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ABSTRACT

The Virginia Tech — Wake Forest University Center for Injury Biomechanics (CIB) has
completed 10 years of research in the fields of automobile safety, military restraints, and sports
biomechanics. The CIB has grown to include 74 researchers lead by 10 faculty and 48 staff and
student researchers. These researchers examine human tolerance across a range of dynamic
loading environments for all body regions. The CIB is the largest university based injury
biomechanics research group in the world. It includes five separate laboratory facilities with
over 40,000 sq.ft. of dedicated research space. The faculty and staff have published nearly 300
journal and refereed conference papers in 10 general research areas. The objective of this paper
is to summarize briefly the CIB research capabilities and accomplishments.
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The CIB was established in 2003 with Dr. Duma at Virginia Tech and Dr. Stitzel at Wake Forest
University. As the program developed, faculty were recruited to join the CIB from across the
country. First, Dr. Gabler was recruited from Rowan University after spending time with
NHTSA. Next, Dr. Hardy was recruited from Wayne State University, and Dr. Kemper was
hired after graduating at Virginia Tech. Dr. VandeVord was also recruited from Wayne State
University, and Dr. Rowson joined the CIB faculty after graduating Virginia Tech. Dr. Gayzik
and Dr. Danelson, who are both Wake Forest University graduates, joined the CIB faculty and
are located on the Wake Forest University side of the CIB. The most recent addition was Dr.
Untaroiu who was recruited from the University of Virginia. The 74 members of the CIB are
organized into research groups that are championed by these 10 primary faculty members
(Figure 1).

FACILITIES

The CIB utilizes over 40,000 sq.ft. of dedicated research space across five separate laboratories.
First, the Impact Crash Sled Laboratory is a 10,000 sg.ft. facility that houses offices, conference
rooms, and several large experimental rooms. The jewel in this research showcase is a 1.4 mega
newton servo-sled system that was manufactured by Seattle Safety. This sled system can
replicate most any crash scenario. In addition, this facility includes a high-speed biplane X-ray
suite. Other testing areas are capable of dynamically loading organ and tissue level samples.
This is the only facility in the world with the unique capabilities of high rate impact testing and
high rate imaging (Figure 2).
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Figure 1: The faculty, staff, and students that comprise the Virginia Tech — Wake Forest
University Center for Injury Biomechanics.
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Flgure 2: Impact Crash Sled Laboratory on the Virginia Tech campus which houses the sled and
high-speed x-ray system in addition to organ and tissue level testing fixtures.
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The second laboratory is the Tissue Testing Laboratory located on the fourth floor of the ICTAS
building. This 7,000 sq.ft. facility is BSL2 certified and is used for biomechanical testing at the
cellular level. This research is investigating blunt impact and blast loading. Additional
resources are also available for evaluating motor vehicle crash data recorders. This space also
provides the primary office and conference rooms for undergraduate and graduate students in the
CIB on the Virginia Tech campus.

The third laboratory is the Helmet Testing laboratory located on the first floor of the ICTAS
building and includes testing equipment to evaluate any type of protective head gear (Figure 3).
This facility is used to generate the Virginia Tech Helmet Ratings which are released each year.
The linear impactor is also useful for evaluating the effectiveness of neck collars in football
impact events. A series of custom NOCSAE and Hybrid 1l head forms are used with
instrumentation to measure both linear and rotational acceleration components.

The fourth laboratory is the newest addition on the Virginia Tech campus and it is called the
Shock Tube Laboratory. This facility houses a one-of-a-kind large shock tube with a test
chamber diameter of over four feet (Figure 4). The shock tube is used to investigate the brain
injury biomechanics associated with blast loading. In addition, there is a second shock tube with
a one foot diameter test chamber for smaller scale testing. Both of these systems can be utilized
to develop blast instrumentation as well as to evaluate the effectiveness of blast protective
equipment.

The fifth laboratory is located at Biotech Place at the Wake Forest University. This facility
houses tissue testing devices as well as extensive computational modeling capabilities. The CIB
faculty and students at Wake Forest University use this building as their primary office and
conference room venues. In close proximity to the medical center, the CIB runs their Crash
Injury Research and Engineering Network (CIREN) from this space. In addition, the CIB leads
the Global Human Body Models Consortium (GHBMC) from this location in conjunction with
the other external university partners.

RESEARCH

Over the past decade, the CIB has performed research in 10 general areas. First, the CIB has
investigated brain injuries relative to sport impacts, automobile safety, and military restraints [1-
51]. Second, the FOCUS head form was developed as well as associated facial fracture injury
criteria [52-62]. Third, extensive research was performed on eye injury biomechanics and
corresponding modeling of eye injuries [63-99]. Forth, neck injuries and spine biomechanics
and modeling were examined [100-113]. Fifth, thoracic injuries and bone fracture detection
experiments were performed for the thorax and pelvis [114-147]. Sixth, tissue testing was
performed to quantify the properties of human organs [148-183]. Seventh, research was
performed to examine pregnant occupant biomechanics in automobile crashes [184-202].
Eighth, experiments were performed on the upper extremity including fracture tolerance data and
skin abrasions [203-234]. Ninth, the lower extremity was evaluated for injury response in sports
and automobile safety [235-251]. Tenth, whole body kinematics was evaluated as well as injury
coding for motor vehicle crash event, motorcycle crashes, and event data recorder analysis [252-
323].
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Figure 3: Head impact testing devices located in the Helmet Testing Laboratory.
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Figure 4: The new Shock Tube Laboratory includes custom shock testing capailities including
this large four foot cross section shock tube.
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Figure 5: The recently opened Biotech Place at Wake Forest University houses extensive

experimental and computational facilities for CIB faculty and students.
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