
2018 EVMP Forum – August 22nd & 23rd

Earned Value Management Practitioners Forum 2018

Design-Build Integrated Master Schedule
IMS for Engineering and Design in support of  Major 
Construction Projects at EB

Amanda Samokar
Jorge Payne 

1



2018 EVMP Forum – August 22nd & 23rd

Earned Value Management Practitioners Forum 2018

Design-Build Integrated Master Schedule
IMS for Engineering and Design in support of  Major Construction Projects at EB
Design-Build Integrated Master Schedule
IMS for Engineering and Design in support of  Major Construction Projects at EB

� � � � � � � � 	 
 � � � �
 �

Electric Boat

Amanda Samokar
Jorge Payne
22/23 August 2018

AS-JP  08-22-18© Copyright Electric Boat Corporation - Use Only With Permission

EVM Practitioners 
Forum
Washington, D.C.

Electric Boat Proprietary Information



2018 EVMP Forum – August 22nd & 23rd

Learning Objectives

3



2018 EVMP Forum – August 22nd & 23rd

Design Issue – Construction Start (DI-CS)

 DI-CS is the monitored interface buffer for a fully-
integrated Design-Build schedule

 Manufacturing Assembly Plan, Integrated Master Schedule 
and Earned Value Management provide:

• Full integration of cost and schedule
• Full integration of design and construction schedules
• Method for monitoring independence/reliance/impact 

of one discipline/phase on the other
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Integrated Master Schedule (IMS) is Crucial to 
any Successful Design-Build Program

• An Integrated Master Schedule (IMS) is intended to:
• Correctly sequence and schedule design deliverables 

(drawing, work packages, material) via the integration 
of Design to Construction

• Recognize interdependencies across design disciplines
• Include dependencies on outside sources (Vendor and 

Government Furnished Information)
• Recognize resource requirements for all Engineering, 

Design, Quality, Material, Planning and Operations 
departments from design through Construction, Test 
and Delivery
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SSN778 - EB MRP WORK ORDER STATUS
 GROTON INSTALLATION & TEST

FORWARD

WEEK ENDING

06/16 06/23 06/30 07/07 07/14 07/21 07/28 08/04 08/11 08/18 08/25 09/01 09/08 09/15 09/22
Total 3,920 4,136 4,227 4,285 4,367 0 0 0 0 0 0 0 0 0 0
Open 2,841 3,026 3,096 3,116 3,140 0 0 0 0 0 0 0 0 0 0

Completed Orders 1,079 1,110 1,131 1,169 1,227 0 0 0 0 0 0 0 0 0 0
WIP Orders 176 186 216 238 255 0 0 0 0 0 0 0 0 0 0

Sched Complete and Completed 929 963 992 1,039 1,096 0 0 0 0 0 0 0 0 0 0
Delinq to Order Complete 30 26 38 52 58 0 0 0 0 0 0 0 0 0 0
Current Open & Schedule 0 0 0 0 58 82 72 104 124 118 72 83 60 73 64

Completed Last Week 31 31 21 38 58 0 0 0 0 0 0 0 0 0 0
Rate Required (Complete) 78 86 86 92 90 0 0 0 0 0 0 0 0 0 0

07/14
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Weeks To
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SSN778 W/E Date  4/19/07 4/26/07 5/03/07 5/10/07 5/17/07 5/24/07 5/31/07 6/07/07 6/14/07 6/21/07 6/28/07 7/05/07 7/12/07
SSN778 Open Orders        2,436        2,412        2,375        2,345        2,332        2,307        2,274        2,244        2,230        2,222 2,199 2,163 2,149 
SSN776 Open Orders        2,194        2,179        2,162        2,142        2,108        2,088        2,064        2,034        1,982        1,932        1,907        1,872        1,841 
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Integrated Master Schedule is the Basis for EB 
Business Management System
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INSTALLATION 
ORDERS

INDIVIDUAL MANUFACTURED PARTS

MANUFACTURING OR
ASSEMBLY PARTS

ASSEMBLY 
ORDERS

MANUFACTURING
ORDERS

SWSS/ 
CPJ

Packages

Dev 3D 
Mock

Approval

Issue Work 
Packages

LSYD

Dev 3D 
Mock Dev 3D Mod Dev 2D 

Drawing
Approval

Design 
IssuePre-Start

Product Structure

Design Deliverables 
organized by WBS, OBS, 
Product Type, etc.

Deliverables  tied to 
Const/Test activities to 
provide schedule need

Resource loaded Engineering and 
Construction Schedules reside in 
Artemis and provide:
- EVMS Performance data
- Drawing dispatch reports
- Performance to schedule trends
- Manpower requirements
- Trade Work Agendas
- Foreman level dispatch reports
- Material need dates

Submarine System

Submarine Systems Engineering Program Management ILS

Aux Systems

Level 1

Level 2

Level 3

Level 4

Level 6

Mech Handling Bow Planes Diver Support Other Systems

Level 5

Mechanical Systems

StructuresElectrical

Water SystemsHydraulic Systems

WBS

VIRGINIA CLASS WORK PACKAGE ACTIVITIES DEVELOPMENT COMPLETES
EB WORK PACKAGES ONLY - SSN 782

QUONSET POINT ONLY
(EXCLUDES PROTOTYPE ACTIVITIES)

BASED ON MITABNV AS OF 19-OCT-07

FILE: WPQP.643, PF: pf9,  AJK, $EB6V
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• Target hours automatically assigned 
based on previous ship actuals less 
learning
• Work Orders print with all applicable 
Design documents
• Enhanced Electronic Desk Top 
capability for planners and foremen
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Task Package: 1K7A - D/B SUPPORT - SHIPYARD                          

BCWS BCWP ACWP CV SV BCWS % BCWP % CV % SV % BAC EAC VAR
Grand Total 3,183     3,243        6,395            (3,152)          60           19.6% 20.0% (97.2%) 1.9% 16,215     31,975      (15,760)   

3 Month 3 Month
BCWS BCWP ACWP CV SV BCWS % BCWP % CV % SV % CPI SPI

Grand Total -        -            3,559            (3,559)          -          0.0% 0.0% 0.0% 0.0% -          -           

MTD MTD
BCWS BCWP ACWP CV SV BCWS % BCWP % CV % SV % CPI SPI

Grand Total 541        486           1,349            (863)             (55)          3.3% 1.5% (177.6%) (11.3%) 0.360       0.898        

Period Period Cum Cum
BCWS BCWP ACWP CV SV BCWS % BCWP % CV % SV % CPI SPI CPI SPI

Grand Total 150        324           407               (83)              174          0.9% 1.0% (25.6%) 53.7% 0.796       2.160        0.507      1.019     

Cumulative At CompletionCumulative

Last 3 Months Last 3 Months

CURRENT PERIOD CURRENT PERIOD

Month to Date Month to Date

Descriptions Diagrams Class Drawings Others
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DI-CS, 46 weeks

IMS enables Monitoring of Design Development and 
Issuance … Relative to Construction Need Dates
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Dedicated Design Build Teams included Engineering/Design, 
Operations and Planning

SYSTEM INTEGRATION 
TEAMS

MAJOR AREA 
TEAMS

Sail

Command & Control 
Systems

Habitability

Auxiliary 
Machinery 
Room

Weapons Stowage & Handling

Non-Pressure 
Hull

The MAP is the Basis For Determining The 
Design/Build Team Structure
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ELECTRONIC 
DESIGN

MANUFACTURING 
ASSEMBLY PLAN

First, We Determine How to 
Build the Ship Most Affordably 

...then begin the Design

AUXILIARY 
MACHINERY 
ROOM

Manufacturing Assembly Plan
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Arrangement 
Mockup

Intelligent Model
Class Drawing & Fixtures

NC Data

Shipyard 
Data Loaded

Work 
Packages 
Finalized

Drawings 
Construction 

Issued

Work Pkgs. 
Issued

Process is based on six product areas that address all the required activities to support 
construction including completed drawings, work packages and material definition

PA-I

PA-II

PA-III PA- IV

PA-V

Virginia Class Integrated/Concurrent Design Development Process

Arrangement
Mock-Up

Intelligent Model
Class Drawings & Fixtures

All Disciplines
Concurrent

CD & Fixture 
Design 

Complete

Start Concurrent
Design

Req’ts

Liaison & Lead Yard Services

PA-VI

Life Cycle 
Supp’t

PA-0

Integrated Design-Build Process is Based on a 
Series of Product Areas Which Define the 
Incremental Development and Approval Process
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DESIGN 
ISSUE

CD ISSUE

LOAD 
SHIPYARD 
DATA

VARIABLE 
0 + WEEKS

4 WEEKS 8 
WEEKS

6 
WEEKS

12 
WEEKS

DRAWING 
CONSTRUCTION 
ISSUE

WORK 
PACKAGE

INNOVATION 
INTERFACE 
TARGET LOCK

MANUFACTURING

INSTALLATION

DELIVERY 
INTERFACE 
TARGET LOCK

30 WEEKS 
VISION

IMS Enables Monitoring of Design Issue to Construction 
Start (DI-CS) - Offset Ensures Adequate Time Is Available for 
the Preparation of Work Packages and Material Availability

NOTES:  1 - FIXTURES DO NOT APPLY TO THIS PROCESS
2 - VARIABLE WEEKS IS SPLIT 75% INNOVATION 25% DELIVERY

CONST 
START
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Incremental Intelligence 
Added to Design Drawings

Dev 3D Mock
Dev 3D Mod

Dev 2D Drawing
Approval

Design Issue
NC Data

• Devel 3D Models
• Prelim analyses
• Team EVS review
• Finalize configur’n
• Data Integrity Chk
• Team approval
• Customer approval

• Create CD CRO
• Finalize Design 

config’n
• Perform final 

analyses
• SIT/MAT Reviews
• Plan Product 

Structure
• Create end-use 

instances & 
assemblies

• Assign joints
• Data Integrity check
• IM Team approval
• End-use data check

• CD Pre-start meeting
• Enhance end-use
• Assign notes
• Drawing lead sheets
• 2D graphics sheets
• Data Integrity checks 
• Team 

review/approval
• EBDiv approval
• Customer approval 

(if req’d)
• Issue Class Drawing

• WPDD Pre-start 
meeting

• Create WPDD CRO
• Create WPDD model
• Create part sketches
• Create manufacturing 

support sketches
• Link models to CRO
• Check models & 

sketches
• Create NC tool path 

data

SM  (9 wk)

MED  (11 wk)
LARG (17wk)

SM  (9 wk)

MED  (17 wk)
LARG (26wk)

SM  (7 wk)
MED  (9 wk)
LARG (13wk)

Structural Example
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Typical Drawing Template - Structural

2D @ 75%

Design 
IssueDevelop WPDD

(5 wks, 60 hrs)

Issue Work 
Packages

(8 wks, ?? hrs)

LSYD

(4 wks, ?? hrs)

Dev 3D 
Mock Dev 3D Mod

Dev 2D 
Drawing

CAT 1  (8 wk)

CAT 2  (6 wk)

CAT 3  (2 wk)

Approval (1 wk)
Design 
Issue

(6 wks, D355, ?? hrs)

Pre-Start
Product Structure

3D @ 75%

3D Mock 3D Mod 2D Dwg Total
Small 50 60 60 170
Medium 60 120 80 260
Large 90 180 120 390
% of Total (Sm) 30% 35% 35% 100%
% of Total (M&L) 23% 46% 31% 100%
Ripout NA NA 33 33

3D Mock 3D Mod 2D Dwg Total 3D Mock 3D Mod 2D Dwg

Small 252 454 303 1009 Engineering 40% of Design 30% 45% 25%
Medium 506 910 607 2022 Stress 10% of Design 10% 85% 5%
Large 1009 1816 1211 4036 Material 8% of Design 10% 70% 20%
% of Total 25% 45% 30% 100% CATIA (in units) 86% of Design 25% 45% 30%
Ripout NA NA 100 100 Acoustics 30% 45% 25%20 hrs per drawing

Hours

Durations in Days (Typical)

Design Hours (Typical) Others
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Progress Guidelines are Used As 
Basis For Progress reported

0

Design

35

CC3DMK
Model
Compl

Engrg,
Acoustics
(Hgr Engr)

43

Prelim Analysis
Compl (Gen Reqmts)

Design

Prelim Technical/
Data Check Compl

Design

48

CRO Created &
Models Linked

50

Major Area Team
Review

VTC W/Customer
For Cont’d Dev.

Major
Area Team,
Engrg &
Mgmnt

55

Team/Customer
Appvd Arrgmt

Material 
& Design

70

Initial End_Use
Compl

Design,
Planning,
Material,
Operations

75

Process Parts/
Product Structure
Compl

Engrg,
Acoustics
(Hgr Engr)

85

Engrg Review
Compl

Design

Final Design/
Data Check Compl

95

VTC W/Customer
Approval

Major Area Team
Review

Major Area
Team,
Engr,
Mgmnt,
Customer

100

Team/
Customer
Appvd
Intelligent
Model
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Multi-Drawing Table
(also known as the MIT)

• The MIT is a matrix that connects all design deliverables to all 
construction activities requiring information from that deliverable

• Many-to-many relationships
• Entire scope of design tied to entire scope of construction
• Identifies first use of construction
• Identifies design availability
• Used to calculate Material Required Need Date (MRND)
• Identifies potential schedule conflicts between design and construction
• Facilitates monitoring DI-CS
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View drawing‐activity relationship for projectView drawing‐activity relationship for project
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X123
INSTALL SHIP COMPONENT
SS=6‐JUL‐15    SF=16‐SEP‐15

MIT schedules                
(By Drawing‐Revision):
Construction Spans
Material Ordering Reqmts
Fixture Requirements

X456
INSTALL ANOTHER RELATED COMPONENT
SS=5‐DEC‐15    SF=23‐MAR‐16

DWG1‐REV A  SCHED START= 6‐JUL‐15

Manufacturing Integration Table (MIT)

AN CD REV
COMMODITY 

CODE
FIXTURE 
REQMTS

X123 DWG1 A 6
X123 DWG2 B
X123 DWG3 A 4 M
X456 DWG1 A 4

DELIVERY NETWORK

�������������������
������ ���������!���"��
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DELIVERY Networks

Manufacturing Integration Table 
(MIT)

AN CD REV
COMMODITY 

CODE
FIXTURE 
REQMTS

X123 DWG1 A 6
X123 DWG2 B
X123 DWG3 A 4 M
X456 DWG1 A 4

WORK
PACKAGE
REQUIREMENTS
(RECON Network) X123

X456

X789

XABC

X123

Fixture
DWG3

DWG1
DWG2

DWG3

DWG NEED

FIXTURE NEED

ADVANCE MATERIAL
REQUIREMENTS

DWG3

INNOVATION
Networks

(As needed where
Drawing Need precedes
Drawing Issue)

�������������������
������ ���������!���"��
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Commodity 
Code Commodity Description

Total Lead 
Time Days 

(CAL5)
Planner Lead 

TIme Days
Buyer Lead 
Time Days

Vendor Lead 
Time Days

Vendor Lead 
TIme Days 
(Average)

Insp Lead 
Time Days

Receipt Lead 
Time Days

Total Lead Time 
Weeks 

(Average)
Total Lead 

Time Weeks
Total Lead Time 
Days (Average)

1 CODED ELECTRICAL 215 5 25 160 80 20 5 27 43 135

2 STANDARD VALVES 325 5 25 260 130 30 5 39 65 195

3 FLANGES 305 5 25 250 100 20 5 31 61 155

4 FITTINGS 305 5 25 250 100 20 5 31 61 155

5 PIPING SUNDRIES 305 5 25 250 50 20 5 21 61 105

6 PLATE 185 5 25 130 110 20 5 33 37 165

7 BAR STOCK 195 5 25 130 80 30 5 29 39 145

8 PIPE STEEL 425 5 25 360 200 30 5 53 85 265

9 PIPE-NON STEEL 425 5 25 360 130 30 5 39 85 195

10 HOSE AND ASSYS 215 5 25 160 80 20 5 27 43 135

11 RUBBER/PLOY SHIELDING 215 5 25 160 80 20 5 27 43 135

12 FASTENERS 185 5 25 130 80 20 5 27 37 135

13 FABRICATED PARTS 175 5 25 120 80 20 5 27 35 135

14 MISC SUPPLIES 155 5 25 100 80 20 5 27 31 135

15 ELECTRICAL SPECIALTY 325 5 25 270 130 20 5 37 65 185

16 SPECIALTY VALVES 610 5 50 520 260 30 5 70 122 350

17 HYDRAULIC VALVES 690 5 130 520 520 30 5 138 138 690

18 STEEL SHAPES 175 5 25 120 60 20 5 23 35 115

DWG1  REV A  SCHED START= 6‐JUL‐15COMMODITY TABLE

(MIT)
AN CD REV

COMMODITY 
CODE

FIXTURE 
REQMTS

X123 DW G1 A 6
X123 DW G2 B
X123 DW G3 A 4 M
X456 DW G1 A 4

All material must be defined to support
ordering Lead Time (defined by the
Commodity Code Table) and first use
Construction Schedule Start.

06‐JUL‐15
Construction

Start

10‐APR‐15
In‐Yard
Need

09‐FEB‐14
Material

Requirements
Need Date

305 DAYS
(greatest commodity lead time) 12 wks

4

6�������������������
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The Decision to Use the Normal Release or Advance 
Release Process is Based on the Relationship of the 
Drawing Issue Date and the MRND

12 WEEKS

MRND P.O. PLACEMENT
DATE

SCHEDULED
DOCK DATE

MATERIAL
RIYD

CONSTRUCTION
START DATE

NORMAL 
RELEASE

ADVANCE
RELEASE

CD ISSUE 
DATE

CD ISSUE 
DATE

• If the drawing issue date is prior to the MRND the normal release 
process is used

• If the drawing issue date is after the MRND the advance release 
process is used
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Material Schedule Requirements are Also 
Driven from the Integrated Master Schedule

• Material Required In Yard Date (RIYD) is scheduled 12 weeks prior to 
construction start

• The purchase order place date considers vendor lead time to meet the 
required in yard date

• Material Requirements Need Date (MRND) defines the date by which 
all technical data must be available to support procurement

MATERIAL
REQUIREMENTS 

NEED DATE
PURCHASE ORDER
PLACE DATE

MATERIAL REQUIRED
IN YARD DATE

START
CONSTRUCTION

12 WEEKS

DESIGN DEVELOPMENT
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TOTAL
LEAD
TIME

COMM DAYS

CODE DESCRIPTION (CAL5)

4 Fittings 305
6 Plate 185

Commodity 
Code

Commodity 
Description

Total Lead 
Time Days 
(CAL5)

Planner 
Lead 
TIme 
Days

Buyer 
Lead 
Time 
Days

Vendor 
Lead 
Time 
Days

Vendor Lead 
TIme Days 
(Average)

Insp 
Lead 
Time 
Days

Receipt 
Lead Time 

Days

Total Lead 
Time Weeks 
(Average)

Total 
Lead 
Time 
Weeks

Total Lead 
Time Days 
(Average)

1 CODED ELECTRICAL 215 5 25 160 80 20 5 27 43 135

2 STANDARD VALVES 325 5 25 260 130 30 5 39 65 195

3 FLANGES 305 5 25 250 100 20 5 31 61 155

100 31 61 155

5  +  25 +  250         +         20    +    5  = 305

Note that Lead Time
is based on calendar
CAL5 (ignores holidays
and Christmas shutdown).

FITTINGS4 305 255 250 20 5

#�$$�%��&�'��%���$�
!���������(��(�����%)
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Key Takeaways

• Best Practices?
• Tips & Tricks?

2
4


