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BOSTON, MA

EXAMPLETHEO BDIGO RBIECT e

ws Highway

PROBLEM STATEMENT __ TR

Tunnel

w—  Elevated

x Central Artery/Tunnel Megaproject in Boston, MA ik -

x Commonly known as the Big-Dig project e
Rerouted Interstate 93 (1-93) running through the N\
heart of the city into a 1.5-mile tunnel S
Designed and built between 1982 and 2007 4 D
Most expensive highway project in the US
at the time (21.5 billion in 2020 US dollars)

X Plagued by thousands of water leaks, design
flaws, charges of poor execution, use of
substandard materials and other issues

X Led to the death of a motorist and criminal

arrests when a 24-ton concrete ceiling panel
collapsed onto a car

UUUUUUUUUUUUUUUU

SOURCEttp://www.nbcnews.com/id/22809747/ns/us_news-
life/t/million-settlement-covers-big-dig-tragedy/#.XNQs1hRKi70
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http://www.nbcnews.com/id/22809747/ns/us_news-life/t/million-settlement-covers-big-dig-tragedy/#.XNQs1hRKi70

PROBLEM STATEMENT e
EXAMPLETHEO B DGO RBECTCONTD) Wiy

x $407 million in restitution paid by the consortium managing the project

x Several smaller companies agreed to pay a combined sum of approximately
$51 million

X A settlement agreement included a statement of facts as the basis for liability

X The settlement addressed specifically areas of construction management
oversight failures:

I The use of non-specified material
I The use of substandard materials
I As well as ignored observations of failing epoxy bolt load tests

X The issues identified above are typically addressed in construction
specifications describing in detail the scope of work, materials, installation, and
quality of workmanship
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OFFERED SOLUTION =
PR S S
SYSTEMENGINEERINGS THEPROFESSIONATANDARDF CARE "y

x Professional Standard of Care: defined as the systematic exercise of a
reasonable level of care, diligence, and skill

x Falilure to adhere to the professional standard of care may result in company
risk and liability

Xx I n the aut h,dheBigDigigsuesti 0 n
I Describe a common requirements management and verification & validation challenge
I Could have been avoided using a structured systems engineering approach

X This presentation:

I Describes the application of SE principles to construction specifications
In a large infrastructure project using a case study approach

I Presents the application of systems engineering as the systematic exercise of a
reasonable level of care

I Demonstrates the Value of Systems Engineering as a liability protection and
risk mitigation strategy
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X Problem Statement & Offered Solution

x Background & Introduction

I Construction Specifications
I Case Study Project

Systems Engineering Challenges Faced
Systems Engineering Objectives
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INTRODUCTION
CONSTRUCTICBPECIFICATIONS

X

Contract documents that govern the
construction of building and infrastructure
projects (e.g. transportation, water, energy).

Describe in detail the following requirements:

Scope of work,

Materials to be used,

Installation methods, and

Quiality of workmanship (including inspection
& testing)

Essential component of the PS&E approach:

I Plans (Drawings),
I (Construction) Specifications, and
I (Cost) Estimates.

Governed by Construction Specifications
Institute (CSI)

CSI MasterFormat Standard: Standardized
classification for Construction Specifications.

CSI MASTERFORMAT:. 50 DIVISIONS

PROCUREMENT AND CONTRACTING REQUIREMENTS GROUP:
DIVISION 00 — PROCUREMENT AND CONTRACTING REQUIREMENTS

SPECIFICATIONS GROUP
GENERAL REQUIREMENTS SUBGR(

FACILITY CONSTRUCTION SUBGRG

| 0=

DIVISION 01 — GENERAL REQY *

DIVISION 02 — EXISTING CONI
DIVISION 03 — CONCRETE
DIVISION 04 — MASONRY
DIVISION 05 — METALS
DIVISION 06 — WOOD, PLASTIA
DIVISION 07 — THERMAL AND
DIVISION 08 — OPENINGS

FACILITY SERVICES SUBGROUP:

DIVISION 20 — MECHANICAL SUPPORT

DIVISION 21 — FIRE SUPPRESSION

DIVISION 22 — PLUMBING

DIVISION 23 — HEATING VENTILATING AND AIR CONDITIH!
DIVISION 24 — RESERVED FOR FUTURE EXPANSION
DIVISION 25 — INTEGRATED AUTOMATION

DIVISION 26 — ELECTRICAL

DIVISION 27 — COMMUNICATIONS

DIVISION 28 — ELECTRONIC SAFETY AND SECURITY

DIVISION 09 — FINISHES
DIVISION 10 — SPECIALTIES
DIVISION 11 — EQUIPMENT
DIVISION 12 — FURNISHINGS
DIVISION 13 — SPECIAL CONSTRUC]
DIVISION 14 — CONVEYING EQUIPN

DIVISION 15 — RESERVED FOR FUTU

SITE AND INFRASTRUCTURE SUBGROUP:

* DIVISION 30 — RESERVED FOR FUTURE EXPANSION
e DIVISION 31 — EARTHWORK

e DIVISION 32 — EXTERIOR IMPROVEMENTS

e DIVISION 33 — UTILITIES

* DIVISION 34 — TRANSPORTATION

e DIVISION 35 — WATERWAYS AND MARINE CONSTRI

PROCESS EQUIPMENT SUBGROUP:

DIVISION 40 — PROCESS INTERCONNECTIONS

DIVISION 41 — MATERIAL PROCESSING AND HANDLING EQUIPMENT

DIVISION 42 — PROCESS HEATING, COOLING, AND DRYING EQUIPMENT

DIVISION 43 — PROCESS GAS AND LIQUID HANDLING, PURIFICATION AND STORAGE EQUIP
DIVISION 44 — POLLUTION CONTROL EQUIPMENT

DIVISION 45 — INDUSTRY-SPECIFIC MANUFACTURING EQUIPMENT

DIVISION 46 — WATER AND WASTEWATER EQUIPMENT

DIVISION 47 — RESERVED FOR FUTURE EXPANSION

DIVISION 48 — ELECTRICAL POWER GENERATION

DIVISION 49 — RESERVED FOR FUTURE EXPANSION

YY———————————m——————————



INTRODUCTION
CONSTRUCTICBPECIFICATIONS

Part 117 General: Describes managerial
requirements such as applicability, work to be
performed, codes and standards, definitions,
submittals, quality management, etc.

Part 21 Products: Describes the
(performance) requirements, the acceptable
(prescriptive or proprietary) products,
materials, and sometimes even specific
suppliers. Big-Dig: Would have contained
the acceptable materials and material
standards.

Part 317 Execution: Describes the methods
of installation and how to measure quality or
effectiveness. Big-Dig: Would have identified
the inspections and tests to be performed,
Including the bold load tests.
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PROCUREMENT AND CONTRACTING REQUIREMENTS GROUP:
e DIVISION 00 — PROCUREMENT AND CONTRACTING REQUIREMENTS
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SPECIFICATIONS GROUP
GENERAL REQUIREMENTS SUBGROUP
* DIVISION 01 — GENERAL REQUIRE
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FACILITY CONSTRUCTION SUBGRQUP
DIVISION 02 — EXISTING CONDITIONS
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DIVISION 13 — SPECIAL CONSTRUCTION
DIVISION 14 — CONVEYING EQUIPME
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