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The search for
“microcrack arresters”
TTI’s fracture-healing
work continues to
advance

C H A R L E Y W O OTA N 19 2 6 – 2 0 01
Dr. Charley Wootan, director emeritus of the Texas
Transportation Institute, died on March 24 at his
home in College Station, Texas. Dr. Wootan was
widely respected and recognized as a giant in
the field of transportation. His contributions and
leadership produced transportation advancements
and safety improvements that have positively
affected the lives of countless Americans. Dr.
Wootan was a friend and mentor to numerous
transportation professionals, many of whom will
share their thoughts and memories when Researcher looks back upon
his life and stellar career in the next issue. If you would like to
share a memory or thought about Dr. Wootan, send an e-mail to
webmasters@ttimail.tamu.edu. To access a remembrance page, go to
http://tti.tamu.edu.

Twenty years of continued basic
research on asphalt microfracture
and healing is finally coming to
fruition with some definitive conclusions. Through funding from a
contract with a Netherlands foundation and a later subcontract
with the Western Research Institute in Wyoming, Texas Transportation Institute (TTI) researchers
have now accumulated results
that provide the fundamental scientific explanation for rutting and
cracking in pavements.
It all started in the 1980s when
Dr. Robert Lytton, TTI research
engineer and F.J. Benson Chair
of the Department of Civil Engineering at Texas A&M University,
discovered that lab fatigue tests
underpredict actual field performance of asphalt by as much as 150
times. This presented an extremely
exciting scientific question. Why do
asphalt pavements perform better
in the field? What elements of field
performance are standard lab tests
unable to duplicate?
ASPHALT HEALING
Throughout the ’80s and ’90s,
Lytton and Dr. Dallas Little,
Kelleher Professor of Civil Engineering, verified that the major
cause of this discrepancy is a phenomenon called fracture healing

— simply put, the asphalt heals
itself over time.
Without explanation, the
statement may sound rather farfetched. How could damage in
the pavement heal itself? “Over
the last 10 years, we’ve attempted
to find out what the basis for this
healing is — the laws that determine the reasons and rates that
asphalts heal themselves or, ultimately, don’t heal themselves,”
says Lytton. “And we’ve proven
that it’s all tied to the surface
energy, the composition of the
asphalt, and the mineral types of
the stones in the asphalt.”
The theory is that when subjected to the stresses and surface
tensions created by cars, trucks
and the weather, the pavement
actually indents slightly and tiny
microscopic cracks (microfractures) form just below the surface. During the time the pavement
is allowed to “rest” between traffic
loads, it slowly returns to its original position, and the cracks meld
back together — thus, the healing.
CRACK ARRESTERS
Now that Lytton and Little, after
decades of experimentation and
testing, have proven the basic
scientific theory and isolated the
equations that support microfracture and microhealing, they
are looking at what exactly
promotes and hinders healing.
—continued on page 3
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TRANSPORTATION LEADERS SELECTED FOR HALL OF HONOR INDUCTION
Three prominent transportation leaders
will be inducted into the Texas Transportation Hall of Honor in 2001.
Gibb Gilchrist, a former executive director of the Texas Department of Transportation (TxDOT). Gilchrist served as head
of the state transportation department
during two separate periods between 1924
and 1937. He is credited with restructuring the agency and successfully gliding it
through a tumultuous period in history.
Gilchrist later went on to become dean of
engineering, president and chancellor of
Texas A&M University, where he strengthened the transportation research program
and laid the groundwork for the establishment of the TxDOT cooperative research
program. Gilchrist died in 1972.
Herb Kelleher, chairman, president,
and chief executive officer of Southwest
Airlines. Kelleher was one of Southwest
Airline’s founders in 1967. He has served
as CEO since 1978 and chair since 1981.
For more than two decades, the consistent success enjoyed by the airline has
been directly linked with the style and
leadership provided by Kelleher. The airline’s records for on-time arrival, bag-

gage handling and
limited customer
complaints have
become industry
standards. Southwest was the first
airline to establish
a frequent flyer
program, and the
airline also pioneered other innovations such as senior discount fares and
same-day air freight delivery.
DeWitt Greer, a former state commissioner of transportation and executive
director of TxDOT. Greer’s service to
TxDOT spans more than half a century,
beginning as an entry-level engineer in
1927 and continuing with his rise to head of
the agency in 1940, a position he held until
1968. The following year, he was appointed
to the state transportation commission,
of which he served as both member and
chairman until 1981. Greer is credited
with expert financial management of
TxDOT and also for shaping legislation
that ensured adequate funding for the rapidly expanding highway network in Texas.
Under his leadership, the state’s highway

network grew from 22,000 miles to more
than 72,000 miles. Greer died in 1986.
Each of the three will be honored in
separate ceremonies (in March, May and
August 2001, respectively) coordinated by
the Texas Transportation Institute, where
the permanent Hall of Honor is located in
College Station.
“The Texas Transportation Hall of
Honor is intended to recognize in a permanent manner that small group of people
whose exceptional leadership and vision
made possible the outstanding transportation system we enjoy today in Texas,”
Deputy Director Dennis Christiansen said
in announcing the inductees. “We’re proud
and thankful to recognize these three
great leaders for what they’ve given to the
people of Texas and the nation.”

DAN FAMBRO MEMORIAL DEDICATED

Dennis Christiansen and Pam Fambro.
Students, faculty, researchers and
friends placed a bench, plaque and
tree outside the Civil Engineering Lab
Building of Texas A&M University in
memory of Professor Dan Fambro.
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A dedication ceremony was held Jan. 17 recognizing Professor Dan Fambro as a special friend and celebrating his life in a
tangible way. Students, faculty, researchers
and friends placed a bench, plaque and tree
outside the Civil Engineering Lab Building
of Texas A&M University in his memory.
The Institute of Transportation Engineers (ITE) student chapter and American
Society of Civil Engineers (ASCE) student
chapter had the excellent idea to honor
Fambro. The student chapters approached
TTI for help in making this concept a reality. TTI was pleased to have an opportunity to share in the event.
Dr. Dennis Christiansen moderated
the ceremony, lauding Fambro as a nationally recognized transportation researcher

and one of the premier educators in the
United States. Christiansen said, “it is rare
that an individual is viewed so highly by
his peers in research, in academia and by
his students.”
Steve Schrock, ITE Student Chapter
President, and Sean Merrell, ASCE 2000
Student Chapter President, both spoke of
the students’ hope that the memorial will
help Dr. Fambro’s memory live on. “Dr.
Fambro talked me into becoming a transportation engineer,” said Merrell. “He was
an important mentor to so many of us.”
Dan’s wife, Pam, said Dan really loved
his students and it would have meant a
great deal to him that they had the caring
and initiative necessary to make this event
happen.

DORIS CALHOUN RETIRES
“Neither rain, nor sleet, nor dark of night” has hindered
mail service at the Texas Transportation Institute (TTI) for
a quarter of a century — not with Mail Services Manager
Doris Calhoun in charge. Doris retired Jan. 31 after 25 years
of service to the institute. Along with primary responsibility for TTI mail, she served in a variety of roles over the
years, including management and maintenance of copiers,
fax machines and other equipment, as well as training and
supervision of numerous student workers. In fact, Doris
went from operating one single “Multilith” copy machine
and one single fax machine for the agency headquarters to
maintaining copiers and fax machines in every division —
all the while keeping up with the mail distribution.
TTI presented Doris with 25 red roses and silver balloons, a 25-year service pin and an appreciation plaque at
her retirement celebration. Doris also received a book of
photographs, cards, letters and e-mails and a mailbox in
recognition of her many wonderful years of service.
Past supervisors Cubby Manning, Susan Lancaster,
Anna Jo Mitchell, Bob Mahaney and Holly Crenshaw
thanked her for her service to the institute.
TTI Deputy Director Dennis Christiansen recognized
Doris as a dedicated, hard-working, loyal employee and vital
part of the TTI family. “Her job wasn’t the easiest, but she
met it with her cheery attitude and soft manner, making
everyone happy that they’d come her way that day.”
Doris plans to travel with her husband and spend
time with children, grandchildren and friends. She will be
greatly missed but promises to visit TTI often. In fact, on
the first morning of her retirement, she called the mailroom to remind them that they’ll need to do a late delivery
since it was a payroll check day.

Doris Calhoun with her husband Sly and Holly
Crenshaw.

Dennie Manry, Jody
Kollman, Doris Calhoun
and Holly Crenshaw.

Graduate Assistant Ding Xian Cheng operates the Universal Sorption Device used
in current fracture-healing research.

Microcrack arresters
—continued from page 1

What kinds of asphalt compositions subjected to certain load
frequencies will encourage good
healing (work-hardening) of the
pavement?
“In addition to asphalts that
heal well by themselves, we’re
looking for microcrack arresters,”
says Lytton. “These are tiny welldispersed particles within the
mix composition.” As the loadrest cycle continues, small particles within the asphalt help block
the cracks, slowing down the rate
they grow and cause damage.
So far, ground tire rubber, shredded carpet and hydrated lime are
proving to be effective microcrack arresters.
PERFORMANCE
PREDICTION
According to Lytton, departments
of transportation will benefit
from these discoveries as construction contractors participating in warranty programs
begin using better selections of
asphalts and more crack arresters in their mixes. “These contractors will have responsibility
for building and maintaining a
stretch of road for sometimes as
much as 20 or 30 years. Since they
have to guarantee their work,
they are going to be looking for
the strongest, most durable mix
possible. And they’ll alter a mix
if it means not having to perform

expensive rehabilitation work.
“We now know asphalts that
heal fastest should be placed on
roads with the most traffic, and
asphalts that heal slower will
work for low-volume roads,” says
Lytton. Current work is focused
on developing simple tests that
can be run quickly to predict the
healing qualities and crack resistance of different asphalts.
The testing is supported by
a German-made piece of equipment called a Universal Sorption
Device purchased by pooled
funds from TTI, Texas A&M University Department of Chemical
Engineering and the F.J. Benson
Chair in Civil Engineering. The
device allows researchers to measure the polar and nonpolar
surface energy components of
solids and liquids and identify
the asphalts that will have the
kind of surface energy needed for
quick healing.
“Knowing what’s going to
work is the key to everything. If
we can accurately predict which
mixtures will work best, then we
know we’re not wasting taxpayer
money,” says Lytton.
For more technical details on this
research, see Transportation Research
Record 1723, Part I, 2000 TRB
Distinguished Lecture: Characterizing
Asphalt Pavements for Performance.
Or contact Robert Lytton at (979)
845-9964 or r-lytton@tamu.edu.
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‘Rubber roads’ perform well

Eight years of TTI research on the addition of
tire rubber to asphalt — and the news is good
The jury is in. After extensive lab studies,
two years of monitoring field trials, and
thorough economic analyses, the results
are positive. Ground tire rubber, when
incorporated into asphalt in the right way
and at the right temperature and concentrations, can cost-effectively improve performance of pavement.
In response to increased environmental concerns about tire waste, the Texas
Department of Transportation (TxDOT)
has mixed particles of tire rubber into
asphalt for over a decade. Most of the
methods used require changes in mix
design or special construction practices.
Traditionally, even with these special procedures and increases in asphalt binder
content, crumb rubber has not worked well
in standard dense-graded mixes. Because
of these challenges, along with concerns
about the high cost of rubber, the department has not used it in its standard
dense-graded mixes.
Now, however, Texas Transportation Institute (TTI) researchers
Charles Glover, Richard Davison and
Cindy Estakhri, along with chemical
engineering graduate student Jason
Chipps and a team of seven others,
have completed a comprehensive fiveyear study of ground tire rubber in
asphalt binders, with an emphasis
on dense-graded mixes. The study
has resulted in a new blending process that incorporates a high-cure
crumb rubber into the asphalt binder,
a method that allows the particles to
be digested into the asphalt before the
mix is produced and placed.
“In our lab studies, we looked
at production methods, performance
properties and long-term durability,”
says Glover. “We then implemented and
evaluated the findings in field trials
of high-cure crumb-rubber modified
asphalt (HC-CRMA).”
Researchers placed sections of
HC-CRMA in Bryan, Texas, using
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several levels of rubber content so they
could look at all aspects of field performance — industrial curing, settling
during transport, hot-mix processing,
pavement placement and pavement durability. According to Estakhri, the test sections are performing very well.
“Based on what we’re seeing in our
monitoring tests, it appears that HCCRMA binders can be used successfully
in the field in dense-graded mixes with
no mix design adjustments and no special
construction procedures,” says Estakhri.
“They show improved Superpave performance grades and improved aging durability.” Three more test sections were
placed in June 2000, and researchers recommend continued monitoring of these
and the Bryan sections.
“Continued monitoring is also especially important in further establishing

the long-term economic benefits and performance of these mixes,” says Glover. “We
used capitalized cost life-cycle analysis in
a number of project scenarios, and thus
far it appears that these high-cure rubber
content mixes compare very favorably to
the conventional mixes that do not use
rubber.”
In order to make up for the increased
cost of the crumb rubber, the pavement life
needs to be extended by only about 16 percent. Extensive lab data show that because
of the increased aging durability with
high-cure rubber, achieving the required
extended life is well within reach for
dense-graded mixes, even for those with a
high rubber content binder.
The key to economic pay-out is the
actual life extension provided by the
binder. To establish this definitively will
take continued monitoring of test pavements such as those placed in this
project.
According to TxDOT project
director Jerry Peterson, “We hope
to continue monitoring these sections. So far we feel good about
this process. It’s a totally different
animal from what we did in the early
’90s, and we’re not seeing any of
the expansion problems that occur
with the traditional asphalt rubber
in dense-graded mixes.” The next
step, along with continued monitoring, is to get approval of a new
specification and a memo to the districts highlighting the benefits of
HC-CRMA.
For more information, contact Charles
Glover at (979) 845-3389 or
c-glover@tamu.edu.
Related Publications: Draft TTI Research
Report 1460-1, A Comprehensive Laboratory and Field Study of High-Cure CrumbRubber Modified Asphalt Materials.
Draft TTI Research Report 1460-S, HighCure Crumb Rubber Modified Asphalt for
Dense-Graded Mixes.

Software improves accuracy of
pavement performance prediction

“It’s a user-friendly
software program
that will provide
TxDOT pavement
engineers with a
consistent and
flexible tool for
adjusting FWD
data to a specified
temperature.”
— MichaelMurphy

TxDOT Pavement
Engineer

Winter, spring, summer and fall
— pavements behave differently
across the seasons in response
to changing temperatures and
moisture conditions. And those
changes make a difference in
pavement design and its ultimate
performance.
When conducting falling
weight deflectometer (FWD)
tests on the pavement, Texas
Department of Transportation
(TxDOT) engineers normally use
the MODULUS program developed at the Texas Transportation
Institute
(TTI)
to
backcalculate pavement layer
data. This backcalculation
requires time, precision and
expertise to produce an
accurate result. Because the
results can be affected by a
variety of factors — the time
of day, cloud cover, water
table depth, effect of trees
and vegetation near the paved
surface, and temperature and
moisture conditions present
when readings are taken —
they often must be adjusted
to account for these factors.
TTI’s
Emmanuel
Fernando and Wenting Liu
have developed the Modulus
Temperature Correction Program
(MTCP) to automate the procedure for temperature correction
of asphalt concrete data. “We
wanted to develop a software program that would allow engineers
to predict changes in backcalculated asphalt concrete modulus due to seasonal temperature
variations, so that these effects
can be considered in pavement
performance predictions. And we
wanted that program to be easy
to use,” said Fernando.
According to project director Michael Murphy of TxDOT’s
Pavements Section, standard
manual calculations may lead to

inconsistent results. A software
program, however, provides consistency and maintains (and in
some cases even increases) the
flexibility of the manual temperature correction while decreasing
the potential for human error.
“There are situations where
a pavement engineer may not
want to adjust the backcalculated
asphalt concrete pavement layer
moduli to 77˚F. If, for example,
an engineer is trying to determine
the effect of a superheavy load
being moved on Texas roads when
the temperature is not going to

reach 77˚F, he or she may want
instead to correct to a temperature of 60˚F,” says Murphy.
The MTCP software does just
that. It is an Excel-based spreadsheet that is flexible yet still
provides the consistency and
accuracy engineers need. The
program estimates pavement
temperatures, adjusts backcalculated asphalt concrete (AC)
moduli to user-prescribed reference temperatures and predicts the monthly variation of AC
moduli at a given site.
The software provides two
methods for adjusting base temperatures. One estimates the
temperature at the given FWD

station by interpolating between
pavement temperatures taken at
two neighboring stations. The
other predicts pavement temperature using one of three equations available in the software.
Calculations are performed by
simply clicking on screen icons.
The results of the MTCP analysis display in spreadsheets that
can be printed out or saved in
electronic format. The software
also allows users to create charts
of the results by clicking a Plot
Output button.
According to Murphy, “It’s a
user-friendly software program,
and implementing it statewide
will bring TxDOT engineers better
pavement designs and more accurate performance predictions.”

Engineers use the falling weight
deflectometer (FWD) to test the
strength of the pavement under
various load weights.

For more information, contact
Emmanuel Fernando at (979)
845-3641 or e-fernando@tamu.edu.
Related publication: Draft TTI
Research Report 1863-1, User’s Guide
for Modulus Temperature Correction
Program (MTCP).
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The underground eye —
GPR informational products provide
training and awareness
Transportation-related uses for groundpenetrating radar (GPR) are expanding rapidly. This nondestructive evaluation method
is finding a home in the transportation
industry in such areas as subsurface pavement evaluation, location of buried construction hazards, bridge inspection and,
most recently, quality control during initial
pavement placement.
To make the most of this technology,
the Texas Department of Transportation
(TxDOT) asked the Texas Transportation
Institute (TTI) to design a training program that would quickly bring transportation specialists up to date on the use and
benefits of GPR. Personnel in TTI’s Information & Technology Exchange Center (ITEC)
are working with research engineer Tom
Scullion and others in the Materials and
Pavements Division to develop interactive
computer compact discs (CDs) for training
TxDOT engineers and technicians. In addition to the CDs, TTI is developing an informational video for non-technical audiences
that will help viewers understand the benefits of using GPR in their communities.
BENEFITS OF GPR
TxDOT uses GPR to augment other pavement evaluation methods. It provides a nondestructive method for obtaining almost
continuous readings of a pavement’s substructure. It also limits traffic flow interruption — which means drivers experience
fewer disruptions, and cost is less than with
maintenance operations that must detour
or stop traffic. GPR has limited success on
concrete, which accounts for about 10 percent of Texas roadways, but provides practical information about other types of paved
sections.
“GPR is a valuable tool. Because it lets
us see into layers of the pavement on a nearcontinuous basis, we can find problems like
areas of moisture damage that would be difficult to locate otherwise,” says Carl Bertrand,
engineering specialist with TxDOT. “It’s great

6

Texas Transportation Researcher

Along with interactive computer compact discs (CDs) for training TxDOT engineers and technicians, TxDOT
personnel and TTI researchers are developing an informational video for non-technical audiences that will help
viewers understand the benefits of using GPR in their communities.

at detecting anomalies. GPR can rapidly tell
the user where the pavement structure differs
and alert us to potential problems.”
TRAINING MATERIALS
“There is a national effort to implement GPR,
and other states are looking to Texas to provide them with technological leadership in its
use and training,” says Bertrand. “These products will help us provide that leadership.”
The new materials give operators an onsite resource with a task-oriented approach
that works as both a quick refresher tool
for previously trained GPR operators and an
educational tool for new operators. In coordination with classroom sessions, the CDs
will give TxDOT personnel a thorough understanding of GPR.
In addition to providing information on
how to use GPR equipment and techniques,
the materials will help users decide when and
whether to choose GPR evaluation for specific
situations. They will also suggest appropri-

ate diagnostic tool selection based on roadway symptoms.
“These CDs will take TxDOT personnel
out of a classroom quickly and put them into
the truck where they need to be,” says Jack
Hodges, coordinator of electronic media for
TTI. “They will be able to refer to the CDs
for quick reference when they run into new or
unexpected situations.”
Updated COLORMAPTM software, a program used to make GPR interpretation easier
and quicker, will ship at the same time as the
new training resources. The combined shipment will give operators an opportunity to
have the most up-to-date information on how
to use the enhanced data analysis software.
TxDOT expects to begin using the training
materials next year.
TTI developers plan three CDs. One will
explain how to operate GPR equipment and
collect data. A second disc will explain analysis procedures for collected data. A third will
provide an umbrella explanation of how GPR

works together with other datacollection tools in flexible pavement rehabilitation.
“Texas is one of the leading
states in the use of GPR. In the
last five years the technology has
blossomed and we’ve made more
use of it statewide,” notes Bertrand. “In the near future, I think
some form of GPR will be used
in every district and available
for use on every roadway in the
state.”
EYE TO THE FUTURE
GPR does not provide the only
source for evaluating roadways,
but it certainly gives an eye under
the ground that furnishes transportation personnel with a better
view of roadway needs. By bringing emerging GPR techniques
together with approaches that
incorporate falling weight deflectometers, dynamic core penetrometers, coring techniques and
data analysis, the new training
products will help TxDOT make
the best use of time and money.
“I think the bottom line to
these materials is that they’ll give
a quick reference point for GPR
operators. If they have questions
about what they’re doing in any
particular setting, the CDs will
help answer those questions on
the spot,” notes Hodges.
For more information, contact Tom
Scullion at (979) 845-9913 or
t-scullion@tamu.edu, or Jack Hodges
at (979) 862-3011 or
jhodges@tamu.edu.

The (3D) plot thickens
Operators use ground-penetrating radar (GPR) to collect information for a wide range of
rehabilitation and repair applications. An expanded data
analysis process developed and
patented by the Texas Transportation Institute (TTI) shows
promise for improving quality
control during initial construction of roadways. This
emerging technology uses the
data collected by GPR to determine solid, liquid and gas proportions within GPR-observed
pavement layers.
“For decades, radar has
been able to detect and measure pavement layer thickness.
It also tells us the dielectric
constant of the layers. Starting
with those two pieces of information, we can now determine the compositional mix of
each layer — how much solid,
liquid and gas is in each mixture,” explains Robert Lytton,
research engineer.
The new software program, SIDARS (System Identification Analysis of Radar
Signals), uses GPR readings
acquired through simultaneous data collection from four
antenna setups to supply readings across full lane widths.

New analysis
extends GPR
to pavement
placement
Through an iterative process, the
program calculates the concentrations of solids, liquids and
gases in the tested areas to
provide composition information
helpful in building and repairing
roadways.
“Conventional GPR readouts
show single lines indicating
pavement layer thicknesses.
This new analysis gives us the
ability to show full-lane widths
of layer composition in a threedimensional plot,” says Lytton.
Composition includes items such
as asphalt content, water content, density and percent air,
among others. While this additional information can enhance
pavement rehabilitation and
repair efforts, the same measures used during pavement construction could provide a quality
control method for better roads
that will require less repair in
the long term.
A recent project in the Texas

Department of Transportation’s Bryan District tested
four sections of pavement, one
layer at a time, as the pavement was being built (Project 0-1735). The accuracy of
the results, shown through
comparison to known data
obtained from cores taken
from each layer, indicates that
as-built applications of GPR
may improve the quality and
reduce the life-cycle cost of
future roadways.
Lytton believes the new
approach will hold particular attraction if more roadways begin to be built on a
contractor-warranted basis.
Using the quality control
application of SIDARS,
contractors would be able
to “read” the composition
and segregation of pavement
layers as the roadway is built,
replacing problem areas while
equipment and personnel are
still in place and reducing
subsequent maintenance.
“SIDARS lets people know
exactly what section of pavement needs repair on existing roads. More than that,
it calculates mixture properties that are key to predicting where rutting, cracking
and other kinds of distress
will occur in the pavement so
workers can get it right while
construction is underway.”
For more information, contact
Robert Lytton at (979) 845-8211
or r-lytton@tamu.edu, or Abigail
Wells, Lyric Technologies, Inc., at
(979) 774-9511.

SIDARS uses GPR readings taken
with four antenna setups to cover
the full lane width.
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TTI research
combats bridge
scour and saves
money

Scour — erosion of the streambed — causes serious damage to bridges every
year.

“Bridges collapse only in poor
or underdeveloped nations, not
here in the United States.” So
many people thought — until
erosion caused New York’s Schoharie Creek Bridge to collapse in
1987. Tragically, 10 people lost
their lives. But the engineering
community learned a valuable
lesson: more research was necessary to understand scour — erosion of the streambed — around
bridge foundations.
Dr. Jean-Louis Briaud, a
research engineer at the Texas
Transportation Institute (TTI),
says approximately one out of
every 25 bridges are now considered “scour critical,” which
means they are at significant risk
of collapse. Numbers like these
faced Briaud and other TTI and
Texas Department of Transportation (TxDOT) engineers 10 years
ago when they began to research
bridge scour. Even with such
a daunting task, however, they
have made significant advancements in both their understanding of the effects of long-time
erosion and in finding ways to
combat it.
TxDOT and TTI first developed the patent-pending Erosion Function Apparatus (EFA) to
measure erosion rates for different soil types, ranging from clay

to gravel and from soft soils to
soft rocks. (The EFA was recently
recognized by TxDOT as one of
the top innovations and findings
of the year 2000.) Then, after
finding that most bridge scour
research involved an understanding of sand, researchers developed
a method to measure the scour
rate in cohesive soils (SRICOS)
like clay. SRICOS, a site-specific
method that involves removing
small soil samples and testing
them in the EFA, improved upon
the older sand-testing method
called HEC-18. These two achievements help bridge designers build
more effective foundations. But
perhaps most significant is the
finding that, using these innovative technologies, engineers can
save money while building safer
bridges.
Using the SRICOS method,
researchers have determined that
certain cohesive soils do not
scour nearly as fast as sands and
will remain safe with smaller
foundations. According to
Briaud, the average cost of a
bridge foundation in the United
States is approximately $250,000.
Requiring 1.5 meters less of pile
length, or about 10 percent of the
total pile length, for each bridge
represents a savings of $25,000.
With well over 300 bridges built

&

First International Conference on

SCOUR

FOUNDATIONS
Fall 2002

Sponsored by
The International Society for Soil Mechanics
and Geotechnical Engineering
Dr. Jean-Louis Briaud operates the Erosion Function
Apparatus, which tests the erodability of soil samples
taken from the streambed.
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over water in Texas every year,
saving 10 percent of the cost
from bridge foundations means
the state of Texas will save $8.5
million each year. Briaud notes,
“This study has cost TTI only
$650,000, which means a large
project like the Woodrow Wilson
bridge over the Potomac River
will realize a savings greater than
the cost of the study.”
And that claim appears to
be coming true. The Woodrow
Wilson Bridge, a six-lane Maryland bridge built in 1961, can no
longer handle the area’s traffic
requirements. A new $3 billion,
12-lane bridge is being constructed to replace the old
structure. According to HEC-18,
engineers could expect up to 80
feet of erosion around the bridge’s
foundation. However, after analyzing the soil using SRICOS and
the EFA, TTI researchers predicted only 30 feet. This helped
reduce the original 80-foot prediction significantly. Says Briaud,
“This is very exciting research
in action. We’re seeing extremely
significant results after years of
hard work.”
Briaud adds that states other
than Texas and Maryland are
beginning to take advantage of
TTI’s innovative research. The
Texas A&M University System,
through TTI, has recently signed
a contract with Humbolt to manufacture EFAs for use by other
departments of transportation.
Currently, California, Maryland,
North Carolina, Minnesota and
Illinois will all receive an EFA to
conduct their own scour analysis.

Cracking the case of
bridge cracks
When a state bridge inventory turned up unexpected cracking in reinforced concrete (RC)
bent caps of Texas bridges, Texas Transportation Institute researchers started looking for a
solution. As with any mystery, the first step
was to discover clues to what happened.
A great deal of uncertainty surrounds RC
cap cracking: What factors contribute to it?
Why does it vary from bridge to bridge? Why
does it sometimes occur in both older and
newer bridges? How can researchers stabilize
variable factors such as loading and member
geometry?
To tackle the mystery, a team of researchers designed, constructed and tested 16 fullscale bent cap specimens, isolating specific
design and detailing characteristics of each.
In addition to testing the specimens, the team
conducted nonlinear finite element modeling
to correlate factors with test results.
“Minor cracking was expected, but these
inventories found larger cracks than inspectors anticipated. The bents used on the
bridges satisfied code requirements for the
bridge designs, so we wanted to uncover the
reasons,” says Joe Bracci, principal investigator for the project.

The testing and analysis identified suspected causes and developed methods to limit
crack development. Researchers discovered
that for the bent caps studied:
Even when stress limits were within current
codes, some level of cracking was inevitable.
At low load levels, concentrating reinforcement along column sides was more effective
than evenly distributing reinforcement.
Rebar “slip” in the cantilever region due to
bond failure was not a contributing factor to
cracking.
Tensile stress of longitudinal reinforcement
was the primary factor influencing cracks.
Standard beam theory did not accurately predict actual strain profile.
The critical section was located within the
column support region, not at the column face.
Inclined shear cracks developed under larger
load levels, and bent caps ultimately failed
due to shear strength deficiencies.

“Findings from this project helped us recommend improvements in the design and use
of RC bent caps that will make bridge designs
safer and more durable,” says Bracci.
And, along the way, it also helped
solve a perplexing
engineering mystery.

Unexpected cracking in
reinforced concrete bent
caps of Texas bridges
sometimes occurs.

For more information, contact JeanLouis Briaud at (979) 845-6554 or
briaud@tamu.edu.
Related publication: TTI Report
2937-1: SRICOS: Prediction of Scour
Rate at Bridge Piers.

For more information, contact Joe Bracci at (979) 845-3750 or j-bracci@tamu.edu.
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All papers are $5. See gray-shaded box on opposite page for ordering information. Most of the papers are available on the
CD-ROM of preprints distributed to those who attended the 2001 TRB annual meeting.
Analysis of Aggregation Bias in
Vehicular Emission Estimation Using
TRANSIMS Output, (01-0316) Josias
Zietsman and Laurence R. Rilett, Texas
Transportation Institute
Analysis of Two Single-Barrier ThreePhase Strategies for Actuated Control
at Diamond Interchanges, (01-2776)
Sangsoo Lee and Carroll J. Messer, Texas
Transportation Institute
Assessing Older Driver Understanding and Utilization of Advanced Traveler Information Systems, (01-2838)
Russell H. Henk and Beverly Thompson
Kuhn, Texas Transportation Institute
Comparing Pavement Response and
Rutting Performance for Full-Scale and
One-Third Scale Accelerated Pavement
Testing, (01-0289) Amy L. Epps, Texas
Transportation Institute; Lubinda F. Walubita, University of Stellenbosch, South
Africa; Fred Hugo, Center for Transportation Research; and Nitin Bangera, Texas
Transportation Institute
Comparison of TRANSIMS and
CORSIM Traffic Signal Simulation,
(01-0569) Laurence R. Rilett and Kyu-Ok
Kim, Texas Transportation Institute
Controls for Horizontal Curve Design,
(01-2136) James A. Bonneson, Texas
Transportation Institute
Cross-Anisotropic Characterization of
Unbound Granular Materials, (01-2485)
Dallas N. Little, Alex Adu-Osei and Robert
L. Lytton, Texas Transportation Institute
Design Factors That Affect Driver
Speed on Suburban Streets, (01-2163)
Kay Fitzpatrick, Paul J. Carlson, Marcus
Brewer and Mark D. Wooldridge, Texas
Transportation Institute
Development of Energy-Absorbing
Thrie Beam Guardrail System, (01-3126)
Man-Gi Ko and Kee-Dong Kim, KongJu
National University, Korea; and Hayes E.
Ross Jr., Texas Transportation Institute
Dynamic Behavior of Micropile Retrofitted Foundations for Nonliquefied and
Liquefied Soil Conditions, (01-2983)
Mary Beth D. Hueste, Jean-Louis Briaud,
Samuel Young, Jennifer L. Buchanan and
Vincent F. Fratinardo, Texas Transportation
Institute
Effect of Aggregate Gradation on
Permanent Deformation of Superpave
Hot-Mix Asphalt, (01-2786) Arif T. Chowdhury, Texas Transportation Institute; Jose
D. C. Grau, Ministry of Transportation,

Spain; and Joe W. Button and Dallas N.
Little, Texas Transportation Institute
Effect of Roadway Geometrics and
Large Trucks on Variable Message Sign
Readability, (01-3198) Gerald L. Ullman
and Conrad L. Dudek, Texas Transportation Institute
Evaluation of Microdamage, Healing
and Heat Dissipation of Asphalt Mixtures Using Dynamic Mechanical Analyzer, (01-3086) Yong-Rak Kim, Dallas N.
Little and Robert L. Lytton, Texas Transportation Institute
Evaluation of Speed Displays and
Rumble Strips at Rural Maintenance
Work Zones, (01-2261) Michael D. Fontaine and Paul J. Carlson, Texas Transportation Institute
Evaluation of Structural Contribution
of Lime Stabilization of Subgrade Soils
in Mississippi, (01-3379) Dallas N. Little,
F. A. M. Shafee Yusuf, Texas Transportation Institute; and Shondeep L. Sarkar,
Sarkar & Associates, Inc.
Field Tests and Economic Analysis
of High-Cure Crumb-Rubber Modified
Asphalt Binders in Dense-Graded
Mixes, (01-0399) Jason Chipps, Cindy K.
Estakhri, Richard R. Davison and Charles
J. Glover, Texas Transportation Institute
Freeway Systems Research Beyond
the Highway Capacity Manual 2000,
(01-0584) Adolf D. May, Jr., University of
California, Berkeley; Nagui M. Rouphail,
North Carolina State University; Loren
D. Bloomberg, CH2M Hill; Fred L. Hall,
McMaster University, Canada; and
Thomas Urbanik II, Texas Transportation
Institute
Guardrail End Treatments: Expanding Safety Performance Spectrum,
(01-2791) Don L. Ivey, Wanda L. Menges
and Dean C. Alberson, Texas Transportation Institute
Impact of Gradation Relative to
Superpave Restricted Zone on Hot-Mix
Asphalt Performance, (01-0141) Adam
J. Hand, Granite Construction, Inc.; Amy L.
Epps, Texas Transportation Institute
Imputing Missing Values in ITS Data
Archives for Intervals under 5 Minutes,
(01-2760) David L. Gold and Shawn
M. Turner, Texas Transportation Institute;
Byron J. Gajewski, Saint Cloud State University; and Clifford Spiegelman, Texas
Transportation Institute

An Integrated GPS/GIS/Internet Platform for Managing Utilities along
Highway Corridors, (01-2677) Cesar
A. Quiroga, Christopher D. Ellis and
Sang-Young Shin, Texas Transportation
Institute
Optimal Aggregation Interval Size
of Probe-Based Travel Time Information for ATIS, (01-2180) Dongjoo Park,
Asian Institute of Technology; Laurence
R. Rilett, Texas Transportation Institute;
Byron J. Gajewski, Saint Cloud State University; and Clifford Spiegelman, Texas
Transportation Institute
Pedestrian Timing Alternatives and
Impacts on Coordinated Signal Systems under Split Phasing Operations,
(01-2875) Zong Z. Tian, Thomas Urbanik
II, Roelof J. Engelbrecht and Kevin N.
Balke, Texas Transportation Institute
Performance Evaluation of Recycled
and Stabilized Bases in Texas,
(01-2444) Imran M. Syed, LAW/PCS, A
Division of Law Engineering and Environmental Services, Inc.; and Tom Scullion,
Texas Transportation Institute
Prototype Southern Border Facility
to Expedite North American Free Trade
Agreement Trucks Entering the United
States, (01-0406) Robert Harrison, University of Texas, Austin; and Brian Bochner
and Bill Stockton, Texas Transportation
Institute
A Regional HOV System Planning
Approach Involving Multiple Agencies,
(01-3190) Ginger Daniels , Texas Transportation Institute; and Ernie Martinez
and Glenn McVey, Texas Department of
Transportation
Repeatability and Reliability of
Tube Suction Test, (01-2486) W.
Spencer Guthrie, Texas Transportation
Institute; Peter M. Ellis, Utah State University; and Tom Scullion, Texas Transportation Institute
Results of Visual Evaluations of Sign
Retroreflectivity Compared with Minimum Retroreflectivity Recommendations, (01-2464) H. Gene Hawkins, Jr.,
and Paul J. Carlson, Texas Transportation
Institute
Selection of Retroreflective Material
as a Function of Sign Color and Critical
Detail, (01-2241) Paul J. Carlson, H. Gene
Hawkins, Jr., and Melisa D. Finley, Texas
Transportation Institute

Sensitivity of Analysis Time Intervals for Mobile Source Emissions Estimation: Using Archived ITS Data to
Determine Effects on VMT-Speed Distributions and Emissions Estimates,
(01-2198) Shawn M. Turner, Texas Transportation Institute; Byron J. Gajewski,
Saint Cloud State University; and George
B. Dresser, Texas Transportation Institute
Sequential Warning Light System for
Work-Zone Lane Closures, (01-2293)
Melisa D. Finley and Gerald L. Ullman,
Conrad L. Dudek, Texas Transportation
Institute
Simulation-Based Study on Traffic Operational Characteristics at All-Way StopControlled Intersections, (01-2019) Zong
Z. Tian, Texas Transportation Institute;
Michael Kyte, University of Idaho; Wayne
K. Kittelson, Bruce W. Robinson and Mark
Vandehey, Kittelson & Associates, Inc.
Strategies to Facilitate Incident Management on New or Reconstructed Freeways, (01-3301) Angelia H. Parham, Mark
D. Wooldridge, Kay Fitzpatrick and David
W. Fenno, Texas Transportation Institute
Texas Driver Understanding of Abbreviations for Changeable Message Signs,
(01-2323) Brooke R. Durkop and Conrad
L. Dudek, Texas Transportation Institute
Tracking Changes in Spatially
Segregated Location Premiums Using
GIS: Alternative Evaluation Method of
Assessing Residential Land Use Impacts
of Transportation Projects, (01-0461)
Sharada R. Vadali and Chul Sohn, Texas
Transportation Institute
Transportation Planning and
TRANSIMS Microsimulation Model: Preparing for the Transition, (01-0376)
Laurence R. Rilett, Texas Transportation
Institute
Update: Results of the Seventy-TwoMonth Evaluation of SMERP, (01-2859)
Thomas J. Freeman, Texas Transportation
Institute
Using Intelligent Transportation
Systems Travel Time Data for Multimodal Analyses and System Monitoring, (01-2834) William Eisele, Laurence
R. Rilett, Kendra Brown, and Clifford Spiegelman, Texas Transportation Institute
Washington State Cable Median
Barrier, (01-0276) Richard B. Albin,
Washington State Department of Transportation; and Lance Bullard, Jr., and
Wanda L. Menges, Texas Transportation
Institute

P U B L I C AT I O N S O R D E R F O R M
2962-S, Evaluation of Fluorescent Orange Signs, H. Hawkins,
P. Carlson, M. Elmquist, 72 pp.,
$12.00.

1439-6, Signal Design
Manual for Diamond Interchanges,
S. Sunkari, T. Urbanik, 26 pp.,
$5.00.

1834-2, Role of Public Transportation Operations in Emergency
Management: Research Report, L.
Higgins, M. Hickman, C. Gilliland,
40 pp., $5.00.

1439-10, Development of
an Actuated Traffic Control Process
Utilizing Real-Time Estimated
Volume Feedback, M. Pacelli, C.
Messer, T. Urbanik, 90 pp., $12.00.

1439-8, Reducing Truck
Stops at High-Speed Isolated Traffic
Signals, S. Sunkari, H. Charara,
T. Urbanik, 22 pp., $5.00.

2121-2, Ramp-Metering
Design and Operations Guidelines
for Texas, N. Chaudhary, C. Messer,
56 pp., $12.00.

3904-5, Assessment of Economic Impacts at Select Raised
Median Installation Locations in
Texas and Development of Recommended Methodology for Economic
Impacts Estimation, W. Eisele, W.
Frawley, 38 pp., $5.00.

1988-S, Evaluation of the
Relationship of Service Levels,
Functional Categories and Design
Standards for General Aviation
Airports, J. Borowiec, G. Dresser,
90 pp., $12.00.

1439-9, Guide for Traffic
Signal Preemption near Railroad
Grade Crossing, S. Venglar, M.
Jacobson, S. Sunkari, R. Engelbrecht,
T. Urbanik, 64 pp., $12.00.

1858-1, The Value of Pipelines to the Transportation System
of Texas: Year One Report, S. Roop,
L. Olson, T. Weisner, D. Bierling,
146 pp., $20.00.

2910-S, Changeable Lane
Assignment System Improves Incident Management, M. Goolsby, D.
Fenno, A. Voigt, 4 pp., $4.00.

1439-7, Initial Evaluation of
Selected Detectors to Replace
Inductive Loops on Freeways,
D. Middleton, R. Parker, 88 pp.,
$12.00.

3904-4, A Methodology for
Determining Economic Impacts of
Raised Medians: Final Project
Results, W. Eisele, W. Frawley,
194 pp., $28.00.

1769-3, Design Factors
That Affect Driver Speed on Suburban Arterials, K. Fitzpatrick, P.
Carlson, M. Wooldridge, M. Brewer,
164 pp., $28.00.

1879-2, Evaluation of Traffic
Control Devices for Rural HighSpeed Maintenance Work Zones:
Second Year Activities and Final
Recommendations, M. Fontaine,
P. Carlson, H. Hawkins, 142 pp.,
$20.00.

2966-4, Field Performance
Evaluation of Hydrated, Fly-Ash
Bases in the Atlanta District — Year
4, C. Estakhri, 38 pp., $5.00.
1439-11, The Texas A&M
ITS Research Center of Excellence,
T. Urbanik, 24 pp., $5.00.
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ORDERING INFORMATION

1879-3, Catalog of Effective Treatments to Improve
Driver and Worker Safety at
Short-Term Work Zones, M. Fontaine, H. Hawkins, 18 pp., $5.00.
4907-4, Displaying
Response Status Messages to
Motorists during Incident Conditions, B. Durkop, K. Balke, 12 pp.,
$5.00.
4907-2, Use of Photogrammetry for Investigation of
Traffic Incident Scenes, S. Cooner,
K. Balke, 28 pp., $5.00.
4945-1, Understanding
Road Rage: Summary of FirstYear Project Activities, C. Walters,
V. Pezoldt, K. Womack, S. Cooner,
B. Kuhn, 116 pp., $20.00.
2136-2, Pedestrian
Crossing Guidelines for Texas,
S. Turner, P. Carlson, 70 pp.,
$12.00.
1391-1, Long-Term
Behavior of Ground Anchors and
Tieback Walls, J.-L. Briaud,
R. Griffin, A. Yeung, A. Soto,
A. Suroor, H. Park, 280 pp.,
$43.00.
2937-1, SRICOS: Prediction of Scour Rate at Bridge
Piers, J.-L. Briaud, F. Ting, H.
Chen, R. Guadavilli, K. Kwak,
B. Philogene, S. Han, S. Perugu,
G. Wei, P. Nurtjahyo, Y. Cao, Y. Li,
138 pp., $20.00.
2947-S, Applications of
Ground-Coupled GPR to Pavement Evaluation, T. Scullion,
S. Servos, J. Ragsdale,
T. Saarenkento, 54 pp., $22.00.

To order any of the listed publications, complete this form by
indicating quantity and send with
check or money order made payable through a U.S. bank to the
Texas Transportation Institute to:
Information & Technology
Exchange Center
Texas Transportation Institute
The Texas A&M University System
3135 TAMU
College Station, TX 77843-3135
Include name and address of
recipient. Prices include shipping
and handling when mailed in the
U.S. Texas residents are required
to add 8.25% sales tax or enclose
a tax-exempt form with the order.
For international orders, write or
fax (979) 862-3703 to determine
the air-mail shipping charge; then
send a check or money order payable in U.S. funds.
A full catalog of TTI publications
can also be found online at http://
tti.tamu.edu/product/catalog.
For information about purchasing
TTI research reports, contact:
Dolores Hott
(979) 845-4853
fax: (979) 862-3703
e-mail: d-hott@tamu.edu

TH E BACK ROAD
Transportation is on the
front burner this year in
Austin as the Texas
Legislature debates a host
of important transportation issues. Bills have
been introduced proposing innovative financing
methods, ways to speed
highway construction and
the possibility of changing
speed limits on some roads,
among others. It’s clear
that our elected officials recognize how important transportation is to
our state and the nation, and that they are looking for innovative ways
to improve our overall transportation system.
Our job at the Texas Transportation Institute (TTI) is to do
the essential research that helps the Texas Department of Transportation (TxDOT) and others build and maintain that system.
This issue of the Researcher focuses on work in materials and
structures, the basis of our transportation infrastructure. You’ll
learn how ground-penetrating radar (GPR) applications are being
expanded and improved, including ways to use GPR as a road is
being built. Other stories describe the studies that have reached
some important conclusions about why pavements crack and rut,
and what can be done to make asphalt “heal” faster.
Another important part of the infrastructure is bridges. Texas
has about 48,000 bridges, most of them over water. Sixty percent of
over-water bridge failures are due to scour-erosion of the streambed. Scour slowly excavates the soil around a bridge’s foundations,
causing the bridge to become less sturdy and eventually collapse.
This issue contains a story about TTI researchers who have developed a testing device — the Erosion Function Apparatus — that
accurately estimates the scour depth around bridge piers in clays,
silts and other soft soils.
There’s also information about how TTI researchers have been
working to improve the binders that enable tire rubber to be used
successfully in asphalt pavement mixes. The new cure process
saves money and helps improve the environment.
I hope you continue to find this publication useful and interesting, and that you’ll check our web site or contact us if you’d like
more information.
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