 and AOR-7. The graph for Group 5D material costs is shown in
Figure 4-65, and the CER's for the Group 5D material costs are:

CER: $ = 7,781 (MT) - 56,200
Variable: Group 5D WT in long tons
Adjusted r2: .96 - 3 points
Application: Non-replenishment ships
CER: $ = 7,822 (WT) + 2,833,000
Variable: Group 5D WT in long tons
Adjusted ré: .81 - 3 points
Application: Replenishment ships

Labor Costs - Two CER's are provided for labor costs for Group 5D.
Both are based on Group 5D weights and are for the following conditions:
non-replenishment ships and replenishment ships as exemplified by the
A0-180, AFS-6, and AOR-7. The graph for Group 5D labor costs is shown in
Figure 4-66 and the CER's for Group 5D labor costs are:
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CER:
Variable:

Adjusted rZ:
Application:

CER:
Variable:

Adjusted r2:
Application:

MH = 113 (WT) - 7,200
Group 5D WT in long tons
.99 - 3 points
Non-replenishment ships

MH = 25 (WT) + 8,100
Group 5D WT in long tons
.45 - 3 points
Replenishment ships
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4.7 Group 6 - Qutfit and Furnishings

This one digit SWBS Group includes the following five two digit SWBS
Groups:

Group 6A - Hull Fittings
Group 6B - Non-Structural Subdivisions
Group 6C - Preservation
Group 6D - Ship Support
Habitability

Group 6E

Material Costs - Six CER's are provided for material costs for Group

6. Two are based on Group 6 weight, two on total ship's volume and two on
total ship's complement. The two CER's for each case are for the following
conditions: conventional auxiliary and amphibious ships and complex
auxiliary and amphibious ships, as exemplified by the AD-41. The graphs for
Group 6 material costs are shown in Figures 4-67, 4-68, and 4-69 and the
CER's for Group 6 material costs are:

CER: $ = 5,630 (WT) - 2,490,000
Variable: Group 6 WT in long tons

Adjusted r2: .54 - 5 points

Application: Conventional ships

CER: $ = 3,220 (WT) +3,000,000
Variable: Group 6 WT in long tons

Adjusted r2: N/A - insufficient points
Application: Complex ships

CER: $ = 1.9 (VOL) + 2,511,500
Variable: Total ship's volume in cubic feet
Adjusted re: .92 - 5 points

Application: Conventional ships

CER: $ =5 (voL) + 6,470,000

Variable: Total ship's volume in cubic feet
Adjusted rZ: N/A - insufficient points
Application: Complex ships
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CER: $ = 7,200 (CMP) + 4,062,500

Variable: Total ship's complement
Adjusted r2: N/A - insufficient points
Application: A11 ships

Labor Costs - Two CER's are provided for labor costs for Group 6.
One is based on Group 6 weight and one on total ship's complement. The

graphs for Group 6 labor costs are shown in Figures 4-70 and 4-71 and the
CER's for Group 6 labor costs are:

CER: MH = 331 (WT) + 500
Variable: Group 6D WT in long tons
Adjusted r2: .90 - 6 points
Application: A1l ships

CER: MH = 441 (CMP) + 90,000
Variable: Total ship's complement
Adjusted r2: .77 - 6 points
Application: A1l ships

4.7.1 - Group 6A - Hull Fittings

This group includes hull fittings, rails, stanchions, rigging,
airports and fixed portlights.

Material Costs - Two CER's are provided for material costs for Group
6A. One is based on ship's length times beam, and one is based on total

ship's volume. The graphs for Group 6A labor costs are shown in Figures
4-72 and 4-73 and the CER's for Group 6A labor costs are:

CER: $ =11 (LxB) - 131,900
Variable: (LXB) in square feet
Adjusted r: .95 - 5 points

Application: A11 ships
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CER: $ = 0.17 (VOL) + 46,400

Variable: Total ship volume in cubic feet
Adjusted r2:
Application: A1l ships

.92 - 5 points

Labor Costs - Four CER's are provided for labor costs for Group 6A.
Three are based on Group 6A weight and one on total ship's volume. The
three CER's based on Group 6A weight are for the following conditions:
conventional auxiliary and amphibious ships, ships capable of vehicular
storage, as exemplified by the LST-1182, and ships with shops and monorail
systems, as exemplified by the AD-41. The graphs for Group 6A labor costs
are shown in Figures 4-74 and 4-75 and the CER's for Group 6A labor costs
are:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

CER:
Varijable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

MH = 426 (WT) - 400
Group 6A WT in long tons
.88 - 4 points
Conventional ships

MH = 1,215 (WT) - 1,100
Group 6A WT in long tons

N/A - insufficient points
Ships with vehicular storage

MH = 202 (WT) - 200

Group 6A WT in long tons

N/A - insufficient points

Ship with shops and monorails

MH = .005 (VOL) + 7,000

Total ship's volume in cubic feet
.74 - 6 points

A1l ships

4.7.2 Group 6B - Non-Structural Subdivisions

This group includes non-structural bulkheads and doors, ladders,

sheathing, etc.
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Material Costs - Three CER's are provided for material costs for

Group 6B. Two are based on ship's length times beam and one is based on
total ship's complement. The two based on ship's length times beam are for
the following conditions: conventional auxiliary and amphibious ships, and
complex, or highly subdivided, auxiliary and amphibious ships, as
exemplified by the AD-41. The graphs for the Group 6B material costs are
shown in Figures 4-76 and 4-77 and the CER's for the Group 6B material costs
are:

CER: $ = 3.4 (LXB) - 414,200
Variable: (L x B) in square feet
Adjusted r2: .61 - 5 points
Application: Conventional ships

CER: $ = 142 (LxB) - 1,726,700
Variable: (LxB) in square feet
Adjusted r: N/A - insufficient points
Application: Complex ships

CER: $ = 3,079 (CMP) + 346,100
Variable: Total ship's complement
Adjusted r2: .83 - 6 points
Application: A1l ships

Labor Costs - Three CER's are provided for labor costs for Group 6B.
Two are based on the ship's length times beam and one is based on total
ship's volume. The two based on the ship's length times beam are for the
following conditions: conventional auxiliary and amphibious ships, and
complex, or highly subdivided, auxiliary and amphibious ships, as
exemplified by the AD-41. The graphs for Group 6B labor costs are shown in
Figures 4-78 and 4-79 and the CER's for Group 6B labor costs are:

CER: MH = 1.5 (LxB) - 27,200
Variable: (LxB) in square feet
Adjusted r2: .59 - 5 points
Application: Conventional ships
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CER: MH = 2.5 (LxB) - 47,500

Variable: (LxB) in square feet

Adjusted r2: N/A - insufficient points
Application: Complex ships

CER: MH = 0.2 (VOL) + 5,000

Variable: Total ship's volume in cubic feet

Adjusted r2:
Application:

.65 - 6 points
A11 ships

4.7.3 - Group 6C Preservation

This group includes painting, deck covering and hull insulation.

Material Costs - Four CER's are provided for material costs for

Group 6C. Two are based on Group 6C weight and two are based on the ship's
length times beam. The two CER's 1in each case are for the following
conditions: conventional auxiliary and amphibious ships and complex
configured auxiliary and amphibious ships, as exemplified by the T-AG0S-19
and AD-41. The graphs for the Group 6C material costs are shown in Figures

4-80 and 4-81 and the CER's for Group 6C material costs are:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

CER:
Variable:

Adjusted r2:
Application:

$ = 3,220 (MT) + 691,200
Group 6C WT in long tons
.13 - 5 points
Conventional ships

$ = 3,220 (WT) + 3, 000,000
Group 6C WT in long tons
N/A - insufficient points
Complex configured ships

$ = 36 (LxB) - 406,100
(LxB) in square feet
.24 - 4 points
Conventional ships
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CER: $ =119 (LxB) + 0

Variable: (LxB) in square feet
Adjusted r2; N/A - insufficient points
Application: Complex configured ships

Labor Costs - Three CER's are provided for labor costs for Group 6C.
One CER is based on Group 6C weight and two CER's are based on the ship's
Tength times beam. The two CER's based on the ship's length times beam are
for the following conditions: conventional auxiliary and amphibious ships
and complex auxiliary and amphibious ships, as exemplified by the AD-41.
The graphs for Group 6C labor costs are shown in Figures 4-82 and 4-83 and
the CER's for Group 6C labor costs are:

CER: MH = 1,073 (WT) - 65,700
Variable: Group 6C WT 1in long tons
Adjusted r2: .64 - 6 points
Application: A1l ships

CER: MH = 3.6 (LxB) - 41,100
Variable: (LxB) in square feet
Adjusted r2: .50 - 5 points
Application: Conventional ships

CER: MH = 12 (LxB) - 141,000
Variable: (LxB) in square feet
Adjusted r2: N/A - insufficient points
Application: Complex ships

4.7.4 Group 6D - Ship Support

This group includes storerooms and equipment for utility spaces and
workshops.

Material Costs - Two CER's are provided for material costs for Group
6D. One is based on Group 6D weight and one is based on the ship's total
complement. The graphs for Group 1C material costs are shown in Figures
4-84 and 4-85 and the CER's for Group 6D material costs are:
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CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:

$ = 5,230 (WT) - 224,800
Group 6D WT in long tons
.93 - 6 points
Conventional ships

$ = 2,885 (CMP) - 244,600
Ship's complement

.95 - 6 points

A1l ships

Labor Costs - Two CER's are provided for labor costs for Group 6D.

One is based on Group 6D weight and one is based on total ship's complement.

The graphs for Group 6D labor costs are shown in Figures 4-86 and 4-87, and

the CER's for group Group 6D labor costs are:

CER:
Variable:
Adjusted r2:
Application:

CER:
Variable:
Adjusted r2:
Application:
4.7.5 Group 6E - Habitability

MH = 67 (WT) - 8,300
Group 6D WT in long tons
.90 - 6 points

A1l ships

MH = 37 (CMP) + 8,800
Total ship's complement
.85 - 6 points

A1l ships

This group includes furnishing for living spaces, machinery spaces,

medical spaces and galley equipment.

Material Cost - A single CER, based on Group 6E weight, is provided

for material costs for Group 6E.

The graph for Group 6E material costs is

shown in Figure 4-88 and the CER for Group 6E material costs is:

CER:
Variable:
Adjusted r2:
Application:

$ = 33,966 (WT) - 167,100
Group 6E WT in long tons
.98 - 6 points

A1l ships
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Labor Costs - A single CER, based on Group 6E weight, is provided
for Tlabor costs for Group 6E. The graph for Group 6E labor costs is shown
in Figure 4-89 and the CER for Group 6FE labor costs.

CER: MH = 196 (WT) - 6,400
Variable: Group 6E WT in long tons
Adjusted r2: .93 - 6 points
Application: A1l ships
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4.8 Group 7 - Armament

This one digit, and in this case two digit, SWBS Group includes the
installation of gun and missile systems, ordnance handling equipment and
small arms. Cargo munitions stowage and handling are included in Group 5D

with other similar equipment.

Material Costs - Two CER's are provided for material costs for Group

7. Both are based on Group 7 weight and are for the following conditions:
non-air capable auxiliary and amphibious ships, and air capable auxiliary
and amphibious ships, as exemplified by the LHA. The graph for Group 7
material costs is shown in Figure 4-90 and the CER's for Group 7 material

costs are:
CER: $ = 1,044 (MT) + 5,500
Variable: Group 7 WT in long tons
Adjusted r2: .92 - 5 points
Application: Standard auxiliary/amphibious
CER: $ = 3,207 (WT) + 16,900
Variable: Group 7 WT in long tons
Adjusted r: N/A - insufficient points
Application: Extensive armaments

Labor Costs - A single CER, based on Group 7 weight, is provided for
labor costs for Group 7. The graph for Group 7 labor costs is shown in
Figure 4-91, and the CER for Group 7 labor costs is:

CER: MH = 135 (WT) -.4,700
Variable: Group 7 WT 1in long tons
Adjusted r2: .79 - 6 points
Application: A1l ships
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4.9 SWBS Group 8 - Integration/Engineering

SWBS Group 8 encompasses a wide variety of shipbuilder engineering
support during construction. Included in this are the following elements:

o Design support - specifications, weight, computer programs,
engineering calculations, models and mockups, photographs,
design/engineering liaison, lofting.

o Quality assurance - tests and inspections, trials support,
inclining experiment and trim dive, combat systems, checkout,
certification standards.

o Integrated logistics support (ILS) engineering - maintenance,
support and test equipment, supply support, transportation,
engineering drawings and specifications, technical manuals and
other data, facilities, personnel and training, training equipment.

o Special purpose items - human factors, standardization, value
engineering, vreliability and maintainability (RMA), data
management, project management.

Whereas SWBS Groups 1-7 are related to the construction of the ship
and tend to follow reasonable trends, SWBS Group 8 relates to support
requirements placed on the shipyard by the Navy, which are subject to
change as Navy policy changes. Over the past 10 years, the Group 8 support
has grown dramatically in response to the increased demand for project
management support and increased focus on ILS, RMA, human factors and the
Tike. Although recent return cost data from Group 8 was not available for
the update of this model, a similar update for the Destroyer/Cruiser
Construction Cost Model (Reference 6) indicates that in the time frame
between the lead ships for the FFG-7 program, and the CG-47 and DDG-51
programs, material costs grew by a factor of 27, and labor costs by a
factor of 7. With tightening budgets and the maturity of some of the Group
8 programs, it is unlikely that the growth will continue and it is probable
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that there will be a gradual decline in Group 8 support because of increased
budgetary pressures.

The values for Group 8 for this current model update have been derived
by updating the original model's Group 8 material costs to 1986 dollars and
then multiplying both the material and labor costs by factors equivalent to
those experienced in the destroyer model (i.e., 27 for material costs and 7
for labor costs). This results in a Group 8 material cost of $ = 5 Million
and Group 8 labor cost of MH = 2.0 Million. It is believed that these
values are conservative, “since they are based on surface combatant
experience, and surface combatants are more complex ships with higher
visibility than auxiliary and amphibious ships. The model user may choose
to scale these numbers down by as much as the multiplicative factors
applied, especially for less complex or mission essential ships.
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4.10 SWBS Group 9 - Ship Assembly and Support Services

SWBS Group 9 encompasses the general shipyard support services
required for construction of the ship that do not fall within any of the
previous SWBS Groups. Included in SWBS Group 9 are the following:

o Ship assembly identification

o Non-engineering contractual and production support services -
assist ships force, insurance, trials support, delivery support,
fire and flooding protection, tests and inspection support,
weighing and recording, administrative contract data requirements,
fitting-out support

o Construction support - staging, scaffolding and cribbing services,
temporary wutilities and services, material handling and removal,
cleaning services, molds and templates, jigs, fixtures and
specifications, tools, launching, drydocking.

As with SWBS Group 8, SWBS Group 9 costs have increased over the past
10 years. This growth is attributable, in part, to the general growth in
support services to respond to NavyArequirements, as well as the increased
planning and coordination required for extensive pre-outfitted
construction. The growth in SWBS Group 9 costs has not been as dramatic as
SWBS Group 8 since the SWBS Group 9 activities are primarily in support of
construction activities within the yard.

In the original version of the model, SWBS Group 9 costs were related
to the length of time the vessel is in the shipyard. This convention is
carried over for this update. As with Group 8, the Group 9 material costs
have been updated to 1986 dollars and both material and labor costs have
been multiplied by a factor based on the surface combatant experience, i.e.
4 for material costs and 2 for labor costs. The CER's for the Group 9 costs
are:

Materials: $ = 200,000 x no. months in the shipyard
Manhours: MH = 50,000 x no. months in the shipyard
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The number of months an auxiliary and amphibious ship is in the shipyard
ranges typically from 10 to 25, depending upon size and complexity. If the
anticipated length of stay in a shipyard is unknown, the model user should
use 15 months.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The original 1980 model was considered by NCA to be a good model from
the point of view of accuracy and model structure. This revision to the
model has retained the positive elements of the original model, while
attempting to improve upon the data base and the narrative portion of the
report. The revision includes new data on the SWATH T-AGOS-19. The data
base was computerized and the data was analyzed for each cost group and new
CER's developed based on this analysis. Also, an analysis was made of
non-linear relationships for the data (Reference 5). Finally, all costs
were revised to 1986 values using the NAVSEA numbers. These revisions
should make the model current. The computerization of the data base should
also allow for easier future updates as well as allow NCA personnel to do
additional data analysis, if required.

The primary recommendation is that the data base be updated as new
ships or technologies evolve. Special attention should be given to future
trends in shipbuilding practices, such as increased automation, changes in
union/management relationships, or dramatic changes in the industrial base,
as they will have significant effects on the cost estimating relationship
provided in this model. Similarly, changes in Navy requirements and policy
will also affect the cost estimating relationships presented in the model,
with potential budgetary constraints having significant impacts on the SWBS
Group 8 and 9 support costs.
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Vessel Description:

Table A-1

Input Data Requirements
One Digit SWBS Level Cost Model

Analyst:

Reviewed/Approved:

Date:

Ship Characteristic Factor
Group 1 Weight Long Tons
Group 2 Weight Long Tons
Group 3 Weight Long Tons
Group 4 Weight Long Tons
Group 5 Weight Long Tons
Group 6 Weight Long Tons
Group 7 Weight Long Tons
Total Weight Long Tons
Total Shaft Horsepower Shaft Horsepower
Total Installed Generating Kilowatt
Capacity

Ship's Length (L)
Ship's Beam (B)
Ship's Depth (D)

Feet
Feet
Feet

Value
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Ship's (LxB) Square Feet

Total Ship's Volume Cubic Feet
Total Ship's Complement Number of People
Ship Type Conventional, Complex, SWATH,

Commercial, Air Capable,
Replenishment Ship, With Shop,
With Vehicle Storage

Superstructure Type Steel, Aluminum

Propulsion Plant Type Steam, Diesel, Electric
Drive

Propeller Type Fixed Pitch, Controllable
Pitch, Fixed Pitch Electric
Drive

Number of Shafts Number

Type of Blowers Single Steam Forced Draft,

Double Steam Forced Draft,
Electric Motor Driven

Time in Shipyard Nurmber of Months
Current Year of Estimate Year
Labor Rate Dollars /Manhour

Ao Sheet 2 of 2 Table




Cost Estimate Worksheet
One Digit SWBS Level Cost Model

Vessel Description:

Table A-2

Analyst:

Reviewed/Approved:

Date:

SWBS Group Variable Application
Number

1 Material
1 Labor

1 Subtotal =~---- = ;ewe-

2 Material
2 Labor

2 Subtotal <-=--= -

3 Material
3 Labor

3 Subtotal --=-=  eeaa.

4 Material
4 Labor

4 Subtotal =--=ee  emeea

Material Cost

A-3

(%)

Labor Cost
(MH) ($)

Sheet 1 of 2



SWBS Group Variable Application
Numb er

5 Material
5 Labor

5 Subtotal -----  ecea-

6 Material

6 Labor

6 Subtotal =----=  eeeaa

7 Material
7 Labor

7 Subtotal ~----  caeea

8 Material

8 Labor

8 Subtotal «---- = aaaoo

9 Material

9 Labor

9 Subtotal ----= @ ceew-

Total Subtotal

Total Cost ($)

Material Cost

($)

Labor Cost
(MH) ($)

A-4
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Table A-3

Input Data Requirements
Two Digit SWBS Level Cost Model

Vessel Description:

Analyst:

Reviewed/Approved:

Date:

Ship Characteristics Factor Value
Group 1A Weight Long Tons
Group 1B Weight Long Tons
Group 1C Weight Long Tons
Group 1D Weight Long Tons
Group 1 Weight Long Tons
Group 2A Weight Long Tons
Group 2B Weight Long Tons
Group 2C Weight Long Tons
Group 2D Weight Long Tons
Group 2 MWeight Long Tons
Group 3A Weight Long Tons
Group 3B Weight Long Tons
Group 3 Weight Long Tons

Sheet 1 of 3
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Group

Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Total

Total

Total

4A

6A
6B
6C
6D
6E

Weight
Weight

Weight

Weight
Weight
Weight
Weight

Weight
Weight
Weight
Weight
Weight
Weight

Weight

Weight

Weight

Shaft Horsepower

Installed Generating

Capacity

Ship's Length (L)
(B)
(D)

Ship's Beam
Ship's Depth

Long
Long

Long
Long
Long
Long
Long
Long
Long
Long
Long
Long
Long
Long

Long

Long

Shaft Horsepower

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Tons

Kilowatts

Feet
Feet
Feet
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Ship's (LxB) Square Feet

Total Ship's Volume Cubic Feet
Total Ship Complement Number of People
Ship Type Conventional, Complex, SWATH,

Commercial, Air Capable,
Replenishment Ship, With Shop,
With Vehicle Storage

Superstructure Type Steel, Aluminum

Propulsion Plant Type Steam, Diesel, Electric
Drive

Propeller Type Fixed Pitch, Controllable
Pitch, Fixed Pitch Electric
Drive

Number of Shafts Number

Type of Blowers Single Steam Forced Draft,

Double Steam Forced Draft,
Electric Motor Driven

Time in Shipyard Number of Months
Current Year of Estimate Year
Labor Rate Dollars /Manhour
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Table A-4

Cost Estimate Worksheet
Two Digit SWBS Level Cost Model

Vessel Description:

Analyst:

Reviewed/Approved:

Date:
SWBS Group Variable Application Material Cost Labor Cost
Numb er ($) (MH) ($)

1A Material
1A Labor

1B Material
1B Labor

1C Material
1C Labor

1D Material
1D Labor

1 Subtotal --=-=  cmaa-

2A Material
2A Labor

2B Material
2B Labor
Sheet 1 of 4
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SWBS Group Variable Application Material Cost Labor Cost
Numb er ($) (MH) (%)

2C Material
2C lLabor

2D Material
2D Labor

2 Subtotal = --=e=  eeaoo

3A Material
3A Labor

3B Material
3B Labor

3 Subtotal = -==-=  ceena

4A Material

4A Labor

4B Material
4B Labor

4  Subtotal  -==-= e

5A Material
5A Labor

5B Material
58 Labor

5C Material
5C Labor

Sheet 2 of 4
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SWBS Group Variable Application Material Cost Labor Cost
Numb er (%) (MH) ($)

50 Material

5D Labor

5 Subtotal W ----= oo

b6A Material
6A Labor

6B Material
68 Labor

6C Material
6C Labor

6D Material
6D Labor

6E Material
6 Labor

6 Subtotal = ----=  aeooo

7 Material
7 Labor

7 Subtotal = —-eeo oo

Material
Labor

8 Subtotal

Material
Labor
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SWBS Group Variable Application Material Cost Labor Cost
Numb er (%) (MH) ($)

9 Subtotal W =~-cw-e  eeeal

Total Subtotal Cost

Total Cost ($)

Sheet 4 of 4
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Appendix B
Two-Digit SWBS Distribution

The basic two-digit structure has been somewhat modified to
take into account special systems costs and areas where the cost
estimators data would not fit into the two-digit structure.

These are outlined below.
SWBS 197 - Welding

This is apportioned between 1A, 1B, 1C, and 1D by the same
percentage that the two-digit weight is of the total Group 1
welght.

SWBS 252 - Propulsion Control System

This is estimated separately from Group 2D because of the
variety of automation systems that may be found on auxiliaries
and amphibious vessels.
SWBS 475 - Degaussing

Degaussing is estimated separately from the rest of Group 4A
because it is not found on all auxiliaries and its cost factor is
different than that for the rest of Group 4A.

SWBS 639 -~ Radiation Shielding

This is not found in large guantitites on all auxilairies
and has a higher cost facter. It is estimated as a function of

welight.
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APPENDIX C--
WEIGHT, LABOP AND MATEPIAL COST DATA



TABLE C-1. SHIPS CHARACTERISTICS

RD-41 AFS-p LST-1182  AC-1B0  AOR-7 SHATH LHA LPH  ASR-21  L£5D-41 LST-1179 TAG(X)

Tuk KT 106314
Y 9474l 43899 3AE73 52096 63264 21808 86920 50568 21986 51072

Ll 13e
N4 fas@) 13544 C13% 20720 219447 5742 21520 15652  5346.3 11856

SHF gutne g2 16090 24000 32000 2807 36006 16000 2420

b 1100 480 2250 8257 B300 3340
VOLUAE  S0e0000 2OOSALD 10BRONL  2[2000C 293000¢ 420100 3800000 22000¢o
TOMPLIMCIN 1EG3 4§84 196 135 390 33 15 338
L bui o8 S2e 592 639 232 820 602 231 608

400H G0 38 10 b 130 30

C-1



LA S

U0 T,

TABLE [-2. WEIGHT GUMMARY

AD-43 AF5-¢ L8T-1182  AD-1B0  ADR-7  SWATH  LHA LPH  ASE-21  LSD-41 LST-1179 TAG(X)

4 075,00 40880 222,00 4PBe.0  6696.0  1475.C labiz 5723 1068

)34 765,00 901 98.0  864.C 927.0 109.0 32l

il 128.¢0 Y 126.0 184,0 80,0 80.0 113

E 2820 30 3Ly 278,00 380L0 37.0 104

28 3290 ug?,} 165.( §3(.0  60t.0 b4, 0 519 in 66

zt ¢e.’ 185.¢ 87,0 1210 24t.0 13.0 151 93 27

27 20,0 CI 38.¢ 3. 39.0 3.0 73 50 1

el gh ! be.d 7.0 62.¢ Bb.0 9.0 108 &7 2(

3P YN 45,0 AN 17,6 125.0 68.0

iE 282,10 §o.0 b¢.C 140.0 198.¢ 5.0

ap 5.0 43,0 0.0 39.¢ 76.0 9.0

8 B0 3 £7.t 7.0 ge. ¢ 37.0

Sa 6517 1327 B9.0 3¢50 33.0

ot gel.e BBe, 597,00 702.0 77.¢

=L br, g 3t 76.0 110 81.7

A 7380 284.0 3|30 91,0 129.0

= 2% 26,0 5.0 31,0 5.0 24

At 5270 1es.o B7.0 1350 330 72.¢

50 Tu, 164 38, ¢ 207, ELYe 109.0

3 9E. L ge2.n 0.4 °9.0 206,90 [N

6t 4ies Fo.0 69. 10 66.0 103.0 37.0

AD--! AF3-» LET-11BE  AD-19C  ADR-7 SWATH LHA LPH  ASR-21  LSD-ei LST-117%  TAB(Y

PTCTW o 723900 SE85R.t 2707.0 59,6 BIE3.O 1721.0 1606.0

Tk 447.0 a9e.0 B0 b4 0 971L0 6%.0 848.0 383 124

TOTH 429.0 146G, 136.0 267.0  323.0 119.0

TCik FERY 75,0 7.4 46.¢ 102.¢ 46.¢

T0TW 20070 174 796,60 1145.0 2080.C 360.0

0T 2% 7ML 373,60 55RO 1063.0 265.0

TETHW 99,

84,3 7.0 16.0 42.0 226
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TABLE €-3. MATERIAL COSTS IN MILLIONS OF DOLLARS

AD-4 AFz-¢ LST-1iB2  AC-1B0  AQOR-7 SWATH LKA LPH  ASR-PI  LSD-41 B7¢ SHP LST-1179 TAB(Y)

iR ¢.9 2.6 2.0 3.5 4.8 1.2 12.1 4.7 0.9
e 0.5 (G 0.7 0.6 .6 0.1 ¢.3
1 0.2 0.7 Nt 0.1 0.4 0.1 0.1
e I LS ¢.§ 0.7 1.0 0.1 0.2
ch S0 5.3 3.8 6.1 7.1 4.9 12,2 6.5 4.6 1.7
2t i.h 0.9 1.E .9 1.3 0.5 3.5 1.5 2.2 (.8
2 - 0.4 N 6.2 0.8 0.0 1.1 0.1 0.5 0,
i .8 1.5 0. 2.1 1.3 0.6 3.1 2.4 3.2 0.8
K 8.5 1.8 1.4 3.1 £, 1.5
3k I 3.z t.E 3.8 3.5 ¢
ud i o7 .9 1Lk n.9 4.9
uf £ t.2 0 0.3 0.1 ¢.2
I I £.3 1.8 1.9 3.0 0.8
LS £k 2.4 3.6 1.2 6.9 17
a0 [N 0.3 KN 0.5 0.9 2.5
5l 7.8 .2 c.t b N 0.6
L 4.3 I 3.2 0.5 0.5 Ha0
ok 6.0 1.2 .7 1.7 1.5 0.3
£° 6.5 1.0 0.8 1B 1.7 g.b
3% 5.t .9 G.b 0.2 0.¢ .
5F 13.8 3.3 .2 2.7 3.6 0.1
CTGTD B TQTC 2 TQTC & YDYC STOTC & TOSC 7 TOTC TOTAL COST
AL-wi 7.2 7.6 T 1.4 £e.é I ¢.3 77.%
AFC-g 4.1 7.9 5.0 0.9 th,c 6.7 0.4 39.1
T8t 3.7 b.b 4.9 1.0 .5 4,5 0.2 3.4
4G-13¢ .0 2.3 6.5 1.7 19.3 7.¢ 0.0 §9.2
AJF-T 6.9 16,8 .2 1.0 2.5 7.9 0.2 54.9
SHATH 1.4 2.6 1.9 1.1 5.6 3.2 151
LKA « 0.7 0.7
JPH
SEERES 1.5 1.9
{504, cl.8 2l.B
g7 SHF 1¢.5 10.5
ST-1174 10.6 10.6
TAEL) 3.5 2.5
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TABLE C-4. LABOR COSTS IN THOUSANDS OF MANHOURS

AD-41 AFS-¢ LET-11B2  AD-1B0  ADR-7  SWATR  LHWA LPH  ASR-21  LSD-41 27¥ SHP LST-1179 TABLX)

S 307.h 0 BT 423 4760 179.2 (613.B 727.B 154
338 803 48 1085 117.8 7.1 50
2300 4Bt 52,9 56,7 92,4 8.0 5.2
TEBT TR WS 703 6.9 20.8
9 5.5 1RT 553 904 .2 b1 1L§S 121 195
5.7 PR L % I 0% B Y 2.0 2.7 15,55 104 2.5
T L% L S I U 3.2 1.2 15.6¢ 9.7 2.8
T FE SLE 42,0 603 10,9 T2 4TS 202 1LLB
2.3 5.k Lt ) £ 27
BWELT Beb 556 loB.2 141 237
6.8 222 335 50 570 9.4
SO - A Y S S b
6277 1354 1567 13 202,35 RB.C
1.9 Tes 2150 ALS se2.2 215
10,7 T 13 ULE S BRe 1.8
6.4 BT 28 165 2B.3 5.3
T3 UL 13 B B.5
%0 BS.6 31T edI SELB 1.5
3L 71T BGS fee6 2046 59.P
T4 362 f0E 239 20.8 5.0
76,1 9.2 et 8.1 0.
PTRLORTOTL ETETL € TQTLOSTOTL e TOTL 7 TOTL TOTAL COST
B80S 17RE 3300 TS 1636.9 908.5 17,7 44fL,
4776 11MT 0 gLE 405 3526 157.0 £.9  1187.9
456.8 103.0 SRR 4L.D 6155 1467 7.0 1299.3
27,5 1213 1694 742 eb3.4 BLL9 3.2 174
9:3.5  1BC.T 1436 TR TR Bl 5.0 2397,
BaLE 7.2 264 105 726 752 402,139
30 30
27 e
75.2 [ TaE
Bt.9 © Bb.9
§2.1 - 5ed
19.2 19.2






