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The Department of Civil, Construction, and Environmental
Engineering encourages active collaboration and cross-
disciplinary activities and has a strong commitment to
innovative research. The department supports close partner-
ships with industry and government in an effort to conduct
research at the cutting edge of science and technology.
Research sponsored and funded by organizations such as
the National Science Foundation, the US Environmental
Protection Agency, and the North Carolina Department of
Transportation is focused primarily in serving public needs
and enhancing the ability of industry and government to
respond to those needs.

Departmental research and educational activities are
strengthened through its centers and laboratories. The Center
for Nuclear Power Plant Structures, Equipment and Piping
performs research on innovative solutions to problems in
nuclear power plants and transfers this technology to the
industry. The Constructed Facilities Laboratory (CFL) is
located on the University s Centennial Campus and is part of
the Larry K. Monteith Engineering Research Center at NC
State University. The research and development programs
of the CFL support the mission of the Centennial Campus of
creating industry, government, and university partnerships.
The CFL is a sophisticated structure with specially designed
reaction oors and walls to support three-dimensional load-
ing. A $2.9 million Academic Research Infrastructure grant,
co-funded by the National Science Foundation and NC State
University, provided extensive state-of-the-art research
equipment for constructed infrastructure research. Also
on the Centennial Campus is the Institute for Transporta-
tion Research and Education (ITRE), which is conducting
research, education, and technical assistance projects related
to surface transportation issues. ITRE, which isadministered
at the university level, carries out numerous activities in
collaboration with our faculty and graduate students. It is
also the administrative home of the Center for Transporta-
tion and the Environment, which also involves our faculty
and students.

The projects described in this brochure are examples of some
of the exciting research taking place in the Department. They
are also illustrative of our efforts to create solutions through
innovation and multidisciplinary research contributions cov-
ering a broad spectrum of basic and applied research. The
faculty in Civil, Construction, and Environmental Engineer-
ing, their students, and colleagues continue to identify new
research opportunities in an effort to nd solutions to the
problems currently faced by the profession and to predict
issues that will challenge the profession in the future.
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PROGRAMS OF GRADUATE STUDY

The Department of Civil, Construction, and Environmental
Engineering offers graduate programs with a major in Civil
Engineering leading to the degrees of

Master of Civil Engineering (MCE) available both on-
campus and by distance education

Master of Science (MS)
Doctor of Philosophy (PhD)

Each degree program is available with the following areas
of specialization:

Computer-Aided Engineering

Construction Engineering and Management
Geotechnical/Geoenvironmental Engineering
Structures and Mechanics

Transportation Systems and Materials

Water Resources, Coastal, and Environmental
Engineering

In addition, interdisciplinary programs, such as Public
Works Engineering/Administration, encourage a breadth of
background from several specialties. Graduate students are
encouraged to take supporting courses in a second area of
specialization in civil engineering or the strong supporting
programs in other departments of the University, includ-
ing mathematics, statistics, computer science, operations
research, business, economics, public administration, city
and regional planning, marine, earth and atmospheric sci-
ences, and others.

The research conducted by graduate students under the direc-
tion of the faculty both educates the student in the research
process and advances the knowledge available for applica-
tion in industry. The ability gained by the student in research
advances their careers in industry where new methods of
design and construction must be frequently discovered,
evaluated, and applied. The university research results
are published by the students and faculty and conveyed to
national societies and industry associations where model
codes, speci cations, and regulations are promulgated. The
faculty are active as members and leaders of such organiza-
tions and, as a result, are able to bring this state-of-the-art
knowledge to the classroom.

To aid the practicing professional who later discovers the
need for advanced study but is not located near a university
with appropriate master s programs, the Master of Civil
Engineering degree is available by distance education. The
requirements for the on-campus and the distance student
are the same, and thus the degree awarded is the same.
Over 40 of the on-campus courses are now offered in the
distance mode.

For more information go to: www.ce.ncsu.edu
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COMPUTER-AIDED ENGINEERING

Application of Municipal Solid Waste Decision
Support Tool to Wake County, North Carolina

M.A. Barlaz and S.R. Ranjithan
US EPA

$59,999

12/04 to 12/06

The objective of this project is to develop alternatives for the
management of municipal solid waste for Wake County, NC.
Alternatives will be developed to examine tradeoffs among
cost, environmental burdens, resource consumption and
land Il diversion using a solid waste management life-cycle
inventory model developed by the investigators.

Modeling and Optimization of Civil Engineering
Infrastructure

J.W. Baugh and E.D. Brill
Blue Ridge Analytics
$341,500

12/04 to 12/05

In this project, computer software was developed to model
and optimize civil engineering infrastructure problems using
mathematical programming and heuristic search methods.
The techniques were designed so that methods could be
readily implemented to provide alternative solutions, which
would meet given constraints on modeled objectives and
which could be provided to users of the software.

Ef cient Computational Methods for Accurate
Simulation of Wave Propagation

M.N. Guddati

National Science Foundation
$257,530

01/01 to 09/06

Wave propagation is encountered in countless problems
of practical importance such as nondestructive evaluation,
earthquake engineering, seismology, and medical imaging.
In spite of its immense importance and extensive research
performed, the current approaches to modeling of wave
phenomenon still suffer from several shortcomings related
to computational ef ciency and accuracy. This project is
aimed at devising new and ef cient modeling techniques that
would result in highly accurate solutions with relatively low
computational cost. Most recent results from this research
are related to dispersion reducing nite element methods
and absorbing boundaries.

Strategies for Atomistic Continuum Coupling in the
Simulation of Dynamic Fracture

M.N. Guddati and P.K. Nukala (ORNL)
Unsponsored
02/05 to present

Detailed simulation of dynamic fracture can be performed
by modeling the crack tip region using molecular dynam-
ics, while modeling the rest of the domain as a continuum
analyzed by nite element methods. When the two simula-
tion domains are coupled in a conventional manner, there
tends to be spurious heat-up (due to energy trapping) at the
crack-tip region resulting from the disparity in length scales
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combined with the discretization errors. In this project, we
are attempting to develop numerical algorithms that mini-
mize the spurious energy trapping, thus resulting in accurate
simulation of the physical phenomenon.

Remote Observation and Control of a Shake Table
Experiment

Abhinav Gupta, V.C. Matzen, and M.A. Gabr
NC State University, DELTA/ IDEAS Grant
$9,900 (FY 2003-04), $9,930 (FY 2004-05)

This project supports tasks that are needed in addition to
those being conducted in the development of a prototype for
remote observation and control of a shake table experiment
under an NSF-sponsored project. These tasks are needed
to integrate the prototype with the University computing
network for incorporation in distance education courses.
The tasks need to be implemented in a manner that would
maintain real-time safety as well as security features built
into the prototype. While the tasks being undertaken are
speci c to the shake table experiment, the outcome of this
work can be extended to other experiments either directly
or with only minor modi cations.

Development of Multi-axial VEPCD-FEP++ and its
Extension to Indirect Tension Test

Y.R. Kim and M.N. Guddati
Federal Highway Administration
$499,907

09/05 to 08/07

Over the past decade, the NCSU research team has been
successful in developing HMA models that can accurately
capture various critical phenomena such as microcrack in-
duced damage, strain rate temperature interdependence,
and viscoplastic ow that is critical for high temperature
modeling; the resulting model is termed the viscoelastoplas-
tic continuum damage (VEPCD) model. The primary objec-
tives of this research are to (1) extend the VEPCD model to
multiaxial state of stress; (2) develop a three-dimensional

nite element program with the multiaxial VEPCD model,
and (3) extend the principles used in the VEPCD modeling
to the indirect tension mode.

Development of the Asphalt Pavement
Performance Prediction Methodology Based on the
Viscoelastoplastic Continuum Damage Theory

Y.R. Kim and M.N. Guddati
Korea Highway Corporation
$335,021

10/04 to 12/06

The primary objectives of this research are (1) standardiza-
tion of test and analysis methods for the determination of
viscoelastic properties and performance of asphalt mixtures;
(2) development of the multiaxial viscoelastoplastic con-
tinuum damage (VEPCD) models using the indirect tension
test and triaxial permanent deformation test; (3) development
of the VEPCD nite element program (VEPCD-FEP++);
(4) calibration of the VECPD-FEP++ using the data mea-
sured from the KHC Test Road pavements; (5) development
of transfer functions for the 33 asphalt pavements in the Test
Road; and (6) development of a user-friendly graphic inter-
face for pre- and post-processing of the VEPCD-FEP++,
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Tools and Techniques for the Technological
Integration of Multi-Hazard Post-Incident
Assessment

D. Laefer and W.J. Rasdorf
National Science Foundation
$52,818

12/03 to 08/05

Infrastructure management information systems (IMISs)
are being created with ever greater rapidity, at all levels of
government and private industry. These IMISs are, however,
dispersed, stand-alone, in widely disparate formats, not re-

ective of historical developments, and not easily identi ed
or readily accessed. Thus, they do not promote information
exchange between agencies and organizations that would
profoundly bene tfrom shared resources, especially in this
time of acute budgetary constraints. The purpose of this
project is to identify ways to eliminate these de ciencies
and to organize and present a workshop to assist in obtaining
solutions for the problems identi ed.

DDDAS-TMRP (Collaborative Research):
An Adaptive Cyberinfrastructure for Threat
Management in Urban Water Distribution Systems

G. Mahinthakumar, E.D. Brill, R. Ranjithan (Co-PI s,
NCSU), J. Uber (PI, University of Cincinnati); Gregor
Von Laszewski (PI, University of Chicago); and K.
Harrison, (PI, University of South Carolina)

National Science Foundation (Dynamic Data Driven
Application Systems Program)

$779,986 (NCSU share is $264,624)

01/06 to 12/08

The goal of this multidisciplinary research is to develop a
cyberinfrastructure system for water distribution system
threat management that will both adapt to and control
changing needs in data, models, computer resources and
management choices facilitated by a dynamic work ow
design. Using virtual simulation and a eld study, this
cyberinfrastructure will be tested on illustrative scenarios
for adaptive management of contamination events in water
distribution systems.

PERC: High-end Computer System Performance:
Science and Engineering

G. Mahinthakumar
UT Battelle LLC
$189,203

10/01 to 06/06

This project is part of a larger scale effort funded by DOE
through the SciDAC (Scienti ¢ Discovery through Advanced
Computing) program. The overall goal of the project is to
establish an enabling technology center in the area of high-
end computer performance called performance engineering
research center (PERC). The NC State University component
of this project will focus on performance analysis, perfor-
mance modeling, and performance tool evaluation.
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High-end Computing in Environmental Engineering
with Application to Subsurface Characterization

G. Mahinthakumar

National Science Foundation (Career)
$400,000

07/03 to 06/08

Accurate characterization of the subsurface is an impor-
tant element in the development of reliable and ef cient
groundwater management practices. Accurate and reliable
estimation of hydraulic conductivity distribution, contami-
nant distribution, and/or contaminant source release history
is necessary for problems such as estimating groundwater
yields, design of ef cient cleanup strategies, and identifying
responsible parties in a contamination incident. This requires
solution of an inverse problem because direct measurement
of detailed subsurface properties is not feasible. Inverse
problems are dif cult to solve and are computationally
demanding. This multidisciplinary NSF Career project will
investigate novel computational strategies for the ef cient
solution of large-scale inverse problems in subsurface
characterization.

ITR: A Prototype to Support Near Real-Time
Environmental Characterization

G. Mahinthakumar, R. Ranjithan, and Nick Karonis
(Northern Illinois University)

National Science Foundation

$497,418

09/03 to 08/06

The overall goal of this project is to investigate formal
computational approaches that can readily harness grid
computing for the ef cient solution of environmental char-
acterization problems. To this end, we will develop a grid-
enabled software framework. Two alternative paradigms, one
based on the grid-enabled version of MPI (Message Passing
Interface), and the other based on Java will be explored. The
framework will be applied to groundwater and surface water
problems, both of which are of prime societal importance.

GRS Supplement to ITR to Increase Minority
Participation

G. Mahinthakumar and R. Ranjithan

National Science Foundation (Graduate Research Supple-
ment program)

$33,986

09/05 to 08/06

This graduate research supplement supports an African
American environmental engineering PhD student to con-
duct research in parallel simulation-optimization techniques
and to carry out teaching activities leading to an academic
career.

Development of a Design Tool for Planning Aqueous
Amendment Injection Systems

R.C. Borden (NCSU), G. Mahinthakumar (NCSU), T.J.
Simpkin (CH2M HILL), and C. Zawtocki (Solutions-1ES)
DOE, Environmental Security Technology Certi cation
Program

$503,000

03/06 to 12/08

The overall objective of this project is to develop a set of
tools to assist design engineers in developing effective,
reasonably ef cient systems for distributing aqueous amend-
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ments for in situ treatment of groundwater contaminants. At
this time, the primary applications for the tools will be for
design of in situ chemical oxidation systems using perman-
ganate and in situ anaerobic bioremediation systems using
soluble substrates and emulsi ed oil. However, as technol-
ogy evolves, this general approach should be applicable to
distribution of other agueous amendments.

Web-Based Observation and Control of an
Undergraduate Civil Engineering Laboratory
Experiment

V.C. Matzen, A.Gupta and J. Nau
NCSU LITRE program

$8,000

10/04 to 06/06

A static test of a cantilever beam in CE 324 is being modi-
ed so that it can be controlled and observed remotely using
web-based tools. In the web-based setup, a controller with
a stepper motor will be used to operate the screw actuator,
and the strains will be monitored, recorded and displayed
using a PC-based data acquisition system. The research
will investigate appropriate ways to protect the experiment
from overloading and internet/PC malfunctions, as well as
procedures for scheduling, access, and security.

Internet-Enabled Laboratory Experiences for
Undergraduate Civil Engineering Students

V.C. Matzen, M.A. Gabr, and A. Gupta
National Science Foundation
$134,000

07/03 to 06/06

This study is aimed at adaptation of recent developments in
information technology for incorporation of internet-enabled
civil engineering laboratory experiments in undergraduate
structures and geotechnical courses. Faculty and students
will be able to remotely access, run, and control these experi-
ments either independently or in a classroom setting. Such a
capability would facilitate the offering of these courses via
distance learning program to provide opportunities for non-
traditional students (e.g., part-time student, working parent,
and career-changing adult) seeking careers in civil engineer-
ing. Implementation of this work will lead to enhancing
the quality of undergraduate civil engineering courses and
making laboratory curriculum widely accessible.

Traf ¢ Control Design for Portable Concrete
Barriers

A. Mirmiran and S. Rahman

NC Department of Transportation
$87,168

07/04 to 12/05

This project will focus on developing design aids and charts
for portable concrete barriers in the State of North Carolina.
Safe back distance behind these free standing barriers will be
evaluated using nite element and impact analysis software
for different boundary conditions and traf ¢ con gurations.
The ndings will be incorporated into the state s traf ¢
control manual.
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GIS-Based Research of Natural and Anthropogenic
Terrain Change Impacts on Water and Sediment
Transport in Different Environments

H. Mitasova and M. Overton
Army Research Of ce
$118,212

07/04 to 06/07

The proposed research will focus on the acquisition of new
knowledge about the interactions between natural processes
and anthropogenic activities that can be used to improve
current understanding of terrain change impact on landscape
processes. The objectives are to investigate these interac-
tions within three fundamentally different environments
affected by different development activity: a coastal barrier
island environment, a montane tropical watershed, and a
piedmont landscape that includes a military installation.
The research will be directed toward the development and
analysis of methods for GIS-based modeling of topography,
its structure and evolution and innovative numerical land-
scape erosion and evolution modeling techniques.

Fuzzy Neural Network Models for Geotechnical
Problems

S. Rahman

NC Department of Transportation
$97,841

07/04 to 12/05

The main objective of the proposed research is to (1) develop
a general framework and a computational toolbox for de-
velopment of fuzzy neural network models to geotechnical
problems, and (2) develop fuzzy neural network model for
a variety of geotechnical problems of interest to the NC
Department of Transportation: (a) hammer approval, and
(b) settlement prediction.

Urban Watershed Management Tools

S. Ranji Ranjithan
US EPA/MCNC
$147,125

10/01 to 09/04

US EPA s Multimedia Integrated Modeling System (MIMS)
provides a uni ed computing framework to simulate the
cycling of environmental pollutants within and across all
media. The simulation models are to be coupled with systems
analytic methods (including uncertainty analysis and opti-
mization-based search procedures) to explore and identify
ef cientstrategies to manage urban watershed management
problems. Inaddition, decision-makers require cost/bene t
tradeoffs and reliability associated with different strategies.
The objective of this project is to integrate urban watershed
decisions support tools into MIMS, and demonstrate their
use with US EPA s Storm Water Management Model (ver-
sion 5).
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Pavement Marking Analysis Plan

W. Rasdorf

NC Department of Transportation Technical Assistance
Award

$13,678

5/15/06 to 5/30/06

The Work Zone Traf ¢ Control Unit has almost 4 years of
pavement marking retrore ectivity data. This data has been
collected on all types of materials, surfaces, and regions in
the State. The NC Department of Transportation (NCDOT)
seeks to learn about the life cycle of pavement markings from
this data. However, to be able to analyze all the data, the
NCDOT needs to determine what information can be learned
from the data and identify the components of a large-scale
research project to do so.

Workshop on Determining Disaster Data Needs in a
Multi-Stage, Multi-Disaster Context

W.J. Rasdorf

National Science Foundation
$10,000

09/04 to 08/05

This project seeks to develop a common data framework
for disaster-related data to establish whether or not this
data set is both applicable to researchers and to members
of the disaster response community. To determine this, a
disaster management workshop was developed to establish
a paradigm for the creation of the common data set. The
objectives of the workshop were as follows: (1) de ne
information needs; (2) establish the quality, format, and
location of data; (3) identify data gaps and opportunities
to improve data collection and dissemination methods; and
(4) de ne objectives for pre-disaster organized disaster data
gathering teams.

Designing an Ef cient Nighttime Sign Inspection
Program that Ensures Motorist Safety

W.J. Rasdorf and J.E. Hummer
NC Department of Transportation
$132,857

07/04 to 06/06

The major objective of the research is to revise and ex-
pand out simulation of the effectiveness of sign inspection
programs so that the NC Department of Transportation
(NCDOT) can optimize its program. The main revisions
to allow NCDOT to use the simulation are to (1) model the
performance of NCDOT sign inspectors, (2) expand the
simulation to include other sign colors besides yellow and
red, and (3) include the best sign deterioration functions.
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CONSTRUCTION ENGINEERING
AND MANAGEMENT

Life Cycle Inventory and Impact Analysis
Framework for Nonroad Construction Vehicles and
Equipment Based Upon In-Use Measurements

H.C. Frey and W.J. Rasdorf
National Science Foundation
$375,000

08/03 to 08/06

This project represents the initial step toward development
of a probabilistic life cycle inventory and impact analysis
framework for nonroad construction vehicles and equipment.
The objectives are to (1) characterize second-by-second
in-use emissions and energy use of nonroad construction
vehicles and equipment, including emissions of NOx, CO,
hydrocarbons (HC), CO2, and particulate matter (PM),
including real time sensing and monitoring where needed
to 1l data gaps; (2) develop a life cycle inventory of con-
ventional nonroad construction vehicles and equipment; and
(3) identify and recommend methods for reducing energy
use, emissions, and impacts.

Real World Duty Cycles and Utilization for
Construction Equipment in NC

H.C. Frey and W.J. Rasdorf

NC Department of Transportation
$164,730

07/05 to 06/07

Construction vehicles contribute substantially to statewide
emissions. Thirty-two NC counties are partially or fully des-
ignated as non attainment under new air quality standards for
ozone. Therefore there is a need to more accurately quantify
the emissions from construction vehicles and seek opportuni-
ties to manage or reduce emissions. The goal of this study
is to assess construction equipment types and uses, plan a

eld study, measure emissions and collect data, analyze the
data and develop typical cycles, and demonstrate methods
for estimating emissions for construction equipment.

Instrumentation for Measuring Concrete Lateral
Pressures in Formwork

D.W. Johnston

Institute of Construction
$4,000

07/05 to 06/06

Develop dual instrumentation systems for measurement
of fresh concrete lateral pressures in formwork. Evaluate
performance of the systems by collection of data of interest
on construction sites.

Value Engineering and Cost Effectiveness of
Various FRP Repair Systems

S. Rizkalla

NC Department of Transportation
$83,663

07/05 to 06/06

This research program is designed to investigate the feasibil-
ity of using the most ef cient externally bonded FRP repair/
strengthening system to rehabilitate prestressed concrete
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bridge girders damaged due to accident or collision impact
causing loss of prestressing and/or spalling of concrete. The
research will investigate the ef ciency and cost-effectiveness
of externally bonded FRP sheet and strip repair/strengthen-
ing systems using prestressed channel beams supplied by the
NC Department of Transportation from existing bridges. It
will also investigate the use of Near-Surface-Mounted FRP
bars and strips to strengthen the same prestressed channel
beams along with examining the exural behavior under the
effect of static and fatigue loadings.

I/UCRC Center, Repair of Buildings and Bridges with
Composites (RB2C)

S. Rizkalla

National Science Foundation
$250,000

07/02 to 06/07

The NSF Industry/University Cooperative Research Center
entitled Repair of Buildings and Bridges with Composites
(RB2C), is located at the Constructed Facilities Labora-
tory, North Carolina State University (NCSU). The Center
is working in collaboration with the Center located at the
University of Missouri-Rolla (UMR). The Center at NCSU
focuses on the needs of the construction industry in develop-
ment of new and innovative structural components as well
as strengthening/repair methods for existing structures using
advanced composite materials.

Evaluation of New Generation of Adhesives for
Marine Structures

S. Rizkalla

IPS Corporation
$250,000

07/02 to 06/07

The project investigates the behavior and material char-
acteristics of two proposed adhesives designed for marine
structures. The project is mainly an experimental study at
this stage. The experimental program initially consists of
lap shear test to determine the bond characteristics of two
adhesives between two surfaces; each consists of Carbon
Fiber Reinforced Polymer (CFRP) and steel surface. A
specially designed insulated room has been constructed at
the Constructed Facilities Laboratory to house the instru-
mentations, which were built to subject the specimens to the
speci ed environment.

An Innovative Bridge Deck System

S. Rizkalla

Martin Marietta Composites
$250,000

07/02 to 06/07

The research includes development of an innovative system
for highway bridge decks. The system is also suitable for
manufacturing trailer walls using small thicknesses. The
innovative concept consists of two layers of 2-D  ber pul-
truded sheets and styrofoam layers in between to provide
the required thickness. At a later stage, bundled bers
are inserted in the third direction to increase the strength
through-thickness properties of the panels. The system
is a modi ed process for the Z-technology used for the
aerospace industry. The test program consists of different
tests to examine the material characteristics as well as the
behavior of the panel.
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Developing a Simpli ed Method for Predicting
De ection in Steel Plate Girders Under Non-
Composite Dead Load for Stage-Constructed
Bridges

E.A. Sumner and S. Rizkalla

NC Department of Transportation

$149,000

07/03 to 12/05

Matching the nal bridge deck elevations in stage con-
structed steel girder bridges has created numerous problems
during construction. Misaligned deck elevations between
two stages may require grinding of the deck surface or result
in reduced concrete cover leading to early deterioration of
the bridge deck. The objective of this research is to develop
an empirically based method to predict the non-composite
de ection of steel plate girders in staged-constructed bridges.
The formulation of the simpli ed method will require a
combination of eld measured data and extensive three-
dimensional analytical simulation.

Construction Extension Development and Training

E.C. Weaver and R.A. Nugez

Construction Extension Program and Institute of Con-
struction

$388,500

7/05 to 6/06

Develop and implement construction extension activities
related to training and applied research on a wide variety
of topics of interest to the construction industry. During
2005-06, workshops and seminars were attended by 2,500
participants. Programs developed and delivered included
Concrete Testing Technician Certi cation, Fall Protection
Safety, Con ned Spaces Safety, Home Inspection, Storm-
water Design, Wood Design, Wind Design, Construction
Management, Financial Management, Construction Con-
tracts, Estimating and Bidding, and Planning, Scheduling
and Control, among others.

Implementation of Self-Consolidating Concrete
(SCC) for Prestressed Concrete Girders

P. Zia and R. Nuzez

NC Department of Transportation
$55,426

11/03 to 03/05

The objectives of this research are three-fold: (1) Determine
and document the various properties of SCC used in the
production of two prestressed SCC girders. (2) Monitor
and document the actual production of two prestressed con-
crete girders using SCC. The girders will be selected from
an NC Department of Transportation bridge project under
contract. (3) Conduct static load tests of two SCC girders
and one non-SCC girder at the production site. The girders
will be tested to full service load condition in order to vali-
date their design and performance. Subject to satisfactory
performance, the girders may be delivered and installed in
the bridge for service as other non-SCC girders.
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Pavement Marking Analysis Plan

W. Rasdorf

NC Department of Transportation Technical Assistance
Award

$13,678

5/15/06 to 5/30/06

The Work Zone Traf ¢ Control Unit has almost 4 years of
pavement marking retrore ectivity data. This data has been
collected on all types of materials, surfaces, and regions in
the State. The NC Department of Transportation (NCDOT)
seeks to learn about the life cycle of pavement markings from
this data. However, to be able to analyze all the data, the
NCDOT needs to determine what information can be learned
from the data and identify the components of a large-scale
research project to do so.

GEOTECHNICAL

Development of Permeable Reactive Barriers
(PRBs) using Edible Oils

R.C. Borden

Department of Defense, SERDP
$482,500

01/01 to 01/07

The overall objective of this proposal is to develop the in-
formation needed to reliably design, construct, and evaluate
edible oil barriers, including (1) identify factors controlling
the loss of permeability during oil injection; (2) identify
factors controlling oil biodegradation rate in aquifer sedi-
ments; (3) use these results to develop improved procedures
for distributing and immobilizing oils that (a) do not cause
an excessive decline in permeability, and (b) result in a
slow, steady rate of in situ oil decay; and (4) use emulsion
transport model to identify alternative barrier con gurations
and injection procedures to improve barrier performance
and reduce costs.

Anaerobic Biotreatment of Acid Mine Drainage at
Ore Knob Mine

R.C. Borden

NC Department of Environment and Natural Resources
$153,194

08/05 to 07/08

Ore Knob Branch and Peak Creek are impaired due to dis-
charge of acid mine drainage (AMD) from an abandoned
copper/zinc mine. AMD production from the large tailings
impoundment will be controlled by injecting emulsi ed soy-
bean oil into the sediments to stimulate growth of naturally
occurring bacteria. These bacteria will then use the soybean
oil as a food source, consuming any dissolved oxygen and
stopping further AMD production. Once oxygen is depleted,
the sulfate reducing bacteria will reduce sulfuric acid to
sul de and precipitating heavy metals.
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Development of a Design Tool for Planning Aqueous
Amendment Injection Systems

R.C. Borden (NCSU), G. Mahinthakumar (NCSU) T. J.
Simpkin (CH2M HILL) and C. Zawtocki (Solutions-1ES)
DOE, Environmental Security Technology Certi cation
Program

$503,000

03/06 to 12/08

The overall objective of this project is to develop a set of
tools to assist design engineers in developing effective,
reasonably ef cient systems for distributing aqueous amend-
ments for in situ treatment of groundwater contaminants. At
this time, the primary applications for the tools will be for
design of in situ chemical oxidation systems using perman-
ganate and in situ anaerobic bioremediation systems using
soluble substrates and emulsi ed oil. However, as technol-
ogy evolves, this general approach should be applicable to
distribution of other agueous amendments.

Treatment of Acid Mine Drainage Using Emulsi ed
Soybean QOil

R.C. Borden

United Soybean Board (through Smith, Bucklin & Associ-
ates, LLC)

$40,000

08/05 to 07/07

The United Soybean Board will provide matching support
for a NC Department of Environment and Natural Resources
(NC DENR) project to evaluate the use of emulsi ed soybean
oil for treatment of acid mine drainage at the Ore Knob Mine
in Ashe County, NC.

NCSU/NCA&T Program for STEM Enrollment
Enhancement

J.J. Ducoste (Co-Pl) (Other Pls: John Fountain, MEAS;
Carrie Thomas, MEAS, Robert Borden, CCEE; David
Haase, Physics; Christine Grant, CBE; Christopher
Gould, Physics; Jesus Rodriguez, Math; and William
Switzer, Chem)

National Science Foundation

$399,938 ($12,006 to CCEE Department)

01/03 to 12/05

North Carolina State University and North Carolina Agricul-
tural and Technological State University are collaborating
in developing a program designed to increase the number of
graduates in science, technology, engineering and mathemat-
ics (STEM). Speci ¢ program elements include a summer
camp at NCSU for graduating high school students who
have not selected their majors, summer bridge programs at
both NCSU and NCA&T designed to prepare new STEM
students for introductory college science and math courses,
undergraduate research programs at both schools, tutoring
and mentoring of STEM majors, and a faculty exchange
program between the two campuses.
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Numerical Study of Loading Conditions with
Applications Using a Particulate Approach

T.M. Evans
Unsponsored (new faculty start-up funds)
01/06 to present

Axisymmetric laboratory tests are typically used for the
characterization of the mechanical response of granular soils
when determining design parameters. However, many of
the structures of interest to geotechnical engineers result in
plane strain loading conditions in the eld (e.g., retaining
walls, highway embankments). It is well understood that
laboratory tests having plane strain boundary conditions
will produce different results than those performed under
axisymmetric boundary conditions. However, what is not
understood is how these differences manifest themselves in
soil microstructure and in eld performance. The current
study seeks to provide insight into these topics.

Remote Observation and Control of a Shake Table
Experiment

Abhinav Gupta, V.C. Matzen, and M.A. Gabr
NC State University, DELTA/ IDEAS Grant
$9,900 (FY 2003-04), $9,930 (FY 2004-05)

This project supports tasks that are needed in addition to
those being conducted in the development of a prototype for
remote observation and control of a shake table experiment
under an NSF-sponsored project. These tasks are needed
to integrate the prototype with the University computing
network for incorporation in distance education courses.
The tasks need to be implemented in a manner that would
maintain real-time safety as well as security features built
into the prototype. While the tasks being undertaken are
speci c to the shake table experiment, the outcome of this
work can be extended to other experiments either directly
or with only minor modi cations.

Design Criteria for Post and Beam Bents with
Drilled Shafts and Other Structures

M.J. Kowalsky and M. Gabr

NC Department of Transportation
$316,941

07/05 to 06/07

The research described in this proposal aims to expand upon
work currently underway for Pile-Bent bridge structures to
all sub-structure systems employed by the NC Department
of Transportation, including spread footings and columns
supported on drilled shaft foundations. The research tasks
encompass identifying issues speci c to drilled shaft bent
design and selection of a series of sample structures for
analysis and design, as well as structural testing of bridge
sub-structure to superstructure connections.

Pile Bent Design Criteria

M.J. Kowalsky and M.A. Gabr
NC Department of Transportation
$149,307

07/04 to 07/05

The objective of this study is to develop improved design
criteria for pile bents. Speci cally, the work will be focused
on (1) evaluating the impact of the pile cap rigidity to loads
transferred to the piles within the bent, (2) specifying ap-
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propriate k-factors for pile analysis under varying boundary
conditions appropriate to the problem geometry and con-
nection scenarios, (3) proposing appropriate point of xity
taking into account the presence of the soil around the pile
above the speci ed point of xity, and (4) proposing ap-
propriate values for maximum lateral de ection for various
boundary conditions and soil properties.

Pile Bent Design Criteria

M.J. Kowalsky and M.A. Gabr
NC Department of Transportation
$326,813

07/05 to 07/07

Detailed 3D analysis models will be used to provide a better
understanding of the actual performance of NC Department
of Transportation sub-structure systems (depth to xity;
connection performance, effective length factors). In addi-
tion, the proposed work aims at providing a rational basis
for identi cation of key performance limit states (drift and
strength limits) as well as design examples comparing LFD
and LRFD criteria for bridge sub-structures.

Geosynthetics Workplan

M.A. Gabr
FHWA
$60,000

09/05 to 08/06

No de nitive guidance on the value of systematically in-
cluding geosynthetics in highway construction projects is
currently available for the Federal Land Program of FHWA.
It has been identi ed by engineers that geosynthetics are

under-used in Federal Lands Highway practice. Accord-
ingly, this study aims at developing a geosynthetics work
plan to identify, promote, and advance the use of geosyn-
thetics materials across FLH Divisions in the Pavement and
Geotechnical areas. The target areas include pavement and
geotechnical applications. Geotechnical applications will
be focused on slopes, walls, base reinforcement, column
supported embankments, capillary barriers to mitigate frost
heaving, deep patches for soft shoulders, and geocomposite
clay liners to control seepage from ditches.

Geologic and Environmental Modeling for
Implementation of WIDE at Former Lockbourne Air
Force Base

M.A. Gabr

Department of Defense, through W. Virginia University
Water Resources Institute

$99,998

07/05 to 12/06

This project implements Well Injection Depth Extraction
(WIDE) technology for removal of JP-4 aviation fuel from
the subsurface. Performance evaluation for deployment of
WIDE will be performed with continuous monitoring for
optimization of contaminant extraction. Baseline compari-
son of expanded deployment pads to existing eld instal-
lation will be conducted and results compiled to discern
predominant mass transfer mechanisms (vapor, product, or
aqueous phases).
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Internet-Enabled Laboratory Experiences for
Undergraduate Civil Engineering Students

V.C. Matzen, M.A. Gabr, and Abhinav Gupta
National Science Foundation

$134,000

07/03 to 06/06

This study is aimed at adaptation of recent developments in
information technology for incorporation of internet-enabled
civil engineering laboratory experiments in undergraduate
structures and geotechnical courses. Faculty and students
will be able to remotely access, run, and control these experi-
ments either independently or in a classroom setting. Such a
capability would facilitate the offering of these courses via
distance learning program to provide opportunities for non-
traditional students (e.g., part-time student, working parent,
and career-changing adult) seeking careers in civil engineer-
ing. Implementation of this work will lead to enhancing
the quality of undergraduate civil engineering courses and
making laboratory curriculum widely accessible.

Traf ¢ Control Design for Portable Concrete
Barriers

A. Mirmiran and S. Rahman

NC Department of Transportation
$87,168

07/04 to 06/05

This project will focus on developing design aids and charts
for portable concrete barriers in the State of North Carolina.
Safe back distance behind these free standing barriers will be
evaluated using nite element and impact analysis software
for different boundary conditions and traf ccon gurations.
The ndings will be incorporated into the state s traf c
control manual.

Fuzzy Neural Network Models for Geotechnical
Problems Encountered by the NC Department of
Transportation

S. Rahman

NC Department of Transportation
$97,841

07/04 to 12/05

The main objective of the proposed research is to (1) develop
a general framework and a computational toolbox for de-
velopment of fuzzy neural network models to geotechnical
problems, and (2) develop fuzzy neural network model for
a variety of geotechnical problems of interest to the NC
Department of Transportation: (a) hammer approval, and
(b) settlement prediction.

Analysis of the Characteristics of Seismic Ground
Motion and Site Response Using Wavelets

S. Rahman
Unsponsored
01/03 to 07/05

In this study, wavelet analysis will be applied to some im-
portant aspects of geotechnical earthquake engineering. The
main objective of the proposed study to develop an effective
method of wavelet representation of earthquake motions, and
to study the general characteristics of earthquake motions
with a focus on their energy contents in time and frequency
domains, and to develop stochastic analysis for nonlinear
and nonstationary site response.
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Modeling and Optimization of Civil Engineering
Infrastructure

J.W. Baugh and E.D. Brill
Blue Ridge Analytics
$341,500

12/04 to 12/05

In this project, computer software was developed to model
and optimize civil engineering infrastructure problems using
mathematical programming and heuristic search methods.
The techniques were designed so that methods could be
readily implemented to provide alternative solutions, which
would meet given constraints on modeled objectives and
which could be provided to users of the software.

Ef cient Computational Methods for Accurate
Simulation of Wave Propagation

M.N. Guddati

National Science Foundation
$257,530

01/01 to 09/06

Wave propagation is encountered in countless problems
of practical importance such as nondestructive evaluation,
earthquake engineering, seismology and medical imaging.
In spite of its immense importance and extensive research
performed, the current approaches to modeling of wave
phenomenon still suffer from several shortcomings related
to computational ef ciency and accuracy. This project is
aimed at devising new and ef cient modeling techniques that
would result in highly accurate solutions with relatively low
computational cost. Most recent results from this research
are related to dispersion reducing nite element methods
and absorbing boundaries.

Remote Observation and Control of a Shake Table
Experiment

Abhinav Gupta, V.C. Matzen, and M.A. Gabr
NC State University, DELTA/ IDEAS Grant
$9,900 (FY 2003-04), $9,930 (FY 2004-05)

This project supports tasks that are needed in addition to
those being conducted in the development of a prototype for
remote observation and control of a shake table experiment
under an NSF-sponsored project. These tasks are needed
to integrate the prototype with the University computing
network for incorporation in distance education courses.
The tasks need to be implemented in a manner that would
maintain real-time safety as well as security features built
into the prototype. While the tasks being undertaken are
speci c to the shake table experiment, the outcome of this
work can be extended to other experiments either directly
or with only minor modi cations.
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SST: Polymer Fiber and Waveguide Sensors
for Performance-Based Assessment and Health
Monitoring of Civil Infrastructure Systems

T. Hassan, M.J. Kowalsky, and K. Peters

National Science Foundation

$430,000 ($8,000 supplementary REU grant in 2005-06,
and $8,000 REU grant in 2006-07)

08/04 to 07/07

The goal of the project is to develop polymer sensors for
health monitoring of civil infrastructure systems. Of speci ¢
interest is to develop a sensor that can measure strains in
excess of 6% under high strain rates. Although the sensors
to be developed can be utilized under a variety of load con-
ditions and structural materials, this research program will
focus on application of the sensors to concrete and steel
structures subjected to earthquakes loads. The research will
develop a data acquisition system that can be utilized in
health monitoring and techniques for bonding the polymer
sensors to concrete structures.

A Multiscale Study of Ratcheting Failure
Mechanisms in Austenitic and Ferritic Steel
Welded Joints

T. Hassan and K.L. Murty

National Science Foundation

$319,000 ($7500 supplementary REU grant in 2006-07)
08/04 to 07/07

The goal of the project is to study multiscale failure mecha-
nisms of austenitic and ferritic steel welded joints subjected
to low-cycle fatigue loading. The progressive accumulation
of strain with cycle known as ratcheting is believed to result
in unexpected failures of defect-free joints. This project
will perform low-cycle fatigue tests of welded joints and
transmission and scanning electronic microscopy studies of
dislocation substructures of the heat affected zone and base
metals at various stages of fatigue life. Efforts will be made
to develop a model for simulating ratcheting responses of
welded joints using both macroscale and multiscale based
constitutive models.

Calibration of Rutting Models for HMA Structural
and Mix Design

R. Kim and M.N. Guddati

NCHRP 9-30A, Subcontract from Applied Research
Associates, Inc.

$70,000

11/05 to 10/08

The objective of this research effort is to recommend
revisions to the HMA rut depth prediction model in the
mechanistic-empirical pavement design guide and software
developed in NCHRP Project 1-37A for consideration by
the NCHRP Project 1-40 panel and the AASHTO Joint Task
Force on Pavements. The recommended revisions will be
based on the calibration and validation of distress models
with measured materials properties and performance data
from existing eld and other full-scale pavement sections
that incorporate modi ed as well as unmodi ed asphalt
binders.
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Development of Multi-axial VEPCD-FEP++ and its
Extension to Indirect Tension Test

Y.R. Kim and M.N. Guddati
Federal Highway Administration
$499,907

09/05 to 08/07

Over the past decade, the NCSU research team has been
successful in developing HMA models that can accurately
capture various critical phenomena such as microcrack in-
duced damage, strain rate  temperature interdependence,
and viscoplastic ow that is critical for high temperature
modeling; the resulting model is termed the viscoelastoplas-
tic continuum damage (VEPCD) model. The primary objec-
tives of this research are to (1) extend the VEPCD model to
multiaxial state of stress; (2) develop a three-dimensional

nite element program with the multiaxial VEPCD maodel;
and (3) extend the principles used in the VEPCD modeling
to the indirect tension mode.

Development of the Asphalt Pavement
Performance Prediction Methodology Based on the
Viscoelastoplastic Continuum Damage Theory

Y.R. Kim and M.N. Guddati
Korea Highway Corp.
$335,021

10/04 to 12/06

The primary objectives of this research are (1) standardiza-
tion of test and analysis methods for the determination of
viscoelastic properties and performance of asphalt mixtures;
(2) development of the multiaxial viscoelastoplastic con-
tinuum damage (VEPCD) models using the indirect tension
test and triaxial permanent deformation test; (3) development
of the VEPCD nite element program (VEPCD-FEP++);
(4) calibration of the VECPD-FEP++ using the data mea-
sured from the KHC Test Road pavements; (5) development
of transfer functions for the 33 asphalt pavements in the Test
Road; and (6) development of a user-friendly graphic inter-
face for pre- and post-processing of the VEPCD-FEP++.

Characterization of ALF Mixtures Using the
Viscoelastoplastic Continuum Damage Model

FHWA

Y.R. Kim and M.N. Guddati
$199,795

08/03 to 08/05

The primary objectives of the proposed research are to

(1) verify the time-temperature superposition principle in

damaged states for various asphalt mixtures used in the

current ALF study; (2) characterize the ALF mixtures using

the viscoelastoplastic continuum damage model; and (3)

predict the performance of various ALF pavements using
nite element analysis and the VEPCD model.

Behavior of Shear Dominated Reinforced
Lightweight Concrete Members under Seismic
Conditions

M.J. Kowalsky

Expanded Shale, Clay, and Slate Institute

$18,170 plus negotiated donations

01/04 to 12/06

The objective of the research described in this proposal is

to develop a process by which the characteristic shear resis-
tance under cyclic loading of various lightweight aggregates
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concretes can be assessed. The need for this research stems
from the following reasons: (1) small dataset of past reversed
cyclic shear critical tests, (2) relatively large scatter in ex-
perimental data that has been observed for monotonic shear
critical tests, (3) lack of consensus among major worldwide
concrete codes on lightweight concrete shear performance,
and (4) potential economic impact if it is shown that existing
shear strength reductions are overly conservative.

Design Criteria for Post and Beam Bents with
Drilled Shafts and Other Structures

M.J. Kowalsky and M. Gabr

NC Department of Transportation
$316,941

07/05 to 06/07

The research described in this proposal aims to expand upon
work currently underway for Pile-Bent bridge structures to
all sub-structure systems employed by the NC Department
of Transportation, including spread footings and columns
supported on drilled shaft foundations. The research tasks
encompass identifying issues speci c to drilled shaft bent
design and selection of a series of sample structures for
analysis and design, as well as structural testing of bridge
sub-structure to superstructure connections.

Pile Bent Design Criteria

M.J. Kowalsky and M.A. Gabr
NC Department of Transportation
$326,813

07/05 to 07/07

Detailed 3D analysis models will be used to provide a better
understanding of the actual performance of NC Department
of Transportation sub-structure systems (depth to xity;
connection performance, effective length factors). In addi-
tion, the proposed work aims at providing a rational basis
for identi cation of key performance limit states (drift and
strength limits) as well as design examples comparing LFD
and LRFD criteria for bridge sub-structures.

In uence of Low Temperatures on the Ductility of
Bridge Structures in High Seismic Regions

M. Kowalsky and T. Hassan

Alaska Department of Transportation
$100,000

08/05 to 07/07

Through a series of cyclic experiments on reinforced con-
crete circular columnsat20 C,0 C,-20 C,-40 Cand-50 C,
this research will study the seismic responses of concrete
structures at low temperatures. Based on the experimen-
tal results at the structural and material levels at various
temperatures, ductility and seismic failure mechanisms of
reinforced concrete members will be determined and design
issues at low temperatures will be addressed.

Internet-Enabled Laboratory Experiences for Under-
graduate Civil Engineering Students

V.C. Matzen, M.A. Gabr, and Abhinav Gupta

National Science Foundation

$134,000

07/03 to 06/06

This study is aimed at adaptation of recent developments in
information technology for incorporation of internet-enabled
civil engineering laboratory experiments in undergraduate
structures and geotechnical courses. Faculty and students
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will be able to remotely access, run, and control these experi-
ments either independently or in a classroom setting. Such a
capability would facilitate the offering of these courses via
distance learning program to provide opportunities for non-
traditional students (e.g., part-time student, working parent,
and career-changing adult) seeking careers in civil engineer-
ing. Implementation of this work will lead to enhancing
the quality of undergraduate civil engineering courses and
making laboratory curriculum widely accessible.

Web-Based Observation and Control of an
Undergraduate Civil Engineering Laboratory
Experiment

Vernon Matzen (PI), Abhinav Gupta and Jim Nau
NCSU LITRE program

$8,000

10/04 to 06/06

A static test of a cantilever beam in CE 324 is being modi-
ed so that it can be controlled and observed remotely using
web-based tools. In the web-based setup, a controller with
a stepper motor will be used to operate the screw actuator,
and the strains will be monitored, recorded and displayed
using a PC-based data acquisition system. The research
will investigate appropriate ways to protect the experiment
from overloading and internet/PC malfunctions, as well as
procedures for scheduling, access, and security.

Evaluation of a New High Corrosive Resistant
Steel Reinforcement for Concrete Structures in the
Miditerian Salt Environments

T. Hassan and S. Rizkalla
National Science Foundation
$36,290

09/05 to 08/07

MMEFX is a high strength, highly corrosion resistant steel,
ideal for use in civil engineering applications for salt envi-
ronments such as the miditerian environment in Egypt and
high humidity climate such as in North Carolina and many
other ocean exposed states. The research will introduce
the MMFX steel as a new material has a high corrosion
resistance to the engineering community in Egypt for the

rst time. The proposed research project consists of three
major tasks: (1) experimental work, (2) analytical phase,
(3) development of design guidelines.

Corrosion Inhibitors for Concrete Bridges

A. Mirmiran and S. Rizkalla

NC Department of Transportation
$170,681

07/02 to 12/04

The research project evaluates the effectiveness of commer-
cially available corrosion inhibitors for remediation purposes
in delaying, slowing, stopping or reversing the corrosion
process in existing concrete under laboratory conditions
of wet-dry cycles and salt water spray, simulating severe

eld conditions. The results will be used to compare the
effectiveness of corrosion inhibitors at different levels of
chloride contamination and establish the threshold beyond
which surface application does not provide any signi cant
improvement. The project will develop guidelines and
speci cations for surface treatment using corrosion inhibi-
tors and recommend means to incorporate surface treatment
scheduling in bridge inspection and maintenance plans for
the NC Department of Transportation.
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Innovative Textile Technology for Modular Bridge
Decks

S. Rizkalla

National Science Foundation
$186,290

07/03 to 12/05

This research program is designed to, for the rst time ever,
adapt the 3-D weaving process to develop innovative FRP
bridge decks. The work plan has both experimental and
analytical components. The experimental work consists of
testing scale models of FRP decks as well as coupon test-
ing under static and fatigue loading. The analytical work
includes nite element modeling of the FRP decks using
micro- and macro-models. Once the models are calibrated
using the experimental results of Part I, a parametric study
will be carried out to optimize the shape and con guration
of the deck.

Value Engineering and Cost Effectiveness of
Various FRP Repair Systems Part I

S. Rizkalla

NC Department of Transportation
$83,663

07/05 to 06/06

This research program is an extension of NC Department
of Transportation Project 2004-15: Value Engineering and
Cost-Effectiveness of Various FRP Repair systems, which
will be completed in June 2005. Results of Project 2004-15
and the proposed extension will be used to produce com-
plete design guidelines. The project will provide bridge
maintenance engineers with a comprehensive document to
select the most appropriate repair or strengthening systems
along with the cost effectiveness and value engineering for
each system.

I/UCRC Center, Repair of Buildings and Bridges with
Composites (RB2C)

S. Rizkalla

National Science Foundation
$250,000

07/02 to 06/07

The NSF Industry/University Cooperative Research Center
entitled Repair of Buildings and Bridges with Composites
(RB2C) is located at the Constructed Facilities Laboratory,
North Carolina State University (NCSU). The Center is
working in collaboration with the Center located at the
University of Missouri-Rolla (UMR). The Center at NCSU
focuses on the needs of the construction industry in develop-
ment of new and innovative structural components as well
as strengthening/repair methods for existing structures using
advanced composite materials.

Evaluation of Bond Characteristics of MMFX Steel

S. Rizkalla

MMFX Technologies Corporation
$83,333

07/05 to 06/07

The high-strength steel commercially known as Micro-
composite Multi-structural formable (MMFX) steel
could lead to potential savings through the use of lower
reinforcement ratios due to its higher strength. However, a
critical evaluation of the bond characteristics of MMFX steel
with concrete is of paramount importance, especially if high
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strength is to be utilized. The proposed research will deeply
investigate the bond behavior of MMFX steel to concrete.
The rst phase of the proposed research program will include
the parameters believed to signi cantly affect the bond
strength: concrete compressive strength, bar size, concrete
clear cover, and con nement level. Three universities are
participating in this study, namely, University of Texas at
Austin, the University of Kansas, and North Carolina State
University. Each university will test twenty-two full-scale
splice beams for the rst phase of the program.

Bond Behavior of SAS High Strength Steel

S. Rizkalla

SAS Stressteel, Inc.
$48,000

2004 to 2005

To evaluate the bond characteristics of the SAS high
tensile strength steel using end-block and splice beam test
specimens according to the ICC speci cations.

Torsion Behavior of Precast Prestressed Ledger
Beams

S. Rizkalla and P. Zia
Metromont Corporation
$65,000

09/05 to 12/05

The objective of this project is to evaluate the behavior
of precast, prestressed ledger beams under the effect of
eccentric loading of precast beams typically used for parking
structures. Two full-size beams with spans of 30 and 45 feet
will be tested using double T-beams to load the beams up to
failure. Four different reinforcement details are considered
in this integration.

Development of Repair Systems for Steel Structures
and Bridges

S. Rizkalla

Mitsubishi Chemical America
$250,000

07/02 to 06/07

The project investigates the use of high modulus carbon ber
polymer (CFRP) material for strengthening steel structures
and bridges. The material in use now is in the form of sheets
and strips bonded to the tension surface of steel structures.
The rst phase includes selection of the appropriate resin and
bond characteristics of the material. The second phase is to
test large-scale steel monopoles strengthening with different
materials, con gurations and subjected to static and fatigue
loading conditions. The study will be continued to include
the environmental effect on the strengthening system.

Evaluation of New Generation of Adhesives for
Marine Structures

S. Rizkalla

IPS Corporation
$250,000

07/02 to 06/07

The project investigates the behavior and material char-
acteristics of two proposed adhesives designed for marine
structures. The project is mainly an experimental study at
this stage. The experimental program initially consists of
lap shear test to determine the bond characteristics of two
adhesives between two surfaces; each consists of Carbon
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Fiber Reinforced Polymer (CFRP) and steel surface. A
specially designed insulated room has been constructed at
the Constructed Facilities Laboratory to house the instru-
mentations, which were built to subject the specimens to
the speci ed environment.

An Innovative Bridge Deck System

S. Rizkalla

Martin Marietta Composites
$250,000

07/02 to 06/07

The research includes development of an innovative system
for highway bridge decks. The system is also suitable for
manufacturing trailer walls using small thicknesses. The
innovative concept consists of two layers of 2-D  ber pul-
truded sheets and styrofoam layers in between to provide
the required thickness. At a later stage, bundled bers
are inserted in the third direction to increase the strength
through-thickness properties of the panels. The system
is a modi ed process for the Z-technology used for the
aerospace industry. The test program consists of different
tests to examine the material characteristics as well as the
behavior of the panel.

Supplement Funding to Support Undergraduate
Student

S. Rizkalla

National Science Foundation
$11,625

07/03 to 06/06

Efforts at repair of steel bridges with FRP have not been very
successful because of low modulus of most FRP materials as
compared to steel. The new carbon bers have high modulus
of elasticity that is about three times that of steel in  ber form
and twice that of steel in laminate form. The student will be
involved in an experimental plan consisting of testing the

bers with a variety of resins to identify the most effective
and compatible resin for the repair of steel. Tests will include
laminates as well as bond with steel plates.

Wireless Sensor Networks for Structural Health
Monitoring of Bridges

S. Rizkalla

National Science Foundation
$50,000

07/03 to 12/05

The research project deals with structural health monitoring
of bridges and civil engineering buildings. The rst part ad-
dresses sensing/data interpretation, the second part addresses
the transfer of data from sensors to the location interpretation
occurs. The proposal ties together the expertise of the two
NSF-I/UCRC Centers at NC State, RB2C in the Depart-
ment of Civil Engineering and the Center for Advanced
Computing and Communication (CACC) in the Department
of Electrical and Computer Engineering. The speci c issue
is the wireless communication of data for structural health
monitoring of civil engineering structures.
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Macromolecular Science and Infrastructure
Engineering

S. Rizkalla (Co-PI with Virginia Tech)

National Science Foundation

$89,215/year (part of IGERT to Virginia Tech)
09/01 to 08/05

The Integrated Graduate Education Research and Traineeship
(IGERT) Program provides the opportunity for our graduate
students to conduct an interdisciplinary research in Macro-
molecular Science and Infrastructure Engineering, focused
on polymeric adhesives and composites in civil engineering
structures. The program allows collaboration among the fol-
lowing seven departments: Chemistry, Engineering Science,
Civil Engineering, Electrical Engineering, Computer Engi-
neering, Wood Science and Marketing from four universities,
including NC State University. It will include exchange of
students and faculty members, as well as development of
new courses in the eld of infrastructures.

Application of the LRFD Bridge Design
Speci cations to High-Strength Structural Concrete
Flexure and Compression Provisions

S. Rizkalla, A. Mirmiran, and P. Zia
Cooperative Research Programs, Transportation
Research Board (NCHRP)

$600,000

05/03 to 08/06

The objective of this research is to develop recommended re-
visions to the AASHTO LRFD Bridge Design Speci cations
to extend the applicability of the exural and compression
design provisions to concrete up to 18 ksi. The research re-
sults will allow full utilization of the material characteristics
and greater use of high-strength concrete, since the current
LRFD limits the design strength of the ultimate compressive
strength of concrete to 69 MPa (10 ksi). The results will have
great economical advantages by allowing bridge design en-
gineers to design AASHTO girders more effectively in terms
of the thickness of the web and larger beam spacing.

Evaluation of MMFX Steel for NC Department of
Transportation Concrete Bridges

S. Rizkalla and P. Zia

NC Department of Transportation
$115,000

07/04 to 12/05

This research project investigates the effectiveness of highly
corrosive, resistant, high strength steel reinforcements, re-
cently patented as MMFX Steel, for use in highway concrete
bridge applications. The experimental program consists of
multiple phases to examine the mechanical properties, effect
of bend, and corrosion resistance claimed by the manufac-
turer. The structural performance includes full-scale concrete
bridge decks. The analysis will be based on non-linear- nite
elements to determine the in uence of other parameters,
which could affect the design. The research will provide
design guidelines for the use of this new tool.
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Lateral Flange Bending in Heavily Skewed Bridges

E.A. Sumner

NC Department of Transportation
$109,676

07/06 to 12/08

Today s steel plate girder bridges are more commonly con-
structed with long spans and a heavy skew. As a result, an
increase in problems with lateral ange bending of the steel
plate girders during construction has been observed by the
NC Department of Transportation. Lateral ange bending
induces additional stresses into the anges of the girders, the
end-bent diaphragms, the intermediate cross-frames, and the
support bearings. The focus of this research is to quantify
the effects of lateral ange bending, establish a method to
predict the effects, and develop strategies to mitigate the
effects of heavy skew on lateral ange bending. A combina-
tion of eld monitoring and nite element analysis will be
utilized to accomplish these objectives.

Digital Recording of Large-Scale Structural Testing
for use in Undergraduate and Graduate Civil
Engineering Classrooms

E.A. Sumner
NCSU-LITRE
$5,600

01/06 to 06/07

Laboratory demonstrations are an essential aspect of many
engineering classes that improve students understanding of
fundamental concepts by allowing them to associate theoreti-
cal concepts and calculations with observed behavior. The
objective of this project is to develop a system to record still
images, video, sound, and test data into a format that can be
played back in real time or at an accelerated rate. The system
will be used to document numerous full-scale structural tests
conducted at the NCSU Constructed Facilities Laboratory.
These recordings will be stored on the web for use in civil
engineering courses.

Full-Scale Testing of Overhang Falsework Hangers
on NC Department of Transportation Modi ed Bulb
Tee (MBT)

E.A. Sumner

NC Department of Transportation
$72,856

07/04 to 12/05

In the design of the overhang falsework systems, the ultimate
strength and safe working load capacity of falsework hangers
on modi ed bulb tee (MBT) prestressed concrete girders
is not wholly known. The analysis procedures used by the
manufactures and the NC Department of Transportation to
predict the strength of the hangers on MBT girders are not
consistent and may have resulted in conservative and more
costly falsework designs. The focus of this research is to
determine the ultimate strength and safe working load capac-
ity of falsework hangers on MBT girders through full-scale
testing and analytical investigation.
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Developing a Simpli ed Method for Predicting
De ection in Steel Plate Girders Under Non-
Composite Dead Load for Stage-Constructed
Bridges

E.A. Sumner and S. Rizkalla

NC Department of Transportation

$149,000

07/03 to 12/05

Matchingthe nal bridge deck elevations in stage-constructed
steel girder bridges has created numerous problems during
construction. Misaligned deck elevations between two
stages may require grinding of the deck surface or result in
reduced concrete cover leading to early deterioration of the
bridge deck. The objective of this research is to develop
an empirically based method to predict the non-composite
de ection of steel plate girders in staged-constructed bridges.
The formulation of the simpli ed method will require a
combination of eld measured data and extensive three-
dimensional analytical simulation.

RC Beams Strengthened with Near Surface
Mounted FRP

Jin-Guang Teng, S. Rizkalla, and B. Taljsten (Sweden)
Hong Kong National Research Council

HK $633,695

01/05 to 12/07

The project investigates the use of ber reinforced polymer
(FRP) material to strengthen reinforced concrete (RC) beams
to increase their exural and shear capacity. The project at
Hong Kong will focus on installing these materials into the
tension zones of the exural members using the near surface
mounted technique. The project complements the research
in progress at North Carolina State University sponsored
by the NC Department of Transportation using 43-year-old
prestressed c-channels and AASHTO girders. The research

ndings will be greatly enhanced by the collaboration with
the University of Technology, Sweden.

Debonding Failure in CFRP Strengthened Steel
Structures

X. Zhao (Monash University), S. Rizkalla,
and R. Al-Mahaidi (Monash University)
Australian Research Council

$325,000 (Australian)

01/05 to 12/07

The research will make a breakthrough in understanding the
bond characteristics between CFRP and steel. It will enhance
the capacity of Australian researchers to participate in a new
cutting-edge research area, and help create a vibrant new
industry for strengthening steel structures. The project will
contribute to improved cost ef ciency and safety of steel
structures, thereby contributing to the socio-economic well-
being of Australia and the USA, including road, offshore,
building and mining industries.

Research Projects



NC State University

An Exploratory Study of a Test Device for Concrete
Permeability

P. Zia

National Science Foundation
$60,000

03/03 to 08/05

The objectives of this exploratory research are to further
develop and re ne the test method and a device for mea-
suring air permeability of concrete. More speci cally, the
research will address four critical issues: (1) determine the
effect of the moisture content of concrete on air permeabil-
ity, (2) explore techniques to dry the concrete surface to a
suf cient depth to eliminate the effect of moisture content,
(3) improve the test device so as to increase the depth of
air ow into the concrete, and (4) establish an appropriate
procedure for the concrete surface preparation in the eld
so that the test device can be applied successfully.

TRANSPORTATION SYSTEMS
AND MATERIALS

In-Vehicle Energy and Emissions Information
System (IVEEIS)

H.C. Frey and N.M. Rouphail
National Science Foundation
$336,928

03/03 to 12/06

The key objectives of this research project are to (1) develop
a micro-scale predictor of energy use and emissions that
is deployable at the individual vehicle level in real-time;
(2) identify, compare, and evaluate alternate energy use and
emissions sampling/reporting schemes that are appropriate at
the vehicle and network levels; (3) develop and test a proto-
type In-Vehicle Energy and Emissions Information System
(IVEEIS); and (4) formulate and assess the utility of IVEEIS
in developing transportation design and control measures
aimed at energy and emission management policies.

The Human Factors Effects of Nine-Panel Logo
Signs

J.E. Hummer

NC Department of Transportation

$20,680

01/06 to 06/06

Logo signs provide vital information and minimize the need
for billboards. At many interchanges in North Carolina,
the number of qualifying businesses providing a service
exceeds the maximum of six logo panels allowed per sign.
One option in this case is to increase the number of logos
allowed per sign to nine. The main concern regarding this
option is that drivers will take longer to read the larger signs
and may be distracted from more important driving tasks.
The objectives of this project are to conduct driver surveys
and lab tests to determine whether larger logo signs cause
problems or drivers.

Research Projects

College of Engineering

Assessing the Impact of Port Security Measures on
Traf ¢ Operation

J.E. Hummer

NC Department of Transportation
$20,000

08/05 to 07/06

Truck traf c through the gates of seaports in the US is ex-
pected to increase dramatically in the near future. However,
tightened security measures at the port gates may mean long
delays for trucks, which in turn could lead to other traf ¢
delays, safety problems, air quality issues, and other impacts.
During this project, we will construct and exercise a micro-
scopic traf ¢ simulation model of the gates of the Port of
Wilmington, NC, to gauge the effects of extra security and
to allow the testing of mitigation strategies.

An Evaluation of the Safety Effects of Speed
Enforcement Cameras

J.E. Hummer

NC Governor s Highway Safety Program
$110,807

10/03 to 09/05

Speed enforcement cameras that automatically record the
license number of a vehicle exceeding a limit are one tech-
nologically feasible way to address speed-related safety
problems. The North Carolina Legislature has recently given
the City of Charlotte approval to use speed enforcement
cameras. The purpose of this project is to help evaluate
those installations, to see whether other highway agencies
could expect collision reductions should they also use speed
enforcement cameras. The project will consist of a literature
review, an examination of public opinion through focus
groups, and before-and-after collision and speed studies at
camera sites.

Railroad Crossing Wayside Horn Evaluation

J.E. Hummer

NC Department of Transportation
$95,241

07/02 to 06/06

The noise from train horns is irritating to people living and
working along railroad tracks, and causes opposition when
new train service is proposed. However, the train horn is also
an essential safety device for motorists at grade crossings.
A device called a wayside horn has been marketed in the
US that promises to reduce that irritation by mounting the
horn at the road crossing and directing the sound at motor-
ists. The purpose of this project is to evaluate the device
at a crossing in North Carolina by means of driver surveys,
resident surveys, and roadway operational measures.

Tensile Strength A Design and Evaluation Tool for
Superpave Mixtures

N.P. Khosla

NC Department of Transportation/FHWA
$189,759

07/04 to 06/06

Tensile strength plays an important role in the performance
of asphalt concrete. A minimum tensile strength value can
be calculated at a given traf ¢ for fatigue life and an allow-
able rut depth for rutting and can be used as an additional
criterion for evaluating the moisture susceptibility of a mix.
Thus, the original values of tensile strength of conditioned
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