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Estimating the Cost of Ships
Outfit Density and Work Space Optimization

Outfit density is an indication of how much of a 
ship’s design volume is consumed by machinery, 
equipment components and the many different 
outfit systems. 
 
Highly dense spaces are often too difficult to gain 
easy access for equipment/system installations, 
operation, maintenance and potential upgrades.  

Highly dense spaces often require tortured and 
expensive routings of distributed systems to avoid 
interferences between competing systems.

The Outfit Density of a ship is nonhomogeneous in 
that there are spaces that have no outfit installed.

Increasing the available Work Space will reduce the Outfit Density and thus the cost. 
One method to accomplish may be by designing smaller more compact equipment 
modules.  Think of them as Line Replaceable Units (LRUs) found in the aircraft 
industry.



Estimating the Cost of Ships
Outfit Density and Work Space Optimization

Since outfit density varies by area of the ship, a cost model that allows for estimating cost by ship 
zones and blocks (Product Oriented) would provide a better capability for analysis of its affects. 

Using the Ship Type design data we can estimate the Outfit Density for specific interim products.  
We can then use this number to develop a cost factor adjustment for that space



Estimating the Cost of Ships
Ship Costing Tools

• The Product Orientated Design and Cost Model (PODAC)
• Early Stage Design Estimating
• Estimates the way ships are built - by Product and Stage of 

Construction using Production Norms (Benchmarks)
• Ship Type Specific
• Weight is only used for estimating structure. Outfit is estimated 

based on the Scope of Work such as Volume, Area, Length, or 
Pieces.

• Lean Design and Producibility – Better Outfit Density & Work 
Space Optimization visibility for cost

• Better method for Trade-off Analysis



Estimating the Cost of Ships
The PODAC Cost Model



Estimating the Cost of Ships
What Makes it Different?

Ship Type 
Cost Models

Each class of ship types has its own set of 
analogous ships. 

These are examples of the range of 
possibilities.



Estimating the Cost of Ships
What Makes it Different?

The interim product mix 
will define the process 
lanes and Production Work 
Centers that blocks will 
flow thru.

Structural Interim ProductsThe Product Work Breakdown Structure (PWBS)Cost Model



Estimating the Cost of Ships
By Product and Stage

Graphic Courtesy of Peter Jaquith

Typical Shipyard Manufacturing Process Lanes – Stages of Construction

Labor Content for a Typical Curved Inner Bottom by Process Lane

While we show weight as the UoM,
it could be any UoM.  We often see  
meters of weld as an alternate metric.

A B C D E



Estimating the Cost of Ships
Outfit Density

Looking at the Outfit Density (OD) for the ship based on the Light Ship 
Weight, we note a value of 0.16 M3 of Outfit per M3 of volume for the ship. 
If the OD for the whole ship is used we see that the machinery zone is more 
dense.  We also note that if this value is used then we would over estimate 
the SWBS Groups.

If we assume a majority of the outfit for SWBS groups 2,3, and 5 will be in 
the machinery zone, less some outfit located I other areas, then we can 
calculate the OD for those SWBS groups. Using a similar assumption for 
SWBS 4 and 6 being contained in the Deckhouse we can do the same. 

SWBS

Volume 

(M3)

Weight 

(MT)

Displacement 

(M3) OD

Productivity 

Factor

2 Propulsion (less Stern outfit weight) 2,941      258 252                 0.0857               1.0872

3 Electrical (only machinery weight) 2,941      157 153                 0.0519               1.0519

4 Electronics 3,798      65 64                   0.0167               1.0165

5 Auxiliary Systems (only machinery weight) 2,941      174 170                 0.0577               1.0579

6 Outfit (less Exterior Paint weight) 3,798      244 238                 0.0628               1.0632

M3 % OD

Productivity 

Factor

Ship Volume (Molded) 8,547      0.1618           1.1710

Machinery Volume 2,941      34% 0.1574           1.1660

Deck House Volume 3,798      44% 0.0446           1.0445

Stern and Bow 1,808      21% 0.0255           1.0252



Recent PODAC Cost Model Use
National Shipbuilding Research Program (NSRP)

• National Shipbuilding Research Program (NSRP)
• NSRP Project RA2017-443, Ship Structural Design Optimization (SSDO) for 

Improved Producibility and Enhanced Life-Cycle Performance.  This 
project has been completed and the results are available via NSRP.

• NSRP Project RA 21-11 - Minimize Work Content in Production and 
Maintenance and Reduce TOC Using Early-stage Structural Design 
Optimization.  This project is on going.



Recent PODAC Cost Model Use
NSRP

• NSRP Project RA2017-443, Ship Structural Design Optimization 
(SSDO) for Improved Producibility and Enhanced Life-Cycle 
Performance.  
• Developed a Large Surface Combatant (LCS)Cost Model.

• Using that CEM performed structural trade-off studies based on various 
Stages of Construction (SOCs) changes based on Lean Design Principles 
and Producibility.

• Shows a Life Cycle Cost savings for Structure.



Recent PODAC Cost Model Use
NSRP

A software interface was groomed and successfully tested from the MAESTRO structural model to SPAR’s LSC cost model 
providing an important capability to leverage existing work content cost estimating relationships, and which can also be 
utilized in early-stage design to drive improved designs. Structural Affordability metrics were successfully demonstrated. 

By reducing the number of shapes 
and plate sizes along with design 
changes, the LSC CEM showed a 
significant Life Cycle Cost Savings/ 
Avoidance for structure.



Thank you for your attention this concludes the presentation

Questions? 
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