CHILD POLICY

CIVIL JUSTICE

EDUCATION

ENERGY AND ENVIRONMENT
HEALTH AND HEALTH CARE
INTERNATIONAL AFFAIRS
NATIONAL SECURITY
POPULATION AND AGING
PUBLIC SAFETY

SCIENCE AND TECHNOLOGY
SUBSTANCE ABUSE

TERRORISM AND
HOMELAND SECURITY

TRANSPORTATION AND
INFRASTRUCTURE

EUROPE

This PDF document was made available
from www.rand.org as a public service of
the RAND Corporation.

Jump down to document w

The RAND Corporation is a nonprofit
research organization providing
objective analysis and effective
solutions that address the challenges
facing the public and private sectors
around the world.

Support RAND

Purchase this document

Browse Books & Publications

Make a charitable contribution

For More Information
Visit RAND at www.rand.org

Explore RAND Europe

View document details

Limited Electronic Distribution Rights

This document and trademark(s) contained herein are protected by law
as indicated in a notice appearing later in this work. This electronic
representation of RAND intellectual property is provided for non-
commercial use only. Permission is required from RAND to reproduce, or

reuse in another form, any of our research documents.


http://www.rand.org/pdfrd/
http://www.rand.org/pdfrd/
http://www.rand.org/pdfrd/randeurope/
http://www.rand.org/pdfrd/publications/MG/MG235/
http://www.rand.org/pdfrd/research_areas/children/
http://www.rand.org/pdfrd/research_areas/children/
http://www.rand.org/pdfrd/research_areas/civil_justice/
http://www.rand.org/pdfrd/research_areas/education/
http://www.rand.org/pdfrd/research_areas/energy_environment/
http://www.rand.org/pdfrd/research_areas/health/
http://www.rand.org/pdfrd/research_areas/international_affairs/
http://www.rand.org/pdfrd/research_areas/national_security/
http://www.rand.org/pdfrd/research_areas/population/
http://www.rand.org/pdfrd/research_areas/public_safety/
http://www.rand.org/pdfrd/research_areas/science_technology/
http://www.rand.org/pdfrd/research_areas/science_technology/
http://www.rand.org/pdfrd/research_areas/substance_abuse/
http://www.rand.org/pdfrd/research_areas/substance_abuse/
http://www.rand.org/pdfrd/research_areas/terrorism/
http://www.rand.org/pdfrd/research_areas/terrorism/
http://www.rand.org/pdfrd/research_areas/infrastructure/
http://www.rand.org/pdfrd/research_areas/infrastructure/
http://www.rand.org/pdfrd/randeurope/
http://www.rand.org/pdfrd/cgi-bin/Abstracts/e-getabbydoc.pl?MG-235
http://www.rand.org/pdfrd/cgi-bin/Abstracts/e-getabbydoc.pl?MG-198
http://www.rand.org/pdfrd/publications/electronic/
http://www.rand.org/pdfrd/publications/electronic/
http://www.rand.org/pdfrd/giving/contribute.html
http://www.rand.org/pdfrd/giving/contribute.html

This product is part of the RAND Corporation monograph series.
RAND monographs present major research findings that address the
challenges facing the public and private sectors. All RAND mono-
graphs undergo rigorous peer review to ensure high standards for

research quality and objectivity.



MONITORING THE PROGRESS OF

SHIPBUILDING
PROGRAMMES

How Can the Defence Procurement Agency

More Accurately Monitor Progress?

Mark V. Arena * John Birkler ¢ John E Schank
Jessie Riposo * Clifford A. Grammich

Prepared for the United Kingdom's Ministry of Defence
Approved for public release; distribution unlimited

o
EUROPE



The research described in this report was sponsored by the United King-
dom’s Ministry of Defence. The research was conducted jointly in RAND
Europe and the RAND National Security Research Division.

Library of Congress Cataloging-in-Publication Data

Monitoring the progress of shipbuilding programmes : how can the Defence Procurement
Agency more accurately monitor progress? / Mark V. Arena ... [et al.].
p. cm.

“MG-235.”

Includes bibliographical references and index.

ISBN 0-8330-3660-2 (pbk.)

1. Great Britain. Royal Navy—Procurement. 2. Defence Procurement Agency (Great
Britain)—Management. 3. Shipbuilding industry—Great Britain—Management. I.
Arena, Mark V.

VC265.G7M66 2004
359.8'3'0681—dc22
2004018825

The RAND Corporation is a nonprofit research organization providing
objective analysis and effective solutions that address the challenges
facing the public and private sectors around the world. RAND’s
publications do not necessarily reflect the opinions of its research clients
and sponsors.

RAND® is a registered trademark.

Cover design by Stephen Bloodsworth

© Copyright 2005 RAND Corporation

All rights reserved. No part of this book may be reproduced in any
form by any electronic or mechanical means (including photocopying,
recording, or information storage and retrieval) without permission in

writing from RAND.

Published 2005 by the RAND Corporation
1776 Main Street, PO. Box 2138, Santa Monica, CA 90407-2138
1200 South Hayes Street, Arlington, VA 22202-5050
201 North Craig Street, Suite 202, Pittsburgh, PA 15213-1516
RAND URL: http://www.rand.org/
To order RAND documents or to obtain additional information, contact
Distribution Services: Telephone: (310) 451-7002;
Fax: (310) 451-6915; Email: order@rand.org



Summary

Introduction

The Defence Procurement Agency (DPA), part of the UK Ministry
of Defence (MOD), provides services and equipment for the national
security of the United Kingdom. This task requires efficient capital
management. One of the keys to efficient capital expenditure is good
programme management.

Cost and schedule control and estimating are central competen-
cies of programme management. Controlling cost and schedule is the
principal focus of this report. Continually updated knowledge of
project status is important for both operational planning (determin-
ing when the customer will have use of the asset) and financial man-
agement (determining cash flow needed to support the programme).
A good control system can also aid programme improvement by iden-
tifying problem areas before they greatly affect production. Accurate
estimating of changing programme needs allows an organisation to
make best use of limited funding. The importance of estimating and
control has been recognised by the DPA in that two of the five key
targets monitored are related to cost and schedule performance.

The DPA measures its annual performance against five key tar-
gets. Key Target 2 relates to programme slippage, i.e., the delay
between the promised in-service date and the actual or projected in-
service date. The MOD indicates average programme slippage results

xiii



xiv. Monitoring the Progress of Shipbuilding Programs

in product delivery approximately one year later than the date origi-
nally anticipated at Main Gate (MOD, 2002a). Moreover, for mili-
tary shipbuilding, slippage is often recognised very late in the pro-
gramme, making it more difficult to overcome. Although measures of
slippage cover MOD programmes broadly, recent shipbuilding pro-
grammes such as the Landing Platform Dock, Astute, and Auxiliary
Oiler have been documented as suffering slippage as well (Scott,
2004).
These issues led the DPA to ask the RAND Corporation to

* assess how shipbuilders (and other industries) track programme
progress and how they identify a set of metrics that are used to
measure progress

* consider how the DPA should monitor programmes and
recommend the types of information that should be gathered
from shipbuilders to help the agency to independently assess
shipbuilding progress

* identify why ships are delivered late and understand why com-
mercial shipbuilders have much better schedule performance.

Methodology
To address these issues, RAND researchers

* surveyed major shipbuilders in the United Kingdom, United
States, and European Union' and conducted follow-up, in-
depth interviews with representatives of these firms; from these
surveys and discussions, we identified which metrics are most
commonly used to track shipbuilding progress

1 For simplicity, throughout this report, the authors use the term ‘European Union’, or
‘EU’, to refer to those non-UK European shipbuilders surveyed (even though the United
Kingdom is an EU member). Specifically, EU countries that participated consist of Finland,
France, Italy, the Netherlands, and Spain (see Table 1.1 for the full list of shipbuilders).



Summary xv

* asked, for comparison purposes, representatives of the project
management department of a major oil firm about their meth-
ods for tracking project progress

* reviewed literature on these major metrics to assess the advan-
tages and disadvantages of each

* identified the primary causes of production delays for ship-
builders.

How Shipbuilders Monitor Progress

We classify the methods identified to track schedule progress metrics
into six general categories: earned value related, milestones, task ori-
ented, actual versus planned, area/zone (such as compartment com-
pletion), and other (a residual category). We asked the shipbuilders to
report their primary schedule control metric during each of the six
phases of shipbuilding: design, module block construction, assembly,
outfitting, testing/trials, and commissioning,.

Figure S.1 shows the proportion of shipbuilders using a par-
ticular metric at each phase of construction. Earned value manage-
ment (EVM) metrics are the most commonly used in each phase of
production, though less frequently in later phases; milestones are the
second most commonly used.

US shipyards are more likely than UK or EU shipyards to use
EVM throughout production, largely because of the US Department
of Defense requirements for EVM on most acquisition programmes.
UK and EU shipyards are more likely to use non-EVM metrics such
as compartment completion (area/zone) and milestones, particularly
towards the end of production.
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Figure S.1
Shipbuilder Use of Metrics at Various Production Phases
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What Progress Information Should the DPA Require of
Shipbuilders?

The DPA should request from shipbuilders the basic information
needed for EVM. The core measures are

* actual cost of work performed

* budget cost of work performed
* budget cost of work scheduled
* estimate at completion

* budget at completion.

From these measures, most of the derived EVM metrics can be
calculated. These data should be readily available, since most UK
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shipyards already track production progress with an EVM system.
Beyond the total programme level, these data should be reported at a
lower level of detail (i.e., by work breakdown structure, major activ-
ity, and trade levels) and collected both cumulatively and by time
period.

Because EVM does not account for how activities should be
placed in sequence or what their effects are for critical paths, addi-
tional schedule control information should be tracked. The DPA
should ask shipbuilders to provide updated, forecasted completion
dates for each progress report. These reports should present revised
critical path analyses for high-level activities on the network schedule.
The agency should also track programme-specific milestones for each
ship. Finally, the DPA should monitor the value of unresolved (un-
adjudicated) changes, which can help determine whether the amount
of potential new work could cause the schedule to slip.

Developing Realistic Schedule Expectations

Being able to track progress is but one part of the problem the DPA
faces in better schedule adherence. Other keys to solving this problem
include the schedules the DPA itself sets for production and under-
standing elements of commercial shipbuilding that ensure on-time
delivery that could be adapted to military construction.

The DPA typically sets initial in-service dates based on opera-
tional needs. The production schedule required to meet these dates
may not be realistic or result in the most cost-effective procurement.
The DPA should consider developing schedule norms similar to those
used by other industries and based on prior programme performance
to determine whether its production schedules are realistic.

Adapting Commercial Practices

Commercial shipbuilding has very different schedule performance
than does the DPA or other military programmes. When asked about
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schedule performance, the common response from the commercial
firms was: “We are never late’. (Of course, such performance is only
that reported by the firms we interviewed, not that for all commercial
firms.) The reasons for their better, on-time performance include dif-
ferences in commercial and military needs, in how each sector man-
ages change, and in incentives of commercial contracts.

Change Orders and Late Product Definition: Major Contributors to
Schedule Slips

We asked each shipbuilder to identify the factors that contribute to
schedule slippage. The most frequently identified category was
change orders/late product definition, cited nearly half the time (see
Figure S.2). The second most cited reason for schedule slippage was
the lack of timely technical information needed from a supplier or
client.

Figure S.2
Causes of Schedule Slips Reported by Shipbuilders (percentage)
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Perhaps more significant is the total amount of change that typi-
cally occurs in a programme. The average value of change on com-
mercial contracts is 4 percent of the total contract cost; for military
contracts, it is 8 percent. Furthermore, changes on military contracts
take much longer to resolve, from four to 22 weeks, compared with
one to five weeks for commercial contracts. Changes on military con-
tracts also occur much later in the production phase than do those for
commercial contracts. Shipyard representatives reported that more
than half the change in commercial contracts occurs during the
design phase. About 40 percent of military contract changes occur
during design, with more taking place in the later phases of produc-
tion, particularly in assembly and outfitting.

Commercial Incentives Heavily Weighted Towards On-Time Delivery
Commercial shipbuilding contracts include more incentives for on-
time delivery. The contracts may impose significant liquidated dam-
ages for late delivery, costing thousands of pounds per day. To avoid
such penalties, commercial shipbuilders are willing to spend money
on outsourcing to get the project back on track. The full order books
for many commercial contractors provide a further incentive for on-
time delivery; if one programme is delayed, other programmes will
also slip. Because most commercial contracts are for fixed prices,
commercial shipbuilders want to move production through a facility
as quickly as possible to maximise profit. The DPA has used liqui-
dated damage clauses on recent shipbuilding contracts (e.g., for the
Astute and Type 45 programmes), but whether such clauses serve as
schedule incentives is debatable.

The structure of commercial contracts also provides an incentive
for on-time delivery. Typically, 80 percent of the contract value is
paid on delivery. The shipyard carries the financial burden on the
ship (i.e., interest on the loan needed for its construction) until deliv-
ery. In contrast, military contracts are typically paid using progress
milestones that are intended to keep the shipbuilder in a cash-neutral
position. Some of the initiatives under Smart Acquisition (the
MOD’s acquisition process), such as the Public Finance Initiative, are
moving procurement strategies to more commercial terms and incen-
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tives. Still, the practicality for such an approach for a warship is un-
clear.

Conclusions and Recommendations

Nearly all shipbuilders use EVM as a method to monitor the progress
of design and production. The method is well established in many
areas of business (commercial and military), not just shipbuilding. As
a result, there are extensive training, software, consulting, and litera-
ture resources for implementing it. Because UK shipbuilders already
use this methodology as part of their internal control process, the
DPA would not, in applying it for the agency’s own purposes, be
asking the shipbuilders to develop or implement new systems. The
effective use of EVM will require the DPA to staff Integrated Project
Teams (IPTs) with EVM professionals. The DPA has the opportu-
nity to improve its change management on shipbuilding programmes,
which could benefit both cost and schedule performance.

In sum, the DPA should consider the following actions to
improve the schedule performance of its shipbuilding programmes:

* Develop an internal set of schedule norms to set realistic expec-
tations.

* Consider options to control or reduce changes, especially those
late in the process.

* Resolve changes quickly.

* Require shipbuilders to report EVM data that the shipyards
already track for internal purposes.

* Make the EVM process a management control function of the
IPT.

* Require shipbuilders to report estimated delivery date and criti-
cal path analysis.

¢ Set appropriate incentives on ship contracts to encourage better
schedule performance.
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