"5 A

FORENSIC

GINEERING

Damage Assessments for
ReS|dent|aI and Commercial
Structures

. " . Edited by
=,  Stephen E. Petty
< CRC_ Press




FORENSIC
ENGINEERING

Damage Assessments for
Residential and Commercial
Structures

Edited by
Stephen E. Petty

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2013 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed and bound in India by Replika Press Pvt. Ltd.
Version Date: 20121016

International Standard Book Number: 978-1-4398-9972-4 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been
made to publish reliable data and information, but the author and publisher cannot assume responsibility for the valid-
ity of all materials or the consequences of their use. The authors and publishers have attempted to trace the copyright
holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this
form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may
rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or uti-
lized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopy-
ing, microfilming, and recording, or in any information storage or retrieval system, without written permission from the
publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://
www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923,
978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For
organizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



This book is dedicated in loving memory to my son Mark Anthony Petty who
passed away at the early age of 21 on September 3, 2011, in New York City due
to complications of Crohn’s disease. Mark had remarkable promise, excelling as
one of the top students in his honors engineering and business administration
programs during his senior year at the University of Cincinnati, along with
an equally remarkable personality. He was a large part of EES Group, Inc.,
helping out on projects since he was 13 years old. Mark is tremendously

missed by me, his colleagues here at EES, and everyone who knew him.



Preface

This book is intended to serve as a comprehensive resource to bridge engineering disci-
plines with the building sciences and trades (e.g., carpentry, masonry, HVAC, plumbing,
and wiring disciplines). The blending of these skill sets is necessary to excel in the field
of forensic engineering, particularly for those working for, or in, the insurance industry
assessing claims. Oftentimes those who enter the field are engineers or those with a sci-
ence background who lack the knowledge in building sciences, trades, and codes and stan-
dards associated with roofing systems, building envelope systems, carpentry, plumbing,
wiring, and masonry.

In most textbooks, as is true for this one, a book cannot realistically cover an entire
field—in this case the field of forensic engineering. Broadly speaking, forensic engineering
is a subset of the field of forensic sciences and is defined as the field that applies engineer-
ing practices and principles to determine and interpret the causes of damage to, or failure
of, equipment, machines, or structures.

The information provided in this book is primarily limited to forensic engineering asso-
ciated with cause and origin determinations associated with claims in the insurance indus-
try. As such, the focus is on hail and wind damage, water intrusion cause and origin, and
structural failures. Other topics such as ventilation, indoor environmental quality (IEQ),
performing appraisals, and serving as an expert witness are touched upon since those
working for or in the insurance industry will be affected by, and encounter, these topics.

Many engineers, scientists, and insurance claims agents are employed in the business
of attempting to determine the cause (what happened) and the origin (what was the event
that caused something to happen). To answer these questions, an investigation is com-
pleted to determine whether the event is a covered peril. A simple example might be the
failure of a refrigerator waterline to an ice maker that resulted in a water leak, which dam-
aged the contents and structure of a residence and led to mold growth on surfaces. The
question of what caused the failure might include one of more of the following;:

¢ Improperly connected plumbing

* Failure of plumbing fitting or tubing

e Improper type of fitting or tubing

* Mechanical damage to fitting or tubing
* Freeze failure caused by a lack of heat

* Freeze failure caused by placement of the line in an uninsulated wall cavity

As can be seen, a failure may be caused by one or more factors. These factors are often
secondary rather than primary causes for the failure. In other words, a longitudinal split
in the tubing may make it apparent that the failure occurred because water in the tub-
ing froze, causing the tube to split or rupture and allowing water to flood the residence.
However, the next level causation question is: Why did the water in the tubing freeze?
Thus, causation questions often must be answered at many levels.

For any given investigation, the forensic engineer must rely on education, training, and
experience, with emphasis on experience and knowledge of best practices documents
associated with the trades and codes and standards. When investigating a new failure
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X Preface

situation and armed with little information regarding the specific situation, one must rely
on past experience to ultimately make causation and origin decisions. At EES we have col-
lected thousands of best practices documents and files easily accessible by staff to draw on
and to contribute to. Information such as the life of equipment or a window seal may not
be readily found in the literature, but it can be gained by conversations with manufactur-
ers and will be not only helpful, but also be critical in determining the cause(s) for failures
encountered. For example, following a hailstorm, an owner may claim that hail strikes
from a hailstorm caused the window seals in their home to fail. However, if the windows
are on the opposite side of the residence from the direction from which the storm arrived,
or are approximately 15 years old (at or beyond expected life), then hail strikes from the
hailstorm are not likely the cause of the window seal failure. Experiential knowledge is
needed to recognize and compare damage to seals on windows facing, and opposite, the
direction of the arriving storm. This information, coupled with knowledge of window seal
life, allows the forensic investigator to make causation determinations of complex situa-
tions as illustrated in this example situation.

Each project is a bit of a mystery as to how and why it occurred. Solving these mysteries
is what makes the forensic engineering field an interesting career choice.

This book provides our experiences, investigation methodologies, and investigation pro-
tocols used in, and derived from, completing thousands of forensic engineering investi-
gations. It is intended to bridge the technical and practical worlds, which is essential in
conducting forensic engineering investigations. Much of what must be known in this field
is not learned in school, but it is based on experience since recognizing the cause of the
failure requires a blending of skills from the white-collar and blue-collar worlds. Rarely,
given the limits on time, does the academic community provide the necessary training
regarding sciences such as carpentry, HVAC, plumbing, wiring, building design and con-
struction, and construction management, which is needed to conduct forensic investiga-
tions. Such knowledge can be vital since building system failures (e.g., water entry) often
result from construction activities completed out of sequence due to subcontractor timing
or cost issues.

This book closes with some guidance in the area of serving as an expert witness. In time,
as a forensic engineer/scientist becomes more experienced and as the projects become
more complex, involvement in the litigation process is likely. Advice on the expert witness
process and serving as an expert witness is offered to the reader based on the editor’s
experience in serving on over 200 expert witness projects.
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PURPOSE/OBJECTIVES:

The purpose of this chapter is to:

* Define the term forensic engineering and learn why forensic engineering is

needed.



2 Forensic Engineering

¢ Define areas within the insurance industry where forensic engineering ser-
vices are often required.

¢ Define a standard forensic engineering inspection protocol.

¢ Explain why written reports are needed along with key elements of the basic
forensic report.

¢ Define the terms not possible, possible, probable, likely, and certain.

Following the completion of this chapter, you should be able to:

¢ Understand where forensic engineering services are likely to be needed,
especially by the insurance industry.

* Conduct a forensic inspection using a standard protocol.

¢ Recognize the key components of a written forensic inspection report.

¢ Know and understand when and how to use the terms possible, probable,
likely, and certain.

1.1 Definition of Forensic Engineering/Sciences

A detailed discussion of the definition of forensic engineering follows: “Forensic engineer-
ing is the application of engineering principals and methodologies to answer questions
of fact. These questions of fact are usually associated with accidents, crimes, catastrophic
events, degradation of property, and various types of failures. . . . Forensic engineering is
the application of engineering principles, knowledge, skills, and methodologies to answer
questions of fact that may have legal ramifications.”

Although this definition is applied to forensic engineering, it should be acknowledged
that this field is not only practiced by engineers but also by other specialists involved with
areas such as roofing system sciences, building envelope sciences, accident reconstruction,
industrial hygiene (e.g.,, mold, bacteria, asbestos, and indoor air quality), and meteorology
(rain, wind, snow, ice, hail, tornados, and hurricanes). Thus, the term forensic engineering
in this book has been expanded to forensic engineering/sciences. The fundamental ques-
tions of fact to be addressed are:

What is the failure or condition(s) of concern?

What is the magnitude and extent of the failure(s)?

When did it occur (if this determination is needed and desired)?
Why did it occur?

As noted in the preface, the last question, Why did the failure(s) of concern occur?, is
complex, and this causation question must often be answered at multiple levels. For exam-
ple, if a high wind caused failure of the roof, the failure may be due to high winds, but
may have occurred at lower than design wind speeds due to improper design or installa-
tion. This example touches on the issue of the ultimate “root cause” of the failure, which
requires analysis based on detailed site inspection information and subsequent analysis
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and review of the literature, pertinent codes and standards, and other information such
as that obtained from interviews. It is common to arrive at a topical conclusion regarding
the cause of a failure (e.g., wind) that is not the root cause of failure (e.g., faulty installa-
tion). Often, whether in claims resolution discussions or in litigation, this differentiation
between a topical cause and a root cause of failure is at the core of the arguments between
opposing parties involved in a dispute.

What makes forensic engineering/sciences different from other fields of science is
that it couples the academic fields of engineering and science with the practical fields of
building/construction sciences and the trades, such as those associated with carpentry,
masonry, and plumbing. Building and construction sciences consist of knowing termi-
nology, practices, and methodologies of trades such as carpentry, heating ventilation and
air conditioning (HVAC), plumbing, and wiring. Knowledge of residential and commer-
cial codes and standards is also a must, as they bridge all these areas. New engineers
and other science professionals are rarely adequately trained in the trades or codes and
standards disciplines that must be learned by trained forensic investigation profession-
als through experience. The training of engineers and scientists in this field requires
considerable training beyond academics since much of the information needed to make
forensics causation opinions lies in the practical fields; areas typically not covered in col-
leges and universities. Interestingly, those who grew up in rural environments often have
better entry-level skills in this field than those who grew up in urban environments; most
likely, this is because those who live in rural environments must be creative problem
solvers (i.e., cause versus effect), often with limited resources given the environment in
which they live.

Regardless of experience, forensic investigators must be able to recognize when they
may not have the skill set to solve a given situation and must feel comfortable to rely on
other, more experienced professionals for their help. Extending into areas beyond their
education, training, and experience could be problematic should their report be chal-
lenged in litigation.

1.2 Why Forensic Engineering/Sciences?

The reason why forensic professionals are needed is typically distilled down to the
desire by one or more parties to determine why a failure or issue occurred. The desire
to seek this information usually involves determining responsible parties so costs
associated with the failure can be properly allocated. The two categories of parties
most likely interested in employing forensic professionals to make these determina-
tions are associated with the insurance industry and the legal community. Other par-
ties, such as building owners, may have an interest in determining these answers, but
they are generally unwilling to incur the costs or do not have the resources to employ
such professionals.

Insurance companies are interested in making failure cause determinations for these
primary reasons:

¢ Determine root cause failures and resulting responsible parties

* Determine if they have coverage of a submitted claim based on root cause failures
and timing of failure
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* Quantify the extent of damages

* Determine if other parties may have coverage for a submitted claim (i.e.,, concept
of subrogation)

The interest of the legal community in using forensic professionals is typically associ-
ated with the need to:

* Determine root cause failures and resulting responsible parties
* Quantify the extent of damages
* Qualify necessary repairs

e Provide expert witness services for pending/actual litigation

The legal community typically uses this information to help determine responsible par-
ties for damage or injured parties and to determine if claims have been appropriately
addressed by insurance providers.

1.3 Insurance Industry Claims Statistics

This book focuses on forensic investigations typically associated with insurance industry
property claims; therefore, it is helpful to briefly review what types of claims occur by
topic and severity (i.e., cost of claims by type of claim).

Data on property claims are typically organized by type and severity of the claim
on an annual and regional or state basis. Thus, existing data on the claims are lim-
ited by the fact that claims vary by differences in year-by-year storm histories and by
geographic locations within the United States. For example, hurricane-related claims
would be more prevalent in the southeastern states, tornado claims in the south cen-
tral and midwestern states, and earthquake claims in the western states. With these
limitations in mind, national data from the Insurance Information Institute (III)?> are
presented for claims by type and severity in Table 1.1 and illustrated graphically in
Figures 1.1 and 1.2.

TABLE 1.1

Claim Types by Frequency and Severity (Cost)

Type of Claim or Peril Frequency? Severity =~ Frequency (%)
Fire, lightning, and debris 0.49 $27,691 8.54
Other, including mischief and vandalism 1.12 $5,481 19.51
Theft 0.50 $2,805 8.71
Water and freezing 1.44 $6,347 25.09
Wind and hail 2.19 $6,881 38.15
Total 5.74 100.00

Source: Adapted from the Insurance Information Institute, http://www.iii.org.
@ Claims per 100 house years.
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FIGURE 1.1
Claim frequency percentages by type of claim (2005-2009).

TABLE 1.2

Residential Claim Types by Frequency and Severity—Midwestern
Insurance Company (6/2010 to 6/2011)

Claim Type or Peril ~ Claims (#)  Claims (%) $/Claim $ (%)

Fire 63 3.78 $39,643 24.88
Hail 253 15.19 $9,433 23.77
Ice/snow 176 10.56 $2,914 5.11
Mischief 18 1.08 $1,966 0.35
Other 32 1.92 $2,135 0.68
Sewer 37 2.22 $4,536 1.67
Theft 44 2.64 $1,151 0.50
Water 480 28.81 $3,539 16.92
Wind 527 31.63 $4,688 24.61
Vehicle 36 2.16 $4,216 1.51
Total 1,666 100.00 100.00

Source: Adapted from the Midwestern Insurance Company.

For the five categories of property claims listed over the time interval of 2005 through
2009, the most frequent claims were for wind and hail (2.19/100 house years; 38.2%) fol-
lowed by those for water and freezing (1.44/100 house years, 25.1%). However, as illus-
trated in Figure 1.2, the claim severity is highest, by a factor of approximately four, for fire
claims (average of $27,691 per fire claim). The claim frequency can vary from year to year
due primarily to differences in severe weather, as illustrated in Figure 1.3. Although the
2005 through 2009 average claim frequency was 5.73 claims per 100 house years, the rate
varied over this five-year period from 4.86 to 6.84 (-15.2% to +19.4%).

Often regional or state claims data are more available for a given location since most
insurance companies are authorized to provide insurance in specific states. An example of
regional claims frequency and severity data for a midwestern insurance company for both
residential and commercial claims is shown in Tables 1.2 and 1.3 and illustrated in Figures
1.4 through 1.7. Note that regional differences in claims will affect the needs for forensic
engineers and scientists.



