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This research is focused on
strengthening existing non-
composite steel girder bridg-
es by post-installing adhesive
anchor shear connectors to
create composite action with
the concrete deck, and allow-
ing for inelastic moment re-

distribution from the interior
supports of continuous girders.
After a few years of small-
and large-scale laboratory
testing, this project is wrapping
up this summer with the design
of a strengthening system for
an existing non-composite

bridge in East Texas, shown
in the figure. Additionally, a
pre-strengthening load test
will be conducted on this
bridge this summer. A future
project will monitor the con-
struction process for installing
the adhesive anchor connect-
ors and complete a post-
strengthening load test on the

. bridge.

Bridge to be strengthened,
after very heavy rains.
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Partial Depth Precast Concrete Deck Panels on Curved Girders
— Paul Biju-Duval, John Kintz & Colter Roskos

This research program is in-
vestigating the use of pre-
stressed precast concrete
panels (PCPs) as bracing ele-
ments in curved bridges dur-
ing the construction phase.
Last semester the research
team tested several different
connection details between
the PCPs and the girders with
a total of eight PCPs that
were produced by a local
Texas precaster. Furthermore,
the twin I-girder test set-up
was fabricated and second-

N Twin I-girder test setup

order FEA has been per-
formed to simulate the ex-
pected behavior, which will
be tested experimentally
over the summer. On the pro-
gramming side, a series of
new features have been
added to UT Bridge V2.0,
which was presented at the
Steel Conference in Orlando
and will be released to a
first group of users in the
summer for further improve-
ments.

Structural Mechanics of ASR-Affected Concrete - David Wald

& Morgan Allford

This study aims to better un-

derstand the influence of ASR
on the structural mechanics of

reinforced concrete. Experi-
mental work is currently be-
ing conducted to assess two
fundamental aspects of ASR-
affected concrete behavior:
the multi-directional
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distribution of expansions
under passive restraint pro-
vided by reinforcement and
the degradation of concrete
material properties. A num-
ber of uniaxially-, biaxially-,
and triaxially-reinforced con-
crete cubes with ASR have
been fabricated and are
currently being conditioned
and monitored fo assess ex-
pansion behavior under a
wide range of restraint con-
ditions. Frequent material
testing of companion cylin-
ders serves to provide infor-
mation on how the compres-
sive and tensile strengths,
elastic modulus, and overall
stress-strain behavior of con-
crete with ASR changes with
increased expansion.

The experimental results will
feed ongoing analytic efforts

to model ASR-induced strains
and stresses in reinforced
concrete elements and subse-
quently determine changes to
capacity and load-
deformation response at the
element and member levels.
Presently, a new methodolo-
gy to predict ASR expansions
is being formulated. This ap-
proach may be implemented
within the framework of a
smeared crack, nonlinear
finite element analysis for
reinforced concrete structures.
Once ASR expansion me-
chanics are better under-
stood, the mechanics of load
transfer in elements with pre-
existing strains and stresses
will be explored in greater
detail.
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Improved Tub Girder Details - Yang Wang & Stalin Armijos

Moya

This project is focused on
studying the impact of modi-
fied girder geometry and
bracing details on the behav-
ior of steel tub (trapezoidal
box) girder. Two major pa-
rameters will be investigated
in the girder section layout:
1) offsetting the top flange to
make more flange width
available for the direct con-
nection of top lateral truss
members; 2) using a lower

web slope than AASHTO
specified limit. In regards to
the bracing details, the im-
pact of reducing the number
of top diagonals on girder
torsional stiffness will be in-
vestigated. Four specimens
with different configurations
have been properly de-
signed and the laboratory
test will be performed later
this year.

Lat. Truss Member

2.5

Offset Top Flanges Lower Web Slope

Sectional views of

the tub girder

Top Lateral Truss Layout

High Strength Reinforcing Bars (HSRBs) in Reinforced
Concrete Columns - Albert Limantono & Drit Sokoli

This research program was
developed to evaluate the
seismic performance of con-
crete columns reinforced with
high strength reinforcing bars.
At present, the vast majority
of reinforcing steel produced
and utilized in the United
States is Grade 60 (or hav-
ing specified yield strength
of 60 ksi). Economic, environ-
mental, and constructability
incentives have been fueling
the demand for higher
strength reinforcing steel,
particularly in highly congest-
ed seismic designs. In the last
decade, advances in produc-
tion capabilities have result-
ed in reinforcing bars of
Grade 80 through 120 with
a relatively high ductility
(>10% fracture strains).
However, the steel industry is
producing the high-strength
steels with varying mechani-
cal properties (i.e. tensile-to-
yield strength ratio; fracture
elongation).

An experimental program
was carried over the past
two years and consisted of
four large scale columns test-

ed under cyclic quasi static
lateral loading. Three of the
specimens, namely CH100,
CL100 and CM100 were
reinforced with Grade 100
steel from different manufac-
turers and as a result having
different mechanical proper-
ties. The fourth column, CH60,
was reinforced with conven-
tional Grade 60 ASTM A706
bars. These tests were con-
ducted as part of a research
effort aimed at setting the
minimum acceptable tensile
to yield strength ratio (T/Y) in
new ASTM specifications for
seismic Grade 100 reinforce-
ment. Previous work on the
subject (i.e. Machi et. al.,
1996; Aoyama, 2001) has
shown that a low T/Y ratio of
the steel reinforcement can
lead to strain concentrations
in longitudinal bars of
concrete members. In
return, Stress concen-
trations can limit the
ductility of these mem-
bers. Data gathered
from the four tests will
be used to evaluate
the influence of rein-

forcement with different me-
chanical properties in the
behavior of concrete columns.
Conclusions are to be drawn
with respect to the effects of
higher strength reinforcement
on the seismic performance of
concrete columns. In addition
to the tests performed on
large scale concrete columns,
low cyclic fatigue tests are to
be conducted on bar samples
from the same reinforcing
steel used in building the
specimens. The strain history
measured during the quasi-
static tests will be simulated
on bars in order to evaluate
their fatigue life. The goal is
to calibrate steel fracture
models to predict the cyclic
life of reinforcing bars in
concrete members subjected
to lateral loads.

Test setup as pictured at the
end of a test



The team pictured with the third
specimen before the test

A1 mm hole
drilled later,

6061-T6 Aluminum Plate

Test setup
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Preamplifiers

End-Region Behavior of Pretensioned Concrete Beams with
0.7-inch Prestressing Strands - Roya Abyneh, Jessica Salaza,
Alex Katz, Dennis Kim & Ryan Boehm

While the use of 0.5 and 0.6
-inch diameter prestressing
strands is common practice in
precast bridge girders, engi-
neers have interest in the use
of 0.7-inch diameter strands
due to perceived physical
and economic benefits. How-
ever, the implications on de-
sign and fabrication stand-
ards pertaining fo the larger
strands have
not been
sufficiently

studied. Our
team will
quantify var-
ious physical
% and econom-
ic benefits
through a
broad para-
metric study,
and explore

girder end-region detailing
modifications through analyti-
cal modelling. Finally, an
experimental program will
provide crucial data on the
behavior of Tx-girders with
unique strand patterns and
release strengths for future
field implementation. The
team has conducted a para-
metric study by exploring
potential span length gains
using 0.7-inch strands, and
developed a refined finite
element model that captures
the release and failure of
pretensioned girders. Three
release and three shear tests
have already been per-
formed on the first three
specimens. Based on the
three specimens that have
been tested, the release tests
have shown that the use of

0.7-inch girders at a stand-
ard grid do not require mod-
ifications to the end-region
reinforcement. The shear tests
demonstrated atypical fail-
ure modes which were con-
servatively estimated using
current standards. The conclu-
sions made to date are pre-
liminary and subject to
change based on future tests.
The team plans to investigate
the implications of 0.7-inch
strands with large prestress-
ing forces and greater re-
lease strengths to evaluate
the potential benefits of using
larger strands. The team is
preparing to fabricate the
fourth specimen this semester.

Damage Localization in Metallic Plate Structures using Edge-
Reflected Lamb Waves - Arvin Ebrahimkhanlou & Brennan

Dubuc

Plate-like component are
widely used in civil, na-
val, and aerospace ap-
plications. The goal of this
research is to monitor and
localize corrosion, fatigue

L= Power

cracks, and impact dents
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on plate structures. The num-
ber of sensors is minimized,
because one challenge for
the structural health monitor-
ing techniques is the number
of sensors, costly data acqui-
sition channels, and size of
the acquired data.
The idea is to effi-
ciently process the
data and minimize
the redundant data
collection. To mini-
mize the number of
the sensors the nov-
el idea of leverag-
ing ultrasonic re-
flections from edg-
es is under investi-

gation. These reflections are
traditionally considered as
noise and a challenge for
most damage localization
algorithms. However, the re-
flections carry useful infor-
mation that can be leveraged
with proper signal processing
techniques. The extracted
information help reduce the
number of sensors and im-
prove the localization accura-
cy. The results for the active
ultrasonic mode has recently
been accepted for publica-
tion, and the results for the
passive acoustic emission
mode is under preparation.
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Monitoring Corrosion of Prestressing Strands using Guided
Ultrasonic Waves - Brennan & Dubuc Arvin Ebrahimkhanlou

The aim of this project is to
examine the suitability of a
monitoring system based on
guided  ultrasonic  waves
(GUWs) for detecting the
initiation and growth of cor-
rosion damage in prestressed
concrete beams. The steel
reinforcing bars act as a nat-
ural waveguide, with the po-
tential for long-range wave
propagation within the struc-
ture. The sensitivity of guided
waves to both the geometry

Fatigue Behavior of

High Mast lllumination Poles
(HMIPs) are lighting members
used to illuminate highways
and major intersections. These
multi-sided steel poles consist
of a lighting fixture and a
multi-sided poled that s
welded to a baseplate. This
welded connection is known
to be problematic in that it is
susceptible to fatigue cracky-
ing. As such, this project aims
to quantify the fatigue life of
the weld before failure, to
create viable retrofits to
poles that have been dam-
aged (Figure 1), and to esti-
mate the remaining service
life of poles currently in use.
To do this, specimens are
being laboratory tested at
stress ranges from 1 to 6 ksi
until cracks form. Thus far, six
poles have been tested in the
laboratory. Additionally,
specimens are being instru-
mented throughout Texas to
quantify HMIP response to
local wind conditions (Figure
2). Three of five poles have

and load level in the rein-
forcing bars may then be
used to infer the correspond-
ing state of corrosion. Accel-
erated corrosion tests are to
be performed on loaded
seven-wire strands embed-
ded in a concrete block to
experimentally monitor the
characteristics of guided
wave propagation in the
simulated environment.
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Torque Wrench [l

Custom-built
Loading Frame

Experimental setup of the prestressing
bed and the data acquisition system

High Mast lllumination Poles (HMIPs)
with Pre-existing Cracks - Mark Eason & Ying-Chuan Chen

been instrumented to this
date. Together, the results of
the lab tests and field exper-
imentation will be used to
estimate the remaining fa-
tigue life of in service HMIPs.

A proposed retrofit involves installing
post-tensioned rods to alleviate stress at
the shafts-to-baseplate weld (Figure 1)

HMIPs are being instrumented with
anemometers, accelerometers, and
strain gages (not pictured) (Figure 2)
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Influence of Shear Stud Configuration on the Performance of
Flat Plate Slab - Column Connections - Gabriel Polo

s This re-
L search is
aimed to-
ward eval-
S vating the
punching
§ shear per-
formance
§ of slab-
column con-
nections
Fabrication of slab-column con-  employing different configu-
nection using circumferential stud rations of shear studs rails
rail configuration placement: cruciform (i.e.,
orthogonally placed, stem-
ming from the column) and

circumferential (i.e., uniformly
distributed around the slab-
column connection). The ex-
perimental program will con-
sist of six large-scale slab-
column connection specimens:
two slabs employing a cruci-
form shear studs rails config-
uration, and two slabs em-
ploying a circumferential
shear studs rail configuration,
and two slabs without shear
reinforcement serving as con-
trol specimens. Slabs will be
fabricated with longitudinal
reinforcing ratio of 1.4 and

1.0 percent.

The slab-column connection
specimens will be subjected
to concentrated vertical load-
ing conditions and restrained
vertically by eight support
points located circumferen-
tially around the column. The
results from tests will provide
data that is key to examining
the influence of the shear
studs location on the punching
shear performance (e.g., ca-
pacity, post-peak load re-
sistance, failure/damage
region, etc.).

The Role of Gravity Framing in Seismic Response of
Structures - Sean Donahue, Dan Coleman & Cliff Jones

Typical
seismic de-
sign for
steel struc-
tures as-
sumes all
the lateral
strength of
a building
is provided
. by the mo-
ment-
resisting
frames or
Test setup at 9% inter-story drift praced frames, with the re-
maining gravity connections

Strength Testing of
Wilson

Corbels are commonly

used to transfer loads from
beams to columns. The goal
of this project is to identify
the difference, if

any, between classical shear

Test setup and specimen
prior to testing
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having no effective lateral
resistance. Although compo-
site gravity connections are
known to have significant
flexural strength, the nature
of their response is currently
not well understood. This re-
search will simulate the re-
sponse of typical gravity
connections under earthquake
loads, so the contribution of
such connections can be bet-
ter understood. Testing has
shown composite clip angles
to have high strength
(reaching approximately

design and strut-and-tie de-
sign of corbels. To date, one
corbel has been constructed
and tested. The first test
showed that the corbel ex-
ceeded its design capaci-
ty by over 110%, failing

at more than 600 kips dis-

50% of Mp of the beam)
and ductility, reaching 9%
inter-story drift without fail-
ure. This strength seems to
come primarily from a force
couple created by contact
between the bottom beam
flange and column, and ten-
sion in the metal decking.
Future tests will further inves-
tigate the role of the decking
in the response, as well as
what parameters control its
strength.

Vertically Loaded Corbels - Heather

tributed over the two corbels.
Over the next few

months, three more corbels
will be constructed and tested
with the goal of comparing
failure modes, failure loads,
and factors of safety.
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Evaluation of Structural Cracking in Concrete - Jarrod Zaborac

Interpreting the structural
performance implications of
concrete cracking in existing
reinforced concrete (RC)
bridge members can be ra-
ther complex. Depending on
the nature of the cracks ob-
served and the specific de-
sign details pertaining to the
RC member, the development
of a large number of moder-
ate width cracks may be of
limited significance in the

context of overall member
capacity and, in other cases,
the occurrence of only limited
relatively small width con-
crete cracks may greatly
impact a member’s ability to
carry load. This project focus-
es on the development of
mechanics-based procedures
that can adequately capture
the influences of key param-
eters that are known to af-
fect the shear resisting per-

formance of diagonally
cracked RC bridge members.
More specifically, it is envi-
sioned that the mechanics-
based procedures developed
from this research will be
formulated in a manner such
that they can incorporate
influences associated with
member scale, reinforcement
details, and loading condi-
tions.

Delamination of Curved Post-Tensioned Structures -
Jongkwon Choi & Clint Woods

The obijective of this research
is to gain a better under-
standing of the behavior of
curved post-tensioned con-
crete structures. Analytical
studies of radial stress devel-
opment have been per-
formed in the past; however,
no experimental verification
has followed. This research
will provide the data neces-
sary to model the effect of
the localized tensile stress
and concrete delamination in
curved post-tensioned struc-
tures.

Our team tested Specimen 2
successfully on April 27,
2016. The delamination fail-
ure started at 15-degrees
due to friction loss. This was

similar to the failure noted in
Specimen 1. From the test
data, we could find some
meaningful data including
size effect, initiation of de-
lamination failure, stress con-
centration, large friction loss,
etc.

After a visual inspection of
the failed specimen, we re-
moved it from the platform
and started the fabrication of
Specimen 3. Specimen 3 will
have same dimensions as
Specimen 2 but concrete mix
design will be changed. If we
are not delayed by any un-
expected problems, we will
cast concrete at the second
week of June and will test it
around 28 days from the
concrete casting.

/

N

Video capture of the
delamination failure

Sketch of axial tension
on a concrete member

Committee Vision: Increase productivity at Ferguson Laboratory through im-

proved communication and collaboration of students, staff, and faculty

Information about the Newsletter

The goal of this publication is to keep those working at FSEL aware of the status of ongoing projects around them. In addition
to projects, we may also highlight special events, people, or news of interest. The newsletters will come out once a semester,

three times a year.

In this second issue of 2016, fourteen research projects at FSEL are summarized. Hopefully you will learn something new about
each project so as to initiate more discussions with your fellow researchers.
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Drit Sokoli
E-mail: drit@utexas.edu



