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Abstract - This paper describes a project conducted to
provide research experience to engineering
undergraduate students. It describes three Sitesoff
research experiences for undergraduates (REU Site&)
Structural Engineering with a special focus on
development of enhanced materials, structural
components and structural assemblages used for swis
performance evaluation studies. Two REU Sites were
offered at the School of Civil Engineering and
Environmental Science, University of Oklahoma,
Norman, Oklahoma, U.S.A. during 1996 to 1999 and
1999 and 2000, which was continued at Department of
Civil and Environmental Engineering at University of
Cincinnati, Cincinnati, Ohio, U.S.A. during 2001 t02003
when the author moved there. In addition, the autbr is
currently administering a three-year (2006-2008) RB
Site at University of Cincinnati. All the REU Sites have
been funded by the U.S. National Science Foundation
(NSF). The primary goal of the NSF REU program igo
introduce undergraduate students to, and encourage
them to pursue, careers in research. A detailed
evaluation plan has been developed for the REU Sig

and increasing the rate of graduate education inority
students [9]. However, attempts to determine apigcally
established set of benefits generated by REU énfg facent
[5, 12]. It still remains for researchers to eltdbthat these
findings apply to a broader range of institution¥arious
REU projects have documented successes of proditzans
provide valuable research opportunities both thhoug
ongoing research programs and through projectsialjyec
designed for this purpose [5], [12]-[25]. It iswibus that
both approaches must be promoted. Keeping thesar$an
mind the Research Experiences for UndergraduateE&JYR
Site projects presented in this paper are strugture

BASIC APPROACH USED

Today civil engineers face the grand challenge pfating
the nation’s infrastructure, which is vital to ieonomy,
security, and international competitiveness, aravige for
expanding populations while maintaining a balanesvien
cost and adverse environmental effects. They skedato
ensure that this infrastructure is reliable duringtural
disasters, because the consequences of failurgtaggering

which is also presented in the paper. (1995 Kobe earthquake To address these problems, recent
trends of research in structural engineering adeoitee need
Index Terms - Laboratory projects, Structural engineering,for developing full-scale experimental testing pengs (e.g.,
Research experiences, Undergraduates. NSF NEES Sites) augmented by numerical studies
promoting models-based simulation. Sometimes nig sbif
full-scale structural systems and/or componentigrited by
the available resources and economics. Thus, @h su
Boyer's Commission [1] has asserted that in researcsituations research studies utilizing small-scaledefs are
universities links are often not made between ugdeluate  attractive.

education and faculty research; opportunities tachnand In 2001, the American Society of Civil Engineers
strengthen undergraduate education through expasutee  (ASCE) released a Report Card for America's Infuastire,
research process are missed. Recent statistitsaieda grading 12 infrastructure categories at a discangadp+
declining population of undergraduate engineeringlents overall. In 2003, ASCE released a Progress Reihatt
that continue toward advanced engineering degéesTlhe  examined the current trends for addressing theomati
REU programs are widely promoted as an effectivedeteriorating infrastructure; ASCE did not issuevrgrades
educational tool for enhancing the undergraduapegence because the condition and performance had not elang
[3]-[4] with multiple benefits [5], the most instmental of  significantly in 2 years [26]. Health-monitoringH)
which is an increased interest in a career in SMavkforce  concept is used in many engineering disciplineshtmitor
[6]-[7]. REU are associated with increased pegsis¢ in the condition of existing facilities, but is nottyexploited
pursuit of an undergraduate degree [8]; increasgdld of fully in Civil Engineering practice. While most wili
pursuit of graduate education [9]-[10]; and alumniengineers recognize forensic engineering, HM arsl it
retrospective reports of higher gains than compargroups  system-identification are yet outside the realm of
in skills such as carrying out research, acquinvigrmation,  applications in this profession.

and speaking effectively [11]. Several studies ehav Given the above challenges, four logical reseampics
supported the hypothesis that REU helps promoteecar to solve infrastructure problems are: 1) full-sectdsting of
pathways for members of underrepresented groups Istructures and/or subassemblies to understandtbbavior
increasing the retention rate of minority undergitds [8] under adverse loadings and implement novel stregetp
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enhance performance; 2) developing improved maseaiad
testing procedures for small-scale models which @ost
effective; 3) field studies on health monitoringMH and
retrofitting techniques to preserve and upgrade aging
structures; and 4) performance evaluation of varimodern
structural systems for aseismic design. Keepimgithmind,
in this REU Site Program following three types aobjpcts
were selected: 1) the design of improved buildggtems;
2) the design of improved bridge systems;
manufacturing and testing structural componentd use
small-scale models
studies. The basic approach used in each pragjeliscovery
through actual construction, experimental testtggerving
and recording, synthesizing the data collected,
generalizations. This approach provides an oppitytdor
individual growth and challenge to the young anglisitive
mind.

BRIEF DESCRIPTION OF THE RESEARCH
PROJECTSUNDERTAKEN

Design of Improved Building Systems

Seel Frame Sructures. In this topical area the REU Site
projects were selected to: 1) understand the hehaf/steel
building frame connections, when subjected to cyldads
expected during a severe earthquake; and 2) igadsti
novel strategies to enhance the behavior. Paatitip
fabricated and tested beam-to-column connectians,uaed
test results to characterize their behavior umtilufe. The
behavior of such connections is described by itsnemt-
rotation relationship (i.e., moment transferred toe
connection verses the rotation produced). Foicstaads
this plots as a nonlinear curve, whereas, for cyldads the
plots consist of nonlinear hysteresis loops. ffedént years
different connection were tested, which includedouble

in seismic performance evalnatio

and

elastomeric pads were also added in the project.this
project, the energy dissipation capacity of theeflieam,
with and without the use of neoprene elastomeritspaas
tested. The objectives of these tests were to acenfhe
energy dissipation characteristics with and withdbe
neoprene elastomeric pads and to determine therkyist
response (load versus deformation) for both cases.
photograph showing one of the “fuse” beam testupetised

and 3jor the REU project is presented in Figure 1.

FIGURE 1
TEST SET-UP USED FOR THE FUSE BEAM TESTING

Design of Improved of Bridge Systems

Health Monitoring of a Fiber Reinforced Polymer Retrofitted
Bridge Deck. The objective of this REU research project
was to evaluate the performance of fiber reinforpelymer
(FRP) bridge decks over a humber of years, eachay&&U
group conducting the field monitoring tests andiaddo the
data bank. The bridges studied were on Five Midadin
Anderson Township in Hamilton County in Cincinn&iio,
U.S.A. This county replaced three fifty year-o&dnforced
concrete bridge decks with the FRP deck. The bedare
supported by prestressed concrete I-beams. Thecprwas

web angle bolted to both the beam web and the aolumconcerned with only analyzing the composite actbrthe

flange (most flexible); double web angle weldedhe beam
web and bolted to the column flange; top and sealea
connection bolted to both the beam flange (top lawitbm)

and the column flange; top and seat angle conmeutaded

to the beam flange (top and bottom) and boltethéocblumn
flange; extended four and eight bolt end plate ectians;

and T-stub (most stiff) connections.

Improved Coupled Wall Systems. Individual wall piers
(shear walls) are coupled together to resist ltatgral loads
that typically occur during an earthquake. The |svél
connected to each other by beams, called couplaagnis,
changes the load transfer characteristics in thiswa an
axial tension-compression couple. Structural steeipling
beams provide a viable alternative in cases wheighhis a
restriction and do not permit use of deep condretams or a
concrete beam cannot achieve the
economically.
conducted an experimental pilot study to exploeedbncept
of splicing the beam at the center with a smallnipecalled
the “fuse,” which yields in shear when the shealsvare
subjected to lateral loads caused during an eaaftgguin an
effort to further increase the
characteristics of the coupled shear wall systeegprene
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required stiffness
In this REU project the participants

energy dissipation

bridge, since additional analysis is dependenthim result.

The field-testing consisted of static and movingde applied
to the bridges with loaded dump trucks, which wemssjoled

by the County Engineers Office. Data from ten efiht

static load cases were collected for each bridgeo runs of
two different moving load cases were performed anhe
bridge. The data collected consisted of strain deftection

data. A photograph showing field testing of onetloé

bridges is presented in Figure 2.

FIGURE 2
TRUCK ON THE BRIDGE DECK FOR TESTING
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Use of FRP Composite to Strengthen Reinforced
Concrete Bridge Beams. The objective of this REU project
was to investigate alternative anchorage systent®mnmect
the FRP plate material to a concrete surface. Ubfse
adhesive, mechanical anchors, a wrap, and a cotidinaf
these was investigated. In this project two mags of tests
were conducted. The first test was a tensile gtretest to
investigate the effects of drilling holes in the FFRlate. A
total of 23 FRP specimens were tested to investigais.
Five non-drilled specimens were used as a basdbne
compare with eighteen specimens with holes positioim
the center. The other major test performed imptiogect was
a single shear test with plates epoxied to concestd
anchored in three different ways. The studentsadiotal of
sixteen tests, split into four sections containifigur
specimens each. The first of which was a baselioap that
had a FRP plate attached to the concrete with epbxy.
The second group of four was like the first set, With two
mechanical anchors torqued to 10 ft-lbs. The tbet was
the FRP plate bonded to the concrete, with a layfer
unidirectional carbon fabric wrapped, perpendicutarthe
plate, and applied with a saturating epoxy. Thelfiset
consist of the FRP plate bonded to the concretehaerd
with both the fabric and two mechanical anchors.

Connections Between Smple Span Precast Concrete
Bridge Girders Made Continuous. In this REU project the
participants conducted an experimental study ingathg
the performance of positive moment connectionsangl
prestressed concrete girders used for bridges.t lBemand
bent strand connections between two 15 ft AASHT@eTi

them, whereas the remaining were manufacturedecigion
by a local steel fabricator.

Manufacturing and Testing Structural Components Used
for Small-Scale Modelsin Seismic Studies

Development of High Strength Microconcrete for Small-
Scale Models. In this project students studied the designing,
mixing and testing of various microconcrete mixeghw
compressive strengths ranging from 4 to 8 ksi arith w
tensile strength limited to 6% to 10% of compressiv
strength. In different years the students targekesigning
different strength mixes. Using the strength exlatest
results, they defined relationships between mixpprtions
and strength, and used these to suggest a procdalure
designing a microconcrete mix with desired strengifhe
variables considered for this study were sand gi@uasand

to cement ratio, water to cement ratio, and woilkgtof the
mix. Three sand gradations, four sands to cenatius; and
three water to cement ratios were considered. Wthen
workability of a mix was found to be unacceptabte &
particular water to cement ratio or sand to cenmatio, a
superplastizer was added. If superplastizer wadegs two
dosages were considered to investigate the effdct o
superplastizer on mix strength. Three types ofstegere
conducted to ascertain the microconcrete streragith,these
included compressive cylinder tests, split cylintlests and
modulus of rupture (MOR) tests. In the compressive
cylinder tests, for each microconcrete mix, 2 ianteter and

4 in. height (2x4 in.) and 3 in. diameter and 6hieight (3x6
in.) cylindrical specimens were cast and tested.

girders with a slab and a diaphragm were tested and Sudy of Bond in Small-Scale Reinforced Concrete Beam

performance compared qualitatively. In additidre tnerits
of embedding the girder ends into the diaphragmevedso
evaluated. The specimen construction and testiok place
at Prestress Services Inc. (PSI), in Northern Katu
U.S.A., and all construction was a cooperative reftd PSI
employees and the REU students. Loading and tesfithe

Models. In this project students studied the testing and
characterization of bond strength between reinfayddars
and microconcrete in small-scale reinforced comrcrabdel
beams. It was observed that with the small-sceferched
reinforcing bars, which we manufactured, the bomdngth
is excessively large. In order to investigate ¢hpsototype

specimens, and casting, curing and testing of @dacr beams where bond strength may be a problem, tiseee i

material samples (for compressive and split cylingasile
strength tests) were also preformed by the REUestisd
The specimen tested were loaded to critical moraewntich
the joint would crack if it were completely rigiand then
live loads were applied in a cyclic pattern.

Tensile Testing of High Performance Sed (HPS) for

Bridges. This REU project was part of an overall ODOT

(Ohio Department of Transportation) project to perf the
background research necessary in order to develodify
fabrication and design guidelines for HPS TMCP (T

Mechanical Controlled Process) grade 70W steel.e Th

objective was to determine the mechanical propergé
HPS-70W TMCP, and the variability of these propeerti
throughout the steel plate. Specifically, staticl alynamic
yield strengths, static and dynamic ultimate sttesg
percent elongation,
determined by tension testing of one hundred spsTém
from various locations throughout a HPS TMCP plate.
order to reach the objective the students firstalidhrough
literature review and then conducted tensile couests on
these large number of specimens; a few were fakdchy

Coimbra, Portugal

need to reduce the bond strength of the model awinfy
bars. This group worked on this task. In theudgt an
attempt was made to lower the bond strength vahlues
varying the reinforcing bar diameters, rib heightsd bar
surface conditions. Results obtained from modetistevere
compared to results available in the literature foe
corresponding prototype tests. Three types ofstestre
conducted to ascertain bond stress between theaterend
reinforcing bar, which included pullout, Texas bomelam,
and lap splice tests. The results were regressetvelop
empirical formulas to predict bond stress in srsalile
reinforced concrete beams. The reinforcement cages
manufactured by the REU participants for the srecdile
model bond beam tests are shown in Figure 3.

Development of Small-Scale Prestressed Concrete

and modulus of elasticity wereModel Materials and Components. This project dealt with

the development of construction materials and nushfor
pretensioned concrete beams, and determinatiolnedbond
strength between the prestressing strands andetendrhis
group attacked a relatively new area, as there veag
limited research information available even for finetotype
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pre-tensioned concrete members and none availabe ffitted with base isolators, mounted below each mwiuto

small-scale studies. This group utilized

the samealecouple the frame from the shake table, and stdujeto

microconcrete mixes designed by previous REU groupsase motions. This REU project evaluated the @isigeatwo

The first problem studied by the students was td §ome
commercially available material to replicate thetptype
prestressing strands. Four types of galvanizeel s&ble,
four types of stainless steel cable and a spriegl sire
were chosen as candidates for prestressing strateriai.

types of base isolators, the commercially availaileber
mounts, and the in-house fabricated elastomerice bas
isolators laminated with steel plates and with avithout
lead plugs. To evaluate the use of such basetasolar
aseismic design, experiments were conducted witketh

The problem was to model the strength as well &s thdifferent size diameter rubber mounts, and thrdéereint

modulus of elasticity. Based on the tension tesults so
obtained, the 7x7 helical galvanized steel cabiés 3/64 in.
and 1/16 in. diameters and spring steel wire weuad to be
the best strand material that had a scaling fadtmme to 12
for strength and modulus of elasticity, which wagpia to
the geometrically scaling factor chosen to constrine
small-scale versions of the prototype prestressagns. The
experimental test results for corresponding prgetipeams
were available from another
laboratory. To determine the bond strength betwibese
three pre-tensioned strand materials chosen andreten
specimens were cast to conduct simple pull-outsitered
pull-out, and beam bending tests for different edmbent
lengths, different strand surface conditions, aiiflergnt
shear-to-moment ratios for beam bending testsuimary,

this group had laid down foundations on which fatur

researchers can work.

FIGURE 3
REINFORCEMENT CAGES FOR BOND BEAMS

Development of Small-Scale Building Models Fitted
with Aseismic Devices. The objective of this REU Project
was to test, evaluate, and compare results fronil-scale
models of steel frames fitted with various typesiafmping
devices and subjected to base motions. The swidast
conducted six experiments on one- and two-storylissnale
building models to explore their use: to experitain

types of elastomeric base isolators. Each of thgber
mounts selected was of the same height, but differe
diameter, thus varying in vertical and horizontahdar)
stiffness. The elastomeric base isolators includddwing
types: 1) 3 layers, 2) 5 layers of very thin sggates, and 3)
optimum of 1) and 2) with a central lead plug. wotstory
frame model mounted on the shake table and usethifor
REU project is shown in Figure 4.

ongoing project at the

FIGURE 4
TWO STORY FRAME MODEL WITH DAMPERS ON SHAKE TABLE

PROJECT EVALUATION

The primary goal of the REU program is to introduce
undergraduate students to, and encourage them rsugu
careers in research. A REU homepage was develtiped
inform students outside University of CincinnatiG)Jabout
the program, to present summaries of research qisoje
completed, and elicit communication from REU alumni
which will be expanded. All past REU students was&ed
to fill every year, up to next 5 years, a Web-baseatking
Form. Some measures of success in achieving theaupr
goal of the REU include changes in attitudes anidiops
about graduate school and research, increasedreanlin

determine their frequencies, mode shapes and dgmpi@raduate school, and submission of research paers

characteristics; and to compare different dampiegags to
improve the capabilities of the model to betterhaiand
base motion effects. The models used consistetbwf
spring steel columns for each floor, which haveedix
connections at the base, and a large steel blosk foaeach
floor. The effectiveness of following three typefsdampers
was explored: viscous, friction and beam yieldindn

another year the project was extended to testuaetsl and
compare results from small-scale models of steainés

Coimbra, Portugal

student paper competitions and peer-reviewed cenéeis
and journals. The attitudes and opinions of sttslevere
evaluated through administration of a survey beéme after
participation in the REU program. Survey questiprsbed
students’ perceptions about research as a potecdiger
option: about themselves as a researcher, or @gheuble of
research in improving quality of life. It is exped that
perception of research will become more positivetadents
conduct research activities, view themselves asesstul
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participants in larger project, and build mentoring
relationships with graduate students and facultynbers. In
the REU Sites these questionnaires were distribated
collected electronically on the Web with anonymity.
Another real measure of the REU program successtheas
number of participants who enrolled in graduateostht the
UC or at other graduate institutions, as compaedhe
enroliment rate of non-REU students at the Departnoé
Civil and Environmental Engineering at UC. A third
measure of success, which will was tracked ovexxdended
period, was the number of peer-reviewed papers giguzm
by faculty and students, both individually and jbin

Internal and external evaluation of the project wesvided
by participants and judges. The students completegrvey
on the last day, with specific questions to asaerta
satisfaction with the administration of the Sité/ithin two
weeks of their return an essay regarding their eepees
was required. The narrative in combination witte th
questionnaire provided an overall picture. A dineeasure
of the effectiveness of the whole REU Site was alsi@ained
from the judges. The judges filled out a scorirggnf
evaluating each team’s technical report with respec
organization, method of analysis, critical pathldaled,
reporting and synthesis of test data, goal achiev¢mand
comments. Also they filled out a scoring form lerding
each student’s presentation skill with respecbtganization
and emphasis, clarity, use and quality of visualsaiand
response to questions. The judges were also leel dslgive
suggestions for improving the overall project atitté. The
assessment plan was conducted during the acaderaic y
following the REU Site each year. The evaluatiotivities
provide answers to: Formative: 1) Is this REU Siteking
as anticipated; 2) Are any significant changes eded
Summative: 1) Can REU students work on an opengnde
research problem and articulate their findings titers? 2)
Do REU students become more interested to CE pmffa
3) Do REU students become interested in contindiegr
education in graduate programs? The control greilipbe
the non-REU students. Information for these qoestiwere
gathered from the aforementioned student questim®)a
tracking form, and judge’s evaluation forms eacéarye

SUMMARY OF REU SITE RESULTS

Number of Participants:

Total REU participants = 91.

Gender distribution = 64 men (70%) and 27 women
(30%). The men consisted of 46 white men (50%) and
18 minority men (20%). The women consisted of 5
minority women (6%) and 22 white women (24%).

Total ethnicity distribution = 62 white (68%) an® 2
minorities (32%).

Total underrepresented participants = 46 (51%).

Figure 5 shows the growth of the REU program from

2005):

90

5

Total Number of REU Participants

5

°

1992 1994 1995 1996 1997 1998

Year
O Underrepresented Participants B Total Participants |

FIGURE 5
CUMULATIVE GROWTH OF THE REU SITES FROM 1992 TO 280

1999 19992000 2000 2001 2002

2003

[ BNon-Minority Men Participants

Number of Participating Institutions:

Total number of institutes from where the REU
participants were recruited = 29.

PhD Granting Institutions = 23.

Undergraduate Institutes with Engineering Degree
Programs = 1.

Institutes with No Engineering Programs and FouatYe
Colleges = 5.

Educational Placement of REU Participants (as tf fa

Degrees finished:

0 Bachelors = 82.

0 Masters = 26.

o PhD=2.

» Stillin School = 32:

0 Undergraduate = 11 (2 finished BA
(Physics/Chemistry) in  four-year  non-
engineering school and then started BS
Engineering program in a comprehensive
university).

0 Masters degree program = 18.

o PhD degree program = 3.

Number of participants who have expressed a desire
to pursue further graduate studies = 22.

Figure 6 shows the cumulative educational
placement of the REU participants.

Total Number of REU Participants
8 8 8 g 3 3 8 8

5

1992 1994 1995 1996 1997 1998

2002

1999 1999-2000 2000 2001 2003

Year

1992 to 2003.
|

BREU Participants attended graduate program
OREU Participants still attending undergraduate program

B REU Participants completed undergraduate program
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FIGURE 6
CUMULATIVE GROWTH OF REU PARTICIPANTS FROM 1992 TO
2003
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Publications:
* By REU participants:
0 Total =47.
o Paper awards won = 8. Four students/group
won national/regional  students  paper

(4]

[5]
S

competitions, and 4 students/groups won!®

judged institutional paper presentation
competitions.
* By Project Director:
0 Total =12.
o0 Conference proceeding papers = 11.
o0 NSF REU Grantees Meeting special
presentation = 1.

CONCLUDING REMARKS

Universal lessons learned by each group particigati the
REU Site each year could be summarized as follows:

1)

2)
3)

4)
5)
6)

7
8)

9)

The identification of important parameters to hadstd
and appropriate testing procedures.

How to vary these parameters within practical lémit
Selection of appropriate parameter combinationthab
the effects of each parameter can be isolated.
Manufacturing of test specimens.

Design and fabrication of test apparatus.

The importance of testing procedures and dat
recording.

Data synthesis.

Regression analysis of test data to develop piedict
equations.

Teamwork and collaborative learning
participant and participant, participant and gradua
assistant, and participant and faculty mentor).

10) Use of visual aids in communicating the test respen
11) Writing and presentation of technical reports.

It is noted that the key experience gained by thdents was
how to organize and conduct a research project aéfined

objectives.

Every opportunity was provided to anretand

challenge the curiosity and creativity of the pap@nts.
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