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From Building Design to Prime Time: Forensic Engineering

by Marianne Stanczak
Was it Colonel Mustard in the ballroom with the candle stick? Faulty wir-
ing caused by an error in the manufacturing process? Or weak structural

joints combined with subzero temperatures?

These may seem like strikingly different situations, but all have one thing
in common — forensic engineering. Simply put, forensic engineering is

When people think of the word forensic, images of death, crime scenes and autopsies may come
to mind. These images explain forensic engineering regarding other fields of study; it becomes
t he “ de a tplarde, the dcene @fnan aatomobile accident and the disassembly of a ma-
chine.

The National Academy of Forensic Engineers [www.nafe.org] defines forensic engineering as

“the application of the art and s ayipossiblyg
related to the jurisprudence system,

The American Society of Civil Engineers
that forensic engineering is an

objective investigation of conditions related to material, equipment or construction fail-
ures and accidents, including those involving human factors or catastrophic events, the
technical evaluation of those conditions and the application of engineering principles to
determine the cause of such failures and accidents. [www.asceforensics.org]

Unfortunately, for most forensic engineering to be utilized, an accident, disaster or other failure
must occur. In turn, failure analysis or an accident investigation, two basic applications of
forensic engineering, may be performed.

Reasons for failure are numerous (Atimtay); they can range from design flaws, material defect,
or human error, to normal wear-and-tear. Regardless of the type of failure, an analysis or
examination must be performed to prevent the failure from reoccurring. In the case of a criminal
investigation, such as a homicide, the objective is to find the culprit, thereby preventing another
murder.

The list of tools used in forensic engineering is far too extensive to mention all here; however,
some basic, common and/or media-centric tools, techniques and events will be discussed.
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Stanczak: Forensic Engineering

BASIC TOOLS AND COMMON APPLICATIONS

Visual processing is an important aspect of forensic engineering. One may  think of
Sherlock Holmes and his trusty magnifying glass or the sharp eye of a crime
scene investigator. Al t hough t heXNe——=s{ mpl e”

|

out, many technological advances have come along the way.
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Basic photography is often a first step in a forensic engineering examination. For example,
photographs of vehicle damage and skid marks (Bartlett) can aid in a traffic collision investiga-
tion. Various types of microscopy allow for more sophisticated visual exams. A stereomicro-
scope (Nunes)f or exampl e may help uncover a weapon’s

Even more technologically advanced is digital imaging. One use of this technique is pinpointing
the source of a document’ s pmimage ¢nipapegare(mdas c han) .
ured.
Just as these bands can
point to unique printers,
Bottom image: with banding fax machines or
The bottom pictur Photocopiers, certain
lines streaked through “securit y feature
(horizontally). The banding H
could be due to less dpi (dots II:IIO pla_'ce that_ act as a
per inch) or low resolution or a flngerprlnt (Smlth). For
clogged ink ca  rtridge example, in compact disk
http:/iwww.purdue.edu/UNS/ht manUfaCthing, the
mldever/2004/041011.Delp.for mo|ding process leaves a
ensics.html . .
unique marking on the
CD’" s sur f acmachine vidop and gaitern-g
matching, one can tell if a CD has been counterfeited.
Also, material distributors may mark copies with an
individu a | “virtual” fingerprint.
discovery of a criminal (Schaathun).

Top image: without banding

Anot her “sense” used i n some
hearing/sound or acoustics. One common exampl e i sflightdata use ¢
recorder in aircraft. In addition to holding flight data such as speed and altitude, it may contain
the flight c r e w, isformationr pdrtsnent (inStlpe severe of ra &résht gr other

catastrophic failure.

Other common acoustic tools include tape recorders or microphones, which are commonly
thought of as being used in surveillance (Hollien). Such techniques are referred to as forensic
phonetics. Forensic psychoacoustics deals with how sound is perceived.

The US Geological Survey (USGS) determined a unique way to use sound forensically

since, “sound waves traveling through the air
source (seismic) wave traveling through the g
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With this information it

is
possible to determine where a
gun has been fired, and is far
more reliable than human wit-

nesses.

Once t he “big
analyzed, sometimes it must be

broken down into many

“small er pictu
by wusing mass spectroscopy

(Lesney),  which identifies
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http://quake.wr.usgs.gov/prepare/factshtsGh

ots/Bang.gif

chemicals by weight (mass) and charge, enabling one to see the chemical makeup of a com-
pound. To analyze carpet fiber evidence, for example, mass spectroscopy results are assisted by
chromatography and electrophoresis.

Again, it would take volumes to list and describe all the tools used in forensic engineering, but
one of the most important is the computer. From displaying digital photographs to compiling
databases of fingerprints to creating complex computer models, computers are an invaluable as-

set to the forensic engineer.
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There is even an entire aptly
named field of study devoted
to this — computer forensics.
In the current atmosphere of
hackers and identity theft,
methods of investigating
these cyber crimes are
needed. One such method is
Fine-Grained, Active and
Scalable Access Control
(FASAC) (Hallahan). Fail-
ure Modes and Effects
Analysis (Bowles) (FMEA)
acts as a checklist of failures
and the consequence of
those failures.

In manufacturing or product design, one may be able to pinpoint the location where an error or

failure
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Stanczak: Forensic Engineering

Aided Design (CAD) model (Chui). Such devices can be helpful in the field of product liability
(Gagg, Smith) by narrowing a given failure to design, manufacturing or even consumer misuse.

In one case regarding product liability, an exploding aerosol can (Fox) unfortunately blinded a
man. An extensive forensic engineering panel of tests was performed, including the following:

Heat-to-burst tests
Pressure-vs.-temperature test

Various pressure bursts tests

Hardness measurements

Weight measurements

Metallography

Scanning electron microscopy (SEM)
Energy dispersive spectroscopy (EDS)
Accident scenario recreation

Finite Element Analysis (FEA)

A natural segue from product liability is the use of forensic engineering in the automotive indus-
try, where a great deal of accident analysis and reconstruction comes into play.

Crash tests, computer simulation and real accidents are studied to prevent accidents and/or im-
prove the way cars/parts are manufactured. For example, investigating an accident in which a
vehicle crashed into a wall (Zhang), engineers were able to improve upon the design of the hinge
of the car hood to improve its energy absorption properties.

Reconstruction includes input from the accident itself — the condition of the vehicle, skid marks,

witnesses, and police reports (Young). In the event that one needs to determine whether some-

one was wearing a seat belt or not —as in a lawsuit — the seat belts themselves can be examined
(Gorski). The pressure from a person’s weight
positioning of the person or if the seat belts were tampered with (Gorski).

http://www.arengineers.com/Services/Servicelmages/DRingArrows.jpg

Seat belt loading marks

Another important usage of
forensic engineering is in the
aviation industry. As mentioned
earlier, the flight data recorder is
one of the most important tools in aviation forensic engineering.
If, however, damage occurs to the flight data recorder, the Na-
tional Transportation Safety Board can perform a simulation in
addition to using radar data and any available flight recorder  nttp:/mwww.ntsb.gov/aviation/cv

data (Kakar). In the event that an aircraft does not have a flight

data recorder at all —as in the case of an aircraft with a less than ten passenger load (Slane) —a
makeshift Flight Data Recorder, or FDR, can be constructed using a global positioning system
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and an accelerometer. Wi th the help of mathem
angle, airspeed, altitude and acceleration ca

Another technique used in aviation forensic engineering is a Vertical Motion Simulator (VMS)
(Tran). As the name implies, this device simulates the motion of an aircraft as well as
incorporating information from both the flight data recorder and the cockpit voice recorder
(CVR).

Other aviation forensic engineering applications are concerned with structural defects such as
corrosion and cracking. A visual inspection is usually performed, potentially leading to the air-
craft’s disassembly (Earthquake).

It seems that for every field of study, there is a corresponding field of forensics. Additional
fields not mentioned include (but are certainly not limited to):

Forensic geotechnical engineering
Forensic seismology

Microbial forensics
Environmental forensics

(Atimtay) According to an American Society
of Civil Engineers article, “ vi si t i nc
quake damaged town is like visiting a gigantic
structural laboratory. A carefully conducted
forensic engineering can reveal much insight
into the nature of -earthquakes and the
fundament al princi ples o

A future laboratory? May 2008 Chinese earthquake
http://www.telegraph.co.uk/telegraph/multimedia/arc
hive/00674/sichuan  -earthquake -_674645c.jpg
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Stanczak: Forensic Engineering

HIGH PROFILE CASES

Usually, an effective way of getting a point
forensic engineering, which deals with the extraordinary. While thankfully the following are not

everyday occurrences, their prominence in the media and in history has made them excellent

examples of forensic engineering in practice.

COLUMBIA SPACE SHUTTLE

The break up of the Space Shuttle Columbia on Feb 1, 2003 caused much heartache and
prompted many questions. In order to answer these questions, forensic engineering was per-
formed:

FELISA unstructured Computational Fluid Dynamics (CFD) Solver (Bibb)
delta aerodynamics

wind tunnel tests

RCC panels (Reinforced Carbon Composites) analyzed

flight data

forensic examination of shuttle debris

*For more information, see Yng-Ru Chendés Di scovery Guide nCol
http://www.csa.com/discoveryguides/shuttle/overview.php

HURRICANE KATRINA

The devastation of Hurricane Katrina in August of 2005 created a lot of finger pointing and
extensive invest i gat i on. To make sense of -the tr
agency Performance Evaluation Task Force (IPET) (Sills) examined geotechnical data.
Radar and satellite data were also examined (Chen) and used to create mathematical
models and computer simulations. One interesting note is that the damage was similar to
that found in the areas hit by the December 26, 2004 tsunami in the Indian Ocean
(Robertson). It was obvious that the levees had failed, but why? Investigators from the
Univer sity of California Berkeley and the Am
weak links for New Orleans levee failures . . . floodwall failures . . . occurred at weak-
link junctions where different levee or wall sections joined together (Investigators). ”

In addition, by using not-so-high-tech meth-

ods, looking through old records, it was

discove r e d t hat S 0me struct
codes — if there were any at all — for Alabama,

Louisiana and Mississippi were not updated

appropriately (Summary). This fact may not
http://soundwaves.usgs.gov/2006/01/index.ht have been discovered USing computer gener-

mli ated models or intricate physical tests, but is

nonetheless extremely important.

27 Water spilling over the wall
erodes soil at the base and
cauvses the wall to fail
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I-35W BRIDGE, MINNESOTA

Many forensic civil engineering studies deal with causes of
bridge failures. Of recent note is the collapse of the 1-35W
bridge in Minneapolis, Minnesota in August of 2007. The
immediate cause was fatigue and cracking due to age, but long-
term causes date back to the bric

http://www.usatoday.com/new Even though most forensiCS OCCUr  regeral investigators say overburdened steel
support plates — gusset plates — may have

s/nation/2007  -08-08 -bridge - after a failure or aCCident, there are played a role in the collapse of the bridge.
clearing_N.htm preventative tests. FOr example, o eme e ias of gusseplates onthe
Bridge 9340 (ironically, the bridge
that collapsed) on 1-35 (near downtown Minneapolis) had been
tested by monitoring the strain caused by the weight of traffic flow.
This information was then used in a Finite Element model
(O Connell). This particul al
“Mn/DOT [Minnesota Department of Transportation] does not need
to prematurely replace this bridge because of fatigue cracking.”

However, as we know, this bridge did collapse. As Finite Element

Analysis (FEA) advocates st a : beei
bridge was built [in 1967], it would have caught the errors that seem 7\

to have led to the bridge’s ( s ik Woul d
this is still a relatively recent event, investigations are still taking b ke ey

place, examining factors such as corrosion, cracking, and the welded
joints (Cho).

OKLAHOMA CITY BOMBING (APRIL 19", 1995) — Alfred Murrah Federal Building

No one expects a horrific act of terrorism to occur, let alone one caused by a fellow countryman.

Such is the case of the Oklahoma City bombing, which had the impact of four thousand pounds

of TNT. Not expecting a homegrown terrorist may be the reason that when the reinforced con-

crete Murrah bui | dherawmgre no safeguatduagainst such thingsoas bbneby )

bl asts or even earthquakes” (Corley). There \
help lateral load resistance. Forensic seismology, in addition to assisting with origination of gun-

shots (see Basic Tools section), may also be used in the study of chemical explosions, specifi-

cally the timing and size of the bomb. This use helps to quash the conspiracy theory that the

bomb used by Timothy McVeigh and Terry Nichols was in fact a cover-up to disguise a U.S.

government bomb blast.

9/11 AND THE WORLD TRADE CENTER TOWERS

Even when we know who is criminally responsible for a crime, there are still many lessons, ei-
ther to prevent its recurrence or at least to lower the severity of subsequent events. Such is the
case regarding the collapse of the World Trade Center Towers on September 11, 2001. One of
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the main elements in these investigations is fire and the subsequent damage to the steel struc-

tures. One project by fire protection engineering students (Marshall) examined how the fire on

the 96" f | oor of the North Tower related to the b
properties of materials and a 1/20™ scale model were used in this project.

SRR (Usmani) An important question proposed by Finite Element
: Met hod was: “Had there been no st

%;;:g;c;a“ﬂ to aircraft impact] would the structure have survived fires of a
ﬁ]% siml ar magnitude?” Properti-es suc

pre reaches so0°c ot enoush| - fg| |0SS OF strength and material loss of stiffness were examined

b o e using computer-based structural analysis. The structure of the

""‘“"’“l"""“"“:f;l - WTC was shown to make it more vulnerable to fire, especially

L ﬁp‘ t ' one of the magnitude of September 11™ s .
covering
: Another way of looking at the collapse is through structural dam-
http://www.public - S . , .

action.com/911/jmcm/BBCNew age caused by the iasttl ¢cakerma intd s i m

s/DOCS/1540044w.gif consideration, as are natural forces such as gravity, compressed air

and kinetic energy. These, combined with the aircraft impact,
worked together to create a chain reaction collapse of the buildings (Leary). Many simulations
have since been performed, including LS-DYNA and other Finite Element models, elastic analy-
sis models, collapse stability index, and others.

To prevent such a catastrophic failure from occurring again, one plan calls for the use of a
“hedwyy met al based honeycomb elbhleyasybeeabsor bi
hypothesized that if the building were constructed like the Pentagon, with its reinforced concrete,

more of the impact from the aircraft strike would have been absorbed. (The Twin Towers were

made from lightweight steel)

Quite like the city devastated by an earthquake beingagood testing g
from buildings that fal/l down than fr

SO..WHODUNIT?

THE CSI EFFECT

We want action, we want blood, we want DNA tests, fingerprinting, fiber analysis — the works.
Due to the influence of television dramas, we are afflicted with what has become known as the
“CSil Ef fect ”. Symptoms include:

The belief that juries demand more physical evidence

Police collecting more physical evidence, in turn inundating crime labs

More forensic programs in colleges and universities

Jurors wanting DNA tests performed more frequently
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FAST-GROWING FORENSICS

Undergraduate courses have proliferated over the past decade

=

Number of forensics-related undergraduate degrees

http://www.newscientist.com/data/images/archive/2608/26083801.jpg

AApproxi mately 40% ofCSldhoee sf onr ogdHosE)XCiSS ts.cO enc e

So what does exist in criminal forensics?

Forensic entomology - the study of the succession of in-
sects at a crime scene.

This, coupled with meteorological and geological data, can
be used to determine time of death, also called PMI, Post-
Mortem Interval (American).

DNA tests
Fingerprinting

Ballistics — the science of projectiles in flight; the study of
firearm characteristics when fired

Questioned Documents works hand in hand with visual
analysis as well as fingerprint analysis (fingerprints on pa-
per or other supplies used to produce a document) and
criminalistics. Criminalistics is the analysis of physical evi-
dence that links the crime scene to the victim to the crimi-
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nal(s).
How does everything forensic tie together to catch the killer?

In the case of the BTK Killer of Wichita, Kansas, it was metadata. Behind word processing
documents, spreadsheets and the like, information is produced; this is metadata, or data that pro-
vides information about other data. Dennis Rader, using a computer at his church, unknowingly
sent metadata to a television station. This subsequently led to his capture in 2005 (National).

Erik and Lyle Menendez, accused of killing their parents in the sensational 1993 trial, also were
forced to pay heed to computers. This time, it was a computer re-enactment of the crime. De-
spite many flaws — the main one being the re-enactors lack of experience in criminalistics (it was
a firm dealing mainly with the automotive industry)—the brothers were convicted.

The one that got away —again and again. A diary from the Jack the Ripper case was analyzed in
1991 using aforementioned questioned document techniques including:

Handwriting and ink analysis
Infrared testing

Ultraviolet testing
Electrostatic detection

Chromatography

lon migration
These techniques, not available at the time of the Whitechapel Murders,
did prove that the diary in question was a fake. Unfortunately, they did not

did not bring the mystery any closer to being solved.
CSI: Egypt??

One of the greatest unsolved mysteries of all time, carried via tales through the eons, was the
death of King Tut in the 14™ century B.C. Claims of a traitor double crossing the Boy King were
negated by using computer tomography, which showed no blow to the skull.

The scan also showed that he did not die from disease. However, any damage seen is not certain
to have occured during his lifetime, or at his death, or from archaeologist Howard Car t er
unearthing of him.

)

S

Perhaps more forensic engineering is called for?
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http://en.wikipedia.org/wiki/Tutankhamun
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