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ABSTRACT

“CPDICenter: Web-Base.d Virtual Construction Project Document
Information Center In Support Of Claims Preparation”

Mamoon Mohammad Hammad, PhD in Building, Civil & Environmental Engineering
Concordia University, 2001

Construction projects’ information, in the most part, is document-based. This

information documents progress and performance, also supports daily activities. The
industry has not paid enough attention to establishing a framework for capturing and
storing project’s document-based information, which is necessary for substantiating
claims' facts. Eventually high “post-construction” dispute resolution costs became the
norm, especially in complex construction projects. Understanding the history of such
undertakings—without documents—is an enormous one, because to understand the actual
history of a project, all-relevant documents have to be available. The outcome and
resolution of construction performance-related disputes rely, almost exclusively, on
relevant contemporaneous documents from the periods concerned. However, documents
sprawling to various project locations without discernable directory structures complicate
maintenance functions for backing up and archiving files. Construction projects are
temporary organizations that rely heavily on contemporaneous documents to exchange
and disseminate information, and to prove claims’ causes and damages. Hence,
difficulties in locating and accessing critical documents have to be minimized.
Registering and cross-referencing every document that is issued by any group in the
project achieves that. Currently, the industry is not unanimous on how to solve this

problem and with slimming contractor profits (due to severe competition and increased
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modemn projects’ complexity) the construction industry has not invested sufficiently to
develop data schemas to represent project documents’ contents, or context. Modeling
such information is necessary for r;xapping the knowledge contents into databases. This
research identified the aforementioned discords and proposes a Web-Based solution;
entitled the Construction Project Document Information Center (CPDICenter). The
CPDICenter is a web-based system with communication architecture to tackle technical
constraints like geographical dispersion of operations, multiplicity of project groups, and
document workflows. It also allows groups to register, store, access, and search online
for any documents in the project via a web browser. The CPDICenter is a project-wide
document control system to capture documents from all project groups/participants. This
research presents the CPDICenter’s web-based workflow system for digital document
capture, classification, indexing, and storage, in order to expedite finding and retrieving
documents for claim preparation processes. The CPDICenter works with any project
organization encompassing any number of groups. The payback will be reduced times
for retrieving documents, reduced costs of printing and scanning, and consequently
claims’ preparation costs.  This system intends to capture-in concert with
contemporaneous documents-other information about project events’ context,
documentation rationale and process data. Accurate accounts of project events are
essential for a successful and equitable claim analysis and resolution. Such information
is a requisite for reconstructing any project's history and finding the causes of disruptions
and/or changes to any construction program baselines especially when the people who

worked in the project have left to other jobs or their memories have faded.
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PREFACE

This research presents a framework and the necessary information system
architecture for implementing a web-based solution for the main problems that claims
analyses face which include: lack of contemporaneous documentation from the
construction operations, and finding and retrieving those documents, which cover the
history of the project operations. The solution proposed is entitled the “Construction
Project Document Information Center” (CPDICenter). The CPDICenter is a Document
Information System (DIS) to manage documents, and its information models are scalable
and extensible to meet any project structure with any number of participants who may be
diffused over distant geographical areas. The research findings are equally applicable to

all project types, such as building projects, civil projects, or product development.

Large Construction projects involve complex processes, big budgets, many
professionals, many specialty trades, as well as expensive equipments, and material
resources. Managing these undertakings requires extensive technical experience and,
often times, managerial and organizational art on the part of the construction manager.
Research into the construction delivery intensified in the last decade providing
management solutions, mainly in the shape of management tools and control techniques
to identify and control construction processes and problems that may result from
unforeseen or foreseen risks alike. One area research has served and continues to focus
on, is construction claims. Claims are requests submitted by some project group

(commonly the contractor), to another group (e.g. the owner), to compensate for any

© Mamoon Hammad 2001 xvii



performance deterioration or delays inflicted by disruptions to work processes, or
changes to quantities, or additions beyond scope, or sometimes omissions. Without
relevant contemporaneous documents from the construction periods in question, proving
the effects (impacts: delays, and cost increases, or losses) of such causes will be a
plausible task. In normal circumstances, the lack of congruous construction documents to
explain the problems of the operation might lead to the loss of the claim(s). Impacts to
the construction performance—inflicted by external or internal causes—have always been a
big concern to owners, contractors, and engineers alike. In part, that is due to the
tremendous capital tie-ups and the possibly forgone investment opportunities each project
group endures. Also because of the high costs needed to prepare claims, establishing
responsibilities, and estimating the impacts’ damages. Hence, Contemporaneous

construction documents are crucial for accurate claims analyses.

Currently the industry is not unanimous on any methodology or information
system architecture for controlling and storing “every” project document, from all
groups, as future references in cases of impact claims. The solution proposed here— the
CPDICenter-streamlines documents, vis-a-vis project phases and document viewing
rights, into four classes. The CPDICenter also offers a web-based document information
database and a storage architecture that ensures access to documents throughout the
project organization. The database will hold Document Meta information, and hence the
database is entitled the Document Meta Information Database (DMID). Meta here means

information about information, or information about documents.
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The Information architecture will define the way the document and project information
are related, and where and how to store documents for fast retrieval. This web-based
solution promotes a uniform view of all project documents. It is also adept to any project
delivery or organizational system like Construction Management, Traditional, Design-
Build, and Owner-Builder. Every CPDICenter shall include the database component (i.e.
the DMID), Document Webfolders for project groups, search indexes, parametric
searching facilities, document registration (profiling) forms, and a database holding
project process control information. The groups’ document Webfolders have preset

directory structures that are consistent for all project groups.
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ﬁ Chapter One /Introduction to the Problem
of Documentation and
Support for Claims Analysis

1.1 — Background and Problem Domain

Timely and accurate project information is the cornerstone of successful claims
resolutions in today's fast-paced, information-intensive projects. In broad terms, the
documentation is essential to support claims management processes: damage analysis,
reconstruction of facts, As-Built schedule production, delay adjustments, and establishing
impact causes. During litigation planning claim analysts will rely on documentation to
define the disputed issues, establish production facts, plan a case scenario, and for
depositions, interrogatories, and in defining contractual parameters that control parties’
actions or inactions. Moreover, documentation is instrumental for discovering the
relevance of a claim, establishing a damage value for the facts under dispute, setting up a
credibility standard for proof of entitlement, ascertaining the impacts or damages, and
supporting claims for additions or omissions for changes. However, care should be
exercised in order to include within the documentation’s scope documents prepared by as
many trades as possible—even if those trades appear as not involved in the dispute.
[Vicerich 1992] finds that consistency, or the lack of it in such cases, provides an

evidence of the project circumstances and events. As such, inconsistency will assist a
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project’s owner find whether the contractor’s baseline schedule and estimates were
logical and reasonable to begin with, or to find normal productivities during periods that
are not supposedly impacted. Such information is at the contractor’s disposal and the

owner has to go through a discovery stage to collect such information.

1.2 — Affected Project Groups

All project groups are susceptible at one point or another to become involved in a
claim. Suppliers, sub contractors, trades, consultants, and owners alike, need quick and
easy access to the wealth of knowledge that exists within the collective documentation of
the project operations, in order to make sound claim decisions and realize their damages.
Project document retrieval is at the core of this initiative, and this effort requires the
establishment of an information and knowledge structures to map all project documents
and their contents. The CPDICenter is a Web-based application that will provide two
main services: 1) document registration functionality, and 2) document search and
retrieval. Both services can be carried out over the Internet, or the project’s intranet. The
CPDICenter does away with information barriers, allowing the project organization to
access and share critical documents regardless of their MIS (Management Information
System) platforms. The CPDICenter’s system architecture, and workflow models are
expected to transform vast amounts of disparate documentation into organized and
structured sources, by capturing, organizing, classifying, and storing those documents in
the DMID (Document Meta Information Database), for fast retrievals based on the
information or knowledge used to classify those documents by the project members. The

CPDICenter offers a centrally accessible repository for critical documents.

© Mamoon Hammad 2001 1-2



1.3 — The Documentation Problems in Construction

In recent years, construction performance-related disputes have shown an increase
in their preparation costs and times. Claims and disputes not resolved through
negotiations are pursued in different venues—the Alternative Dispute Resolution (ADR)
stepwise approach of mediation, arbitration, and litigation, in that order [Torone &
Kreitzberg 1994, Findley 1997]. Much of the costs involved in setting up a claim for
remuneration goes to the search and retrieval of documents and historical information
about the project. Claims analysts estimate that to be 70 to 80% of their professional
time [Tardif 1997]. In other industries project members need to spend around 50% of
their time looking for documents that should have been classified in the first place
[Feldman 2000]. This problem takes a more critical posture especially when 75% of any
organizations’ information is contained in unstructured (non-database) formats—

documents, transactions and reports [Gross 2001].

As a general practice, preparation of Impact Claims is carried out after project
completion. At such times most construction participants would have left for other
project opportunities, and with time the memories of those who were involved in the
project fade or become fuzzy. The dissolution of any construction project temporary
organisation makes it very difficult for analysts, who commonly join after the project
ends, to comprehend and understand fully what really took place during production
periods, also they can easily overlook minute, yet important, details about those
production events. The “Modus Operandi” in the construction industry is to carry out

claims analyses with little or no input from the engineers or site managers who were
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directly involved in the construction process. Of course, one could argue that such an
input from project participants is in the reports and other documents they left behind,
particularly when the production of such documents was part of their managerial duties.
However, without a project system to control documents and information, the
documentation exercise will not be structured, and often times not complete, and that in

turn makes the dissemination of rational and valuable information a costly process.

Negotiations amongst claim parties fail mainly because they are not sharing a
common view of the project information, or not instep with each other’s status as per
production and progress. A common view of the project is possible, if and when a central
project information system is up and running for project groups to tab into. Meaningful
project history resides either in documents—hence document-based—and/or with that
project groups’ collective memory, because no one alone can understand all the events
and their circumstances or is able to present all aspects of the construction operations.
However, with the conclusion of construction activities, most site echelons, engineers,
site supervisors, and others who are directly involved in the building exercise, move to
other ventures, and eventually when their opinions (testimonies) are needed, they are not

easily and cheaply tracked, moreover, people’s memories may fade.

The fierce competition for new projects, and the increase in projects’ complexity
forced contractors’ profits to marginalize and stay within low percentages, sometimes one
percent or less [ENR 1991]. The recent decline in contractors’ profits is represented in

Figure-1.1. Contractors’ slimming profits have directly, or sometimes indirectly, gave
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contractors an excuse to evade investments in Information Technology (IT). As a fact,
contractors assimilate and generate the bulk of the information in a project inasmuch as
they are directly involved in the construction processes. Their capability to set-up a
project and choose the methods they see most fitting, adds to the list of reasons of why
contractors should be involved in any Electronic Document Management System
(EDMS) development in construction. Construction EDMSs need further study and
research to support claims analysis search functions, and presentation—-a motivation for
this research. Claims analysts rely on document-based evidence to find facts about claim
causes, effects, and related contract-borne entitlements. Legal interpretation of facts,

however, is beyond the scope of this research.
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Figure-1.1: Slimming contractors profits in the last two decades

1.3.1 — Claims Preparation and Document Management Problems

Analysis of claims demands extensive documentation of project operations and
processes. Most analyses, however, takes place after the fact, or after termination of

works. At that time, the information needed for analyses are mainly residing in
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documents. This elevates the importance of document gathering, their organisation, and
classification. To that end, current practices are far short of providing any reliable
consistent, and conclusive documentation. Documentation for a project starts the
moment an owner—private or public-initiates a feasibility study, and further down the line
prepares tender invitations and site tests for the prospective bidders. The selected bidder
or group of bidders are bound by contracts, the language of which will shape, amongst

various things, the following:

e Project organisational structure.

e Contract valuation or remuneration system (e.g. Cost-plus, Unit Price,

Stipulated).
e Claims Management, documentation and workflow, which include:
o Rules of documentation.
o Cost reimbursement method.
o Entitlement.

o Dispute resolution mechanism.

Contractors’ opinions about contract documentation were the subject of a joint
survey [ENR 1991]-reproduced here in Table-1.1. The study clearly indicates a need to
improve the quality of project contract documents, which are the main guideline for
project control. However, most contracts in the market today are tailored for the
traditional project delivery [Short 1997], where the owner retains a consultant for design
and engineering, and consequently when design is completed contractors are invited to

bid based on a stipulated price basis.
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Table-1.1: On the quality of contract documents and documentation [ENR 1991].

Specifications Have Major Omissions 84%
Documents Need at least one Modification 65%
Documents Needed Frequent Changes 50%
Changes to Documents Needed 55%

Claim clauses will never fit all possible situations, or organizations. These
clauses are viewed by the industry—particularly owners—as an exculpatory language
[Jensen et. al. 1997] to shift risks to the contractor. Rigid interpretation of claim clauses
can drive some contractors into bankruptcy. Claims management documentation
requirements, if any exists, sometimes lack specificity and do not convey the real
requirements in an unambiguous language. It seems, according to some experts [Revay
1995], much of the seeds of disputes are planted in the pre-construction phase when the

contract clauses are prepared.

Claims are not all quantified during a project's life; some are actually left
intentionally till the end of the project, just to be able to quantify the real impacts to cost
and schedule. Nevertheless, there remains the task of documenting daily operations,
especially for any post-construction analyses. Such analyses have to have quality data
and information to make the readers (e.g. claims analysts, mediators, arbitrators etc.)
abreast with the true context that surrounded certain disputes or project events, and if
possible, the rationale behind certain key decisions and changes. Can documents capture
context and rationale from a construction process? This research focuses on solving this

critical problem, and presents a solution to fulfil such a requirement.
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Documents can become veritable project chronicles and history narrators, if the
context surrounding each and every event in the construction project, as well as the
rationale behind any decision, or the cause for any discourse from baselines is recorded.
A closer look at the project organisation, offered here in Table-1.2, reveals some
interesting contrasts vis-a-vis the Business Organisation. Such distinctions are domain-
related, and understanding them does benefit, thereof, the search for an IT solution for
project document capture and management. One should always bear in mind that
construction is a temporary organisation of strangers, with competing paradigms. The
owner for example is in for the best product with the least cost; the contractor is there to
expend the least effort for the most revenue. The foregoing situation should not be

advocated or fostered, however.

1.4 — Scope Of Research

The focal point hereto after will be the documentation of construction operations;
this includes the storage and retrieval of contemporaneous construction documents.
Contemporaneous documents support the entitlement of claims quantification at any
stage of the dispute. The system envisaged in this thesis—to manage documents—has to
adapt to any construction project type (Civil, Building, Industrial, ...etc.), and to any
number of participants. Hence, a multi-party enterprise of owners, contractors,
subcontractors, engineers, suppliers, and interest groups, will be accommodated. The
system is concerned with data used to manage construction operations as well as the data

resulting from such management processes.
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Table-1.2: Comparison between traditional construction and business organisations.

e it

Short term, lim

ited life span (years)

Business Relations last for the project

Long term relations, strategic alliances

Client is known before hand

Clients are profiled and segmented

Operation and Process-Oriented

Evolves around a product or service

Intensive Knowledge in specific domains

Wide base of Knowledge pool

Errors have to be surmounted abruptly, or ripples
will distribute to other parts

Errors absorbed through long term training,
reengineering, and adaptation

Time is of essence

Return on investment is of essence

Non persistent, temporary organisation,

Stable internal structure

Project—oriented management

Products are becoming like projects

Performance measurement is in reference to
planned productivity or baseline

Performance measured in reference to the
previous stage, quarter, year.

[nnovation mativated by lowering operational
costs

Thrives for customer satisfaction Innovation in
specifications and delivery.

Quality is vague, and relative

Quality is well entrenched in the system.

Competing paradigms, higher rate of conflicts

Competition over functional resources and
hierarchical recognition

Participants have different informational needs

Information view varies among functions.
Information model is uniform

Customer is an important partner

Customer is external to the organization

Compatibility amongst participants’ information
systems is merely a sign of good-luck!

Even with geographically diffused operations,
Compatibility is a must to function as one integral
entity
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Documents Meta Information should include the context in which they were
created, plus the operators'/managers' rationale or interpretations of current states and the
sequence of events that preceded. Pre-construction documents are considered references,
scope definitions, and sources of “Business-Rules” for claims documentation, and

documents’ workflow. In a more focused manner, this research will:

e Develop information architecture for capturing and managing construction
document transactions between all project participants. This entails
classifying all documents-such as exchanges, transmittals, meetings,

directives, methods, videos, CAD...etc.

e Create a Document Meta Information Database (DMID) that works as a
document repository, and could be accessible via the Web or a Local Area
Network (LAN), that should expedite the retrieval of documents.

e It will also account for information pertaining to claims documentation

procedures, and relations between project objects/subjects’ information

1.5 - Research Motivation

This research aims at creating a Document Information System for construction
project organizations in order to capture, organize, and store documents generated for and
by the construction processes/tasks/events. Pre-construction documents (e.g. tender
invitations, contract agreements, conditions, specifications, bid estimates, etc.) are
considered as references and project definitions, and in some instances play the role of
guidelines. Document classification will be based on those documents’ functions, and

their project stage. The need for this research is identified by literature reviews,
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surveying experts’ opinions (Appendix C), and author’s personal encounters with project

documentation for various types of claim cases.

1.5.1 — The Need for a Solution to the Documentation System Problems

Documents are necessary for claims preparation because they establish entitlement,
causes, effects, and damages for changes, omissions and similar disruptive problems in
construction. The need for an Electronic Document Management System (EDMS)
solution to the problem is identified by researchers and outright experts [Edwards et. al.
1996, Baram 1994, Harmon & Stephan 2001] in order to manage documents, cross-
reference them, and store them properly in databases. Documenting and presenting
project facts are a necessity for the credibility of a claim [Baram 1994]. In a study by
[Elnagar & Yates 1997] they surveyed experts’ opinions to classify the documents that
assist in identifying delays in a project. In another study by [Kangari 1995], numerous
arbitrators were surveyed for opinions about the importance of project documentation; he
found that contemporaneous documentation is sometimes more credible than human
expert depositions. He also found that in many cases claims are lost because certain
parties could not provide documentary proof from their part in the project operations.
Productivity is yet another critical information for estimating project costs and is
commonly retrieved through analysis of project staffing records and labour utilization
charts [Leonard 1987]. In a legal opinion by [Jensen et. al. 1997], its been shown that
constructive accelerations are always substantiated with a host of documents that capture
the production events and facts of the process circumstances. Documents are also

necessary for the management of projects and control of process workflows [Ndekugri &
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McCaffer 1988]. However, documents are not always available, or are missing, or are
not properly crossed referenced to project activities and information subjects [Tardiff
1997, Schroedel 1997]. Lack of documents always affects the results and integrity of
claims analysis, especially in critical issues like delays [Baram 1994, Alkass et. al. 1995,
Mazerolle & Alkass 1993]. Defensive documentation necessitates a system to control
documents or store them in a way that simplifies their retrieval [Schroedel 1997, Powel-
Smith & Sims 1985]. A report by [Revay 2000] indicates that with the current
advancements of computers, claim experts are spending ever more money to have more
exhibits to prove their stand points, and for that at least a million dollars is expected to be
spent to ensure the scanning of “all” Project documents. [Revay 2000] also goes to note
that claims preparation is much more expensive that it used to be. According to [Harmon
& Stephan 2001] it is not unheard of to spend years going through discovery and
spending millions of dollars in legal and consulting fees trying to get all of the facts
understood and boiled down to the key issues to be discussed at trial. Therefore,
collecting “all” of the documentation electronically can substantially reduce this problem.
Although the distinction between search and analysis is not clearly delimited in the minds
of the analysts-because of the overlapping and repetitive nature of this work—still there is
an estimated 80% of an expert's time spent searching for information in documents or
about documents [Hammad & Alkass 1999-a]. In Claims analysis there is always the

chance of missing critical documents that would severely affect the analysts’ stipulations.

The possibility of overlooking important plans and/or documents that other parties

may present at arbitration or litigation, always exists. Such problems were also 2
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motivation for installing a system to control project documents for the Kawloon Airport
in Hong Kong, in anticipation of claims or disputes [Bougthon et. al. 1997, Archer et. al.

1997].

In order to get to the crux of the documentation problem and to touch base with the
industry, the author of this thesis interviewed (see questionnaire in Appendix C) twenty
(20) claim experts, and construction managers using a direct (one on one) interview-
survey format. Respondents were encouraged to express their opinions and to guide the
questionnaire to issues that are most pressing from their (experts’) perspective. The
questionnaire exhibits are available in Appendix C, which include samples of: 1) the
introductory letter sent to most experts, 2) Meeting Agenda, 3) Questionnaire’s list of
inquiries, and 4) users’ requirements website questionnaire. The results of this
questionnaire are summarized in the following sections highlighting the problems that
project documentation suffers from. The user specifications pertaining to search and
retrieval and website navigation are incorporated into the CPDICenter website design

(Chapter 6).

1.5.2 — Results of Experts’ Questionnaire on the Issue of Supporting
Documentation for Claims

Documenting the construction process depends on the type of project at hand, and
the IT used by the parties in managing and organizing documents. Nevertheless, many of
the problems listed hereto after are common and can, safely, be generalized. They are

detected by attending interest group seminars at AACE symposiums, Construct Canada
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annual Seminars, online web-based seminars and claims workshops, and direct
encounters with factual documentation for construction claims. Also through extensive
literature reviews and meetings with twenty (20) experts from companies, consultant
firms, institutes, or organizations including: Hatch and Associates, ABB, Bechtel Saudi
Arabia, Consolidated Contractors Corporation (CCC) Europe, Public Works Division of
the Ministry of Public Welfare in Kuwait, Department of the Built Environment at the
University of the West of England UK, PCL Inc. at Calgary, Contract Management
Association USA, GTE communications USA, Revay and Associates claim consultants
in Montreal, and Tardiff and Murray claim consultants in Montreal. See Appendix C for
samples of typical expert meeting questionnaires. Every expert was first addressed with
an introductory letter before the meeting to highlight the issues to be discussed and then
set an agenda for the meeting. The meeting sample questionnaire is handed over to the
expert at the time of the meeting for replies, comments, and discussion. The results of
this expert opinion solicitation resulted in a better definition of the documentation
problem, the technologies those experts use in their attempt as to solve the problem, as
well as understanding the main steps in any claim analysis and user specifications for the
future web-based document centre or portal (i.e. the CPDICenter). The results are
represented in this section, and section-1.4.3, and 1.4.4. Some of the observed

documentation problems are:

e Redundant information, and repeated information.
e It is sometimes impossible to tell if any documents are missing.
e Many documents are hand written, making them hard to read or understand.

e Final status on issues like Change Orders (C.O.s) not always evident.
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e Indexing is not readily available, or non-consistent across the project.

e Documents are not traceable to the issuing body or person who wrote them.
e Documents are not classified in a structured manner.

e No clear paper trails of the documents, or where or why they are written.

e Poor registration of critical events like delays, disruptions, and accelerations.

e Not using a standardized format for reporting construction process

information, which affects the quality and integrity of the information.
e Each group in the project uses different forms for the same type of documents
e Cross-linking amongst related documents does not exist.

e Different documents of different types or names may have the same content
although with different forms. Hence, versions of the same document may,

mistakenly, not be related.
e No record to show version numbers, and evolving reviews at the time.

e Required signatures, and reviews before release are not included, and

instructions for distribution not known.

e More than one version of each may be in existence making it even more

difficult to reach a resolution on the true status of an issue.

e Missing important workflow instructions for distribution, and specific

requirements of each case or claim issue.
e Distribution of documents suffers from duplication and inconsistencies.

e No information framework to handle changes to project organization, contract

arrangements, or documentation business-rules pertaining to claims.

e Documents are not cross-linked to critical documents such as specifications,

drawings, claims clauses, meeting resolutions, or contract changes.
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1.5.3 - Current Challenges Facing Documentation for Claims

e Documents are an extremely valuable tool to capture construction process
information. In many views, they are basic wrappers of information,
providing physical ties between dispersed, yet related, data bits from all over
the operation. They can be at such a level of granularity that any development
in their management, creation, distribution, and storage, is indirectly
managing the construction project information. To muster a document
retrieval solution, the documentation and claims business practices

(concerning changes, disruptions or delay issues etc.) have to be analysed.

e Analysis of claims is oftentimes carried after the finish of a project—
sometimes by choice or due to lack of information—to find out objectively the
value of the impacts to performance. Project participants leave the project
after its finish and after a long separation from the activities; memories fade
and become selective. This makes the proof of a cause very hard. Usually it
is harder to prove claims after the construction project has finished, especially
by Analysts who are foreign to the exact events of a specific construction
process. Even though hindsight knowledge of true impacts is helpful, their
remains, however, the documentary proof to support certain views and

scenarios of causes.

e Without comprehensive, structured, contemporaneous, cross-referenced, and
organized documentation, cause-effect relationships take longer to establish.

Due to legal provisions documentary proof of causes and effects is necessary.

e Contemporaneous and shared documents carry more weight, and are highly
admissible to the dispute resolution process (like mediation, arbitration, or
litigation). Sometimes those documents are more likely to change the

outcome of a claim than would a human expert [Kangari 1995].
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e Construction professionals are not trained to document or chronicle
construction events like: changes, disruptions, or interferences by an owner.
They might not be trained, as well, to identify key elements of an event that

are documentable for a later examination.

e Ad-hoc filing structures are used to store documents. This entails longer
times to retrieve crucial data from documents, and analysts will not be sure if

any documents are missing, and if lost where to look for them.

e Currently there is not a project-wide standard for project DIS (Document
Information System) in use that is purposefully made for the project as an
enterprise of multiple groups, stages, and contracts. Furthermore, what is
available in the market (see Chapter-2) offers limited ability to document the
context and rationale behind any divergences from planned baselines,

schedules, or budgets.

1.5.4 — Diagnosing Construction Documentation Systems Problems

In construction projects, documentation is a management function that is considered
an errand or one of the contract administration chores. Construction groups (e.g. General
Contractor (GC), Owner/Client, Engineer, or Designer) carry their documentation
functions differently, based on their technical capabilities and level of involvement in the
project operations. Moreover, different project groups require different levels of detail
from each other. For instance, the owner looks for measures of progress that are global in
nature and less detailed; the GC needs more detailed information to manage or mitigate
impacts to its crews’ performance. For example, the contractor(s), sub contractor(s),

consultant(s), and Owner, each one can run its own Management Information System
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(MIS), with proprietary databases designs to represent project information. The normal
case is for each of the parties to incorporate thé project within its internal MIS and DIS.
This practice has proven to be inefficient and expensive to run. Its inefficiency stems
from the high cost necessary to overcome some technological hurdles such as
communications, data exchange standards, compatibility of conceptual or design database
schemas, and geographical dispersion of operations. Each group is expected to keep
enough records to prove its claims or defend against ones. However, much of the
information collected is contractor-generated, and this information is usually shared with
others in the project according to contract’s stipulations. For example, . In general,
contract clauses are necessary for enforcing, and sharing of process information on a
routine and succinct basis. Here is a list of some of the underlying causes for

documentation problems in construction projects:

e Not using any DIS to control the issuance, distribution, and storage of reports,

transmittals, and other documents.
e Lack of cooperation between project groups’ DIS because of incompatibility.

e Data models to represent relations among project objects (information
subjects) are not available. Well-developed persistent data models are

precursors to database design.

e Conventional filing systems are used instead of Databases to control and track

documents’ Meta information.
e Document version management is not used.
e Limited capabilities for timely and accurate issue status reporting on.

e Many of the documentation tasks are manual, and paper-based, further

complicating document workflows.
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e Limited use of standard or customized document forms.

e Not enough clauses to encourage or make compulsory proper and extensive

documentation.
e Varying technical capabilities amongst project groups

e Hesitation by certain groups to share documents, or invest in a project-wide

document tracking, and retrieving system [Boughton et. al 1997].

1.6 — Types and Nature of Construction Documents

There is normally a body of documentation that precedes the start of operations, and
has an impact on the rest of the project. Figure-1.2 shows how documents accumulate
from inception till project commissioning or delivery. There is no established rule as to
the effect of the size or value of the project to the number of documents that will be
generated as a result. Even when most documents are generated from computers, yet
they are copied many times over and eventually reside mainly in paper. Medium size
projects ($10 to $ 30 million dollars) are expected to generate around (12,000 to 20,000)
documents for each $10 Millions, depending on the complexity of the project. That is if
we count only a single copy of each document. In general, there are no persistent
relations between the claims amounts or the project size and the number of documents.
As a general perception by claim analysts or consultants surveyed in this research, a
consensus leaned towards 1000 documents per 1 million dollars in project value. Hence
a project of 12 million dollars might generate-in total-about 12,000 documents, which
includes correspondence, and documents that groups use internally for the purposes of
the project. These numbers are subjective, however. Any severe or inadvertent problems

like changes to scope will increase the correspondence within the groups themselves and
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across the project. Eventually this sends the total number of documents accumulated in a
steep incline. In general, the trend is a continual increase in accumulated documents with
time as depicted in Figure-1.2. In general a project life cycle has the following stages: 1)
Planning, 2) Definition, 3) Design, 4) Tendering, 5) Construction, 6) Commissioning, 7)

Operation, and 8) Decommissioning to owner.

Pre-construction
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Cumulative Number of Registered Project Documents

Figure-1.2: Build-Up of Construction Documents During a Project’s Life

An extensive list of common document titles for Pre-construction, and construction
stages are enclosed in Appendix A, and are used in the development of the DMID. Also
enclosed in Appendix A, are common clauses from contract conditions and agreements.

In addition, Appendix A includes a description of the four main document classes

© Mamoon Hammad 2001 1-20



(Transactions, Proprietary, Public, and Definitions) devised exclusively in this research to

control documents’ Meta Information.

The extent, with which documents can impact construction operations, depends on
the project delivery system and how risk and liability are apportioned amongst
contractors, consultants, and owners. In its simplest forms, project delivery is made up of
three elements: Management method, Contract Type, and Project Organization [Moselhi
1993] By and large the language of the contract imposes limitations on any contractor,
sometimes immense. As an example, a turnkey contract with a stipulated price (e.g.
Lump Sum), without clause/stipulations for delays or impacts, is a stiff set-up for any
contractor. Contracts provide imminent clauses to control disputes and the key
documentation to prove impacts on performance. They include as well the valuation
system to quantify claims (e.g. total costs; differential method for delay costs; Eichelay
formula or per-diem for Over Head...etc.). They provide also, rules for document
processing, maximum time for replies, and dispute resolution methods. Ready-made
contracts can be used, such as the ones offered by professional associations; in Canada,

for example, there are various societies that offer contract forms, such as:

e The Canadian Construction Document Committee CCDC.
e The Canadian Construction Association CCA.

e The Professional Engineers of Ontario and the Committee of the Canadian
Architectural Councils.
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In the US, some of the standard contract forms are offered by:

e The Engineer's Joint Contract Documents Committee EJCDC and the
American Institute of Architects AIA.

e The Federal Acquisitions Regulations FAR.
e The U.S. Department Of Transportation & Federal Highway Administration.

1.7 — Handling of Claims’ Documents by Claims Analysts

To a claims analyst, or a construction manager, documents are never considered as
black boxes, to the contrary most dispute analysts will read hundreds of pages or
thousands to get a clear picture of the construction events, and to understand the causes of
impacts to performance. Documents’ contents, therefore, are of principal value. Sucha
realisation will be translated into more data fields in the DMID in order to let the user
more input and classification about the contents of each document. This is expected to
offer the document searcher various ways of finding the same document, because it will
be referenced by project subjects, such as: a project cost account, WBS, an activity, a
resource etc. The objective is enhancing the chances for the forensic expert to find more
relevant documents with more contexts and more transparent interpretations of

construction events.

Claims has four main components: 1) establishing causes, 2) identifying effects, 3)
providing supporting entitlement for compensation, and 4) quantifying damages. Claims

in the most part are left for after-the-fact analysis, due in the most part to the lack of
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documents or information at the time. By then, adjusted As-built schedules and plans can
be generated to measure the impact of the delay or disruption or change, as the case may
be. Claims Analysts and management teams make a clear distinction between facts and
the legal interpretation of those facts. Facts pertain to impact causes, and resulting
damages. Analysts offer many services and are generally retained for claim preparation

and litigation support by many parties, for example:

e Owners: Private or Public.
e Main Contractors and Subcontractors.

e Surety, Bonding Agencies, and Financiers.

1.7.1 - Claims Preparation Process and Document Classification

The moment experts are retained they review the contract documents to establish all
the contractual relations, obligations, commitments, and the corresponding entitlements
that go with them. Pre-construction documents (e.g. bid quotations, soil tests, disclaimers
about delays in the tender documents...etc.) all are recalled to the expert's facility to
understand the issue from the ground up. Subjective evaluation of claim delays or impact
adjustments sometimes is not escapable. This is due to the fact that documents are not
always comprehensive, or the nature of the impact is not directly clear. Analysis
bottlenecks exist, especially while apportioning concurrent delays, or quantifying
extended overheads. Also when there is an acceleration that was ordered and partially

implemented. At such occurrences, an analyst's experience will jump right in to limit the
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scope of the problem, or to establish the feasibility of the claim action, or to find for how

much to claim, or to pursue a claim at all.

Analysts receive the client’s documents—in most cases the contractor-and will
solicit more documents from the client affiliates (e.g. subs, suppliers, lenders...etc.) in
order to complete the picture. The complexity of the project organization would

complicate the tracking of documents.

Some of the problems that develop in large organizations:

e Duplicated effort, and wasted resources.
e Different versions of the same document distributed to different parties.
e Updates and versions are not uniform across recipients.

e Partial distribution of documents, and incomplete paper trails. Different
parties collectively could present the whole picture, but no one could establish

the paper trail independently.

e Missing documents.

After receiving what the contractor has, the analyst sifts through the documents for
peculiarities and a general overview before solving the conundrum. The documents are
then indexed objectively and subjectively. Objectively means to index by date (from; to;
by; serial number...etc.) Subjectively, on the other hand, is based on a conceptual model
of the project’s WBS, or by issue, or by specialty or trade domain. The purpose is to
reference (e.g. to mechanical, schedule, delays, material, testing, costing, payments,
inspection...etc.) each document and classify its role in the analysis procedure yet to

commence. Because of this indexing effort, the analyst gets to review all the documents,
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and meanwhile find if any documents are missing. Whatever is missing is flagged for

further inquiry with the client.

1.7.2 - Expert-Generated Documents: Organisation and Inference

After reviewing the available documents, some understanding of the project’s
history is created. This aids in relating documents to the three main components of claim
analysis-namely: cause, effect, and entitlement. After taking inventory of all authentic
contemporaneous documents at hand, the analyst generates his/her own set of documents,

which may include:

e As-built schedules showing actual daily progress, stoppages, and disruptions.

e Adjusted As-Built Schedules (adjusted with delays and task changes from

reports), and entitlement schedules.
e Summary list of key documents or priority correspondence.
e A menology of milestones/important events with commensurate documents.
e Correspondence and transmittal logs.
e Lists of schedule-related documents.
e Lists of Claim files, and Change Orders (C.O.)
e Roster of Exceptions and Non-Conformance reports
e Inspection reports and Attestations of quality

e Lab test results.
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1.7.3 - Comments about Document Handling during Analysis of Claims

The whole exercise is predominantly manual, except for the use of word processors
for summary writing, As-Built schedule plotting, and isolated uses of some ad-hoc
document-management programs intended for legal professionals. It has become clear
after some time that Claim Analysts spend a considerable set-up time to gather and
organize data about documents that they have in hand. This data is known to researchers
in the MIS field as the “Meta Data” or “Information about Information” [Kerzner 1998].
In the vast majority of construction projects, the WBS, and the Cost Accounts are not
uniform across the project-if any is implemented in the first place. The general
contractor may be following a WBS that is different from the one used by other parties,
and the same applies for the cost classification or the cost coding structure. Project
Commitment WBS (PCWBS) that identifies the work packages and cost centers does not
always match the original WBS that the contractor may have bided on. Therefore,
documents carry, sometimes, references that are not uniform across the project, and each
party might follow its own referencing scheme. Current practice does not give enough
attention to this issue and even in big contracts, we find contractors not using a WBS to

begin with.

All documents have to be admitted to an attorney at law, who will issue an affidavit
of all documents listed and found. Exchange of documents amongst claim appellants is
possible through a process of discovery—given that they know what they are looking for.
Only copies are exchanged, however. Summary lists are made for all documents at hand,

and held by attorneys from both sides as references. These lists do not follow a specific
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checklist or format and can be classified randomly (i.e. no chronological order used for
documents) for various reasons. Parties to a claim, if they know what they are looking
for and get the proper court diséovery order, need to photocopy (Xerox) the whole set of

documents repeatedly, which presents an extra cost.

It is preferred to support claims by documents that have been shared during the project—
for admissibility reasons and because priority goes to documented and shared
information. If shared documents are not enough, next best is to use whatever is
available, such as: procurement or purchase orders, staffing logs, resource aggregation
charts, management instructions, and internal memorandums, to name but a few. Sharing
of documents can always be part of the contract clauses, An example for a traditional
project delivery can be by stipulating that the owner shall not release funds to the
contractor without the submission of expenditures and staffing reports by the contractor
and/or his subs. Sharing of documents can alternatively be achieved if the relationship

amongst project groups is based on trust and open or honest communications.

1.8 — Research Objectives

Based on the foregoing arguments and discussion about construction claims’
documentation, it has been realised that there is a need to make use of the current
advancements in IT and the recent advents in web communications standards, and

therefore, propose for development the following:
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e A new framework for a document information system to control, store, and
retrieve all documents generated during the delivery processes, and from all

parties in the project.

e Design and construction of the Construction Project Document Information
Center (CPDICenter) system Architecture and identify the main system
components necessary to support functions like: document workflow and
transactions, database location and replication, search engine, and groups’

document webfolders to house their project documents.

e Design and model the CPDICenter framework as a Web-Based
implementation to take advantage of the new Internet standards that promote a

consistent way to exchange information amongst applications.

e Design and develop a database to capture and hold Meta information about
documents DMID (Document Meta Information Database).

e Design and organize the CPDICenter website (prototype) which will work as
a proof of concept and promotes a standard user interface for all groups to
access documents information and project information. This entails
structuring the website information to facilitate navigation and retrieval of

information.

1.9 — Thesis Methodology for Solution Development

Generally, different stages in the project require different document types. In
addition, each party to a contract generates different documents than the others, in light of

its role(s) in the project. Contractors, for instance, produce daily progress reports; weekly
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resource utilisation logs, payment requisitions, and requests for information. Owners’
consultants release detailed design plans, milestone schedules, quantity estimates, change

orders, additions, omissions, and inspection certificates.

In this thesis documents are classified into four main types: 1) Transactions, 2)
Proprietary, 3) Definitions, and 4) Public—see Appendix A for details of each type. Such
a classification can be coupled with four possible roles (input, output, mechanism,
guideline) in the project to produce something like Figure-1.3. Documents’ “class-role”

pairs are defined by the following parameters:

e Project stage.

e Group initiating the document.

e Frequency of issuance, like daily reports, weekly outlook schedules.. .etc.
e Document Format and Type.

e The Process events that gave rise to the document production

e Document’s purpose in the process (e.g. declaration of intent, method

statement, clauses in a contract, design update ... etc.)
e Informational role of the document in the process, as shown in Figure-1.3.

e Data or information types contained in the document (Text, Video, Audio,

Spatial, Drawing, Image, Table, Schematic, Method Description...etc.).

Transactions class can be matched with various roles; for example: records of
progress, reference material, agreements or guidelines, meeting resolutions, and testing
results for quality control. There could be numerous views of documents and the

information they might contain. A functional model is developed in this thesis and
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presented in Figure-1.3 to illustrate the various roles a document might have in
supporting a project management function. The modeling language used in the
functional model (Figure-1.3) is th&_e Integrated Definition symbolized by IDEF® [IDEF
1993]. Because information is about processes, activities, and tasks that are incessantly
in need for information as input and produce information as well, this information should

be conveyed in documents.

1.9.1 — Modeling Document Roles in Construction Management

Standardising the format and contents of documents promotes uniformity and
familiarity between users working on different platforms or systems and enhances the
exportability of those documents from one organisation's system to the other without loss

of content.

In this thesis each document is an Object-Type, part of one or more of the four
classes (Transactions, Proprietary, Public, and Definitions). The DMID models—
presented later in this thesis—depict the attributes, behaviour, and associations each
document might have with the project subjects. However, some practitioners might view

it as a non-critical factor that can be overlooked [Powell-Smith & Sims 1985].
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Figure-1.3: Various Functional Roles Documents have in the Construction Process

1.10 — Thesis Organization

e Chapter 2: Presents a literature review about the state-of-the-art in Claims
research, and EDMS (Electronic Document Management Systems). It also
reviews the Information Technology (IT) applications for managing the
documentation in construction projects in general and for claims in particular.
Also summarizes the results of structured and unstructured meetings with
Claims Analysts, and project management experts who are involved in some
aspects of documentation or document handling for construction projects. An
identification of the major problems in documents and documentation systems
are listed. Moreover, a preview of the modus operandi in document handling

practices amongst claims Analysts is included.
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e Chapter 3: Presents project management information requirements for
construction documents. Evaluates the impact of document-processing
requirements on the information framework, and document data models, in

light of the common impact claims analysis practices.

e Chapter 4: Introduces the design of a model-based framework for project
information exchange based on project delivery and organization. The
framework models are customisable to any project structure, and that takes
into consideration the distributed nature of information and project groups in

construction projects.

e Chapter 5: Models the internal as well as the external information structures
for documents in construction. External associations with other objects in the
project will be part of the external data structure. These models will lay the
foundation for the Document-Base or repository. The document models
intend to capture the context and the rationale behind decisions affecting
operations. This is achieved by encouraging project members to annotate and
comment on documents when registering them with the CPDICenter. This
results in the cross-linking of documents with relevant documents and/or

events. Contexts can be gleaned from the role documents have in the process.

e Chapter 6: Presents a validation of the prototype CPDICenter website
functions and components, including search and registration. This is carried
out with direct access to the DMID. Search is offered in the website in
various possible views or indices: subject or construction topic, association
with other project subjects or information objects, claim files, and causes of
potential delays or disputes, changes, contract clauses, and by special events.

A hypothetical highway project case is used in the implementation

© Mamoon Hammad 2001 1-32



ﬁ Chapter Two Claims, Documentation, and
Document Management: A
Literature Review

2.1 — Introduction

Construction claims are being reported on by researchers and outright experts
involved in the management and quantification of claims. The majority of claims
research, however, is concerned with proving causes, and proposing methods for
quantifying delays and/or construction performance impacts. Performance Impact-
analysis dominates most of the research work in this domain. Contemporaneous
documents from the construction period are far more valuable to claims resolution than
post-construction data compilations. However, it should not be taken for granted that
project documentation is complete, or that documents always contain sufficient
information to explain offsets to the baselines of the construction process or make it
possible to understand the history of the project. Either case is highly improbable,
especially when most project groups do not incorporate any DIS. Very little, if any, has
been done in the research realm to tackle the relation between construction claims and
project documentation. The notion of recreating the history of the project from
documents is not new [Weiser & Morrison 1998]. What is missing however, is a way to
structure the project information, link them to documents, and control those documents,

store them and classify their contents for fast and accurate retrievals.
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Claims research findings are being reported under three broad themes: 1) Causation,
2) Claim Analysis, & 3) Claims Management. Those themes overlap, but due to the legal
nature of construction disputes, two issues are distinguished: proving facts, and the legal
interpretation of those prevailing facts. The latter is beyond the scope of this research.
Proving facts means establishing, based on documentary or expert evidence, the cause of
the claim, and its subsequent effects. That has to be in light of the entitlement gained
from the contract language. To avoid disputes, parties have to fairly allocate the risk
amongst them. The contract must clearly convey the expectations of all sides, and their
respective shares of risk. Owners also have to give a reasonable and a flexible
interpretation of the contract conditions and/or specifications, and that begins with
understanding the nature of change in a construction project, and its subsequent impacts.
Rigidity in these matters can instigate disputes and litigation. Scope control is another
important aspect at early stages, since it is supposed to demarcate or delineate the
owner’s product requirements. Scope needs continuos review by those who are running
the project in order to cope with changes in site, production stage, building methods,

quantities, requirements, and specifications.

2.2 — Ontology of Construction Claims

2.2.1 - Causation Studies

Causation studies focus on establishing claims’ responsibilities and entitlements for
impact. The types of schedules used, and the interpretations of contract clauses, may bias

the reliability of any causation analysis. The quality of the documentary evidence would
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affect as well. The industry made it a convention to apportion the liability for
performance impacts—such as delays—amongst the project groups (e.g. owner, contractor),
or to blame it on external causes (i.e. force majeure). Some outright research experts,
such as [Kaming etal 1997, Semple etal 1994, Chan & Kumaraswamy 1997,
Yogeswaran et. al 1998, Scott 1997] as well as some industry experts [De Leon et. al.
1995, Zack 1995] presented lists of potential claim causes from both a North American

and international experiences.

2.2.2 - Claims Analyses

Various methods for concurrent delay analysis is presented by [Alkass et.al. 1996,
Arditi & Robinson 1995] using a variety of As-Built and Adjusted As-Planned CPM
schedules. The schedule delay snapshot technique is also proposed by [Revay 1988].
Labor Productivity—a critical issue in estimating impacts to performance-motivated many
researchers like [Thomas et.al 1995; Ibbs 1997] to look for estimation techniques that
could be used for forecasting the impact of changes on cost. Commonly an assortment of
schedules is needed to evaluate the impact of changes or interruptions on time [Mazerolle
1992, Alkass et al 1996]. This assortment of schedules (e.g. as-planned, adjusted as-
planned, as-built, weekly outlooks, commitment schedules...etc) can be branched into
two broad categories: 1) Baselines or As-Planned, and 2) As-it-Happened or As-Built
barcharts without specific sequence or logic for events. Adjustments to these basic types
result from inserting delays, like EC (Excusable Compensable), NE (Non-Excusable),
and EN (Excusable Non-Compensable), and then re-evaluating the project finish times.

Probabilistic analysis of delays [De Leon et. al 1995] is also used to aid contractors
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estimate or forecast their delays due to changes or disruptions. A study carried out by
[Leonard 1987] produced regression models for the prediction of productivity losses due
to Change Orders. The study, made use of data from real claim documentation, and
concluded that “fine-motor” trades (i.e. electrical & mechanical) suffered more impact to
their productivity due to Change Orders (C.O.s) than their counterparts of “gross-motor”
(i.e. civil, architectural) trades. Cumulative effect of concurrent changes was shown to be

more substantial.

Concurrent delays complicate liability apportionment analysis, and the industry
relies in quantifying those delays on a set As-Planned and As-Built Schedules. However,
in this thesis, As-Planned schedules are viewed as subjective at times, and their
subjectivity emanate from the assumptions instilled in them. For the As-Planned

schedule the assumption include:

e Normal productivity prevails in all conditions of adverse or fair weather

e Activities are sequenced in an optimized or logical fashion.

e Interruptions are exceptions to the norm (not foreseen).

e Procurement, and idle times are not accounted for as activities.

e The Process will follow the logic charted, and things will go always as

planned.

As-Built schedules are created from daily reports and progress logs. Certainly,
those reports are not a perfect register of project accounts especially if the format used
abates crucial process information. Moreover, such reports tell what happened, but

excludes the reason why things diverted into discourse. Automating the generation of

© Mamoon Hammad 2001 2-4



As-Built schedules would be an interesting area of research specifically for complex
projects with thousands of activities. The author of this thesis recommends that
electronic schedules in the next decade must be- embedded with intelligent logic circuits
capable of evaluating the viability of alternatives and their probabilities’ of occurrence.
Moreover, schedules should be regenerated or simulated directly from architectural and

structural models (3-D design plans.)

In practice, claim analysts insert delays of all types: EC, NE, and EN into two types
of schedules-baselines and As-builts. Those imposed adjustments are intended to study
the ripple effects or impacts on the project activities, and help produce a host of
schedules—known as Entitlement Schedules (commonly barcharts). They are supposed to
highlight the location and period of every delay throughout the project’s life.
Consequently, such schedules have to present a qualified interpretation of why and who
is responsible for every delay or interruption. Some schedule analysis techniques
commonly used are listed herewith after. Details of such techniques are beyond the
scope of this research and can be found elsewhere [Mazerolle 1992, Brunies 1988].

Some of the Delay analysis techniques commonly used are:

e Global Impact Technique.

e Net Impact Technique.

e Adjusted As-Built Technique.
e Time Impact Technique.

e Snapshot Technique.

e But-for Technique.

e [solated Delay Technique.
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For the quantification of impacts or disruptions due to changes, on construction
productivity, some of the techniques commonly used and accepted by courts and

arbitration are:

e Adjusted total cost method.
e Hindsight estimating.
e Differential cost method.

e Eichelay formula for OH estimation

2.2.3 - Claims Management

This field relies on the experience of practitioners and the precedents found in
courts or arbitration rulings. Claims Management, as a field of study, coaches project
managers and site echelons on how to identify potential claims, and how to document for
them, in concordance with contract clauses [Jensen et.al 1997; Thomas et.al. 1995], in
conjunction with the management of C.Os [Cox 1997], and considering both the
contractors’ and consultants’ perspectives [Vidogah & Ndekugri 1997, 1998]. The
problem can always be viewed from both perspectives’, either owner or a contractor’s
[Jergeas 1994, Zack 1995]. Causation studies only made implicit or indirect use of
documents as sources of inference. Analyses and management studies, however, relied
explicitly on specific documents (e.g. schedules, daily site reports, resource utilization
logs, change orders, bid estimates, contract changes, proprietary specifications, design

changes...etc) to arrive at results.
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Dispute resolution, another part of claims management, has long been the focus of
many associations and research groups. For example, The American Arbitration
Association AAA [AAA 1998] is supporting the Alternative Dispute Resolution (ADR)
venue for claims settlement before litigation. In most US public contracts, the Dispute
Resolution Board (DRB) requires that all disputes go through the ADR venue. Also there
are the contract clauses of the Engineers Joint Contract Documents Committee (EJCDC:
comprised of the American Consulting Engineers Council, American Society of Civil
Engineers, and NSPE's Professional Engineers in Private Practice division). The EJCDC
develops and periodically updates fair and objective standard documents that represent
the latest input from construction practitioners and attorneys on the subject of contractual
relations between the parties involved in a project. All of the EJCDC documents are
prepared with the advice of legal counsel and reflect the experience of the practicing

engineers who constitute the EJCDC.

In Canada, the ADR provisions are part of the CCDC (Canadian Construction
Documentation Committee) contracts and are tested by construction practitioners with
Design-Build projects [CCDC 1994, Short 1997]. Elsewhere, in a survey by [Kangari
1995], conducted jointly with the AAA, 50% of the responding construction arbitrators
favored contemporaneous documents as an evidence of entitlement over real witnesses
(i.e. expert's opinion). Furthermore, arbitrators complained that disputing parties deluge
them with unorganized and sometimes irrelevant documentary evidence. Missing

important documents was found to seriously damage some claimants’ claim cases. In a
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study by [Elnagar & Yates 1997], documents were evaluated to find out if they could be

used as predictors or indicators of delays caused by technical or business problems.

Some of the contemporaneous documents coming from a project are: Daily
Progress Reports; Meeting Minutes, Site Diaries; Drawing Logs; Correspondence; Dated
Photos; As-Built Schedules; Resource Utilization Logs; Drawings And Design Changes;
Non Conformance Reports NCR; External Memos From Suppliers Or Affiliates Or
Lawyers; Faxes; Field Transmittal Memos. A more extensive list is available in
Appendix A. Other documents, produced in the “post-construction™ stages, are far less
credible than contemporaneous ones. There are documents created “Pre-Construction”,
such as Bid estimates; Soil Tests; Specifications; General Conditions; Contract; Permits
& Licenses, and Feasibility Analysis, all of which are potential references and guidelines
for construction processes. The contract agreement conditions hold special importance,

however.

2.3 — Change Management

Construction work is carried out in an environment of change, in accordance with
planned schedules and contract stipulations. This environment is particularly sensitive to
disruptions, or risks of that sort. Such risks must be overcome and disruptions resolved
quickly [RAL 87], or productivity and efficiency will be affected. There are obvious
economic benefits from a smooth running project and from a prompt compensation for
extras. Early resolution of C.O.s helps avert costly disputes later. Owners’ lax in issuing

extensions for EN, and EC delays, can legally be construed as implicit orders for a
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constructive acceleration or a constructive change. In cases of change, delay or differing
site conditions the contractor must notify the client as soon as possible, and ask for
instructions or clarifications to keep the work within scope and budget, otherwise delays
start to clog the work pipeline. In some serious situations that need prompt action, the
owner should issue preliminary notices—probably verbally—while written confirmations
are processed. From a legal point of view, written notices do not necessitate production
of final estimates [Schroedel 1997, Jensen et. al. 1997], given that some contractors wish
to avoid hostilities with the client or for any other reason. Delayed notices would reduce
or eliminate a contractor's entitlement to additional time and/or compensation, and the
contractor is advised to continue delivering daily accounts of extra cost to the owner,
even when its not required by contract, and ask that they be accepted as true records of
activities and expenditures. If the owner objects to the contractor’s entitlement, the
owner can still agree on these daily accounts as an accurate statement of facts, without
prejudice to the liability of the owner. As well, owners have to respond promptly to
contractors’ requests for instruction or clarification, or any notices of changes, delay, or
differing site conditions. Given the nature of construction, owners should anticipate such
requests and notices and be prepared to handle them. If the contractor is entitled to any
extension or compensation, failure to grant it may later result in larger claims to
compensate the contractor for the extra costs incurred in induced process accelerations.
Designers may act, sometimes, as Construction Managers (CM) [Semple 1994, Jergeas
1994]. Those situations bring the issue of conflict of interest upfront. The owner must be
prudent enough not to overlook cases where the CM is processing claim requests for

omissions or mistakes due his/her own devise.
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2.4 — Review of IT Applications for Claims

IT Implementations that are specifically designed for claims vary in their scope,
objectives, and the problems they try to solve. For example, [Bubbers et. al. 1992]
designed an Expert System that uses hypertext and “If-Then” rules to synthesize the
causes for a claim, based on the contract clauses or language. [Alkass et.al. 1995]
developed an Expert System that aids the user in identifying the types of delays (EC, EN,
and NE) from a contractor's perspective. The latter system prompts the user to answer
few questions before realizing a conclusion. Based on those answers, schedule analysis
starts—uses the Isolated Delay Technique (IDT). In another study by [Conlin et al. 1997],
a comparative analysis of various planning and scheduling software, as well as
Knowledge Based Expert Systems (KBES) for claims, is presented. The study discusses
potential applications of these systems for mitigating or minimizing claims, and
recommends that they be part of the contract-no implementation methodology is
suggested, however. A collection of scheduling utilities to automate schedule updates is
used in a study by [De Leon 1995], to help owners against erroneous delay estimates by
contractors. An Expert System to guide site engineers process and document C.O.s is
proposed by [Diekmann et al 1992]. The system, called SuperChange, is built around the
US Federal Acquisition Regulations (FAR) language, and this system is guided by an
older one called DISCON by [Kraiem et. al. 88]. Elsewhere, [Abudayyeh 1996]
proposed a relational data model, based on Nijjsen’s Information Analysis Method
(NIAM), for the acquisition, storage, and retrieval of multimedia data (e.g. Video, Audio)
about delays, on a continuous/daily basis. [Vanegas et al 1993] proposed a simulation

technique to forecast potential resource conflicts and time delays for the construction
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project, useful when forecasting the impact of C.O.s. A summary of those studies is

presented in Table-2.1.

The reviewed systems have focused more on helping project echelons identify
causes and/or analyze delays. Little is proposed as to how solve the key problem of
classifying documents’ information and storing them. In general the solutions surveyed
assume that documents are readily available, and information is sufficient for all involved
in the analysis work to find the delay or disruption causes, and be able to estimate their

impacts.

Most of the reviewed studies point to the fact that it is not a rare occurrence to find
a project with fallible documentation, which eventually impedes proper claims analysis.
Other management activities can substantially be affected by the truncated and
incomplete process documentation. Activities such as cost estimating, scheduling, site
management, planning...etc, all survive on data permutations among themselves, which
takes the shape of document transactions. The literature, in the most part, deals with the
documentation problem with commonality and ubiquitous vagueness, and no solution
was proposed to solve some of the ingrained problems that construction documents suffer
from in format, distribution, storage, retrieval, and contextual capture of process
information. In a report by [Boughton et.al. 1997], the government of Hong Kong forced
the West Kowloon Expressway project (US $300 million) participants to implement a
Project-Information-Management-Systems (PIMS) in anticipation of disputes.

Implementation faced much resistance from contractors and designers, and many
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documents were never captured electronically—especially drawings and design changes

[Archer et. al. 1997]. Nevertheless, this is a pragmatic approach, which explicitly deals

with documentation in anticipation of claims.

Table-2.1: Review of some IT Applications from Construction Claims Research

Models delays’ information
Abudayyeh using Nijssen's NIAM
1996 Database Relational language; uses
multimedia.
Alkass et.al. Isolated Delay Technique
1995 Expert CDCA IDT for Delay Analysis
Boughton et.al. . . .
1997, Archer Information PIMS's ‘Izo::.ur.nert\.t -On:rg;:c!;nussed n
et. al. 1997 nticipation of Clai
Bubbers & Expert Hypertext Applications for
Christian 1992 P cross linking related clauses
. . Comparative Study of
Conlin & Retik | ypps Knowledge-Based Expert
1997
Systems
Based on the US Federal
. Acquisition Regulations
K;;:‘T;;zn & Expert CSr:-ax:]ere (FAR) Contracts for
& Management of Change
Orders
Kraiem &
Diekmann Expert DISCON Claims Management
1988
Schedule Collection of schedule
De Leon 1995 App}ication Review management uFilitles for
Utility Utili Delay forecasting and
ty Claims Management.
Vanegas & Simulation Micro- Schedule Simulation and
Halpin 1993 CYCLONE Sensitivity Analyses
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Some interesting statistics out of that project: 684 claims, 33,000 registered
documents, and 2000 change/variation orders. Some of the problems that hindered the

PIMS full-scale implementation include:

1). The developers of the PIMS never implemented an information architecture or

document data-models to represent information from project processes.

2). Most participants did not connect to the PIMS network due to reasons of
pessimism about the intentions of the system, or because they did not have the

IT capabilities to do so.

3). Participants had to go through a formidable learning curve because there
wasn’t a warm up period before the project, and many groups had to join in a

short notice while activities at site were well underway.

4). Audit-trails to track documents were never fully deployed.

2.5 — Claims Modus Operandi and the Burden of Proof

Project groups have to retain relevant construction documents, normally produced
from construction processes (Contemporaneous) in order to establish their entitiements
and proofs of impact. However, since many contractors do not use any Document
Management Systems (DMS)-Electronic or otherwise-to control the project transactions,
transmittals and contracts, this consequently obviates the claims analysts’ work to a large
extent. Document management, using DMSs, is a conceivable and feasible alternative to
ad-hoc filing systems, because important information abecut context and rationale is

captured as well. Table-2.2 presents a description of what context and rationale might be.
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Table-2.2: Defining Context and Rationale for Document Creation and Management

What lS bemg constructed, and the processes
or special methods involved?

Based on wluch desngn update or revnsnon, or

addition or change?

When this task will take or already took
place?

Why things happened the way they did?

Who is supervising; doing; or supporting
tasks?

Major decisions, by whom, what is the intent
from the course chosen?

Workpackage (WP)?

Where this task is taking place, and in which

At which stage of work, and during which
process decisions were taken?

any alternatives, if any?

What instigated the change, and were there

What was the trail of events leading to the
current status?

Referenced Specifications or Condition
Clauses?

What are the implementation circumstances
like weather or strikes?

Based on which design update or revision?

Major decisions, by whom, what is the intent
from the course chosen?

What instigated the change, if any?

Which alternatives were considered then
before making the decision?

The use of commercial DMSs in itself does not guarantee that contextual process
information or decision rationales are captured. Nevertheless, with proper document
indexing and subject indexing, the EDMSs project users will have a robust tool for

tracking, storing, and exchanging documents. Also to control issues like:

1). Content management

2). Collaboration and authoring
3). Review and annotations

4). Publishing

5). Distribution

6). Storage and retrieval

7). Vaulting and deletion rules
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2.6 — Review of Document Management Solutions for the
Construction Industry

Most of the research in model-based EDMS (Electronic Document Management
Systems) is fairly recent, and largely influenced by the new advents in IT. Electronic

Document Management EDM is a subset of the IS, flourishes on the network and mainly

it is composed of:

e Platforms of formatted documents

e Links to the repositories that hold construction process information
e Workflow rules based on claims documentation requirements.

e Control of access and editing privileges

e Document-Base or a Document repository

e Definition for the organizational Roles in the project

Some researchers consider EDMSs for the management of knowledge and
organizational memories (Shum 1998, & Kappes et. al 1998), while others still confine it
to the distribution and storage of black boxes of objects without exposing the internal
information structures of those objects. Meta-file information for describing the
information content of any document, is one of the implementations of the black-box
paradigm. Such Meta information is considered a lightweight version of the document’s
contents, and the contexts or processes such documents are trying to describe. Meta
Information can be kept as text in databases, and is also easily transmitted and parsed by

compute programs working on any Operating Systems (OS).
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In a study by [Bjoerk 1994], documents Meta-information was represented or
modeled using STEP’s (Standard for Exchange of Product Data Information) EXPRESS-
G modeling language, and only Meta-information (e.g. title, date, from, to, subject,
header, footer, equation...etc.) are classified. This means that documents are treated as
black boxes, and their contents classified based on descriptive (Meta) models. Contents

are not explicitly cross-referenced to other information entities in the system, however.

Another approach proposed by [Rezgui & Debras 1995] called the DOCCIME
project, intended to generate documents via a construction project data model. In their
attempt they have created two models, the first model is called the Document Reference
Model from which various document types are derived. This reference model
concentrated on CCTP (Cahier des Clauses Techniques Particulieres) a French standard
or the French full specification document. The second model is a Construction Project
Reference Model. Both models use the STEP EXPRESS modeling language and
Relational Modeling to represent the document data models—although at times those
models seemed to follow the NIAM’s notations. Ultimately, an association model ties
both document and project models. This approach is intended for the project life cycle,
from inception to decommissioning. However, this system is complicated and masks the
project model from the document. Also, extensive mapping is needed in order to match
documents with pertinent project object instances. This means that the project
information model! definition is separate from the documents’, and documents are just by-

products of the process.
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Bjoerk worked also with the CONDOR project [Rezgui et.al. 1998]—part of the
EC (European Community) ESPRIT research project. The CONDOR approach uses the
UML [Booch et al 1998] semantics and language instead of STEP’s EXPRESS-G
notation for modeling project information. CONDOR implements the same Meta-
Document Information Model approach of [Bjoerk et. al. 1994]. However, for CAD
documents, CONDOR created a Meta-information instance, which allows each layer of
the CAD file to be assigned to a different Actor. CONDOR targeted construction
consortiums that commonly partner together when bidding for new work, meanwhile
wanting to promote their existing legacy systems instead of developing new EDMS
solutions. The CONDOR information system addressed two problems, compatibility
between participants’ EDMS systems, and distribution of information objects. The
CONDOR is an initiative made to link construction’s big players in Europe, and to
enhance exchange of knowledge and business information amcngst them. CONDOR has
four models: 1) the CIMM (construction information management model) to describe
how the information is organized in the system, 2) Generic Document Model for
semantic linking between various forms of construction information, 3) Written
Document Interpreted Model for document content structure and 4) CAD Interpreted
model for interpreting CAD drawings.

[Froese et al. 1996] reported on a research at UBC (University of British
Columbia) that was set to develop a Project Management Information Control System
(PMICS) database to manage, amongst other things, documents. The system focuses on
project file transactions as they progress through the project. The system is meant to

record only transactions, contents are not computerized, however. The model underlying
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the system explicitly lists 13 transaction logs to be tracked (e.g. material storage logs,
RFI logs, C.O. logs, Progress reports...etc.), and links them to participants and Work
Sections. Work Sections are used by [ISO 1993: standard ISO TC59/SC13] to define
Workpackages or building elements. This standard relates building elements to their
functional use, and spatial properties. The project model uses the EXPRESS-G notation.
Elsewhere, in an attempt to apply Core Process models for contract and Document
Management, [Froese 1995] built a model based on the Building Construction Core
Model [BCCM 1994] and used entities like Participants, Workpackages, and Documents.
The model tries to match BCCM entities, but draws a loose definition of Workpackages,
Participants, and Documents. For example, Workpackages can be cost items,
components, or systems in the project. This approach handles documents as black boxes

recording only their movement.

Elsewhere, as part of the COMMIT project in the UK, [Brown et. al. 1996]
developed the COMMIT Information Management Model (CIMM). The COMMIT
project works also on integrating construction project information using some process
models as common denominators. CORBA'’s distributed Object Services and Facilities
are the technological vehicle to bring about COMMIT’s objectives of integration. CIMM
has two sub-models: Rights/Authority to information model, and a Notification/Status
model. CORBA standard was seen as the new phase in distributed computing. That
outlook didn’t stand long enough before new Internet consortiums of software and web
organizations started promoting more flexible standards like SOAP (Simple Object

Access Protocol) and XML (eXtended Markup Language), which works with existing
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internet infrastructure like HTTP/IP (Hyper Text Transfer Protocol/Internet Protocol) for
web content, and POP3/SMTP/HTTP email standards with the S/MIME standard for

security (www.w3.org).

2.7 — Document Associations with Project Information

To assist project members, and claim analysts retrieve relevant documents, it is
essential to associate documents with indexed or structured project information topics. In
a related work, the notion of Project-Memory [Weiser & Morrison. 1998] is used to
describe the process of reconstructing project histories, and rediscovering the rationale
that accompanied certain decisions, or changes using documents. As part of that work,
an Object Oriented (0-O) model was set-up for business meetings to document, in a
relational database, the rationale and context surrounding each decision. The work had
an experimental part that showed that when documents are clearly cross-referenced, the
tendency by those who are not familiar with the problems of the project, to comprehend
the issues at hand, increases. Others, like [Shum 1998], experimented with
reconstructing organizational electronic memories. Visual tools or display systems are
used as well [Conklin 1999] to capture the key issues and ideas during meetings and
create shared understanding amongst a team. That work by [Conklin 1999] briefly
describes how a display system (QuestMap® by www.softbicycle.com), which uses
hypertext, captures the group members’ thinking and learning especially in large complex
projects. It identifies two types of knowledge: 1) formal like books, manuals, documents,
training courses, reports, white papers, plans, spreadsheets, designs, memos, etc. and 2)

Informal. Informal knowledge is created and used in the process of creating the formal
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results, and includes ideas, facts, assumptions, meanings, questions, decisions, guesses,
stories, and points of view. Formal knowledge can be construed as context, while the

informal part can be a decision rationale. .

The surveyed EDMS solutions have shown some shortcomings, they include:

1). Project information and properties are not represented consistently in their

formulation.

2). Specific or peculiar contractual relations are not accommodated by the

systems presented.

3). Documents are not commonly linked to both project information or contract

management requirements.

2.8 - Review of Web-based Collaboration Research

Research in construction documents’ content and context management is fairly
recent, and largely influenced by the new advents in web technology and online
collaboration models. For example: OSMOS (Open System for Inter-enterprise
Information Management in Dynamic Virtual Environments) [Rezgui et. al. 2000] is an
ongoing research that seeks to develop construction virtual enterprises for group work. It
requires specific semantic models, and OSMOS-specific API (Application Protocol
Interface). The API should work in hand with a set of information repositories, toolkits
and plug-ins that allow commercial and proprietary systems to participate in the OSMOS
virtual enterprise. One of its other objectives is to develop model-based environments for

tracking, and managing the release of, and access to, any shared information (including
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documents).  Another initiative, the ToCEE (Towards Concurrent Engineering
Environment) [ToCEE 1999] project is set out to facilitate information exchange in
support of a concurrent engineering environment. ToCEE would include documentation
on briefing, design assumptions, progress records, specifications, etc. However, it has
narrowly modeled information about the project teams, products, documents, and
activities. ToCEE research group identified the enormous administration costs associated
with document handling, and sought to establish a document audit system to keep track
of document version numbers, and document interrelationships. However, the scope and
layout of documents are to be determined by practice and standards, which differ from

project to project and country to country.

2.9 — Benefits of a Web-based Project Document Center

The Internet presents a technological plane field for all project groups, affording
them, almost seamless, online access to documents and unstructured information. It
offers an attainable medium-in terms of technology and cost—for publishing and
exchanging documents with short learning curves for users. More than ever, the Internet
is becoming the backbone for augmented and geographically spread set of partners
collaborating together. Modern internet servers and team-work portals are being
continuously unleashed to support critical requirements, like: customized content
management, concurrent enterprising, access to large corporate data sources,
collaborative engineering, and virtual project enterprises or centers. Facing an increasing
complexity of product development along with an intensifying market competition, the

Virtual Enterprise (VE) appears nowadays as a necessity within nearly all industrial fields
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[Hardwick et. al. 1997]. Partners who are smaller, changeable, distributed, and who are
forced to collaborate despite their heterogeneous computer platforms characterize
construction project organizations. VEs provide the ability to carry out project
management processes seamlessly and to capture, access and assess the state of the

project in real time, and that depends on a combination of [Zarli et. al. 1999]:

e Scalability

e Open Infrastructure & Location-independent access

e Enterprise Information access for seamless capture of a project’s state.
e Security and Transactional Support.

e Access to distributed legacy databases and information systems

Therefore, the Internet is an excellent communication and information relay
platform especially with new standards for distributed applications and Web-based
project data repositories are coming to light and supporting more than ever new ways to

run and control construction projects.

2.9.1 - Review of Web-Based Project Document Management Systems

Web-based document management is still experimental, and propelled mainly by
software developers as part of their strategy to extend the shelf life of their legacy

applications. Web-based solutions vary in purpose and clients, and they include:

1). Messaging and electronic mail management.

2). Business-to-Business (B2B) portals.
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3). Team collaboration portals.

4). Web-based workflow, and automated document delivery.

5). Content management

6). Electronic form processing.

7). Project management services like calendars, tasking, issues, and discussion

groups.

The surveyed commercial solutions presented a crossover between project
planning/scheduling environments and specific document content management or
collaboration workflows. In general they can be classified into seven categories.
Specific offerings of concern are Expedition® (www.primavera.com): a contract
administration and contact management application. It has a built-in database, and works
for a single group or single enterprise. It also uses a fixed hierarchical relational model
for Meta information. Domino.Doc® (www.lotusnotes.com): built on Domino’s
proprietary document management platform, and can be used for tasks like checking
collaboratively written documents. However, to integrate with Domino, users of non-
compliant desktop applications generally won’t work directly with Domino.Doc but
rather will access documents from desktop applications that have been integrated with it.
Retrieval Ware® (www.excalib.com): uses pattern recognition and natural language
processing, incorporating syntax, and sentence morphology to search diverse data
libraries and lexical sources for knowledge based on a profile by the user. Used for fuzzy
searches where the data is not structured, and users need to train the search engine.
icXpert Vault® (www.icomxpress.com): keeps documents in content servers, which are

accessed by property servers that should hold Meta data about the documents. Users can
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customize the structure of their document vaults, and it allows for document deletion

based on a policy manual that is triggered automatically. iTeam®

(www.documentum.com): provides a project space for cross-functional team
collaboration on the web, with preset sections for discussions and deliverables (task

assignments). It’s up to the teams, however, to decide how to organize documents.

When implementing those commercial web-based information management
solutions, certain limitations have been noticed from a project documentation

perspective:

1). Systems are proprietary and expensive to license. Pricing depends on the
level of integration, and whether the application includes a database, and a

search engine.

2). They implement Domain-Specific proprietary data models for all businesses
and industries. Business rules used in the design of the databases are not

explicit, and database models are not open for manipulation.

3). More focus is on the workflow aspect of document creation, than the
information categorization or document cross-referencing to construction

information.

4). Reconstruction of project events (trail audits) is limited because of the lack of

cross-referencing of documents to project objects, events, or contract clauses.

5). Document Meta models—if existent—are fixed (rigid). By contrast, the solution
that will be presented in this research (the CPDICenter) explicitly solicits
information from users to link documents to project subjects, people,
contracts, claim causes, damages/impacts, events, sites, changes, problems,
and other hosts of construction topics/subjects relevant to a construction

delivery.
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6). The issue of varying construction delivery methods and project organizations
is not addressed or incorporated in the communication infrastructure (i.e.
servers, databases...etc. Their biggest limitation is that they are using a “One-

Size fits all” policy.

2.10 — Review of available Commercial Document Control Tools

Few tools, which are designed for corporate or business use with scalable
capabilities based on the customer’s needs, are commercially available. The market
distribution, shown in Figure-2.1, indicates that almost 25% of the sales went to
document-centric industries, such as insurance, health care, and governmental services.
The highest number of sales was in Process industries. With few exceptions, all the
surveyed EDMSs serve mainly vertical industries such as insurance, health care, and
banking. Limited information, if any, is found about the use of commercially or in-house
developed EDMSs. In those few cases, an EDMS is used mainly for contract

administration, cost accounting, or for managing changes to CAD drawings.
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Figure-2.1: EDMS Market Shares By Functionality in the US for 1998. Source:
KMWorld February 1999
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In general, commercial EDMSs embrace peripheral support for Optical Character

Recognition (OCR) of scanned documents. Scanning transfers document images to

electronic data, that could be searched, and in the most part, such systems are for

documents that do not come in standard formats. Their biggest target is the knowledge

intensive market, like health care, pharmaceuticals, manufacturing, and insurance. They

excel on certain fronts, while falling back on others, and some of their shortcomings

include:

Databases are proprietary, with hidden schemas, and unpublicized
assumptions.

Information structures not easily scalable to construction needs.

Automation of document processing tasks is the focal point.

Documents are viewed as icons or black boxes kept in their native file formats
Documents’ descriptions rely on run-time Meta Models.

Cross-referencing is primitive, linking documents to each other, sometimes
without regard to their content.

Some EDMSs do not use databases of their own; instead, they rely on one

provided by the hosting system.

It is interesting to know that there are specialized EDMSs for multimedia-based

information, like graphics, images, CAD, Video, and audio. In many cases a commercial

EDMS would chart the user’s system hard drives and digital warehouses, and maintain

pointers to other document sources on the Internet.
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2.11 - Documentation Problems: Recap of the State of the Art.
Claims analysis is an art more than a science; hence the subjectivity experts have to
contend with every time they set to analyze a claim and prove entitlements to damages.
The costs of compiling suitable information (i.e. documents) for claims is high indeed,
and that is due in part to the large amounts of time spent searching and retrieving
documents. Ensuring a fair and an equitable adjustment to performance impact costs is
dependent on four elements: 1) Proving the cause and liability, 2) Proving entitlements,
3) Calculating the damages, and 4) Defending the claim. The first two parts are not
possible without contemporaneous documentation of project events. Documentation is a
vital function in construction contract management. Inadequately organized
documentation, or documents of inferior quality will adversely influence the strength of
any claim case. Effective documentation is accomplished through simple guidelines and
organizational discipline. The organizational discipline needed for -effective
documentation requires formalizing claims’ management and documentation
requirements in the form of rules for control of document issuance, distribution, and
storage. Some guidelines are commonly part of every contract in the change and claim
management sections. If documentation is a personal initiative by site echelons, then
some projects may have excellent records, but others, surely, will not. The web offers a
plane field for all project groups and allows seamless and cheap connectivity to enterprise
data stores and documents regardless of the systems project groups use. Some web-based

solutions, and knowledge management initiatives were reviewed and commented on.

Some records that are essential in supporting claims are:
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e Original estimates and their underlying assumptions.

e Correspondence throughout the life of the project (including the bidding
stage).

e Contract forms including agreements, bidding invitations, bid quotations,
specifications, and conditions.

e Minutes of Meetings, and letters of understanding.

e Daily and periodic progress reports and Payroll logs.

e Photographs and Videos of site progress.

e Analysis and design sheets, engineering calculations and working drawings.

e Quality control/ assurance records.

e Schedules and other planning documents.

e Procurement records for labor, equipment, material, and services.
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ﬁ Chapter Three Analysis and Modeling of
Construction Project
Document Information

3.1 — Introduction

The documentation methods used by the construction industry do not benefit from
the current advancements in IT such as the new distributed programming, and Online
Active Processing (OLAP) capabilities that allow a remote client to query or send
document forms using an Internet Browser. Databases are now accessible over the
Internet and it’s easier than ever to change the logical schema of a database (i.e. change
table structure, field specifications, or table relationships), insert data into records, or
monitor ongoing functions. Earlier, this research promoted a document instance to an
object with attributes, and behavior defined by the operations that can run on it. The data
contents of a document can have a logical structure that is represent-able using a
technology such as XML (eXtended Markup Language) schemas. A document’s content
can be represented by a logical structure to define the relation between the different data
sources that make up that document, and delimits its relation to other project information
subjects. Documents’ contents are drawn in from various information sources, such as:
project process or operations, claims, contracts, changes, people, and events. Some data

that should be routinely included in every document are: WBS, Cost Account, workflow
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or claim processing instructions, references to relevant contract clauses or specifications,
and activities. Hence, in this thesis every document is associated with as many
information objects from the project organization as feasibly possible in order to
distinguish each document and bring about more contextual information about any claim

event, with the rationale behind key decisions affecting the performance of activities.

3.2 - Examples of Claims Documentation

Learning from claim anecdotes assists contract administrators understand the
significance of events and their contiguous documentation. Project groups, collectively,
complete the picture about the history of the operations, and contribute to the
construction events and their documentation. Any document, created for or from a
construction process, represents a state in time (i.e. a time capsule), describing a
particular event. Events, in turn, are consequential and have other events preceding or
following them. An event is a state in the project operation that can take the shape of a
milestone, failure, stoppage, labor strike, major change, or even a cause of impact.
Insofar, this research capitalizes on this understanding, and considers the document as an
object, capable of having behavior, attributes, and roles. The following anecdotes are
summaries of sample cases that have been reviewed for documentary and information
contents. The focus here is on the “Paper-Trail”, with interest in relations that might
exist between documents and events; for example: causes, damages, baselines, time of
occurrence, contract stipulations, responsibilities, project organization, duty to report,
document workflow, document typesftitles...etc. The reader will find that highlighted

phrases/words are “document (able)” events, or documents, or statements of facts.
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3.2.1 — Anecdote 1: Owner is the Construction Manager and Engineer

Owner ®%9 delivers a Milestone Schedule P**™™ (5 the contractor ®9. Both

(Baseline Documents)

sides either agree on it without alterations or either side can request a

change ™"®  The Milestone Schedule P*"™™ guides the contractor to the Delivery

Dates 8®™")  The owner is liable ™ for any delays “™“Ev*™ i delivering ™™ the

(Contract Commitment)

working drawings and plans ®*"™™ o the contractor on time

3.2.2 - Anecdote 2: Consultant is the CM in a multi-stage project

Architect ®' contracts P*“™™ with subcontractors to carry out the work in a

multistage fast-track project. The Architect is responsible by an agency contract ®°'?,
with the owner, to manage ®' and direct operations according to specifications Po*™",

and budget requirements. Programming ®°“™" the entry of each trade to the project is,
thus, the responsibility €onrect Commitment) ¢ the Architect, and he has to guard against

conflicts or trades over-crossing or disrupting each other (Causefimpact) ' 1 oss of productivity

(mpactEffect) ' for contractor's crews, due to disruption or stoppages may lead to delays

(Impact/Effect) -

in the delivery (Contract/PCWBS)

(Contract Commitment) of that

segment of the work , and

eventually the Architect will have to reprogram ©*s¥Efect/Document) 4o wwork again,

3.2.3 - Anecdote 3: Changed Conditions in a Stipulated-Price Contract.

The Contractor ®'® while cutting ®“¥®S through a hillside for a highway project

(Event/Causc)

(Work Package) hits huge lumps of metamorphic hard rock deposits . Referring to

the tender documents for soil tests P**™™ supplied by the owner ®°? in the bid
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invitation ®°*™™  finds that particular strip of the road has been delineated as
sedimentary rock deposits ¥ P! Liabilty) ih Silica-Cemented shale. The differences

(EC delay) i the method of cutting and time required are enormous for that strip. The

(Contract Type)

contract (Rules: Guideline, Document) - \hioh js for traditional Lump-Sum works, is

filled with exculpatory language ©™* that exonerates the owner of any liability for
changes in soil conditions. The contractor, through meetings (Documented Event) y/ith the

owner, learned that the owner and his consultant had superior knowledge (Fact, Liability) ¢

the site, since they spent a year exploring (Fat) the site before inviting bids. The

contractor files a claim ®**™™ with the owner requesting remuneration for the direct and

(Impact/Effect)

indirect costs of the unexpected change in conditions , and reserves his right for

(Impact/Effect)

future impact costs, and any delay extensions. The impact may include labor

lost productivity #™#<VEee) and extended overheads (Impact/Effect) £y the delays.

3.2.4 - Anecdote 4: Owner Responsible for Design Information

The owner ®°®), in a phased project is responsible for Liability) gypplying the

contractor ®'9 with design information in the form of plans and working drawings

(Document)  The agreement ™™™ between the owner and the contractor, due to a lapse in
the owner's judgment, gives the contractor (Clause) the freedom to schedule operations
(Document) 414 tasks at its own pace. The owner's architect ®°'), during one of the stages
(Schedule, Project Commitment WBS) = oqyld not keep up with the contractor's self-proclaimed
schedule ®°“™™  and was overwhelmed by a barrage of requests (Document) ¢, release
pertinent drawings ®°"™™_ The architect submits the drawings (Document) Lyt to the

owner’s dismay, 22 days later than planned “**?. The contractor sends out requests for
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an_extension P°"™" and reserves his right ™ for impact, and against liquidated

damages ©**9  The owner's reply was lax, and lapsed beyond the contract reply period
(Clause/Cause)

The contractor understood the owner’s silence as an implied request

(Causc/Impact) (Event, Document) the

(Clause/Cause) fior a constructive acceleration After completion

contractor claims ®*“™™ for acceleration costs, for extra resources, and the loss of

(Clause/Entitlement) (As-Built)

productivity (€2ssmpactsh - o the basis of a But-for_schedule

(Event/Cause)
b}

analysis, and the fact that: but for the owner’s implied rejection of extension
acceleration costs would not have happened. The contractor is also claiming for the

equivalent of a delay’s extended overhead (mpac Cause. Demage)

3.2.5 - Anecdote 5: Owner Disrupts Work Through a Fauity Change Order

An owner ® sends a Request For Proposal RFP Documen) £or a contemplated

(PCWBS) (Document) calls

change (Cause/Clause) ¢ the hot water piping system . The new scheme

for a bigger diameter with changes to outlets, boiler connections, pumps, and faucets.

(Document)

The contractor analyzed the changes and realized some contradictions in the

(Cause)

detailing provided with the drawings ®°™™)_ Thereafter, the contractor requested

interpretation ©°°“™™ of changes and Information on how to proceed P°“™"™, from the

(Clausc/Cause)

owner’s consultant. The consultant did not reply promptly , and the contractor,

facing such uncertainty, shifted his operations ™ to other sections ®“V®9 in the
4 sections

project. Three weeks later €**¥C5%) the new designs ®**™™ arrived. The contractor
could not re-assemble E*"™ C®59) his crews before a week ®*™. When the contractor’s

crews were ready (Event) some connections did not work ©*9, and the owner-supplied

al (Contract) (Specifications)

materi was off-specs
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took him another week ®*™ to gain normal production ®eline. Cause. Even) - -Tho contractor

submitted a request ®**™™ for a time extension, and a claim C"®s¢PoUme™ for the impact

of changes. The damages included ¥™*®: disruptions to normal progress ®cfine Document)

(Bascline Document, Resource Logs)

deterioration of productivity and efficiency , out-of-order

(Impact) (Impact, Damages) Logs

sequencing which entailed re-staffing and extended overheads

because of delays.

3.3 - Formalising Documentation Through Business Rules

A Rule is a statement that defines or constrains some aspects of the business. This
might be a term or a fact (structural assertion), a constraint (action assertion), or a
derivation [Hay & Healy 1997]. It is Atomic in that it cannot be broken down or
decomposed further into more detailed business rules. A Business Rule Statement is a
declarative statement of a structure or a constraint, which the business places upon itself
or has been placed upon it. Facts, constraints, and derivations of rules are deduced from
the contract clauses pertinent to claims and relevant “quantum-meruit” or adjustment
language. It pertains to the operational constraints, changes, and disruption facts or
events. Therefore, the concern is what data may be recorded in the information system.
The facts of the cause of the impact can be viewed from different perspectives according
to the stakeholders. The data collected to prove a cause or an impact must cover: process, -
location, people roles, timing, damages, change motivation and alternatives considered.
The purpose is to make documenting facts tractable. It is possible to model business
rules as constraints on data. It will be much more difficult to make equally clear

assertions about business rules the way they are practiced in construction claims
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management. Derivation of rules from facts can be documented as relationships,
attributes, or generalization models. Examples of a documentation workflow amongst
groups’ management functions are modeled using DFD, as shown in Figure-3.1. It is
also possible to model such flows using the Integrated Definition (IDEF@) [Hanrahan
1998] for system and functional dependency modeling [Hammad & Alkass 2000-a]. The
workflow development is beyond the scope of this research; however, business rules for
documentation will be incorporated in the design of the DMID as part of the CPDICenter.
Research into DFDs for construction projects is very limited, and it is interesting to find a
whole PhD thesis dedicated to data flow identification to support project

automation/integration and productivity this issue [Abou-Zeid 1993].

Request to Release
New Design Plans

Specifications
& Work Plans

and Time Tracking

Resource Utilization Logs,
and S-Curve Report for Cost

RACTORES
Jperations)s

e
113
INF IR ST T, TN &

Revised Outlook -
2, Schedule

Baseline and Earned
Value Report

Figure-3.1: Example Document Flows Amongst Project Management Functions.
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3.3.1 — Sources of Claims’ Business Rules

Documentation rules are customary in most contract agreements, bid invitations,

conditions of contract, or requests for proposals, and they pertain to, or exist as:

e Qualifying statements.

e Exceptions, or Exclusions.

e Conflicts or contradictions.

e Limitations on time, budget, or quality.

e Change order procedures and documentation requirements.
e Work stoppages or terminations.

e Inspections, certifications, and release of payments.

e Handling of Requests of Information.

e Scope definitions.

Scope is traditionally found in specifications, drawings, methods, conditions,
budgets, material specifications, statements by owner...etc. Exceptions, for example, are
found in clauses for differing site conditions, quantity changes, or material shortages.
Qualifying statements can be contingency plans, allowances, and design review
processes. Some organizations like NASA implemented document management
procedures [NASA (1997-2), NASA (1997-b)] based on the ISO 9000 recommendations.
They are called NASA Centerwide Work directives and quality recommendations. Those
directives formalized, amongst many things, the creation and handling of its internal as
well as external contract documents, contract changes, source evaluation, design control,

control of non-conformance, and unsolicited proposals and any subcontractors working
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on its space programs. Such regulations lay a working ground for- construction
organizations to implement in their future design of document-processing instructions.
An ISO 9000 interpretation for construction projects is presented by [Nee 1996], with a
focus on the implementation of Internal Quality Audit checklists. Documentation and

Document Management are parts of the ISO 9000 quality system approach.

3.3.2 - Business Rules Examples for Claims Documentation

Such procedures or rules are possible and may be favoured or dictated by a contract
clause or industry custom. For example, an owner while sending a Request For Proposal
(RFP) to the contractor should try to add more contexts to the document transaction or

flow by including following information:

1. Size and character of extra work (drawings).
Technical specifications (new, update, revision, old).
Budget breakdown (provisions of payment).
Schedule (new, old, milestones).

Time for the contractor to establish a price

I

Performance requirements (specifications, conditions).

Another example involves an owner replying to a contractor's request for an

interpretation of contemplated changes. The owner can include information like:

1. Scope of change.

2. Old conditions or specifications and their replacements.
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Old drawings, and the new ones.

Budgetary information.

Quantity of change.

Methods, if specific operations dictate specific techniques.

Contract clauses giving the owner the right to change, and liability for impact.

Possible supplier of the new materials, equipment, labour...etc.

¥ ® N RWw

Schedule of document deliverables
10. What the contractor should do after receiving this letter.

11. Reference detailed engineering drawings, codes, or schematics.

3.4 - Recreating Document Trails: Sequence Diagrams

Sequence diagrams, like the one developed in this thesis and shown in Figure-3.2
utilizing the UML [Booch et al 1999] notation, are beneficial tools to establish a stepwise
workflow for documents, or to recreate paper trails. Such diagrams will show time-
dependent correspondence or document transmittals amongst project group for a
particular claim or change or problem. The purpose is to relate documents to issues,
groups, time, and the context of the problem or production event at hand. For an
explanation of all modeling languages’ notations and constructs used in this thesis see

Appendix B.

The piping problem demonstrated in Figure-3.2 depicts the sub-contractor as
trying to relay to the main contractor and consultants for solution. The new solution
induced new changes to material or method, which in turn required the contractor to
evaluate the impact on his schedule and cost and eventually request an extension. Having
received a partial extension, the main contractor informed the consultant of his intention
to accelerate. Hence, the documents pertaining to this case should be cross-referenced

for future retrievals.
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Figure-3.2: Sequence Diagram Showing Documents generated for a Piping problem

Sequence diagrams are visually appealing, informative, and show, in a
chronological order, documents’ flows amongst groups’ management functions.
Sequence diagrams also present snap shots of the documentation that ensued because of a
site problem or a claim [Hammad & Alkass 1999-b]. Flows can resemble information,
abstract data, phone calls, meetings, directives, status...etc. The vertical lines should
represent functional entities in the project (e.g. groups’ Management Processes), or

offices. The DMID logical and conceptual design, in conjunction with logical views of
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static and dynamic documents’ class object models, will benefit from the realizations

found in sequence diagrams.

3.4.1 — Example: Reconstructing documentation for a Piping Problem

The following example charts the history of a piping design problem that was
previously described in the anecdotes synthesis section. Documents generated are
modeled using sequence diagrams, as shown in Figure-3.2, and enumerated in a

chronological order according to their actual sequence.

Further explicit associations between documents and things like the work area,
dates, or type of issue will rationalize the logical relations and should aid web search
engines classify documents. Search engines can work in the background (using web-
bots) based on keywords, concepts, and topic hierarchies, bring them back to the user,
and suggest more documents according to user responses and weighting of documents.
The sequence can be reconstructed with claims documentation rules in mind. Ultimately
the reconstruction of claim documentation is better served if a special search engine
(trained on claim rules, and document information patterns) is in place, and all documents
are scanned, classified and registered with it. This research has classified the
documentation associated with claims, and developed a system framework (i.e. the
CPDICenter) to capture and streamline all documents registration in the project. The
CPDICenter DMID is designed to capture as much Meta information about documents,
and the process that generated them. This effort should facilitate future works in search

algorithms especially when all documents and their information are structured.
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3.5 — Modeling Claim Documentation Rules

In lieu of the consideration given to the importance of formalizing documentation
as-per claim issues, it is necessary to present a model for that purpose. Those Rules
guide and control documentation and document flow. Tools to model Rules are
numerous; O-O (Object-Oriented), DFD (Document Flow Diagram), ER (Entity
Relational), and IDEF@ are candidates. In Figure-3.3, the author is modeling project
documentation rules. Such rules are produced from contract requirements for
documentation and changes management or workflows. The model developed here is
modeled with UML language—a “Rapid Prototyping Tool commissioned by the Object
Management Group [Booch et. al. 1998], with a mandate to formalize and standardize the
O-O notation. The rules model developed here in Figure-3.3 is integrated in the DMID

design at two levels: 1) table-field level, and 2) tables interrelationships.

Original document releases are automatically stored in the master Webfolder of
the respective group that issued the document (part of the CPDICenter web server). All
transactions will be logged to simplify the task of recreating audit trails. Other issues that
are included in the DMID design are: version tracking, and status for claim issues. There
are software tools (software code written in order to handle documents distribution, based
on business Rules or process requirements) for Documentary workflows that allow
issuers to dictate to the workflow engine things like: who can receive the docpment, the
reply periods, and steps for approval. Workflow management systems are still in their
early stages of development, but the automation of any workflow is based on a solid

modeling base of main and generic business processes [Amberg 1996].
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Figure-3.3: Model of Claims Business Rules that Influence Documentation

Automation of routine documentation tasks, can relief some expensive intellectual
resources from the grudges of routine paperwork, and allows it to focus on critical

management issues. In pragmatic terms a workflow might mean:

e Sending automatic notice when a response to an RFI is past due,

© Mamoon Hammad 2001 3-14



e Generating Automatic document distribution, or automatic daily report
initiation
e Qualifying the content of each document and flagging incompatibilities

e Knowing who is a project member and delivering documents to their URL

addresses
¢ Queuing documents in paper-trail

e Producing status reports of the issues and the stage each document is at in the

management process.

Workflow is not within this research’s scope. However, the CPDICenter
framework will be designed to cope with group changes by stage, and.thc distributed
nature of project information. Nevertheless, it is beneficial to know that project groups
shouldn’t scrap their current work processes pertaining to documentation in favor of any
workflow model, before a thorough investigation of their project roles, duties, and
contractual relations with each other’s are set and clear. A central workflow model for

the whole project is probably much better for uniformity.

3.6 — The Process of Case or Issue Documentation

Capturing human judgment in the shape of Soft-Rules necessitates looking at
other components of the information system. Soft rules (i.e. Claims Management Rules)
found in mandates, policies, guidelines, project cultures, apply to the approval process for
a C.0., and reply periods for requests for extension [Jensen et. al. 1997]. Those rules, or
business routines, come together to support the rationale behind certain decisions.

Sample contract clauses, conditions are listed in Appendix A. In this research,
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Documents such as: Requests for Interpretation of Changes, or a Notice of Constructive
Acceleration to the Owner, Standard Operating Procedures, Validation Documentation,
Safety requirements, Analytical Test Methods, Change Requests procedures are classified
as “Project Definitions” Documents Class. Moreover, knowledge of the management
function that released the document helps claims analysts construe further information

about events that surrounded their issuance.

3.6.1 - Claims-Related Business Processes

This involves the rules and steps a dispute-related document, like a C.O. or an As-
Planned schedule, has to go through during the course of construction. Those steps are
agreed upon in business meetings, and sometimes are ﬁx;.d in contract clauses. Various
sources guide the user to documentation requirements and steps. They can be found in
the Canadian Construction Document Committee CCDC [Short 1997], and the standard
contract forms by the Federation Internationale des Ingenieurs-Conseils [FIDIC 1992].
Government acquisitions and contracts are normally guided with plenty of procedures.
For example the US military building services has formal guidelines and standard
procedures for: control, procurement, meeting agendas, project kickoffs, review and
approval of plans, project status meetings, work statements...etc. See Appendix A for
samples of those contract management procedures for proposals and other issues.
Moreover, detailed document processing instructions can be modeled as workflow
schema adept for automation; especially with the majority of documents are routine

reports that are initiated on a daily, weekly, or a monthly basis. Example input/output

process data is presented by [Ndekugri & McCaffer 88], which divided information—such
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as site reports, weekly resource logs, monthly schedule outlooks, and monthly payment
requests—into inputs to or outputs from management processes’ like cost control, claims
management, and scheduling. However, like other early researches in IT, they mix data
with information, and looks at documents in terms of their probable functions, not
contents. Information, for that matter, is every change that may influence the outcome.

In that respect, Documents are different from data or information, at least in shape.

3.6.2 — Data and Information content in Construction Documents

Documents contain data and give it a context. However, Processing this data will
produce knowledge of project disputed issues and problems. Hence, documents may
contain data and/or information. Data alone (i.e. not within the confines of a document)
need other data along with it to inform the user about its context, purpose, and what
function it is intended for. This descriptive data is referred to as “Meta” data or better
known as Data about Data. In context data or information contained in documents, are
easier to track, and process. A document is assembled from various sources of
information or data from the project organization, and construction operations as
illustrated here in Figure-3.4 which points out the many data sources, references, and
peculiar data a sample document (e.g. Transaction/Correspondence) might include. The
data contained is “parse-able” by computer applications, and by web search engines.
Parsed contents are consequently ready for indexing by subject, keyword, or by

association with claim issues and project events.
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The indexing routine facilitates the search and retrieval of documents, by virtue of
documents’ contents. Internal references to project information objects can also be
inserted into the document text, and hyper-linked for easy access when a person tries to
view the document. A document, by and large, will go through an internal workflow
(authoring, review, and annotation within one group of the project) before release,

distribution, and storage in a file server.
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Figure-3.4: Information Subjects usually Included in A Construction Document

The Meta data that is parsed—from the document’s contents or associations—is
ultimately appended to the document’s DMID record as will be shown in later chapters.
Also, later in this thesis (Chapter 5), a whole chapter is dedicated to the analysis and
modeling of claims information to establish potential database views and document

summary logs to post on the CPDICenter website. Moreover such classification of
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information is needed to structure the website pages and organize its contents or search
forms. Since any document can be used in a claim analysis or defense situation, the
database design and website takes this into consideration when designing the views,

queries, and table structures.

3.7 — Document Information from Claims Analysis

The main phases or steps in the analysis of any construction performance impact
claim (e.g. delay, acceleration, change...etc.) are illustrated in Figure-3.5. Those phases

are sometimes overlapping and repetitive or cyclical.

Identification of Problem (Scoping).
Collection of Documentation
Discovery Orders

Analysis of all schedules and changes.
Analysis of project cost records.
Development of damages.

Expert opinions and deposition

Preparation of report

© ® N wn kW N

Arbitration or Trial
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Figure-3.5: Main Phases in a Construction Performance Impact Claim Analysis Case

3.7.1 — Phase 1: Analyze and identify issues

This includes examining contract documents, and testing problems pertinent to
language of contract. Claims analysts have to obtain and copy relevant documents from
all available sources, in order to examine the data and establish issue folders using
material from those obtained files. Issues can be organized chronologically and
supported by physical descriptions (photos, drawings) of the project. Hence, try to
establish liability for each problem, and find a preliminary analysis and estimate of the

impact of each issue on project time and cost.

3.7.2 — Phase 2: Analyze all schedules and changes

All schedules (As-Planned Updates, and As Built) are collected or prepared from

computer files. A comparison then would be possible between the as-planned and as-
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built schedules. This aids in finding impacted as-planned schedules with constructive
and directed changes and other problems. Also aids in identifying delay times, and any
loss of productivity times. The number of delay days due to owner, designer or

contractor has to be delineated for realistic and reliable delay analysis.

3.7.3 — Phase 3: Analyze Project Cost Records

Cost records combine files related to direct costs, site overhead, home office
overhead, and lost opportunity or investments. This is carried out by examining the
contractor’s pre-bid estimates matched to the list of quantities developed by the owner.
Those early estimates are compared with actual costs to determine a) the cause of extra

cost, and b) the liability for extra cost.

3.7.4 — Phase 4: Develop damages

Damages (financial or time) from each issue or dispute are apportioned based on
liability. Apportionment is necessary in concurrent delays or concurrent problems
affecting productivity of the contractor crews. Critical activities take always a higher toll

in terms of time delays, and eventually lead to ripple effects.

3.7.5 - Phase 5: Prepare Claim Report

The report presents a background on the project. A description of the project and

summary of the issues are also enlisted. Usually then, pertinent contract clauses are
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highlighted. Each of the disputed items are discussed for causation, liability and
damages. Scheduling illustrations are important to discuss delays. An emphasis should
be put on the recoverable damages. Input can be drawn from expert consultants with
experience such as: schedulers, engineers, cost specialists, contract specialists, claims
specialists. Taking the analysis task of Figure-3.5, and detailing it further we get the

following main analysis sub-tasks as listed in Table-3.1.

Table-3 1: Steps for Claim Investlganon and Analysns

Examine and assemble relevant documents
Interview project participants
Establish reasonable As-Planned Schedule

Identify alleged delay issues

Extract As-Built Schedule data from project records

Prepare As-Built Schedule

Compare As-Planned & As-Built Schedules to As-Adjusted Schedules

Establish cause for variance between As-Planned & As-Built Schedules
10. Identify party responsible for delay

1
2
3
4
5. Prepare As-Adjusted Schedule series
6
7
8
9

11. Allocate delay caused by project participants

12. Calculate & plot As-Built resource requirements
13. Calculate & plot As-Built resource expenditures
14. Identify period of overtime and multiple-shift work

15. Identify areas & extent of disputed work & out-of-sequence work

16. Identify and quantify unusually severe weather conditions

3.8 — Discovery Procedure

Discovery as a process, as shown in Figure-3.6, is expensive since it entails

multiple visits to various sites of the contract adversaries and searching for specific
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documents that are organized in a fashion peculiar to the adversary’s own criteria.
Copying is part of the process. Furthermore, parties may have only one opportunity to

recover documents from each other.

Comprehensive or total document retrieval requests (List of Particulars) is not
always possible because any party can refuse to release documents that it classifies as
proprietary. Among proprietary documents are expert reports, and legal deliberation
letters prepared for trial by lawyers and which might expose a contractor’s strategy and
weaknesses. Claims are usually developed as proposals to the Owner or Construction
Manger for equitable adjustment under the terms of the contract, and frequently, the
issues can be settled in negotiation using the clauses pertaining to changes and extra work
in the conditions part of the general contract. Even where entitlement is strong and
chances of a negotiated settlement are good, it is important to present your case for
equitable adjustment in a clear and complete manner if the buyer is to fully appreciate
your position. If settlement is not possible, some contracts contain arbitration clauses
which detail the procedures for settling contract disputes. When no arbitration clause is
included in the contract, the parties might still agree to arbitration. Such arbitration also
requires that the contractor present its case in the best possible manner if he is going to
convince the arbiters of the validity of any proposed contract adjustment. In government
contracts (http://www.fedpub.com/seminar/gcc.html), contract disputes, which are not
negotiable between the parties, are taken before a Board of Contracts Appeal or Claims

Court of which there are many to service the various arms of government.
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Choose Legal
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[ Arbitration | File a Legal Action (Trial)

Decision: Liability
Apportionment

Agreement to

Quantify Damages

Figure-3.6: Main Steps involved in a claims documentation discovery procedures

These Boards and Courts are generally comprised of judges with particular
experience in the specifics of government contracting and in a particular branch of

government. These agencies function as legal bodies and have built a large body of

© Mamoon Hammad 2001 3-24



opinion relative to government contracts. If negotiations fail, there are courts, boards and
arbitration panels to hear disputes and give decisions. Arbitration is generally faster and
more informal than litigation and is most effectively employed on smaller disputes.
Litigation is generally a more costly and lengthy method of settling a dispute Discovery
procedures are used to develop documentation for claims. Project groups go to court and
request a court order to be served to their adversaries to release “particular” documents
that are deemed beneficial in preparing a claim or defense thereof. A list of particulars

lists all documents any one group needs to recover or copy from others in the project.

3.9 — Project Management Process Information

Construction projects are hierarchical by nature, and their information structure,
are also hierarchical because every sub-component is part of a bigger system, which
altogether make up the project. This simplifies the control of a project’s complexity and
delivery of construction products in concordance with contract requirements. Delivery of
requirements is carried out incrementally in an iterative fashion of overlapping processes.
Processes aggregate to become operations, which in their turn are work packages. The
PMBOK [PMI 1996], also views all project management tasks as processes that may be

iterative and overlapping by nature.

A snapshot of some document flows amongst various management activities is
illustrated in Figure-3.7. The basis for the documentary flow has been laid out in Figure-
1.2, where every document can participate in the construction management processes in

one or more of the four roles (input, output, control, and mechanism). The documentary
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flows shown in Figure-3.7 emanate from participants and traverse to other participants.
Connotations that are drawn from those flows are instilled in every document (later added
as fields into the record of each document in the DMID), in a way that makes every
document contiguous on its source, destination, and purpose (e.g. design update,
directives, and method statements). Interaction between the groups’ different
management processes should be included in a collaboration model that can become the
basis for a document workflow control object (small program to control workflow in light
of contractual relations). [Dado & Tolman 1998] supports this view and produces other
specializations (decompositions) of the Management Control Object. Specializations
classes include Time, Cost, Change Request, and Contracts. Documents issued by any
project group are further distinguished by knowing which stage of the decision cycle they
subscribe to. In Figure-3.7, for example, various simultaneous document flows
(numbered arrows) are exchanged amongst groups’ functions are modeled to assist in this
research’s document information model development. The functions resemble each

group’s roles in the management process.

Such simultaneous flows (Figure-3.7) reveal the decision process that a project

organization follows (here it is a specifications update case)
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Figure-3.7: Document Flow Diagram between Groups Management Functions.

3.9.1 — Understanding Detailed Document Flows: An Example

Each project management or operational function/process will reference other
documents like contract agreements, clauses of conditions...etc. Hence, there is four sub
processes in each function/process block, which are: Entry, Task, Validate, Exit, or
ETVX for short. ETVX is an IBM novelty, used in software development, and used
extensively in process developments that are based on the Integrated Definition
Technique IDEF@. An example demonstrating the use of ETVX is presented herein
after. In Figure-3.8, the CM relays a Site Directive to the contractor requesting a change.
The Contractor reviews the directive, calculates the cost of the addition/change, forecasts
the impact, and replies to the CM with a proposal and a request for impact adjustments.
The documentation involved is mapped in Figure-3.8, where the steps are broken down

into internal management process of: Entry, Task, Validation, and Exit. If documentation
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processes are formalized, in a similar manner to the ETVX, then all documents that were
involved in the claim or dispute event can be recalled or retrieved seamlessly without so

much of a search or a guessing work.

CM | Sl
Site Directive .
. Review schedule
Operations gz:g::a"s —! Calculate directindirect cost
Forecast impact on time and

New Material slips

Specifications Plan implementation

Procure resources
. Check for any missing

Cost items and
Scope of Change

Overhead/Extended NPTt tH CM
Reimbursement Conditions Cost Estimate

Needed Extensions Request for Extension o ]
Document Workflow Adjusted As-Planned schedule perations

Reserve right for impact of
List of missing information

Figure-3.8: Internal Document Processing System Using ETVX Platform

3.9.2 - Incorporating the CPDICenter with the Project Enterprise

The CPDICenter is deployed at various levels in the organization. In Figure-3.9
the project participants are grouped according to their functional involvement or role in
the project constellation. Each group has its own internal organizational structure, which
might be dedicated to one project, or many project engagements. The CPDICente is built

to serve one project; hence, each project will get its separate CPDICenter.
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The sample groups included in Figure-3.9 are:

1. Engineering: involves mainly consultants who specialize in supplying new

and changed works drawings and offer also interpretations to design changes.

2. Construction Operations: include GC, Subcontractors, Suppliers, and Trades.
They deliver owners’ requirements using directives and instructions received

from the CM and the Engineering Processes.

3. Construction Management: encompasses many services, such as planning,
cost estimating, and scheduling. One or more sub-groups that work

independently or jointly with the main CM offer those services.

Information exchanges among major groups are document-based in the most part.
Documentary exchanges or transactions are cleared via the CPDICenter and registered in
the DMID. Documents are stored in web servers. Details of CPDICenter Framework
and system architecture are presented in Chapter Four. The ETVX filter resembles that
documentation rules pertaining to claim management, and workflows are in place (refer
to Figure-3.8). Project groups, and Analysts can access the DMID via a web browser to
retrieve any documents about a specific event or work item. Each project group
maintains its own software systems and process database, where such databases are
proprietary. However, certain sectors or tables of those databases can replicate inside the
DMID for sharing. Some pressing issues will be to identify where the information is?
Who owns it? and what are the information sharing and exchange rules that are spelled

out in the contracts?
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3.10 - Data Models

Modeling of documents’ information result in data structures that are essential for
the design of the CPDICenter’s DMID. However, various factors should be under

consideration when designing and implementing the DMID, among which:

e Various roles documents have in the project
e Document Classes, subclasses or categories, and individual titles

e The CPDICenter’s communications architecture, which will adapt to:

o Project Organization and changes in that organization with stages
o Functional needs like storage, and retrieval of documents

e Elided risks, and claim causes inducing impacts to normal work performance.

e Need for flexible and established modeling language that conveys opinion

easier than text, and has:

o Constructs or building blocks
o Syntax defining each construct
o Associations, dependencies, and generalizations or decompositions

e Complexity and how limiting the amount of detail in a model can conceal it.

e Existing dichotomy between document classes, project subjects, project

groups, and work process information.

Moreover, functional issues like document versioning, and viewing rights all can
be modeled. The CPDICenter allows system users to retrieve documents, but not to
change them. Annotations are added to a document’s record in the DMID. Any changes
made to a document will create a new instance hence a new version of the original
document. Contemporaneous construction documents, produced during operations,

include both routine (repetitive) parts, and one-off or non-routine parts that change by the
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occasion or the document purpose. Routine parts include: dates, names, sites, cost
accounts, WBS codes, subject, while non-routine parts relate to the specifics of project
activities, or the events in question. The data modeling techniques used in this research

are listed in Table-3.2.

sl L
UML o Document information o Rational Rose®
[Booch et. al. 1998, Models UML Toolkit
Eriksson & Penker 1998] o Business rules o MS Visual Studio
o Sequence Diagrams 6.0® Visual
o User Cases Modeler
Object Oriented o Information Modeling
[Rumbaugh et. al. 1991]
Entity Relational o Conceptual ER Model o MS Access® 2000
[Chen, P. 1977, Elmasri, & o Logical DMID Design o Embarcadero ER
Navathe 1994, James, Martin o ER Studio®
1987] o Design/Implementation
DFD o Document flow Scenarios
t ?m-‘gw«orl@ép % »E‘-:u.v:-:'s',.f.. S SN -..,, AP T A

3.11 - Users' Search Criteria

Two user types are of concern here; the ones who know about the project, and
have been directly involved in the realization process, and Claims Analysts, who try to
understand the project from whatever documentation the system has to offer. In
extensive interviews with claim management consultants, the researcher collected various
points of view regarding the future document system. The most important factors to take

into consideration, with regard to search are presented.
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The number of people who are involved in every aspect of the project, all the time
with every stage, usually is not that many, because most people get involved in one stage
of the project and leave to other projects or other stages when finished. Claims Analysts
are different cases, because they probably have never been to the actual construction site
or seen the project documentation before the dispute erupted. From interviews, and
extensive literature surveys, a wide range of search criteria and requirements that need to
be included in the CPDICenter, or for further investigation, have been identified. These

functional considerations that need attention are summarized hereinafter.

3.11.1 — Search and Retrieval

Professional Users query for documents from different perspectives or views, and by
association with certain project events, people, and sites. For example, search can be in

any of the following views or queries:

e Contract Workpackages (WP)

e Work Breakdown Structure (WBS)

e Cost Accounts

e Changes and Change Orders (C.0.)

e Paper trails

e Construction operation or management process affiliated with the claim

¢ Documentation rules and procedures. For example a Request For
Interpretation (RFI) has to be accompanied by a drawing or preceded by a
drawing, and a RFP has to be followed by an estimate of cost, time, and

quantities...etc.
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e Bid forms, and estimates
e Contract agreements, clauses, conditions, and specifications.

e Parameters, like dates, weather conditions, numbers, reference numbers, roles

and names
e Events; incidents; and milestones.

e Full text search for specific concepts, phrases, or images or certain order of

words.

e Cross-referenced documents.

Most searches are made in hindsight (perception after the fact), and users are
trying to understand the project's history from contemporaneous documents, also find
certain documents with clear indications as to the status on pending issues. Hence, things
like Status and Version control have to be in the information available on events, and

documents associated with them.

3.12 - Legal Considerations

Construction participants have different views of the process; nonetheless, they

share two common knowledge references:

1. Legal information spelled out in documents like municipal bylaws, building
codes, design methods, structural performance criteria, duty of due diligence,

binding legal commitments to offer professional opinion, and liability.

2. Contractual information that most often recurs in contract agreements,
specifications, promises to deliver, letters of understanding, payment

agreements, drawings, plans, and schedules.
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Documents are proofs of causes, entitlements, and damages thereof. Barristers
and triars-of-fact rely, when defending or appealing claims, on contemporaneous
documents to interpret project events. In an acceleration case, the contractor, before
admitting its costs to the trial, has to prove either that the acceleration was an affirmative
action in response to an explicit order by the owner, or as a constructive one in response
to an implied order from the owner. Implied orders are construed from things like an
owner’s refusal to grant the contractor an extension for an excusable delay. Courts
require documentary evidence [Jensen et. al. 1997, Baram 1994] to prove remuneration
entitlements for damages like productivity deterioration, higher material costs, extra
equipments, or overtime incurred in the process of accelerating. Escrowed bid
documents are an option for the project participants to consider [Schroedel 1997]. This is
used to make sure that contractors’ bid estimates and methods are binding. However, this

applies only to pre-construction documents such as bid forms.

The admissibility of electronic documents to arbitration or courts is becoming as a
non-issue, but this is contiguous on few basic principles [Ott 1998] that have to be

addressed:

e The electronic signatures and the authentication of the identity. To know who

signed a certain document, and to be sure of their identities.

e Access and Authority control. To track everyone’s access and action with the

documents, and to ensure that nobody controvert receipt of a document.
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To elevate the status of electronic documents to a proof/evidence status, and to
precisely enumerate every document in the project, a sworn attorney, notary, or seal-of-
oath can carryout an Automatic Affidavit for each document, immediately after the
release of each document. This service is possible either by retaining the necessary
personnel for it, or on a document-by-document basis, or by subcontracting this service to
a third party. There is also the Bate code in Canada, which is used in the legal system,
for document enumeration and coding. Each document can be coded with the Bate code

to facilitate the exchange of documents during the discovery period.
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ﬁ Chapter Four Proposed Model: CPDICenter
Information System
Architecture

4.1 - Introduction

Construction projects are temporary enterprises or organizations, with functions
that need constant access to information. Most of this information is produced and
reproducéd as documents. However, project documentation is an individual task carried
out independently by project groups, and that consequently results in many documents
getting lost in the paper-trail, or not distributed properly to recipients, and not being
classified for storage according to any project standard. That motivated CPDICenter
development in order to streamline documents’ publishing, exchange, storage, and
subsequently identifying web technologies for document storage and retrieval. The
CPDICenter is Web-based, and suggests a new paradigm in document sharing and
exchange amongst project groups. It builds on the prémjse that most documents have
been generated from computer programs—electronic files—which makes it feasible to parse
(read their contents for classification and storage purposes) those documents by search
engines, or digital scanners, or allow users to register those documents and classify them

via a web form. Since every document stands the chance of being recalled or used in a
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dispute, then all project related documents should be registered with the CPDICenter’s

database (DMID). Supporting electronic-based documents has certain benefits, of which:

e Minimizing document transaction times
e Minimizing or eliminating onsite physical storage space for paper documents.
e Viewing and printing are controlled or made on demand via access rights.

e Content parsing by programs and digital scanning for indexing and database
updating is possible with electronic files.

e With the advent of new document content standards like XML it is now
possible for programs to understand the contents of those documents. Using
XML, the contents of those documents would be structured according to a

predefined schema and a semantic dictionary.

4.1.1 - Technology Infrastructure

The World Wide Web (WWW) offers a wide range of applications and tools, to
help develop new kinds of information systems that can serve as a universal, single point
of access for nearly all of a project’s strategic information. There are many ways for web
technology to be used within large construction project organizations to advance
organization-wide strategic goals, most importantly in improving communication
between clients, consultants, contractors, and suppliers. With proper tools, each project

group can host a server, or become a client with other servers in the project.

Given this potential, all files will be available to other project groups who can in
their turn download from each other’s using the CPDICenter website as a gateway or

portal. Following is a list of some typical problems concerned with document authoring,
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processing, and delivering of information within construction project organizations

especially large ones:

1. Incompatible, proprietary document file formats

2. Expensive, non-intuitive or even non-existent document viewing tools that

need frequent upgrading.
Massive printing budgets for documents that are under-used
Out-of-date documents’ information locked in obsolete systems

Difficult access to critical documents

AN T

Redundancy and duplication of information about documents or project events

across different groups’ networks.

4.2 - Building a Solution

The first stride in solving the documentation problem is to recognize its value as
an Enterprise-Wide activity, not as a personal task carried by individual groups. Any
DIS must add value by improving or innovating the process, and by better control over

information. This means that the DIS framework for the project must encompass:

e A flexible communications model (internet, intranet, and extranets) to bind

geographically diffused users.
¢ A Uniform User Interface (UI) to document information repositories.

e Standard format for document registration for any document issued anywhere
in the project.
e Standard document classes, categories, and titles across the project.

e Uniform search facility easy to use by any project echelon, or claims analyst.
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e Central database (DMID) to house all documents’ Meta information.

Groups’ individual OBS (Organizational Breakdown Structure), and their
contractual relations, influence the flow of documents amongst them. Document flow
means that documents are moving through a physical network. Openness, extensibility,
and adeptness to changes in project delivery are basic implementation strategies to enable
as many groups as possible to join in or sign-off the proposed CPDICenter. Project
Delivery is most commonly referred to as the procurement method and it is a triumvirate
of a project organization, a contract type, a_nd a management technique, as shown here in
Figure-4.1 [Moselhi 1993]. All three elements of the Delivery affect the design of the

DIS, and the flow of documents.

P
Examples:
Tradional
Owner-
Builder
CM }
Examples: CM at Risk
Unit Price Design Build
Cost Plus
LumpSum
Cost Plus % ~ <

Examples:
Fast Track
Traditional
Phased

Figure-4.1: Project Delivery Triad [Moselhi 1993]
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Some of the technical ramifications, insofar for creating a flexible control and
management system for documents, include the use of semi-structured DISs [Kroenke
1992; Laudon et. al. 1997]. Semi-structured DISs allow programming or automation of
routine tasks with enough maneuverability left to customize document processing steps,
document distribution, and storage. For that matter, interoperability amongst project
groups is necessary for the future DIS to succeed. However, the interoperability amongst
groups’ systems or the lack of it, thereof, is due in part to the lack of a common
information model for documents control and storage. The term Islands-of-Technology

was coined to describe similar situations.

It is an exception to have all project participants using the same EDMS platform
or software; indeed it would be much easier then for all involved to exchange documents
and transfer information among themselves. This chapter addresses these problems, by
formalizing a new information system framework paradigm (the CPDICenter) to capture
all project documents from all groups, and stores them in a central repository for all
groups to access at any time [Hammad & Alkass 2000-c]. The CPDICenter acts as a
virtual clearinghouse or hub. The CPDICenter hosts as well the DMID to hold a record
for each version or revision of every document. The key steps followed to achieve those
goals are charted in Figure-4.2. Those steps overlap or progress out of sequence;
nevertheless, they embrace the major or key components of the methodology.
Progressing towards a CPDICenter information framework, as shown in Figure-4.2, is
carried over multiple converging tracks, namely: 1) capturing information about

documents in light of their usefulness and how they are used in analyzing claims. 2)
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Documentation rules, as spelled out in contract conditions, agreements, and claim
management clauses. 3) The state of affair in impact claims analysis, and classification
of the information that production and management processes might need from
documents, 4) the prevailing modes of communication and document transactions

amongst project groups to support operations. DFDs are useful in designing the DMID.

Project.
Management,l

Figure-4.2: Main functions and Development Milestones for the CPDICenter.
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4.3 - Project Structure and Communications

This structure defines the fashion in which project participants wish to organize
themselves in. In most project structures, there will be an owner, an engineer, a
consultant, and a contractor, or builder, and a host of specialty subcontractors and
suppliers. Therefore, it is essential, when establishing the CPDICenter framework to

account for:

e Number and types of project groups.
e Contractual relations amongst the project groups.

e Communication channels, reporting hierarchies, levels of authority.

The project organizational structure presents a conceptual static model of the
physical communications' network that would bind all participants. Some of the possible
project organizational structures are shown in Figure-4.3. The different Construction
Management (CM) organizations depicted in Figure-4.3 are adapted from [TCCM 1987].
Other variations are available and conceivable [Beaumont 1997] based on project
financing and contract type. Project organizations and their spin-offs (variations) are
triggered by market demand and financing methods used to meet owners’ requirements.
Also the level of technological sophistication required in order to deliver the project,
influences project organizations. Groups should allocate special teams, or persons from
their own functional departments to manage their interests and involvement in a project.
Concerning contractual relations, the type of contract dictates the cost remuneration or

compensation criteria for normal or changed work. Some common types include: Cost
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Plus, Unit Price, Stipulated Price, and Guaranteed Maximum price. Ideally there is a

contract type that works best with specific project structures.

4.3.1 — Influence of Project Management Technique on Document Control

This is the construction management method used in delivering the project
requirements. Most common types are traditional, fast track, phased, CM at risk, and CM
guaranteed maximum price. Claims’ intensity and frequency are influenced by the
construction management technique used. As an example, a Fast-Track project with a
Lump-sum contract involving many master builders bidding on a Cost Plus basis, and
without a clear scope or sure estimates of quantities is possibly going to have lots of
claims. Generally, a Fast Track management system could face a continuous challenge
for redefining the scope of works and ultimately the costs. In general, the type of the

management system and its companion the management contract will dictate:

e The responsibility for the designs, and work plans.
e The design team’s responsiveness to changes in requirements, and mistakes.
e Financing needs and cash flows for the project

e How requirements’ complexity, overlapping between Workpackages, and

operational bottlenecks are going to be managed.
e Project groups’ exposure to risks, liability, and the flexibility in handling
unforeseen conditions

e The owner’s level of expertise and involvement.

e Dispute types and dispute management business rules (e.g. arbitration

requirements, change order documentation, and recovery management.)
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Figure-4.3: Some Project Organizational Structures and Contractual Relations
(alternative CM organizations are adapted from [TCCM 1987])

4.4 — Document Control for Distributed Project Groups

Complex projects present a multi-user, multi-project, and multi-site environments
with sophisticated specifications and end user requirements. Such projects, as illustrated
earlier, wiﬂ use many organizational structures, contract types, and management
techniques to deliver its objectives. Projects, in general, can face changes in their

communications and document management needs simply because the project delivery
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method or one of its components has changed at any phase in the operations. Web-based
communications model architecture offers a feasible, and affordable solution to such
problems. The Web platform is excellent for rapid and random access to information
databases. An organization the size, scale, complexity, diverse functions, and the
geographical dispersion of a big construction project is properly described as an
enterprise. Enterprise information requires the constant access and use of operational and
historical data~documents in particular. Project documents are continuously obtained,
processed, stored, transferred, and disseminated, which creates intense document flows
between management functions. To control these flows, one needs a flexible information
and communications architecture for easier collaboration, and most importantly to
streamline document transfers. Other important factors acquired from understanding
document flows amongst management or operational functions are how to locate the

necessary document databases and servers in the management cycle.

4.4.1 — Physical Communications Network Needs

In the path to develop a framework for the CPDICenter, the communications
component is essential in order to complete the loop necessary for information exchange
between all parties involved in the project. A conceptual model of the network can easily
be devised from the project structure. Further levels of detail can always be added to a
project’s communications model, to delineate and locate each participant’s dedicated
project entities. Plotting this information gives a map for any information system to
locate and route documents transactions and locate necessary databases. Current

communication schemes in the industry present ad-hoc networks of legacy systems. This
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